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Preface

THE Building Industry, in its various branches, is more

closely identified than any other with the marvelous

engineering progress of the present day and the untold

possibilities of the future. To put all classes of workers in

familiar touch with modern methods of construction and the

latest advances in this great field, and to bring to them in a

form easily available for practical use the best fruits of the

highest technical training and achievement, is the service

which the Cyclopedia of Construction aims to render.

The work is pre-eminently a product of practical experi-

ence, designed for practical workers. It is based on the idea

that even in the larger problems of engineering construction,

it is not now necessary for the ordinary worker in concrete,

or steel, or any other form of material, to attempt the

impracticable task of exploring all the highways and byways

where the trained engineer or technical expert finds himself

at home. The theories have been worked out; the tests and

calculations have been made ; observations have been recorded

in thousands of instances of actual construction; and the

results thus accumulated form a vast treasure of labor-saving

information which is now available in the shape of practical

working rules, tables, instructions, etc., covering every phase

of every construction problem likely to be met with in

ordinary experience. This is perhaps most apparent in the

sections on Cement and Concrete Construction, Plain and

Reinforced. To this subject, on account of its supreme impor-

tance as a structural factor of the present day, three entire

volumes are devoted, embodying the cream of all the valuable

information which engineers have gathered up to date. Much
of tliis practical information now presented in this Cyclopedia,

has never before been published in any form. By its usp.
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anyone is enabled to take advantage of the vast labors of

others, and to bring to bear on any problem confronting him

the results of the widest experience and the highest skill.

The keynote of the Cyclopedia is found in the emphasis

constantly laid on the practical as distinguished from the

theoretical form of treatment, in its total avoidance of the

complicated formulas of higher mathematics, and in its reduc-

tion of all technical subjects to terms of the simplest and

clearest English. Throughout the pages devoted to Steel

Construction, for example, the mathematics of the subject

have been eliminated to such an extent that the reader will

not find a single instance where even a square root sign has

been used.

In addition to the larger problems of engineering and

building construction, one entire volume, as well as many
chapters scattered through the work, is devoted to those

smaller constructions that are of special interest to the

teacher or student of manual training or the home shop

worker of a mechanical turn of mind.

Inasmuch as a wider knowledge and a more intelligent

grasp of the fundamental principles of construction and

design will tend to greater efficiency on the part of working-

men, and to greater economy in production, the purpose of

the Cyclopedia of Construction is one which will appeal

strongly, not only to the men themselves, but also to the

architectural and engineering fraternity as a whole.

The authors of the various sections are aU men of wide

experience whose recognized standing is a guarantee of

reliability and practical thoroughness.
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Construction Contracts

INTRODUCTION

As the result of a great many centuries of

experience, it has been found of advantage to

do a very large percentage of the total busi-

ness of the world by the contract method. In

its essentials this method consists of an agree-

ment embodying the amount of the compensa-

tion to be paid, on the one hand, and the amount
and quality of the performance, on the other.

In the simplest forms of business, where there

is a cash transaction to be carried out, a man
can buy a horse or a suit of clothes, the trans-

action taking place by delivery, without what
we are here considering as a formal contract;

but, even in its simplest cases, there must be

an understanding before the parties actually do

business, and this understanding constitutes a

contract.

When a man employs a carpenter to work
for $3.00 a day, the arrangement—whether
verbal or written—under which the carpenter

goes to work, usually means that he is to comply
with the instructions of his employer as to what
work he is to do and how he is to do it, in con-

sideration of which he receives $3.00 per day;

and the employer is under obligation to pay the

1



2 CONSTRUCTION CONTRACTS

$3.00, and to confine the nature of his instruc-

tions and requirements to the limits of the usual

practice in his neighborhood and in the particu-

lar trade to which the man belongs. This is a

contract in which the $3.00 per day is a stipu-

lated feature. The implied features are one of

the great troubles—and necessary troubles—in

the economic administration of business of this

kind, because, as a general thing, the parties

in interest never have exactly the same idea

of what the implied features are ; and, moreover,

it is frequently the case that the clauses in a

written contract, as well as the intentions of

the parties, are subject to differences in the

interpretations that may be given them by

different people.

There are two principal ways of looking upon

a contract; it may be considered as a legal in-

strument pure and simple; or it may be con-

sidered as a business arrangement, entered into

for the purpose of making money, by two or

more parties, for their mutual financial benefit,

but never for the exclusive benefit of either

party, since the fundamental basis of the admin-

istration of business law is that a man shall

not be obliged to enter into an agreement unless

he considers it to his interest to do so. A con-

tract cannot be properly considered under either

of these points of view without taking into con-

sideration the manner in which it must neces-

sarily be affected by the other. In this discus-

sion, the consideration of the contract as a
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business arrangement is made the fundamental

one, and its legal status has been discussed only

so far as it affects the practice in an economic

sense.

Contract Defined. A construction contract

is an agreement between parties to pay a cer-

tain compensation for certain valuable posses-

sions or services, and may be for labor, material,

money, or any valuable consideration. It may
be in writing or simply a verbal understanding;

but so long as it is an arrangement between the

parties interested, and is understood by both or

all of them to be such, it is a contract, and they

are both or all equally bound by it.

Often it happens, in the case of written as

well as verbal contracts, that, after unforeseen

conditions have developed, the understanding

of the parties may differ as to the meaning of

certain clauses—their scope and the original

intent when the contract was made. Further-

more, when a dispute arises, it may appear that

when the contract was originally prepared the

contractor had an entirely different idea from
that held by the owner, as to what he (the con-

tractor) was expected to do. In such case, un-

less it can be clearly shown that one of the

parties was guilty of fraud—a criminal matter

—the contract is sound and binding, and the

meaning of the disputed clause is taken to be

what its language would imply to an intelligent

and unprejudiced third person. This third per-

son may be a witness to a verbal agreement, or
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he may be one to whom a written contract is

afterward submitted. Therefore, although the

parties must both or all understand that they

have an agreement in order that the contract

shall be valid, yet one of the parties cannot abro-

gate it with impunity by claiming or proving

that he has misunderstood the meaning of a

part of it.

Classification of Contracts. There are three

main classes of contracts for building construc-

tion in general use to-day. They are as follows

:

(1) The lump sum contract, where the contractor

receives a certain amount of money for completing the

work delivered in place.

(2) The unit-price contract, where the contractor

receives so much money per thousand brick, per cubic

yard of concrete, per pound of steel, etc.

(3) The cost plus compensation contract, which

means that the owner advances the money, and the con-

tractor supplies the managerial skill and organization.

These different kinds of contract, and all

their complications, may be subject to a large

number of various modifying clauses and re-

strictions on both sides; but in general almost

any contract in use to-day for building con-

struction in the United States may be classified

under one or other of the above headings.

Essentials to the Contractor. Before taking

up the classes and general structure of the con-

tract in detail, it is important to consider the

general features of the contract in their economic

bearing. For this purpose we shall consider
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that there are two principal parties in interest,

one of whom does the work—whom we shall call

the contractor, and ordinarily designate as the

party of the first part; and the other party, the

owner, who advances the money and is to obtain

possession of the completed work, and who is

frequently designated the party of the second

part.

From an economic standpoint, the essentials

that the contractor requires, in order that the

matter may be a satisfactory business venture

for him, are as follows

:

(a) Pay, regular and sufficient.

(b) Freedom from interference with the

economic conduct of the work.

(c) Special privileges.

These we shall here discuss in this order.

(a) Pay. A contractor in all forms of con-

tracts except the third class indicated above

(cost plus compensation), requires capital in

order to pay his men, to pay for materials and
supplies, and to support himself while the work
is in progress and before he receives his money
from the owner; but the amount of capital that

he actually needs is by no means as great as the

total cost of the work when completed. If the

amount of work that a contractor has on hand,

when ultimately completed, will cost $100,000,

the amount of money that the contractor himself

must have in the business may often be as low
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as $5,000, and is seldom higher than $15,000 or

$20,000.

To understand this, let us see how the work

actually proceeds. Upon completing the agree-

ment, the contractor engages men to work for

him, and he wants materials. The materials are

ordered from the manufacturer or jobber upon

an understanding whereby the contractor is to

pay for them, let us say, 30 days after delivery

upon the Avork; and the workmen are to receive

their pay at the end of each week or month.

Thus the contractor will not have to pay out

anything in actual cash, except what might be

called ''petty cash items," until the first pay-

day. On the first pay-day he will have to pay
for the labor to date. At the end of the month
the materials and supplies that were delivered

when he first commenced operations will have

to be paid for, but not material that has been

delivered during the first month; therefore the

actual work done to date, by the end of the

month will represent a considerably larger

amount of money than the contractor has had
occasion to pay out for labor and materials,

although the contractor is obliged ultimately to

pay for these materials and labor from time to

time as the payments become due.

Now, in the majority of contracts it is stipu-

lated that the owner shall place with the con-

tractor from time to time—usually from month
to month—certain installments of the contract

price, which installments will be as nearly as
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possible proportionate to the value of the work
that the contractor has done, less a percentage

(usually figured at 10 per cent or so) which is

held up in order that the contractor may not be

financially at liberty to stop the work and seek

other employment to the detriment of the par-

ticular work covered by the contract in question.

It is evident that if the installments of the

contractor's pay are not forthcoming when they

are due, the contractor will not receive enough

money to meet the payments that he has obli-

gated himself to make for labor and materials;

and conversely, it is clear that if the payments
are made by the owner with proper regularity

and are sufficient in amount to cover the con-

tractor's expenses and obligations as they be-

come due, he (the contractor) will not be obliged

to furnish money to ''carry on the job." When
work has been badly laid out in the beginning,

so that through a mistake or otherwise the con-

tractor is obligated for amounts in large excess

of what he is obliged to pay out, the carrying

charges may be very large ; and if he is swinging

a million dollars' worth of business on $100,000

capital, he may find himself at a comparatively

early stage of the proceedings with most or all

of his capital ''tied up," and may be obliged to

borrow more money at high rates of interest.

He will therefore not only be losing interest on
the money that he has himself invested in the

business, but also be paying an additional inter-

est on the money borrowed. When it is appre-
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ciated that this interest may easily be 6 or more

per cent on the loan, and that his profits, which

are his compensation for his own services, may
not be more than 10 or 15 per cent on the con-

tract price, it seems clear that insufficient and

irregular payments are to be very carefully

avoided.

Attention is here called to the hardships

—

often unnecessary hardships—that can be

brought upon the contractor through the holding

up of his regular payments by the architect or

engineer. Sometimes, when a contractor has not

complied with the terms of the contract, and is

seeking to do other work and make other money
to the financial prejudice of the owner of the

job on which he is employed, an architect has

no right to authorize the regular payments until

the contractor has lived up to his obligations;

but, on the other hand, it is an injustice to the

contractor to hold up a certificate because the

architect happens to be too busy to check the

figures, or on a technical or finely drawn point

which is not entirely justified by the cold facts.

This injustice is not always a matter of conse-

quence, but may result in serious complications

if pushed too far.

The owner can have no objection to making
payments regularly if the contractor carries out
his part of the contract, for the reason that the

owner knows beforehand when each payment
ought to come due, and he is in a position to

prepare himself against such time well in ad-
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vance of its occurrence. Inasmuch as the par-

tially completed structure belongs to the owner,

he at all times has got value received for his

money.

(b) Freedom from Interference. The con-

tractor undertakes to perform a certain specified

act, or series of acts, or groups of acts, for a cer-

tain consideration, and it is of the highest eco-

nomic importance to the contractor that he be

not obliged to do things which he did not origi-

nally obligate himself to do or which he did not

expect to do when he entered into the contract.

If a contractor enters upon a piece of work with

the idea of meeting the ordinary regular condi-

tions that he can foresee, and if suddenly un-

foreseen difficulties develop which prevent him
from executing the work as economically as he

had originally planned, he is immediately in

trouble, and he is in a position similar to that

of a man who pays a good price for a cantaloupe

and, after cutting it open, discovers it to be

spoiled. As a matter of law, with the usual

form of contract, if the contractor meets with

difficulties which are not the fault of the owner in

any way, and which the contractor ought to have
foreseen himself, it is the contractor's fault, and
he must bear the burden of it. On the other

hand, if he is subjected to interference \vith the

economic conduct of the work because of the

actions of the owner, such privileges not having
been granted to the owner in the contract, the

owner is at fault, and in this case it is he who
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must bear the burden. There are, however, a

great number of cases which do not come within

either of these assimaptions. For example, if the

contractor meets with difficulties which are

forced upon him by outside parties, or by what

the lawyers term "the acts of God,'' the financial

responsibility is often a very difficult one to

determine.

In brief, the contractor is supposed to be able

to foresee the ordinary conditions that will gov-

ern his work, and to make provisions for them
in the terms of the contract which he signs; and
to meet these conditions he is responsible. For
unreasonable interference with him on his work,

due to the owner, a contractor is not responsible.

For outside conditions which are not foreseen in

the contract and not of such ordinary occurrence

that they should have been foreseen in the con-

tract or by an intelligent estimator, and which,

at the same time, are not imposed by the owner
or anyone employed by him, there is usually

room for question as to who must bear the

responsibility.

(c) Special Privileges. No two contracts

can be exactly alike, because no two engineering

or architectural purposes are exactly alike.

Every piece of work has its own particular and
peculiar features which require to be dealt with
in a way particular and peculiar to that work;
and therefore nearly every contract has clauses

which are intended to guard against misunder-
standings arising from special conditions. If.
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these special conditions are expected to inter-

fere with the right or the interest of the owner,

the attempt is generally made to guard the own-

er's interest by introducing the special privi-

leges that he may need; while, if the peculiar

conditions are expected to affect the contractor

detrimentally, he may insist upon certain special

privileges for his protection.

The contractor may be allowed to use equip-

ment belonging to the owner; he may be allowed

to use the owner's property to store materials

and supplies upon; he may be allowed special

rates on materials sold to him by the owner;

and he may be allowed special leeway as to when
certain parts of the work ought to be completed

—all of which special privileges are worth some-

thing to the contractor and are certain induce-

ments to him to take the contract at a low figure

;

or they may be inducements to him to waive

payments at certain times.

Essentials to the Owner. The owner, on his

part, is under the economic necessity of obtain-

ing most or all of the following valuable things

as a result of his contract

:

(a) Quantity of work.

(b) Quality of work.

(c) Time of completion.

(d) Special privileges.

(a) Quantity of Work. In a construction

contract, when the work has been completed,

the owner is to have something that he did not
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have before; and the amount of what he is to

have, secured for him by the contract, should

be most carefully understood before the work
is commenced. If the structure is to be built

of concrete, the owner must receive enough

cement, enough sand, enough stone, enough

steel, and enough of all the various materials

that are going into the structure, to justify him
in his expenditure, or it will not be a financial

success. Moreover, he must have the quantity

that his original understanding with the con-

tractor guarantees. His architect, for this pur-

pose, lays out elaborate plans showing in detail

a very large portion of the finished work; and the

specifications, which accompany the plans, and
which are regularly made a part of the contract,

are intended to insure, among other things, that

there shall be no skimping in work below the

understood and agreed-upon standard. In actual

fact, as the practice runs to-day, it is not at aU
easy to guard against errors in and violations

of the original arrangement in this regard. Take
the simple case of cement, for example. The
architect may specify that the concrete shall

be made of a 1 :3 :5 mixture, meaning one part of

cement, three of sand, five of stone. If the ma-
terials are specified as of these parts by weight,

it will be difficult to enforce the rule with exact-

ness, because of the ordinary difficulty of

weighing upon the ground, and also because of

the fact that these materials, except stone,

weigh considerably more when they are wet



CONSTRUCTION CONTRACTS 13

than when they are dry. When, on the other

hand—as is usually the case—the materials are

specified by measure, there is room for mis-

understanding, because the space which a given

amount of sand or cement will take up depends

to a considerable extent upon the degree to

which it is packed. A packed barrel of Portland

cement contains about 3.8 cubic feet, more or

less, of cement; but, if sifted, the dry cement in

one barrel may easily amount to considerably

over 4 cubic feet; and, depending upon the way
in which such a term of the specification is inter-

preted, will the owner get more or less material

for his money.

Sometimes the contract may provide that the

mixture is at the discretion of the contractor,

and that the owner is satisfied if the finished

concrete 'vvill pass certain tests, in which case

there is less room for misunderstanding. Such
practice, however, has not yet become general

in the United States.

A contract for structural steel work may be

for a lump sum or for so many cents per pound.

If on the lump smn basis, the owner is inter-

ested in receiving the number of poimds of

material as covered by the plans. Now, it hap-

pens that the steel mills cannot roll the sections

with absolute uniformity, and there is sometimes

a difference of several per cent between the esti-

mated standard handbook weight per foot of

steel shapes and the actual weight of those steel

shapes when shipped. The difference is caused
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by the variations in the adjustment of the rolls

in which the material is made. In a case of

this kind, it is generally conceded that varia-

tions in the estimated weight amounting to 2^
per cent are permissible, except in the case of

such material as sheared plates more than 100

inches wide, in which case 5 per cent variation

from the theoretical weight is ordinarily allowed.

In a large piece of steel work, some of the ma-

terial will be over-weight and some under-

weight, so that in the long run the errors will

tend in some degree to balance each other.

In the case of a brick building where the

contract is upon the unit-price basis, there is

likely to be some discussion as to what allow-

ance must be made for the spaces of doors, win-

dows, and other openings; and it is essential, in

a contract of this kind, to specify carefully how
the number of units of performance in the work
shall be estimated or determined.

The owner is interested in the quantity of

material and of labor entering into his structure,

in so far as it affects the quality of the finished

work, its durability, and serviceability. The dis-

tinction between quantity of labor as an asset

to the owner, and quality of workmanship, is a

fine one; but there is no question that the owner
is entitled to the proper amount of material and
the proper amount of labor necessary to make
the structure what the two parties agreed upon
when the contract was signed.

(b) Quality of the Work. In addition to the
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amount, the owner is entitled to a certain quality

of material and quality of labor; and here is one

of the difficult problems that arise in all contract

framing, and one which is worthy of careful

study. As a general thing, what the parties have

in mind when they sign the contract is that the

material shall be of standard quality—the sort

of quality that enters into a first-class job, the

sort of quality that is readily obtainable at fair

prices in the open market; but this understand-

ing is so general and is subject to so many dif-

ferent interpretations, and the variation in

interpretation is so great with different kinds

of material, that it is exceedingly difficult to

decide properly and equitably.

Take the common example of the ordinary

red hard-burned brick. In the first place, the

bricks made by different makers are of different

sizes and of different shapes; and a big brick

is worth more money than a small brick, other

conditions being equal. A standard brick speci-

fication would require that a brick should show,

when broken, a comparatively uniform structure,

hard and somewhat glassy, and free from peb-

bles, cracks, cavities, and lumps; and yet, as a

matter of fact, many a brick gets on the market
which contains one or more pebbles the size of a

hickory nut. An over-burned brick will be of a

different size from an under-burned brick, and
will have very different characteristics. More-
over, the art of brick-burning is such as not to

admit at present of the most exact uniformity
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in the product. The bricks which are on the

outside of the kiln will not receive as thorough

a burning as the bricks toward the center of

the fire; and therefore the finished product will

necessarily show irregularity, and the justifiable

range of irregularities is not easy to specify in

terms of units. The owner is entitled to require

upon inspection a quality which was standard

when the contract was signed; and it is essen-

tial to the proper success of his part of the busi-

ness that the standard quality be assured to

him; but if the owner requires a quality which

is higher than the standard and more difficult

to obtain, the increase of usefulness thereby

secured is usually not so great as the increase of

cost involved.

It frequently happens that the owner changes

his mind after the contract has been entered

upon, as to what quality he wants in certain

materials; and then, by an agreement with the

contractor, he pays a certain amount for the

privilege of changing the quality of the material.

As a general thing, when so inserted, the cost

of these extras to the contractor and also to

the owner is greater than it would have been

if they had been properly foreseen in the draft

of the original contract. Sometimes a con-

tractor takes advantage of the fact that the

owner wants to change his mind, and exacts an

exorbitant compensation for the extras, in which
case the contractor makes money out of it.

Making these extra charges on a large number
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of items is one method of turning an unprofit-

able contract into a profitable one. It is nearly

always strongly objected to by the owner, and

is likely to lead to lawsuits.

The illustration of the red brick has been

used above because it is such a common article

for construction purposes. Another type of

article to which attention should be called in

this connection, comes within the class of spe-

cial fittings, hardware, etc. The standard quality

of door-knob, for example, is a very difficult

thing to decide on beforehand, or to agree upon
afterward. There are so many different types

of door-knobs, and so many different makers
furnishing them, that sometimes the only way
to solve this problem is to specify by catalogues

and numbers. Then, if this particular manufac-

turer happens to have a surplus of orders and
cannot deliver on time, the contractor has the

excuse for delaying the work, that he could not

get the special object specified by the owner,

and the owner is in a quandary as to how to

get what he wants without delay to his work in

general.

The quality of the labor is still more diffi-

cult to contract for with accuracy than the qual-

ity of the material. When the contractor starts

in on the contract, he may not have in his em-
ploy more than two or three of the men who
are to work upon the job, but he undertakes

to see that the work shall be performed in a
* * thoroughly workmanlike manner. '

' The work-
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manlike manner of the human laborer in times

of great business prosperity, when there is a

job for every man, is a different matter from

the workmanlike manner of the same man after

he has resigned from the union or before he has

joined it, when there are two men for every job.

The owner is entitled unquestionably to receive

the grade of work that the contract calls for;

but how to specify in words that grade of work
without room for a great deal of misunderstand-

ing and subsequent trouble, is a problem that has

not yet been generally solved except upon the

understanding that the grade of work shall be

in accordance with the established practice in

the locality and at the time when the contract

was signed or when the work is carried out.

The quality of the finished work, its appear-

ance, its dimensions, its density, and its general

resistance to outside forces, can often be pretty

well defined, and this implies a certain quality

of workmanship. On a piece of riveting work,

for example, the owner on an ordinary contract

should be reasonably entitled to have the rivet-

ing done by men of experience in this class of

labor; and it might perhaps be a violation of

his rights to have the contractor place upon the

riveting work green men, training them as the

work progresses. The contractor may claim

that so long as the rivets fill the holes, are prop-

erly finished, are not burned, and cannot be

found fault with on inspection, he is doing his

part; and probably this is true, so long as the
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green gang does not take so much time upon
the work as to interfere with the owner's rights.

(c) Time of Completion. As a business

proposition, the owner in the contract makes a

stipulation that he is to receive his completed

structure or certain parts of the completed

structure at certain times. The contract for the

structure is of more value to the owner if the

structure is completed at a certain time than if

it be delayed, for the reason that he makes his

ordinary business plans and arranges his various

business matters so that he can make use of the

structure at the time specified. He does not ex-

pect to receive it sooner; and if he did receive it

sooner, his other arrangements might not admit

of its being any more valuable to him than if

delivered later; while, if there is considerable

delay, he may be put to a large monetary loss.

Therefore he is entitled to receive the structure

at the time agreed upon, provided that an exten-

sion of time is not agreed upon, or provided that

the delay is not caused through the fault of the

owner, or through an **act of God," so called, or

through some other cause which is beyond the

power of the contractor to prevent.

One of the causes most likely to produce a

delay of this kind is a strike. Now, a strike may
be caused by ignorance on the part of the con-

tractor of proper methods of management. Men
will sometimes strike while working for an ig-

norant contractor, whereas if working for a suc-

cessful manager, they would not strike imder the
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same conditions. A contract such as we are now
considering frequently includes a clause to the

effect that a strike shall involve an extension of

the contract time corresponding to the amount of

the delay from the strike. It will be noticed that

such a clause, while protecting the contractor in

absolving him from the assumption of such risk,

is a distinct disadvantage to the owner, who has

no redress on that account if the strike takes

place; and if a contractor finds that he is going to

be delayed in the work, he can with very little

trouble produce a strike. The time or duration

of a strike may not be the same as the time of

delay caused by such strike, and it is sometimes

difficult to establish just what this time allow-

ance ought to be.

(d) Special Privileges. A railroad building

a bridge on a contract will often require that the

contractor shall so conduct his work as not to

interfere "in any manner '* with the regular pass-

age of the trains that are operated by the rail-

road. This gives the railroad, or the *' owner,''

the privilege of very considerably interfering

with the work of the contractor at times in order

to maintain its traffic in an uninterrupted way.

Such a clause, when worded as above, is often

ridiculous in its importance, because a contractor

cannot build a bridge under traffic without re-

quiring at least that the trains shall be slowed

down. The owner may sometimes wish to have
certain articles that he possesses, and for which
he has special fondness, incorporated in the work
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—for instance, such as an ancestral mantel-piece

or a particular grade of stone or a particular col-

ored stone. Special features such as these are

very frequently inserted by architects in order

to obtain special artistic effects, and they un-

questionably have a certain monetary value,

which is very difficult to estimate in dollars and
cents from the owner's point of view, but which

may cost a very definite amount from the point

of view of the contractor.

The owner will frequently decide upon ask-

ing certain privileges of this kind after the con-

tract is well under way, and at a time when com-

pliance with his wishes will involve a much
greater hardship upon the contractor than would
have been imposed had the privilege been settled

upon originally. This forms an excellent reason

—and too often an excellent excuse—for the con-

tractor to demand a large extra compensation.

OBLIGATIONS OF A CONTRACT

Lump Sum Contracts

O^NBK-—-vTJnder the usual lump sum form of contract,

the •mh^wmAmt agrees to fm-nish the following:

1. Money.

2. Plans and specifications.

3. General instructions, stakes, and layout.

The contractor furnishes

:

1. Labor.

2. Materials.
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3. Plant.

4. Supplies.

5. Organization.

6. Superintendence.

7. Experience.

8. Insurance, as to time.

9. Insurance, as to cost.

It will be noted that the owner furnishes

something which is usually definite, and the

proof of the furnishing of which is usually easy.

By the dates on the checks or on the receipts, it

is entirely feasible to establish just when the

owner made the advance payments, and there

is rarely much trouble as to whether or not the

owner furnished a sufficiency of plans and speci-

fications, stakes, and general instructions for the

work, although at least one instance is on record

of a lawsuit arising in which one of the principal

grounds of contention was that the owner did

not furnish a sufficiency of plans to enable the

contractor to proceed.

While it is easy to establish the dates at

which the owner has made payments, and their

amounts, trouble may arise on a contract because

the owner refuses to make payments, claiming

that he is justified in withholding money, on the

ground of something that the contractor has
done. Now, the contractor, in furnishing each
of the above nine items of value, supplies some-
thing which is not a definite mediimi of exchange,

which cannot be specified with absolute preci-

sion, and the cost of which to the contractor mav
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not be the same when he is ready to use it as it

was when he signed the contract. Therefore the

chances for misunderstanding as to the con-

tractor's performance are very much greater

than the chances as to the owner's performance;

and this fact ought to be borne in mind by all

owners, contractors, and architects, not only in

preparing the contract, but in using ordinary

common sense in its interpretation afterward.

Plant. The items of labor and materials

have already been discussed. Plant is a factor

in which there is a wide range of variation in

efficiency and cost and in general adaptability

to different kinds of work. A contractor who
has a small business of considerable variety must
have a plant which is as adaptable as possible to

different classes of work, so that when he fin-

ishes one piece of work of a certain type he can

put the same plant on another piece of work of a

different type without any large loss of effi-

ciency. Such a plant will not operate as

efficiently as one which is adapted to but one

kind of work and which is made especially for

that work. It therefore behooves the owner, be-

fore entering into a contract, to consider in gen-

eral what sort of plant the contractor owns,

which he intends to use on the particular work
in hand.

Supplies, such as coal, oil, dynamite, etc.,

which are consumed in carrying on the work and
which do not remain as part of the finished struc-

ture, do not particularly concern the owner as
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to their quality or amount; but they will have a

considerable effect upon the contractor's effi-

ciency. If they are not of proper quality, delays

are likely to result, which the contractor may
claim are not his fault. This is a danger that the

owner has got to run, because it is not advisable

for the owner, before signing a contract, to stip-

ulate much as to the grade of supplies which the

contractor is to use. Although there is no theo-

retical reason why it cannot be done, it would be

unusual.

Organization. It is the contractor's duty to

furnish the organization on the work—^by which

is meant the assembling of men of proper train-

ing to get the work carried on successfully.

Some of this organization—namely, the Superin-

tendent and Foremen—^may be regularly carried

upon the contractor's pay-rolls, and he may
know exactly what they are capable of doing;

and the owner may be able to get references as

to the contractor's past performances, which will

give him to understand just what he can expect

from the contractor's employees of these grades.

The great bulk of the organization, however, is

likely to be engaged at the beginning of each job,

and to some extent the owner must take a chance

as to the results of this selection.

Men vary, and they vary greatly, in their in-

dividual efficiency. Under the ordinary system
of handling outside work in use to-day, in taking

on a number of men, there wiU be perhaps some
very good workers, some fairly good workers.
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and some altogether bad workers. The general

average of the workmen's performance is what
the contractor figures on in making his estimate;

and if he gets a certain man or gang of men
better than the average, he is that much better

off; if they are worse than the average, he is just

that much the worse off. His chance of getting

a combination that is pretty close to the average

is greater on large jobs and in large communities

where there are many men looking for work,

than on small jobs or in small communities where

there is not so much doing. Therefore, the gam-
bling chance as to the quality of workmen is

greater in small communities on small jobs of

work than vice versa, and this feature usually

involves a larger contract price.

Superintendence. Superintendence of the

work, to see that it goes smoothly and economic-

ally, is the special service which is expected of

the contractor, and the one which the nature of

his business makes him particularly fitted to

render. He is supposed to know how to get the

best foremen, and to see that they get the most

out of their men; and his office is supposed to

buy materials at the lowest prices. He may be

seriously limited in his opportunity to get the

best foremen for any particular piece of work,

because in dull times, in order to reduce ex-

penses, he discharges his idle men, and when
business becomes lively again it is difficult to

get good men at short notice. Many large con-

tractors, therefore, keep a few of their good men
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over dull times; but this is done under the pen-

alty of increasing the ''overhead'^ charges, thus

making it difficult to compete with small con-

tractors on anything but large operations.

Some contractors are particularly skilful in

handling certain kinds of labor, and have indif-

ferent success with others. A manager accus-

tomed to the type of bricklayers to be found in

the New England States might have difficulty

in getting satisfactory work out of negro labor

in the South.

Some contractors can purchase materials and

supplies more economically than others, because

their credit is better, since the dealer will always

quote better prices when he is sure of his money
than when he is not; and some men have a natu-

ral gift as buyers which is not always possessed

by other men equally clever as regards the han-

dling of men.

It is clear that in furnishing superintendence

or managerial skill, the contractor is delivering

something which cannot be measured or esti-

mated with much accuracy before commencing
work, and not always afterward. If the con-

tractor has a record as an efficient manager, and
has in his employ some good men who are avail-

able for the work to be undertaken, he may be

expected to manage or superintend the work effi-

ciently, provided that his financial inducement
to do so is sufficiently strong. This is supposed

to be insured in the unit-price or lump-sum
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forms of contract, by having him guarantee the

cost.

Experience. A contractor may be a good

manager and may have an excellent organiza-

tion, and he may have a very good plant and be

able to obtain satisfactory labor—all of these

without being able to do efficient work. Unless

his experience has been of the right kind to fit

him for the particular work to be done, he is

likely to have a good deal of trouble. For the

best results, he requires to have had experience

on the type of work in question. There are, for

example, a great many ''tricks of the trade"

which are peculiar to a piece of brickwork, for

the knowledge of which some experience seems
to be necessary. In bricklaying the contractor

employs a very high-priced class of labor for the

actual lajdng of bricks; and he employs an en-

tirely diiferent class to act as helpers to keep the

bricklayer supplied with material, to raise and
move scaffolding, and, in general, to facilitate

the brick problem. The management of the

work so that the bricklayer can handle his

bricks with a minimum of labor on his own part,

can always find a brick at the right place when
he reaches his hand for it, and not only find the

brick there but find it in its proper position with

the right side up so that the bricklayer standing

upon his scaffolding is always at the proper posi-

tion with regard to the growing wall—this kind
of management is an art by itself. It is, more-
over, a highly intricate art—one involving not
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only the ability to manage men well, but the

ability to plan and foresee conditions that are

likely to arise during the day's work. While

this art can be studied scientifically, and a great

deal can be learned about it that pertains to the

economics of the subject, its efficient carrying-

out requires practice.

In concrete construction the amount of ma-

terial on the work is pretty rigidly limited by

the plans and specifications, and the most vari-

able feature is that of labor. This labor consists

not only in the placing of the concrete itself, but

in the making and setting of the forms; and it

is likely to be the case in most work of this kind

that the keynote of successful performance is

experience and ability in handling these forms.

Forms are generally made of wood that can be

used again and again, and if properly treated,

can be used much oftener than when improperly

handled. The life of the forms is also very much
governed by the manner in which they are de-

signed and put together. To handle them pro-

perly upon the work and manage the general

work so that they can be used to the best ad-

vantage, is an art entirely distinct from brick-

laying, and one which seems to require a consid-

erable amount of training and experience before

it can be mastered. One reason for this is that

heretofore no very thorough economic study of

this subject has been made.
Another class of construction on which a

contractor should have had special experience
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in order to insure Ms efficiency is that of steel

buildings. Here the units to be handled are

often very large and heavy. The handling of

heavy weights economically by a small force of

men and with the aid of derricks and other plant,

is a peculiar art which comes only from practice.

Sailors are generally good at this sort of work,

and men who have not had experience in it are

practically helpless when confronted by its prob-

lems. The iron worker as a laborer is in a class

by himself. He is courageous and determined,

strong and active, and under some cu'cumstances

requires considerable tact, as well as firmness, on
the part of his manager. After the metal has

been set up and bolted, it is necessary to rivet

it together—which is a large item of cost; and
here special experience will generally teach a

manager how he can apply devices for pushing

the work.

The contractor should have some experience

of the locality in which he expects to work, since

local ordinances are likely to vary a good deal,

and the manner in which the laws are adminis-

tered is also likely to vary a great deal in differ-

ent localities. The local conditions of labor, be-

sides, are likely to vary. One town may be

pretty well unionized, and another not far away
may contain a rather different class of labor and
require different methods for pushing work. The
prices of labor and material are not very differ-

ent in New York City and in Brooklyn, just

across the East River; yet prices obtained by
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contractors for doing work on Manhattan Island

are considerably higher than those in the other

Borough. This is due partly to these local con-

ditions as above mentioned, and partly to the

density of traffic on Manhattan Island and the

difficulty of getting through the streets. A
strange contractor cannot easily tell beforehand

how much trouble he is going to have in unload-

ing his wagons in the streets until he has been at

least once '*up against" the local ordinances.

Size of the Job. A man who is accustomed to

handle small pieces of work is generally in

the habit of doing a good deal of the field

managing himself, and is not necessarily very

strong in the organization line. He may be able

to manage very efficiently a piece of work which

requires a small number of workmen, but not be

so good where the individual counts for less and
the general business organization counts for

more. If the bulk of his experience has been on
works of small magnitude, he is not likely to be

particularly good at the large ones; and on the

other hand, if his work has been in the line of

heavy construction, employing a good many men,
he will usually not bid as low on a small piece

of work as will a man who has had most of his

experience in small jobs.

Insurance. In the old-fashioned form of con-

tract, the contractor guarantees that he will do
the work for so much money. This particular

part of his contract is nothing else than a sort

of insurance by which he undertakes to assume
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the risk of the work being more expensive than

he originally figured. If it costs more, he loses;

and if it costs less, he gains just that much

—

which, as has been indicated above, is an induce-

ment to him to operate with economy. In prac-

tice, this works out in the following way: The
contractor always either makes or loses, and
frequently his bookkeeping methods are such

that he does not know whether he has made a

profit on the contract or whether he has actually

lost unless the profit and loss should happen to

run into a considerable amount. If he is gen-

erally successful in making substantial profits

his business grows and he waxes prosperous ; or

if he makes a good many small losses, or one or

two very large ones, the amount of capital at his

disposal is not sufficient to enable him to stand

the losses, and he fails. If he fails while the con-

tract is at a critical stage, the owner is likely to

lose money unless he is protected by a bond, and
he is sure to lose in the matter of time for the

completion of the work. The large contractor

with a large capital is less likely, of course, to

fail on a comparatively small contract than a

small contractor, and the additional security in

the way of insurance which this larger capital

gives the owner is one reason why the owner is

sometimes willing to accept a higher bid from a

large contractor than he can obtain from a small

one.

The insurance feature has a decided eco-

nomic value from the standpoint of the owner.
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and is a tremendous risk from the standpoint of

;lie small contractor. It will be noted that this in-

surance which the contractor provides is insiu*-

ance as to cost and as to time, the former being

by far the more dangerous to the contractor, and
the latter sometimes of greater importance to

the owner. These features will be considered

more fully under the Cost plus Compensation

Contract.

Unit-Price Contracts

The general bearing of the obligations of the

parties to each other is very similar to that in

the case of the lump sum contract, except that

here the totals of the quantities are often not

determined until the finish of the work. Any
effect that this uncertainty may have upon the

interests of the parties will properly influence

the contract prices on the one hand, or the con-

tractor's profit or loss on the other.

The case of structural steel work affords an
excellent example of the workings of this fea-

ture upon the obligations and attitude of the

parties. A great many steel structures are let

upon the lump sum basis, and a very large num-
ber on that of the pound price. In either case

the owner furnishes to the various bidders on
the work plans and specifications in more or less

detail, indicating the type, size, general strength,

and character of construction. The bidders sub-

mit with their figures stress sheets, indicating

how they propose to treat the various structural
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problems. On the basis of the quoted prices

and the stress sheets submitted, a contractor is

selected for the work, and a form of contract

entered into with him. Before the work can be

proceeded with, however, it is necessary that

more elaborate detailed plans be prepared, and
this is generally done by the contractor. He
then proceeds along the lines indicated by the

stress sheet. The details have to be approved

by the owner's representative before actual con-

struction commences. Now, it is clear that the

more pounds of metal in the structure under the

form of contract that we are now discussing,

the greater will be the contractor's profit; where-

as, the fewer the pounds of metal, the weaker the

structure, and the less his profit. Since there are

various ways of calculating the amount of metal

necessary—column formulas, impact formulas,

and various assumptions as to the performance

of metal under stress made by different authori-

ties, each of which assumptions will have to do

with the amount of metal for a given amount of

supporting power—there will be room for a va-

riegated interpretation not only of the specifica-

tions but of the stress sheet; and it is the busi-

ness of the owner's representative, the architect

or engineer, to see to it that the detailed draw-

ings do not call for an unnecessary amount of

material at the owner's expense, while at the

same time not imposing restrictions which will

make the finished structure too weak. If the

architect or engineer cut down the metal too
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much for agreement with the stress sheet, the

contractor can very properly claim that he is

entitled to sell the owner more material, on ac-

comit of the provisions of the stress sheet, which

then is a part of the contract.

In any steel structure, even with quite rigid

specifications, there is room for the exercise of

considerable judgment in designing the '* con-

nections" whereby the stress is transmitted

from one main number to another or others.

Where it is to the contractor's interest to supply

an excess of material, he will generally show a

desire to adhere to the best and safest and most

conservative engineering practice. There is,

then, the further complication that the weights

of the material as actually shipped are likely to

vary several per cent from the theoretical

weights of the members called for in the stress

sheet. The contractor is usually paid on the

basis of the actual shipping weight of the steel.

This feature has been more fully discussed above,

imder the caption ^'Quantity of Work."
The main distinction in the actual working

results between the unit-price contract and the

lump sum contract, is that in the former case the

contractor demands the best engineering prac-

tice, whereas under the lump sum contract the

owner is doing the fighting for good practice.

Cost plus Compensation Contract

Much has been heard of late years about this

kind of contract, and a good deal of work has
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been done under it. So much uncertainty seems

to obtain in the minds of most people concerning

its true inwardness, and there is such a consid-

erable diversity of opinion in the minds of differ-

ent people as to what this form of contract really

means to the owner as well as to the contractor,

that it would be well to go into its analysis with

some care. Under its provisions the owner pays

the entire cost of the work, plus something to

the contractor for his profit. In some forms of

this contract, the contractor furnishes the money
as he goes along, and the owner reimburses him
from time to time for what he has paid out until

the end of the job, when a final settlement is

made; while in other forms the contractor K's

all bills which are sent to the owner for pajnment,

and the contractor does not handle any money
at all. Even the pay-roll is settled by the owner
sending his representative to the job on every

pay-day and paying the men off on vouchers ap-

proved by the contractor or his representative.

It will be seen at once that this contract

presents some particular advantages in certain

localities and on certain classes of work, from
the standpoint of all parties. On the other hand,

it has certain peculiarities that do not immedi-
ately appear. Taking the same basis of analysis

that we did in the consideration of the lump sum
contract, we find that under the cost plus com-
pensation form the owner furnishes the follow-

ing items:

1. !Money. :

2, Insurance.
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3. Plans and specifications.

4. Sketches and instructions.

5. Plant.

6. Labor.

7. Materials.

8. Supplies.

And the contractor furnishes

:

1. Organization.

2. Superintendence.

3. Experience.

1. Money. The way in which the owner is

going to make his payments is a point that has a

great deal to do with the economical results of

the work so far as the contractor is concerned.

If the owner furnishes all the money from the

beginning, the contractor does not have to tie

up any capital in the work at all. The method
followed by one well-known contractor of large

experience has much to recommend it. In this

case, when the work is started, the owner turns

over to the contractor a sum of money which is

intended to cover the cost for the first month or

six weeks. This money is then deposited in a

bank in a special account, against which the

contractor is authorized to draw checks. Each
check drawn, besides being in the usual form of

banking check, contains the job number, the ac-

count number, and a complete list of all the

items which are being paid for by that check.

"When the check comes back from the bank, it is

filed with the papers for that particular job;
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and the owner can immediately, by going over the

returned checks, see exactly how all the money
was spent—for what accounts, in what manner,

and at what times. Checks covering the pay-

roll can be drawn either to the individual work-
men or to a foreman or time-keeper, who
accounts for his distribution of the men's pay.

2. Insurance. In contrast with nearly ev-

ery other form of contract, under the cost plus

compensation system the owner furnishes the

insurance. Note that the contractor guarantees

absolutely nothing. In the standard form of the

*'cost plus" contract, the contractor is not re-

sponsible for the time of completion; he is not

responsible for the cost exceeding a certain

amount; he gets no extra money if the cost is

excessive or if he saves money; and, in short,

the contractor has practically the minimum of

interest in how he really does his work. The
only real incentive that he has for making the

work go expeditiously and economically, is his

personal ambition and a desire to make or keep
a good reputation for efficient work. He is on

what might be called a peculiarily professional

basis; and if the men strike on the work, if the

men whom he has selected for directing the work
mismanage it, if lightning strikes it, or if the

work is held up by injunctions or lawsuits, either

through his own negligence or through the negli-

gence of his employees, he is not responsible,

being simply the agent of the owner. The owner,

on the other hand, guarantees that he will pay
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the bills when the contractor sends them in; that

he will be responsible for all the errors and mis-

takes of the contractor so far as economic per-

formance goes; and he further stands the dam-

ages when accidents which are not the fault of

anybody in particular occur and cause consider-

able delay. He practically stands in the position

of guaranteeing to himself that the contractor

will do his work properly, and that no external

agency will put the work back. If the con-

tractor is slow, he is in the owner's employ, and

the owner has no redress except to cancel the

contract and let the contractor sue him for

profits.

In order to mitigate some of this insurance

+hat the owner has to stand, he is frequently ac-

corded the right in the contract to require that

the contractor shall take away from the job any
foreman whom the owner considers to be incom-

petent. The trouble with this arrangement is

that if the owner does order an incompetent fore-

man off the work, the contractor can be dila-

tory about providing another good foreman; and
if the owner wishes to name a foreman, a con-

tractor can say—and perhaps with logic—^that

he will not be responsible for any errors that the

foreman selected by the owner makes. As he is

not responsible anyway, it does not seem as if

this would make much difference.

3 and 4. Plans and Specifications; Sketches

and Instructions. These are furnished by the

owner as in the lump siun contract.
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5. Plant. The contractors who do work on

a "cost plus a fixed sum" basis, do not, as a gen-

eral thing, own much plant themselves, and the

owner is in the position of either purchasing or

renting plant. If the contractor happens to own
plant which he can turn over for this kind of

work, he usually does so on a rental basis—so

much per day or per month. This rental clause

is really a separate contract by itself, since, after

the renting has taken place, the plant is under

the direct control of the owner through his

agent, the contractor, and if accidents happen to

it, the owner is responsible. Some contractors,

particularly where the amount of plant involved

is small, will agree in their contracts to furnish

the necessary plant out of their own stock, the

rental for plant, or compensation for its use, be-

ing waived. This feature is not so satisfactory

from the owner's point of view as might at first

appear, because the contractor is tempted to use

a minimum amount of plant and one which may
not be the most suitable for the work; and there-

fore, if the owner furnished or rented his own
plant, it might be more suited to the particular

class of work to be done and thus ultimately re-

sult to the economic advantage of the job.

6. Labor. Generally the contractor knows
where he can find men to employ on the class of

work to be done, and he engages the men as the

representative or agent of the owner. When he

pays them out of his own bank account from

funds supplied by the owner in the first place,
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the contractor usually acts as paymaster; but in

the case where the contractor is not to handle

any money, the paymaster is outside of the con-

tractor's organization entirely. Under this ar-

rangement, the men learn immediately what
kind of contract is being carried, and they are

likely to get the idea that efficiency does not

count much in the results of the work, and there-

fore are disposed to ''soldier;" whereas, if they

thought that they were working for the contrac-

tor, and the contractor's vital financial interest

was at stake, they would be more inclined to

expect to lose their places if they did not work
well and rapidly.

7 and 8. Materials and Supplies. We have

outlined above how the contractor buys the ma-
terials, and have called attention to the fact that

the owner is usually given the privilege of fur-

nishing materials himself if he thinks he can do

so to advantage. At first sight it would appear

that this protects the owner against graft; but it

is not difficult to see how it would be possible for

a dishonest contractor, after getting bids for ma-
terials, to accept upon delivery an inferior grade

of materials and receive from the dealer furnish-

ing them a rake-o:ff for himself. Unless the

owner put someone on the site to supervise the

work with great care and inspect all materials

as they came in, it would be difficult for him to

prevent this. To be sure, this inspecting is the

duty of the architect; but to inspect sufficiently

well to provide against such contingencies would
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mean that specifications as to materials would

have to be very accurately drawn in the first

place, and, in the second place, that the architect

would have to spend a great deal more time in

inspecting than he is likely to spend. Where
the contractor orders for the owner, he is prac-

tically in the position of a purchasing agent for

materials, with all the advantages and disad-

vantages that ordinarily pertain to purchasing

agents in general—with this difference, that, if

the owner does not like the way he does his work,

instead of discharging him as he does a purchas-

ing agent, the owner has got to spend time and
extra money and do the purchasing himself.

As against these things that the owner fur-

nishes, we have the items that are supplied by
the contractor:

1. Organization. This has been discussed

above, and is not essentially different here, in its

economic features, from the case of the lump
sum and unit-price contracts. The contractor is

seldom in a position to throw upon any particu-

lar piece of work an organization of his own, be-

cause, when this organization is good, it is occu-

pied on other work and cannot come to a new
position except with some injustice to the work
already on hand. As a general thing, when the

contractor is not busy, he cuts down his force to

the very smallest possible minimum, in order to

save himself from carrying expensive men with-

out financial return; and then he has no one in

his employ to throw upon new work. However,
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it is his business to keep in touch with men all

over the country whom he can get for his work

when he has work to do, and therefore, if he has

had much experience, it is not difficult for him to

get together in a comparatively short time an

organization of men whom he knows something

about personally, and in whom he feels that he

and the men can have confidence.

2 and 3. Superintendence and Experience.

A contractor under a ''cost plus a fixed sum"
contract may have had a good deal of experience

in the particular line of work to be done, and yet

this experience may have nothing to do with the

work unless he have more incentive to economic

performance than ordinarily obtains under such

a form of contract. His own experience in the

particular line involved may be of very little

value to the owner. If his superintendent is

inefficient, as sometimes happens, apparently the

only redress that the owner has is to cancel the

contract and allow the contractor to sue him for

profits, which is a remedy that is sometimes

worse than the disease. When the contractor has

a great deal of work to do, he cannot put much
of his time in supervising any one piece of it;

and when he has not much to do, he generally

spends most of his time looking for new propo-

sitions.

Other Forms of ''Cost Plus" Contract.

Sometimes, instead of the cost plus a fixed sum
contract, there is the cost plus percentage con-

tract, in which the contractor receives 10 or 15
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per cent of the actual cost of the work for his

compensation and profit. Here, the more the

work costs, the more the contractor gets as

profit, and there is a positive premium upon in-

efficient work. The percentage basis—where the

amount of work to be done was indefinite, and
when, because of imcertainty in regard to the

facts connected with the work, it was not desired

to make up elaborate specifications—was used

to a considerable extent ten or fifteen years

ago. To-day it is giving place to the cost-plus-

a-fixed-sum form.

It has been said that the lump sum contract is

a license to support lawyers, and that when the

owner changes his mind, and the architect

changes his plans, "extra work" comes into play

to the advantage of the contractor and to the det-

riment of the owner; and it has been argued that

the only disadvantage that has been discovered

in the ''cost plus a fixed sum" contract is that

the owner cannot possibly get his work com-
pleted for less than cost as he might do under the

lump sum contract if the contractor made a mis-

take in his estimate and did not get the benefit

of the assistance of ''extra work."
Some few years ago, a list was made of the

stock arguments in favor of the cost plus a fixed

sum contract from the standpoint of the owner
and the contractor. These we give below:

1. Owner's and contractor's interest are

made Identical.—This is not so.

2. Owner knows in advance amount of con-
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tractor's profit.—This is true when the owner
can be assured of the contractor's honesty; but it

is questionable whether the fact of the owner
knowing in advance how much the contractor is

going to make is of any economic value to the

owner. It is interesting information, but not

much else.

3. Owner's interests demand:

(a) Shortest time for completion.

(b) Lowest possible cost.

(c) Best possible workmanship.

It is true that the owner's interests demand
results a, b, and c; but, as has been pointed out

above, while the contractor's interests may be

forwarded by these things, all of them except

the first affect principally his reputation and his

professional pride. He is not supposed to have
professional pride; and his reputation will not

suffer, even if the cost is considerably more than

the lowest possible, since it is almost impossible

for the owner to find out what the lowest possible

cost is going to be, or what the cost would have
been if he had had the work done by some other

contractor, unless he has obtained bids for it

from other contractors and has had the **cost

plus" contractor do the work without any altera-

tions in the plans or specifications.

4. Owner relieved of menace of extra work.

—This is a thoroughly good argument in favor

of the cost plus contract. It is true that esti-
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mates as to the cost of extra work generally ap-

pear unreasonable to the owner; but it is also

true that extra work done in a hiu"ry and with-

out having been properly incorporated in the

original plans is generally a good deal more
costly than the same amount of work when pro-

perly planned in the beginning. While some

contractors demand exorbitant pay for doing

extra work on a contract, many of them ask

amounts which seem exorbitant to the owner,

because in reality the extra w^ork disturbs the

contractor's general layout and co-ordination of

his work, and adds more than his proportion to

the cost of the entire job.

5. Owner has benefit of all cash discounts

for materials.—The claim that the owner has the

benefit of all cash discounts for materials is rath-

er fictitious, because under a low bid from a re-

sponsible contractor the owner really gets this

profit anyway.

6. Owner knows what all materials will cost

before they are purchased.—The proposition

that the owner knows what all materials will cost

before they are purchased is somewhat similar

to claim No. 2 (above) ; it is interesting informa-

tion, but not of any particular value to the owner

financially. All the owner ought to care for is

that the materials shall be purchased for the

lowest possible price consistent with quality, and

he is assured of this under the old-fashioned con-

tract, so that this hardly seems to be a distinct

advantage.
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7. Owner can purchase materials if he so

desires.—The reservation to the owner to

purchase materials if he so desires has been

discussed above.

8. Owner can have excavations and founda-

tions completed while plans for superstructure

are being drawn.—Because it is not necessary to

have all plans carefully laid out before the con-

tract is ready, it is true that the owner can have

excavations and foundations completed while

the finished plans for the rest of the work are

being drawn; and where a building is burned

down, and has to be replaced at the earliest pos-

sible moment without waiting for preliminary

drawings and specifications, which generally

take time, this feature is a tremendous blessing

to the owner.

9. Owner, engineer, or architect can make
changes or alterations at any time without delay-

ing the work.—This proposition is not true,

since, after a contract has been signed on the

old-fashioned basis, practically any changes

that would delay the work would produce delays

under the cost plus a fixed sum contract, al-

though often it would not be possible to know
just how much these delays amounted to.

Changes in plans after work has been well start-

ed, almost invariably result in delays and inter-

ruptions.

10. Owner can have any number of skilled

and carefully trained mechanics on this contract

at a moment's notice.—This is rather obscure.
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If the owner can have any number of skilfully

trained mechanics at a moment's notice imder

this form of contract, the method by which it

is accomplished is not known to the writer.

11. As contractor's profit is the same re-

gardless of the cost of work, there is no incentive

for contractor to produce anything but substan-

tial and economical work.—This is perfectly

true, and is of great value to the owner.

12. Owner has his building completed as

rapidly as is consistent with good workmanship.
—It is difficult to see how this proposition differs

under a "cost plus a fixed sum" contract from
under a *

'lump sum '

' contract. On the lump sum
basis the contractor is just as anxious to finish

his work and get his profit as on any other basis.

13. Owner or his authorized representative

has access at all times to all matters pertaining

to the work.—The owner, or his authorized rep-

resentative, as a general proposition, has access

at all times to all matters pertaining to the work
under any form of contract.

14. Owner can pay bonuses for speedy de-

livery of materials.—This advantage is usually

true under any form of contract, and is not pe-

culiar to the form at present under discussion.

The arguments for this form of contract from
the contractor's point of view, outlined by the

same authority, are substantially as follows:

1. Contractor has opportunity to earn upon
his own merit an enviable position in the busi-

ness world's confidence.—Under this form of
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contract the contractor is in a sort of quasi-pro-

fessional position; and in so far as he makes
good and obtains a reputation for efficiency and

reliability, does he advance.

2. Profit assured.—There is no question on

the part of the contractor as to how much money
he is going to make ; he takes no risk, and is not

under any mental worry or strain of any kind so

far as finances go, and he therefore is in a position

to spend as much time as he desires to further

the interest of the owner and further his own
reputation. Not being worried about his profit

and the cost of the work, it stands to reason that

he is not going to be as strenuous as he otherwise

might be.

3. Contractor free from relations with own-

ers who have not the courage to take legitimate

risks attendant upon their own enterprises, and

who wish to saddle them upon a contractor upon

a lump sum basis and leave him to gamble his

way out as best he can.—The contractor under

this form of contract is not likely to get into a

poker game with a dishonest owner, wherein the

owner may succeed in obtaining more than his

money's worth at the contractor's expense.

4. Contractor has satisfaction of dealing

with an owner who has no reason to suspect him
of over-reaching, who is not in constant dread of

extortionate charges for "extra work," and who
has a contract offering complete insight into the

financial affairs of the job.—We might add a

fifth advantage—which is, that under the pecu-
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liar features pretty thoroughly discussed above,

the contractor is in a position to keep his own
overhead charges down to the very minimum.
All the contractor's fixed expenses which he can-

not charge to his owner, are the expense of ad-

vertising, and his traveling expenses while hunt-

ing for new work, so that the fixed sum or per-

centage that he gets is always all clear profit,

without risks of any kind.

Attention should be called in this connection

to the fact that when a contractor has lump sum
work and cost-plus-a-fixed-sum work at the same
time, he is likely to put his best men upon the

lump-sum work and let the cost plus work take

care of itself so far as efficiency is concerned.

Finally, it appears that, in the last analysis,

taking all the facts into consideration, the cost-

plus-a-fixed-sum contract is simply a contract

for superintendence with the burden and the re-

sponsibility upon the owner. However, if the

owner can have some method of insuring that he

can properly supervise the contractor's work
and keep him up to the mark in efficiency, this

form of contract (cost plus a fixed sum), when
the work is to be done in a hurry or under con-

ditions which cannot easily be laid down in his

specifications, will accomplish results which are

utterly impossible under the lump sum system.

UNIFORM CONTRACT
We now come to the consideration of a spe-

cific form of contract which is here given for
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more definite illustration. The form selected is

that adopted and recommended for general use

by the American Institute of Architects and the

National Association of Builders, as revised in

1907. It reads as follows

:

**This Agreement, made the day of

in the year one thousand nine hundred

and . .
.
, by and between

,
party of the

first part (hereinafter designated the Contrac-

tor), and
,
party of the second part

(hereinafter designated the Owner),

**Witnesseth, that the Contractor , in consid-

eration of the agreements herein made by the

Owner , agrees with the said Owner as follows

:

**Article I. The Contractor shall and will

provide all the materials and perform all the

work for the , as shown on the draw-

ings and described in the specifications prepared

by , Architect, which drawings and
specifications are identified by the signatiu-es of

the parties hereto, and become hereby a part of

this contract."

It will be noted that this first article calls

for the identification of drawings and speci-

fications by the signatures of the parties.

This article does not always work well in

practice, for the reason that the drawings

are usually made on tracing cloth, and the

tracings are filed in the architect's office.

Frequently the principal parties do not take
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the trouble to sign the plans and specifica-

tions; and when they do sign them, it is

not feasible for them to sign all the altera-

tions and additions that are likely to be made
during the progress of the work. If the arch-

itect wants a change made on the drawings,

he generally makes a change, and it does not

usually appear whether the change was made
before or after the signatiu'e. Thus the value,

as a legal instrument, of a signature on the

drawings, is likely to become nil.

*^Article 11. It is understood and agreed by
and between the parties hereto, that the work
included in this contract is to be done under the

direction of the said Architect, and that his de-

cision as to the true construction and meaning
of the drawings and specifications shall be final.

It is also understood and agreed by and between

the parties hereto, that such additional drawings

and explanations as may be necessary to detail

and illustrate the work to be done are to be fur-

nished by said Architect, and they agree to con-

form to and abide by the same so far as they may
be consistent with the purpose and intent of the

original drawings and specifications referred to

in Article I.

*'It is further understood and agreed by the

parties hereto, that any and all drawings and
specifications prepared for the purpose of this

contract by the said Architect are and remain his

property, and that all charges for the use of the
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same, and for the services of said Architect, are

to be paid by the said Owner. '^

The provision that the architect 's decision

as to the true construction and meaning of

the drawings and specifications shall be final,

is liable to result in a great deal of trouble

unless all parties understand the same thing

when the contract is prepared. The architect

is supposed to know what is meant when he
made his drawings and prepared his specifica-

tions; but the true intent and meaning of the

drawings and specifications as a business

proposition between the contractor and the

owner, depend upon what was standard

practice at the time the contract was
signed; upon what the contractor under-

stood that he was bidding on; and upon
what an ordinary third person, skilled in the

business, would take the plans and specifica-

tions to mean. If the architect did not mean
what he said, or did not say what he meant,

it seems unfair to make the contractor finan-

cially responsible for the architect's errors;

and to appoint the architect the arbitrator as

to what his own instrument means is to ap-

point a more or less biased judge. Notwith-

standing these objections, it has heretofore

been impossible to find a more satisfactory

way of settling differences as to what plans

and specifications mean, than by the above

clause. If the matter should be left to a
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board of arbitrators or to an unprejudiced

third person, it would involve explanations

and probably a good deal of delay—which

is the reason wh}^ the first clause of Article

II remains to-day in standard practice.

The second paragraph of Article II, pro-

viding that the owner shall pay for all serv-

ices of the architect, is generally inserted to

protect the architect in case the owner shall

have imagined that the contractor is re-

sponsible for, or from any other reason shall

have become liable for, the architect's fees,

thus involving a controversy among the

mazes of which the architect might lose part

of his fees.

**Article III. No alterations shall be made
in the work, except upon written order of the

Architect, the amount to be paid by the Owner
or allowed by the Contractor by virtue of such

alterations to be stated in said order. Should
the O^mer and Contractor not agree as to

amount to be paid or allowed, the work shall go

on under the order required above; and, in case

of failure to agree, the determination of said

amount shall be referred to arbitration, as pro-

vided for in Article XII of this contract.''

This is an excellent provision, and more
or less constant effort is made to live up
to it on most building contracts to-day.

However, every practical man realizes that
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a great many questions involving altera-

tions or minor points come up from day

to day under inspection on the work, and

are settled verbally by the architect with-

out further red tape. If the architect

has had much experience, and has pre-

pared his plans and specifications with great

care, these verbal settlements are com-

paratively unimportant, and no trouble is

liable to arise from them; but if, on the other

hand, the architect is young, and if his mind
is possessed with his artistic conceptions to

the exclusion of ordinary practical construc-

tion, the number of these alterations may be

very large, and they may be very important

—

so important, in fact, as to affect to a consid-

erable extent the economic results to the con-

tractor. Under these circumstances trouble

usually follows. Article III is an attempt to

eliminate this source of trouble as much as

possible.

**Article IV. The Contractor shall provide

sufficient, safe, and proper facilities at all times

for the inspection of the work by the Architect or

his authorized representatives; shall, within

twenty-four hours after receiving written notice

from the Architect to that effect, proceed to re-

move from the grounds or buildings all materials

condemned by him, whether worked or un-

worked, and to take down all portions of the

work which the Architect shall by like written
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notice condemn as unsound or improper, or as in

any way failing to conform to the drawings and

specifications, and shall make good all work
damaged or destroyed thereby.'*

This article is intended to insure, under

direction of the architect, proper execution

of the work. It will be noted that it makes

the architect the arbitrator as to the quality

of the work, and puts the contractor in the

position of being obliged to take down any

portion of the work condemned by the archi-

tect, whether or not the condemnation is just.

'*Article V. Should the Contractor at any

time refuse or neglect to supply a sufficiency of

properly skilled workmen, or of materials of the

proper quality, or fail in any respect to prosecute

the work with promptness and diligence, or fail

in the performance of any of the agreements

herein contained, such refusal, neglect, or failure

being certified by the Architect, the Owner shall

be at liberty, after three days' written notice to

the Contractor, to provide any such labor or

materials, and to deduct the cost thereof from

any money then due or thereafter to become due

to the Contractor under this contract; and if

the Architect shall certify that such refusal,

neglect, or failure is sufficient ground for such

action, the Owner shall also be at liberty to ter-

minate the employment of the Contractor for

the said work, and to enter upon tke premises
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and take possession, for the purpose of complet-

ing the work included under this contract, of all

materials, tools, and appliances thereon, and to

employ any other person or persons to finish the

work, and to provide the materials therefor; and

in case of such discontinuance of the employment
of the Contractor , shall not be en-

titled to receive any further payment under this

contract until the said work shall be wholly fin-

ished, at which time, if the unpaid balance of the

amount to be paid under this contract shall ex-

ceed the expense incurred by the Owner in fin-

ishing the work, such excess shall be paid by the

Owner to the Contractor ; but if such expense

shall exceed such unpaid balance, the Contrac-

tor shall pay the difference to the Owner . The
expense incurred by the Owner as herein pro-

vided, either for furnishing materials or for fin-

ishing the work, and any damage incurred

through such default, shall be audited and cer-

tified by the Architect, whose certificate thereof

shall be conclusive upon the parties."

This article is intended to protect the

owner in case the contractor should abandon
the work for any reason. It sometimes
appears that the contractor finds a cer-

tain portion of work unprofitable, and for

various reasons is unable or unwilling to

push it as he should; and if some such

article as this were not inserted for the

protection of the owner, it would 15le im-
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possible for him in such a case to avoid

very large losses. As a general thing, archi-

tects are very slow to enforce this clause, ex-

cept under the greatest provocation, because

it involves a lot of extra work on the part of

the architect for which he does not get paid,

and it is very difficult to carry it out without

involving complications which may result in

lawsuits.

"Article VI. The Contractor shall com-
plete the several portions, and the whole of the

work comprehended in this Agreement, by and
at the time or times hereinafter stated, to wit

:

>>

In prosecuting the work, the real value of

this article is often interfered with. Any im-

portant alterations or additions made on
plans or specifications that require various

changes to be made, will involve differences

in the time of completing the several parts of

the work ; and, unless corresponding changes

are made with the consent of both parties to

the provisions of this article, its effect is

liable to be greatly lessened. This subject

has been discussed above.

**Article VII. Should the Contractor be de-

layed in the prosecution or completion of the
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work by the act, neglect, or default of the Own-
er , of the Architect , or of any other contractor

employed by the Owner upon the work, or by
any damage caused by fire or other casualty for

which the Contractor not responsible,

or by combined action of workmen in no wise

caused by or resulting from default or collusion

on the part of the Contractor , then the time

herein fixed for the completion of the work shall

be extended for a period equivalent to the time

lost by reason of any or all the causes aforesaid,

which extended period shall be determined and
fixed by the Architect ; but no such allowance

shall be made unless a claim therefor is presented

in writing to the Architect within forty-eight

hours of the occurrence of such delay."

Here we have the contractor released

from the time insurance feature of this

contract, if he is delayed in the prosecu-

tion of the work by the act, neglect, or

default of the owner or of anyone em-

ployed by him or by any outside agency

the responsibility for which is not trace-

able to the contractor. In order to avoid

disputes as to what delays have been

caused by outside agencies, the burden is

placed upon the contractor of notifying the

owner through the architect in writing within

forty-eight hours of such delays. Therefore,

unless the architect does not receive such

written notice, the burden of completing the

I'
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work within the time limit still rests with

the contractor.

"Article VIII. The Owner agrees to pro-

vide all labor and materials essential to the con-

duct of this work not included in this contract,

in such manner as not to delay its progress, and

in the event of failure so to do, thereby causing

loss to the Contractor, agrees that will

reimburse the Contractor for such loss ; and the

Contractor agrees that if shall delay

the progress of the work so as to cause loss for

which the Owner shall become liable, then

shall reimburse Owner for such loss.

Should the Owner and Contractor fail to agree

as to the amount of loss comprehended in this

Article, the determination of the amount shall be

referred to arbitration as provided in Article

XII of this contract.
''

This means that if there are other con-

tractors upon the work, the owner must
see that they do not interfere with the

performance of this contract. Where upon
one building a plumbing contractor, a

carpenter contractor, a mason contractor,

and various others are working at the

same time, it is not at all difficult for

one of the contractors, in case he fall

behind in his work, to point to acts of

one or more of the other contractors which

afford him a plausible excuse; and for this
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reason many architects prefer to have the

whole work conducted under one general con-

tractor to whom the other contractors will be

subsidiary. As a general thing, one con-

tractor can manage other contractors, and

get them to do their work for him more satis-

factorily and efficiently than the architect can

get several contractors of equal standing to

work together. In New York City a great

deal of work is done in this way, the general

contractor employing the others, and the

architect simply having one organization to

direct. A great deal of work in this way is

done on a cost plus 10 x^er cent basis, the gen-

eral contractor guaranteeing the total cost

not to exceed a certain figure. Many con-

tractors have worked up a large business in

this way, the owner finding upon the day of

settlement that he is paying 10 per cent to

the general contractor on all sub-contracts,

and that the general contractor does practi-

cally no work himself, but simply runs an of-

fice which is a clearing house for the other

contractors, enabling him to charge practical-

ly all of his expenses, except those of one

bookkeeper and his office force, to the vari-

ous owners for whom he is working. Under
such circumstances, 10 per cent is a very nice

profit. The owner should be entitled to have

the architect direct all of the contractors and
run the work in this way without sub-letting.

Many contracts contain a clause to the effect
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that no sub-letting shall be allowed except

upon written consent of the owner or of the

architect.

**Article IX. It is hereby mutually agreed

between the parties hereto, that the sum to be

paid by the Owner to the Contractor for said

work and materials shall be ,

subject to additions and deductions as herein-

before provided, and that such sum shall be paid

by the Owner to the Contractor , in current

fimds, and only upon certificates of the Archi-

tect, as follows

:

**The final payment shall be made within

days after the completion of the

work included in this contract, and all payments
shall be due when certificates for the same are

issued.

**If at any time there shall be evidence of any
lien or claim for which, if established, the

Owner of the said premises might become
liable, and which is chargeable to the Contrac-

tor , the Owner shall have the right to retain

out of any payment then due or thereafter to be-

come due an amount sufficient to completely in-

demnify against such lien or claim.

Should there prove to be any such claim after all

payments are made, the Contractor shall re-

fund to the Owner all moneys that the latter

may be compelled to pay in discharging any lien

on said premises made obligatory in consequence

of the Contractor's default.*'
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This article is self-explanatory. It should,

like Article VI, be considered subject to any
changes or alterations in plans or specifica-

tions. The last paragraph is intended to pro-

tect the owner against liens placed by sub-

contractors or by people furnishing material,

in case a contractor should have attempted to

over-finance the work, so to speak, ^t often

happens that the contractor does not pay his

bills until after he has received his monthly
installments from the owner; and sometimes,

with too many irons in the fire, the contractor

is likely to be so much involved as not to set-

tle his accounts. This paragraph is very use-

ful in such cases, and provides the owner a
much needed protection.

*'Article X. It is further mutually agreed

between the parties hereto, that no certificate

given or payment made under this contract, ex-

cept the final certificate or final payment, shall

be conclusive evidence of the performance of this

contract, either wholly or in part, and that no
payment shall be construed to be an acceptance

of defective work or improper materials."

This is in the nature of a legal pro-

tection to the owner. Under some cir-

cumstances, if an owner makes payment
for certain work performed, the courts

would consider it as evidence that the

work performed had been satisfactory;
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and this article is inserted in order to

guard against the owner being placed at an

unfair disadvantage upon paying any certifi-

cate except the final one.

*'Article XI. The Owner shall, during the

progress of the work, maintain insurance on the

same against loss or damage by fire,

y

the policies to cover all work incorporated in the

building, and all materials for the same in or

about the premises, and to be made payable to

the parties hereto, as their interest may appear."

While the building is going up, the

owner makes partial payments which are

supposed to be aproximately equal in

value to the actual work done; and by
virtue of these, he becomes the owner of

the completed portion of the work. It

is therefore his business to insure for the

further protection of aU parties. Ijb is

sometimes wise to provide that the policy

shall be in the custody of the architect until

the final pajTnent has been made. The archi-

tect will then see to it that the insurance is

actually taken out, and that the policies are

in the proper form.

"Article XII. In case the Owner and Con-
tractor fail to agree in relation to matters of pay-

ment, allowance, or loss referred to in Articles
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III or VIII of this contract, or should either of

them disseht from the decision of the Architect

referred to in Article VII of this contract, which

dissent shall have been filed in writing with the

Architect within ten days of the announcement

of such decision, then the matter shall be re-

ferred to a Board of Arbitration to consist of one

person selected by the Owner , and one person

selected by the Contractor , these two to select

a third. The decision of any two of this Board
shall be final and binding on both parties thereto.

Each party hereto shall pay one-half of the ex-

pense of such reference."

This is the standard arbitration agree-

ment. It often happens that in an arbitration

of this kind each party will select a represen-

tative, and these two representatives will

hear the evidence and attempt to come to an
understanding without the selection of the

third arbitrator. If they disagree, the whole

controversy then boils down to a discussion in

which each of the two representatives is an
advocate for the side which has enlisted him

;

and the deciding vote is cast by the third rep-

resentative, who is thus made a sort of ref-

eree. This should be avoided by the selection

of the third man in the first stages of the pro-

ceeding—thus, in the long run, avoiding ex-

pense and rendering probable the obtaining

of a more equitable adjustment of the differ-

ences.
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specifications

A properly drawn set of specifications, with

accompanying plans, is a part of the contract as

a legal instrument, and performs the function

of elaborating just what specific things the con-

tractor has to do and just how he has to do them.

The specifications should contain a reference to

the contract, and the contract should mention

the specifications, in order that they shall be

taken together as forming the parts of one en-

tire agreement. So far as referred to, the speci-

fications become constructively a part of the con-

tract. While in ordinary practice the specifica-

tions are made a part of the contract, and are

with it signed and sealed, they are not in the

legal form of a contract, because the burden of

performance falls entirely upon one party. In

the contract the owner agrees to pay certain

sums for the performance of certain work by
the contractor; but, under the specifications; the

owner is a passive party, and for that reason

practically all clauses of the specifications are

directed to the contractor and are statements of

his duties. There are practically no clauses in

the specifications that require anything of the

owner.

General Faults. The man who draws up
specifications finds himself between two difficul-

ties. On the one hand, there is the probability

65
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of making a specification too verbose, too cum-
bersome, and too unwieldy; and on the other, in

the attempt to eliminate this fault, there is the

probability of leaving out something which

might be desirable and which is necessary to

make the instrument intelligible.

A common fault in the writing of these docu-

ments is caused by the desire of the writer to

show those who are going to work under them
his vast knowledge of the subject covered by the

specifications. He puts in many things that are

not necessary to the proper guidance of the con-

tractor, and in many cases things that handicap

the contractor in his work and bring about no
compensating good. When this is the case, the

contractor is liable to think that the specifica-

tions are antagonistic to his advantage, and he

will act accordingly and be disposed upon the

slightest pretext to attempt to *'even up.''

Another grave fault is the placing of too

many restrictions upon those who are going to

do the work. The contractor should be re-

stricted as little as possible, the only require-

ments being that he must confine himself to

good practice, and must, in the end, show proper

and acceptable results.

The owner wants to get just as much for his

money as possible—wants the best workmanship
and materials because he is paying his good
money for them—while the contractor, on the

other hand, even though he may have no idea

of skimping and no desire to skimp in any way,
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is working for his liveHliood and wants to do the

work as cheaply as may be consistent with ac-

ceptable performance, and so make as great a

profit as possible.

If the specifications are clearly drawn when
submitted to the contractor, he can make his bid

accordingly; and no matter how severe the re-

quirements may be, his bid will make allow-

ances for the difficulties imposed by them. If, on

the other hand, a specification is capable of sev-

eral interpretations, or if it is stated in such a

way that there are ** holes in it," the contractor

will be led to take chances in his bid. This is

especially true if the contractor has done much
work under the architect, and thus knows how
closely or how loosely he will be held to the let-

ter of the specifications. Bidding under such

specifications works a hardship on the contrac-

tor who is unfamiliar with the architect. No
matter how strict the specifications may be, and
how well known to the contractor the architect's

peculiarities are, the personal equation should

have to be taken into consideration as little as

possible. Remember that a well-defined speci-

fication is essential to a fair contract.

In the following pages, before giving a com-

plete specification for a building, some examples

are given which have been chosen from speci-

fications used on many different contracts. They
include examples of good as well as of bad prac-

tice. Here, for instance, is a specification for

concrete which is very commonly seen;
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'^All mixing must be thoroughly done, and

must be to the satisfaction of the architect."

One might say at the start that the two parts

of this specification are redundant; but to the

contractor it does not appear so. He will mix
the mortar in what is from his point of view a

most thorough manner, by turning it two or

three times, and, after adding the stone, will

turn the mortar, say, two times before loading it

or shoveling it into place; and he counts this

last shoveling as helping in the mixing. This

manner of mixing is what he figured on in ma-
king up his bid. But the inspector may say that

the sand and cement must be turned six times,

and, after the ballast or coarse aggregate is

added, the concrete must be turned four times

before leaving the board. He thereby adds to

the cost as estimated by the contractor 200 to

300 per cent for the board work on the mortar,

and 200 per cent to the mixing in of the ballast,

and thus makes the actual mixing cost perhaps

twice as much as the contractor figured on. The
inspector may or may not be wrong in his in-

terpretation of what **thoroughly done" means;

but in either case controversy arises, and sus-

picions and hard feelings are created.

Suppose the specification had read in this

way:

"The dry sand and cement shall be mixed and
turned by shovels not less than six times, a
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spreading motion being given in turning before

the water is added; and, upon addition of the

water, the mix shall be turned until every parti-

cle of the mass is thoroughly wet. The stone,

after having been wetted, shall be added to the

mixed mortar, and the whole mass turned with

shovels until every particle of stone is complete-

ly enveloped with mortar—or not less than four

times.'*

There would then be no chance for misunder-

standing and subsequent heartburnings.

The second part of the specification is also

one which leads to a gamble on the part of the

contractor—"to the satisfaction of the archi-

tect.'' Unless he wants to take chances, the con-

tractor should make up his mind that the archi-

tect is bent on the strictest interpretation of the

specification, and should be governed accord-

ingly in his bid. He wiU then be on the safe side,

and any easement of the specification by the

architect will be in his favor. This prudent
course, unfortunately, is more than likely to re-

sult in some more venturesome bidder 'landing

the job."

The Architect's Power. The powers of the

architect are often far-reaching, and it is en-

tirely right that they should be so, for he has no
such interest in the work as the owner and the

contractor have, with the result that in most
cases he will be found very fair, his sympathy
generally being with the contractor so long as



70 SPECIFICATIONS

he thinks that the contractor is making coiisci-

encious efforts to do right; but he will still in-

sist—and rightly—that the best service be given

his client, the owner, whose interest he is es-

pecially employed to look after.

Here is a clause, however, which seems to

carry to extremes the power of the architect,

and there are but few who would use it. Of
those who do use it, but few would care to take

full advantage of it:

**To prevent all suits and litigations, it is

further agreed by and between the parties to

this contract, that the Architect shall in all cases

determine the amounts of work done which are

to be paid for under this contract; that he shall

have the sole charge of the manner of construc-

tion, of the quantities of materials, and of the

interpretation of the specifications; that he shall

decide all questions which may arise relative to

the carrying out of the contract; and that his

estimates, figures, measurements, directions, and
decisions shall be final and conclusive, neither

party to this contract having recourse to the

opinion of other experts."

The first part of this specification is what is

commonly found in these instruments—the sim-

ple statement that the architect is judge of the

quality of the work, the fitness of the materials,

and the amount of work done. There is no ques-

tion as to his position in these matters. Making
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the architect the sole and final judge of the

amount of work done, is in a way entirely

proper; but if carried to extremes, such as the

latter part of the clause would permit, it would

be very improper.

For the architect to set up the contention that

his opinion and decision are of such a nature that

they must not be disputed by outsiders or by ex-

perts, is of very rare occurrence. In fact, hardly

any architect would care to establish the reputa-

tion of having taken advantage of such a clause

as this; and, in case of controversy, if no amica-

ble arrangement could be made by the parties to

the contract, most men would be only too glad

to appeal to expert opinion in the form of arbi-

tration, not only to keep their own reputations,

but to keep the good opinion of their clients and

of the contractors who may at some future time

again do work for them.

The Inspector's Power. When the inspector

is given too much power by the specification, or

where he is inclined to consider himself an au-

thority as the representative of the architect,

trouble may result. If he be given full authority

by the architect, and is at the same time a capa-

ble man—perhaps an engineer of some ability

—

he will give a fair interpretation of difficult

clauses. It often happens, however, that the in-

spector is young and comparatively inexperi-

enced. He will make a ruling which seems in

keeping with the letter of the specification, but

which is not quite what it should be in the light
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of ordinary practice. The ruling having been

made, the architect, upon being appealed to by

the contractor, will sustain his inspector for

*'moral effect," unless the ruling is extremely

unfair. The suspicion at once enters the con-

tractor's mind, that he is not getting a "square

deal.
'
' This suspicion having once been aroused,

it will take but little to cause an outburst upon

the contractor's part—perhaps upon some really

trivial matter—and trouble ensues that is

against the best interest of all parties on the

work. If the contractor thinks that he is getting

the worst of the deal, he will likely start a line

of action that he thinks will "even up," and

some portion of the work is bound to suffer.

Inspector's Authority Defined. The follow-

ing are clauses that are rarely found, but which

have much to recommend them. The contractor

is always glad to work under such a specifica-

tion; and it really works to the architect's ad-

vantage since it puts all question of change of

plans and subsequent claims for extra work upon
the party who has the matter fully in mind and

who is best able to deal with it as it should be

dealt with

:

"It is hereby distinctly understood and mu-
tually agreed between the parties to this con-

tract, that the Inspector of the work is not in

any sense considered a deputy in charge. His

duties are simply to act as a representative to

protect the interest of the party (or parties) of

the second part; to measure up the work done



SPECIFICATIONS 73

under the direction and supervision of the en-

gineer in charge, if so requested; to report to the

engineer in charge any deviation he may notice

from the specification; and to order work
stopped until the engineer can be communicated

with, if, in his opinion, such action becomes

necessary. All disputes regarding the manner
of doing the work and interpretations of the

specification and contract shall be referred to

the engineer in charge; and no change or devia-

tions or allowances of any kind ordered by the

inspector without written instructions to that

effect from the engineer in charge will be recog-

nized by the party (or parties) of the second

part.

''It is furthermore agreed and expressly un-

derstood by both parties to this contract, that if

the engineer in charge shall at au}^ time be com-
pelled to be absent, and cannot be communicated
with in a reasonable time, he shall appoint in

writing a deputy who shall perform his duties

until he is again in touch with the work; and at

that time the authority of the deputy shall cease

without notice until further appointment is

made."

Layout of the Work. It is manifestly unfair

to make the contractor responsible for the

proper layout of the work by the architect. The
careful contractor will check over the layout

before he begins his work; but there are certain

phases of this work for which he ought to be able
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to depend upon those who furnish the specifica-

tions.

The Architect's Errors. The following is a

specification which often puts the contractor in

a rather unfair position:

^'The Contractor must satisfy himself, before

commencing work, as to the meaning and cor-

rectness of all stakes and marks; and no claims

will be entertained by the Owner for or on ac-

count of any alleged inaccuracies, or for altera-

tions subsequently rendered necessary on ac-

count of such inaccuracies, unless the Contractor

notifies the Architect thereof in writing before

commencing the work thereon."

Here we have the statement that a contrac-

tor not only must be responsible for the proper

management of the work and of the men, but

also must attend to the checking of the architect

and be held to account not only for his own care-

lessness and mistakes but for those of the archi-

tect as well. This is to a certain extent a good
thing, but it is hard to say to just what extent it

is good. If errors are due to the carelessness of

the contractor, and are not discovered in time,

all marks may have been removed which would
lead to the placing of the responsibility for the

error; and the contractor will blame them on the

architect, and the architect will blame them on
the contractor. Without such a clause, the con-

tractor may say that he did the work as shown
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by the architect, whether he did or not, and thus

shift upon the architect's shoulders all blame.

The architect or his representative is on the

work especially to prevent mistakes, and can

have nothing to fall back on except such a speci-

fication. It would seem, then, that it is perhaps

necessary for his protection, although it may
work a hardship on the contractor.

In keeping with the tendency to make the

contractor responsible for the errors of the archi-

tect, the following clause is often found:

*' Correction of errors or omissions in draw-

ings or specifications may be made by the Archi-

tect when such correction is necessary for the

proper fulfilment of the intentions of such draw-

ings or specifications, the effect of such correc-

tion to date from the time that the Architect

gave notice thereof to said Contractor."

In making corrections and supplying omis-

sions, the architect might do almost anything he
wished, and say that it was only '*in fulfilment

of the intentions.
'

' Perhaps a contractor did not

realize these intentions when he made his bid,

and, in consequence, will have to do work that

he has made no provision for in his estimate.

The plans and specifications are supposed to

work in harmony with one another, and it is gen-

erally so stated as follows

:

**The drawings and specifications are in-
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tended to co-operate; and work shown on tHe

drawings and not particularly described in the

specifications, or any work evidently necessary

to the complete finish of the work included in

this specification, as specified or shown, is to be

done by the Contractor without extra charge, the

same as if it were both shown and specified.''

This is a fair specification, for it simply says

that anything omitted in this specification that

shows in the drawings, or any essential that is

omitted from the drawings and is covered by the

specification, shall be executed as if it were

shown in both; and since the contractor has both

the drawings and specifications, he has had due

notice of the requirements, and can act accord-

ingly in making up his bid. But where the omis-

sion occurs in both drawings and specifications,

it is unfair to hold him as if he were expected to

know what the architect intended and wanted.

He should have an allowance for extra work in

case of additions to both specifications and draw-

ings required by the architect's carelessness and
omissions.

Extra Work. Perhaps the most prolific cause

of trouble and argument on contract work is

''extra work," and the payment for same. As
an example of the ordinary specifications on this

subject, we have the following:

*'No extra work will be allowed unless or-

dered by the Architect in writing. No bill for
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extra work so ordered will be approved by the

Architect unless it is rendered immediately upon

completion of the work."

In this specification there is not a single as-

surance to the contractor that he will come out

on the right side financially on extra work. The

contractor will probably not attempt to do any

extra work unless he is sure of being compen-

sated for it; but even when he has proper author-

ity for performance, the compensation under

this clause may not be what he asks for. That a

great deal of extra work is done on the archi-

tect's verbal authority is a fact, and that the

bills for the greater part of it are allowed is also

true; but, as in the case of the approval of sam-

ples by the architect, he may withhold his ap-

proval of payment when the result obtained by

work done under verbal orders is not up to ex-

pectation. If the contractor were always able to

obtain from the architect the written order,

there would be no fault to find with the first sen-

tence of this paragraph.

Now, as to the second part—suppose the con-

tractor had done the extra work on the written

order of the architect and had presented his bill

"immediately upon completion of the work."

Some particular piece of extra work may be

found to extend over the greater part of the job,

and may not be completed until the entire job is

nearly finished. If such were the case, the archi-

tect might hold up payment for the work several
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montlis, and the contractor would have no allow-

able claim until, perhaps, the completion of the

entire job.

And what, under this clause, is the contractor

to be paid for his extra work? Suppose in his

bill he includes all items of his expense—mate-

rial, labor, plant, superintendence, overhead

charges—while the architect's inspector has

kept account only of labor and material. There

will be a great difference in the amount of the

bills. The architect will probably be willing to

concede something to the contractor for other

charges ; but the percentage may not be what the

contractor has figured on, and he is thus left

short. Under this clause he has no redress.

Another specification covering the same mat-

ter, and showing the contractor a little more
clearly where he stands in figuring extra work,

is as follows

:

'*In estimating the cost of such work, no al-

lowance shall be made to the Contractor for the

use of tools or for general superintendence."

This specification precludes all possibility of

such trouble as mentioned above, but does not

give the contractor just what he should get.

Moreover, it introduces a feature that brings

about a gamble on the contractor's part. In ma-
king the bid, he must spread over the various

items such a charge as will care for the plant cost

that will accrue while his plant is engaged in
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extra work which, according to specification, he

will receive no direct compensation for. He can-

not tell how much of that work there will be, and

so how much plant time will be unprofitable ; and

as a result he is working on an uncertainty. It is

then evident that full cost should be allowed so

that the contractor will not have to inflate ordi-

nary figures to take care of demands that might

be made later.

A fairer specification would cover plant

charges by allowing a fair percentage for the

same. Here is such a specification:

*'The Contractor must be prepared to do any
extra work that may be ordered in writing by
the Architect; and for this he will be paid the

actual reasonable cost as determined by the

Architect, plus 15 per cent of said cost."

This, however, has a particular weakness, in

that 15 per cent is generally too low. The 15 per

cent may be said to cover all costs outside of those

that can be definitely charged to the extra work.

The charge for labor and material can, of course,

be accurately determined; but when it comes to

plant charges and maintenance, superintendence

and overhead charges, and the profit which the

contractor is entitled to receive, 15 per cent may
fall woefully short. In fact, the 15 per cent

might be said to be sufficient to cover only the

contractor's profit, and other charges would be
left uncared for. It is perhaps meant that the
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architect will include plant and overhead charges

in the ''actual reasonable cost," but the specifi-

cation does not definitely state this. The archi-

tect might add a percentage to the labor and ma-
terial cost, and say that it is to cover plant and
superintendence. If he does, and if the percent-

age is fair, the clause is all right.

The use of "actual" and "reasonable" may
be rather paradoxical. Conditions might arise

which make the actual cost seem unreasonable,

and the contractor might suffer the consequence

if the architect laid stress upon the "reasonable"

part of the clause. Suppose, on the other hand,

the contractor, by taking advantage of condi-

tions, produced the work at a much lower figure

than the estimate of the architect allowed—a fig-

ure which might seem unreasonably low. The
architect would be sure to be governed by the

"actual" part of the specification, and the con-

tractor would gain nothing for himself by his

effort to economize. In fact, he would suffer

by the decrease in return under the 15 per cent

item. The contractor would be entirely at the

mercy of the architect, not only in the interpre-

tation of the clause, but in the payment for the

work, according to how the architect wished to

interpret "actual cost," the "reasonable cost,"

or the "actual reasonable cost."

Another specification covering extra work
may well be given as an excellent example of

how justice to the contractor may be secured;
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^'Tlie Contractor shall do any and all extra

work that may be ordered by the Architect; and,

as full compensation for such extra work, the

Contractor shall receive an amount equal to the

actual cost of the extra work, plus 15 per cent

profit, superintendence, and general expenses,

plus 1 per cent per month on the cost of the plant

and plant rental. The said actual cost of the

extra work shall include all fuel, materials, and
labor furnished by the Contractor; but it shall

not include office expenses, general superintend-

ence, salaries, or other general expenses."

Time Limit. The clause covering the time

of the completion of the work is generally em-
bodied in the contract proper, but it is often

found under "Specifications" as well. When
the owner expects to be able to occupy his prop-

erty—say a building—at a certain time, and
makes his plans accordingly, it often means a

severe loss to him if he is disappointed; and to

compensate this he should be able to collect dam-
ages because of the failure of the contractor to

live up to his agreement. It is often remarked
that if the damage to the owner for delay is, say,

$100 a day, he ought to be willing to pay as much
for the saving of time if the work is completed

before the expiration of the time limit. This is

not necessarily the case, as it may be that a pen-

alty of $100 a day is not too high to compensate
him adequately for the loss from delay; while,

on the other hand, the completion of the work
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before the prescribed time would be of little

advantage to him. For this reason, and to make

it as binding as possible, the penalty for non-

completion on time is usually stated in the

contract.

In all cases the damage is hard to determine

if the work runs over the time limit; and it is

impossible to predetermine it at the time when

the specifications are drawn. In many cases it

happens that the only expense that the owner is

put to is that of the employing of some extra

force to look after his interest, which expense

would stop with the completion of the work. To
take care of a case of this kind, the following

clause, taken from specifications for some

municipal work, is quoted:

*'No charge shall be made for any delay; but

if the completion of the work is delayed beyond

the time stipulated in the contract through any

act, neglect, or inability of the contractor, and

at the same time through no fault of the Village

or Engineer, the Contractor shall bear the ex-

pense of the Engineer for all the time that may
elapse imtil the work is completed, at the rate

of $5.00 per day, which amount shall be deducted

by the Village from the settlement bill with the

Contractor, and shall be paid to the Engineer.

Should delays be occasioned through any fault,

neglect, or act on the part of the Village, then

the time of the contract shall be extended

proportionately. '

'
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On some classes of work, it might be desir-

able to rush work as much as possible; and as

extra inducement, it would be well to offer the

$5.00 for each day saved. This would not be

much expense on the owner's part, nor much
gain on the contractor's; but the contractor

would strive for it, if only to gain the repu-

tation of having received a bonus under such a

specification.

The Department of the Interior has a clause

in its irrigation contract that covers this matter

even more fully:

"In case the Contractor shall fail to complete

his work in the time agreed upon in this con-

tract, or in such extra time as may have been

allowed for reasonable delay incidental to the

work, the Engineer shall compute and apply the

direct damage for the loss sustained by the Sec-

retary of the Interior on account of further em-
ployment of engineers, inspectors, and other em-
ployees, including all disbursement on the engi-

neering account properly chargeable to the work.

The amount so applied and computed shall be

deducted from any money due the Contractor

under this contract. The decision of the Chief

Engineer as to the appraisal of such damage
shall be final and binding upon both parties.''

Specifications should recognize the fact that

delays on the work by the architect, engineer, or

owner entitle the contractor to some considera-
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tion. He must be at least granted an addition to

the time of completion. One of the most unfair

specifications imaginable is the following:

**In the event of any delay in completing the

work employed in this contract, the party of the

first part shall be entitled to no extra com-

pensation on account of such delay, as it is

hereby assumed that in submitting its tenders it

took chances for the occurrence of such delays."

Under this clause, if the owner runs short of

money or wishes for any reason to shut down
the work, he can do so with no cost to himself;

but the contractor loses because of idle plant and

the percentage of estimate that is held up. He
waits in uncertainty until the owner is ready to

go ahead; and he gets nothing for waiting. It

is extremely doubtful if such a specification

would be upheld by the courts if a contractor

took the matter that far. Absolutely no good is

accomplished by such a clause; and it lends an

element of uncertainty to the work which will

be reflected in a contractor's bid in a manner^

that is bound to be disadvantageous to the owner

in the long run.

The architect, apparently governed by a de-

sire to have things go well, but perhaps with the

idea of having work done to suit his own fancy,

will sometimes put in a clause like this:

*'The Architect will indicate the points at
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which the work shall be begun. He will have the

power to concentrate the work in particular

places or to scatter it over different parts at

will.''

This specification may work no end of hard-

ship on the contractor. Under it, he might be

compelled to begin upon a portion of the work
on which he has figured no profit, thinking that

he could leave it until enough profit had accrued

from the other portions of the work to allow of

the whole being carried without loss. Thus the

unprofitable work would be done entirely at the

expense of the contractor's capital. This might

be used as a method of preventing **unbalanced"

bids, if this prevention were thought desirable;

but if such were the object, a clause to that

effect and nothing more could be used, and this

club-like specification be omitted.

Another disadvantage under which such a

specification places the contractor is that, after

concentrating his entire force and plant and
efforts upon one portion of the work, he may
at any time have to change his plans and divert

part of his outfit for a short time to some other

part of the work, upon the whim of the archi-

tect. This disorganizes the work and means
much additional expense to him. Even if the

architect should not want to take advantage of

the clause, he could use it as a club to ** in-

fluence" the contractor into doing many things

that were not exactly specified.
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In the following pages an example of speci-

fications for a building has been given, and in

many cases comment upon specific clauses has

been made. In the drawing of specifications for

a special case, those that have been used be-

fore, and which have been evolved through many
years of experience, must be depended upon to

a large extent. Exact copying of the clauses of

an old specification should, however, be done

with great caution. No matter how well they

may have worked in other cases, some slight

change of conditions in the next case might

make them entirely inapplicable. Where years

of practice have reduced some particular line of

work to such exactness that there is almost no

deviation from the fixed methods, it would seem

that the specifications for such work might be

the same, job after job. Such, however, is not

always the case; and no matter how well estab-

lished the rules of practice may be, each clause

should be carefuUy thought out, and its probable

effect upon the work carefully gone over. Never

copy a specification simply because it has been

used before and has worked well.

TYPICAL EXAMPLE OF
SPECIFICATIONS

For the sake of illustration of the principles

that should govern the writing of specifications

for construction work, we shall now reproduce
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a typical set of building specifications, inserting

critical comment on many of the clauses

:

SPECIFICATIONS
To accompany contract dated . . . between

. . . Owner and . . . Con-

tractor, to accompany and be

a part of drawings pre-

pared by . . .

Architect

''Conditions—The drawings and specifica-

tions are intended to co-operate; any work
shown on the drawings and not particularly de-

scribed in this specification, and any work evi-

dently necessary to the complete finish of the

work included in this specification, as specified

or shown, is to be done by the Contractor with-

out extra charge, the same as if it were both

shown and specified."

An element of uncertainty is introduced in

this, the very first paragraph. If the contrac-

tor has done work under the architect, and
knows the completeness with which his plans

are prepared and his general method of in-

terpreting the specifications, he will be able

to take chances under this clause that would

not be warranted if he were working under

an unknown architect. The statement that

the drawings and specifications are intended

to co-operate is true, and fair enough; but



88 SPECIFICATIONS

that the contractor must do the work which
the carelessness of the architect may have

caused to be omitted from the plans, simply

because such work would in the mind of the

architect make the construction complete,

might work a hardship on the contractor.

Such conditions should be provided for more
carefully, or else specified under extra work.

*'The Contractor must comply with the

Building Code, the corporation ordinances, the

State and other laws; the Contractor shall be

liable for any and all penalties imposed by rea-

son of violations of the Building Code, the cor-

poration ordinances, the State and other laws,

in connection with the work herein specified;

and he shall also be liable for all expenses in-

curred by the Owner and by the Architect for

penalties imposed and for defending actions at

law that may be brought by reason of said

violations.'^

Of course the contractor must comply
with such laws and ordinances as deal di-

rectly with construction; but that he should

be responsible for the fulfilment of rules and
laws of any Building Department which may
govern design is entirely out of reason. This

clause is in keeping with one elsewhere men-
tioned, concerning the staking out of work
and the responsibility and correctness of

lines and boundaries, and might in effect
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make it necessary for the contractor to do
practically all the engineering work, which
he is not supposed to be qualified to do.

''The Contractor shall be liable for all dam-
age to life and limb that may occur owing to his

negligence or that of his employees or his sub-

contractors or parties doing work for or fur-

nishing materials to him during the time that

work is being performed at the building, at any
time before the completion and final acceptance

of the work included in this specification.

''Within twenty days after the award of the

contract, the Contractor is to submit in writing

the names of all the sub-contractors to the

Architect, for approval; in no case will any work
be accepted furnished by sub-contractors whose
names have not been approved or whose names
have not been submitted for approval. The ap-

proval or disapproval of names of sub-con-

tractors does not relieve the Contractor from
any obligations under his contract.

"Extra Work—No extra work will be al-

lowed unless ordered by the Architect in writ-

ing. No bill for extra work so ordered will be

approved by the Architect unless it is rendered

immediately upon completion of the work."

This last paragraph is, of course, a very

common one in specifications; but it is seldom

explicit enough, and generally leaves the

matter and amount of payment for extra
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work one-sided and apparently entirely to

the discretion of the architect. Examples of

a better form of paragraph covering this

requirement have been given above.

**The work is to be executed strictly in ac-

cordance with the drawings and specifications,

and any work made without or not in strict con-

formity with the drawings, or differing from the

requirements of the specifications, will be re-

jected, and must be removed and replaced by
work in conformity with the requirements of the

drawings and the specifications ; and all work of

all kinds injured or destroyed thereby must be

made good at the Contractor's expense.''

This paragraph is superfluous, as the con-

tract is the statement of exactly the same
thing.

*'The Contractor must, at all times, properly

protect his work from injury, and he will be re-

sponsible for its condition until the final com-

pletion and acceptance of the same.

**Any damage done to work of other con-

tractors by the Contractor, his sub-contractors

and employees, will be made good at the Con-

tractor's expense."

The contractor is in turn protected

against damage done by his sub-contractors,

by the contract he has made with these sub-
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contractors, protecting his own work and the

work of other contractors.

*'The Contractor must give his personal at-

tention to the work included in this specifica-

tion, and he must supervise the work of his sub-

contractors; he must have at the building a

skilled Foreman, who must carry out the direc-

tions given by the Architect. The Contractor

must keep at the building, in charge of his Fore-

man, a complete set of drawings and detail

drawings and a complete copy of this specifica-

tion, to which the Architect is to have access at

any time.

**The true meaning and intent of the draw-

ings and the specification, or any part thereof,

shall be interpreted and determined by the

Architect, and his decision thereon shall be final.

* 'Materials and Workmanship—All mate-

rials, of every kind and description, are to be

of the very best quality; and all work necessary

to the complete finish of the work included in

this specification, as shown on the drawings and

as specified, is to be executed in the most thor-

ough, substantial, neat, and workmanlike man-

ner, to the entire satisfaction of the Owner and

the Architect, to whom every facility is to be

afforded by the Contractor for inspecting the

work as it progresses.'*

**Very best quality,'' **the most thorough,

substantial, neat, and workmanlike man-



93 SPECIFICATIONS

ner," and *'to the entire satisfaction '^—these

are in themselves very ambiguous expres-

sions. In most branches of the building

trades, common practice has defined these

terms more or less; but, as practice varies

very widely among contractors, and as "en-

tire satisfaction" varies quite as widely

among architects, and is liable to be even

more erratic among owners who are inex-

perienced in building operations, the con-

tractor is liable to find trouble with them.

This is, of course, a very general clause, too

general to safely hold water.

''The Contractor is to furnish all necessary

materials and labor, and he is to provide all

tools, scaffolding, planks, and all necessary ap-

pliances, mechanical and otherwise, for the

proper prosecution of the work. All necessary

freights, cartages, transportation, and all

handling of materials, must be paid for by the

Contractor.

"The Contractor must erect and construct

his work in a proper and orderly manner, and
must not in any way obstruct or interfere with
the progress of the work of other contractors.

"In all cases where the terms 'proper,' 'suit-

able,' and 'equally good' are used, the nature,

quality, and character of the materials to be fur-

nished, and the work to be done to which these

terms are applied, shall be determined by the

Architect; and his decision shall be final. In
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each case, the approval of the Architect must
be in writing; and no material or work will be

accepted imless the same has been submitted

and the Architect's approval has been obtained

before the work is commenced. '^

Here is a clause which admits, in effect,

that certain terms used above are ambiguous;

but, instead of removing the ambiguity by
limitation, it savs that the architect will de-

cide what these terms mean when any ques-

tion in which they are involved shall arise.

If the difficulty be due to a previous error of

the architect in the plans or specifications

he becomes an interested party, and his de-

cision cannot be impartial. A specification

should, as far as possible, describe by quanti-

ties or by comparison with some well-estab-

lished standard, just what quality or what
style of practice is to be enforced.

**The Contractor will prociu-e and pay for

all necessary permits in connection with his

work. The Contractor must procure the vault

permit, and pay for same. The certificate for

the vaults and receipt must be delivered to the

Architect.
* 'Surveys—The Contractor must employ at

his expense a City Surveyor to prepare the vault

certificate, and to give, at the site, necessary

lines, levels, and other data and such informa-

tion as the Architect may require.
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**The Contractor must furnish to the Archi-

tect, before the final acceptance of the work in-

cluded in this specification, a City Siu-veyor's

certificate, showing the location of the building

in reference to the street lines and lot lines,

both near the sidewalk and at the top, showing
irregularities, if any, in all walls as to whether
they are plumb or otherwise, and such other

information as the Architect may desire.
* 'Handling of Materials—All materials are

to be handled at the site and at the building so

as not to obstruct or interfere with the work of

other contractors.

''The Contractor will have charge of the

sidewalk and roadway in front of the building;

and it shall be his duty to keep the same free

and unobstructed at all times, in compliance

with the law, and to remove all rubbish, snow,

and accumulations of all kinds.

"Mortar and concrete are not to be depos-

ited, mixed, or tempered on any of the floors of

the building. Specially constructed waterproof

boxes are to be provided for this purpose.

Water barrels in any part of the building must
be placed in waterproof boxes. This applies

also to the basement. Leaky hose or pipes for

conveying water will not be permitted. All

damage to the building or any part thereof on
account of soakage by water, will be made good
at the Contractor's expense."

This is in keeping with the general pro-
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tection which the contractor must give to

the building, and works no hardship upon
him.

**Watchmen—The Contractor is to provide

and keep a watchman on the premises at all

times of the day and night, until the building is

completed and imtil the Owner takes charge of

the same.

*'It shall be the duty of the watchman to

guard the building and premises at all times,

and to protect the work of all contractors.

^'The watchman is to perform no work or

labor at the building, except what is necessary

for the performance of his duties.

**In case, at any time, it is found that there

is no watchman at the building, the Owner,
through the Architect, may provide a watch-

man, without notice to the Contractor, and may
deduct the expense incurred from the amount
of the contract.

*'Excavations—The Contractor is to do all

necessary excavations (including all rock-blast-

ing) for the basement, the vaults under the side-

walks; for elevator pits, machine pits, and boiler

pit; for walls, piers, footings, and other parts, to

such depths as shown on the drawings; also all

excavations for cisterns, cesspools, underground

pipes, ducts, etc. (in the building and vaults),

as may be directed; also all excavations for

shoring, sheath-piling, and underpinning.

**The rock excavations for the floor of the
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sub-basement and basement must be carried 12

inches below the finish floor lines to allow for

asphalting, concreting, etc.
*

' Sinks, cesspools, wells, and cisterns, or por-

tions of 'made ground,' soft ground, or bog, that

may be on the premises, are to be cleaned out

to the bottom, and filled in solid with concrete,

made as hereinafter specified for the footing

courses. This is in addition to the footing

courses shown on the drawings.*'

The architect should know the condition

existing at the bottom of the property, and
should be able so to state it in his specifica-

tion or in the bidding sheet that the con-

tractor will not be bidding blindly and trust-

ing to luck that he will not run into adverse

conditions upon excavating. This paragraph
might readily cause trouble if certain con-

ditions were encountered, where the contrac-

tor might make a claim for extra work, which
in many cases would be justified. If, on the

other hand, the exact conditions were stated,

and the contractor knew more exactly just

what to expect, he could so arrange his bid

as to cover the conditions, and the specifica-

tion would so read as to preclude the pos-

sibility of any extra claim on his part.

''The trenches for foundations and footings

are to be excavated down to solid rock; the top
of the rock is to be trimmed off to present an
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even, level, and uniform surface for the founda-

tions and footings.

"All excavated matter, including earth,

sand, rock, bowlders, old building materials, and
other debris, must be promptly removed from
the premises.

"The borings which the Architect has caused

to be made show the character of the ground,

but the Architect does not guarantee these bor-

ings to be correct. Additional borings that may
be required are to be made by the Contractor

at his own expense."

This clause allows doubt in the mind of

the contractor as to conditions, and causes

him to bid higher than otherwise. If the

architect does not know that the borings are

correct, and will not guarantee them, the

contractor certainly can place no faith in

them. If additional borings are required, it

is no fault of the contractor, and he should

not be made to stand their cost. All condi-

tions previous to the entering of the contrac-

tor upon the ground should be known to the

architect, as only in this way can compre-
hensive specifications be made.

*'Pumping—The Contractor is to provide all

necessary pumps and all apparatus in connec-

tion therewith, and is to do all pumping that

may be required to keep the trenches and other

excavated parts free from water when the foot-
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ings are being laid and the column bases and pit

pans are being set and other necessary work is

being done, and to keep the entire basement and

sub-basement free from water until the water-

proofing is completed. No water is to be

allowed to accumulate in the basement or sub-

basement after the waterproofing is done; the

Contractor is to remove all surface water

promptly/'

While this may entail some expense, it is

quite as much to the contractor's advantage

to keep things dry as to the owner's, if not

more so. The clause is unnecessarily ver-

bose; that is, its substance could be put in

fewer words.

**Cesspool—^A cesspool is to be built in the

boiler vault, to have 12-inch brick walls, laid in

Portland cement mortar in the very best man-
ner, as may be directed, to be 3 feet diameter

inside, and 4 feet deep, with brick necking and

bottom. Perforated cast-iron plate is to be pro-

vided to be set into the stone top.
*'Shoring and Underpinning—The old walls

are to be thoroughly braced and made secure.

**The adjoining and contiguous walls and

structures are to be preserved from injury, and

underpinned wherever necessary, by the Con-

tractor, in accordance with the requirements of

the Building Code.

**The Contractor is to provide all materials
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of all kinds, to the satisfaction of the Architect,

including shores, braces, needles, blocking, screw

pumps, wedges, sheath-piling, wedge blocks,

steel wedges, concrete footings, brick underpin-

ning laid in Portland cement mortar, stone posts,

etc.
* 'Protecting Adjoining Property—^All ad-

joining property must be protected in the very-

best manner.

"The Contractor must procure permission

from the adjoining property holders to enter the

premises for the purpose of shoring, underpin-

ning, and protecting the contiguous walls in

accordance with the Building Code.

"All damage and injury to the adjoining

property, including the buildings, walls, streets,

and sidewalks, stoops, vaults, vault lights,

copings, railrugs, fences, lamp posts, etc., must
be repaired and made good in the very best

manner, by the Contractor, at his expense.

"The Contractor must hold the Owner harm-
less against any and all claims for damages on

account of injury to the adjoining property, and
must defend any actions at law that may be

brought by reason thereof.

"Sheath-Piling—The Contractor is to do all

necessary sheath-piling, in the very best manner,

for retaining the streets and sidewalks and the

adjoining property, yards, etc., to the satisfac-

tion of the Architect and the Department of

Highways.

'All necessary plank curbing for theti
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trenches, properly braced, must be furnished

and set by the Contractor.

*'The sheath-piling, where directed by the

authorities or by the Architect, is not to be

removed.

''Sewers, water mains, and all other pipes

in the streets, including the electrical subways,

are to be protected in the very best manner. All

to be done in accordance with the requirements

of the rules and regulations of the President,

Borough of . . . ; Offices, Commissioner of

Public Works, the Department of Water, Gas,

and Electricity, and the Consolidated Telegraph

and Electrical Subway Company, the Contractor

obtaining the necessary permits and paying all

expenses in connection therewith.

''Bridge, Staging, Scaflfolding, etc.—Side-

walk bridges are to be built of proper materials,

for the three fronts; steps are to be provided at

each end of the bridges and wherever required,

and necessary railings are to be put up. Shed

roofs are to be built, extending the full width of

the sidewalk and the full front of the building,

covered with roofing felt, constructed of proper

materials, to have cant-boards, posts, braces, etc.

"The Contractor is to provide, put up, and

maintain all necessary electric lights, wiring,

connections, etc., to supply electric lighting for

the space under the shed roof, as required by

law.

"Cement—All cements are to be of the very
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best quality, approved by the Architect; all are

to be properly stored, housed, and protected.

**The following kinds of cement are to be

used : La Farge Cement, . . . Portland Ce-

ment, and Bosendale Cement."

Since the cements are to be tested and
must be up to a certain standard, to specify

the brand in addition, when there is a large

cement market, seems unnecessary. A com-
mon clause is: '*of . . . brand, or quality

equal thereto."

**The cements, when tested, must give a mini-

mum tensile strength per square inch as follows:

Portland Cement 24 hours after mixing, 120

lbs.; 6 days, 300 lbs. Rosendale Cement 24

hours after mixing, 60 lbs.; 6 days, 120 lbs."

The tensile strengths required by this

specification are very low. For a 24-hour

test, at least 150 pounds should be required.

The ordinary time test is 7 days, and should

show a strength of 350-400 lbs. Just why 6

days is specified in this case, and the strength

of only 300 pounds required, does not seem
clear.

**The cements will be tested by the Architect

from time to time; and if the same prove to be

of inferior quality, the cement of such brands
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wiU be rejected, and all work built of sucb

cement will have to be removed and rebuilt.

"Sand—The sand is to be of the very best

quality, clean, sharp, grit sand, entirely free

&om loam, to be properly screened.''

**The very best quality" of sand is well

standardized; but a better specification of

sand, which is more comprehensive, espe-

cially in regard to loam, would be as follows

:

"All sand shall be clean, sharp, grit, or

fresh-water sand of uniform texture and free

from all impurities. It shall show no loam

and not more than 5 per cent by volume of

silt, after being shaken in water and allowed

to settle."

A sand specification can easily be so strict

as to add a great deal to the cost of the work,

without corresponding advantage.

"Cement Mortar—Cement mortar is to be

made in the following manner: The parts of ce-

ment and sand are to be mixed dry, carefully

and thoroughly; to this a sufficient quantity of

water only to make it of good working consist-

ency is to be added. Mortar is to be made in

no greater quantity than is required for the work
on hand; and no excess that • lay have been left

over night, or that has been mixed more than

two hours, is to be retempered or used in any

way.

"Cement mortars are to be mixed as follows:
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**Rosendale cement mortar—one barrel of ce-

ment and two barrels of sand.
** Portland cement mortar—one barrel of ce-

ment and three barrels of sand."

Literally, under this, no lots requiring less

than one barrel of cement can be mixed.

In the last two clauses, no statement is

made as to the size of barrel, whether the

cement is to be measured packed or loose, or

how to be measured. It is a common speci-

fication at the present day to state that a

barrel of Portland cement shall be consid-

ered as 380 pounds net.

"In all cases the sand used for cement mor-

tar is to be measured in barrels; this must be

strictly carried out, and no deviation will be
allowed.

"Any work built with cement mortar not

properly mixed, or in whole or in part retem-

pered, will be rejected.

"La Farge cement mortar is to be made of

one part of La Farge cement, and three parts of

clean sharp white sand, to which one part of

lime putty, properly slaked and run, is to be

added.

"Concrete—The concrete is to be made of

one part of cement and three parts of sand,

mixed as before specified for cement mortar, to

which add four parts of clear broken stone,

broken so as to pass in any way through a 2-inch
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ring. Concrete is to be mixed in no greater

quantity than can be used immediately; and no
excess that has been left over night, or that may
have been mixed more than two hours, is to be

retempered or used in any way.''

With all the wealth of literature upon the

mixing of concrete, and with all the excellent

examples of specifications for such work that

are in existence, it is indeed surprising to find

such a clause as this in supposedly up-to-date

specifications. In the first place, the mortar
specification is in itself incomplete, but is re-

ferred to in the concrete specification; and
no specification is made as to how or when
the stone shall be added, or how it shall be

mixed. According to the letter of this spe-

cification, as the mortar is mixed the required

quantity of stone might be dumped in the

midst of it and immediately shoveled into

place or into some vehicle for transportation,

without becoming in any sense of the term a

true mixture of concrete. Perhaps the archi-

tect intends the very word "concrete" to im-

ply what the mixture shall be like; but here

again there is such a variety of interpreta-

tions that a crafty contractor might want to

make almost anything go.

**After the concrete has been dumped in

place, it is to be slightly rammed, enough only

to flush the water to the surface; then it is to
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be leveled off and allowed to set without being

disturbed."

The old-fashioned way of mixing concrete

was to add so little water that a great deal of

ramming was necessary in order to get the

water to come to the surface. Of late years

the practice has been to mix concrete **very

wet,'' in which case no ramming at all can be

done. In walls, in order to obtain a smooth
finish, it is often customary to force a spade

along the inner surface of the forms so as to

bring the mortar and smaller stones to the

face, and keep the larger stones away from
the face and well within the body of the con-

crete mass.

**In all cases the concrete is to be mixed,

and the parts are to be accurately measured, in

the same manner as above described for cement
mortar."

No method of accurately measuring the

parts was given under the specification for

cement mortar; hence this specification for

concrete is senseless. This is evidently a case

of copying from some other specifications

without even taking the trouble to study
them.

** Concrete not properly mixed will be
rejected.

"Concrete Pootings—The footings under all
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walls, columns, piers, and vault walls are to be

made of concrete, of such widths and depths as

shown on the drawings.

**A11 concrete footings are to be laid between

plank curbs or sheath-piling, as before specified.

**In all cases the bottoms of the trenches

must be approved by the Architect before the

footings are laid.

"Concrete Flooring, etc.—The concrete floor-

ing is to be put down three inches thick, graded

and leveled off as may be directed, covering the

entire sub-basement floor, including the boiler

room, engine rooms, etc., prepared to receive the

waterproofing; after the waterproofing has been

laid, all is to be concreted 6 inches thick, includ-

ing the top finish of Portland cement.

"All the above concrete to be of gravel com-

posed of pebbles varying from % inch to 1 inch,

four parts; sand, two parts; and Portland ce-

ment, one part; and top finish of Portland

cement 1 inch thick.
'^

As this reads, the top finish is to be a

layer of pure Portland cement 1 inch thick.

This is rather an unusual finish, and the

chances that the contractor will put it down
as per this specification are very slim indeed.

Moreover, it is neither necessary nor advis-

able to have the finish coat so thick.

"Drain tiles 3 inches diameter laid in broken

stone, are to be provided as directed, to drain



SPECIFICATIONS 107

the space under the sub-basement floor to the

cesspool as directed.

"Asphalting and Waterproofing—The mate-

rials used for waterproofing must be of the very

best quality, tarred roofing felt, laid in courses,

five-ply; each course is to be cemented with

asphalt, appHed hot, well mopped; the entire sur-

face is to be covered with asphalt before the felt

is applied, and after the felt has been applied."

A very good specification for meeting

ordinary conditions.

''Natural asphalt—Trindad, Seyssel, Sicilian,

or other equally good—approved by the Archi-

tect, entirely free from adulterations, is to be

used; to be applied hot in all cases.

"In all cases where asphalt work is jointed,

the lap is to be not less than 12 inches. Particu-

lar care must be taken so that all the work will

be perfectly water-tight; necessary precautions

are to be taken to prevent lifting and opening of

joints, and all the work must be warranted for

five years after the completion of the building/*

A five-year guarantee on this sort of work
is likely to prove ineffective, as so many un-

foreseen things may happen in five years.

"Damp-Proofing—All the walls and piers are

to have damp-proof courses connected with the

wall and floor waterproofing.
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''The parapet walls are to have damp-proo£
courses as hereinafter specified under the head
of Slag Roof.'

"The Contractor is to build a 4-inch brick

wall, laid in Portland cement mortar, on the out-

side of the stone vault wall of the basement; and
the inside of this 4-inch wall is to be asphalted

before the stone wall is built. In all cases the

waterproofing of the vault walls is to be con-

nected with the damp-proof course of floor and
sidewalk.

"All damage to the building and machinery
on account of leaks, will be made good at the

Contractor 's expense. '

'

This is in form of guarantee that all

waterproofing is properly done.

"Stone Masonry—The exterior vault walls

and other walls of the basement and sub-base-

ment, as indicated on the plans, are to be built

of good, sound, selected stone from the excava-

tion; to be laid in Rosendale cement mortar, ex-

cept that part below the basement floor, which

is to be built with Portland cement mortar; with

solid beds and joints between stones of mortar.

AH to be properly bonded and to be faced on the

inside with brick where shown and specified.

The inside face is to be built as directed, with

recesses; and necessary iron anchors, provided

by the Contractor, are to be built in.''
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This is a rather unusual specification,

since the excavation was made in solid rock

and required blasting. In heavy masonry-

work, it is commonly specified that no rock

shall be used which has been blasted by high

explosives, as, after being thrown out by such

explosives, there is always a possibility of

the rock being injured in the blast. In this

case, however, perhaps a very rough rubble

wall is intended, in which small pieces of rock

may be used, and in which a few shattered

pieces would not make any very great differ-

ence. As a general thing, however, a speci-

fication allowing the use of such material

should be avoided.

"Brickwork—The brickwork throughout in-

dicated on plans is to be built of the very best

quality hard-burnt bricks, laid in Rosendale ce-

ment mortar, except that below the basement

floor, which is to be laid in Portland cement mor-

tar. All to be laid solid with the joints well

filled; to be laid perfectly plumb and to a line;

soft and pale bricks are not to be used. Every

sixth course is to be a heading course; face bricks

are to be clipped, and the headers built in

diagonally.

*'A11 bricks are to be thoroughly wet when
being laid.

**A11 the present brickwork of the adjoining

buildings, where cut or disturbed, is to be re-

paired and rebuilt in the very best manner; old
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chases, beam holes, flues, and channels are to be

bricked up. The flues in the adjoining party

walls must not be disturbed, and must be re-

paired, cleaned out, and delivered in good
condition.

**The joints of all exposed brickwork not spe-

cified to be plastered, are to be neatly struck.

"At all the floors, the channels and chases

must be filled in solid at the floors, as required

by the Building Code.

"The vault arches of the sidewalks are to be

built 8 inches thick, the Contractor furnishing

the necessary centers.

"Window-frames must be built in solid and
pointed up, before the plastering is started; if

not properly built in or pointed, they wiU be

calked with oakum at the Contractor's expense.

"All wooden beams, steel beams, and girders

are to be well bedded, and are to be built in solid.

"Offsets on walls are to be made on top of

the beams.

"The metal cornice of the front is to be

backed up as shown ; the brickwork is to be car-

ried up to the top of the cornice.

"Build in all anchors, bolts, tie-bars, eyes,

clamps, etc., and all pipes, ducts, etc., furnished

under other contracts.

"All furred walls are to have on each story

corbeled offsets, as required by the Building

Code.

"Dwarf walls, pit walls, retaining walls, base-

ment walls at boiler, elevators, manholes for un-
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derground traps and valves, and all other brick-

work not specially mentioned, are to be built as

directed by the Architect."

The plans should show distinctly, and spe-

cifications should mention, all walls coming
imder this specification. As it now stands, it

leaves entirely too much that should come
imder the head of "extra work" which the

architect may order the contractor to do.

**A11 other brickwork not specially mentioned

is to be built as directed."

Here, again, more specific information

should be given in plans and specifications.

*'Fire Bricks—The boiler flue chimney is to

be lined with first-quality fire bricks, all laid in

fire clay from the bottom to 25 feet above the

boiler flue connection.

"Face Brickwork—The fronts above the

sidewalk as indicated on the plans, and the re-

turns on the gable walls at A21/2 and H21A, are

to be faced with light grey 'Powhatan' bricks or

other best-quality pressed bricks, selected by the

Architect, samples to be submitted for approval.

The returns on the gable walls are to be 3 feet

wide."

This is a specification that may work con-

siderable hardship to the contractor. The



112 SPECIFICATIONS

different kinds of pressed brick vary a good

deal in their color and the consequent archi-

tectural effect; and it may easily be that, in

order to get the exact color satisfactory to

the architect, the contractor will have to buy
a more expensive brick than the one which

he has figured on in making up his bid. On
the other hand, an unscrupulous contractor

could submit for approval a brick that he

knows is not satisfactory, and then claim an
extra price for furnishing a satisfactory one.

It is best, whenever possible, for the architect

to have on exhibition a sample of what will be

satisfactory. As the specification reads, a

Powhatan brick will pass, and any other

brick of exactly the same color and other

physical characteristics will pass; but it is

evident that numbers of other bricks will also

pass; and just how much variation from the

Powhatan size, quality, or color will be per-

mitted, does not appear. If the architect has

in his office numbered samples of, say, six

bricks, all of which or any of which he will

pass, and refers to them, allowing the con-

tractor to see them before closing the con-

tract, all uncertainty and ambiguity will

vanish.

*^The back of pier H2%, and the wall of the

entrance back of this pier to the vestibule door,

are to be faced with same bricks; see drawing
Ko. 10. . . .
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**A11 pressed bricks are to be of the very best

quality; the Contractor must guarantee their not

changing color.
'^

To guarantee that a brick will not change

color is a hard matter. In cities where soft

coal is burned, the bricks of a building ap-

parently change color, those near the side-

walk generally more than those in the upper

stories. Moreover, a few years after erec-

tion, unless very careful and special scien-

tific records were kept, it would be exceed-

ingly difficult to prove whether certain bricks

had changed color or not.

*'A11 face bricks must be of uniform color

throughout, and must be properly gauged, laid in

La Farge cement mortar tinted as directed, with

joints struck and trimmed to the satisfaction of

the Architect.

**A11 face brickwork must be delivered clean

and in perfect condition.

**Terra-Cotta Work—All the terra-cotta work
throughout is to be of the very best quality,

hard-burnt; the color is to match the limestone,

uniform throughout, without imperfections or

discolorations, and must correspond with the

samples approved by the Architect, furnished by
the Contractor."

The observations above recorded on
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''Face Brickwork^' apply also to this

paragraph.

'^ Pieces resting on iron lintels or beams are

to be properly rabbeted and fitted.

**Each piece of terra-cotta is to be properly

marked; and the Contractor must prepare, at

his expense, and furnish to the setter at the

building, plans and diagrams drawn to a uni-

form scale, showing the location of each piece;

and must also furnish full-size sections, showing
the projections of the various parts, in accord-

ance with the Architect's detail drawings.

**A11 the terra-cotta work must be free from

accidental injury, spalls, cracks, discolorations,

or other defects. Pieces that are repaired,

patched, or painted will not be accepted.

**A11 parts of the elevations, not fully drawn
in all details, showing the parts blocked out, are

to be executed in the same manner as the cor-

responding parts fully drawn and tinted.

'^All models and moulds are to be made by
the Contractor at his expense. Models must be

submitted to the Architect for approval before

the work is executed.

**The terra-cotta work is to be set in the

very best manner with La Farge cement mortar;

necessary fitting and trimming are to be done by
the Contractor.

"Each piece of terra-cotta is to be filled solid

with bricks and La Farge cement mortar from
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back to the face of wall; particular care is to be

taken to fill solid all parts under compression.

**The Contractor will be liable for all dam-
age to the terra-cotta work on account of im-

proper filling and setting; and all terra-cotta

work which is cracked or broken within six

months after the completion of the building is

to be cut out and replaced at the Contractor's

expense.
**Cleaning—On completion, all defective face

brickwork and terra-cotta work must be cut out

and replaced by good work; and all the brick-

work and terra-cotta work must be properly

cleaned and delivered in a perfect condition.

**Slag Roof—The roof is to be covered with

five (5) thicknesses of the very best quality of

tarred roofing felt; each layer is to be thor-

oughly asphalted with the very best quality

natural asphalt, applied hot, without adultera-

tions. All to be covered on top with a good coat

of the same kind of asphalt, and with W
E or other equally good slag roofing, ap-

proved by the Architect.'*

As has been elsewhere observed, **very

best" is a general term which is a poor sub-

stitute for specific standards.

"Metal Work—All the flashings on the roof,

at the brick walls, deck houses, skylights, ven-

tilators, cornice back, flagpoles, and other parts

are to be of 16-ounce copper, in no case to be less
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than 10 inches high in any place above the fin-

ished roof line; the scuttle curb is to be covered

the full height, turned over on top 3 inches; at

the roof, all flashings are to be 4 inches wide on
the flat, imbedded in the roof covering; to set

in all cases 3 inches into the brickwork; all to be

set after the parapet walls are leveled off and
asphalted, and all to be securely fastened. The
roof over the basement, under the fire escape, is

to be of 20-ounce copper, including all necessary

flashings. Roofers' cement or paint skins are to

be used for the brickwork.

*'AU tin work is to be of N. & G. T 0. .

.

S. . . or M. . .0. . .M. . ., or other equally good

I. C. tin, 14 inches by 20 inches, all to be well

soldered, nailed, and fastened, in the very best

manner.

*'A11 tin is to be painted both sides with

metallic paint (double label) and pure lin-

seed oil, and allowed to dry before it is laid; and

after it is laid, an additional coat of the same
kind of paint is to be applied.

*'The boxes for receiving the top of the rain-

water leaders are to be made of copper 12 inches

square and 3 inches deep, properly flashed,

folded over %-inch by 1%-inch iron frames,

to be tinned on the inside; to have extra heavy

galvanized wire netting protectors, covering the

boxes; to be convex and properly hinged.

"All galvanized iron work is to be made of

the very best quality B. B. No. 26 galvanized

iron, except where otherwise specified, all to be
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formed, bent, and folded in the very best man-
ner, well soldered and riveted, and to have all

necessary iron braces and stays that may be re-

quired. All the ornamental work is to be of

heavy stamped zinc, models to be submitted to

the Architect for approval; to be accurately

fitted, well fastened and soldered; to be made
perfectly water-tight.

**The Contractor for the carpenter work will

supply necessary brackets for the cornices of the

first story; and the brackets for the roof cornice

will be put up by the Contractor for the iron and
steel work. The metal work is to be particularly

well made, all parts are to be free from buckles

and dents; all arrises and mouldings are to be

true and sharp, well fitted and jointed. All parts

must be perfectly water-tight.
*^Braces made of i/2-inch by li/2-inch iron,

spaced every four feet, and accurately formed to

fit the shape of the cornice, are to be securely

bolted to the same. All necessary iron straps

and reinforcements of all kinds, except as above

specified, are to be supplied by the Contractor.

All the iron work is to be painted two good coats

of metallic paint. All the galvanized-iron

and metal work of the front is to be painted two
good coats of best white lead and pure lin-

seed oil, tinted limestone color; the paint is to

be allowed to dry before the work is sent to the

building.
** Galvanized-iron ventilating flues are to be

provided for the engineer's toilet-room and the
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toilet-room of the first story, as shown on plans

and directed; to be provided with 12-inch by
16-inch white japanned iron registers, with
louvers and chains, etc., as directed.

^'The skylights on the roof over the pipe

shaft, over the offices, and over the stairs and
hall, and the skylights over the elevator bulk-

head, and the skylight at the foot of the fourth

fire-escape, are to be made of first-quality No.

24 B. B. galvanized iron of or other equally

good make, approved by the Architect. The sash

bars and rafters of the skylight over the elevator

shaft are to be strengthened by steel core pieces;

and all are to have condensation gutters, cap-

pings, leaders, etc., complete, and are to be made
perfectly water-tight.

*'A11 skylights to be glazed with i/4-inch thick

first-quality solid cast wire glass, bedded in

white putty; all to be provided with ventilators

and dampers as directed.

**Blue Stone Work—The blue stone work is

to be of the very best quality Hudson River blue

stone, except for the pier bases, and all to be

rubbed unless otherwise specified; all faces to

be full and true; all to be set in the very best

manner, and, on completion, to be pointed up
and cleaned."

**Very best quality Hudson River blue

stone" is rather an indefinite specification.

In the case of stone, there is even greater

ehance than in many other materials, for
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variance of opinion as to what tLe best qual-

ity may be. This is an excellent example of

the case where the Architect should have

samples on file for the Contractor's reference,

and should require quality of material to be

equal to quality of samples.

The following items are apparently sup-

posed to come under the heading of **Blue

Stone Work;" but the specification would be

much clearer if statement of this were made

:

**Sills—Window-sills of the court and gable

walls are to be 5 inches by 8 inches, without lugs

and washers. Sills 4 inches thick and width of

wall are to be provided for rear doors on all

stories to the fire-escape.

"Lintels—Window and door lintels of the

court and gable walls are to be 4 inches by 10%
inches. Soffits 3 inches thick are to be placed

back of the door lintels.

'*Copings—Parapet wall copings, including

the coping at foot of fire-escape, are to be 3

inches by 14 inches, to be in five-foot lengths,

properly jointed, and to have leaded clamps.

"Chimney Cap—The chimney cap is to be in

four pieces, rabbeted at the ends, to be 4 inches

thick, and properly clamped.

"Curbing—The curbing on the avenues and
street is to be 6 inches by 18 inches, in five-foot

lengths, outside upper edge rounded, and inside

cut down square 4 inches from the top, to re-

ceive sidewalk. The curbing at the comers is to
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be carefully cut, and no more than three stones

are to be used for one full corner curve. All to

be set and jointed in Portland cement mortar/'

The kind and quality of stone to be used
in curbing should certainly be stated more
carefully than is indicated by putting curb-

ing under the general heading of "blue
stone.'' The quality of curbing on tangents

and on the curves at corners is probably in

accordance with rules and laws of the City;

but if a contractor at a distance were at-

tempting to bid on work, it might be highly

inconvenient for him to gain access to all

city regulations.

if'Bases—The pier bases, with the mouldings
on top of the same, all of one piece for each pier,

are to be supplied; the bases are to extend 6

inches below the grade line for each pier, and all

the work is to be carefully cut and rubbed.
** These bases are to be of blue stone.
**
Artificial Stone Pavement—The sidewalks

on the avenues and the streets are to be of arti-

ficial stone, Portland cement composition, grano-

lithic, flintolithic, or other equally good, ap-

proved by the Architect. After the arches have

been concreted and asphalted as before specified,

they are to be covered with a layer of Portland

cement concrete, not less than 5 inches thick,

made as before specified. Before the concrete

has set, all is to be covered with a layer of com-
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position as above, to be not less than one inch

thick, put down in sections, and finished with

indented pattern, flush with the curb and the

vault lights/'

The architect here has evidently worked
on the supposition that ordinary practice will

govern the laying of sidewalks and pave-

ments. This is rather a long chance to take,

as practice in this work varies greatly.

Specifications applicable to this work are

easily obtained if the architect wishes to use

standard specifications, and should be in-

serted rather than to leave the contractor the

leeway implied in the expression **approved
by the architect."

* 'Hollow-Tile Arches—The floor of the base-

ment near Al% and A214, the engine room, and
also the floor and part of the roof of the elevator

deck-house, are to have built in between the

steel beams, hollow-tile hard-burnt terra-cotta

flat arches, to be 10 inches deep, all laid in the

very best manner in Portland cement mortar, on
.centers which the Contractor is to provide and
set."

Here again the specification is incomplete,

the architect probably having intentionally

left it so, counting upon well-defined practice

in this line of work. The kind of tile to be

used, and more definite infoi-mation as to the

sizes, should be given.
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*Tireproof Partitions, etc.—The partitions

shown on plans for the elevator shaft, the pipe

shaft, and the vent shaft, are to be built of first-

quality hard-burnt, porous, hollow terra-cotta

blocks 4 inches thick, laid in Portland cement

mortar, plumb, true, and to a line, properly

bonded and fitted to the iron framework.

*'The roof of the deck-house to be lined with

the same kind of fireproof blocks, properly fitted

to the iron framework and set in Portland ce-

ment mortar.
*

' The furring shown on basement plan No. 2,

against the vault walls, is to be of 4-inch terra-

cotta blocks laid in Portland cement mortar.

*'The columns in the basement are to be en-

closed with the same kind of terra-cotta blocks,

2 inches thick, made to proper radii, and fitted

and built up in the very best manner, properly

bonded."

As in the case of the floor blocks, tfie

specification for column fireproofing should

be more carefully drawn. The architect has

no doubt depended upon the rules of common
practice.

**Metal Ceilings—All the ceilings throughout,

on all stories, including the basement and sub-

basement (but not in the vault under the side-

walk), and all other parts necessary, including

skylights, bulkheads, curbs, etc., are to be cov-
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ered with flat embossed No. 29 stamped mild

steel sheets. The show-windows are included.

*'The ceiling sheets are to be 2 feet by 8 feet,

and the other parts are to be of proper sizes, all

to be of the very best quality, uniform in pattern,

straight and true, to have concealed lap joints."

The choice of this ceiling, while appar-

ently left to the contractor, was no doubt

made by the architect. It certainly should

have been so, and such should have been

specified.

**Coves and mouldings, 10 inches deep, are to

be provided for all first-story walls and parti-

tions. Coves and mouldings, 6 inches deep, are

to be provided for the walls and partitions on
all the other stories. In all cases, a neat finish

must be made at the walls; wood cover mould-

iiigs 1% inches wide are to be provided. The
ceiling pattern is to be properly arranged for

the gas and electric light outlets; the Contractor

is to give the exact location of the pattern before

the work is put up.
<<Furring strips are to be 1 inch by 1% inches,

and 1 inch by 2 inches, placed 12 inches on cen-

ters, securely nailed, properly leveled and
blocked so as to allow sufficient space for the

electric wire conduits; where necessary, the

strips are to be doubled, and strips are to be

provided for all cross-joints; walls and back of
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stairs and other parts are to be properly furred

by the Contractor.

^'The hung ceilings under the roofs will be
furred down and prepared to receive the furring

strips by the Contractor; the first-story toilet-

room ceiling is to be furred down.

*'The Contractor is to provide and put up
on all walls and partitions 1-inch by 1%-inch
plaster grounds near the ceilings, to which the

plastering is to be finished, and for affording a
nailing surface for the wood mouldings, before

specified.

*'A11 the sheet-metal work is to be painted on
both sides, uniformly and evenly, one coat of best

white lead and pure linseed oil, and
allowed to dry before it is delivered at the build-

ing. If in the opinion of the Architect, the coat

of paint is not 'a good coat,' the Contractor

must paint the sheet-metal work another coat as

above specified, after the metal work is in place.

**A11 metal ceiling work is to be put up after

the plastering is finished, and before the finished

floors are laid; walls, etc., are to be protected.''

"All the work is to be delivered complete and
in a clean condition."

This is a clause that is invariably inserted

in specifications, and the latter part almost

as surely ignored by the Contractor.

*'Samples must be submitted to the Architect

for approval."
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This clause is evidently inserted for the

protection of both the architect and the con-

tractor; but, as a matter of fact, it generally

works out in favor of the architect alone.

The contractor may submit samples for the

architect's approval. The architect, how-

ever, seldom approves them in writing; but,

upon his verbal approval, the contractor goes

ahead and installs the work. If it is not

what the architect anticipated, he is at

liberty to, and very often does, cause the

work to be changed, without allowing the

contractor extra compensation for the extra

work. If the form of samples were made im-

perative, and the approval properly made,

much trouble would be avoided.

"Lathing and Plastering—The stud parti-

tions and furrings on all stores, including those

in the basement, are to be lathed with well-

seasoned, dry spruce laths, securely nailed,

joints broken every sixth lath, all laid horizon-

tally.

** All the ceilings, except the vaults which are

to be plastered, will be of metal as above

specified.

**A11 the plastering throughout is to be of

the very best quality; all brick walls and fire-

proof blocks are to be plastered two-coat work

;

all lathing is to be plastered three-coat work,

with hair in the scratch coat.
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^'The parts hereinbefore specified under the

head of 'Metal Ceilings,' will not be plastered.

"All the plastering is to be of either

cement, , or other equally good plaster,

approved by the Architect, mixed and applied in

accordance with the rules of the manufacturer.

The Contractor may use machine-made mortar,

provided it is free from loam or rubbish;

machine-made mortar so used is to be mixed

immediately before applying with one-half bar-

rel of Portland cement to every cubic yard of

mortar; but no sand, earth, loam, or other

material is to be mixed with the machine-made

mortar. Hard finish is to be of the very best

quality—^best lime putty and beach sand—highly

gauged with plaster of Paris, troweled down to

a smooth surface to the satisfaction of the

Architect.

**A11 angles and corners must be true and

straight; and finished corner beads, 1-inch

radius, are to be run with a mould.

"Eecesses for pipes, conduits, and pipes on

the face of walls, jambs of windows (see detail

No. ), and other parts where required, are

to be covered with metal lathing, securely

fastened.

''All walls back of wainscoting and bases are

to be plastered.

"All the columns of the basement, including

those of iron, are to have moulded plaster caps;

and the show-window columns are to have

moulded caps.
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^^The window-jambs and heads of all ex-

terior windows and of all interior partition

windows, including the sills of the latter, are to

be plastered, and are to have quarter-rounds

—

all as shown on detail drawing No. . The metal

lathing at the buUnoses must be carefully done

so as to avoid shrinkage cracks.
*

' The plastering must be delivered clean and

perfect in every respect, upon completion of the

building. All parts not clean will be cleaned

and calcimined at the Contractor's expense."

This is a hard specification to fulfil, be-

cause of the carelessness in sub-contractors

gouging holes and tearing out sections in

walls. The result is about the same as that

obtained when the specification requires

work to be left neat and clean. The lack of

consideration shown by various contractors

for their fellow-contractors is not more
plainly marked than in such a case as this.

**A11 plastering must be properly protected.

**A11 defects must be made good; and all

necessary repairs and patching are to be done

to finish up after other mechanics. '^

The same thing may be said of this

specification as of the second preceding

clause.

*'Marble Work—The main entrance, the ves-

tibule, and the entrance hall, the elevator en-
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closure, including walls, the staircase in back of

the elevator, as shown on drawing No. , are to

have wainscotings of white Italian Carrara

heavy English veined marble. The borders

forming the paneling and the capping are to be

of imported fancy marble as selected by the

Architect.

*'A11 the work is to be as shown on drawings

Nos. and . Samples of marble are to be

submitted to the Architect for approval, within

days after the award of the contract.

*'The trims of the main outside entrance,

vestibule, store, and rear doors, are to be of

wood; but base-blocks are to be supplied for

same, of marble.

*^A11 the marble is to be of the very best

selected stock, all to be highly polished, properly

jointed and fitted, of proper thickness, and in no

case less than y^ inch thick, backed where

necessary.

*'The treads, risers, and platform of the

stairs back of the elevators, on the first story to

the door on the platform, are to be made of

marble. The treads and platforms are to be two

inches thick, with polished half-round nosings.

The risers are to be % iiich thick, polished.

**A11 the toilet-rooms and lavatories on all

stories are to have 16 inches high bases of pol-

ished marble, with the top edges polished; all

the water-closets are to have rubbed platforms

1% inches thick, coimtersunk the full width of

the compartments.
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**A11 urinal stalls are to have 1% inches thick

countersunk rubbed platforms, with stalls of %
inch thick backs, II/2 inches thick partitions, %
inch thick sides, and 1% inches thick caps. All

to be polished and to have exposed edges

rounded.

**A11 the toilet-room marble is to be Carrara,

English vein.

**The treads and platforms of all staircases

will be of slate, as hereinafter specified under
*Iron and Steel Work,' except the treads and
platforms at the start of the stairs on the first

story, which are to be as before specified.

"Terrazzo Floor Tiling—All the terrazzo

flooring is to be of the very best quality, II/2

inches thick, laid in the very best manner in

panels, rubbed down, finished smooth and uni-

form, and to be finished with pure raw linseed

oil, well rubbed down. The marble must be

evenly distributed, so as to present a uniform
finish and a true and even surface. White and
colored marble chips, half and half, are to be

used, in proper quantities so that there will be

a minimum of cement exposed.

"Border strips and stiles of 3 rows of black

marble mosaic, %-inch cubes, are to be laid,

forming panels of no more than 35 square feet

for the terrazzo flooring; and the terrazzo is to

be cut through at the panels to allow for

shrinkage.

**The following parts of the building are to

have terrazzo flooring: In all the toilet-rooms
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throughout the building, except engineer's

toilet-room, and in the first-story entrance, the

vestibule, and the hall. The terrazzo is to be

laid on top of the under-flooring, on tar paper
supplied by the Contractor, and on top of metal
lath also supplied by the Contractor.

''Miscellaneous—The Contractor must repair

the street pavement in accordance with the rules

and regulations of the Office of the Commissioner
of Public Works.

"All the brickwork and masonry, etc., of the

sub-basement and basement, where not plas-

tered, is to receive two good coats of . . .
.
, . . .

.

,

or other equally good cold water paint, applied

with brush by hand in the very best manner,

warranted not to rub off, and must be delivered

clean.

"All the staircase walls and halls, and all

other parts of the building where directed by the

Architect, are to have the plastering calcimined

one or two coats as dii^ected; all must be deliv-

ered clean upon completion of the building.

"Do all cutting of work that may be required

by and for other mechanics, and finish up after

them."

This is one of the universal specifications,

and is nearly always slighted.

"All rubbish and refuse materials of all kinds

are to be removed as fast as they accumulate,

and the premises must be left clean.

"In order to avoid the usual controversy as



SPECIFICATIONS 131

to the removal of rubbish, it shall be the duty

of the Contractor to remove aU debris, rubbish,

refuse materials of all kinds whatsoever, when-
ever directed by the Architect.

**A11 the work must be delivered clean and
perfect in every respect."

The last four clauses are intended to say

the same thing in different ways.

*'Guarantees and Surveys—The following

guarantees and surveys are to be delivered to the

Architect:

"1. Guarantee for all the asphalt work for one year
after completion of the building."

More careful specification should be made
of the guarantee required, as there are so

many ways in which asphalt may become
defective.

"2. Guarantee for the slag roof and all the metal
work to remain tight for two years after the completion
of the building.

"3. Guarantee for the artificial stone sidewalk for
two years after the completion of the building."

By this guarantee, the architect prob-

ably intends to protect himself from the re-

sult of the careless specification made for this

work.

"4. Guarantee for the plastering, to repair all blis-

ters, cracks, and other defects, six months after comple-
tion of the building.
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"5. The City Surveyor's certificate for the vault is

to be delivered to the Architect.
"6. A survey of the property, after completion of

the work, showing the location of all outside walls both
at the sidewalk level and at the top of the building."

Brickwork guarantee, that the brickwork
shall not change color, was made earlier in

this document. It is well to place the guar-

antees together in one place, under their

proper heading.

Iron and Steel Work

**Shop Drawings—The Contractor is to sub-

mit copies of all shop drawings to the Architect

for approval, and no work is to be started unless

such drawings are submitted to and approved

by the Architect in writing.
* 'Setting—All the iron and steel work is to

be set in the very best manner; all bearings are

to be full and true, the Contractor providing all

necessary scaffolding, trestling, shores, and
braces that may be required. In all cases the

work must be bolted and riveted together as it

progresses. All channels, beams, and girders are

to be set level ; and all columns must be set per-

fectly plumb and in alignment.

*'The Contractor must do all necessary cut-

ting and drilling that may be required for other

mechanics, and is to finish after them.

"Painting—All iron and steel work must be

properly cleaned from rust and cinders, before

paint is applied.
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**A11 iron and steel work is to be painted on

all sides, with two good coats of best red lead

paint. One coat is to be applied and allowed to

dry before the work is delivered at the building;

and the second coat is to be applied after the

work has been erected, except the cast-iron col-

umns, which are to receive both coats at the

building.

''Steel Beams and Girders—All steel beams
and girders are to be of the sizes and weights

for supporting floors, sidewalks, walls, etc.,

shown on the drawings.

"All steel is to be in accordance with the

requirements of the standard specification gov-

erning the physical properties of structural steel

adopted by the Association of American Steel

Manufacturers. '

'

If the work were large and important,

and required any amount of special shapes

or special work, a more careful specification!,

would have to be made for the steel. Men-
tioning the standard specification as adopted

by the Association of American Steel Manu-
facturers, is, however, sufficient in this case.

"All framing is to be done in the very best

manner, and standard connection and %-inch
diameter bolts are to be used.

"All the girders carrying the floor beams are

to rest on the columns and piers; to be bolted to
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the columns by means of %-inch bolts. See
details on drawing No. ."

The drawings should show this, thereby

making this clause superfluous.

*^A11 beams and girders resting on walls are

to be provided with anchors as directed.

"Cast Iron—All cast iron is to be of the very

best quality grey iron; and all castings are to be

sound and perfect, free from blow-holes, honey-

combs, cinders, cold chutes, seam marks, and
other imperfections. All castings which are not

first-class in every respect will be rejected.
* 'Cast-Iron Columns—All columns are to be

of cast iron, to be true and straight, and must
have a uniform thickness of metal. The ends

are to be faced off at right angles with their

axes. All to have lugs, brackets, and seats for

beams and girders, and must be true and without

a flaw. Brackets, lugs, etc., are to be cast on

the columns to support the girders and wooden
beams as shown on drawing No.

"The ends of the columns are to have flanges

of the same thickness as the shell of the columns

through which they are to be bolted together by
means of four %-inch bolts ; all flanges are to be

circular.

"All bolt-holes are to be drilled.

"All the columns must be put up plumb, and

no shimming or wedging will be allowed.

"All the columns are to be drilled, two holes
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in opposite sides of the column, four feet from

the bottom, to ascertain the thickness of the

shell.
* 'Cast-Iron Column Bases—All the basement

and sub-basement columns are to rest on cast-

iron bases, to be cast with flanges, ribs, webs,

and rings, as shown. The thickness of shells is

to correspond with that of the columns. The top

flanges are to be not less than I14 inches thick;

to have bottom plates and ribs; and all to be of

such sizes as shown on schedule drawing No.

**The flanges on which the columns rest are

to be faced off in a lathe.

"All column bases are to be firmly bedded on

the foundations with Portland Cement mortar,

without wedging. The mortar to be supplied by
the iron Contractor.

**Lintels—Angle and channel lintels are to

be provided for all the openings in interior brick

and stone walls of the sub-basement and base-

ment as directed.

''Staircases—All the staircases throughout

are to be built of iron, with slate treads and
platforms.

"All strings are to be of channels, with

proper corner mouldings at the walls; and all

risers are to be of cast iron.

"Fascia? are to be provided to cover the stair-

case framing beams of crimped wrought iron No.

16, with angle-iron top to receive the railing, and
angle at bottom to finish the ceiling, etc.

"The railings to be plain square bars %-inch
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iron, spaced 5 inches on centers, with cast-iron

newels, and handrail bar 1% inches by % inch,

ready to receive the wooden handrail. All neces-

sary railings are to be provided, including the

horizontal railings with cast-iron newels.

*'The lower partition of the staircase to the

second story in back of the elevator, to the door

on the landing, is to be made with concealed

strings and risers ready for marble (see plan

No. ). The upper part of the stairs to the

second story is to be constructed with string to

carry partition enclosing the same.

*'The treads and platforms of all the stair-

cases except part on first story at back of ele-

vator, are to be of slate to be 1% inches thick,

with rounded edges on the nosings. Landing
st€ps are to be provided for all staircases, and
are to be 6 inches wide. All slate to be clear

black, and to be rubbed and finished, except the

under side; and all must be securely fastened,

and must be warranted not to come loose within

one year after the completion of the building."

Another guarantee out of its proper place.

<<"
'Wrought-iron plates not less than % inch

thick are to be provided for all treads and land-

ings under the slate, as required by the Building

Code.

**0n completion of the building, when di-

rected, all slate work is to be well cleaned and

oiled with raw linseed oil; and after the building
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is occupied, and at such time as directed by the

Architect, a second coat of oil is to be applied.

"Ladders—Provide and set the following

ladders: One from the sixth story to the roof;

one for the tank on the roof; one from the roof to

the deck-house roof; and one from boiler room
to the sidewalk; all to have strings made of 2^/^-

inch by %-inch iron, with double rungs; the

ladder on the roof to have 6-inch by %-inch

foot-plate ; and all to have handrails as directed.

"Elevator Fronts and Doors—The door-

frames of all the elevator enclosures for the first

story and above, are to be as shown on plan

No. of cast iron moulded. A similar frame

is to be provided on the front east side of the

first story only, facing the street, and is to be

glazed with wire glass, and to be similar to the

doors show^n on plan No.

"All the doors to the elevator shafts, except

the basement and sub-basement, are to be of

wrought-iron tubing, with wrought-iron mould-

ings, etc., glazed with rough plate wire glass.

The doors to the easterly elevator are to be ar-

ranged for one to slide and the other to be

stationary; and the doors to the westerly ele-

vator to be arranged for one to slide, and for

both to swing out into the hall on pivots to allow

full opening for freight. The overhead tracks

to be ball-bearing; and approved latches are to

be provided, to open on outside with key only.

Angle-iron frames 6 inches by 4 inches, extend-

ing to the ceilings, are to be provided for all the
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iron frames above specified; these angle frames

to have one leg in the shaft to form trim, and the

leg on outside to be cut out over the door so that

same does not project beyond the fireproof

blocks, and plastering can extend over the same

as directed. Heads of wrought-iron angles or of

cast iron are to be provided as directed, and are

to be arranged to allow room for overhead

tracks. All to be properly arranged, and fast-

ened to the floor and ceiling beams as directed.

*'Angle frames are also to be provided for the

elevator door openings of the basement and sub-

basement, cut for plastering, etc., same as the

upper stories.

"Wood metal-covered fireproof doors are to

be provided for the basement openings of the

shaft, to be arranged to slide the same as other

doors above and to be glazed with wire glass.
'

'

More careful specification should be made
of details of these fireproof doors. The

types of fireproof doors on the market, and

those made by contractors, vary widely.

* 'Fence—The Contractor is to supply the

fence shown on plan at the foot of the court at

first story, which is to have %-inch diameter

steel bars with pointed tops spaced 5 inches on

centers, and to have cross-bars of flat iron, the

cross-bars to be built into the wall, and uprights
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leaded to blue stone coping. Fence to be 8 feet

high.

*'Iron Doors—Iron doors are to be made of

%-inch by li/2-iiich iron frames, covered with

No. 16 crimped iron, securely and properly riv-

eted, hung on wrought-iron hinges, and provided

with heavy bolts and locks.

*'A11 the doors in the sub-basement are to be

of iron, and the door to the sidewalk elevator in

the basement is to be of iron.

"The coal vault door is to be made with a

flap at the bottom, and is to be provided with

bars extending across the same, with proper

sockets on the door frame, as directed.
'^

The number of bars required should be

mentioned.

"The door to the deck-house on the roof is

to be of iron.

"All iron doors at walls are to have cast-iron

eyes properly built into the masonry.

"Shaft Framing—The vent shaft at the boiler

flue, and the pipe shaft at the toilet-rooms, are

to have 3i/^-inch by 3i/^-inch by %-inch angle

posts at the corners, extending from the bottom

of the shafts to and above the roof, as shown on
plans. In the height of each story, there are to

be two sets of cross-pieces made of 3-inch by 3-

inch by %-inch angles extending from the posts

to the walls, securely bolted with countei*sunk
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head bolts, and securely fastened to the brick-

work.

*'A11 the above framing is to be put up per-

fectly plumb, and is to be riveted together with

%-inch rivets, prepared to receive the fireproof

blocks, and fastened to the wooden beams by

means of lag screws and proper packing pieces.

^'The deck-house, including the roof of the

same, is to be framed with good and sufficient

angles and tees, prepared to receive the fireproof

blocks and the skylights.

"Light Cast-iron Work—All cast-iron work

is to be particularly well made and finished and

of uniform thickness; and all castings must be

clean and sharp."

This specification is perhaps as clear as it

is possible to make a specification for cast

iron. Nevertheless, there is room for trouble

to arise from difference in opinion as to what

the terms ''particularly well made and fin-

ished" and ''clean and sharp" may mean.

"The front column at the rear entrance, first

story, is to be made of cast iron as directed, with

panels.

"The sills for the elevator door openings are

to be special, and to have groove for sliding

doors, to have nosing and beveled apron; and all

are to be properly fastened.

"Door-sills with nosings and risers, all with

4-inch bottom flanges to receive the vault lights
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and sidewalks, are to be provided for all the

entrances. The tops of the sills are to be check-

ered as directed; all to be made perfectly water-

tight.

''Vault Lights—The vault light work com-

prises all the work shown on the first-story plan,

including the trap doors, ventilators, and all the

circular vault covers. Steps and risers are to

be made as before specified under the heading

of 'Light Cast-Iron Work.'

"The vault light work is to be that manu-
factured by , or by , or others ap-

proved by the Architect in writing; to be made
of concrete construction reinforced with steel

and iron, glazed with approved lights; to be laid

in sections, with allowance for expansion and
contraction; joints are to be calked with spun
oakum, and pitched; all to be perfectly water-

tight and guaranteed. The vault light work
must be made of sufficient strength to sustain a

uniformly distributed safe load of 400 pounds to

the square foot.

"Ventilators are to be provided as shown on
plan No. , made as directed, with top and sides

and register faces with movable slate louvers, all

as directed, and to be made perfectly weather-

tight, to be operated by worm gear and pole.

Two poles are to be supplied.

"The trap-doors at the sidewalk elevator are

to be made as may be directed, of heavy angle

and bar frames and No. 10 sheet iron, galvanized,

hung on extra heavy brass butts, with proper
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fastenings, to have necessary hasps, staples,

brass padlocks, rings, stays, guard bars, and
holdfasts.

''Railings of galvanized iron pipe 2 inches

diameter with malleable ball and flange fittings,

are to be supplied and set for the opening of the

sidewalk elevator, to be securely fastened and
to have extra heavy chain on front.

*'Flagpoles—Provide and set two first-qual-

ity spruce flagpoles, 50 feet long, 12 inches

diameter at the butt and 5 inches diameter at

the top; to be dressed and painted four good
coats best white lead; to be stepped into proper
cast-iron foot-blocks, placed on the roof beams
properly bolted, and to be braced to the roof

beams; to have 14 inches diameter gilt copper
ball, lignum vitae truck, and two pulleys, and
to have two best cotton halyards and galvanized-

iron cleats. On completion of the contract, an
additional coat of paint is to be applied.

* 'Miscellaneous—Polished cast brass saddles

are to be provided for the entrance and hall store

doors and all entrance doors, and for the vesti-

bule doors; to be fastened with counter-sunk

brass screws and expansion bolts.

'*A11 necessary cutting, drilling, and tapping
of iron and steel work that may be required by
other contractors, is to be done by the Con-
tractor, as the Architect may direct."

This may cause the contractor no little

extra work. Some better specification than
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this should be made of it. If the architect in

his design could not foresee the necessary

cutting when comparing the plans for all con-

tractors, the steel contractor certainly would
not be able to foresee how much he would

be called upon to do, especially if he were
working on the structural plans alone. This

is another way of making the contractor re-

sponsible for errors and omissions, and is to

him unfair.

**Guarantees—The following guarantees are

to be delivered to the Architect:

"1. Guarantee for all the skylight work for two years
after the completion of the building.

"2, Guarantee for all the vault light work for two
years after the completion of the building.

"3. Guarantee that the slate treads will not come
loose for one year after completion."

All of these guarantees are superfluous as

given here.

Carpenter Work
* 'Centers and Lintels—The Contractor is to

provide and set on proper supports, strongly

built centers for all arches in the walls. Timber
lintels of proper sizes are to be provided and set

over window-frames and door openings in brick

walls, except those in the basement, which will

be of iron, and for others in front wall where
iron lintels are shown.

* 'Timbering—All the timbering throughout
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is to be of long-leaf Georgia yellow pine, to be
properly framed, mortised-and-tenoned in the

very best manner.

"The ends of all beams resting on walls are

to be cut on a bevel of three inches, and must
have a full level bearing of four inches.

*'The Contractor is to provide wooden block-

ing, beveled to fit the bottom flange of the floor

girders, and bolted to the same as shown on plan

No. ; bolts will be provided by the Iron Con-
tractor.

''Double beams are to be placed under all

partitions rimning parallel to the same, whether
shown on the plan or not.

"All the beams are to be of the sizes marked
on the drawings, placed and framed as shown.
All trimmers and headers are to be made of two
or more beams, bolted together at the ends and
at intervals not over two feet apart with %-inch
bolts, with nuts and washers, to be furnished by
the Contractor for double beams.

"Each tier of beams is to have double-

bearing bone cross-bridging, spaced about 5 feet

apart ; to be made of 2-inch by 3-inch spruce, ac-

curately cut and fitted, and nailed at each end
with two 12-penny nails.

**Lumber—All lumber throughout is to be of

the very best quality, for joiner work; to be kiln-

dried, clear stock of the several kinds specified,

to be selected and of uniform color.

"Finish of the first story to be of straight-

grain white oak; and other finish throughout,
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unless otherwise specified, to be of straight-grain

dark oak; this includes doors, windows, interior

partition, sash, etc.

**Partitions—All partitions throughout, ex-

cept those around the elevator, vent- and pipe-

shafts, are to be built of 3-inch by 4-inch spruce

joists, 16 inches on centers, with plates and sills,

to be properly bridged and well nailed. At door

openings, double joists are to be set. All joists

are to be straight, and must be plumb and true.
*'Furring—All the ceilings will be covered

with metal, and the furring for the same will

be done by the Contractor for the metal ceiling

work as above specified; but the Contractor is to

provide and put up all necessary blocking and
timbering, to receive this fm^ing. All the toilet-

room ceilings are to be furred down to a uniform

level, to cover the plumbing pipes and vent flues.

**A11 necessary furring of all kinds is to be

done with proper materials, securely nailed, for

affording nailing surfaces for lathing and metal

ceilings and for finished woodwork, and
wherever required.

**The roof is to be furred up by means of 3-

inch by 4-inch joists, not over 18 inches on

centers, for the roof planking, as shown and as

directed; valleys, hips, and breaks are to be

formed.
**Furring for metal lath is to be provided

around exterior and interior windows (see de-

tails on plan No. ).

**Plaster Grounds—Plaster grounds are to be
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set to all openings, and where necessary for nail-

ing surfaces for the trims, wainscots, bases, etc.

All are to be perfectly true, and must be securely

nailed.

''Roof Boarding—The roof is to be boarded

with first-quality tongued-and-grooved, matched
hemlock 1% inches thick, not over 6 inches wide,

well surface-nailed. Proper hips and valleys are

to be formed; and the top of the roof cornice, and

the roof at bottom of fire escape, the tops of the

show-window cornices, and other parts, are to

be covered with the same kind of boarding, the

Contractor providing all necessary sleepers,

blockings, and furring that may be required for

the same.

''Underflooring—All the floors throughout,

except the sub-basement, are to have an under-

flooring of square-edged, matched, flrst-quality

hemlock, V/g inches thick, not over 6 inches

wide, well surface-nailed to each beam; all to be

laid diagonally.

*'The underflooring is to be laid as the build-

ing is erected, as required by the Building Code.

*Tlooring—All the flooring throughout is to

be of No. 1 maple, tongued-and-grooved, Ys inch

thick and not over 31/2 inches wide, to be well

blind-nailed at each beam, laid in courses, true

and straight, planed off at the butts and joints.

The staircase platforms, toilet-rooms, and halls

are to be of the same kind of flooring.

*' There will be no wood flooring in the boiler
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and engine rooms in the basement, or in the

entire sub-basement.

"Trap doors are to be provided in the floor-

ing over the house traps.

"On completion of the building, the floors

must be delivered clean and in perfect

condition."

This is a specification for cleaning up that

can easily be enforced.

'^Thresholds—All doors, except the outside

entrance doors, store entrance doors, and ele-

vator doors, are to have finished cherry or oak

thresholds, moulded, properly fitted and nailed.

"Windows—All windows of the fronts on the

third story and above, and all rear windows, are

to have box frames and double-hung sash, to be

as shown on detail drawing No.

"Rear windows to be 'fireproof as herein-

after specified.

"Transom sashes over doors to be made the

same thickness as dooi-s, to be rabbeted, to have
rabbeted bronze centers and transom lifts and
locks.

"The transom sashes on the show-windows to

be 2 inches thick, and to be pivoted and provided

with catches, etc., as directed.

"The transom sashes over the hall entrance

doors are to be stationary; and over the store en-

trance doors and vestibule doors, to be pivoted.

"The windows in the wall of the elevator
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shaft and the court and gable walls will be fire-

proof as hereinafter specified.
**Show-Windows—The show-windows are to

be built as shown. The base of show-windows

must be substantially built; and the exterior of

the base, transoms, etc., will be of white pine, the

interior of the same to be finished in straight^

grain white oak. The cornice will be of metal

under another contract; but the Contractor is to

do all necessary blocking, furring, etc., for the

same.

"The glass is to be set up without sash or cor-

ner-posts; but all necessary mouldings, frame-

work, etc., that may be required are to be sup-

plied to make a proper finish as shown. Inside is

to be cased and trimmed in oak, to be furred for

metal ceiling and plastered jambs.

"The cornices of the projecting show-win-

dows are to be furred, and are to have 4-inch

steel angles and tees supplied by the Contractor,

and fastened to the steel beams above and to ex-

tend out (cantilever); and the transom frames

are to be supported on and braced to the same,

and must be perfectly rigid. The transom bars

of the show-windows along the bottom of the

transoms of the projecting show-windows are to

be reinforced with 2-inch steel angles.

"Metal Fireproof Windows—All fireproof

windows are to be made as before specified for

other windows, and hung and fastened in the

same manner, except as otherwise directed.

"All the sills, pulley stiles, outside casings.



SPECIFICATIONS 149

hanging stiles, parting strips, and the sashes,

etc., are to be of No. 24 galvanized iron; are to

be hollow, to be properly finished, free from

buckles, indentations, or other defects, all to be

made in accordance with the requirements of the

Building Code and the Rules and Regulations of

the Board of Fire Underwriters. Hardware same
as specified for other windows.

*' Samples of windows must be submitted to

the Architect before the frames are delivered.
* 'Doors—All doors are to be paneled and

moulded both sides.

**The main entrance doors, and the store en-

trance and hall doors, are to be 2V2-iiiches thick;

the two vestibule doors are to be 2 inches

thick ; all doors from halls to lofts and offices, and
the door on the first-story staircase, and all other

doors throughout, are to be 1% inches thick;

fanlights are to be the same thickness as the

doors.
*

' The entrance doors, store entrance and hall

doors, the vestibule doors, the door on first-story

stairs, the doors at the stairs in basement and

sub-basement, doors from halls to lofts and of-

fices, and toilet-room doors, are to have the up-

per panels glazed.

''All doors are to have stiles and rails made
of best pine stock glued up, covered with % inch

thick straight-grain dark oak veneers, mouldings

and panels solid, except doors on first story,

which are to be of white oak.
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^'All doors are to be warranted not to warp
or twist, and must be well fitted.

**A11 the toilet-room doors are to have glazed

panels above five feet above the floor; and the

lower panel of store toilet-room door is to have

stationary slat louvers mortised into the stiles,

as directed.

"All other doors not mentioned are to be

made as directed. The doors to fire escape, and
doors to the pipe shaft, will be fireproof, as here-

inafter specified; and trims for the same are in-

cluded in this specification.

''Metal-Covered Fireproof Doors—All the

fire-escape doors and pipe-shaft doors on all

stories, including the first story, are to be made
of kiln-dried, first-quality, clear white pine,

properly framed and paneled, all covered with

calcimined iron in manner approved by the

Architect and in accordance with the require-

ments of the Building Code, and acceptable to

the Department of Buildings.

''Metal-covered jambs and heads are to be

provided.

"Hardware throughout is to be of the very

best quality, of either Mfg. Co.,

Mfg. Co., or other equally good make, approved

by the Ar<?hitect.

"Samples of all kinds of hardware are to be

submitted to the Architect for his approval.

"All knobs, escutcheons, butts, hinges, flaps,

sash-lifts, and sash-fasts, facework of locks,

bolts, latches, catches, strikes, nosings, door
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checks, and all other work exposed to view, are

to be of real cast bronze, extra heavy, polished,

of such designs, patterns, and finish as the

Architect may select.

"Stamped work, pressed work, or imitation

bronze will not be accepted.
' * The front windows of the second and third

stories are to be pivoted vertically on heavy

pivots, and are to be fastened with two

mortise bolts with lever handles and large ad-

justable stays.

*' Transom sashes and fanlights are to have

extra heavy bronze sash centers, friction cen-

ters, or other equally good lifts and
locks, and all necessary fixtures complete.

*'A11 locks are to be mortise locks, not less

than 5-inch, of approved pattern; bolts, knobs,

escutcheons, etc., are to be of cast bronze, pol-

ished, of such pattern as may be selected.

Double doors are in all cases to be provided with

proper size bronze-face flush bolts, set into the

edge of the door. The outside entrance doors

and the store entrance and hall doors are to have

extra large ornamental escutcheon plates, han-

dles and thumb latches combined, as the Archi-

tect may select, with Yale store door locks.

**A11 the hall doors to the offices and lofts are

to have or other mortise cylinder locks,

with corrugated keys, as the Architect may se-

lect.

**The hardware for the fireproof windows
and doors is to be the same as that specified for
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the other windows and doors, and lock to door to

be with bolt on the inside, and no knob on the

outside except for the first story.

*'A11 small doors, and the door for each elec-

trical distribution box in the building, and the

pipe-shaft doors, are to be supplied with butts

and locks with keys; keys to pass as directed.

**A11 hardware throughout must be furnished

in sufficient quantities and of proper sizes,

whether the same is especially mentioned or not;

all to be provided complete in every respect, and
must be in perfect working order.

*^A11 other hardware necessary for the com-
plete finish of the work, not particularly de-

scribed, is to be furnished, of such sizes as may
be directed.

**In case any of the hardware is not of the

very best kind, and not in accordance with the

samples furnished, the same will be removed and

replaced at the Contractor's expense, and the

Contractor will be liable for all work injured

thereby.

"Glazing—All glazing is to be done in the

ver} best manner, all to be well sprigged and
back-puttied

"Polished plate glass of the very best qual-

ity, not less than 14 i'^ch thick, large sheets %
inch thick, is to be used for glazing the show-

windows, the main entrance doors, the store en-

trance doors, the vestibule doors, and transom

sashes over the same, and all the front windows
on the second and third stories.
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**Th8 show-window glass is to be put up with-

out mullion or corner posts ; special nickel-plated

clips satisfactory to the plate glass insurance

companies are to be used.

"The edges of the glass are to be cut, and
glass pieces are to be set back of joints to re-

inforce the same. All to be made water-tight.

"Wire glass of the very best quality, % inch

thick, solid cast (without selvedge) figured

pattern, is to be used for glazing, all the doors

and transoms from the halls to the lofts and of-

fices, all toilet-room doors, fire-escape doors, and
shaft windows, and all windows in the court and
gable walls on all stories, except where polished

as below specified, and for the doors at the first-

story staircase and doors for basement and sub-

basement stairs, and for the windows.
* 'American sheet glass, double-thick, of the

very best quality, is to be used for glazing the

front windows of the fourth story and above, and
all other windows throughout not otherwise

specified.
*

'Bases—All walls, partitions, boxed columns,

etc., on all stories, are to have moulded and
subbed bases, 8 inches high on the first story, and
6 inches high on the upper stories and in the

basement (see detail drawing No. ). All to be

of dark straight-grain oak, except for the first

story, where they are to be white oak.

"Wainscot—The wainscot in the first story

will be of marble as hereinbefore specified.

"Painting and Finishing—All the woodwork
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throughout is to be putty-stopped in the very-

best manner, and all iron work and metal work
is to be putty-stopped.

*'A11 hardwood, except flooring, is to be

stained, filled, and varnished two good coats, and
rubbed down, before it is delivered at the build-

ing; and an additional coat is to be applied and
rubbed down after all the work is in place; all

must be finished in an even and imiform color

throughout.

*'A11 the other woodwork, all the iron work,

both inside and outside of the building, includ-

ing iron stairs, elevator doors, iron doors, fire

escapes, iron frontwork, interior iron columns,

gas meter brackets, galvanized-iron work, trap-

doors, gratings, fireproof doors and windows,

etc., and other work shown and specified, also all

roof houses, bulkheads, tank on roof, skylights,

ventilators, and vent flues in basement, plumb-

ing and gas pipes, exposed electric conduits, and
all other work as the Architect may direct, are

to be painted three good coats of the very best

white lead and pure linseed oil, tinted

as the Architect directs.

**A11 the metal ceilings throughout, including

the basement and sub-basement, are to be

painted three good coats of the same kind of

paint, in addition to the prime coat applied un-

der another contract; and if three coats will not

make a satisfactory job, another coat is to be

applied.

**A11 the hardwood work throughout is to be
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istained and filled with filler or such filler

as the Architect may direct; and three coats of

, or equally good rubbing varnish

of the very best quality are to be applied, to be

well rubbed down to a smooth surface.
^*Samples of graining and of colors are to be

provided for approval.

"Any work not specially enumerated is to be

painted, grained, and finished as the Architect

may direct.

*'0n the glass of the transom sash over all the

entrance doors, gilt numbers 10 inches high are

to be provided, to be done in the very best man-
ner. Gilt numbers two inches high are to be pro-

vided on the glass of all hall office doors, as di-

rected.

*'0n all the elevator doors on each story

above the first story, numbers in black, 6 inches

high, are to be painted as directed.

"All the work throughout must be delivered

clean and perfect in every respect.

"Miscellaneous—The plumbing work is to be

fitted up as directed; runs and backs for pipes

are to be put up where directed; pipes are to be

covered with finished casings, fastened with

round-head brass screws.

"The Contractor is to do all necessary cutting

of work included in this specification for other

mechanics, and must finish up after them.

"The Contractor will be responsible for the

condition of his work until the completion and
acceptance of the building."
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Sub-contractors are, of course, responsi-

ble to the contractor for the condition of their

work ; and if he makes them live up to speci-

fications as he may expect that he himself

will have to do, trouble will be avoided under

this specification.

*'0n completion, all the work is to be left

clean. All rubbish and refuse materials must be

removed promptly from the premises as fast as

they accumulate; and all fioors are to be scrubbed

twice, and all the glass in the windows and doors

must be washed.

"The Contractor must protect his work prop-

erly, and must deliver the same complete, clean,

and in a perfect condition.''

The last two clauses have been specified

half a dozen times before.

Accepted.

Owner

Contractor]

,19..
(Date)







Estimating

To predict with accuracy what it will cost in

time or money, or both, to accomplish work, is at

best an exceedingly difficult task. To begin with,

in out-of-door work the conditions are—^many

of them—speculative. We do not know the per-

sonalities of most of the men who are to be em-
ployed; we do not know how much rain or frost

we shall have to contend with; and we are re-

quired to work under a contract many of the

terms of which are vague, and some of them pro-

hibitory. What wonder that estimates for the

same work differ—and differ widely? There is

a certain cost at which projected work is going

to be done; but no two men will guess alike be-

fore the fact; and, after having guessed, no two
men would come out with the same figures of

performance on identically similar jobs, if it

were possible to get together two identically

similar jobs. In this volume we have given a

number of conditions which affect costs, without

by any means exhausting the possibilities of the

field. An ideal estimator should take into con-

sideration all the conditions which affect costs,

and should allow each condition to have just the

correct influence upon his figures.

157
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Conditions Affecting Cost. The conditions

affecting the cost of construction work will nat-

urally group themselves into three classes:

1. Those whose quantitative effect upon cost can be
reasonably predicted.

2. Those of which the quahtative effect can be de-

termined only in advance.

3. Those conditions the influence of which may be
to increase or perhaps to decrease the cost above or below
an assumed normal.

By way of example, (1) we can say in ad-

vance about how much more it will cost to haul

bricks two miles along a known highway than to

haul the same bricks only one mile along the

same road; (2) we know that when we have to

blast out a medium-hard shale, the work will cost

more if the rock is full of seams and faults, with

dikes of hard material, than if ordinarily regu-

lar in structure; but just how much more, or

even nearly how much more, we cannot predict.

Again, (3) , the coming of a new superintendent

upon the work will surely have an effect upon it,

good or bad; but until he has been tried out, there

is no telling which it will be. This last-men-

tioned fact accounts in large measure for the re-

luctance with which contractors let their old men
go after they have run out of contracts.

In addition to the above, there are emergency

and unforeseen conditions that from time to time

unexpectedly arise and make a carefully pre-

pared estimate seem like a poor affair.

Obviously it is impossible to eliminate the ele-
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ment of uncertainty in estimates. The problem

for us is how to make the closest estimate possi-

ble from the known facts. The most careful rules

and the most elaborate system, if followed, would

not reduce the art of estimating to an exact

science. Much must depend upon the intelli-

gence, the information, the aptitude, and—above

all—the experience of the estimator; lastly, he

must have the elusive and intangible but never-

theless positive and essential quality of judg-

ment, without which all theory is helpless.

It is possible, however, by the use of cumula-

tive evidence, to reinforce a man's experience

with the facts contributed by other men; and it is

possible, by the presentation of correct theory,

to show a man how to make his own experience

of the most value with the least effort and fa-

tigue. As a step in this direction, the present

article has been prepared.

Men Who Make Estimates. Estimates in

general are made by three classes of men:

1. The Engineer or Architect, who makes them as the

basis for designs, preliminary to obtaining contracts.

2. The Contractor, who undertakes to carry out the

work.
3. The man in the field, who is carrying on the work.

1. The Engineer or Architect. The engineer

or architect who makes his estimates as a guide

to his client in deciding what work shall be

planned, is usually in the position of the man
who estimates without having to carry out the

work himself; and he is always in great danger
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of making his estimates too low. The reasons

for this are not generally appreciated. Some of

them are as follows

:

(a) His client is seldom willing to pay for a

thorough investigation of the conditions that are

to be met, it being assmned that since a con-

tractor is willing to spend his own money in ma-
king an estimate on the chance of obtaining a

profitable contract, the cost of estimating is so

low that the engineer or architect can do it him-

self out of what he receives as his fee, and that

it should therefore be a part of his of&ce ex-

penses. He cannot afford to make an extended

investigation at his own expense, and thus fails

to take into consideration many conditions which
are more likely to increase the cost than to de-

crease it.

(b) As the business of the engineer or archi-

tect is to make designs, and as he is not particu-

larly concerned with their execution except as an
overseer, he seldom has actual experience of

what it costs to do work, and is obliged to depend
upon his records of contractors' bids on work of

the class that he is contemplating. Since his fig-

ures on these bids are not in sufficient detail to

make them applicable to his work except in a

general way, he is at a serious disadvantage as

compared with a contractor; and his disadvan-

tage consists specifically in not having at hand
a large number of facts which go to make up the

contractor's cost. The engineer or architect

seldom considers—because it has not been
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brought to his attention—the fact that the con-

tractor must pay from 1 to 10 per cent of his pay-

roll for liability insurance, and, after he has paid

for liability insurance, he has such items as bad
bills, lawsuits (outside of his liability insurance),

discounts, and the like, all of which have to be

taken care of by his average receipts. The esti-

mating architect is therefore prone to make use

of published data of costs, without adding any-

thing for these special contingencies, thus fre-

quently getting into serious trouble.

(c) The owner, or his representative, usually,

draws a contract which the contractor is ex-

pected to sign; and this contract contains clauses

intended for the reasonable protection of the

owner, but which are too often liable to result

in an unreasonable hardship upon the contractor.

The owner's engineer—be it said to the credit of

the profession—is, in the large majority of cases,

both fair-minded and unprejudiced; and it has

long been a maxim of the engineering profession

to give a contractor the benefit of any doubt as

to the interpretation of any specific clauses.

Often the man who draws a contract by way of

insurance puts in clauses which are intended for.

protection against certain contingencies, but

which may become operative in a number of

other wa}"s; and the contractor is obliged to put

on a high price, rather than run the risk of large

financial loss in the event of such clauses becom-
ing operative. The following is a clause taken
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from the standard steel specifications of a large

railroad:

**Tlie Contractor shall so conduct his work as

not to interfere in any way with the operations

of the road or with the work of other contractors,

or close any thoroughfare, by land or water, ex-

cept by the special permission of the Chief En-
gineer. The erection shall be carried on with

despatch, and in such manner as may be desig-

nated by the Chief Engineer. '^

This sort of clause, if enforceable, is one that

makes the Chief Engineer the absolute arbiter

or controller of the financial success or failure of

the contractor on the work. To build a bridge

on a railroad that is in full operation, in such

manner as not to interfere in any way with the

operations of the road, is one of those amusing

inconsistencies that cost money. The author has

had to do with many railroad bridges, and yet

has to meet with a single instance in which a rail-

road bridge was built under traffic without in

some measure interfering with the operations of

the road. Such a clause as this means, of course,

that the contractor must do his work with the

minimum reasonabe interference with the rail-

road; but it does not say so, and a contractor

signing a contract with such a clause puts his

head in the lion's mouth, and bids accordingly

—

often to the engineer's surprise and humiliation.

Ambiguous specifications will force a careful

contractor to bid high, and, by offering a reckless

contractor an inducement to bid low, will result
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in almost surely placing the contract where it

will be inefficiently performed. The reckless con-

tractor is not generally a good manager; and the

careful contractor, if he gets the contract, will

require more money than he would have been

willing to work for had the specifications been

precise.

(d) When work is done under national,

state, or municipal authority, the law usually

provides that the contract shall be let to the low-

est responsible bidder; and everyone has an op-

portunity to bid. On private or railroad work,

on the other hand, usually a selected number of

contractors are invited to bid. In the former

case, the architect or engineer has to guard

against a contractor taking advantage of loose

clauses, and must fortify himself—which he usu-

ally does—by making the terms as much one-

sided as he can. The contractor who knows him
personally, who knows the object for which the

strict clauses were drawn and the extent to

which they are to be enforced on the work, is

thus enabled to make much lower prices than the

man to whom the individual in charge is an en-

tire stranger. This accounts for part of the large

diversity of bids on any public work, and is a

further reason why such bids, when published,

are a very poor basis on which to make esti-

mates.

2. The Contractor. In making estimates,

the contractor is generally more expert than the

owner's engineer or architect, because he is con-
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tinually being confronted with the financial

problem, and naturally makes more of a study of

it; nevertheless his estimates are very difficult

to make properly, for reasons among which are

the following

:

(a) The contractor rarely, if ever, receives

compensation for his labor in preparing an esti-

mate, and that labor is frequently very consider-

able; therefore he makes the estimate with as

small a cost to himself as possible.

(b) The time within which the contractor

must prepare his estimate is limited, and gener-

ally too much limited, so that he seldom has op-

portunity properly to investigate the conditions

under which he is to bid.

(c) When ten men are to bid on one piece of

work, it is manifestly unfortunate that each of

the ten men should pay for an investigation

which can as well be made by one; and yet it is

seldom practicable for the bidders on a piece of

work to combine and obtain all the information.

For instance, in a job involving earth and rock

work for foundations, unless the job is very large

the owner rarely makes sufficient test borings to

thoroughly determine the existing field condi-

tions ; and yet the total cost of one investigation

made by the owner would be very much less than

the cost of all the investigations made by each

contractor individually. The owner's point is

that the successful contractor will make enough

money to pay for the investigation; but it is al-

most never appreciated that when a contractor
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obtains a contract, he must make enough profit

to pay for the investigation not only on that con-

tract but for all those on which he has been un-

successful as well; and the average of his bids

must therefore be correspondingly higher than

if it were the general practice among owners to

furnish complete statistics when asking for bids.

The writer had occasion to bid on a large

bridge for a municipality in West Virginia, on

which almost no information from the munici-

pality was forthcoming. Each contractor made
an investigation more or less thorough, and was
obliged to furnish his own design. The result

was that over fifty bids, fifty investigations, and
fifty designs were submitted, ranging from a

minimum of about $40,000 to a maximum of

about $140,000. All bids were rejected; and the

municipality, reinforced and greatly benefited

by the discussion that arose, re-advertised for

bids. It is needless to add that the author did

not bid again; but the question is, who paid for

all those estimates?

(d) After bidding upon work under a cer-

tain architect whom he knows, and whose atti-

tude on certain clauses in his specifications he

considers himself reasonably able to predict, the

contractor may be confronted by a change of

architects, and the new man may be more strict

than the old. This is a danger more to be feared

in long contracts than in short ones. In the

former case, it is likely to be a very serious mat-

ter, and frequently offsets the advantage of hav-
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ing time thoroughly to organize and systematize

the work.

Remedy. It will be noted that all of the

causes for inaccurate estimates which have been

pointed out above could be very largely remedied

if two rules were rigidly adhered to by parties

who ask for bids—namely:

First—Make specifications as specific as the

limitations of language will permit.

Second—Obtain all available information be-

fore asking for bids, and furnish it to the con-

tractors.

3. The Man in the Field. In order to reduce

costs in the field, it is necessary to make esti-

mates so as to know how the work is progressing.

The field chief or superintendent frequently has

to make estimates of the cost of work in pro-

gress.

Purposes of Estimates. The purposes of an.

estimate are to enable a contractor to know what

it is going to cost in money or in time, or both,

to carry out work. There is usually in contem-

plation a contract of one of the following forms

:

1. Lump Sum;
2. Unit-Price

;

3. Cost plus a Fixed Sum;
4. Cost plus Percentage.

1. The first and oldest form involves the de-

scribing, by means of plans and specifications,

what is to be done, and a guarantee by the con-
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tractor to perform all the work for a fixed con-

sideration. After the contract is signed, it is

up to the contractor to get the work done, and

the owner is supposed to have no responsibility

beyond making the specified payments. The

contractor assumes all risk, and meets all diffi-

culties whether foreseen or unforeseen.

2. In the second form of contract mentioned

above—the Unit-Price—the contractor receives

an established price per yard, per pound, per

ton, etc., and the owner assumes responsibility

for the quantity. Since changes in plan involv-

ing increase or decrease of the amoimt of work

are usually an accompaniment of most contracts

after the contracts have been signed, this type

admits of more elasticity than the first for meet-

ing this condition.

3. Of late years, in order to permit of free-

dom in making changes without interfering with

the liability of the parties, to save time, and for

other reasons, the cost-plus-a-fixed-sum type of

contract has come into vogue. Its advantage,

among others, is that the contractor is under no

risk, and therefore cannot be put out of business;

and where the quantity and conditions cannot be

determined beforehand, it has much merit. One

argument against it, from the standpoint of the

owner, is that the contractor, not having any-

thing to lose, will not be likely to strive as hard

for economy as he would if he guaranteed the

price.

4. The fourth form of contract enumerated
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above—Cost plus Percentage—has long been

used on railroad work, and usually provides that

the contractor is to receive as his compensation

and for his overhead charges a certain percent-

age of his pay-roll, with plant rental added. On
this basis the contractor has nothing to lose; and
the owner is at the disadvantage that the less the

contractor's economy of operation, the greater

is the contractor's financial gain, so that the con-

tractor apparently has an incentive to wasteful-

ness. Many contracts, especially on road work,

require the contractor to maintain the finished

work for a certain number of years. This places

a peculiar hardship upon the contractor who is

not expecting to remain long in that locality^,

thus eliminating the journeyman contractor. It

requires, however, that he shall keep a consider-

able amount of money invested in plant at the

call of that particular job, and therefore tends

to impel a conservative man to bid high.

Warning. The man who is entrusted with

the making of important estimates has resting

upon him a large responsibility. His blunders

may beggar him or his employer; yet too often

cheap men of limited experience are employed on

this work, and rules are accepted as substitutes

for judgment. Effort has been made in this arti-

cle to make the methods of estimating simple

and the theory clear; and to the younger men of

the profession, it may seem that estimating is

easy. Nothing could be farther from the truth.

All that we can hope to have done is to boil down
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some of the gambling features of estimating,

and place it upon a rational plane. To claim

more would be dishonest and misleading. When
a man says that he can safely estimate the cost

of outside work within two per cent of perform-

ance, he may at once be written down as a fool

or a liar. The difference in cost between a job

that is run with ordinary methods and ordinary

management, and the same job with proper cost

analysis and thoroughly up-to-date management,

handled with push and snap, may easily be 30

per cent; and the claim of ability to guess with-

in two or three per cent, without knowing a

large number of the uncertain elements, is ab-

surd. Therefore, in making use of this article,

the reader must bear in mind that it is not at-

tempted to predict what he or his organization

will be able to do. A schedule is presented, cov-

ering most of the items on the main classes of

work discussed in this treatise, the use of which

should prevent many blunders of omission; but

the reader must not understand that we claim to

have given him a substitute for brains. He must

use his own good judgment in every case.

With this preliminary consideration of gen-

eral principles and conditions, we now pass to

the specific discussion of estimates.

GENERAL RULES FOR ESTIMATING

An estimator should rigidly adhere to the fol-

lowing general rules

:
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1. Make all estimates in the fullest possible

detail.

2. Get together and classify all the available

data before commencing to figure.

3. Use a carefully prepared standard sched-

ule of items for the classification.

4. Go over the ground with great care—^vis-

iting the site of the work, if possible—^to guard

against the omission of items not provided for in

the standard schedule.

5. Put down all the unit-quantities first;

then all the unit-prices; and finally, make the

arithmetical computations in such manner that

you will not know even approximately the final

results until all the figures have been thoroughly

gone over and tabulated.

6. Check over the final results by every

available means, such as contract prices on simi-

lar work, which are unsatisfactory as prelimi-

nary data, but may be very useful as a check.

The reasons for these rules are as follows:

1. At first sight it would seem that it re-

quires more labor and time on the part of the

estimator to make estimates in elaborate detail

than to make them in general. This, however,

is not the case according to experience, since a

much larger part of the detailed estimate can be

done mechanically than when many of the items

are lumped, and because the more elaborate

the detail, the more confidence a man has in

his own figures, and the faster he is able to work.
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When an estimate is made in careful detail, gaps
in the available information become apparent;

and in this way it is easy for an estimator to

know just what information he lacks, and where
the dangerous parts of his estimate are likely to

be. Then, again, an estimate made in detail is

much more easily checked by the subordinate or

by the estimator's superior officers; and, when
filed for reference, such an estimate is a docu-

ment of great utility in future work. When the

field costs are properly prepared, they can be

used to check up the estimate for the work, in a

way that is not possible if the estimate is not

made in full detail.

2. It is a psychological fact—one based on
the natural tendencies of the human mind—that

if an estimate is made as the figures come in, it

is impossible to obtain as good a grasp of the

general problem as when the data are first col-

lated, and the estimate then prepared on the

data. While the estimates should be made in

full detail, this does not mean that they should

be made for different items of the work inde-

pendently, since all parts of a piece of construc-

tion work are to a large extent dependent upon
one another; and thus, if the estimated cost of

one item is set down before the other items are

known, their interdependence or mutual rela-

tions will not be appreciated and will not be

allowed for in the estimate.

3. Rolling off a log is a difficult and elab-

orate feat compared with forgetting items in an
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estimate; and it has been found, from wide ex-

perience, that the best way to avoid omitting

items is to start with a standard schedule. To

write a zero after an item that is not going to

come into the estimate, takes practically no time;

and the use of such a schedule in all cases is ex-

cellent insurance against blunders. A good plan

is to have such schedules in stock, printed on

sheets of coarse-ruled paper.

4. It is a sad fact that a great many esti-

mates are made without the estimator ever see-

ing the work. This is utterly wrong; and it

should be an invariable rule that the estimator

must go over the ground, and go over it thor-

oughly; else it will be impossible for him to use

the essential quality of judgment. Moreover,

there is nothing like a physical view of the field

for enabling a man to grasp all the details of the

work. For this purpose, plans are of great as-

sistance in the detailed analysis; but they are

no substitute for a good look at the ground.

5. An estimate, to be accurate, should be ab-

solutely unbiased; and where a question of judg-

ment is involved, it is essential that the esti-

mator make his figures without regard to what

they will amount to in the grand total.

6. After the grand total has been computed,

it should be checked; and the checks may throw

some light upon erroneous items, which can then

be corrected. The estimator's judgment will be

a great deal more accurate if he works the prob-

lem out in detail first, than if he tries—perhaps
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sub-consciously, or without fully realizing the

fact—to work to a desired or hoped-for result.

The practice of taking somebody else's con-

tract price as a base for figuring, is very decep-

tive if you do not know what specifications he

had, how he intended to do his work, what layout

he anticipated, and what his financial arrange-

ments were. All of these items are of the utmost

importance in figuring the economics, or the

financial features, of any particular piece of

work. Conditions vary in places short distances

apart; rates of wages vary in different parts of

the country; specifications, and the interpreta-

tions of identical specifications by different en-

gineers, vary greatly; the bid prices are fre-

quently too low or much too high ; the bid prices

may be purposely ''unbalanced"—that is, made
abnormally high on certain items, and abnormal-

ly low on others, but always so as to offset one

another and ''even up" in the grand total; a

unit-price for a large job is usually too low for

a small job, on account of the falling percent-

ages, or relatively lower rates, of overhead

charges and superintendence on the larger jobs;

a contractor well equipped with plant can usu-

ally bid lower than contractors not so equipped.

STANDARD SCHEDULE
The following is a good standard schedule for

the work covered in this volume

:

Job Number

—

Page Number

—

Estimate Number— Date

—
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VI. Type of Work

Field Conditions
Abbreviations

C A Amount of work.

C Ek Kind of equipment available.

C Ec Condition of equipment.

F Character of superintendence

available.

C Gr General layout.

C H Time of year when work will

probably be done.

C Lk Character of labor available.

C Lq Condition of labor market.

C Lr Rate of wages.

C Mq Kind of material to be handled,

and its quality.

C Management.
C P Kind of power to be used on the

majority of the work.

C S Kind of supplies to be handled,

and probable means to be em-

employed in getting them on
the work.

C Tk Kind of tools to be used.

C V Amount of haste to be expected,

whether the work is to be

night-shifted, etc.

C W Probable weather to be antici-

pated.

X Miscellaneous.
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V. Specific Quantities

Number of units (cubic yards, tons, barrels,

bags, square feet of forms, thousand feet, B. M.
(board measure), thousand brick, etc.).

IV. Amount of Capital
Abbreviations

C E Amount of capital necessary for

equipment.

C T Amount of capital necessary for

tools.

C B Amount of capital necessary for

buildings.

C C Amount of capital necessary for

cash.

C X Amount of capital necessary for

miscellaneous purposes.

III. Estimated Total Cost for Completing En-

tire Job under Items as Below

Abbreviations

A Storage.

B Bonus or discounts.

C Charity or accidents.

D Depreciation.

P Fire insurance.

G Bond to guarantee contractor.

H Rent.

I Interest.

Preparatory costs.

P Advertising.

B Repairs.
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S Burglary insurance.

T Freight, express, and traveling

expenses.

Q Accident insurance.

II. Estimated Unit-Cost under Items as Below

Abbreviations

Lh Hourly direct labor.

L m & w. . .Weekly and monthly labor.

Li Incidental labor.

F Superintendence.

M Materials.

S Supplies.

X Miscellaneous.

These can then be grouped together under the

following heads

:

I. Estimated Total Unit-Cost

Abbreviations

F Field.

U Sub-contract.

Overhead, office.

X.. Overhead, miscellaneous.

Grand Total of Cost

Profit

VI. TYPE OF WORK
The estimator will find no difficulty in deter-

mining the type of work and the processes in-

volved.
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Field Conditions

C A. The estimator will generally have

trouble when it comes to the amount of work to

be done, this usually being roughly approxi-

mated, with the right to increase or decrease it

later. A good method is to write down the maxi-

mum and minimum amounts that are likely to

be involved. Clauses in the contract which en-

able the owner to change the contractor's quan-

tities without changing unit-prices, should add
something to the contractor's estimate, for the

reason that there is one best plant, one best ar-

rangement, one best organization, and one best

outfit for every particular work. It has been

shown that many of the conditions which affect

the economy of the work are themselves affected

by the quantities of work to be done; and any

change on the part of the owner's mind affecting

the quantity of work to be done, should—but

rarely does—tend to increase or decrease the

contractor's unit-price. In order to guard

against such a contingency, the contractor

should add something to his price by way of

insurance. After an estimate has been made,

it is a practice of many contractors to ''unbal-

ance" their bids. A great danger from this is

that the work may have to be completed with

quantities different from what were originally

figured.

C Ek and C Ec. The kind and condition of

the equipment available should be at hand, but is

i
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not often turned over to the estimator, unless he

asks for it.

C F. Frequently the name of the man who
is going to superintend the work is not known in

advance, and it should be established if possible.

C Gr. The general layout of the work can

be determined only by a personal inspection of

the ground; and on this the estimator should

make copious notes, having special reference to

the distance of railroad connections, the distance

of the railroad connection from shipping points

of materials and supplies, the character of the

country, the kind of water, and as many of the

local conditions as can be reasonably and quickly

noted.

C H. He will find that the time for com-

pleting the contract will be usually determined

by the business conditions. This ought to be

ascertained with considerable care, because upon
it depends the scale of the work.

C L—State of the Labor Market. It is diffi-

cult to predict this two or three years in advance.

In unfamiliar territory, if the Padrone system is

in use in the neighborhood, it is not difficult to

obtain from the nearest Padrone an estimate of

how many men he can furnish, and then, by cut-

ting the estimate in two, get somewhere near the

probabilities. If it is necessary to board or

transport the men, a provision for this should be

made in the estimate.

M—^Kind of Material. This is perhaps
the most important item, and is the hardest to
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establish, because of the expense attendant

upon the digging of test borings, making bor-

ings, etc. Personal inspection, where a man has

had considerable experience, ^Yill go a long way
toward helping out; but in earth and rock work
a certain amount of boring is absolutely neces-

sary for proper results.

C —Management. The method of manag-
ing should be understood before the estimate is

to be made. If upon the work a bonus system

and cost analysis are to be used, prices can be

materially lower than when the ordinary day
labor method is to be employed. Just how much
lower, is a matter of judgment; but from past

experience it may be safely said to be some 10 to

40 per cent—with 20 per cent as a safe average

on general work.

C P. If electric power is available, the fact

should be carefully noted.

C S. The kind of supplies readily available,

and their cost on the work, should be estimated,

not neglecting the water problem. The cost of

coal of good quality will vary a great deal; and
if a poor quality has got to be used, a very much
larger amount should be allowed for than if the

quality were good.

C T. It is weU to put this item (tools) in the

estimate, as the estimator is more likely to know
the proper kind and size of tools than the pur-

chasing agent, and it serves as a useful reminder.

Shovels of the proper size may not be locally

purchasable on short notice.
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C V. Whether or not to work night shift,

can be determined by estimating the necessary

daily output to complete the work in time; and
if this daily output cannot be safely reached with

the labor available by day, night shift must be

figured on. If one night shift is to be employed,

from 7 to 10 per cent should be added to the labor

cost; while, if two night shifts are to be put on,

10 to 12 per cent of the unit labor cost should be

added, since the output per man working

night shift is likely to be from 15 to 20 per cent

less than by day. Of course, judgment must be

used here, depending upon the kind of work,

conditions, etc. Night shifting in summer is a

much simpler matter than in winter.

C W. The weather is the greatest control-

ling factor, excepting in tunneling and on the

interior parts of building to be done after the

roof is on; and the probable number of working

days on a short job cannot be estimated, except

at considerable risk. Therefore, when the job

is small, the unit-prices have to be assumed

higher on this account than when the work is of

long duration and the average weather counted

on. When the work is to be done in an un-

familiar climate in the United States, the rec-

ords of the Weather Bureau can be consulted,

either by personal inspection or by writing to

the Observer; and from these records the prob-

able number of rainy days and days of excessive

frost can be quite closely estimated if the work
is to be of long duration. This should always be
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done as carefully as possible, since the weather
is economically one of the most important field

conditions to be considered.

A working day is a day, not a holiday, suit-

able for work. If the day is not a holiday, and
is suitable for a working day, whether work is

done or not, that day is a working day.

IV. AMOUNT OF CAPITAL INVOLVED
C E—Equipment. It is usually not difficult

to estimate with reasonable accuracy how much
plant will be necessary, provided that the work-

ing conditions are well established. Where
drilling is to be done, the maximum and mini-

mum average performance per drill must be de-

termined from an inspection of the local condi-

tions. It should be borne in mind that under

ordinary working conditions from 10 to 20 per

cent of the drilling equipment will be in the shop

for repairs, and that a surplus of at least 15 per

cent should be provided. Extra drills can easily

be procured at comparatively short notice; but

extra steam or air service cannot, and therefore

a more liberal margin should be provided for the

boilers and compressors than the actual number
of drills to be taken on. Liberal allowance

should be provided for pipe lines and for connec-

tions, whenever the work is to be done in cold

weather.

For the process of loading, the grab bucket,

steam shovel, derrick and skips are the logical

types of equipment, with the advantages lying
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in the order named; and given the conditions and
class of work, a fairly close approximation of

the cost of equipment can be very rapidly made.

It is necessary to be very careful to make a

proper allowance for lost time. It has been aptly

observed that a steam shovel can put material

on cars about as fast as you can take the cars

away from it; and in earth work, this is generally

true. Therefore the performance per unit of

equipment, and consequently the size and
amount of equipment necessary for the work,

will depend largely upon the proper layout of the

transportation facilities. From one-third to two-

thirds the theoretical capacity of a steam shovel

is about the range of what it may be expected to

do in average practice. It is proper here to

remark parenthetically, that, in estimating, it is

not safe to assume that the practice will be

extraordinarily good.

T. Before deciding upon cost of transpor-

tation, it is necessary to have some approximate

idea of the grades to be worked over; and in

wagon work the assumed net load which can be

safely handled upon the roads in their probable

condition will determine this factor. On large

jobs, 10 per cent should be allowed for equipment
undergoing repairs. In estimating, it is wise to

figure on standard ordinary equipment wherever
possible. Bear in mind that an engine cannot

operate for many months without thorough
overhauling.
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T. One pick to every two shovels. The

cost of tools per cubic yard handled is trifling.

C B. A close estimate of the cost of tem-

porary buildings can be made by roughly figur-

ing the cubical contents necessary, then the

amount of square feet of wall sm^face and parti-

tions. The cost of a building should never be

guessed at in a lump, as it depends upon the

available material.

C C—Cash Capital. On a good-sized piece of

work, $200.00 for petty cash on a job is ordi-

narily ample to take care of express charges,

etc. The amount of the pay-roll per month will

depend upon the number of men employed; an^

when monthly settlements are made about two

weeks after the end of the month, this amoimt

will have to be ^'carried," so that about half or

two-thirds of the average pay-roll for the entire

job will have to be considered as continually

losing interest.

C X. This amount of capital to be consid-

ered available is in the nature of an insurance

fund against emergencies; and the more risky

the nature of the work, the larger it should be.

Ordinarily the interest upon this is compara-

tively insignificant.

III. ESTIMATED TOTAL COST

Having established the foregoing facts, the

estimator is now prepared to decide upon the

total amounts for completing the work under

the items of classification III, enumerated above.
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A—Storage. He must make a list of the ap-

proximate amount of material to be kept con-

tinually on hand, which will vary with different

classes of work and the facilities that must be

provided for storage. Where a stock pile is to

be used, the preliminary work of getting ready

the ground, erecting a handling plant, etc., is a

part of this item, which also includes the salary

of the storekeeper who looks after not only the

storage of the material but also that of plant and

supplies. The cost of rehandling material may
be classified either as storage or as preparatory

charges. The storekeeper, supplies, stationery,

coal to warm the storehouse, as well as necessary

materials for labor, should not be forgotten. For

the total cost of storage, 5 per cent of the actual

value of small tools and material, ignoring stor-

age of large plant on average construction work,

is liberal.

B—Bonus or Discounts. This item depends

largely upon the particular business followed.

If the contractor is figuring to earn a bonus on

the contract price by getting through before the

time limit, such being provided in the contract,

it should appear in the estimate; and, as offset-

ting this, what he can lose by delay should also

appear in the estimate. Not many months ago,

one of the largest cities in the United States paid

for a considerable amount of work in bonds at

par, which several contractors, needing the

money, sold at a discount of not far from 3 or 4

per cent, as it was not convenient for the city to
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raise the money on short notice. It is safe to

say that this had not been figured on in their

estimates.

C—Charity or Accidents. This is an item

about which it is practically impossible to give

advice in advance. The first part of it covers

a good many sins and other things in contract

work; while accidents are generally provided

against, as far as possible, by insurance. Where
the insurance companies refuse to insure, the

contractor has got to provide against this item

in the estimate somehow; and it is well to esti-

mate the rate that the insurance companies

would be likely to insure for if their rules did

not prevent them from doing so, and to multiply

this rate by about two.

A contractor is supposed to assume certain

risks; but, as pointed out by Colonel Raban, of

the Institution of Civil Engineers of Great

Britain, it is another question whether all of the

risks should be put upon the contractor. Risks

from weather, the problems of handling men, and

the general vagaries that go with all construc-

tion w^ork, are probably the contractor's risk;

but, when held up by strikes, or by eventualities

that are not peculiar to his line of business, it

seems unreasonable to shift these risks to the

contractor's shoulders, and thus needlessly raise

his estimate.

D

—

Depreciation. No other part of the esti-

mator's task will call for the exercise of more
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careful judgment than the determination of the

percentages of depreciation.

F—Fire Insurance. For brick buildings and
for dwellings and their contents, the present

rate, 1909, in the eastern part of the United

States ranges from% per cent to % P^r cent for

three years. For a plant such as is in use in the

Hudson River Trap Rock Quarries, the present

rate is from 2 to 2% per cent per year. The
rates vary widely with different localities and
with different kinds of buildings or equipment

insured; and where a general approximation is

not sufficiently definite, the estimator will have

to go to the nearest fire insurance agent, who,

with the idea of getting business, will be so keen

to furnish him with information as to make it a

pleasure to ask for it.

H—Rent. This depends entirely upon the

local conditions, and can be obtained by the writ-

ing of a postal card to some representative agent

in the vicinity.

I—^Interest. This may be ordinarily as-

sumed as a fair average at 6 per cent per annum,

or % per cent per month. In times of financial

stress, or in certain parts of the United States

where money is scarce, the rates will be higher

than this. For a year or two after a panic, and
on good collateral, money can often be borrowed
for as low as 4 per cent.

—Preparatory Costs. The best way to get

a good estimate on the preparatory costs is to

interview the man who is going to take charge
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of the job on the ground, and go over with him
in detail how many men he is willing to under-
take to get into full operation with, and how long
it will take him to organize.

P—Advertising. This is an overhead charge

depending upon the policy of the manager.

R—Repairs. The estimator must use his

best judgment on this difficult and perplexing

item.

S—Burglary Insurance. This, like fire in-

surance, will depend upon local conditions and
the state of mind of the insurance companies.

For private dwellings, 1909, the rates in some
companies are $12.50 per thousand dollars per

year, or 1% per cent per year. Where it is not

thought advisable to purchase burglary insur-

ance, the estimator should nevertheless realize

that theft is possible if not likely, and it is wise

to allow about 2^/2 per cent of the value of the

constant stock of small tools and supplies on the

work for this item.

T—Freight, Express, etc. This must depend

upon the class of material handled, the distance

to be hauled along the railroad, and the amount
of competition between roads. It will be more
in sparsely settled country than where there is

much competition.

Q—Accident Insurance. Insurance against

accident to both employees and outsiders, on

work of normal risk, will cost about as follows:
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Masonry 3 per cent of the pay-roll,
Ornamental Iron Work 3
Excavating (no blasting) 3
Carpentry 2.25

Private dwellings 1.85

Plumbing 1.25

Painting 1.25

When the risk is great, these items may run
as high as 8 or 10 per cent. Insurance on build-

ing wrecking runs as hi^'-* as 13 per cent.

On some reservoir pipe line in New Jersey,

the insurance was 2% per cent; and insurance

of this kind has been obtained as low as 1 per

cent or even sometimes less, on such work as

road construction where there was practically

nothing that could happen. On aqueduct work
with a rock tunnel, a rate less than 4 per cent has
been obtained. In deep trench work, accidents

to the men are likely to be frequent; and accident

insurance companies, when the work is to be

done in certain kinds of soil, will usually refuse

to insure the men on this sort of contract.

G—Bond. From a well-known indemnity

company, in 1909, when a bond is in favor of

New York City and is for 50 per cent or more
of the contract price, % of 1 per cent of the bond
is charged. When it is less than 50 per cent, %
of 1 per cent is charged. The minimum charge

is $10.00. All other bonds cost % of 1 per cent

of contract price. Bonds on contracts for fur-

nishing supplies only (no labor) cost % of 1 per

cent of contract price.
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11. ESTIMATED UNIT-COST

Lh—Hourly Direct Labor. From his gen-

eral experience and what information he can
gather from published data, the estimator is in a

position to determine with fair accuracy between
what limits he can reasonably expect to come on
the item of direct labor, which is the funda-

mental labor charge and which ought to be

nearly proportional to the actual amount of work
accomplished.

L w and m—Weekly and Monthly Labor.

This can be selected as a percentage of the item

above mentioned, and depends very largely upon
the local conditions, number of men employed,

etc. Where there is a large amount of plant,

such as steam shovels, hoists, drills, etc., it may
run as high as 15 per cent maximum. For aver-

age work it is likely to be about % of this.

F—Superintendence. This is likely to vary
from 10 per cent to 20 per cent of the direct labor

pay-roll. It will be more on small work, and less

on large work. On large work, it is generally

too small for true economy.

M—Materials. The amount of these to allow

for can be figured from the plans of the finished

work. A percentage, generally not less than 3,

should be allowed for loss in handling, shortage

in shipment, etc.

S—Supplies. Such as coal, oil, waste, etc.

This item should be carefully gone into, and
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rates obtained when the work is large or far

from a base of supplies.

X—Miscellaneous. It is a practice of many
estimators to add from 5 per cent to 10 per cent

to their estimate for miscellaneous and contin-

gencies. The more the detail of the estimate,

the less the necessity for a large amount for this

item. Miscellaneous items can cover possible

inefficiency of laborers, strikes, raise in rates of

wages, or unforeseen contingencies. From 5 per
cent to 20 per cent of estimated labor cost is a
fair allowance. It is an item used to insure

against oversight or ignorance in making up an
estimate. On materials the prices of which
can be obtained before putting in a bid, there is

no necessity for these.

I. ESTIMATED TOTAL UNIT-COST

The estimator is now prepared to group all

of his total unit-costs under the following

headings

:

F—Field.

U—Sub-contract.

Sub-letting often results in low cost of work,

because a sub-contractor who gives all his atten-

tion to the work can frequently get a small job

done to better advantage than a large contractor

who has not so much time to devote to details.

One contractor can generally manage several

sub-contractors on a job much more satisfac-
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torily than several independent contractors can

be managed by an engineer or architect.

It is then necessary to decide upon the per-

centage to be added for overhead charges. These

can vary from as low as 4 per cent to as high as

22 per cent, depending upon the kind of organi-

zation and the distribution of expenses. It will

be noted that a number of the items under classi-

fication III are overhead; and it is well to item-

ize as many of these as possible in order to make
the percentage to be added include as little as

possible, and thus be nearer the truth.

P—Profit. The estimator can figure his

grand total of cost, to which should be added a

percentage for profit. On small work where the

risk is large, this should be high; and on large

work where the risk is small, it may be as low as

10 per cent when there is competition. The
profit should not only take care of the risks of

the business that cannot be or are generally not

included in the above items; but it should also

take care of the compensation to the stockhold-

ers, or to the contractor himself for his time and

skill and risk in organizing the business and

keeping it going. Thus, on certain work, 25 per

cent or 30 per cent is not an excessive profit.

Hints on Estimates

Don't forget that rates of wages are lowest in

dull times and in winter, and highest in boom
times and in summer.
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Remember that an allowance for discounts is

not operative when payment is delayed beyond
the time limit.

Repairs on bargain-counter plant may be

three times as great as on first-class new
equipment.

Depreciation is affected by a multitude of

conditions, and estimates of the amount for this

item should not assume too high a figure for

scrap value.

The interest on plant goes on whether the

plant is working or not.

If the non-paying part of a job has to be done
first, interest on the loss will run to the end of

the contract.

In estimating the cost of transportation, give

special attention to the character of available

roads, the direction of the proposed traffic, and
the time of year.

Insurance against accidents depends upon
the riskiness, not to the plant, but to the men.

After making an estimate in detail, lay it

aside for a day or two if possible, forget the fig-

ures, and then go over them again critically.

If someone else is going to carry on the work,

take his personality into account in making an

estimate of how much his work is going to cost.

Check up an estimate against average con-

tract prices, selecting particularly contracts

where the conditions are well known, and select-

ing the contract bids from firms of experience

in the line of work in question.
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Check over the bidding sheet to see that it

compares with the estimate.

A long and big job can be estimated on more
safely than a short and small one, since the acci-

dental conditions on big work are more likely to

balance themselves.

It is not wise for the contractor to figm'e on
making money out of lawsuits as he can gener-

ally make a good deal more money by doing con-

struction work on a square basis than he can by
providing a job for his lawyer.

For trench machine work, from $7.00 to

$10.00 a day should ordinarily be added for

rental. Also add the cost of the sheeting, plank,

and pumping. In estimating the cost of trench-

ing work, look out for bowlders.

The worst estimate made upon even assumed
data is generally a good deal better than guess.

To estimate the quantity of sheeting or of

shiplap, calculate the exact surface to be cov-

ered, deducting openings; then add the following

percentages

:

Sheeting Shiplap

For floors 1/7, or 15 per cent 1/6, or 17 per cent

For sidewalks 1/6, or 17 per cent 1/5, or 20 per cent

For roofs 1/5, or 20 per cent 1/4, or 25 per cent

The cost of materials will vary from year to

year. A study should be made of the character-

istic fluctuations in prices, when figuring closely,

in order that proper prices of materials can be

determined for some time in advance.

^ For estimating cost of building work, the
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reader will also find useful hints and information

in the following authorities: Arthur's "Build-

ing Estimator," Ketchum's ''Steel Mill Build-

ings," and Kidder's "Architect's and Builder's

Pocketbook." The prices of hardware may be

obtained from "The Iron Age Standard Hard-
ware List" or the catalogues of standard manu-
facturers. Current discounts, as well as current

prices of material (as lumber, etc.) will be found
regularly quoted in the standard trade journals;

and different mills issue catalogues giving prices

of mill work.

A MODERN RESIDENCE

As further illustrating the practical appli-

cation of the principles of specification writing

and cost estimating to actual instances of con-

struction, we reproduce the working plans, de-

tailed specifications, and revised estimate of

cost of a moderate-sized up-to-date residence

recently erected at Babylon, Long Island.

A photograph of the building is shown in

the plate opposite page 1, in this volume; and
in Figs. 1 to 8 the working drawings are repro-

duced, some minor dimensions only being

omitted.

The house was both designed and built by
Mr. E. W. Howell, who furnished the copies of

the plans, specifications, and estimate for the

purposes of this volume. All were prepared by
the same person, the figures of the estimate as

here given being revised on the basis of
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actual cost. The cost of the various items

would, of course, vary somewhat for a similar

house erected in a different part of the country.

Specifications for Residence at Babylon, Long
Island, N. Y.

General Conditions—
The building to be of dimensions shown by

plans and figures of the same. If plans and
figures disagree, the figures will have to be the

guide.

The Contractor to provide all material and
labor necessary for the complete and substan-

tial execution of everything described, shown,

or reasonably implied in the drawings and speci-

fications in this part of the work, including all

scaffolding, transportation, apparatus, and
utensils requisite for the same, so that any
work exhibited in the drawing and not men-
tioned in the specification, or vice versa, is to

be executed the same as if mentioned in the

specification and set forth in the drawing, to

the true intent and meaning of the said drawing

and specification, without extra charge.

All materials to be the best of their respec-

tive kinds, and all workmanship to be of the

best quality.

The Contractor is to set out his own work
correctly and is to give it his personal super-

intendence, keeping a competent foreman con-

stantly on the ground.
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Should the owner desire to make any altera-

tions during the progress of the work, he shall

have the privilege so to do, which alterations

shall not affect or make void this contract; and
whether additions or deductions, they shall be

appraised in accordance with the rate at which
the work is taken, and the cost is to be either

deducted from or added to the price as may be

required.

Excavation—
All the excavating to be done by the Con-

tractor. All the top soil over the entire space

to be covered by the building, including the

verandas, is to be taken off and stacked at near-

by points for future grading. The sub-soil is

to be kept separate, and stacked at convenient

points for future grading.

Heights—
The top of foundation wall will be 4 feet

above highest point of present grade. Other

heights as shown on plans and specifications.

Foundation

—

Building foundation walls of hard-burned

North River or Long Island brick, laid in mor-

tar composed of 2 parts Portland cement, 1 part

Rockland lime, 3 parts screened sharp sand.

Walls to be 8 inches thick, and 16-inch footing

courses stepped out 2 courses. Corners to be

built true and plumb, all joints laid close and
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straight, and neatly struck where exposed. All

mortar joints to be thoroughly filled with
mortar.

Chimney Foundation—
Build chimney foundation where shown, of

concrete 6 inches thick, projecting 4 inches on
all sides; concrete well rammed down so as to

prevent any settling. The top of chimney foot-

ing to be 1 inch below finish of cellar floor bot-

tom. Concrete composed of 1 part cement, 4

parts gravel, 3 parts sand.

Cellar Steps—
These to be 3 by 10-inch quarry-axed blue

stone.

Concrete Cellar Floor—
Level off cellar bottom to proper depth, and

cover with cement concrete 2% inches thick, of

1 part Portland cement, 4 parts gravel, and 3

parts sharp sand, properly mixed, and well

ranuned in place. On this, lay a finishing coat

composed of 1 part Portland cement, 2 parts

clean, sharp sand troweled perfectly level and

smooth to give a good wearing surface—all to

be done in the best manner.

Chimney—
Build chimney where shown, of good hard-

burned brick up to proper height above roof.

Line flues with fire-clay flue lining. Flues to
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be 8 inches square. Fireplace flue to have 8 by
12-inch lining.

Chimney will have cement stone cap 3 inches

thick, composed of 1 part cement and 3 parts

clean, sharp sand; top to have a grade so as to

carry water away from the flue openings.

Put in galvanized-iron pipe thimbles where
shown, 6 inches in diameter for kitchen range,

6 inches in diameter for laundry, 8 inches in

diameter for furnace in cellar. Also one thimble )(
8 inches in diameter for clean-out for furnace

flue, set 18 inches above cellar floor.

All brick laid in good cement mortar as

specified for foundation work.

Fireplace facing and hearth to be laid of

selected common red brick laid in red mortar.

Piers—
Build brick piers for cellar where shown.

Cesspools—
Build 3 cesspools 7 feet in diameter and as

deep as springs wdll allow. One cesspool to be

connected with the laundry tubs only to have a

leechy bottom. One cesspool to be made water-

tight, and to be connected with grease trap and
other plumbing fixtures. Ten feet away, build

third cesspool with leeching bottom connected

with tight cesspool with 5-inch salt-glazed

earthen drain-tile, with quarter-bend turned

down in tight cesspool.

Lay 5-inch drain-tile from tight cesspool, and
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connect with 4-inch cast-iron soil line 5 feet out-

side of foundation.

Also lay 5-inch drain-tile from laundry waste
near foundation, and connect with laundry cess-

pool.

These cesspools are to be located about 30

feet away from nearest point of house founda-

tion.

Cover cesspools with domed arches laid in

Portland cement, and 3-inch cement stone covers

with three 1-inch vent-holes in each.

Five feet away from house, build water-

tight brick grease trap 3 feet in diameter, 3 feet

deep. Cover this with cement stone as specified.

Connect grease trap with main drain-tile in the

customary manner.

Kitchen Hearth—
The kitchen hearth will be made of Portland

cement concrete 4 inches thick, same as specified

for cellar bottom.

Brickwork behind kitchen range will be car-

ried up 6 feet high; also to extend around the

corner in line with windows as shown. This

brick breast to be laid up with close joints,

rubbed down with soft brick, and painted 3 coats

of paint.

Lathing and Plastering—
Lath all the rooms to be finished in first and

second stories, also one room on third story,

with best spruce wall lath, free from bark or
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knots, with 4 nailings to each lath, breaking
joints every tenth lath. Cover all lath with rock
wall-plaster put on according to directions fur-

nished by manufacturers.

Finish all walls with best lime putty and
plaster of Paris, 1 part plaster of Paris, 2 parts

lime putty, troweled to a good, hard white finish.

All angles to be rodded straight and true.

AH work to be done in the very best manner;
walls left in perfect condition on completion of

building. Wherever finished rooms overhang
the first floor, the beams are to be filled in with

2y2 inches of mortar.

Timber—
All timber except where otherwise shown or

specified to be square-edge spruce of first qual-

ity, straight-grained and well seasoned. All

framed, mortised-and-tenoned, and spiked to-

gether in best workmanlike manner. Size of

the principal parts indicated by the following:

Sills, 3 by 6 in.

Girder in cellar, 6 by 8 in.

Plates at 1st story level, 4 by 4 in.

Partition caps supporting beams, 4 by 6 in.

1st story beams, 2 by 10 in. on 16-in. centers.

2d story beams, 2 by 10 in. on 16-in. centers.

Ceiling beams over 2d story, 2 by 6 in. on 16-in.

centers.

Posts, 4 by 6 in.

Veranda sills and plates and cross-sills, 4 by 6 in.

Veranda floor-beams, 2 by 6 in. on 18-in. centers.
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Rafters on steep slope of roof, 2 by 4-in. spruce, 16-

in. centers.

Rafters on flat slope of roof, 2 by 6 in., 24-in. centers.

Valley rafters, 3 by 8 in.

Floor-beams to be bridged in all spans over

8 feet, with 2 by 2-inch spruce bridging.

Studding for outside walls and interior par-

titions to be 2 by 4-inch hemlock, set 16 inches

on centers, and doubled at all angles and open-

ings.

Where floor-beams run in same direction as

partitions, they are to be set double under each

partition in each case. Where second-story

rooms overhang first-story, nail furring on each

side of beams 4 inches down, and lay a sub-

floor.

Put 2 by 4-inch shoes under partitions where

beams run in opposite direction to partitions.

Truss-brace all partitions over openings

where necessary.

All necessary timber not specially men-
tioned, to be suitable sizes, and furnished in size

by the Contractor as if particularly mentioned.

Sheathing

—

All vertical walls, also steep slope of roof

and veranda roofs to be sheathed with % by 8-

inch North Carolina pine, of good, sound qual-

ity, free from loose knots, splits, or shakes.

Sheathing boards to be laid horizontally. All

joints to be cut on studs, and all well nailed.

Sheathing to be covered with black
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sheathing paper. Sheathing paper to extend

under all window and door casings, cornices,

and other places.

Roof—

The upper slope of roof to be covered with

1 by 2-inch spruce shingle lath laid 5 inches on
centers, all well nailed to rafters.

Form valleys with 1 by 8-inch spruce or

North Carolina pine valley boards. Cover all

roofs to be shingled with first-quality 18-inch

random-width Washington red cedar shingles,

laid 5 inches to the weather, nailed with 4-penny

galvanized nails.

All valleys shingled tight and step-flashed

with tin.

Roof to be covered with roofing

tin, rosined-soldered with flat lock seam joints.

Step and counter-flash around chimney and
all other places where needed to make a water-

tight job. All tin for flashings used, to be ....

roofing tin painted both sides 2 coats before

using.

Upright Finish—
The outside covering for vertical walls from

sill to cornice lines to be covered with 6 by 20-

inch cedar shingles, or brand, laid

7 inches to the weather, nailed with galvanized

nails. All lumber for outside finish to be of

V clear cypress, including all mouldings for cor-

nices, piazza, plate casings, step planks, etc.
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Veranda—
y Foundations to be 5-inch yellow locust posts,

with concrete footings.

Rear porch to be built as shown. Moors of

1-inch long-leaf Georgia pine, tongued and
grooved, not to exceed 3^2 inches in width, with

edges painted before laying, closely driven and
well nailed. Outer edge finished with nosing

and cove. Steps built as shown, li/^-inch treads,

%-inch risers, finished with nosing and cove, all

set on locust post timbered and blocked in best

manner.

Fur off veranda ceiling with 2 by 4-inch

nailers spaced 2 feet apart; then ceil with % by
3-inch No. 1 beaded Noi*th Carolina ceiling; fin-

ish with deep bed-moulding and angle.

Lattice under veranda and porch with 1/4 ^7
li^-inch cypress lattice strips, laid with spaces

about 2 inches square, nailed to formings as

shown in the usual way.

Build box ends for steps as shown.

Columns—
Veranda columns to be built-up columns 8

inches in diameter, made by Mfg. Co.

or Mfg. Co.

Veranda top rail to be 21/2 hy 3-inch, bottom

rail 1% by 3i/4-inch, moulded cypress.

Balusters, li/s by 1% inches, cut with bird's

mouth over bottom rail.

Balcony rail to be built as shown with top

rail 2 by 3 inches, bottom rail li/o by 3 inches,

with filling-in rails li/y by 1% inches.
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Balcony newels will be boxed newels 5 by
5 inches square, with base and caps as per de-

tails.

Have bottom of these newels carefully tinned

around so that no leak will occur.

Cornice—
Form veranda cornice as shown, with 4-inch

crown-mouldings, 1-inch sof&ts.

Form tin-lined box-gutter back of crown-

mouldings, with sufficient grade always to drain

dry. Main cornice to have 5-inch galvanized-

iron eave-trough gutters No. 26 gauge.

Have 3-inch galvanized-iron rain-water lead-

ers No. 26 gauge, to carry water to ground.

Connect rain-water leaders with dry wells built

of brick 3 feet in diameter, located at least 8

feet away from foundation of house.

Ceil underneath overhang of roof with %-
inch tongued-and-grooved beaded pine or cy-

press. The gable end of house and other places

to have cornice consisting of 4-inch crown-

moulding and 5-inch fascia as shown.

Window-Frames—
Cellar frames to be built of number and sizes

as shown, of 2-inch rabbeted cypress. Cellar

frames to be painted on all sides before set in

wall.

Window-frame for sliding sash to be 1-inch

jambs, 1% by 4%-inch casings, back-moulding

% by 11/4-inch, yg'i^ch sub-sill, 2-inch main sill,

all put together in best manner. To have pol-
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ished wheel-pulleys, pockets, weights, cords, and
all necessary stops.

Frames for casement sash will be made with
114-inch rabbeted jambs, made in the usual man-
ner for casement sash.

Doors—
Outside door-frames to have l^-inch jambs,

2-inch oak or ash sills.

Inside doors will have % by 4^-inch oak
door saddles.

Flooring—
Throughout 1st and 2d stories (except in

kitchen and rear passage), the floors will be
double. The under-floor to be 1 by 8-inch

tongued-and-grooved North Carolina pine laid

diagonally, with floor-beams to be nailed two 8-

penny nails to each bearing; all butt-joints to

meet on timber bearing.

Bough floors to be snugly fitted around all

partition studs, to make close joint with out-

side sheathing of building. Where the floors

are doubled, the finish floor will be of best-qual-

ity % by 21/2-inch comb-grained North Carolina

pine flooring, very carefully laid, planed and
scraped and sandpapered perfectly smooth, and

to be treated with 1 coat of wood filler and 2

coats of floor wax, well rubbed between coats

and finished with heavy floor brush.

Put rosin-sized building paper between dou-

ble floors.

The floor in kitchen and rear passage will
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be of single floor laid with % by 3-inch No. 1

North Carolina pine.

Throughout the attic, lay a floor 1 by 5-inch,

tongued-and-grooved North Carolina pine, good,

sound quality, free from loose knots or shakes,

selecting the best for the finished room.

Finish around all rooms with %-inch quar-

ter-round moulding laid in angle.

Build platform for laundry tubs in cellar

where shown.

Partition for laundry in cellar will be built

of 1 by 8-inch tongued-and-grooved and beaded
pine set vertically, and to have a frame of 2 by
4-inch dressed spruce. Studs of sufficient num-
ber to make a good strong job.

Door to laundry will be a battened door, to

be hung with 6-inch T-hinges, and secured with

substantial rim lock.

Coal bins in cellar to have a strong frame
built of 2 by 4-inch hemlock joists enclosed with

1 by 6-inch tongued-and-grooved sheathing,

same quality as specified for attic floor.

Arrange slides for access to coal bins, with

opening at bottom for shoveling coal.

Cellar Entrance—
The outside cellar entrance to be enclosed

with hatch door made of 1 by 6-inch tongued-

and-grooved beaded pine, with strong battens

and formings made in the usual way, and to

shed water.

Door to be hung on 16-inch hook hinges, to

have galvanized-iron hasps and brass padlock.
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Inside Finishing—
All door openings to be trimmed on 1-inch

jamb with % by 3-inch stops planted on. Door
trim to be 4% inches wide, beaded and rab-

beted; to have back-moulding % hy 114-iiich

and wall-mouldings % by %-inch.

Windows trimmed on 114-iiich sills, % by
4%-inch aprons; casings 4 inches wide to match

door casings; i/2-inch stop-beads. Back-bands

and wall-mouldings, same as door trim.

Closets to have 4V2-iiich plain casings, and

6-inch base. Closets will have 6-inch hanging

strips and shelves as may be directed.

Closet opening into 2d story hall will have

wide shelf from floor to ceiling as may be di-

rected by the owner.

Lay a 6-inch base with iy2-inch moulding on

top in all rooms and halls that are finished.

Wall-moulding of trim to intersect with base-

moulding.

Put up iy2-inch picture moulding around

all principal rooms as may be directed.

All trim to be best, clear cypress and white-

wood, thoroughly kiln-dried, and of even color,

smoothly worked.

Lower hall, living room, and bathroom will

be trimmed with whitewood; other parts of

house to be trimmed with cypress.

Stairs—
Build stairs of whitewood from 1st floor to

2d story. The stairs leading from 2d story to
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attic, including level rails, to be of cypress;

newels 5 by 5-inch, turned; rail 2% by 3-incli,

moulded; balusters, 2 to a step, 1% inches in

diameter, spaced on level of rail same distance

as on steps. Paneled starting newel and hand-

rail showing in first story, to be of mahogany;
balusters of whitewood.

Stair strings 1%-inch, risers %-inch tongued-

and-grooved, blocked, wedged, and glued in the

best manner, all of selected clear materials and
thoroughly kiln-dried.

Build seat in reception hall where shown,

with paneled riser, 2-inch plank, and hinge

covers.

Also build seats as shown in dormer win-

dows in 2d-story bedrooms, to have plain fronts

and %-inch tops with rounded edges and cove

under. Lath and plaster to be carried down be-

hind these seats. Make all air-tight.

Build rear stairs of North Carolina pine, 1%-
inch strings, l^/g-inch treads, %-inch risers.

Build cellar stairs of North Carolina pine,

1%-inch treads and strings, no risers. Cellar

stairs to have plain hand-rail.

Pantry—
Build up pantry as shown with counter shelf

and shelves as may be directed; also china

closet with glass doors where shown. Build

three drawers under counter shelf. Put as

many shelves in kitchen closet as may be di-

rected by the owner.
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Drain-board to kitchen sink to be 1%-inch
ash.

Doors—
All inside doors to be 5 cross-panel boards,

with small lights of first-quality single-thick

glass; large lights, double-strength first-quality

glass.

Blinds—
Provide galvanized blind adjusters to all

blinds that will not fasten back.

Casement windows will be hung with 2i/2 by
2%-inch galvanized-iron butts with brass pins.

Casement windows to have proper casement

window fasteners.

Screens—
All windows and outside doors through the

1st and 2d stories, also servant's room and attic,

will have hardwood screens, covered

with black enamel, 14-mesh wire, to have suit-

able slides and hardware. Screens to be finished

to correspond with the room in which they show.

Furnish and set in rear yard where directed,

4 tm-ned chestnut clothes-posts, painted dark

green.

The carpenter is to do all cutting necessary

for the other trades throughout the building.

Mantel in living room to be of whitewood,

cost not to exceed $25.00.

Painting-

All outside finishing lumber to be painted
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three coats best white lead and pure linseed oil

paint, color as directed by the owner, includ-

ing the veranda floors, porch steps, all cornices,

belt-courses, blinds, piazza and balcony rails,

window and door frames, etc.

All shingle work to be left without treat-

ment.

Veranda and porch ceilings to receive two

coats outside spar varnish.

Inside Finish—
All inside woodwork such as doors and up-

right trim, stairs, etc., to receive one coat of

filler and two coats of good rubbing varnish.

Should the owner desire to substitute paint in

some of the rooms, three coats of paint are to be

substituted. Lower hall, living room, and bath

to be painted white.

All nail-holes and other imperfections are

to be stop-puttied between coats. Putty to be

tinted where necessary.

All knots and other imperfections in outside

work to be filled with best orange shellac before

applying paint.

Plumbing—
All material of the several kinds to be of

the very best as called for in this specification,

the workmanship to be first-class throughout.

Fixtures

—

In the kitchen, set up 1 galvanized sink 21

by 36-inch, with galvanized-iron back, brass

Fuller faucets, 1 hose and 1 plain, to waste
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through 11/2-inch S lead trap. Also set up 3

wash-trays on galvanized stands, plugs

and chains of composition brass, and faucets to

waste through 2-inch S lead trap.

Bathroom and Lavatory—
Set up in bathroom on 2d floor one 5-foot

, roll-rim enameled bathtub complete, not

decorated on outside. The fixtures to be nickel-

plated and have unique waste through a

bath-trap.

Two low-down water-closets, stained

oak seat, cover, and cistern; brass floor flange

connected up in best manner, with marble tops

on tanks, and marble floor-slabs under each

closet.

Set up in bathroom and lavatory, one each,

20 by 24-inch enameled lavatories, with plated

waste and nickel pipes, with index composition

faucets like No , 's catalogue.

All fixtures to be connected with hot and cold

water supply pipes.

Water Supply—
Main water supply will be %-inch galva-

nized-iron pipe, connected with main in the

street, with shut-off box at curb, and run to

front wall, and have shut-off valve on outside

of cellar wall, with %-inch pressure

regulator and 3-inch dial pressure gauge, in a

convenient place in kitchen.

Leave out T-branch of main for future use.
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From this point in cellar, continue the line

in a straight and uniform grade to supply all

fixtures. Hot water will be run in the same
manner to all fixtures. Each fixture or group
of fixtures to have a shut-off, and to be properly

graded so as to be entirely emptied at any time.

All water pipes to be neatly painted with

aluminum bronze where they show in 1st and
2d stories.

Circulating Pipes

—

Run a %-inch galvanized-iron pipe from top

of boiler to bathroom, with proper grade so as

to have a complete circulation.

The kitchen sink and wash-trays to waste
separately into a grease trap connected to the

soil line through iron pipe turned down 2 feet

into grease trap.

Boiler—
One 52-gallon ^' extra heavy'' copper boiler

on galvanized stand, tube and couplings con-

nected up to range water-back in best manner,
with sediment cocks, etc.

Range—
Set up in kitchen where shown one

range, No , complete, with warming shelf.

Range to be left nicely blacked and cleaned.

Soil-Pipe—

The main soil to be 4 inches internal di-

ameter, "extra heavy" cast-iron pipe. Soil to
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start at a point 5 feet outside of house founda-
tion, and to run up through roof, taking in all

fixtures through Y branches and %-bend fit-

tings. Leave branch for water-closet in dress-

ing room. The line to have a house trap, and
have fresh-air line 4-inch pipe to go from house
line of same and run through cellar wall with
suitable vent-caps. All joints in soil to be well

rammed with oakum, and then to be run through
with molten lead and well corked, to leave all

joints perfectly smooth and clean.

Where soil-pipe passes through the roof, it

is to be carefully flashed with 4-lb. sheet lead

to make it perfectly w^ater-tight. Have wire

basket on top of vent pipe.

All fixtures to connect with the soil-pipe

through lead wastes, with brass ferrules wiped
on same.

All fixtures to be trapped and back-vented.

The back-vent pipes to be li/)-inch galvanized-

pipe for all fixtures except water-closet, which

will be 2-inch galvanized-iron pipe.

All back-vents to be connected to main soil

vent not less than 3 feet above the highest

fixture.

Lead Pipe

—

All branch lead soil waste and all lead bends

shall be of the best quality and of the following

weight per linear foot:
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Size Weight

iy2 incli 3 lbs. 8 oz.

2 " 4 "

3 " 6 **

4 " 8 **

All connections between lead and iron pipes

to be made with heavy brass ferrules set in the

hub and corked tight.

All other lead joints to be wiped soldeT;

joints.

Test—

The plumber is to stop all outlets and inlets

in the iron and lead pipes comprising vent and
drainage, including all branches and connec-

tions, and test the job by filling the pipes with
water to make sure there is no leak.

The outside of bathtub to be rubbed smooth,
and painted 4 coats white lead paint.

Other exposed pipes to be bronzed or painted

as may be directed.

Heating Work-
Furnish and set in most convenient place in

cellar one No hot-water boiler, to have
all necessary firing tools and cleaning brushes,

and suitable smokepipe to chimney.

Water Supply-

Connection from the water supply of house

is to be made to boiler through a suitable pipe

with stop-valve in a convenient place for opera-
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tion. The blow-off valve is to be placed at the

lowest part of the boiler or pipe so as to drain

out the system perfectly dry, and to be supplied
with a hose nipple.

Heater Fittings—
Heater to be supplied with an altitude gauge,

one thermometer to be placed in a prominent
position on boiler for making observations.

Fittings—
All fittings throughout the entire work are

to be of heavy pattern cast iron, no union

couplings to be allowed. All pipes passing

through floor or ceilings to be furnished with

a suitable floor and ceiling plate. All horizontal

pipes in cellar or basement are to be supported

on strong adjusters of or other approved

pattern.

Radiators—
All radiators to be placed in the various

rooms as hereinafter mentioned:

The 1st story hall and dining room, living

room, 4 bedrooms on 2d floor, sewing room,

bathroom, lavatory, and 3d story bedroom.

Valves—
All radiators to be supplied with a quick-

opening radiator valve, nickel-plated, and

nickel-plated union.

Also to have a nickel-plated air-valve of ap-

proved design, with a key to operate same.
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Expansion Tank-
Furnish and place in most convenient posi-

tion above highest radiator one galvanized-iron

expansion tank of proper size, to have glass

gauge, brass fixtures, and gauge-rods; also to

have an overflow pipe to go out through roof

or other suitable place.

Painting and Bronzing-—

All radiators and exposed pipes above cellar

to be neatly painted and bronzed in colors de-

sired by the owner.

Heater to have a coat of black Japan varnish.

All exposed pipes in basement to be neatly

covered with sectional pipe covering.

Heater to be covered with plastic asbestos

cement covering.

Guaranty-

All material used in the entire construction

of the heating plant shall be first-class. The
entire job to be erected in a neat, substantial,

and workmanlike manner, with pipes sufficiently

large and capable of properly heating the rooms
in which radiators are placed to a temperature

of 70 degrees F. in zero weather.

Wiring and Fixtures—
The sum of $85.00 is to be allowed for elec-

tric light wiring and fixtures.
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Estimate of Cost for Residence at Babylon,
Long Island, N. Y.*

Mason Work—
Excavating $ 15.00

23,000 Brick in foundation,

chimneys, and cesspools . . $10.00 230.00

56 Barrels Portland cement
in above 1.75 98.00

161/2 Barrels lime 2.00 33.00

7 Barrels plaster 2.00 14.00

82 Bags prepared plaster. . . 1.10 90.20

21/2 Bushels marble dust 1.00 2.50

Plasterers' and bricklayers'

labor on above 258.00

Mason laborers' labor 273.75

200 Face Brick 10.00

15,000 Wall lath 4% 60.00

Lathers' labor " 30.00

53 Feet 81/2 by 13-in. flue

lining 28 14.84

20 Feet 8I/2 by 8y2-in. flue

lining 25 5.00

72 Feet 5-in. tile to cesspool . .I21/2 9.00

Two 5-in. bricks 47 .94

One 5-in. Y 65 .65

48 Pieces 4-in. tile to dry

wells 20 9.60

One 4-in. Y 50 .50

Two 4-in. bricks 38 .76

•This egtimate does not Include anytblnR for "overhead" cban^w and
profit : nor does !t include the cost of maklnsr up the plans. Ten per
cent would probably be a fair average for these Itema.
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One 4-in. T 50 .50

Total mason work $1,156.24

Carpenter Work—
11,700 Sq. ft. timber $30.00 351.00

775 Sq. ft. sheathing 28.00 21.70

1,000 Sq. ft. roofing 3.00 3.00

6 Rolls sheathing paper. . .85 5.10

320 Shingle lath 8.00 25.60

12,400 6 by 20-in cedar shingles 17.50 217.00

17,500 18-in. Washington red

cedar shingles 6.75 118.13

Window-frames 50.00

1,600 Feet % ^7 ^Vk-^^- C. G.

N. C. pine floor, heart face 50.00 80.00

1,500 Feet Vs by 2y2-in. C. G. Y.

pine floor, heart face 70.00 105.00

560 Feet 1/2 by 3y2-in. clear N.

C. ceiling 30.00 16.80

620 Feet % by 3y2-in. clear Y.

P. floor 4.50 27.90

Carpenters' labor complete at

$3.00 per day 1,425.00

Exterior trim and colmnns .... 285.00

Interior trim, sash, doors, and

stairs 479.00

Interior screens 51.40

Sash, weights, and cord, nails .

.

53.00

Finish hardware 60.00

Total carpenter work. .

.

$3,374.63
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Tin—
Tinwork and gutters $ 61.00

Plumbing 584.00

Heating 468.00

Painting 195.40

Electrical Work ., 85.00

Summary

Mason work $1,156.24

Carpenter work 3,374.63

Tin 61.00

Plumbing 584.00

Heating 468.00

Painting 195.40

Electrical work 85.00

Grand total of cost $5,924.27
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Builders' Hardware.



Builders' Hardware

In that early stage of the art of building

when it first became necessary, either from cli-

matic conditions or for personal protection or

convenience, to cover openings and entrances

through the side-walls of buildings with some
form of movable surface or grating which could

at will be rigidly fastened in place, the use of a

crude form of builders' hardware first became a

necessity. Just as the wire nail of to-day has

taken the place of the oak pin and hand-forged

nail of one hundred years ago in construction

work, so have the various forms of modern locks,

bolts, and patented fasteners taken the place of

the lock, latch, and bar fastenings of earlier days.

In fact, times have changed as well as fasten-

ings, and it is very doubtful if it would be a

safe proceeding in our crowded cities to leave

**the latch string hanging out.'*

While there has been a great change in the

t3^es and appearance of locks, latches, hinges,

escutcheons, etc., the general principles of the

original forms still remain. In fact, since the

recent wave of enthusiasm over the old Colonial

type of architecture obtained such a foothold,

imitations of some forms of the hardware com-
229
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mon in the early days of American history have

appeared on the market.

Possibly this similarity of principle contin-

uing through many years—and even centuries

—

is most strikingly brought out in locks. His-

torians tell us that even the earliest forms of

locks, used at the time when the Egyptians were

at the height of their civilization, are almost

identical in principle with the modern lock. In

the earliest form of lock—which, by the way, was
made of wood—several small bolts were ar-

ranged to drop down from a part of the mechan-

ism fixed to the door or gate into corresponding

holes in a bar which slid through this fixed part.

A wooden key of considerable size, depending

upon the importance of the lock, was provided

at one end with projecting pegs of different

lengths, which were arranged to fit the holes

into which the bolts fell when the lock was in

place and to lift the bolts out of the way. Com-
pare this principle with that of the modern cylin-

der lock with its various small pin-tumblers ad-

justed to fit the notches and points on a flat type

of key.

The term *' Builders' Hardware'' to-day

covers all metallic mechanical fittings used in

building construction. Nails, screws, and bolts

are used to hold together integral parts to form

the whole. Locks, latches, catches, bolts, and

hooks are used to hold temporarily some adjust-

able member of a construction in a fixed place

for a certain purpose. Hinges and butts are
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used as a means of easily moving, by a swinging

motion, some part of a structure which it is con-

venient to have in various positions. Escutch-

eons, push-plates, etc., form a protection from

wear to the member on which they are used.

It is useless to try to describe standards in

builders* hardware, since manufacturers of the

same article use different patterns and even

different materials for producing the same

effect. For instance, locks, butts, and hinges

may be made in various proportions and shapes,

each having its distinctive object and merit,

while, again, each type may be made of a variety

of metals such as cast ii*on, wrought iron,

wrought steel, brass, or bronze, the cost varying

with both the type and the metal.

The metals commonly used in hardware are

those just mentioned above. Cast iron plays an

important part, especially in the cheaper grades

of lock cases, butts, catches, casings for bolts, or

in places where an ornamental design is wanted

at a low cost. Cast iron takes lines in the pat-

tern well, and produces sharpness of definition in

the reproduction of fine work. The lack of

strength in cast iron is a serious drawback and

should be considered when using articles made
from it in places where failure in the iron could

cause damage or inconvenience. For some pur-

poses cast iron is given a treatment in a special

furnace which converts it into a semi-steel. It

is then called malleable iron. This treatment

toughens and strengthens the original casting,
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even to such an extent that it may be bent some-

what without breaking. Malleable iron is used

in keys and bolts, and in cases for bolts where
riveting or pounding is necessary, etc.

Wrought iron was one of the first metals used

in the construction of hardware. It is still used

to some extent in America, and to a great ex-

tent in foreign countries. The advantageous use

of cast metals and pressed forms in producing

a large number of like parts has displaced the old

individual method of piece production, except-

ing in cases of special design where but one or a

small number of pieces are wanted. For decora-

tive work where much bending and welding of

small parts is necessary, wrought iron is still

used to advantage.

Wrought steel is a comparatively new ma-
terial in the field, but is rapidly coming to the

front as a constructive metal. Steel in sheets

may be formed by the processes of die work into

a large number of parts which formerly were

cast or forged. The rolling of the steel from the

ingot to the sheet increases its strength, thereby

allowing strong and light articles to be made
from it.

Brass and bronze are both copper alloys,

brass containing about 65 per cent of copper,

while bronze contains about 90 per cent. On ac-

count of the higher percentage of copper, bronze

is more expensive than brass; and from the na-

ture of the alloy—^tin and zinc being the other \

materials used in bronze, while zinc and lead are /
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used with the copper for brass—^bronze is

slightly harder and stronger than brass. As in

the case of wrought steel, these alloys are rolled

into sheets from the cast ingot, and may be

pressed or formed into the various shapes de-

sired for light-weight work. Where heavy or

massive designs are desired, or where fine detail

in decorative design is to be produced, these

alloys in a cast state are rated as among the best.

The articles of builders' hardware used in an
ordinary residence may be divided into the

following classes

:

1. Fittings for doors, blinds, and shutters

;

2. Fittings for windows and transoms;

3. Miscellaneous fittings.

FITTINGS FOR DOORS, BLINDS, AND
SHUTTERS

Hinges and Butts. Among the various fit-

tings for doors, possibly the most important are

the hinges or butts used in hanging the door in

place. The term "hinge'* properly applies only

to one or the other of two forms—either the

strap hinge or the T-hinge shown in Fig. 1.

The old-fashioned hinge found now on old struc-

tures in some parts of the country, was a hand-

forged strap with an eye turned up at one end to

fit down over a pin in the end of a large sharp-

pointed piece driven into the framework which
was to hold the swinging member. This form of

hinge is passing out of existence except for orna-
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mental purposes ; and even then, forms are often

used which are fastened to the doors and casings

in connection with the ordinary butt, giving the

appearance of the old-fashioned strap.

T-Hinge.

Fig. 1. Two Common Types of Cheap Hinges Used on Bams,
Gates, Bulkliead Doors, etc.

The two forms of hinges shown in Fig. 1

are used on barns, sheds, gates, and in places

where a cheap hinge is wanted.

Butt hinges—so-called from their location be-

tween the door and casing—are the common
form of hinge used in building. The importance

of choosing a good butt is not always realized,
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nor does the builder always consider the amount
of wear and strain which comes upon this im-

portant piece of hardware. The satisfactory ac-

tion of a door depends largely upon the hinges

used for it to swing upon. These will be sub-

jected to a certain amount of frictional wear, de-

pending upon the location of the door and its

weight. A very small amount of wear on the

bearing surfaces of the butts on a door will be

noticeable in a short time, from the door either

sticking or sagging. To provide against this pos-

sible defect, butts should be chosen of sufficient

size for the weight of the door; and care should

be taken that the ** thrust" on the bearing sur-

faces is distributed over a sufficient niunber of

**knuckles" so that wear is not localized in any
particular place. In butts of brass and bronze,

or the softer metals, the wearing surfaces are

protected by steel washers, and often by steel

washers on the seat surface and steel cylinders

surrounding the pins. Grooves or pockets are

cut in the faces between the two rubbing sur-

faces in order to hold a small supply of some
form of lubricant to lessen the wear. A type of

ball-bearing butt has appeared on the market,

its object being the same as in the cases men-
tioned above. It is a five-knuckle butt, with the

ball-bearings placed on each side of the middle

knuckle.

Butts for doors are of various types, and are

made of various materials. Cast-iron butts are

the cheapest and least durable. The use of this
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form of butt should be avoided whenever pos-

sible, and adopted only when the first cost of a

house is considered. The damage and incon-

venience which may arise from a broken cast-

iron butt can hardly be estimated. Cast-iron

butts come in all finishes, and are often bronze-

plated to imitate solid bronze.

Wrought steel butts are possibly the best

moderate-priced butts used. Ordinarily they

are well designed, and the strength and dura-

bility of steel makes them appropriate for a

great many uses. This material will also take

all finishes, especially the Bower-Barff (see

below under ''Finishes for Hardware").

Cast butts of brass and bronze are used in

heavy work, but are very expensive. Where a

Bower-Barff finish is desired in massive work,

heavy cast-iron hinges of good quality are used.

In all of the above metals, care should be

taken to notice the thickness and weight of

hinges, as there is a tendency on the part of

some manufacturers to use too light metal in

large butts. The cheaper grades of cast-iron

butts—and, in fact, other articles of cheap hard-

ware—are generally covered with quite elabo-

rate designs and figures. Plain finish is in bet-

ter taste, and almost without exception signifies

a better quality of material.

The types of butts in common use are loose-

pin, loose-]* oint, and fast-joint butts. The loose-

pin butt shown in Fig. 2 is a good type of butt

to use for ordinary house doors. The pin in this
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type of butt is loose, and may be lifted out when

necessary to unhinge the door. As will be no-

ticed in the figure, this butt has five knuckles,

thus always providing two bearing surfaces in

@
@

@
@

Fig. 2. Loose-Pin Butt Fig. 3. Spring Butt.

each butt. It is also reversible; that is, either

half of the butt may be fastened to the casing

and will support the other half. Butts having

less than five knuckles should not be used. Pro-

vision is made at the ends of the pins to prevent

the pin from working up and out of the butt.

Loose-joint butts are the cheapest type of

butt hinges, and are constructed on the prin-

ciple already mentioned in connection with the

old-fashioned strap hinge. One half of the hinge

bears the pin, and the other half the sleeve which

fits over the pin. This construction necessarily

makes them non-reversible. The wear in this

type of butt comes all on one surface. The door

may be removed, when this form of hinge is used,
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by simply opening it clear of the casing and lift-

ing it away from the pins. Care should be

taken to notice whether right-hand or left-hand

butts are needed, when using this type.

Fast joint-butts are similar to the loose-pin

butt, with the exception that the pin is riveted

firmly in place. This type is not often used on
doors of any considerable size, on account of the

difficulty met in removing a door. This style of

butt has its advantage when horizontally placed

butts are needed, since the pin cannot fall out, as

might be the case if a loose-pin butt were used.

Ordinary butts used in building are square

when open. When special forms are designated

in catalogues—as a 3 by 2% for instance—^it

means that the butt is 3 inches high by 2%
inches wide when open. The first figure indi-

cates height. The common sizes for interior

doors are the 4 to 5-inch sizes ; while for heavier

doors or entrance doors, the 5 to 6-inch sizes are

used. In some cases where a light hinge would

be sufficient to carry a door, but where the finish

around the door prevents it from swinging clear

back against the wall, it may be necessary to

use a larger butt in order to allow the knuckles

to project out far enough so that the door when
opened may not strike. The rule is to allow the

knuckles to project a little more than one-half

the distance from the surface of the hanging

stile, where the hinge is attached, to the surface

of the finish on the casing on the knuckle side of

the door.
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While it is common practice to place only one

pair of butts (two hinges) on an ordinary light

door, the use of one and one-half pairs will give

Fig. 4. DouUe-Acting Spring Hinge.

better results both in wearing qualities and in

rigidity. The middle hinge prevents the door

from springing. Large or heavy doors, or doors

over seven feet high or four feet wide, should

always have three hinges.

Fig. 3 shows a type of spring butt which is
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used on doors that are to be self-closing. This

butt is useful for screen doors, or, in a heavier

form, for light entrance doors. The constant

slamming of doors fitted with such hinges is

liable to rack and loosen the parts of the door.

The tension in the spring of these hinges is

adjustable for either slow or quick closing.

This form of butt is also doubled with an-

other of the same kind by a connecting plate be-

tween the two spring cases, forming what is

known as a double-action spring butt or hinge.

These are used on doors which must swing in

either direction, and yet remain closed when
still. Pantry doors and doors between kitchen

and dining room, often have this type of hinge.

Fig. 4 shows a type of double-acting spring

hinge for use on heavy entrance doors. This

same form of hinge is finished without the

spring, if desired. Double-acting hinges—espe-

cially of the spring type—are both heavy and
expensive. The largest size of the kind shown
in the figure weigh thirty pounds per pair and

are listed at from $7.50 to $12.00 per pair.

Right and Left Hand. We have spoken in

the preceding pages of right-hand and left-hand

butts, and, as these terms will be used again in

connection with locks, a few words of explana-

tion will be in place.

Fig. 5 shows a floor-plan of a house, with

the doors marked R. H. for right hand, and
L. H. for left hand, as the case may be. The
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Door-Knoeker—Arts and
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Fig. 5. First-Floor Plan of a House Illustrating Distinction be-

tween "Eight-Hand" and "Left-Hand" Doors.

241
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rules wliich govern the marking of this diagram
are as follows:

The hand of a door is determined from the

outside, this being the street side in case of an
entrance door; the hall or corridor side, for a

room door; and the room side, for a closet or

clothes-press door.

In the case of a door between two communi-
cating rooms, the outside is the side from which

the butts are not visible when the door is closed.

If, when standing outside a door as explained

above, the hinges or butts are on the right-hand

side, it is a right-hand door; if on the left side,

it is a left-hand door.

Latches and Locks. Now that we have our

doors hung in place with the proper forms of

hinges, the next step is to provide latches and
locks to hold them closed.

Latches and locks are divided into two gen-

eral types—either rim or mortise. Rim latches

and locks are those which are screwed directly

onto the stile of the door; while the mortise type

are set into a cavity mortised into the stile and

closed by the front plate of the lock or latch.

These are again divided into three classes

—

common-grade, medium-grade, and high-grade.

The cheapest grade are the cast-iron rim latches

and locks requiring no trimmings except knobs

—which are either of iron, porcelain, jet, or min-

eral—and a small, round, japanned iron door-

plate called a rose. While these locks present a
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fair appearance, their mechanism is generally

very poor.

The medium-grade may have cases made of

cast iron or wrought steel; but the working

parts should be of bronze, brass, or steel. In

mortise types, cast-iron fronts should not be

used, on account of liability to breakage.

Rim locks are used in obscure places; but

for general work, mortise locks should be used.

A good medium-grade lock is a mortise lock of

the lever-tumbler type, with either two or three

tumblers, depending upon the grade of security

desired. Steel keys are usually furnished with

this grade of lock.

The high-grade locks are those of the cylinder

type, and are made in both rim and mortise form.

This class is generally used for entrance doors.

The heavier and better-made lever-tumbler locks

may also be included under this heading, when
made with solid brass or bronze plates and bolts.

These are more commonly used for interior

doors.

One of the largest and oldest lock-manufac-

turing concerns recommends the following locks

for various parts of the house

:

For main floor swinging doors, 4 or 4i/2-inch two-bolt

knob locks.

For sliding doors, 5Vi.-inch locks, containing dead-bolt,

and a pull to withdraw door.

For bedroom doors, a 5-inch, three-bolt knob lock, the

third bolt being a thumb-bolt operated from the inside;
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or, for cheaper construction, a 4-inch two-bolt knob lock,

with separate thumb-bolt if wanted.

In case of communicating rooms, a thumb-bolt oper-

ated from the opposite side of the door may take the place

of the dead-bolt in the three-bolt knob lock.

Closet doors may have a 4-inch two-bolt knob lock,

with trim on both sides or only on the outside, as depth

of closet will permit.

Fig. 6. Bim Knob Latch.

Basement and attic doors may have S^/^ or 4-inch mor-

tise locks of a cheaper grade than used in other parts of

house.

Bathroom doors may have any form of good knob lock,

but should be fitted with a thumb-bolt either as a part of

or separate from the lock.

An ordinary type of cast-iron rim knob latch

is illustrated in Fig. 6. This shows the thumb-
piece and slide-bolt for locking from inside.

This particular lock has a reversible bolt so that

it may be used on either right- or left-hand

doors. Many claim that non-reversible locks

are generally stronger than the reversible type.

Fig. 7 shows a type of cylinder rim night-

latch, which can be operated from the outside

only by use of a key.

There is a type of dead-locking rim night-
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Fig. 7. Cylinder Bim Night-Latch.

S
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Fig. 8. Bim Knob Lock.
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latch whicli acts normally as a spring latch, but,

if attacked with tools through the crack of the

door, a safety device dead-locks the bolt and pre-

vents its retraction except by the knob or key.

This lock is especially intended for entrance and

office doors liable to attack by thieves.

P^
Mf

1
Fig. 9. Eim Dead-Lock.

p
Fig. 8 shows a form of upright rim knob

lock with one tumbler and stop on latch. This

is a low-priced lock. The same form of lock is

made up in a horizontal form for use on doors

with wider stiles.

Fig. 9 shows a form of rim dead-lock. These

vary in price from $2.25 per dozen (list price)

up to $97.50 per dozen, thus showing the vari-

ation existing in this class of hardware.

In comparison with the previous figures of

rim latches and locks, we now have the mortise

type. Fig. 10 shows a good type of mortise knob

latch, the mode of applying same having been

already explained.
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Fig. 10. Mortise Knob Latcli. Fig. 12. Mortise Knob Lock.

Pig. IL Mortise Night-Latch,
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Fig. 11 shows a type of high-grade mortise

night-latch which is operated by key from the

outside and knob from the inside; while Fig. 12

shows a three-tumbler iron case mortise knob
lock of medium grade. This lock has cast bronze

front and bolts, and wrought bronze strike.

Fig. 13.—Mortise Dead-Locks.

Fig. 13 shows two examples of mortise dead-

locks—one of the lever-tumbler type, and one

of the cylinder type.

In choosing locks for doors, it is good policy

to buy a good, substantial product. Simplicity

in action, combined with strength and small size,

is the chief requisite. Large, ornamental locks

and fittings on small doors are just as much out

of place as small, cheap locks on massive doors.

Although the cylinder type of lock presents a

rather difficult task to the lock picker, the manu-
facturers themselves agree that any lock with a

keyhole can be opened by skillful persons.

Locks may have a good moral effect on the
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populace at large; but a burglar's * 'jimmy''

knows no morals. Therefore a good, plain,

heavy, compact lock answers every practical

purpose as well as one of more intricate design.

The distance between the center of knob and
front plate of lock should be about 3 inches.

The latch and bolt in a good lock should be

heavy, and preferably of brass or bronze. The
bevel on the latch should be of such a shape that,

as the door closes, the latch will be easily de-

pressed by the strike without binding or catch-

ing. The usual form is that of a smooth curve

beginning at the lock front and extending to the

outer point or end of the latch.

Although most locks and latches come with

the beveled latch-bolt in reversible form so that

they can be used on either an in-opening or out-

opening door, it is better to specify at the start

just which form is desired. For doors opening

inward, the bevel of the latch bolt is spoken of

as
*'
regular.'* For doors opening outward, it

is called a reverse bevel bolt. This condition

should be noted in connection with the hand of

a door when taking a list of the latches and locks

needed in a house. The strike for a mortise lock

may be the same for either case, but it is not so

always and therefore should be noted. For rim
locks, the two strikes are quite different.

Many locks are reversible for use on both
right- and left-hand doors; but ordinarily a lock

is either right-hand or left-hand, and should be
specified as such in each instance. Reversible
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types of locks are not built as strongly in most
instances as the straight type.

Keys. Keys vary from the cheap cast-iron

type, which should be avoided, to the high-grade

flat or corrugated nickel-bronze key with gold-

plated bow. Malleable iron, steel, bronze, and
brass are all used, and all good. When a series

of locks of a certain type are to be used in a

building, it is convenient to have them master-

keyed, each lock still having its individual pass

key. This often saves trouble and expense in

case of a lost key. The drawback in such a sys-

tem is the possible loss of the master-key, which

would mean replacing all locks concerned in

order to insure safety.

Fig. 7 shows a common form of lock strike

for rim locks and latches; while Fig. 14 shows

two types used for mortised locks. The strike

for a rim lock is screwed direct to the casing to

line up with the lock on the door stile; while,

for a mortise lock, the strike is set into the side

of the casing. Ordinarily there is a projecting

lip which guides the latch into its proper hole

and prevents wear upon the woodwork.

Fig. 15 shows a common type of sliding-door

set. This shows the lock bolt and also the

disappearing pull.

A sliding-door latch without the lock is also

on the market. This is worked by a lever fit-

ting into the space allowed for the flush pull.

In choosing the trim for locks and latches,

care should be taken that the general appear-
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ance of the knobs and escutcheons corresponds

with that of the doors on which they are to be

used. While plain types are greatly to be rec-

ommended for ordinary work, outside or en-
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of brass or bronze being used alone. A knob of

this type is liable to become indented from blows,

thereby presenting a poor appearance.

Cast-iron knobs are used with the cheaper

grades of locks, and are usually of some orna-

mental design. While they are generally serv-

iceable, their use is not recommended on good

work. Wood knobs are but little used, except

in the cheaper classes of work.

Pottery knobs are divided into three common
classes: Porcelain, the ordinary white knob in

general use ; mineral, a brown-colored knob ; and
jet, which is of a deep black color. These are

used on cheap grades of hardware and will ordi-

narily stand but little service. The shanks to

such knobs are made of cast-iron or steel. Glass

knobs have glass tops with metal shanks, but

are expensive when a good quality are used.

For ordinary cases, knobs should not be more
than 7 inches in circumference.

Spindles which connect the knobs with the

latch or lock, are of two general types: the

straight bar spindle, and the swivel spindle. The
bar spindle is made either as a bar with small

tapped holes near each end for the insertion of

a small screw in the shank of each knob, or by
the placing of three parallel bars together so

that they form a square bar, the middle bar act-

ing as a wedge against the other two. The solid

bar spindle has the defect of seldom having the

screw-holes occur just where they are needed

for a proper adjustment of the knobs. Small
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washers are inserted along the bar to make up
for this inequality of spacing. The result is that

the knob is either too tight to work as it should,

or so loose that it rattles.

Fig. 16. Door-Knobs.

The bar built of three parts is more satisfac-

tory in that the knob can be adjusted in any
position by means of a set screw, and the friction

resulting from the wedge-like action of the parts

will hold it securely after it is once set in place.

Fig. 17. Escutcheons.

Another advantage of this form of spindle is that

if the set screw loosens at all, it is noticed from
the slipping of the knob; while in the solid

spindle, the set screw generally drops out and is

lost before the knob actually comes off.

The swivel spindle is similar to the ordinary
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spindle, with the exception of a swivel-joint lo-

cated in the middle of its length. This spindle

is used on locks where stop work changes the

latch into a lock. The outside knob cannot be

turned, while the inside can still be turned at

will.

Fig 16 shows a pair of ordinary door knobs

with spindle and roses for use when no escutch-

eon plate is used. The roses are omitted when
knobs are used with regular escutcheons as

shown in Fig. 17.

In some of the heavier and more ornamental

lock and latch sets, forms of lever handles and

T-handles take the place of knobs. These are

not common in general residence work, except

in the case of very light catches and fastenings

for cupboards, etc.

Fig. 17 shows two forms of escutcheons, one

for a keyhole alone, and the other a combina-

tion for keyhole and knob. When the combi-

nation type is used, care should be taken to see

that the projecting rim shown in Fig. 17 around

the hole for the knob shank and spindle is at

least 14 of ^^ i^ch long, and that the knob shank

fits it closely. This allows for a good stable

bearing surface for the knob shank and pre-

vents a loose and sagging knob. Care should

also be taken that the plate is of sufficient length

so that the screws which hold it in place will

clear the mortised cavity in the door stile.

Otherwise they would have but slight holding

power.
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Push plates and kick plates are another form
of trim used on doors which are either of con-

siderable weight or subjected to frequent and
hurried use. Fig. 18 shows an ordinary plain

form of push plate. The use of such plates gives

protection to those parts of the stile and bottom
rail which are most subjected to wear.
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Fig. 19. Bronze Door-Pulls.

Pig. 18. Push Plate.

Figs. 19 and 20 show two forms of door-pulls

for use on heavy doors or on doors which are not

provided with latch and knob. Fig. 19 repre-

sents a high-grade form of pull made from

wrought bronze; while Fig. 20 shows a cheap
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iron type which is used on barns and rougher
work.

An old form of door latch which is often used

now on unimportant doors and where appearance

is not of great importance, is a type of thumb
lift-latch. This consists of a thumb lever pass-

M©
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Fig. 20. Iron Door-Pulls.

ing through a slot in the top part of an iron or

brass handle similar to Fig. 20. The raising or

depressing of this thumb lever from the iaside

or outside of the door lifts a flat bar, pivoted at

one end, from a catch (fastened to the casing)

in which the other end rests.

Fig. 21 illustrates an ordinary type of screen-

door catch which is fastened directly to the rim
of the door. Other more expensive types do
away with the inside knob, substituting a lever

handle in its place. Mortise types of this catch

can also be obtained.
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As a means of protection from the inside,

mortise door-bolts are frequently employed. As
seen in Fig. 22, these consist of a stout bolt en-

\m
Fig. 21. Screen-Door Catch.

closed in a case and mortised into the stile of the

door, the front plate fitting flush with the edge

of the door, with a corresponding flat strike sunk

into the casing. The bolt is moved by a cog

movement through a distance of about % of an

inch by turning the knob shown. This knob,

Fig. 22. Mortise Door-Bolt.

with its rose, is placed on the inside of the door.

Foot-bolts and chain bolts are used with

double doors to secure one half of the door in

place while the other is free to open. As the

name implies, the foot-bolt is used on the bottom

rail, while the chain-bolt with its chain hanging

down within reach is fastened to the top rail.

These bolts, of course, are for inside use.
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A lighter form of bolt used more commonly
in cabinet work is shown in Fig. 23. This is

known as a flush bolt.

Figs. 24, 25, and 26 show three other forms

of bolts in common use. The barrel bolt shown
in Fig. 24 is one which is familiar to everyone.

nsn

LAJ
Fig. 23. Flush Bolt.

This is made in all lengths from 2 inches up to 8

inches. The 8-inch bolts are made of wrought
iron in the better grades, and weigh about 16

pounds per dozen.

The square and neck bolts shown are used

for the same purposes as the barrel bolt. The

Fig. 24. Barrel Bolt. Fig. 26. Neck Bolt.

^^
Fig. 25. Square Bolt.

square bolt has a shoulder, shown in the figure,

which, when the bolt is shot into position, is

forced outward by a spring back of the bolt bar,

and prevents the bolt from sliding back from

the strike without first depressing the rounded

end of the bolt.
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In the selection of any of these types of bolts,

several points should be borne in mind. Bolts

are mainly intended as a means of protection

and can be operated solely from the inside of a

door. Therefore strength is the factor to look

for, combined with ease of operation.

The metal casing which holds the bolt, and

the strike or keeper which receives it, should

rig. 27. Chain Bolt.

both be of good material, as strongly put to-

gether as possible. Flimsy or thin materials

which will bend or break as soon as force is ap-

plied to the bolt, are useless in such a location.

Another point to notice is the manner in which
the bolt is moved. The metal knob shown on
the barrel bolt in Fig. 24 furnishes a good grip

for the fingers, while the slide shown in Fig. 23

would not be suitable on heavy bolts which are

liable to stick or bind. Such bolts for doors are

usually provided with knobs or levers which

present a good grip.

Tapered end bolts are advised in cases where
a drawing together of the fastened parts is de-
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sired, but these generally require an application

of considerable pressure.

When it is desired to leave a door ajar for

purposes of ventilation, and still have protection

in the form of a fastener, the device shown in

Fig. 27 is frequently used. This consists of a

strong, light chain with a slide attached to one

end which fits into a special slot in the metal

part screwed to the door. The other end of the

chain is connected to a plate which is screwed to

the casing of the door. The length of slot and
chain are such that the slide cannot be removed
from the slot without shutting the door to at

least a very narrow crack, thus preventing a

person from the outside from inserting the hand
and removing the slide.

Often it is desired to have a door held open

either full back or at some particular angle.

When such is the case and the use of hooks is to

be avoided, the device shown in Fig. 28 may be

used. This consists of a barrel form of spring

bolt fastened to the bottom rail of the door and
provided with a soft rubber tip which may be

replaced when worn out. The bolt is held up
by the spring, when not in use ; and when pressed

down by the foot, it locks. To release the bolt,

press on the plate surrounding the bolt. The
length of this bolt is 7 inches.

Fig. 29 shows a form of door-spring which is

often used where spring butts are not desired

and where a door is desired to be self-closing.

The same disadvantage remains in the use of
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this spring as was referred to in the case of

spring butts. It is often better to use an ordi-

nary form of coil door-spring which can be

hooked on or disconnected at will.

A device which will prevent the slamming of

doors and still preserve the self-closing feature,

Fig. 28. Door-Holder.

Fig. 29. Door-Spring.

is shown in Fig. 30. This represents one of many
types of combined door-spring and check which

are on the market. The check principle is em-

bodied in the action of either a liquid or pneu-

matic piston which allows the spring to act grad-

ually in shutting the door. The cost of such

checks varies from $1.25 up to $13.00 for the
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heaviest forms. This spring check is fastened to

the top of the door and is generally reversible,

but it is better to order them for right- or left-

hand doors as desired.

Fig. 31 shows a common form of door-stop.

The use of such devices, either in the plain wood
form shown here or in the more expensive metal

stops, is recommended as a preventative against

unsightly marring of walls by the striking of

Fig. 30. Door-Spring and Check.

door-knobs. Another form is often screwed into

the floor, thus permitting a heavy door to swing

back only through a desired angle.

Sliding doors may be moved either by the old

method of rollers or sheaves fastened to the bot-

tom part of doors and running on a light steel

rail sunk in the floor, or by the use of overhead

hangers as shown in Fig. 32. These hangers run

on an overhead track supported in a special

recess over the door. The track on which the
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rollers run is made of steel covered with strips

of wood to make the action noiseless. Ball-bear-

ing journals are also used for this same purpose.

The fitting of sliding doors should be left to

dn^yHT*

Fig. 31. Door-Stop.

mechanics practiced in this particular line of

work, as an ill-fitting sliding door is a source of

constant trouble.

The hardware for blinds is of a simpler na-

ture than that just described for doors, and is

Fig. 32. Sliding-Door Hanger.

comprised mainly of butts, fasteners, and ad-

justers. The butts used for blinds are either of

a type which permits the blind to be hung from

its side like a door, or to be swung outward at

the bottom like an awning. Figs. 33 and 34 show
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two types of cast-iron blind-hinges which are

commonly used. These are very unsatisfactory

on account of their liability of failure in high

Fig. 33, Blind-Hinge.

winds or when subjected to slamming action. A
wrought-iron or wrought-steel hinge is to be pre-

ferred, and can be easily obtained at practically

the same price. The hinges shown in the figures

are to be located on the side of the blind. The

Gravity Blind-Hinge.

Fig. 35. Blind-Fastener.

awning hinge referred to is tiot considered suit-

able for use on any but light narrow blinds.

Fig. 34 is known as a gravity hinge.

Fig. 35 shows a fastener used to secure blinds
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in place when closed. The upper part is to be

fastened to the blind, and the lower to the sill.

The fasteners commonly used to hold the blind

back against the wall with the old style of

wrought-iron hinge, consisted of a revolving leaf

on the end of a pin. The pin was driven into the

woodwork of the wall, and the leaf turned up
over the edge of the blind. Other devices, such

as flat springs along the bottom edge of the blind

which catch over a notch on the end of a project-

ing wall-pin and are released by depressing the

spring, are also used when necessary.

Fig. 37. Shutter-Fastener.

Pig. 36. Angle Butt for

Shutters.

Various types of blind adjusters are on the

market. The object of such appliances is to

hold the blinds firmly in one of a given number
of positions. They may be swung nearly open
or held firmly closed as desired. The principle

involved in one form is the location of the end
of a rod, one end of which is pivoted to the blind,

and the other is bent over so as to be inserted

in any one of a number of holes in a metal piece

which is screwed to the sill near the center of the

window. Another small fitting on the inside face

of the blind is located in such a manner that the
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bent end of the rod may pass through a lug on

the fitting, and then into the piece on the sill,

thus holding the blind firmly closed.

For shutters or inside blinds, the forms of

butts or hinges vary from the ordinary butt up

to the so-called shutter flaps. Fig. 36 shows a

form of angle butt which is used when a shutter

has three folds. The purpose of the construction

of this butt is to allow the folds to take such a

position when open that they may fold together

compactly into the window frame.

A form of light bar for holding shutters

closed is shown in Fig. 37. One half of the fit-

ting is attached to a leaf on one side of the shut-

ter, while the other half, or pin, is attached to a

leaf on the other half of the shutter. On three-

leaf shutters, it is advisable to use a form of

flush shutter bar, unless proper space is left

when the shutter is folded.

A great variety of shutter knobs are avail-

able; but as such knobs are quite prominent,

they should be substantial and of good design.

FITTINGS FOR WINDOWS AND
TRANSOMS

The hardware for windows and sashes is not

quite as extensive as that for doors, but is of

about equal importance. Windows, unless care-

fully made and fitted, are likely to be a very

weak point in building work. Sashes which bind

or sag are bound to cause trouble; therefore the

correct use of all possible means of preventing
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such occurrences should be attended to. A sash

properly fitted at the start and balanced by the

use of proper weights held by cords or chains

running over well-made sash-pulleys is generally

a success. These pulleys vary somewhat in de-

sign, from the ordinary rough cast-iron types

which turn on a pin, up to the cold-rolled steel

type with ball or roller bearings. Fig. 38 shows

a sash-pulley of the ordinary type. The face of

the pulley housing is usually of iron or steel, but

may be made of bronze in some of the more
expensive forms.

The face of the pulley housing is set in flush

with the face of the pulley stile, thus setting the

bearing center of the pulley wheel back into the

weight-box. In order that the weight may hang
properly from the cord or chain running over

the pulley, the diameter of the pulley should not

be less than 2 inches at the bottom of the groove

in the pulley. This not only allows the weight

to hang in a position in which it will not be

scraping against the side of the weight-box, but

also prevents the continual bending of the sash

cord or chain over an arc of small radius, which

is injurious to either cord or chain. Care should

also be taken that the pulleys are smooth on all

surfaces where the cord touches, and that they

fit closely in their housings.

While braided cotton sash-cord is used for

nearly all light windows, plate glass and heavy

windows should be furnished with chains run-

ning over a special pulley having a square groove
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instead of the rounded one in general use. This
allows the chain to fit the groove and prevents
wear from a continuous effort to adjust itself to

the pulley.

Fig. 39. Sash-Lift.

Fig. 40. Flush Sash-Lift.

Fig. 38. Sash-Piilley. Fig. 41. Bar Lift.

The ordinary sash weights are made of cast

iron, and weigh from 3 to 20 lbs. They run

from 1% inches in diameter to 2 inches, and from

5% inches in length to 251/4 inches. When a

heavy weight is desired in a small space, lead

weights are often used.

Many patented tape sash balances are on the

market, and, when fitted to carefully weighed

sashes, are guaranteed by the manufacturers for

a considerable term of years.

The effort expended in lifting a properly

balanced sash is not great, yet some device which

can be gripped quickly and securely is desired.

Fig. 39 shows a small sash-lift which is satisfac-
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tory for light windows. This lift is made in all

metals and finishes from cast iron to solid

bronze. If a flush lift is desired, Fig. 40 shows

a good type.

In case of heavy sash, the lift shown in Fig.

41 is commonly used. Two of these handles are

often fastened to the under side of the bottom

rail of the upper sash for use in pulling down
large upper sashes. Another device which can

be used for this same purpose consists of a small

metal socket inserted in the top rail of the upper
sash. A metal hook fastened on the end of a

pole is placed in the socket when it is desired to

pull down the sash.

In choosing a form of sash-fastener, the two
points which should be considered are its capaci-

ties for protection and for the drawing together

of the upper and lower sashes. From the pro-

tective side, it should not only be of substantial

build, but should be constructed so that it can-

not be worked by inserting an instrument

through the crack between the upper and lower

sash. In fact, there are few if any of the sash

fasteners which are used to draw together the

two sashes which will resist any great pressure

applied from the outside. Their design on the

principle of the lever pivoted on one sash is a
point of weakness.

The type of fastener shown in Fig. 42 is con-

sidered to fulfil the requirement of drawing the

two sashes closely together to prevent rattling

and leakage of air, and, if secured by substantial
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screws, is probably as safe as any of this type

of fastener. The cam action shown also forces

Fig. 42. Sash-Fastener.

both top and bottom sashes to a close fit in the

window-frame at top and bottom.

Fig. 43 shows a tj^e of sash spring-bolt

which was used at one time as a protection,

and also as a means of holding a sash without

weights at any desired height of opening.

Many patented forms of fasteners which are

applied to the side rail of a sash are to be had,

but their merits in many cases are doubtful.

One form of side rail fastener which allows the

Fig. 43. Sash Spring-Bolt.

sash to be raised by inches and held in place at

each point, consists of a bar fastened to the side

rail of the top sash and containing pockets cut

to fit the head of a spring bolt which is fastened

to the top of the bottom sash. By pulling this

spring bolt clear of the first pocket, the lower

sash can be raised a few inches for ventilation

and held in this position by the bolt head enter-

ing another pocket in the bar.
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For cellar windows, which are generally

hinged at the top of the sash and fastened at

the bottom, Fig. 44 shows a common form of

fastener. These windows should swing inward,

and are in most cases provided with a hook

Fig. 44. Cellar Window Fastener.

which can be fastened into an eye in the wood-
work of the floor above. The turning part, as

shown in the figure, is fastened to the sash, while

the catch is fastened to the sill or frame.

Another form of fastener consists of a swing-

ing bar pivoted like the cam in Fig. 44. In this

fastener the bar part is fastened to the sill or

frame, and turns up over a plate having a handle

connected and fastened to the sash. This affords

a handle for raising heavy sash or starting a

sash which has stuck.

If a single sash window hinged at the side

is used, a casement adjuster should be employed
to hold the window at any desired angle of open-

ing. These adjusters consist of a pivoted bar

and a clamp. The pivoted end of the bar is

screwed to the bottom rail of the sash, while

the clamp is made fast to the sill. Such a win-

dow should be arranged so as to swing outward,

and care should be taken that the clamp is

always tightened on the adjuster.
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Special bolt fasteners are used in this type

of sash. They are of both rim and mortise type.

When swinging transoms over doors are used,

they are either top-, bottom-, or center-hung.

For top- or bottom-hung transoms, regular butts

are used; but when center-hung, a tj^e of sash

center as shown in Fig. 45 or Fig. 46 is neces-

sary. It is generally believed that a center-hung

o

Fig. 45. Sash Center. Fig. 46. Sash Center.

transom is the most satisfactory form, especially

as far as the action of the transom lifter is con-

cerned. With top- or bottom-hung transoms,

the lifter often gives trouble on account of

having to lift the weight of the transom sash.

This is avoided in a well-balanced center-himg

transom as shown in Fig. 47.

A common form of transom lifter, and one

which embodies the general principles upon
which most of the types on the market are

founded, is shown in Fig. 48. An inspection of

this figure together with Fig. 47 will explain

the mechanism very clearly—a sliding rod pass-

ing through guides screwed to the door casing;

a pivoted arm connected to a plate fastened to
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the transom sash; and a clamp at the lower end
of the rod to hold same in any position.

Fig. 48. Transom Lifter.

Fig. 49. Transom Catcb.

Fig. 47. Center-Hung Transom.

Although the clamp at the bottom of the rod

on the transom lifter is supposed to hold the
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transom shut, such is not always the case. Fig.

49 shows a catch which represents one of many
types used to hold the transom sash shut when
such a device is needed. These have but little

strength as a protection, and are mainly used

to hold the transom closed.

When a transom is not fitted with a lifter

and is hinged at the bottom, a form of transom
chain consisting of a 14-inch long chain with an

attachment at each end for fastening to the door

casing and the transom rail, is used to hold the

sash in its opened position.

MISCELLANEOUS FITTINGS
Nails, screws, screw-eyes, cup-hooks, staples,

and screw-hooks are too familiar to everyone to

need description. It may not be out of place to

suggest that the common round form of wire

nail is in most cases preferable to the square

cut iron nail. It drives cleaner and holds better.

The wire nail is also made with a small head for

use in work where the nail-head is to be counter-

sunk and concealed. Where nails are to be

driven through work and bent over or clinched

on the opposite side, a softer wrought-iron nail

should be used.

Fig. 50 shows a few forms of coat, hat, hall

tree, ceiling, and towel hooks. These hooks come

in all finishes, and are often formed in very

elaborate designs. For ordinary use in closets

where a number of hooks are to be placed close

together, the ordinary wire hook formed with
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long hook above and shorter hook below gives

good satisfaction. A ceiling hook of this same
construction may also be used.

A good fastening for a cupboard door is

shown in Fig. 51. This is known as a cupboard-

%i^

Fig. 50. Various Forms of Hooks.

turn. These come in all metals and finishes and
in plain and ornamental designs. The mechan-
ism consists of a spring bolt or catch operated

by turning the knob shown in the figure. A cup-

board-catch which resembles the preceding fig-

ure with the exception that the knob slides in-

stead of tumiQg, is also made.
Turn-buttons, consisting of a short metal bar

pivoted at its center and mounted in the center
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of a split metal plate, are convenient for holding

small doors or a hinged sash.

A form of cupboard-latch which resembles

in principle the ordinary door thumb-latch can

Fig. 51.—Cupboard-Turn.

also be used. In this fastening, a small knob
takes the place of the thumb-lever in the large

door form of latch.

A combination of knob and catch consisting

of a pivoted lever which protrudes through a

cupboard door, its hooked inner end falling over

a strike, and having a knob on the outer end,

makes a simple and secure fastening.

As a substitute for a bolt to fasten the stand-

ing part of a double door in closets and ward-

robes, a form of fastening known as a knee-catch

or elbow-catch is used. This consists of a lever

bent to a right angle and pivoted at the bend.

One end of the lever is formed into a catch to

engage with a strike placed inside the closet.

The other end is fitted with a spring in such a

manner that when the door is closed the catch

drops over the strike and cannot be released

without depressing the spring end of the lever.
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The bent lever part of the fastener is screwed

to the door.

For lavatory doors a form of latch is used,

consisting of a plate in the middle of which is

pivoted a flat latch-bar with a small knob at the

outer end. When closed, this latch-bar swings

Fig. 52. Door-Bell.

down into a small bracketed arm which forms

the other part of the locking device.

Hinges for water-closets should be of heavy-

construction and made of brass or bronze. A
type of double hinge is frequently used.

Any type of good heavy hinge may be used

on refrigerators. Brass or bronze is preferable

on account of its non-rusting qualities. Many
forms of refrigerator locks are sold; but most of

them serve only as a lock or latch and do not

fulfil the important object of keeping the door

closed tightly so that no warm air can leak in.

The form of latch to be preferred is one that
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forces the door shut as the bar of the latch sinks

into its holder.

While card frames for use on doors, hall mail-

boxes, letter-hole plates, speaking-tube whistles,

etc., are all comprised under the heading of

** builders' hardware," the types are so common
that they hardly need comment.

Fig. 52 shows a neat and convenient type of

door-bell for use when the regular push-button
electric bell is not desired. The push-button
shown in the figure is the end of a rod which
engages with a series of cog wheels controlling

the action of the striker, all encased in a neatly

finished bell-metal or steel case, as shown to the

left in the figure. This case forms the gong.

This bell gives a good ring similar to that of the

regular electric bell.

FINISHES FOR HARDWARE
Finishes for hardware vary all the way from

a coat of ordinary paint up to gold plating. The
cheaper forms of butts, locks, hooks, etc., are

japanned. This process gives a satisfactory

wearing coat which looks well and is a good pro-

tection against rust. When plain hardware is to

be used it is commonly buifed by the use of a

rapidly revolving emery wheel. The finer the

wheel the higher the grade of surface. Very
bright surfaces are produced by the use of a

cloth wheel saturated with rouge.

When iron or steel hardware is used, it should

be protected in some manner from the effects of
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rust. Japans, lacquers, and even paints or var-

nishes, are used for this purpose. Plating with

copper, brass, or bronze is effective, and even

dipping in a copper solution or in molten tin is

resorted to as a protective coating.

The Bower-Barff process is one of the best

finishes for indoor hardware, but is not suitable

for exposed outdoor work. The process consists

of a chemical change in the outer surface of the

iron or steel, effected in a high temperature fur-

nace. The result is a permanent lustrous black

color which needs no additional protective coat-

ing. While this finish is almost unexcelled for

interior work, yet, when exposed to the action

of dampness in unprotected locations, rust forms

in the small pits which are liable to occur during

the process, and spots develop which in time

cause the skin of the finish to flake off around

the spots, thus leaving the metal improtected.

For cast or wrought brass or bronze, the nat-

ural surface polished or subjected to the action

of a sand-blast forms an attractive finish. In
places where wear and handling are not exces-

sive, a coat of colorless lacquer may be given to

prevent tarnishing. Fancy finishes are given to

brass and bronze by the application of chemical

solutions which, instead of coloring the surfaces,

really discolor them. These finishes do not wear
well when handled.

Gold and silver plating are used in some cases

in high-class work and parlors, libraries, halls,

etc. Gold-plating, varying in thickness accord-
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ing to the use of the article plated, is a perma-
nent finish which requires no care or cleaning.

For plated articles which are handled but lit-

tle, a thickness known as single plate is all that

is necessary. For knobs, handles, etc., a thick-

ness known as triple plate should be used.

Silver-plating wears well, but should be used

only on plain surfaces which can be cleaned

easily. The action of sulphurous gases tarnishes

silver, and articles coated with such a plating are
subject to constant attention.

SELECTING AND BUYING HARDWARE
When it comes to the selection of the hard-

ware for a house, the question as to whether

cheap, medium, or high-grade material shall be

used depends largely upon the character of the

house, and whether it is for private use or for

sale or renting purposes. If for private use, the

difference in cost between a cheap grade of hard-

ware and a medium grade, with some of the more
important articles such as locks or butts of high

grade, will be more than offset in the long run

by the wearing qualities of the goods. Broken
hardware, aside from the replacing value, is

often expensive and troublesome to renew.

Care should be taken in choosing the types of

locks, butts, etc., used as the general finish of the

house should determine largely the size and de-

sign to be purchased. Catalogues of the differ-

ent manufacturers usually explain in detail the

finishes and characteristics of their different
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articles, and it is considered to be good policy

to use the line of some reputable concern

throughout the entire work. This insures har-

mony in design, and prevents confusion in fit-

ting pieces in their proper places.

If possible, procure samples of each article

to be used, and examine carefully before buying.

The experience of an architect who has handled

the same line of goods in other residences is valu-

able. See the actual articles under similar cir-

cumstances, and note the conditions of wear and
appearance.

When listing the hardware needed, a careful

list should be made, containing the name of each

article, the quantity desired, any necessary fea-

tures which it must possess which are out of the

ordinary, and its exact location in the house.

Costs may now be easily arrived at by making
up this list in the cheap-grade, medium-grade,

and high-grade qualities. Then, by finally de-

ciding upon a combination of articles from the

three lists, the cost may be kept within desired

bounds.

A plan of each floor of the house showing
locations of doors, windows, closets, etc., may
be used to advantage in connection with such a

list as that just mentioned. Each door or win-

dow should be given a number which will serve

to locate the hardware on the list when tagged

with a similar number. It is good policy to give

each different article on the list a number to
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designate what the article is, and whether it is

for a door, window, transom, miscellaneous, etc.

In the following example articles for doors

are numbered from 1 to 30; for windows, from

30 to 50; and for miscellaneous articles, from 50

upwards. First-floor doors are numbered from

100 to 150; first-floor windows, from 150 to 190;

and closets and cupboards from 190 to 200. Sec-

ond-floor doors are numbered from 200 to 250,

etc.

On the plan, at each door, window, closet, or

other place where hardware is needed, insert the

number standing for the article needed at that

place. In that way the number of pieces of each

article desired can be readily counted up on the

plans.

The plans shown in Plate 1 (opposite page

229) are marked in the way indicated. From the

list of articles following, numbered as suggested,

a quantity sheet has been made up. This sheet

is only approximate, as its sole object is to show

the method to be followed.

HAEDWAEE FOR DOGES

1—Loose-pin, wrought steel, Bower-Barffed, butts

with tip, 4 in. by 4 in.

2—Loose-pin, wrought steel, Bower-Barffed, butts

with tip. 2 in. by 2 in.

3—Knob latches, R. H.

4—^Knob latches, L. H.

5—Knob latches, stopwork and pass key, R. H.

6—^Knob latches, thumb-bolt, R. H.

7—^Knob latches, thumb-bolt, L. H.
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8—Knob latches, dead-bolt, R. H.

9—Knob latches, dead-bolt, L. H.

10—Brass knobs.

11—Mineral knob.

12—Jet knob.

13—Chain bolt.

14—Double-acting butts.

15—Push-plate.

16—Heavy iron bolt.

17—Push-button for electric bell.

18—T-hinge, 14 in.

19—Padlock and chain.

20—Heavy iron thumb-latch.

HAEDWAEE FOE WINDOWS

31—Fast-pin, plain steel butts, 3 in. by S in.

32—Pulleys, 2 in. on running face.

33—Sash-lifts, hook.

34—Sash-lifts, handle.

35—Cellar vsrindovs^ fastener.

36
—

"Wire hook and eye.

37—Sash lock.

38—Sash cord.

39—Sash weights.

MISCELLAmEOUS HAEDWAEE

51—Drawer pulls.

52—Cupboard spring catches.

53—Elbow catches.

54—Loose-pin butts, with tips, 3 in. by 3 in.

55—Towel hooks.

56—Coat hooks.

57—Wardrobe hooks.

58—Wire closet hooks.

59—Toilet-paper holder.

60—Hinges for flour bin.
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SPECIFICATIONS

Specifications for hardware generally form a

part of the general specifications, but may be

omitted and the selection reserved by the owner
or architect. There are a great many plans gov-

erning the specifications when inserted, among
which are the following:

1. Hardware specified definitely

;

2. Hardware covered by a fixed allowance

;

3. Hardware covered by allowing a fixed sum per

opening.

Forms of specifications should be drawn up
by an architect who is familiar with such papers.

Contracts for furnishing the hardware, either by
the contractor or by a dealer or manufacturer,

may be obtained in blank form ready to fill in.

These are carefully worded and cover the legal

side of the transaction.

SIMPLE FORM OF CONTRACT
For small dwellings, when the quantity and

value of hardware involved is small, the follow-

ing brief form may be used

:

Contract for Furnishing Hardware

Contract made this .... day of > 19- •

»

between , Owner, and
, Con-

tractor. The Contractor agrees to furnish, and
to deliver at , all of the hardware stated

below, according to instructions, drawings, and
specifications made by , Architect, for
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the sum of $ The hardware cov-

ered by this contract is as follows

:

(Here insert specifications.)

The Owner agrees to pay the Contractor the

said amount of ,$...., as follows :

The Contractor agrees that all hardware covered

by this contract shall be of standard quality, ma-

terial, and finish ; that delivery of the same, com-

plete, shall be made within weeks from the

date when he shall have received all necessary

instructions and detailed information; and that

the decision of the Architect as to any and all

questions relating thereto shall be final and bind-

ing upon the Contractor.



Miscellaneous Cost Data

As the prices of labor and niaterials not only

vary considerably in different localities, but are

constantly shifting in the same locality, the

reader will understand that it is impossible to

give any quotations of prices that will be re-

liable as of permanent or universal application.

Any quotations given must be taken merely as

proportionate, to be used in comparison with

known quantities and methods.

The successful estimator requires more than

mere accuracy and quickness in figures. Ex-
perience and good judgment, familiarity with all

the complicated details of the particular job in

hand—these are factors of inestimable value,

and they are qualities of an indefinable and in-

tangible nature. The contractor should sub-

scribe for the leading trade journals covering

such portions of the construction field as he is

interested in, and should keep an eye on current

prices and discounts. He should also make it a

practice in every case to file away his estimates,

whether his bids based on them have been suc-

cessful or not. If successful, he can compare his

estimated costs with those of actual construc-

tion; and if unsuccessful, he can broaden his

grasp of things by noting in what items his esti-

mates have been too high or too low. In the

preparation of future estimates, he will have at

287
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hand a great mass of data that will be of prac-

tical service. In every case he must acquaint

himself with conditions, prices, and discounts

current in the local market.

Under the limitations above outlined, the

reader will find of much practical value the fol-

lowing paragraphs and quotations,* based on a

general review of prices prevailing during the

past foiu* or five years:

The cost of a structure is a function of the

number of pounds of steel or cast iron, the num-
ber of cubic feet or yards of masonry, the num-
ber of bricks, the number of feet of board

measure, the number of square feet of paving,

of linear feet of handrailing, etc., that go to make
up the whole. An estimate of the cost requires

careful calculating of all of these, as well as a

knowledge of a fair unit-price at which thej^ can

be put into the structure.

Cost estimates must be based on unit values.

The accuracy of the estimate will often depend
upon the particular unit at which the estimate

starts. The cost per unit will depend upon the

particular plant or equipment employed and its

fitness to handle the work most economically.

The plant or equipment needed to do a piece

of work should be selected with a view of the

size of the work and the time in which it is to

be finished. Large equipment cannot, in general,

be used economically on a small job, and small

equipment cannot be used economically on a

* From "Concrete," by Edward Godfrey.
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large job. The size, for example, of a concrete

plant, should be such that its normal daily ca-

pacity is about equal to the amount of concrete

that it is desired to turn out per day. For
maximum economy, a plant should be employed
continuously. If stops must be made to wait

for forms to be put in readiness, or for other

causes, the concrete will cost more than if the

work of the concrete mixing can be carried on
continuously.

For small concrete jobs, such as pavement
work, hand mixing is more economical. Small

batches may be mixed with a hoe or shovels in a

box. Half-yard batches should be mixed on a

platform by at least two men with shovels. The
platform may be made of a steel plate or of

boards placed with close joints on a frame.

A typical gang, mixing and laying one-half

cubic yard batches, is the following: 1 foreman,

2 men delivering sand and stone, 1 man deliver-

ing cement, 2 men mixing, 2 men delivering con-

crete, 1 man tamping. At $3.00 per day for the

foreman, and $1.50 per day for each of the other

men, the cost per day of the gang is $15.00. The
gang should turn out about 20 to 25 cubic yards

per day. This is a cost of 75 to 60 cents per cubic

yard for labor.

A typical gang for mixing and laying by hand
cubic yard batches, is as follows: 1 foreman, 3

men delivering sand and stone, 1 man delivering

cement, 4 men mixing, 3 men delivering concrete,

2 men tamping. The cost of this gang at the
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same wages as above is $22.50 per day. They
should turn out about 40 cubic yards per day,

making the cost of labor 56 cents per cubic yard.

The above examples give about average con-

ditions, and show the cost of labor on hand-mixed
concrete in heavy work where mixing and laying

can go on continuously. If labor is cheap (and

efficient), the unit-cost may be less, and vice

versa. If materials can be deposited for easy

handling, as when they are laid close to the mix-

ing board and need only to be measured, the unit-

cost will be reduced accordingly; whereas long

hauls or high lifts, either before or after mix-

ing, will add to the cost very materially. If the

gang cannot be continuously employed, costs

may be two or three times as much as the above.

Concrete deposited in narrow forms will also cost

more per cubic yard than in massive work.

With mechanical mixers, the cost of mixing

concrete will be less than by hand-mixing,

though the extra cost of skilled workers to run

the engine and mixer helps to balance the costs.

Batch mixers should turn out about 20 batches

per hour.

Current prices for which similar work is be-

ing done in localities situated about the same

distance from the source of supply, afford a

sound basis upon which to gauge the cost of

work. It is best for the engineer not engaged in

the estimating of cost to the contractor or manu-
facturer, to use as a base the unit-cost of work in

place, rather than to analyze the elements that
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go to make up the cost, such as material, labor,

freight, hauling, profit, etc. The contractor's

profit is an elastic factor, depending upon the

size of the work, the risk, and many other con-

siderations. The cost of manufacture is variable.

Some shops can make heavy work cheaper than

others, while others can handle light work
more economically.

It is not the purpose here to analyze the cost

in shops and mills, so much as to give more
general data for determining the probable cost

of ordinary building and bridge work, as well as

to point out some of the special cases where costs

are apt to be more or less than the average.

Average costs will prevail near the railroads and
within radii of 50 or 100 miles of the commercial

centers. Freight rates average about % cent to

1^2 cents per ton-mile. Long pieces requiring

several cars and not weighing enough to load

them to their normal capacity will cost more per

ton than materials that can be shipped in full

carloads. Partial carloads are charged at a

minimum carload rate—say one-half of the ca-

pacity of the car. Where more than one car is

required, one car is charged at this minimum
rate, and each other car at one-half of this

amount, if the actual weight of the material

shipped is not over that total.

Hauling under ordinary conditions costs

about 50 cents per ton for structural material.

The actual cost of hauling crushed stone 1%
miles in some macadam paving, was found to be
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26.6 cents per ton when drawn from the crusher

bins, and 31 cents per ton when drawn from the

piles. The contract price was 321/2 cents per

ton.

The hire of a dumping wagon and team and
driver is about $4.00 per day; that of a horse and
cart and driver is about $3.00 per day.

The actual cost, with stone free at the quarry,

of laying macadam pavement (5-inch layer,

large-sized stone, rolled; 2^2 to 3-inch layer of

medium-sized stone, sprinkled and rolled; about

% inch of fine screenings, sprinkled and rolled)

was 42 cents per square yard. The average

weight of stone was 3 tons per square yard.

(''Engineering News," Oct. 8, 1903).

The actual cost of quarrying and crushing

stone in the above-mentioned work was 42 cents

per ton, in which coal delivered cost $4.00 per

ton; a driller, $1.75 per day; helper, $1.50 per

day; engine man, $2.00 per day.

The cost of mixing materials and laying the

same in making the Buffalo breakwater was as

follows

:

Laying materials 17.4 cents per cubic yard

Mixing materials 12.9 ''
"

Placing mixed materials 14.6 " "

Total 44.9 cents per cubic yard

Sometimes the gravel and sand for. a piece

of work can be found at or near the site, thus

greatly reducing the cost of concrete made of the

same.
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Bricks may be hauled direct from the works,

without the expense of loading and unloading on

cars.

Extra hazardous work should have some-

thing added to the estimated cost to allow for the

risk taken by the contractor. Work that must
be finished in a short time should have the esti-»

mate increased, especially if a penalty attaches

for failure to complete by a specified time. If the

season is a poor one for the class of work, still

more expense is liable to be incurred. Erecting

bridges over streams in flood-time may be at-

tended by serious difficulties and expensive de-

lays.

Large contracts, as a rule, cost less per unit

than small ones. The placing and removing of

the contractor's plant on a job often requires

considerable time. If the magnitude of work does

not justify bringing labor-saviag machinery to

the site, the extra labor will make the smaller job

more expensive. Large orders of materials may
be placed at lower rates than small ones.

Where labor is the principal item of cost in

any work, less certainty can be expected in the

estimate of the cost, whereas materials that are

regularly manufactured should vary but little in

cost.

There are some general rules that will be

found very useful in making a rough estimate of

the cost of structures and checking against large

errors in more careful estimates.

The cost per square foot of area covered by a
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building having practically one floor will be
nearly constant for different sizes of buildings of

the same class.

Higher buildings will have a cost per cubio

foot nearly constant for a given class of build-

ing.

For ordinary lengths of spans, the cost of re-

inforced concrete bridges per square foot of floor

does not vary much.

The cost per square foot of the area covered

by buildings of the World's Columbian Expo-
sition of 1893 at Chicago, for nine of the princi-

pal buildings, varied between 75 cents and $2.35,

and averaged about $1.50. The Administration

Building cost $9.18 per square foot. The cost

per square foot under roof of eleven of the

principal buildings of the Louisiana Purchase
Exposition of 1904, at St. Louis, Mo., varied be-

tween 61 cents and $1.49, with an average of

$1.12. Festival Hall cost $5.23 per square foot;

Fine Arts Building (Central Building) cost

$9.88 per square foot; U. S. Government Build-

ing cost $2.31 per square foot. The eleven build-

ings at St. Louis had timber framework. The
Chicago buildings had steel frames. The Fine

Arts Building at St. Louis is permanent and
fireproof. The U. S. Government Building had
steel arches. The cost of the steel work alone

was 65 cents per square foot.

The cost in 1903 of a large reinforced con-

crete factory building was 6.4 cents per cubic

foot. This was for the building alone, not in-
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eluding installation of plumbing or furnishings.

Mr. H. G. Tyrrell ("RaHroad Gazette," Vol.

37, No. 18) made camparative estimates of a

large factory building designed to carry 100 lbs.

per square foot of live load (six stories and base-

ment), and found that a building of heavy

wooden interior construction with brick floors,

and cast-iron columns in the lower two tiers,

would cost 6.2 cents per cubic foot, or 83 cents

per square foot of area of floors ; the same build-

ing with concrete-steel floors on a steel frame-

work would cost 10.2 cents per cubic foot, or

$1.36 per square foot of area of floors. This did

not include furnishings or stairs.

The cost of a reinforced concrete power build-

ing per cubic foot above ground was 7.7 cents

(see description, "Engineering Record," April

15, 1905, p. 438). The total cost of this build-

ing was $250,000.

The cost of a brick building with slate roof

on timber will probably be from 8 to 14 cents

per cubic foot of its volume.

The cost of a mill building with sides and roof

of corrugated iron will probably be from 75

cents to $1.50 per square foot of plan.

The cost of apartment buildings and depart-

ment stores as usually constructed will be from

20 to 30 cents per cubic foot of volume.

Office buildings will usually run from 30 to 60

cents per cubic foot.

City dwellings will run from 10 to 30 cents

per cubic foot.
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Brick veneer dwellings will cost about 8 cents

per cubic foot.

Window and door frames as ordinarily made
for mill buildings, cost about 25 cents per square

foot in place, estimating the dimensions out to

out of frames. Galvanized-iron louvers of No. 18

iron cost about the same.

The cost of furnishing clips and rivets and
putting up corrugated iron, is about $2.00 per

square of 100 square feet.

Erection of plain structural work costs $9.00

to $10.00 per ton; of framework of office build-

ings, $10.00 to $12.00 per ton; of mill buildings,

$11.00 to $15.00 per ton. Complicated work of

many small parts and light tonnage, such as

angles and tees for roof tile, may run as high as

$28.00 to $30.00 per ton to erect. Bridge truss

work will cost $15.00 to $20.00 per ton. These

figures include furnishing falsework, also the

painting.

The painting of structural work costs about

$1.00 per ton for each coat.

The driving of field rivets costs from 5 cents

to 20 cents each, depending upon the accessibility

of the rivets and the number of times that scaf-

folds must be moved in a day. A riveting gang

costs about $8.00 a day. For ordinary work, 12

cents per rivet is a good average.

The hire of an engine and derrick is about

$30.00 per week. That of an engine and concrete

mixer is about the same. This does not include

any men to operate the same.
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The hire of a road roller, with coal and

operator, is about $12.00 per day.

The hire of a work train and crew, coal, etc.,

is about $22.00 per day.

The cost of galvanized structural work is

about $20.00 a ton.

The cost of corrugated steel roofing or siding

per square of 100 square feet, at 31/2 cents per

pound for material and $2.25 per square for erec-

tion and painting, is about $11.75 for No. 18, and
about $9.00 for No. 20. Galvanized roofing at 1

cent extra for galvanizing, would cost about

$14.50 for No. 18, and about $11.00 for No. 20 per

square erected.

The cost of concrete-steel roofing on 15-foot

spans is about 25 to 30 cents per square foot, ex-

clusive of covering. Concrete-steel floors for

ordinary loads on spans 8 to 10 feet cost about

the same. Heavy floors cost 30 to 40 cents per

square foot. Cement finish on floors costs 7 to

10 cents per square foot.

The cost, in 1903, of a 54-inch self-

supporting steel stack 110 feet high of 5/16-

inch, 1/4-inch, and 3/16-inch metal, in-

cluding ladder, painted on outside, with base

casting, but not anchor bolts or foundation, was
$1,200. Breeching of 3/16-inch metal, 5 feet in

diameter or oblong and same area, cost $9.00 per

linear foot.

The cost in 1902 of a stack 10 feet inside

diameter and 180 feet high, of porous brick, was
$7,375, not including foundation. A 125-foot by
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6-foot porous brick stack, including foundation,

will cost about $4,000. The cost in 1903 of a re-

inforced concrete stack 150 feet high, 6 feet in-

side diameter, including foundation, was $3,800.

The contract price in 1907, of a reinforced con-

crete stack 166 feet high, 8 feet inside diameter,

was $4,100.

The cost of a 118,000-gallon concrete-steel

pipe, with inclosing tower, at Hull, Mass., was
about $12,000 (see *'Engineering News," Vol. 52,

p. 596).

Mr. H. a. Tyrrell (''Railroad Gazette,'' Dec.

30, 1904) shows that the costs of the parts of

single-track steel trestle for E50 loading, towers

30 feet between bents, at 3% cents per pound for

girders, 4 cents per pound for bents and bracing,

and $10 per cubic yard for concrete, are as fol-

lows:

Cost of steel Trestle 120 Feet High per Linear Foot

Length
Intermediate

Span
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Mr. J. C. Bland, in 1891, found the estimated

contract price of single-track timber trestle was,

in round ninnbers, nearly equal in dollars per

linear foot to one-half of the height of trestle in

feet out to out of cap and sill. In this the floor-

deck alone was $4.22 per foot of track, and piles

$3.00 each, both increased by 20 per cent for the

contractor's profit. Timber in place was esti-

mated at $52.00 to $55.00 per thousand feet B. M.,

contract price.

A number of examples of the cost of railroads

are given in "Railroad Gazette" (Sept. 7, and
Oct. 26, 1906), as follows:

First Case—No tunnels, few bridges, along

river, considerable cut and fill, single track, $26,-

300 per mile.

Second Case—Along river, heavy cuts, some
bridges, single track, $37,014 per mile.

Third Case—Cuts and fills, bridges, tunnels,

single track, $60,628 per mile.

Fourth Case—^Heavy crossings, double track,

$76,336 per mile.

Fifth Case—Heavy crossings, double track,

$105,186 per mile.

Sixth Case—Detour around large city, double

track, $50,000 per mile.

In the foregoing the cost includes pre-

liminary surveys, clearing right of way, roadbed,

ties, rails, ballast, side tracks, but does not in-

clude real estate, stations, equipment, or sig-

nals.

Following is a list, alphabetically arranged,



300 MISCELLANEOUS COST DATA

giving prices of various materials and work, to

be used as a guide in estimating the cost of struc-

tures. These are taken largely from current price

lists and contract prices as published in en-

gineering journals, and in general indicate prices

prevailing in 1904 to 1907.

Asphaltum—^Ventura and other California

asphalts, $20.00 to $23.00 per ton at New York;
Trinidad refined, $22.00 to $25.00 per ton;

Venezuela asphalt, $25.00 to $60.00 per ton; Ber-

muda asphalt, $25.00 to $35.00.

Brick—^At yards, per thousand, common soft,

$5.00 to $7.00; hard, $7.00 to $9.00; vitrified

(hard-burned), paving common, $8.00 to $12.00;

special, $15.00 to $20.00; select red, not pressed,

$8.00 to $10.00; pressed, $14.00 to $18.00; Eoman,
$30.00; firebrick, $14.00. Freight on bricks is

about $2.00 per thousand for 50-mile run.

Bronze—Phosphor, in place, about 40 cents

per pound.

Cast Iron—Pig iron, $19.00 to $22.00 per long

ton.

Cast-iron counterweights, 1% to 2 cents per

pound, delivered.

Cast-iron pipe, $33.00 to $38.00 per ton, de-

livered; laid, $38.00 to $45.00 per ton.

Standard and plain castings, 2% to 3^/2 cents

per pound in place. Special castings, large or-

ders, 3 to 5 cents per pound in place; small or-

ders, 5 to 10 cents.

Cement—Portland, $1.50 to $2.00 per barrel,
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400 pounds. Rosendale, 80 cents to $1.00 per

barrel, 300 pounds.

Large users of Portland cement pay less than

$1.50 per barrel for domestic brands. On small

orders, freight and handling increase the cost.

Cement Finish—^Portland, mortar % i^ich

thick, 50 to 80 cents per square yard.

Clay—Fireclay, dry powder, $1.50 per ton,

delivered on cars; calcined fireclay, $3.00 to $4.00

ton.

For puddle, $1.50 per cubic yard, delivered.

Concrete—Natural cement, $3.00 to $5.00 per

cubic yard in place.

Portland cement in large mass, easily de-

posited, $4.00 to $7.00 per cubic yard. Walls re-

quiring difficult forms, $6.00 to $8.00 per cubic

yard. Tunnels, etc., $10.00 to $12.00 per cubic

yard.

The cost of 1:3:6 Portland cement concrete

may be analyzed as follows

:

1 cubic yard broken stone $2.00

1/4 cubic yard sand 50

1 barrel cement 2.00

Mixing and depositing 50

Total $5.00

This is with the use of a mechanical mixer.

Hand-mixing would probably cost from 70 cents

to $1.25 per cubic yard.

Reinforced concrete, including steel, usually

costs from $10.00 to $20.00 per cubic yard. Con-

crete should be estimated at $5.00 to $10.00 per
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cubic yard in place; steel, about 2.5 cents per

pound in place (plain structui-al steel) ; forms, 5

to 10 cents per square foot. The unit-cost of con-

crete will depend upon the difficulty of handling

and placing.

Copper—14 to 15 cents per pound.

Curb—Cement and sand, 1:3, 25 to 50 cents

per linear foot, about % cent per square inch of

section per linear foot, in place.

Sandstone and limestone, 50 cents to $1.00

per linear foot, in place.

Bluestone, $1.00 to $1.50 per linear foot, in

place.

Granite, $1.00 to $2.50 per linear foot, in

place.

Curved curbs, in stone, 20 per cent to 10 per

cent extra.

Resetting curb, 10 to 50 cents per foot.

Dredging—Soft material, 12 to 30 cents per

cubic yard; gravel and hard material, 30 cents to

$1.00 per cubic yard. In "Engineering News,"
Sept. 20, 1906, a report is given of some dredging

done by the U. S. government engineers with

hydraulic dredges (New York Harbor) which

cost only 5.274 cents per cubic yard.

Excavating—In earth, large masses, above

water, 25 to 50 cents per cubic yard; below water,

for piers, $1.00 to $5.00 per cubic yard; in trench,

earth, 50 cents to $1.00 per cubic yard; loose

rock, $1.00 to $2.00 per cubic yard; hard rock,

$1.00 to $3.00 per cubic yard.

Steam shovel work costs about 12 to 20
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cents per cubic yard. In "Engineering Record"
(Vol. 54, p. 732), some data are given from a

paper by Mr. John C. Sessor on steam shovel

work on the C, B. & Q. Railway. On one job

of 251,711 cubic yards, 1,104 cubic yards was
moved per 10-hour shift. The cost was as fol-

lows: Equipment, 1 cent; steam shovel service,

8.9 cents ; temporary trestle, 3.6 cents ; track and

track work, 5 cents; supervision and engineer-

ing, 0.2 cent ; total, 18.7 cents, all per cubic yard.

On another job of 188,240 cubic yards, 946

cubic yards was moved per 10-hour shift. The
cost was as follows: Equipment, 1% cents;

steam shovel service, 9.6 cents; temporary

trestle, 3.1 cents; track and track work, 4.2

cents; supervision and engineering, 0.3 cent;

total, 18.7 cents, all per cubic yard.

The Illinois Central Railway estimates exca-

vating in earth, in jobs below 50,000 cubic yards,

to cost 25 cents per cubic yard, and in larger jobs

20 cents per cubic yard, adding in both cases 1

cent per cubic yard per 100-foot haul.

A committee report of the Roadmaster's and
Maintenance of Way Association, published in

the ''Railroad Gazette" of Oct. 31, 1904, and in

''Engineering News" of Oct. 27, 1904, gives the

following as the cost of ditching cuts and widen-

ing embankments

:

By wheelbarrows: 12.2 cents per cubic yard,

plus 31 cents per cubic yard per 1,000-foot haul

for common loam, or 7.3 cents extra in bad, wet
material.
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By push cars: 19.1 cents per cubic yard
where material is unloaded by shovel, or 15.9

cents where unloaded by diunping box or similar

arrangement, plus 33.4 cents per cubic yard per

5,000-foot haul.

By machine ditcher: 22 to 30 cents per cubic

yard, the latter figure being for a 15-mile haul in

loam. In wet or bad material, add about 4.5 cents

per cubic yard.

The same report places the cost of team work
with scrapers at 14 to 25 cents per cubic yard;

and of ditching by casting, in fair digging, where
one cast will place the material in suitable final

location, at 10 cents per cubic yard. Much
valuable information is given in this report.

Fence—Board, 50 cents to $1.50 per foot.

Filling—Earth, material at hand, 20 cents to

50 cents per cubic yard.

Flag -Stone—In place, $1.00 to $3.00 per

square yard.

Forms—Allow 5 to 10 cents per square foot

for concrete forms, depending on whether lum-

ber is dressed or not, and on number of times it

can be used.

French Drain—50 cents to $1.00 per linear

foot.

Fuel—^Hoisting engines, etc. Allow 1/3 ton

of coal per 10 horse-power per 10-hour shift.

Q-ravel—In bank, 15 to 20 cents per cubic

yard; f. o. b. cars, 35 to 40 cents per cubic yard;

freight for 50-mile run, about 75 cents per cubic

yard; hauling, 25 to 50 cents per cubic yard.





CRACK IN CONCRETE SIDEWALK CAUSED BY TREE.

RESULT OF NO'J PR()Ti':( "IMNG THE EDGE IN LAYING CON-
Ci.Mri'l': SIDEWALK.
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Usual price, delivered, about $1.00 per cubic

yard.

Lime—Common, barrel (250 pounds), 80

cents; finishing, $1.00; per ton at works, $3.75;

delivered, $6.00.

Lead—Pig, about 4.6 cents per pound; lead

pipe, about 5 cents per pound.

Masonry—Rubble, dry, $2.00 to $5.00 per

cubic yard; in mortar, $3.00 to $8.00 per cubic

yard. Coursed rubble, large stones, $5.00 to

$8.00.

Brick, common, $6.00 to $10.00 per cubic

yard. Cost of lime mortar per cubic yard of

brickwork, about 60 cents; of cement mortar,

$1.00 to $2.00.

On the basis of $7.25 per thousand for red

brick, $2.50 per barrel for cement, $1.25 per

barrel for lime, $1.25 per cubic yard for sand, as-

suming a mason at 65 cents per hour, with help

at 37% cents per hour, to lay 1,200 bricks in 8

hours, a brick wall 13 inches thick will cost about

40 cents per superficial foot. With pressed-

brick face, the cost will be about 50 cents per

superficial foot.

Bridge pier, sandstone or limestone, $8.00 to

$12.00 per cubic yard.

Ashlar, sandstone or limestone, $12.00 to

$20.00 per cubic yard. Granite, $20.00 to $30.00

per cubic yard.

Dressed bluestone, for steps, etc., $1.00 to

$2.00 per cubic foot.

Mineral Wool—Slag, ordinary, per short ton,
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$19.00; selected, $25.00; rock, ordinary, $32.00;

selected, $40.00.

Paint—Prepared, $1.00 to $1.50 per gallon.

Paving—Asphalt—In 44 cities in North
America, the cost of asphalt paving, including

4 to 6 inches of concrete, varied between $1.43

and $3.25 per square yard (see "Engineering

Eecord," Vol. 43, No. 8). It is estimated that the

cost of guarantee for the first five years is 3 cents

per yard, and for the second five years is 15 cents

per yard. The Congressional appropriation bill

allowed $1.80 per square yard to be paid for as-

phalt pavements in Washington, D. C. ("En-
gineering News," Aug. 13, 1903).

Asphalt block, $2.00 to $2.50 per square yard.

The division of the cost of asphalt pavements

is about as follows: 2% inches of surface, 67

cents per square yard; 2 inches of binder, 13

cents per square yard; 6 inches of Portland ce-

ment concrete, $1.00. Total, $1.80 per square

yard.

Brick work only, 15 to 20 cents per square

yard.

Brick, 4 inches of brick on 3 inches of sand,

65 to 85 cents per square yard; 4 inches of brick

on 6 inches of natural cement concrete and 1%-
inch cushion of sand, $1.20 to $1.60 per square

yard; sidewalks, 2 inches of brick on sand, 50 to

80 cents per square yard.

Cobblestone, 80 cents per square yard.

Concrete sidewalks, finished with mortar of

sand and cement, granite screenings and cement,
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etc., 10 to 25 cents per square foot. Mortar finish

alone, 5 to 15 cents per square foot.

A common contract price for concrete side-

walks, small jobs, is 15 to 20 cents per square

foot. Large paving work can be done at an ac-

tual cost of about 10 cents per square foot.

Macadam, stone free at quarry, 8 inches

depth, 40 to 50 cents per square yard; including

cost of stone, 8 inches depth, 60 to 90 cents per

square yard; 12 inches depth, 90 cents to $1.30

per square yard.

Stone blocks on broken stone base, $1.50 to

$2.00 per square yard.

Stone blocks on concrete base, $2.00 to $3.50

per square yard.

Wooden blocks—4-inch creosoted yellow pine

blocks on 1 inch of sand over 6 inches of na-

tural cement concrete, $2.25 to $2.35 per square

yard. Cost of 4-inch creosoted yellow pine

blocks, f. o. b. cars, about $1.70 per square yard.

The following analyses of the cost of brick

and stone block paving are taken from "En-
gineering News," July 24, 1902:

"The following is a summary of the cost of

paving with brick laid on edge, wages being 25

cents per hour for pavers and 15 cents for la-

borers :

Cost of Brick Paving

Cost peb
Square Yard

57 ''pavers" at $10 per M $0.57

Hauling 11/2 miles over earth roads 06

Laying pavers, including labor of grouting 08
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0.18 cu. ft. = 1/150 eu. yd. of grout* 05

1-36 cu. yd. sand cushion at $1,08 a cu. yd 03

Plank to protect concrete 01

Total net cost $0.80

Add about 19 per cent for profit 15

Contract price $0.95

*'To this, of course, must be added the cost

of grading and cost of concrete foundation."

On block paving "we have for the total labor

cost:

Peh Sq. Yakd
Loading and unloading, inclusive of lost team time. .$0.10

Hauling 1 mile 05

Distributing blocks 03

Laying 06

Filling joints 06

Foreman at 40 cts. per hr., 30 sq. yds 13

Two water and errand boys 07

Total labor $0.50

Cost of Medina Block Pavement
Pee Sq. Yard

1/3 cu. yd. street excavation $0,15

6 in. concrete foundation 50
1-18 cu. yd. sand cushion in place at $1.08 06

Medina block (6 in.) f. o. b. Albion, N. Y 1.15

Freight to Rochester 07

Unloading, hauling, and laying 30

1.5 gallons tar at 10 cts. a gallon 15

1-50 cu. yds. sand for joints 02

Total $2.40

Add for contractor's profit 25

Total cost $2.65

*1 part Portland cement to 2 parts sand.
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Cost of street paving in 30 cities in Wisconsin

per square yard (see "Municipal Journal and
Engineer," Nov., 1905)—asphalt, $1.80 to $2.19;

bricks, $1.00 to $2.19; macadam, 25 cents to $1.30;

wood block, 60 cents to $1.97.

All-concrete roadway paving has been found
in several cities to cost 14 to 18 cents per square

foot. At Jackson, Mich., some street paving
having 3 inches of gravel, 6 inches of 1;8 cement
and gravel, 4 inches of 1:3 cement and %-inch
crushed granite, mixed quite wet, cost 18 cents

per squqare foot (see "Concrete Engineering,"

Dec, 1907, p. 205).

Piles—Driven and cut, ordinary lengths and
sizes, spruce, 20 to 40 cents per foot; long, driven

and cut, $6.00 to $10.00 each. Shorter piles for

trestle bents, $3.00 to $5.00 in place.

Piling—(Nov., 1907). Spruce, ordinary car-

goes, 6 to 7 cents per foot. Oak, 14-inch butt, 40

to 50-foot, 19 cents per foot; 50 to 55-foot, 22

cents per foot; 55 to 60-foot, 23 cents per foot; 60-

foot and up, 25 cents per foot.

Pine, 60 to 65-foot, $8.50 each; 70 to 75-foot,

$10.50 each; 80-foot and up, $16.00 each.

Concrete piles in place, about $1.00 per linear

foot.

Pipe—^Vitrified pipe, 8 inches in diameter, 15

cents; hauling, % cent per foot; laying, l^/o

cents per foot; cement, % cent a foot = 17.5

cents a foot in trench already dug. For l^-inch

pipe, the cost is about 35 cents per foot total

("Engineering Record," March 10, 1906, p. 350).
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Railing—Gaspipe, 2-rail, 50 to 75 cents per

foot; 3-rail, 75 cents to $1.25 per foot.

A substantial bridge railing costs about $1.50

to $2.50 per linear foot. Cast-iron newel posts,

about $10.00 each.

Roofing—¥ovoc layers of felt paper covered

with pitch and gravel, or pitch and slag, 4 to 6

cents per square foot.

Slate, 7 to 13 cents per square foot. Slag, 4

cents. Tin, 8 to 10 cents. Shingles, 7 to 10 cents

per square foot.

Tile, Spanish, $9.00 to $12.00 per square of

100 square feet.

Sand Blasting—(Cleaning)—Large con-

tracts, 1 to 3 cents per square foot (see "En-
gineering News," Vol. 47, p. 324).

Sand—Building, 20 to 25 cents per cubic

yard in bank; f. o. b. cars, 40 to 50 cents per cubic

yard; freight for 50-mile run, about 75 cents per

cubic yard; hauling, 25 to 50 cents per cubic

yard. Usual price delivered, about $1.10 per

cubic yard.

Seeding—^In grass, $25.00 to $75.00 per acre.

Sewer Pipe—Laying and cementing in trench

already dug, small sizes, 15 to 25 cents per foot;

large sizes, 50 cents to $1.00 per foot.

Cost of pipe per linear foot, 5-inch, 5 to 7

cents; 10-inch, 15 to 20 cents; 15-inch, 25 to 40

cents; 21-inch, 50 to 75 cents; 30-inch, $1.00 to

$1.70; 48-inch, $2.00 to $3.00.

Shrubs—50 cents to $2.00 each.

Sodding—In country towns, 7 to 10 cents per
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square yard; in cities, 25 to 50 cents per square

yard.

Steel—Structural, material only, 1% to 2%
cents per pound. Erected and painted, 3 to 5

cents per pound.

Castings, in place, 5 to 10 cents per pound.

Rails, new, $28.00 per ton, f. o. b. cars; old,

short pieces, $14.00 to $14.50.

Scrap, structural, $14.00 per long ton.

Stone—Wholesale rates, delivered at New
York, price per cubic foot:

Nova Scotia, in rough, 90 cents; Ohio free-

stone, in rough, 85 to 90 cents; Minnesota free-

stone, in rough, 90 cents; Longmeadow free-

stone, 85 cents; Brownstone, Portland, 60 cents;

Brownstone, Belleville, N. J., 75 cents to $1.00;

Scotch redstone, $1.05; Lake Superior redstone,

$1.10; Granite, rough, 40 to 50 cents; limestone,

buff and blue, 80 cents; portage, $1.00; Caen,

$1.25 to $1.75; white building marble, $1.25 to

$1.75; Wyoming bluestone, 90 cents; Euclid

bluestone, 90 cents ; crushed stone, $1.40 per net

ton, f. 0. b. cars New York City. (May, 1904).

Tarred Paper—1-ply (roll 300 square feet),

ton, $32.50 to $35.50; 2-ply (roll 108 square feet),

55 to 60 cents roll; 3-ply (roll 108 square feet),

78 to 80 cents. Slater's felt (roll 506 square feet),

75 cents. R. R. M. Stone Surfaced Roofing (roll

110 square feet), $2.75.

Tar—Regular barrel, $2.25; oil barrel, $5.75;

coal tar, gallon, 8 cents.

Ties, Railroad—Untreated, cedar and spruce,
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40 to 60 cents each; oak and yellow pine, 60 to

80 cents each. Returns from thirteen of

the principal American railroads show the cost

of their ties to vary between 35% and 8II/2 cents

each.

Tooling—Bush-hammering concrete surface,

2 to 5 cents per square foot.

Transporting—The cost of picking up ma-
terials such as sand or stone, and hauling them
a moderate distance in wheelbarrows, is about

20 to 25 cents per cubic yard. With wagons or

carts, the cost is about 15 to 23 cents per cubic

yard.

Treating Wood—Cheaper processes, 5 to 10

cents per cubic foot. Creosoting, 20 to 60 cents

per cubic foot.

Railroad ties, 20 cents each, up.

Creosoted yellow pine in place costs, includ-

ing cost of wood, $65.00 to $80.00 per 1,000 feet,

B. M.
Trees—$1.00 to $5.00 each.

Wood—Prices per thousand feet of board

measure. May, 1904.

Hemlock, rough, in lengths up to 20 feet,

$17.00 to $19.00. Lengths 22 to 40 feet, $3.25 to

$7.00 additional.

Pine, yellow (long leaf), building orders, 12

inches and imder, $20.50 to $22.50; 14 inches and

up, $26.00 to $29.00; 1% and II/2 inch wide

boards, $28.00 to $30.00; 2 inch wide plank, heaft

face, $30.00 to $31.50.
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Yellow pine, of heavy construction, in cargo

lots, delivered New York City, $22.00 to $25.00.

Spruce, random cargoes, 2-inch cargoes,

$18.00 to $21.00; 6 to 9-inch cargoes, $19.50 to

$21.50; 10 and 12-inch cargoes, $21.00 to $23.00.

The framing and placing of wood in a struc-

ture costs $5.00 to $15.00 per thousand feet of

board measure.

White oak timber in wharf construction costs

$50.00 to $60.00 per thousand feet in place.

Bridge timber in place, per thousand feet,

white oak, $40.00 to $50.00; yellow pine, $35.00

to $45.00; hemlock, $22.00 to $30.00.

More than half the cost of wood is generally

due to freight on account of the long distances

between the centers of greatest supply and
greatest consumption.
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Back-Filling of Walls. .VII, 246
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Backing of Rafters. VIII, 83, 343
Bacteria, Kinds of IX, 291
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V, 285
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Baldwin Tile Machine V, 313
Ball-Cock IX, 196
Balloon Framing Ill, 16
Baltimore Trusses IV, 265
Balusters I, 285; VIII, 81
Banana Liquid X, 160
Band Stand, Construction of,

II, 328
Barbed Wire VI, 243
Barge-Boards X, 28
Barn Floors Ill, 265
Barn Framing,

III, 239, 246, 301, 308, 313
Barn, Parts of a Ill, 245
Barn Windows Ill, 272
Barns, Concrete VI, 127
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Hay in, 252
Heavy Timber Ill, 241
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Machine V, 309
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VI, 221, 238, 248
Deformed, Bond for. . .VII, 67
Spacing of VII, 71

Splicing VII, 75
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Barton "Spicier Web" Eein-
forcement VI, 258, 307

Barytes X, 6
Base-Board, Painting X, 29
Baae-EIbow IX, 80
Basements, see Cellars.

Basin-Cock, Measuring. . .IX, 267
Batch Mixing of Concrete.

V, 144, 152, 259
Batten-Plates, Steel IV, 233
Bath-House, Concrete. . .VII, 333
Bathtub IX, 176
Battery, Electric IV, 324
Bay Windows,

I, 296; III, 59, 113, 197
Beam Compass I, 5
Beam, Drop of the IV, 145
Beams, Drawing 1, 178
Beams, Bending Moment of,

IV, 44, 174
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IV, 154, 264, 274
Beams, Deflection of IV, 44
Beams, Mechanics of IV, 41
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VI, 184, 231
Length of VII, 65
Continuous VII, 70
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—
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Design of IV, 177
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Erection of IV, 285
Loading of IV, 157
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Strength of IV, 159
Stresses in IV, 161, 169
Use of IV, 263
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II, 271; III, 293, 298, 301
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II, 122; III, 308, 314
Straining of II, 123

Bearing Power of Soils,

IV, 38, 39; V, 334
Bedroom Decoration X, 303
Bedroom Furniture XI, 317
Beds, Twin, Design for.. XI, 323
Bells, Electric IV, 324
Bench, Piano XI, 122
Bench, Workshop. XI, 3, 295, 303
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IV, 44,174; VI, 225
Bends, Return, in Pipes. .IX, 108

Bents and Towers, Steel,

IV, 268, 275
Benzine X, 7
Bessemer Steel IV, 110
Besser Block Machine V, 306
Bevels, Hopper VIII, 46, 116
Of Latch Bolts XII, 249
Of Rafters,

VIII, 46, 81, 101, 334, 366
Bevel Try-Square VIII, 184
Billets, Steel IV, 117
Billiard-Room, Decorating. X, 204
Bisecting Lines and Angles,

I, 33, 34
Black Pigments,

X, 206, 207, 208, 234, 235
Blaw Centering VI, 23
Blenders X, 145
Blind Headers IV, 34
Blinds, Window. II, 202; 111,193

Fittings for XII, 233, 263
Painting X, 28

Blistering of Paint X, 9, 11
Block Machines, Concrete,

V, 291, 301
Block Paving, Cost of,

XII, 307, 308
Blocks, Concrete,

V, 291; VI, 86, 94; VII, 182
Compared with Brick. . .V, 300
Color for VI, 90
Industry VI, 93
Kinds of Blocks V, 296
Manufacture of VI, 96, 102
In Ornamentation V, 293
Use of,

V, 291; VI, 32,94; VII, 182
Wall Construction,

V, 294; VI, 32
Without Facing VI, 86

Blower, Ventilating IX, 145
Blow-Off Tank IX, 272
Blue Pigments,

X, 206, 208, 209, 210
Blue-Printing I, 152, 154, 238
Board, Drawing I, 7

Board Measure VIII, 27
Boat-House, Concrete. . .VII, 278
Boiled Oil X, 10, 228
Boiler Insulation IX, 157
Boiler, Range IX, 176, 203
Boiler, Steam, Selection of .IX, 33
Boiler Trimmings IX, 114
Boiler Tube IX, 195
Boiling Point of Water. .IX, 141
Bolts, Door. . .XII, 249, 257, 258
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Bolts, Drawing 1, 180
Dimensioning I, 158

Bonding of Cement Mortar.V, 327
Of Masonry. II, 151; IV, 85, 86
Of Old and New Concrete,

V, 169
Of Wood and Concrete.. Ill, 211
Of Wood and Stone II, 100
In Veneer and Masonry Walls

III, 177
Bonds, Contractors' XII, 188
Bonuses for Work XII, 184
Bookcase, Design of,

XI, 30, 212, 332
Book Eack, Design of . . . .XI, 53
Bookshelves, Convenient . .XI, 37
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Boring Machines IV, 279
Bower-Barff Process. . .XII, 279
Bowl, Copper XI, 344
Bow Pen and Pencil I, 4, 22
Bow Spacers I, 4, 22
Bowstring Truss IV, 266
Box Cornice I, 268 ; III, 34
Box Culverts VII, 129
Box Girders IV, 128, 200
Box Sills II, 68; III, 17
Box Stairs Ill, 139
Box Stalls VI, 130
Boxes, Miter VTII, 174
Brace Rule VIII, 29
Braces in Framing,

III, 16, 246; VIII, 35
Brackets, Cornice I, 269

Scaffold 11,299,303
Stair VIII, 168

Brard's Test for Stone. . .IV, 16
Brass, Cement for IX, 236
Brass Work, Hammered. .XI, 340
Breakwater Construction, Cost of,

XII, 292
Brick-
Bonding of 11,151
Classification of IV, 80
Cost of XII, 295, 300
Color of IV, 71
Composition of IV, 70
Manufacture of,

IV, 72; V, 307, 309; VI, 46
Size and Weight of IV, 81
Specifications for IV, 82
Strength of IV, 87
Tests of IV, 83

Brick, Body IV, 81

Brick, Cement,
V, 307, 309; VI, 46

Compared with Blocks. .V, 300
Brick, Glass V, 326
Brick, Paving,

IV, 75, 81; XII, 306
Brick, Sand-Lime IV, 78
Brick, Sewer IV, 81
Brick, Eeinforced Concrete,

VII, 16, 160
Brick Buildings, Cost of,

XII, 295, 300
Bricklaying IV, 84, 89
Brick Machines V, 307, 309
Brick Masonry IV, 21, 70,

84,90; VII, 16, 160
Brick Moulds I, 296
Brick Paving, Cost of,

XII, 306, 307
Brickwork IV, 21, 70, 84, 90;

VII, 16, 160
Measurement of IV, 90
Painting X, 178

Bridge Floors, Reinforced Con-
crete VII, 157

Waterproofing V, 221
Bridge Masonry . . .VII, 148, 198
Bridge Piers VII, 148
Bridge-Seat VII, 150
Bridge Trusses IV, 264
Bridges

—

Arch VII, 77, 82, 86, 93
Beam VII, 77, 95
Cantilever IV, 265
Classes of IV, 265; VII, 77
Concrete,

VII, 77, 82, 86, 93, 194, 220
Concrete, Cost of VII, 220
Concrete, Specifications for,

VII, 194, 217
Continuous IV, 265
Cost of . . . .VII, 220; XII, 294
Deck IV, 267
Girder and Slab. ..VII, 95, 96
Masonry VII, 198
One-Span VII, 77
Overhanging IV, 265
Rolling Lift IV, 265
Simple IV, 265
Steel IV, 264, 276
Suspension . .IV, 265; VII. 77
Swing IV, '265

Timber-Framed 11,303
Through IV, 266
Track-Elevation VII, 103
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Trunnion-Lift IV, 265
Broken Eange Masonry,

IV, 21, 26
Bronze, Cost of XII, 300
Bronzing X, 153, 160, 212
Brown Pigments X, 211
Briquettes, Cement, for

Testing V, 114
Brushes, Painters' X, 48, 241

Care of X, 50, 249
How to Hold X, 50

Buckets, Self-Dumping V, 291
Builders' Hardware. XII, 229-286
Building Construction, Details of
Wooden 11,164
Drafting for I, 1-341

General VI, 296
Building Laws of Different

Cities VI, 235, 236
Building Lines I, 249
Building Superintendence,

"IV, 290; XII. 25, 72
Buildings, Cost of XII, 294
Buildings, Types of I, 220

Mill IV, 268
OflSce IV, 273

Building Stone, Kinds of.. IV, 2
Tests of IV, 13
See also Stone.

Burglar Alarms IV, 331
Burial Vaults VII, 332
Burnisher XI, 30
Burnt Sienna X 219
Burnt Umber X 220
Bush-Hammering,

IV, 24; VT, 35, 329; XII, 312
Butts and Hinges. .XII, 233, 264
Buzzer IV, 326

Cabinet, China, Design of.XI, 317
Cabinet Projection 1, 137
Cabinet Work—See Shop
Work and Carpentry.

Cable, Flexible Armored. IV, 321
Cable, Wire VI, 244
Calcimining X, 166
Camber 11,305
Camel-Back Truss IV, 265
Candle-Power IV, 311
Candlestick Holder. XI, 345
Cantilever Beams,

III, 301; IV, 155
Cantilever Bridges IV, 265
Cantilever Traveler IV, 289

Cap, Column I, 217
Capitals, Column I, 217
Capital Eequired XII, 36, 181
Carpentry II, 1-330

See also Framing, Steel
Square, and Shop Work.

Cars, Derrick IV, 286
Cars, Self-Dumping V, 290
Casein X, 172
Casement Windows.. .1, 289; III,

41, 49, 56, 165, 183, 189, 197
Cast Iron, Cost of XII, 300
To Harden IX, 237
Manufacture of . . .IV, 100,106

Cavalier Projection I, 137
Ceilings, Decorating X, 28, 29

Gothic 11,290
Fireproof. V, 320; VI, 234, 321

Cellars

—

Cyclone VI, 151
Drainage of Ill, 14
Mushroom VI, 151
Root VI, 149
Walls and Floors,

III, 11, 12; VI, 53
Waterproofing . . . .Ill, 12, 15;

V, 210, 233; VI, 53
Windows 11,162

"Cemeline" V, 232
Cement

—

Compared with Other Building
Materials V, 3

Composition of V, 104
Cost of .....XII, 300
Dawning Age of V, 1

Fineness of V, 108
Future of V, 1, 23
How Much to Use V, 93, 96
How Shipped V, 58
Hydrolithic V, 209
Kinds of V, 42
Keene 's Cement V, 61
Natural Cement V, 42
Porfland Cement. V, 12, 49, 318
Production of 16, 318
Puzzolan Cement. V, 12, 47, 48
Roman V, 44
Rosendale V, 44
Slag V, 48
Setting of . V, 112, 123, 125, 128
Specific Gravity of. V, 105
Specifications for ....... V, 59
Storage of V, 59
Strength of V, 3, 118
Testing,

V, 103, 105, 110, 120, 120
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See also Concrete, Mixing,
and Portland Cement.

Cement Blocks, Making,
VI, 96, 99, 102

Use of .V, 291, 294, 301; V, 94
Cement Brick,

V, 300, 307, 309 ; VI, 46
Cement Construction .... V, 1-342

;

VI, 1-329; VII, 1-333

Cement Industry, Development of
V, 12, 318

Cementing Materials V, 38
Cement Mortar,

II, 154; III, 173; V, 73,

100, 112, 118, 130, 330; IX, 237
Cement Pipe and Tile V, 311

Cost of XII, 309
Cement Plaster, Mixing and
Applying Ill, 170

Cement Plaster Houses,
III, 159, 162

Cements for Mending, etc..

Recipes for IX, 236
Center of Circle, to Find,

VIII, 251
Center of Gravity IV, 210
Center of Gravity Axis.. IV, 210
Centering, Blaw VI, 23
Centering; see Forms.
Center Line 1, 149
Cesspool IX, 284, 287
Chain Belt Mixer V, 278
Chain Bolts XII, 257
Chairs

—

Arm, Leather-Upholstered,
XI, 178

Arm, Porch XI, 116
Cottage XI, 315
Dutch XI, 335
Mission XI, 131
Morris XI, 156, 165, 329
Porch, Folding XI, 96
Eocking, Leather-Upholstered,

XI, 183
Eocking, Mission XI, 185
Side, Porch XI, 120

Chalk IV, 5; V, 51

Chalking of Paint X, 222
Chamberlain Cement Shingles,

V,315
Chamfering II, 265; XI, 21

Channels, Steel IV, 127, 244
Drafting 1,5,178

Checking of Concrete— See
Crazing and Cracks.

Check-Valves IX, 113

Chenoweth Concrete Piles..VT, 291
Chest, Linen XI, 230
'

' Chicago '
' Cube Mixer ... V, 270

'
' Chicago '

' Mixer V, 279
Chicken House, Concrete. VI, 143
Chimney Caps, Concrete. . .VI, 67
Chimney Flue for Furnace,

IX, 119
Chimneys, Concrete,

VI, 45; VII, 292, 295
China Cabinet XI, 317
Chinking 11,313
Chisels and Chiseling. ,XI, 21, 25
Chromes X, 211, 212
Church Eoof, Trussing a. .II, 292
Cinder-Concrete Fireproofing,

VI, 314; VII, 2
Cinders as Aggregates,

V, 77; VI, 314; VII, 2
In Sidewalk Construction,

VI, 170
Cinnabar X, 218
Circle, Definition of II, 49

Elements of,

II, 21, 22 ; VIII, 249, 251
Circles, Areas and Dimensions,

V, 327, 329; IX, 238
Concentric and Eccentric. II, 24
Drawing 1,38,39
Shading 1, 151

Circuits, Electrical. .IV, 297, 301
Circuit System of Heating,

IX, 62, 82
Circular Eoof, Piercing a,

II, 132; VIII, 87
Circulation, Forced. ..... .IX, 60
Circulator,Hydro-Vacuum.IX, 100
Cistern Overflows IX, 163
Cisterns, Concrete VI, 110
Cities, Building Laws of,

VI, 225, 236
Clamping Lumber II, 262
Clamps for Forms VII, 12
Clapboard Walls, Painting. X, 27
Clay IV, 71; V, 52

Cost of XII, 301
Cleanness of Aggregates,

V, 62, 285
Clean-Out Plugs IX, 273
Cleats for Electric Wires. IV, 319
Clerk, Shipping, Duties of,

IV, 290
Clevis IV, 251
Clip Angles IV, 253
Clips, Steel VII, 14
Clock, Hall XI, 259. 263
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Hanging, Mission Design,
XI, 2-19

Closed String Stairs,

II, 281; III, 139; VIII, 161
Closets, Seat-Operating.. IX, 2G9

Siphon-Jet IX, 282
'

' Clover Leaf '
' Mixer .... V, 271

Coal Pocket, Concrete,
VII, 280, 285

Coat-Hooks XII, 274
Coats, Number of, of Paint,

X, 60
Cobalt Blue X, 208
Cobblestone Paving, Cost of,

XII, 306
Cocks, Corporation IX, 193

Sediment IX, 205
Stop and Waste IX, 193

Coefficient of Elasticity. . .IV, 44
Coefficient of Friction IV, 54
Coils, Heating

—

Box IX, 107
Branch-Tee Miter IX, 108
Corner IX, 109
Flat IX, 108
Wall IX, 108

Coils, Range IX, 203, 208
Cold-Air Supply IX, 21, 106
Cold-storage Plant, Frame.II, 316

Concrete VII, 272
Cold Weather, Concreting in,

V, 171; VI, 174
Laying Brick in IV, 89
Painting in X 68

Colic, Lead X, 223
Colonial Architecture I, 219
Color of Brick IV, 71
Of Concrete VI, 18, 42, 90
Of Mortar Ill, 174

Color, Constants of X, 190
Color Schemes X, 195
Colors, Complementary. . . .X, 193
Distemper X, 168
Fresco X, 168
Moist X, 168
Primary and Secondary,

I, 317; X, 193
Proportions for Mixing.. X, 263
Selection of X, 4, 36, 39

Coltrin Mixer V, 285
Columbian System of Rein-

forcement VI, 254
Column, Details of the 1,217
Column Footings, Reinforced,

VI, 281
Column Hoops VI, 241, 316

Columns, Architectural 1,178
Concrete VII, 65, 66, 74
Length of VII, 65
Reinforced Concrete,

VI, 231, 314
Steel IV, 234, 243
Channel IV, 244
Strength of IV, 234
Z-Bar IV, 243

Combination Squares. . .VIII, 181
Commode, see Somno.
"Common Sense" Mixer. .V, 282
Compasses I, 4, 19, 21, 22

Inking with I, 25
Laying Off Degrees with,

VIII, 242
Competition Drawings I, 203
Composite Order I, 317
Composition of a Building.. I, 221
Compression Members, Steel,

IV, 231,242
Loading of IV, 246
Rivets in IV, 246

Compression Stresses in Con-
crete VI, 183, 231

Compression Tank. ..IX, 196, 261
Concrete, Aggregates V, 61, 76

Block Construction... Ill, 206;
V, 291 ; see also Block

Bonding.. Ill, 211; V, 169, 327
Choice of Mixtures,

V, 133, 137, 140
Cost of XII, 189, 301, 304
Defects in VI, 174
Density of . ..V, 65, 74, 102, 186
Depositing..V, 164, 181 ; VII, 63
Derivation of Word V, 7
Designing in V, 185

VII, 64, 134, 139, 160, 295
Durability, see Strength.
Educative Functions of... .V, 5
Failures of VI, 15, 174
On the Farm VI, 108
Fire-Resistance of VI, 211
Future of V, 23
Hardening of V, 60
History of V, 5; VI, 189
Hygienic Value of V, 22
Ideal Requirements V, 35
Inspection. ..VII, 56, 173, 213
Machinery and Tools,

V, 155, 246
Mass Work VII, 184
Measuring for Mixtures,

V, 85, 93, 141, 162
Mixing, V, 133, 152, 259; VII, 62
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Piles..VI, 209, 282 ; VII, 23, 26
Properties of 37
Proportioning Ingredients,

V, 85; VII, 61
Protection of,

V,168, 171; VI,174
Eeinforced, see Keinforced

Concrete.
Bubble V,79
Safe Loads on,

V, 188; VI, 235; VII, 65
Setting V, 60,163
Strength of,

V, 2, 65, 73, 76, 95, 186
Structures, Representative,

VII, 264
Water for V, 83
Weight of V, 189; VI, 8
What Concrete Is V, 35
See also Blocks, Concrete; Ce-
ment; Measuring; Mixing;
Mixtures ; Reinforced Con-
crete.

Concrete Blocks, see Blocks, Con-
crete.

Painting X, 176
Concrete Construction.. .V, 1-342;

VI, 1-329; VII, 1-333
General Working Rules,

V, 176; VII, 188
Conductivity, Electrical. .IV, 299
Conductors, Electrical, IV, 299, 324
Conduit, Concrete VII, 309
Conduit for Electric Wires,

IV, 320
Connections, Steel IV, 261
Consistency of Mixtures. . .V, 134
Consistency, Normal, of

Cement V, 109
Constancy of Volume V, 120
Construction, Building

—

Details Specified XII, 87
Drafting Details of I, 268
Materials of I, 255; V, 331
See also under names of dif-

ferent types of Construction,
as Concrete, Steel, etc.

Contact Beds, Sewage, IX, 291, 295
Continuous Beams,

IV, 155, 156; VII, 70
Continuous Bridges IV, 265
Continuous Mixing of Con-

crete V, 152
Contract as a Business Ar-

rangement XII, 2

As a Legal Instrument. .XII, 2

Defined XII, 3
Obligations of a XII, 21
Stipulated and Implied
Features of a XII, 2

Uniform, Example of.. XII, 49
Contraction in Concrete,

VI,30; VII, 39, 76, 166
Contractor, The XII, 4, 5, 163
Contractor's Plant VII, 175

See also Machinery and Tools.
Contracts, Construction,XII, 1-156

Classification of XII, 4
Cost-plus-Compensation,

XII, 4, 34
Fixed-Sum XII, 42
Lump-Sum XII, 4, 21
Percentage XII, 42
Unit-Price XII, 4,'32

See also Specifications.

Conventional Lines 1, 149
Conventional Symbols for

Materials 1, 162, 244
Converter, Bessemer IV, 110
Co-ordinate Planes I, 50
Copals X, 100
Coping, Cement VI, 65
Copper Bowl, Hammered..XI, 344
Copper, Cost of XII, 302
Copperas, White X, 236
Copper Drip-Pan, Hammered,

XI, 279
Copper Leaf X, 157
Copper Wire, Properties of,

IV 299
Corell Railroad Tie VIl' 317
Corinthian Order I, 317
Cork IX, 158
Corners, Constructing II, 82

Protection of VI, 178
Squaring Ill, 4

Cornice Construction. . .II, 66, 89,

107; 111,34,38; VIII, 52
Box 1,268
Decorating X, 27
Details of I, 217, 268
Open 1,268
Projecting VTII, 52

Corporation Cock IX, 193
Corrosion of Steel in Con-

crete VII, 56
Corrugated Iron IV, 269

Cost of XII, 296
Cost—
Of Concrete Work,

V, 184, 298; VI, 33, 207
Of Concrete Bridges. .VII, 220
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Of Drafting, Structural, IV, 282
Estimating XII, 183, 287

See also Estimating.
Factors Affecting, XII, 291, 293
Of Home-Made Furniture,

XI 349
Of Labor, VI, 4, 202, 203 ; X, 25
Of Mill Work, Structural,

IV, 280
Of Mixing and Laying
Concrete XII, 289

Of a Modern Eesidence.XII,194
Of Painting Structural
Work IV, 283

Of Reinforced Concrete,
VI, 198, 207

Of Shop Work, Structural,

IV 282
Of Steel Structures iv' 280
Of Stone IV, 8
Of Wood and Concrete

Piles VI, 209
See also under names of vari-

ous items.

Costs, Preparatory XII, 186
Co-tangents VIII, 233
Cottage Chair XI, 315
Cottage Serving Table. . .XI, 315
Counter-Flashing I, 276
Counterfort Eetaining Walls,

VII, 248
Coupling, Reducing IX, 184
Cover-Plates, Steel IV, 200
Cowles *

' Umbrella '
' System of

Reinforcement ..VI, 262, 307
Cracks, Hair V, 182
Cracks in Concrete,

V,182; VI,175; VII,39
Crandalling IV, 24
Cranes, Locomotive IV, 286

Traveling IV, 268
Crazing of Concrete V^ 182
CreoBoting, Cost of XII, 312
Crescent Mixer V, 282
Crescent Tile Machine V, 312
Crestings X, 28
Cripple Jacks Ill, 100
Cropp Concrete Mixer V, 283
Crosscut Saws XI, 12, 13
Cross-Hatching 1, 160
Cross-Tonguing II, 261
Crown-Mould 1,269
Crucible Steel IV, 109
Crushed Stone, see Stone.

Cost of XII, 292, 311
Crushers V, 249

Cube Mixers V, 270
Culverts, Concrete
Arch VII, 129
Construction of,

VI, 137,139; VII, 128
Forms for VI, 21
Pipe VII, 129, 137
Railway VII, 134
Reinforced Concrete.. .VII, 128
Road VI, 137, 139
Skew VII, 135
Specifications for VII, 217

Cummings System of Rein-
forcement VI, 254

Cupboards Ill, 85
Fittings for XII, 275

Cup-Hooks XII, 274
Curbs and Gutters VI, 176

Cost of XII, 302
Machines for Making. . .V, 309

Current, Electric IV, 298
Curtain Walls .VI, 319
Curved Lines, Isometric of.. 1, 133
Curved Surfaces, Intersection

of 1,115
Curves, French or Irregular,

1, 10, 22
Cut-Out Boxes, Electric. .II, 314
Cut Stones IV, 23

Cuts, Hopper VIII, 125, 128
Cuts for Rafters VIII, 63,

320, 334, 353, 366, 370
See also Carpentry, Framing,
and Steel Square.

Cyclone Cellar VI, 151
Cylinder, Development of.. 1, 117
Cylinder, Isometric of 1, 135

Cyma Recta and Reversa. .II, 233

D

Dado X, 29, 278
Damper-Regulators IX, 116
Damp-Proofing .. .II, 154; V, 190

See also Waterproofing.
Dams, Concrete VII, 303
Masonry IV, 53

Data, Useful V, 327; IX, 225

Day, A Working XII, 181

Dayton Block Machine V, 309
Deadening Walls, Floors, etc.,

1,273; 111,29; V, 318
De Armon-McKinney Block

Machine V, 305
Decimals VIII, 95, 292
Deck Bridges, Steel IV, 267
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Deck Girders, Steel IV, 200
Decorating, see Painting and

Paperhanging.
Deformed Bars VI, 238
Bond for VII, 67

Degree Lines VIII, 238
Degrees II, 17
Framing by. . . VIII, 94, 95, 223

Definitions, see Dictionary.

Dehydratine Compounds. . .V, 232
Den Furniture XI, 327
Density of Concrete,

V, 65, 77, 102, 186
Of Mortar V, 73, 100, 130

Dentil Course I, 269
Depositing of Concrete. . .V, 164,

181; VI, 174; VII, 63
Under Water V, 181

Depreciation of Plant.. .XII, 185
Derrick, Structural IV, 285

Cost of XII, 296
Derrick Cars IV, 286
Design, Architectural 1,187
Design of Arches IV, 66
Of Beams IV, 177
Of Bridges IV, 267
Of Compression Members,

IV, 242
Of Concrete Work IV, 220;

V, 184; VII, 64

Of Forms VI, 5

Of Furniture, see names of
separate pieces.

Of Girders IV, 200
Of Eeinforced Concrete,

IV, 220; V, 184; VII, 64
Of Eoof Trusses IV, 271
Of Tension Members. . .IV, 255

Designing and Drafting,
Structural IV, 276

Desk, Writing XI, 194
De Vallidre Floor VI, 268
Development I, 86, 117, 118

Diagonals of Figures,
II, 18; VIII, 248

In Trusses 111,321
Diagonal Scale VIII, 24
Diagram, The Marking. , .IV, 284
Diamond Bar VI, 239
"Diamond" Block Machine,

V, 309
Diamond Cement Shingles..VI, 48
' * Diamond '

' Water-Proofing,
V,233

Dictionary of Arch and
Bridge Terms VII, 83

Of Concrete Terms V, 27
Of Electrical Terms... .IV, 300
Of Masonry Terms. .IV, 27, 61

Die, Pedestal I, 217
Dimensioning. . . .1, 155, 158, 249
Dining-Eoom, Decorating.. X, 201
Diredt Current, Electrical.IV, 298
Direct-Indirect Eadiators.IX, 103
Direct Eadiators IX, 103
Disc, Eevolving, Steel Square,

VIII, 188
Discounts and Interest,

XII, 184, 186
Distemper Colors X, 168, 190
Distributing Board, Electric,

IV, 314
Distributing Fittings IX, 77
Distribution, System of,

Electric IV, 308
Ditching, Cost of XII, 303
Divided-Circuit, Heating,

IX, 29, 40
Dividers I, 4, 21
Docks and Piers, Concrete,

VII, 326
Dogs II, 313
Dome, Circular. .II, 227, 246, 294
Door Bolts XII, 249, 257, 258
Door-Frames, Cost of . .XII, 296
Door Framing,

III, 66, 69, 71, 162, 267
Doorheads II, 49
Door Latches XII, 256
Door-Pulls XII, 255
Door Spring XII, 260
Doors

—

Decorating X, 28, 29
Drawing, Details of. ...I, 279
Fittings for,

XII, 233, 249, 255, 260
Hay Mow Ill, 267
Outside Ill, 69
Eight- and Left-Hand,

XII, 240
Sliding Ill, 71

Doric Order I, 317
Dormer Windows,

I, 296; II, 139; III, 105
Dotted Lines I, 149
Dovetail Cuts II, 260, 310
Dowels IV, 27
Drafting, Architectural.1, 187-341

Mechanical I, 1-186

Practical I, 145
Structural I, 176; IV, 276

Draftsman 's Outfit I, 2
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Drainage Fittings IX, 250
Drainage, Municipal. .. .IX, 291
Drains, Cellar Ill, 14

Cost of XII, 304
Floor IX, 174

Drain-Tile, Concrete.VI, 179, 182
Drain-Tile Machines V, 311
Draw-Bored Framing,

II, 295; III, 242
Drawbridge IV, 266
Drawers, Construction of. XI, 206
Drawing Board I, 7; XI, 91
How to Use I, 15

Drawing Eoom, Decorating,
X, 200

Drawings, Architectural ... I, 194
Assembly I, 147
Competition I, 203
Detail I, 147
Preliminary I, 147
Pictorial I, 126
Reading of I, 170
Reproducing I, 238
Scale I, 19
Shop, Structural,

I, 176; IV, 277
Wash I, 310

Drawings, Working,
I, 147, 206; IV, 277

Dredging, Cost of XII, 302
Dressing Table XI, 319
Driers X, 7, 189, 227, 236
Drinking Fountain IX, 261
Drip-Pan, Copper XI, 279
Drip-Pipe IX, 212
Drop of Beam IV, 145
Drum Trap IX, 186
Drying Oils X, 227
Dry-Pressed Brick IV, 80
"Duck Brand" Waterproof

Colors V, 241
Ducts, Cold- and Warm-

Air IX, 106
Duplication of Parts I, 159
Durability of Concrete—See

Strength.
Dusting Brushes X, 246
Dutch Metal X, 156
Dwellings, Cost of,

XII, 194, 295, 296

"Eaay Mould" Tile Ma-
chine V, 313

Eave Conatruction Ill, lz3

Eccentric Circles II, 24
Eccentric Fittings IX, 28
Eccentric Loading IV, 49
"Eclipse" Block Machine.V, 303
"Eclipse" Mixer V, 276
Edison Poured House VI, 80
Efflorescence V, 184
Egyptians, Concrete Used by.V, 6
Ejectors, Sewage IX, 240
Elasticity, Coefficient of.. IV, 44
Elasticity, Modulus of,

IV, 142; VII, 67
Elastic Limit of Steel. . .IV, 143
Elaterite V, 233
Elbow, Base IX, 80
Elbow-Catches XII, 276
Electric Bells IV, 324
Electric Current IV, 298
Electrical Circuit IV, 297
Electric Light Pendant Fix-

ture XI, 291
Electrical Units IV, 300
Electric Water-Heater. . .IX, 214
Electric Wiring IV, 295-333
Elevations I, 51, 216

Treatment of I, 221
Elevators V, 286
Ellipse, Drawing an I, 41,

42; II, 43, 46; VIII, 267
Elongation of Steel IV, 141
Embankments, Cost of. XII, 303
Enamel Finish.. X, 147, 149, 151
Engine and Equivalent

Loads IV, 230
Engineer, The XII, 159
Engineering News Formula,

IV, 40
Engines for Driving V, 286
English Bond II, 152; IV, 85
Entablature I, 217
Entering Connections. . . .IV, 263
Equilateral Arch II, 54
Equilateral Triangle II, 29
Equivalent Uniform Loads,

IV, 231
Equipment, Contractor's,

XII, 23, 39, 177, 185
See also Machinery and

Tools.

Erasers .' I, 11
Erection of Reinforced

Structures VI, 299
Of Steel Structures IV, 284

Errors, Architect's. .XII, 74, 75
"Esco" Waterproofing... V, 237
Escutcheons XII, 251, 254
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Estimates, Men Who Make,
XII, 159

Purpose of XII, 166
Eitimating.XII, 157-227

J
287-313

Brickwork IV, 90
Concrete Block Construc-

tion ^ V, 297
House Construction .. XII, 194
Painting X, 18, 23, 30
Paperhanging X, 296
Hints on... XII, 169, 191, 287
Eulesfor XII, 169
See also Cost.

Etching Metal Work XI, 346
Eureka Drum Hoist V, 287
Eureka Concrete Mixer... V, 272
Excavating Ill, 3 ; VI, 31

Cost of XII, 302
Expanded Metal.VI, 242, 243, 326
Expansion in Concrete,

VII, 39, 166
Expansion Joints for Side-

walks VI, 171
Expansion Tank and Con-

nections IX, 68
Experience, Value of • XII, 27, 42
Extenders X, 4
Extension Lines I, 156
Extension Table XI, 317
Extensometers IV, 143
Exterior Painting. X, 39, 44, 126
Extrados of an Arch,

IV, 28; VII, 85
Extras, Allowance for.XII, 16, 76
Eye-Bars, Steel IV, 248

P

Face Brick IV, 81
Face Line Ill, 3
Face-Side of Lumber XI, 8

Face, Working, of Lumber,
XI, 8, 18

Factor of Safety,
III, 299; IV, 147

Factories, Concrete,
VI, 217; VII, 270

Factories, Cost of XII, 294
Framing of Ill, 275

Factory-Made Eeinforeement,
VII, 40

Factory Plumbing IX, 267
Fans for Ventilation IX, 145
Farm, Concrete on the. ..VI, 108
Fascia T, 269
Faucets IX, 269

"Favorite" Brick Machine,
V, 311

Fawcett's Floor VI, 75
Feather Edge, to Remove. XI, 26
Feather-Edge Brick IV, 81
Feeding Floors, Concrete. VI, 129
Felt, Hair IX, 158
Fence, Adjustable VIII, 33
Fence-Posts,Concrete.VI, 151, 154
Fences, Cost of XII, 304
Ferguson Block System. . .V, 306
Ferguson's Floor VI, 74
Ferguson Hollow-Wall Con-

struction V, 295
Ferguson Tile Machine ... V, 313
Ferro-Concrete VII, 156
Ferroinclave VI, 311
Ferro-Lithic Plate VI, 49
Fiber, Rush, Weaving. . .XI, 248
Field Conditions of Work,

XII, 177
Field-Made Reinforcement, -

VII, 40
Fillet, Definition of II, 236
Fillers, Liquid and Paste,

X 78 82
Filling, Earth, Cost of. .XII,'304
Fineness of Cement V, 108
Of Sand V, 73

Fine-Pointed Masonry IV, 23
Finished Surfaces, Indicating,

I, 159
Finishes for Concrete,

III, 173; V, 240; VI,
19, 33, 325, 327; VII, 165

For Cement Plaster. . .Ill, 173
Cost of XII, 312

Finishes for Hardware. .XII, 278
Finishes for Metal Work. XI, 346
Finishes for Wood

—

Dull Luster X, 94
Enamel X, 147, 149
Floors X, 74, 118
Hardwood X, 87
Interior Woodwork,

X, 29, 74, 87, 118, 123, 135
Oil X, 123
Scorched X, 136
Stain X, 135
Varnish X, 123
Wax X, 120
See also Painting, Staining,

Varnishing,
Finishing Stock, Woodwork,

XI, 19
Filling Back of Wallg..VII, 248
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Fire Alarm, Electric IV, 332
Firebrick IV, 71
Fireplace Construction,

I, 284; II, 169,
173; III, 83; VI, 69

Fireproof Aggregates ... .V, 82
Fireproofing V, 82

VI, 70, 76, 211; VII, 1, 55
Cinder Concrete VII, 2
Of Floors Ill, 225; VII, 1

Use of Asbestos V, 325
Use of Mineral Wool. . .V, 318

Fire-Eesistance of Concrete,
VI, 211; VII, 55

Fire Eisk and Insurance,
VI, 214,217; XII, 186

In Paint Shops X, 183
Fisher Hydraulic Stone Press,

V, 308
Fitches, Painters ' X, 246
Fitting, Phelps Ideal IX, 84
Fittings for Doors, Blinds,

etc XII, 233
Drainage IX, 250
Eccentric IX, 28
"O. S." IX, 77,84
For Windows and Tran-

soms XII, 233, 266
See also Hardware.

Fixed-Sura Contracts XII, 42
Fixtures, Electric IV, 314

Pendant, Electric Light,
XI, 291

Heating, see Heating.
Plumbing, see Plumbing.

Flag Stone, Cost of XII, 304
Flange Angles IV, 200
Flange Plates .IV, 200
Flashing, Eoof,

I, 176 ; IX, 190, 192
Flat Coil IX, 108
Flat Plates IV, 252
Flat Slabs VI, 303, 322
Flats, Steel IV, 122
Flatting Paint X, 229
Flemish Bond... II, 152; IV, 86
Floor Construction

—

Barn and Stable,

III, 262, 265; VI, 127
Basement, Waterproofing,

V, 209, 232
Bridge, Eeinforced Con-

crete VII, 156
Bridge, Specifications for,

VII, 156
Bridge, Waterproofing. .V, 221

Cellar Ill,

11; V, 209, 232; VI, 53, 61
Cement Ill,

11; V, 209, 232; VI, 53, 61
Drawings for I, 271
English Systems... VI, 70, 325
Feeding VI, 129
Fireproof III, 225; VII, 1
Girderless VI, 308
Jointless VI, 52
For Markets, Shops, etc.V, 326
Materials for. VI, 234, 302, 322
Sub-Floors Ill, 73
Use of Mineral Wool. . .V, 318
Vaughan System VII, 13
Veranda VI, 52

Floor-Drain IX, 174, 269
Floor Girders, Steel IV, 191
Floor Loads, Allowable. .VI, 255
Floor-Slabs VII, 17, 70
Floor System, Bridge IV, 264
Floors, Care of X, 126

Finishing,
VI, 325 ; X, 28, 74, 118, 124

Flues, Chimney IX, 119
Flues, Size and Location of,

IX, 13
Flues, Vent I, 252
Fluorescence X, 239
Flushed Joints, Masonry. .IV, 35
Flush-Valves IX, 263
Fluted Stone IV, 25
Fluxes IV, 102
Foliations II, 57
Foot-Bolts XII, 257
Foot-Candle IV, 313
Footing Course, Bridge. VII, 150
Footings VI, 28, 281

Strength of IV, 49
Foot-Eest, Design of .XI, 72, 330
Forced Circulation IX, 60
Foremen, Structural. .. .IV, 291
Forms, Architectural I, 244
Forms for Concrete. .VI, 1, 5, 11,

17, 20, 22, 138; VII, 63, 99,

112, 113, 124, 143, 153, 171,
186, 214, 250, 255; XII, 304

Alignment of VI, 11
Circular VI, 20
Collapsible,

VI, 22, 136; VII, 35
Cost of.... VI, 203; XII, 304
Design of VI, 5, 17, 20
Metal. . . .VI, 22, 138; VII, 35
Placing of VIL 28
Protection of VI, 12
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Strength of VI, 9, 17
Time to Eemove VI, 13

Forms, Geometrical II, 13
Formulas, Engineering News,

IV, 40
Eansome's VI, 227
Wason's VI, 225

Fort St. Philip Sea-WalLVII, 330
Foundation-Bed for Masonry,

IV, 29, 38
Foundation Course, Bridge,

VII, 139
Foundations

—

Concrete Ill, 6, 9, 28, 30
Construction of,

II, 148, 159; III, 6,

9, 28, 30; IV, 39, 275; V,
209, 232; VI, 282; VII, 23

Pile. IV. 39; VI, 282; VII, 23
Steel Grillage IV, 275
Waterproofing V, 209, 232

Fountain, Concrete VI, 135
Fountain, Drinking IX, 261
Fractions VIII, 44
Frame, Circular, Laying Out,

VIII, 218
Framing II, 62, 165, 290,

295,299; III, 1-334; VI, 297
Architectural II, 290
Balloon Ill, 16
Barn,

III, 239, 246, 301, 308, 313
Braced Ill, 16
Cost of XII, 313
Definition and Divisions of,

III, 1, 2

By Degrees VIII, 95, 219
Of Factories, Stores, and

Public Buildings... Ill, 275
Fireplace II, 169
House, see Framing.
Log House II, 310
Miscellaneous II, 299
Eoof Ill,

91, 282; VIII, 79, 308, 325
Windows and Doors in Ce-
ment Plaster Houses.III, 162

See also Carpentry, Steel

Square, and Shop Work.
Framing Tool, Topp's.VIII, 186
Frazzi Floor VI, 76
Freight, Cost of,

IV, 283; XII, 291, 312
See also Haulage and

Transportation.
French Curves I, 10, 22

Fresco Colors X, 168
Fresh-Air Supply.I, 252 ; IX, 166
Friction, Coefficient of IV, 54
Frieze I, 217

Decorrting X, 278
Frigite V, 327
Frost, Precautions against,

in Brickwork IV, 89
In Concreting. V, 171; VI, 174

Fuel for Power, Cost of .XII, 304
Full Pitch VIII, 314
Fuming Process X, 113
Furnace, Size of IX, 10

Ventilation IX, 23
Furnace Pipes, Openings for,

III, 22
Furniture

—

Bedroom XI, 317
Cost of XI, 349
Den XI, 327
Designs, see names of sep-

arate pieces.

Hall XI, 338
Kitchen XI, 312
Library XI, 327
Porch XI, 114

Furring Ill, 182

a

Gables II, 110; III, 37
Bed-Moulds for VIII, 81
Valley Eafter for.... VIII, 59

Gabriel System of Eeinforce-
ment VI, 252, 305

Gallows Frame IV, 285
Galvanized Iron, Painting. X, 172
Galveston Sea-Wall VII, 328
Gamboge X, 212
Gambrel Eoofs Ill, 260
Gantry Traveler IV, 287
Garage, Concrete VII, 278

Trussed Eoof II, 314
Gas-Heater IX, 176, 205
Gate-Posts, to Preserve. .VI, 155
Gate Valve IX, 110
Gauge-Cocks IX, 115
Gauge, Marking, Use of.. XI, 10
Gauges of Angles, Steel. .IV, 226
Gauges, Steam and Water.IX, 115
Gauntt Mixer V, 285
Gazing Globe V, 310
Generator, Honeywell IX, 88
Geometrical Forms II, 13
Geometrical Problems,

I, 33; II, 25
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Geometry II, 13, 240
Gilbreth Corrjgatecl Piles,

VI, 289; VII, 26
Gilding and Bronzing,

X, 153, 157, 160, 212
Gilsonite V, 218
Gin-Pole IV, 286
Girder and Slab Bridges,

Concrete VII, 95, 97, 103
Girder Flanges IV, 225
Girders, Drawing I, 178

Erection of IV, 285
Eivets in IV, 221, 225
Shears and Moments in.IV, 199
Steel IV, 128, 154,

191, 200, 121, 225, 263, 285
Wooden II, 171

Girts IV, 268
Glass Brick V, 326
Glass, Cement for IX, 236
Glazing XII, 152
Globe, Gazing V, 310
Globe Valve IX, 110
Gold for Decorating X, 154
Good Work, Qualities of,

XI, 310, 348
Gothic Ceiling II, 290
Gow Concrete Piles VI, 287
Grading of Aggregates. V, 65, 71
Grafting Wax IX, 236
Graham System of House

Construction VI, 81
Graining X, 38, 137, 143, 145
Grand Stand, Concrete. .VII, 279
Granite IV, 4; V, 77

Cost of XII, 311
Gravel, Cleaning V, 285

Cost of XII, 304
Selection of V, 76

Gravel Eoofing, Cost of .XII, 310
Gravity, Center of IV, 210
Gravity Hinges XII, 264
Gravity, Specific, see Specific

Gravity-

Gravity Systems of Heating,
IX, 60

Greenhouses VI, 133
Painting Pipes in TX, 235

Green Pigments X, 212, 213
Grinders V, 249
Grinding Beveled-Edge Tools,

XI, 23
Grindstone XI, 5
Groove, Semicircular. .VIII, 270
Grounding Electric Wires.IV, 328

Ground Line I, 50
Grounds I, 296; II, 98
Grumman Cement Shingles.VI, 48
Guarantees under Contract,

XII, 120
Gums for Varnish. . .X, 100, 105
Gutter and Curb Machine. V, 309
Gutters, Concrete VI, 176
Eoof I, 270

Gypsinite V, 325
Gypsite, Use of V, 324
Gypsum, Use of V, 56
Gyration, Radius of IV, 235

H
Hair Cracks V, 182
Hair-Spring Dividers. . , .1? 4, 21
Half-Rounds, Steel IV, 129
Hall Clock XI, 259, 263
Hall Mirror XI, 338
Hall Tree XI, 269
Hall, Well-Furnished.... XI, 338
Halls and Staircases, Deco-

rating X, 202
Hammered Metal Work. .XI, 340
Handbooks, Steel-Makers

',

IV, 120
Hand Mixing of Concrete.V, 152
Hand, Right and Left, of

Doors XII, 240
Hanrahan System of Cold

Storage II, 317
Hardwood Finishing X, 87
Hardening of Concrete,

V, 60; VI, 208
Regulation of V, 163

Harmony, Color X, 195
Hardware, Builders '.XIT, 229-286
Buying and Selecting. XII, 280
Finishes for XII, 278

Hasley Railroad Tie VII, 320
Haulage, Cost of,

IV, 283; XII, 187, 291, 312
Hayden Block Machine... V, 307
Hayden Mixer V, 279
Headers, Blind IV, 34
Headers, Joist I, 273
Health, Painters' X, 181
Hearth Construction,

II, 169, 173; III, 83
Concrete VI, 69

Heat

—

Effect on Concrete. VI, 79, 211
Properties of V, 338, 339
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Transmission of IX, 158
Heat and Power Equivalents,

V, 341
Heaters, Electric IX, 214
Gas IX, 176
Water IX,

176, 203, 207, 211, 217, 311
Heat-Economizer, Pierce,

IX, 88, 94
Heat-Generator, Milwaukee,

IX, 102
Heat-Pipes IX, 19
Heat-Retainer, Phelps .... IX, 88
Heating and Ventilating, .

.

IX, 1-160

Accessories IX, 114
Apparatus IX, 4

Heating Systems

—

Hot-Air IX, 7
Steam IX, 26
Hot-Water IX, 60
Vacuum and Vapor... IX, 125

Heavy Timber Framing. 241, 246
Hectograph Process I, 240
Heel, Retaining Wall. . .VII, 248
Height of Inaccessible Objects,

VIII, 303
Hematite IV, 97
Hennebique Column, Concrete,

VI, 318
Hennebique Concrete Piles,

VI, 295
Hennebique System of Rein-

forcement. VI, 240, 268, 305
Hens' Nests, Concrete. , .VI, 144
Heptagon, Drawing a,

VIII, 230, 284
Hercules Block Machine. .V, 309
Herringbone Expanded Steel

Lath VI, 242
Herringbone Trussed Bar,

VI, 263, 265
Hexagon, Drawing the,

I, 30, 40; II, 35
Hexagon Jack VIII, 351
Hexagonal Roofs,

II, 146; VIII, 112, 115
High-Carbon Steel VI, 273
High-Pressure Heating. . .IX, 61
Highway Bridges, Concrete,

VII, 86, 97
Hinges and Butts. .XII, 233, 264
Hinges, Gravity XII, 264
Hip Rafters II,

129; VIII, 55, 61, 80, 81, 83
Side Cut of VIII, 80, 356

Hip Roofs II, 125;
III, 101; VIII, 79, 80, 356

Octagon VIII, 193, 205
Principles of VIII, 79, 83

Hips and Jacks VIII, 101
Hips and Valleys,

VIII, 67, 193, 340, 345
History of Concrete.V, 5; VI, 189
History of Heating IX, 1
History of Reinforced Con-

crete V, 19; VI, 189
History of Steel Square. VIII, 19
Hog Pens, Concrete VI, 145
Hoisting Engine, Cost of,

XII, 296
Hoists V, 286
HoUow Walls,

III, 177; V, 294; VI, 28, 83
Home Shop, the XI, 2
Honesty in Furniture. . . .XI, 348
Honeywell Generator IX, 88
Hooke 's Law IV, 45
Hooks, Miscellaneous . . . XII, 274
"Hoosier" Tile Machine. V, 315
Hoppers and Hopper Bevels,

VIII, 116, 125, 128
Horse Block, Concrete. . .VI, 131
Horseshoe Arch II, 52
Hot-Air Heating IX, 7

Hotbed Frames VI, 133
Hot-Blast Stoves IV, 103
Hotel, Concrete VII, 269
Hot-Water Heating IX, 60

Accelerated Systems. . .IX, 88
Pressure Systems IX, 86
Radiator Connections. . .IX, 73
Radiator Valves IX, 113

Hot-Water Supply IX, 203
Hough Steam Engine V, 287
House, A Modern, Cost of,

XII, 194
Housed-String Stairs,

II, 281; III, 135; VIII, 161
House Framing Ill, 16

See also Framing, Carpen-
try, and Steel Square.

Houses, Cement Plaster. Ill, 159
Houses, Concrete VI, 1, 80

Concrete Block Ill, 206
See also Blocks, Concrete.

Howe Trusses IV, 265
Humidity IX, 144
*

' H.-W. '
' Stone Preserva-

tJYQ Y 234
Hybrid Beams .'

!
.' .' .' .' .'

.*
.'

.IV,' 155
Hydrated Lime V, 205
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Hydratite V, 207
Hydraulic Lime V, 41
Hydraulic Rams IX, 298, 303
Hydrolithic Cement V, 209
Hydrostatic Pressure. V, 200, 329
Hydro-Vacuum Circulator.IX, 100

I

I-Beams IV, 128
Ice-House, Concrete VI, 147
"Ideal" Block Machine.. V, 302
"IdeaUte" V, 324
Ideal Mixture, Concrete. . . .V, 35
'

' Ideal '
' Water-Proofing

Filler V, 211
"IlUnois" Mixer V, 284
Illumination, Electrical,

IV, 297, 311
Wiring for IV, 297

Inaccessible Distances,
VIII, 300, 303

Incandescent Lamps IV, 311
Increasers IX, 184
Independent Bar Eeinforce-

ment VI, 303
India Ink I, 310
Indian Eed X, 216
India Stool XI, 240
Indigo Blue X, 208
Indirect Radiation. .IX, 103, 105
Industrial Buildings, Framing,

III, 275
Industry, Clement V, 12, 318
Inertia, Moment of IV, 239
Ingots, Steel IV, 117
Ingrain Papers X, 312
Ink, Drawing I, 12, 310
Inking Drawings. .. I, 23, 24, 32
Inlet, Fresh-Air IX, 162
Inlet Valve IX, 296
Inscribing on Metal IX, 237
Inspection

—

Of Concrete Work,
VII, 56, 173, 213

Of Contract Work. XII, 25, 72
Of Structural Work. ..IV, 279

Inspector, Authority of,

XII, 25, 72
Instantaneous Heaters,

IX, 203, 211, 311
Instructions, Contract . . . XII, 38
Instruments, Drafting I, 2

How to Use I, 15
Testing I, 13

Insulation against Heat and

Cold V, 318
Insulation, Pipe and Boiler,

IX, 157
'

' Insulite '
' Water-Proofing,

V, 324
Insurance, Fire,

VI, 214, 217; VII, 1, 55
Cost of VI, 217
Under Contract,

XII, 30, 37, 120, 186, 187
Interest and Discounts,

XII, 184, 186
Intersection of Planes I, 86
Intersection of Solids I, 104
Intersections and Develop-

ments I, 86, 119
Intersection Trap IX, 162
Intrados of an Arch,

IV, 29; VII, 85
Involute Curved Drum Mixer,

V, 271
Ionic Order I, 317
Iron, Cast IV, 100
To Harden IX, 237

Iron, Corrugated IV, 269
"Ironite" V, 234
Iron Ore IV, 96
Iron, Wrought IV, 107
Irregular Curves I, 10, 22
Isometric Drawing,

I, 126, 128, 133
Ivory Black X, 207

J

Jack-PIane XI, 16
Jacks, Cuts for Polygonal,

VIII, 360
Jacks, Described VIII, 111
Jacks, Hexagon VITI, 351
Jacks, Length of . .VIII, 78, 321
Jacks, Measurement Line,

VIII, 340
Jacks, Octagon VIII, 354
Jacks, Shape of VIII, 208

Side Cut of VIII, 349
Jackson Steel Sheeting. .VII, 27
Jackson System of House

Construction VI, 28
Japan Gold Size X, 235
Johnson Bar i .VI, 239
Joinery Work II, 98, 253

See also Shop Work and
Carpentry.

Joint-Edge XI, 8
Jointless Floors VI, 52
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Joint-Eunner IX, 169
Joints in Concrete Woxk.VII, 63
Joints, Flushed, in Masonry,

IV, 35
Joints, Framed II, 168, 254
Joints, Kinds of. II, 167, 256,262
Joints, Open, in Masonry. IV, 35
Joints, Pipe, Double-Swing,

IX, 52
Joints, Bust IX, 228
Joints, Soil-Pipe IX, 168
Joists I, 272
Framed Ill, 22, 208

Joist Supports II, 65; VI, 32

K
Kahn System of Reinforce-

ment VI, 251, 304, 307
Kahn Trussed Bar. .VI, 239, 251
Keene's Cement V, 61
Keller Block Machine V, 309
Kent Mixer V, 274
Kerfing II, 47; III, 152
Kerlin Automatic Post Ma-

chine V, 309
Keyed Joints II, 262
Keys XII, 250
Kick-Plates XII, 255
Kilowatt IV, 301
King-Pest Trusses,

II, 123; IV, 265
Kiln, Eotary V, 53
Kilns, Brick IV, 75
Kitchen Furniture XI, 312
Kitchen Range IX, 176
Kitchen Sink IX, 174
Kleine Floor VI, 75
Knee-Catches XII, 276
Knives, Painters' and Paper-

hangers' X, 254
Knob-and-Tube Wiring. .IV, 319
Knobs, Door XII, 251
Knote, Covering X, 235
Koehring Concreting Plant,

V, 263, 287, 289

I>

Labor, Contract,
XII, 15, 23, 39, 178

Labor, Cost of. VI, 4; X, 21, 25
Labor Market XII, 178
Lacing Bars IV, 232
Ladd «8, Painter's X, 64

Lagging, Steel VI, 27, 140
Laitance V, 184
Lally Column VI, 316
Lampblack X, 207
Lamps, Carbon-Filament. IV, 311

Choice of IV, 314
Incandescent IV, 311
Tantalum IV, 311
Tungsten IV, 311

Lancet Arch II, 54
Latches XII, 242, 256
Lath and Plaster, Drawing. I, 274
Lath, Metal.III, 169 ; VI, 42, 243

Standard Sizes and Gauges,
VI, 326

Lath, Wooden Ill, 169, 182
Laths, Number Required. .V, 330
Lattice Construction . . . .VI, 653
Lattice Truss Ill, 327
Latticed Reinforcement. .VI, 303
Laundry Tubs IX, 174
Lavatory IX, 176
Laws Regarding Concrete,

VI, 235, 236
Layout of Construction Work,

XII 73
Lead Colie X, 223
Lead, Sheet IX, 227
Lead, Cost of XII, 305
Lea's Concrete Metal Wall,

VI, 320
Le Chatelier Apparatus ... V, 105
Ledgerboard Ill, 26
Left-Hand Doors XII, 240
Leg Rest, Design of I, 330
Lengthening Bar I, 4, 21
Lengthening Ties II, 268
Lettering with Cement. . .VI, 102
Lettering of Drawings 1, 163, 325

Spacing of 1, 328
Library, Decorating a. . . .X, 202
Library Furniture,

XI, 78, 327, 333
Lift, Air IX, 312
Lift, Sewer IX, 240
Lift, Water IX, 195
Lift-Pump IX, 296
Lighthouse, Concrete. . .VII, 296
Lighting, Electric. .IV, 297, 311
Lighting Fixture, Pendant,

XI, 291
Light-Stand XI, 331
Lime, Common... II, 154; V, 38

Cost of XII, 305
Lime, Hydrated V, 205
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Lime, Hydraulic V, 41
Limer X, 248
Limestone. .IV, 5; V, 38, 51, 77

Cost of XII, 311
Limonite IV, 97
Line, to Bisect, etc I, 33, 37
Line, Springing IV, 31
Linear Board Sleasure.VIII, 361
Linen Chest XI, 230
Lines in Drawings

—

Construction I, 149
Conventional I, 149
Curved and Straight I, 15
Dimension I, 149
Ground I, 50
Kinds of I, 148
Non-Isometric I, 130
Oblique I, 55
Parallel I, 36
Pitch VIII, 310
Shade I, 150
Vertical and Inclined. . . .1, 16

Linseed Oil X, 6, 10, 84, 228
Lintels, Fireproof Ill, 222
"Liquid Konkerit" V, 235
Litharge X, 228, 236
"Little Giant" Mixer V, 280
Loads

—

On Arches IV, 65
On Beams IV, 157
On Compression Members,

IV, 246
Concentrated IV, 157
On Concrete,

V, 188 ; VII, 64, 66
Eccentric, on Walls .... IV, 49
Engine and Equivalent.IV, 230
Equivalent Uniform. .IV, 231
Fixed IV, 158
On Floors VI, 235
On Masonry Walls. .IV, 49, 50
Uniform IV, 157
Wheel IV, 158

Lock-Bar Steel Concrete
Frame VI, 266

Locks XII, 242
Locomotive Cranes IV, 286
Log-Hook II, 313
Log House Framing II, 310
Low-Pressure System of

Heating TX, 61
Lumber, Cost of XII, 312
For Forms VI, 9, 10
Measurement of VII, 245

Lump-Sum Contracts. .XII, 4, 21

Macadam Paving, Cost of,

XII, 307
Machine-Made Furniture . XI, 352
Machine Mixing of Concrete,

V, 152, 259
Machinery for Concrete Work,

V, 155, 246
MacMartin Eailroad Tie VII, 319
Madden & Simpson Eailroad

Tie VII, 320
Madder Lake X, 213
Magazine Stand XI, 30
Magnesia for Insulation. IX, 158
Magnetite IV, 97
Mains, Hot-Water, Sizes of

IX, 85
Mains, Steam, Sizes of. . .IX, 49
Management of Work,

XII, 24, 40, 179
Mansard Roof II, 134
Manual Training XI, 1-313
Manufacture of Concrete,

V, 1-342

Manufacture of Iron. . . .IV, 100
Manufacture of Steel,

IV, 119, 277
Marble IV, 5; V, 77

Rust Spots on IX, 235
Marbling X, 147
Marine Plumbing IX, 280
Marking Diagram, Structural,

IV, 284
Marl V, 51
Marsh-Dexter Mixer V, 285
Masonry

—

Arches II, 155
Bridge, Rules for VII, 198
Classification of IV, 21
Cost of XII, 305
Foundations II, 148
Measurement of IV, 35
Plans, Rules for VII, 199
Plates IV, 200
Terms, Dictionary of.IV, 27, 61
Weight of V, 332

Masonry Walls. II, 151; III, 177
Loads on IV, 49, 50
Strength of IV, 49

Masonry, Brick IV, 21, 70
Masonry, Concrete IV, 21

See also Concrete.

Masonry, Stone IV, 1-83

Ashlar IV, 21
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Pitch-Faced IV, 21
Quarry-Faced IV, 21
Eubble IV, 21
Square-Stone IV, 21

Master Key XII, 250
Mastic X, 231
Match Boarding II, 267
Materials and Manufacture of

Concrete V, 1-342

Materials of Construction,
I, 255; II, 151; XII, 23, 40

Conventional Eepresentation
of I, 162, 244

Materials, Eeinforcing. . .VI, 238
McKelvey Mixer V, 267
Measuring, Automatic,

V, 266, 272, 274, 276, 279
Measuring Brickwork IV, 90
Measuring Concrete Ingredi-

ents V, 85, 93, 141,
162, 266, 272, 274, 276, 279

Measuring Length, Area,
Contents, etc V, 342

Measuring Lumber, Plaster-
ing, etc VIII, 245

Measuring Masonry IV, 35
Measuring Painters' Work,

VIII, 245; X, 20, 27, 29
Measuring for Paperhanging,

X, 296
Measuring for Plumbing.IX, 171
Mechanical Drafting. .. .1, 1-186

Mechanics of Beams IV, 41
"Medusa" Water-Proof

Compound V, 212
"Mercantile" Pipe VI, 143
Mercury Seal IX, 129
Merrick Floor System,

VI, 270, 304
Metal, to Inscribe on IX, 237
Metals, Properties of . . . .IV, 153
Weight of V, 331

Metal Work, Hammered. XI, 340
Metalloids, Effects of. ..IV, 108
Meters, Electric IV, 314
Metric System V, 342
Mica, Effects of, on Concrete,

V, 69
Micrometer Screw I, 6
Microscopic Tests of Steel,

IV, 152
Miles Block Machine V, 303
Mil-Foot Resistance IV, 299
Mill Buildings, Steel IX, 268

Erection of IV, 289
Mill Construction,

III, 275; VI, 297
Cost of XII, 294, 295

Mills Rule for Determining
Radiation IX, 31

Mill Work, Cost of IV, 280
Milwaukee Auditorium. .VII, 266
Milwaukee Heat-Generator,

IX, 102
Mineral Rubber V, 233
Mineral Wool. . .V, 318; IX, 158

Cost of XII, 305
Miner's Inch IX, 227
Mine Tunnel Support. . .VII, 313
"Miracle" Mixer V, 276
"Miracle" Moulds VI, 21
"Miracle" Tile Machine. V, 313
Mirror, Bedroom XI, 326

Hall XI, 338
Mission Furniture

—

Chairs XI, 131, 185
Clocks XI, 249, 259, 263
Library Table XI, 78
Rocker XI, 185
Settle XI, 141

Miters, to Find,
VIII, 130, 132, 196, 289, 291

Miter Boxes,
II, 242; Vlli, 175; XI, 5

Mitered and Tongued Angles,
II, 257

Mitered Mouldings II, 237
Miter Work, Ornamental,

VIII, 220
Mixers, Concrete V, 259

Used as Washers V, 285
Mixing Colors X, 263
Mixing of Concrete,

V, 133, 152 ; VII, 61, 62
Batch and Continuous. .V, 152
Cost of XII, 289
Effect of Remixing V, 164
Equipment for V, 155, 259
General Working Rules. V, 176
Hand vs. Machine V, 152
Measuring Ingredients,

V, 85, 93, 141, 162
Quantities for Batches. .V, 144
Quantities for Certain Vol-
umes of Concrete. .. .V, 147

Mixing Oil Paints X, 254
Mixtures, Concrete. . .VII, 61, 62

Choice of V, 133
Kinds of Mixtures V, 134
For Various Classes of
Work..V, 137, 140; VI, 301

See also Mixing.
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Modulus of Elasticity,

IV, 142; VII, 67
* * Mogul Invincible '

' Block
Machine V, 309

Moist Closet V, 117
Moment, Bending, in Beams,

IV, 174
Moments in Girders IV, 199
Moment of Inertia IV, 239
Monarch Block Machine.. V, 309
Monolith Steel Bar VI, 238
Monolith System VI, 23
Morris Chairs. .XI, 156, 165, 329
Mortar, Cement,

II, 155; V, 330; IX, 237
Bonding of V, 169, 327
Coloring of. . .Ill, 174; VI, 91
Density of V, 73, 100, 130
Hardness and Besistance of,

VI, 80
Setting of V, 112
Strength of,

V, 73, 100, 118, 130; VI, Kl
Water for V, 112

Mortar, Lime II, 154
Coloring of. . .Ill, 174; VI, 91

Mortise Latches XII, 242
Mortise Locks XII, 242
Mottlers X, 145
Mould, Miracle VI, 21
Mould, Overturf VI, 23
Moulding for Electric Wires,

IV, 320
Mouldings, Classic Formi of,

II, 232
Decorative X, 29
Paneled Ill, 155
Spring II, 237, 249

Moulds for Ornaments. . .VI, 157
Muck Bars IV, 107
Multiple-Series System of

Distribution, Electrical,

IV, 309
Multiplex Block Machine. V, 308
Multiplex Mixer V, 284
Multiplex Steel Plate VI, 241
Muntins I, 289
Mushroom Cellar VI, 151
"Mushroom" System of Ee-

inforcement.VI, 256, 307, 318

K
Nails XII, 274
"National" System of Re-

inforcement VI, 278, 304

Natural Cement V, 42
Specifications for V, 123
See also Cement.

Necking Down IV, 145
Nests, Hens', Concrete. .VI, 144
Neutral Axis in Beams,

IV, 42, 163; VI, 183,220
Newel, Square of the,

II, 289; VIII, 173
"New York" Block Machine,

V 309
Night-Latches XII,' 244
Normal Consistency of Ce-

ment V, 109
Notation, Standard, for For-

mulas VII, 67

O

Obligations of a Contract.XII, 21
Oblique Lines II, 15
Oblique Projection I, 137
Observatory of Concrete.VII, 276
Ochers X, 33, 214, 216
Octagon II, 36; VIII, 277
Octagon Bay Window. . . .Ill, 59
Octagon Hip. VIII, 193, 205, 343
Octagon Jacks VIII, 354
Octagon Roofs. II, 140; VIII, 98
Octagon Scale. Ill, 118; VIII, 30
Ofl3ce Buildings, Characteris-

tics of I, 220
Erection of IV, 273, 290
Plumbing in IX, 240

Offset Chimney Flues IX, 122
Offset Fittings IX, 228
Ogee I, 279
Ohm IV, 300
Oil, Fat X, 157, 227
Oil, Linseed, Boiled and Raw,

X, 6, 10, 84, 228
Oil Colors X, 189
Oil Finish X, 123
Oil Gold Size X, 157
Oil Paints, Mixing X, 254
Oil Stains X, 110
Oil of Turpentine X, 189, 229
Oil, Use of, on Forms. . . .VI, 11
Oil Varnishes X, 97
Oils, Drying X, 227
Oils, Effect of, on Concrete,

VII, 56
Oils, Fixed X, 189, 227
Oils, Volatile X, 227
Olive Green X, 212
Oliver Block Machine V, 303
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Olsen Batch Mixer V, 285
Omissions in Specifications,

XII, 74, 75
One-Pipe Circuit System,

Steam IX, 35
One-Pipe System, Steam . . IX, 29
With Dry Keturns IX, 42
With Wet Eeturns IX, 47

Open Cornice I, 268
Openings, Location of, in

Buildings I, 226
Open-Hearth Steel IV, 113
Open Strings VIII, 158, 171
Orders of Architecture.I, 216, 317
Ore Eanges IV, 99
Organization, Contractor 's,

XII, 24, 40, 179
Ornament, Concrete in,

V, 293 ; VI, 155
Ornamental Miter Work,

VIII, 220
Ornamentation, Pierced. .XI, 149
Ornaments, Moulds for.. VI, 155
Orthographic Projection. . . .1, 50
"O. S." Circuit Fitting.. .IX, 84
"0. S." Distributing Fit-

ting IX, 77
Outside Painting, Color for.X, 39

Materials for X, 44, 126
Outfit, Drafting I, 2
Outlets, Electric IV, 314
Overflows, Cistern IX, 163
Overhanging Beams. IV, 155, 156
Overhanging Bridges. IV, 265
Overhead System, Hot-Water

IX, 77
Overhead System, Steam.. IX, 51
Overturf Mould VI, 23
Ovolo II, 232
Owner, The XII, 5, 11
Oxide of Lead X, 236

P

Paint, Adulteration of..X, 3, 35
Amount Required,

V, 331; VIII, 246
Ingredients of X, 4
Metallic X, 174
Nature of X, 1
Purchasing X, 32
Eeady-Mixed X, 2, 35, 61
Ready-Mixed, Cost of.XII, 306
Requirements X, 128
Time to X, 58
Water X, 166, 172

Painter's Health X, 181
Painter's Tools X, 241
Painting X, 1, 276
Brickwork X, 178
Concrete Work. VI, 42; X, 176
Exterior X, 13, 39, 126
Floors X, 74
Galvanized Iron,

IX, 235 ; X, 172
Measuring for VIII, 246
Plastered Walls X, 162
Purpose of X, 1
Structural Work,

IV, 279; XII, 296
Tin Roofs X, 175
Weather-Beaten Surfaces.X, 13
In Winter X, 67

Paints, Protective V, 240
See also Waterproofing.

Paint-Shop Hints X, 183
Panels, Distributing, Electric,

IV, 316, 317
Paper, Drawing I, 12
Paper, Tarred, Cost of. .XII, 311
Paperhanging X, 277-320
Papering a Bedroom X, 303
Parabola, to Describe a.VIII, 268
Parabolic Theory VI, 224
Parallel Circuits, Eleetric.IV, 301
Parallel Lines I, 36; II, 15
Parallelogram . II, 18 ; VIII, 248
Parallel System of Distribu-

tion, Electric IV, 308
Paris Green X, 213
Parting Strip I, 296
Partitions, Construction of.. Ill,

32, 333; V, 322; VI, 31, 323
Braced Ill, 33
Fireproof. .V, 322; VI, 31, 323
Sound-Proof, see Mineral

Wool.
Trussed Ill, 32, 333

Paste for Wallpaper X, 294
Pasting Brush X, 248
Patent-Hammering IV, 24
Patterns, Wallpaper,

X, 298, 299, 306
Paving Brick IV, 75, 81
Paving, Cost of . . .XII, 291, 306
Pay, Requirements as to.. XII, 5
Pebble-Dash Finish VI, 329
Pedestal, Bridge ... VII, 139, 150
Column I, 217
For Plant, Vase, etc.. XI, 281

"Peerless" Brick Machine.V, 311
Pen, Bow I, 22
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To Sharpen I, 27
Pen and Ink Rendering. . . .1, 305
Penciling and Inking I, 27
Pencils 1,12,19
Penstock, Concrete VII, 298
Pentagon II, 34; VIII, 282
Percentage Contracts XII, 42
"Perfect" Brick Machine, V, 311
* * Perfection '

' Concrete
Mixer V, 281

Perpendicular, Erecting a,

1, 17; II, 27
Perspective Sketches I, 203
Petit Trusses IV, 265
"Petrifax" V, 235
Phelps Heat-Retainer IX, 88
Phelps Ideal Fitting IX, 84
Piano Bench XI, 122
Piazza, Concrete VI, 64
Pictorial Drawing 1, 126
Pierce Heat-Economizer,

IX, 88, 90
Pierced Ornamentation. ..XI, 149
Piers and Abutments, Bridge,

VII, 77, 139, 148
Piers and Posts, Concrete, VI, 131
Pigments X, 2, 4, 110,

188, 193, 205, 212, 216
See also under names of vari-

ous colors.

Pigs, Cast-Iron IV, 104
Pile Foundations IV, 39

;

VI, 282 ; VII, 23
Piles, Concrete VII, 23, 26

Chenoweth VI, 291
Concrete and Wood Com-
pared VI, 209

Cost of VI, 209; XII, 309
Gilbreth Corrugated,

VI, 289; VII, 26
Gow VI, 287
Hennebique VI, 295
Raymond VI, 285; VII, 26
Simplex VI, 283

Pin-Connected Girder Frame,
VI, 265

Pin-Plates IV, 255
Pins, Steel IV, 253
* * Pioneer '

' Waterproofing
Asphalt V, 218

Pipe, Cast-iron, Cost of, XII, 300
Culvert VII, 137
Drain, Co«t of XII, 309
Expansion IX, 68
Hot-Air IX, 19
"Mercantile" VI, 143

Rain-Water IX, 163
Safety, for Furnace. . . .IX, 18
Screw-Jointed IX, 250
Sewer VI, 141 ; IX, 225
Sewer, Cost of XII, 310
Sewer, Sizes of IX, 226
Soil IX, 167,232
Steam, Sizes of IX, 49
Suction IX, 296
Vent IX, 180
Waste IX, 180
Water-Service IX, 192

Pipe Insulation 157
Pipe Machines, Drain V, 311
Piping, Heating, see Heating.
Piping, Plumbing. ...IX, 170, 176

See also Plumbing.
Pitch-Board .. .II, 277; VIII, 155
Pitch-Faced Masonry IV, 21
Pitch Lines VIII, 310
Pitchei, Roof, Explained, III, 91

;

IV, 270; VIII, 47, 310, 312, 314
FuU VIII, 314
Reversed VIII, 49, 310

Of Roof Trusses,
IV, 270; VIII, 308

Steep VIII, 312
Of Tower Roof VIII, 54
Irregular, Uneven, or Un-

equal VIII, 50, 74
Pitches and Degrees, . .VIII, 308
Pitches and Fractions. . .VIII, 44
Placing Concrete, see Depositing.
Planceer I, 269
To Cut VIII, 81

Plane, Definition of II, 14
Plane Figures II, 18
Plane-Iron XI, 17, 27
Planes, Auxiliary I, 78, 101

Co-ordinate I, 50, 53
Intersection of I, 86
Profile 1,64

Planei, Woodworking XI, 16
Planing, Woodwork. ...XI, 18, 21
Plank-Framed Barns Ill, 254
Plank-Framed Truss 111,325
Plank-Framed Windows... .1, 290
Plank Measure VIII, 27
Plans and Elevations,

1,51, 206} XII, 12
Plans, Function of,

1,51,206; XII, 12, 38
Plans and Specifications,

Contract XII, 38
Plant for Concrete Work,

V, 155, 246
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Plant, Contractor's. .V, 155, 246;
XII, 23, 39, 177, 185

Size of XII, 288
Plant-Stand XI, 281
Plaster-Board V, 325
Plaster, Cement, Mixing and

Applying Ill, 170,
173,373; VI, 39

See also Mortar.
Plaster, Substitute for III, 30
Plastered WaJli, Painting, X, 162
Plastering Ill, 170, 182
Measuring for VIII, 246

Plates-
Batten IV, 233
Flat IV, 252
Girder IV, 200
Masonry IV, 200
Push and Kick XII, 255
Sheared IV, 122
Steel, Structural I, 178

;

IV, 122, 200, 252
Universal IV, 122
Web IV, 200

Plating, Hardware XII, 279
PUnth 1,217
Plugging II, 98
Plugs, Clean-Out IX, 273
Plumb Cuts of Eafters, see

Rafters.
Plumbing, House IX, 161-320

Factory IX, 267
Marine IX, 280
In Office Buildings IX, 240
Testing IX, 198

Pneumatic Water System, IX, 274
Polygonal Jacks, Cuts for,

VIII, 360
Polygon Family Circle, VIII, 209
Polygon Mixer V, 268
Polygons 11,25
Polygons and Miters,

VIII, 196, 289
Porcelain, Cement for IX, 236
Porch

—

Construction, Details of, 1,280;
II, 74; III, 75, 76; VIII, 327

Circular Ill, 76
Screened Ill, 75
Roof for VIII, 327
Wooden 11,74

Porch Furniture,
XI, 96, 105, 114, 116, 119

Porch Steps, Concrete VI, 60
Portland Cement

—

Cement Industry V, 12, 318

Composition of V, 49, 57
Cost of XII, 300
Definition of V, 49, 50, 57
Discovery of V, 13
How Shipped V, 58
Manufacture of V, 51, 52
Production of V, 16, 22, 318
Relation to Reinforced

Concrete V, 19
Requirements of V, 60
Specifications for V, 124

Post Machine V, 309
Posts, Concrete..VI, 131, 151, 154
Posts, King and Queen,

II, 123, 119
Post, Vertical, Detail Draw-

ing 1,185
Poultry House, Concrete,

VI, 143, 144
Pound-Inches IV, 176
Power and Heat Equivalents,

V,341
Power House, Cost of. . .XII, 295
Pozzuolana, see Puzzolan Cement.
Pratt Trusses IV, 265
Preliminary Drawings, 1, 147, 194
Pressure, Atmospheric... .IX, 125

Electric IV, 298
On Roof* 11,121
Of Water V, 200, 329
Wind IV, 269

Pressure Systems of Hot-
Water Heating IX. 86

Price, Base IV, 280
Prices, see Cost.

Variations in XII, 287
Pricker I, H
Priming Coat X, 10, 54
Prism, Development of . . . .1, 107
Privileges, Special, under

Contracts XII, 10, 20
Problems in Drafting,

I, 40, 81, 120
Problems, Steel Square, VIII, 189
Profile Planes I, 64
Profit, Contractor 'b XII, 191
Projection, Angles of 1,66

Auxiliary Planes of I, 78
Cabinet and Cavalier. . . .1, 137
Exercises in I, 81
Isometric 1, 126
Oblique 1,136
Of Oblique Lines I, 59
Orthographic , .... 1, 50
Planes of 1,50,64

Projections, Actual I, 52
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Proportions for Concrete,

V, 85; VI, 31; VII, 61
See also Conerete, Measuring,
and Mixing.

Protractor I, 6
Prussian Blue X, 209
Public Buildings, Framing,

III, 275
Puddle Balls IV, 107
Pulley Stile 1,296
Pulp Concrete V, 325
Pumps IX, 261, 296
Puncher IV, 277
Purlins IV, 269
Bracing of Ill, 247
Dimensions of II, 124
Shoulder of VIII, 87

Push-Button, Electric IV, 324
Push-Plates XII, 255
Putty-Knife X, 254
Putty, Use of X, 55
Puzzolan Cement. . .V, 12, 47, 48

Q

Quadrants I, 51
Quadrilateral Figures II, 18
Quarry-Faced Masonry.. . .IV, 21
Queen-Post Roof Trusses,

II, 119, 123; IV, 265
Queen Rafters Ill, 258
Quicklime V, 39
Quimby Finish for Concrete

Walls VI, 329

Radiating Surfaces IX, 103
Radiation, Methods of Deter-

mining IX, 30
Radiator Air-Traps IX, 135
Radiator Connections, Hot-

Water IX, 73
Steam IX, 56

Radiators

—

Direct 103
Direct-Indirect IX, 103
Finishing X, 67
Indirect IX, 105
Installing II, 209
Wall IX, 58
Valves for IX, 112

Radius of Gyration IV, 235
Rafters

—

Common II, 122, 124;
111,97; VIII, 40, 41, 193

Curved Ill, 116
Cuts for II, 145;

III, 97; VIII, 40, 81, 63,
193, 320, 334, 353, 370. See
also Carpentry, Framing,
Roof, Jacks, and Steel Square.

Dimensions of II, 122, 124
For a Dome II, 294
Hip VIII, 55, 57
Queen Ill, 258
Valley, for Gable VIII, 59

Rafter Table VIII, 188
Railing, Cost of XII, 310
Railroad Bridges,

IV, 264; VII, 93, 103
Arch, Reinforced Concrete,

VII, 93
Concrete, Cost of VII, 220
Concrete, Specifications

for VIT, 194
Girder and Slab, Reinforced

Concrete VII, 95, 103
Steel IV, 264
Track Elevation VII, 103

Railroad Construction, Cost
of XII, 299

Railroad Culverts.. .VII, 128, 134
Size of VII, 135

Railroad Ties, Concrete.. VII, 315
Railroad Ties, Cost of.. .XII, 311
Railroad Trestles VII, 115
Rails, Steel, Cost of XII, 311
Rain Barrel, Concrete. . . .VI, 132
Rain-Water Pipes IX, 163
Raking Moulding II, 238, 245
Ramming Concrete V, 166
Rams, Hydraulic IX, 298, 305
Range Boilers IX, 176, 203

Sizes of IX, 227
Range Coils IX, 203
Range, Kitchen IX, 176
Range Work, Masonry.. IV, 21,26
Ransome Bar VI, 239
Ransome's Formula VI, 227
Ransome System of Rein-

forcement VI, 250
Raw Oil, see Oil.

Raw Sienna X, 219
Raymond Concrete Piles,

VI, 285 ; VII, 25
Reactions of Beams. .... .IV, 163
Reading Drawings !» 71

Reameri IV, 278
Recarburizer IV, 112, 115
Rectangle II, 18
Red Pigments X, 215, 216
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Reducing Coupling IX, 184
Eefrigerator, Construction

of II, 307
Eefrigerator Wastes IX, 197
Eegisters, Location and Size

of IX, 13
Eegulators, Damper IX, 116
Eegulator, Hot-Water Tank,

IX, 310
Eeinforced Concrete,

VI, 183-329; VII, 1-333
Advantages of,

VI, 193, 197; VII, 55
Cost of VI, 198; XII, 301
Design of V, 185;

VI, 220; VII, 64
Durability of V, 197
rire-Eesistance of VII, 55
General Principles of. .VI, 183
History of.. . .V, 5, 20; VI, 189
Laws Regarding. . .VI, 235, 236
Miscellaneous Uses of, VII, 285
Mixtures for, see Mixtures and

Mixing.
Relation to Cement Indus-

try V, 19
Specifications for VII, 46
Steel for... VI, 221, 238, 250,

326; VII, 17, 60, 67, 161
Stiffness of VI, 198
Systems of. . .VI, 250; VII, 17
Water-Tightness of VII, 56

Eeinforced Concrete Brick,
VII, 19

Reinforcement, Factory and
Field-Made VII, 40

Materials for VI, 221, 238,

250, 326; VII, 17, 60, 67, 161
Systems of .. .VI, 250; VII, 17
Two-Way VII, 17

Relief-Valves, Automatic, IX, 132
Relieving Arch Ill, 216
Remixing Concrete, Effect

of V, 164
Rendering, Pen and Ink. . .1, 305
Rent XII, 186
Re-papering X, 315
Repose, Angle of IV, 52
Representative Concrete

Structures VII, 264
Re-pressed Brick IV, 74, 80
Reproducing Drawings I, 238
Reservoirs, Concrete VII, 301

Roofs for VII, 307
Waterproofing V, 219

Residence, Modern, Cost
of XII, 194

Resistance, Electrical IV, 298
Resisting Moment VI, 255
Rest for Feet or Legs, XI, 72, 330
Restrained Beams IV, 155, 156
Eetaining Walls, Concrete,

VII, 246, 248
Eetaining Walls, Masonry,

IV, 30, 52, 59
Methods of Strengthening,

IV, 54
Eeturn-Beaded Angles II, 257
Eeturn-Bends IX, 108
Eeturn Pipes, Sizes of ... . IX, 49
Ribbon or Ledgerboard. . .Ill, 26
Rib-Metal VI, 242, 310
Ridge, Sagging of Ill, 122
Riggers, Foreman of IV, 291
Eight Angle 11,17
Eight-Hand Doors XII, 240
Eim Latches XII, 242
Eim Locks XII, 242
Eiprap IV, 30
Eip-Saws XI, 12
Eisers and Treads, 1,285; 11,279;

111,139,152; VIII, 159
See also Stair-Building.

Eivet Foreman IV, 291
Eivets and Bolts, Drafting, 1, 180
Rivets and Eiveting,

IV, 129, 221, 225, 246
Cost of XII, 296
Shear in IV, 131
Shop and Field 1, 180
Spacing IV, 225
Stresses in IV, 131
Value of a Eivet IV, 225

Eoad Eoller, Cost of XII, 297
Eocking-Chair, Leather-

Upholstered XI, 183
Mission XI, 185

Eoeks, Classification of IV, 1

Eods, Steel IV, 122; VI, 221
Eoebling Floor System,

VI, 270, 304
Eollers, Paperhanger's. . . .X, 285
Eolling-Lift Bridges IV, 265
Eolling Mill, Steel IV, 119
Roman Cement V, 44
Eoman Mouldings II, 232
Eomans, Concrete Used by..V, 6
Roof Construction. ...II, 109, 117,

222, 292; III, 91, 100, 113,

282,328; IV, 268, 270; VI, 47,
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313; VIII, 40, 308, 325, 335
Church Koof, Trussing,

VIII, 292
Cinder-Concrete VI, 314
For Circular Bay 111,113
Concrete . .VI, 45, 302, 311, 313
Covering Koofs II, 109, 222
Flat Roofs 111,328
Framing II, 109, 222, 292

;

111,91, 101; VIII, 40,308,325
Gravel XII, 310
Hexagonal VIII, 112, 115
Hip and Valley. . .Ill, 101, 258
Kinds of Roofs,

11,109; 111,282
Metal XII, 297
Octagonal VIII, 98
Pitches and Degrees,

111,91, 95; VIII, 47,90
Pitch of Tower VIII, 54
Prevention of Ridge Sag-

ging 111,122
Reservoir Roofs VII, 307
Roof Insulation V, 323
Saw-Tooth Roofs Ill, 282
Shingle Roofs, Asbestos, VI, 50
Shingle Roofs, Concrete,

V,315,330; VI, 45, 48
Shingle Roofs, Wood. . .II, 223
Slate Roof8.. Ill, 235; XII, 310
Supports 111,258
Tile Roofs 111,234;

VI, 47, 313; XII, 310
Tin, Painting X, 28
Trusses, Steel IV, 268, 270
Trusses, Wooden,

11,109,292; 111,328
Roof Flashing I, 276;

IX, 179, 190, 192
Roofing, Gravel, Cost of, XII, 310

Metal, Cost of XII, 297
Slate, Cost of XII, 310
Tile, Cost of XII, 310

Roof Plan VIII, 335
Roof Trusses, Steel. .IV, 268, 270
Roof Trusses, Wooden,

II, 109, 292; III, 328
Roof Windows I, 296
Root Cellar VI, 149
Rose, Door XII, 242
Rosendale Cement V, 44
Rotary Kiln V, 53

Rotation, Stability against, IV, 55
Roughing-In Plumbing. . .IX, 167

Measurements for IX, 171

Rough-Pointed Masonry . . . IV, 23

Rounds, Steel IV, 122
Rubber, Mineral V, 233
Rubble 11,160;

IV, 21, 26, 30 ;V, 79
"Ruberoid" Damp-Course,

V,236
Rule, Brace VIII, 29
Rules, Miscellaneous Ill, 4;

IV, 204; V, 176; VII, 134,
198; VIII, 245; IX, 225.

Ruling Pen 1,5
To Ink with 1,24

Rush Fiber, Weaving XI, 248
Rust Joints IX, 228
Rust Spots on Marble IX, 235
Rutherford Block Machine, V, 304

S

Saddle Roof II, 110
Safe, Concrete VI, 106
Safety, Factor of IV, 147
Safety-Pipe IX, 18
Safety-Valves IX, 118
Sagging of Roof Ridge. .Ill, 122
Salmon Brick IV, 81
Saltsproofing V, 236
Sand V, 63, 67, 76, 91, 96;

VI, 167; VII, 178
Analysis of VI, 167
Cleansing V, 63, 285
Cost of XII, 310
How Much to Use V, 96
Selection of V, 67
Sharpness of V, 68
Standard V, 76
Tests of V,73; VII, 179
Voids in V, 91, 99
Weight of V,69

Sand-Blasting, Cost of.. XII, 310
Sand-Lime Brick IV, 78
Sandstone IV, 4; V, 77
Sanford Block Machine. . .V, 303
Sanitary Tee IX, 185
Sarco-Mastic VI, 51
"Sarco" and "Sarbac"

Waterproofing V, 237
Sash-Cord XTI, 267
Sash-Fasteners XII, 269
Sash-Lifts XII, 268 ,

Sash Tools, Painters' X, 243
Sash Weights XII, 268
Sash, Window, Drawing.. I, 289

See also Windows.
Satterlee Cement Shingles.. V, 315
Saws, Cold IV, 120
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Saws, Woodworking.. . .XI, 12, 13
How to Use XI, 12

Saw-Tooth Eoofs 111,282
Scaffold Brackets II, 299
Scaffolding, Painters ' X, 64
Scale, Architect's 1, 11
Scale, Color X, 191
Scale Drafting 1, 10, 227
Scales, Diagonal VIII, 24

Octagonal VIII, 30
Proportional VIII, 278

Scantling Measure VIII, 27
Scarfing 11,269
Schenk Tile Machine V, 313
Schoolhouse, Characteristics

of 1,220
Scissors Truss II, 114
Scorched Finish X, 136
Scotia Mouldings 11,235
Scove Brick IV, 77
Scraper, Use of XI, 28
Screen-Door Catch XII, 256
Screen, Three-Part, Design, XI, 62
Screened Porch Ill, 75
Screens, for Sand, Gravel,

etc V,255
Window 111,193

Screw-Jointed Pipe IX, 250
Screw, Micrometer I, 6

Screws XII, 274
Scribing 11,264
Seat, Rush Fiber, Weaving,

XI, 248
Sea Water, Effects of,

V,45, 84; VII, 56
Sections in Drawings. .1, 160, 227
Sediment Cock IX, 205
Seeding in Grass, Cost of,

XII, 310
Segment of Circle II, 42
Segmental Arch. ... II, 51 ; IV, 62
Semicircular Arch II, 51
Separators V, 255 ; VII, 4
Septic Tank IX, 291, 292
Series and Parallel Circuits,

IV, 301
Set Square, To Form a.. VIII, 260
Settee with Pierced Orna-

mentation XI, 152
Settee, Porch XI, 119
Setting of Cement,

V, 112, 123, 125, 128
Setting and Hardening of

Concrete. . V, 60, 163 ; VI, 208
Setting of Mortar V, 112
Settle, Dutch XI, 335

Settle for Hall XI, 339
Settle, Mission Design. . .XI, 141
Sewage Disposal IX, 291
Sewage Ej ectors IX, 240
Sewerage Systems, Private

IX, 284
Sewer Brick IV, 81
Sewer Lift IX, 240
Sewer Pipe, Concrete

V,311; VI, 141
Machines for Making. .V, 311

Sewer Pipe, Iron, Size,

Capacity, etc IX, 225
Cost of XII, 310

Sewer Traps and Ventila-

tion IX, 162
Sewers and Connections..IX, 161
Sewers, Eeinforced Con-

crete VII, 280
Sewers, Sizes of IX, 164
Sewing Table XI, 336
Shade Lines 1, 150
Shades and Shadows I, 259
Shades of Color X, 191
Shading of Circles 1, 151
Shaft, Column 1,217
Shaft Lining VII, 312
Shale V, 52, 77

Shapes, Steel,

IV, 119, 122 ; VI, 221
Sharpening Tools XI, 25, 27

Shear,
In Concrete,

V, 189; VI, 185; VII, 66
In Beams IX, 169,171

In Girders IX, 199

In Masonry IV, 13
In Rivets IV, 131

Sheared Plates IV, 122
Sheathing 111,26
Shed Roof 11,110
Sheet Metal VI, 243

Sheets, Stress XII, 32

Shellac X, 105
Shiming Sheets IV, 263
Shingles, Asbestos VI, 50
Shingles, Cement,

V, 315; VI, 45, 48
Laying V, 330
Machines for Making. . .V, 315

Shingles, Wood, Laying,
II, 223, 224

Shingling Sides of Build-

ing 111,87
Shipping Clerk, Duties

of IV, 290
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Shoes, Bridge YII, 150
Shop, Laying-Out, Struc-

tural IV, 277
Shop, Paint X, 19, 183
Shop Eiveting 1, 180

See also Rivets.

Shop Work, Home XI, 1-313

See also Carpentry and Steel

Square.
Shove Joints IV, 85
Show Blocks 111,38
Shrinkage in Concrete,

VII, 39, 76, 166
Shrinkage in Framed

Structures I, 277
Shrubs, Cost of XII, 310
Shutters, Fittings for,

XII, 233, 263, 266
Siderite IV, 97
Sidewalks, Concrete,

VI, 160, 162,168, 174
Cost " XII, 306

Siding, Shingle 111,87
Siegwart Floor VI, 273
Sienna, Burnt and Raw,

X, 218, 219
Sieves, Painter's X, 252
For Testing Cement V, 108

Silicate Cotton V, 321
Sill Construction 1,296;

II, 64, 79; III, 17, 21, 208
Box Sills 111,17
Built-Up Sills 111,21

Silos, Concrete,
VI, 118, 120, 122, 125

Sizes and Capacities of,

VI, 122
Silver Leaf X, 156
Simplex Mixer V, 281
Simplex Piles VI, 283
Singer Block Machine V, 306
Single-Main System, Hot-

Water IX, 82
Sinks, Kitchen IX, 174
Of concrete VI, 109

"Sioux City" Tile Ma-
chine V, 315

Siphon-Jet Closets IX, 282

Size, Oil Gold X, 157

Size, Painter 's X, 189

Sketches 1, 147, 194, 203
Perspective I, 203
Preliminary 1, 147, 194

Eelation of, to Contract,
XII, 38

Sketching, Principles of,

I, 298, 301
Skew Arch IV, 62
Skewbacks IV, 30 ; VII, 85
Skew Culverts VII, 135
Skyscraper, First Concrete,

VII, 267
Slab Bridges VII, 95
Slabs, Bridge VI, 105
Slabs, Continuous VII, 70
Slabs, Flat and Arched. .VI, 303
Slabs, Floor and Roof .. .VI, 302
Slabs, Stair VI, 63
Slag, Furnace. . IV, 102 ;V, 52, 77
Slag Cement V, 48
Slaking of Lime V, 39
Slate IV, 5; V, 52, 77
Slate Roofing Ill, 235

Cost of XII, 310
Sleeve-Nut IV, 250
Sliding Doors XII, 262
Sliding, Stability against . IV, 54
Slope of Lines I, 58
Slow-Burning Construc-

tion VI, 297
Smith Concreting Plant,

V, 261, 289
Smith Girderless Floor.. .VI, 297
Smith Mixer V, 261
Smith Spiral Column VI, 315
Smokestack, Concrete . , . VII, 293
Smokestacks, Cost of... XII, 297
Smut Marks, Removing. . .X, 179
Snell Mixer V, 268
Soaking Pits IV, 117
Soap and Alum Wash,

IV, 19; V, 184,196
Socket Insert VII, 13
Sodding, Cost of XII, 310
Soffit 1,269
Soils, Bearing Power of,

IV, 38,39; V, 334
Soil-Pipe, Cutting IX, 167

Joints in IX, 168
Sizes of IX, 232

Solid, Definition of 11,14
Somers Block Machine V, 307
Somno XI, 323
Soundness, see Constancy of

Volume.
Sound-Proofing,

I, 273; III, 29; V, 318
Spaces, Alternate 1, 186
Spacing of Letters 1,165
Spacing of Steel Bars. . .VII, 71
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Spading of Concrete V, 167
Spandrel Beams IV, 274
Specifications. XII, 12, 38, 65-156
Specifications, Examples

of XII, 86
Specification for Brick. . ..IV, 82
For Cement V, 122
For Concrete Bridges and

Culverts VII, 194, 217
For Eeinforced Concrete,

VII, 46
For Structural Work.. IV, 294
For Waterproofing Bridge

Floors V,221
For Waterproofing Reser-

voirs V,219
For Waterproofing Sub-
ways V,220

Specific Gravity of Aggre-
gates V, 92

Of Cement V, 105
Of Common Minerals and
Rocks V, 333, 334

"Spider-Web" System,
VI, 258, 307

Spiegeleissen IV, 112
Spindles, Lock XII, 252
Spiral of Archimedes I, 45
Spiral Column, Smith VI, 315
Spirals, Drawing I, 45
Splatter-Dash Finish VI, 328
Splices, Carpentry, see Joints.

For Heavy Timber III, 253
Splicing Bars VII, 75
Springing Line IV, 31
Spring Moulding! ... II, 237, 249
Square, Definition of II, 18
Square of Newel 11,289
Square, Steel, see Steel Square.
Square, Universal VIII, ISi
Squares, Combination,

VIII, 181, 183
Squaring a Corner Ill, 4
Square-Root Angles IV, 125
Square-Stone Masonry. .. .IV, 21
Squeezer IV, 107
Stables, Concrete VI, 127
Stable Floors, Concrete. .Ill, 262
Stacks, Radiation IX, 106
Stack, Wash-Tray IX, 177
Staff-Head I, 296
Staining X, 90, 93,

106, 108, 110, 112, 135, 235
Stains, Bands of,

X, 91, 106, 110, 112, 135, 235
Stains, Removing X, 179

Stair-Building II, 275

;

111,128,153; VIII, 153
Arrangement of Stairs,

III, 146
Box Stairs Ill, 139
In Circular Wall 111,151
Closed-String Stairs,

II, 281; III, 139
Drawings for I, 284
Finish of Stairs,

III, 155, 158; X, 202
Head Room 111,129
Height of Wainscoting,

III, 159
Kerfing a Riser 111,152
Laying Out Stairs,

III, 130, 137
Open-String Stairs . . . Ill, 141
Types of Stairs 111,135

Staircases, Decorating. .. .X, 202
Stairs, Concrete,

VI, 51, 54, 57, 60, 61
Reinforced Concrete,

III, 227; VI, 51, 54, 57,60,61
Staking Out Ill, 3
Stalls, Box, Concrete VI, 130
*

' Standard '
' Continuous

Mixer V, 280
"Standard" System of

Floor Construction... VI, 272
"Standard" Mixer V, 269
"Standard" Quality ...XII, 15
Standpipe, Cost of XII, 298
Staples XII, 274
"Star" Block Machine. . .V, 309
Starling VII, 154
Steam, Properties of V, 337
Steam Box XI, 119
Steam Heating IX, 26

Overhead System IX, 51
Radiator Connections. . .IX, 56
Radiator Valves IX, 113
Two-Pipe System IX, 55

Steel, Manufacture of,

IV, 109, 117
Bessemer IV, 110
Crucible IV, 109
Open-Hearth IV, 113
Output of IV, 117
Plant, Organization of,

IV, 276, 290
Shapes, Manufacture of,

IV, 119, 276
Tests of IV, 138,152

Steel Construction,
IV, 95-294; VI, 297
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Cost of XII, 296, 311
Drafting for 1,176
Erection of Structures. IV, 283
Making of Structures. IV. 276
Shapes IV, 119, 276

Steel for Eeinforcement,
VI, 221, 238, 242,

248, 326; VII, 60, 67, 161
Steel Square,

Description of VIII, 21
History of VIII, 19
Key to VIII, 187
Possibilities of VIII, 209
Testing the VIII, 22
Uses of VIII, 13-372
See also Carpentry and Fram-

ing.

Stencil-Brush X, 246
Stencil, Graining X, 146
Steps, Stair II, 279, 284

See also Stairs and Stair-

Building.
Stiffener Angles IV, 200
Stiffness of Beams IV, 160
Of Eeinforced Concrete,

VI, 198
Stile, Pulley 1,296
Stipplers X, 248
Stirrups VI, 186
*

' Stocker '
' Washer V, 285

Stone, Building IV, 2

Classification of IV, 1

Colored VI, 91, 92
Cost of XII, 311
Crushed V, 77; VII, 178

See also Building Stone.

Crushed, Cost of XII, 311
I'lag, Cost of XII, 304
How Much to Use in

Concrete V, 96
Preservation of IV, 18
Eubble V, 79
Selection of, for Con-

crete V, 76
Specific Gravity and
Weight ..IV, 15; V, 332, 333

Tests of IV, 8, 11, 13
Stone Masonry IV, 1-69

Stonecutting IV, 21, 23, 25
Estimating for,

V, 330; XII, 311
Stone Structures IV, 25, 38
Stone Walls, Painting. . .X, 27
See also Masonry Construction.

Stool, India XI, 240
Stool, Window 1,296

Stop-Cocka IX, 193
Storage Charges XII, 184
Storage Buildings,

11,309; VI, 148
Storage Tanks, Water,

IX, 176, 203, 261
Capacity of IX, 229

Storekeeper, Duties of. . .IV, 290
Stores, Department, Cost

of XII, 295
Stores, Framing of Ill, 275
Storm Windows II, 188
Stoves, Hot-Blast IV, 102
Straight Line, Definition

of 11,15
Dividing a II, 28

Straight-Line Theory VI, 224
Street Paving, Cost of.. XII, 309
Street-Paving Mixers V, 270
Strength of Beams, Struc-

tural IV, 159
Of Brick Masonry IV, 87
Of Cement Mortar,

V, 73, 100, 188, 130
Of Columns IV. 234
Of Forms VI, 17
Of Footings IV, 49
Of Concrete,

V, 2, 3, 65, 73, 76, 95, 186
Of Masonry Walls IV, 49
Of Steel IV, 140
Of Stone IV, 5,13, 14
Of Timbers 111,293,308

Stresses in Beams,
II, 123; IV, 161

In Concrete VI, 183,

231 ; VII, 65, 66, 72, 76
In Eivets IV, 131
In Structural Steel,

IV, 143, 147
Stress Sheet .. .IV, 276; XII, 32
Stretchers II, 152, 157
Strikes, Bearing of, on Con-

tracts XII, 19
Strings for Stairs II, 281

;

VIII, 158, 161, 164, 166
Housed or Closed VTII, 161
Open >^1II, 158

Striping Pencil X, 158
Structural Drafting 1, 176

See also Drafting.
Structures, Classes of IV, 263
Structures, Concrete, Rep-

resentative VII, 264
Structures, Steel, Erection

of IV, 283
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Making of IV, 276
Structures, Stone IV, 38
Struts, Wood, in Trusses. Ill, 321
Stucco, Cement VI, 39
Studding . .II, 70,86, 105 ; III, 22
Study, Decorating a X, 202
Sub-Floors 111,73
Sublimed White Lead X, 5
Subways, Waterproofing of,

V, 220; VII, 166
Suction Pipe IX, 296
Sugar of Lead X, 236
Summer House II, 328
Superintendence, Building,

IV 290 •

VII, 56, 173, 213 ; XII,'25, 42
"Superior" Cement Shin-

gles VI, 49
Supplies, Contract . . .XII, 23, 40
Surface, Definition of 11,14
Surfacers X, 78
Surfaces, Finished, Indicat-

ing 1,159
Surveys for Construction

Work XII, 93
Suspension Bridges,

IV, 265 ;VII, 77
*'S,-W." Weatherproof

Coating V, 240
Swab for Cleaning Pipe..IX, 161
Swing Bridges IV, 265
Swing, Porch XI, 105
Switches, Electric IV, 314
Symbols, Architectural .... I, 244

Conventional, for Eepre-
senting Materials,

1, 149, 162, 244
Standard, for Formulas,

VII, 67
*
' Systematic '

' Mixer V, 285
System "M," Eeinforced

Concrete VI, 266
Sylvester Process of Water-

proofing .IV, 19
J
V, 184, 196

T

Table, Bedroom XI, 322
Dressing XI, 319
Extension XI, 317
Heavy Six-Sided XI, 8

Kitchen XI, 312
Library XI, 78, 333
Sewing XI, 336
Rafter VIII, 188
Round-Top XI, 321

Serving, Cottage XI, 315
Tables, Rules, etc.. Miscel-

laneous . .VIII, 188; IX, 225
Tabourets XI, 45, 50, 149
Tamping Concrete,

V, 166, 249; VI, 175
Tangents and Co-tangents,

II, 23 ; VIII, 191, 233
Tank Heater IX, 207
Tanks, Accumulating ...IX, 131

Blow-Oflf IX, 272
Compression IX, 196, 261
Concrete VI, 110
Expansion IX, 68
Measuring, for Water.. V, 266
Septic IX, 291, 292
Storage IX, 176, 203, 261
Storage, Capacity of.. IX, 229

Tantalum Lamp IV, 311
Tar, Cost of XII, 311
T-Beams VII, 69
Tee, Sanitary IX, 185
Tees, Steel IV, 129
Telegraph Poles, Concrete,

VII, 321
Telephone Poles, Concrete,

VII, 321
Tempera X, 190
Temperature Regulators. IX, 150
Temperature Stresses.. . .VII, 76
Temperature, Units and

Measurement V, 339
Template, To Form a. .VIII, 260
Templet Shop, Structural. IV, 277
Tenons, Bare-Faced II, 255
Housed 11,256

Tensile Strength of Cement
Mortar V, 118

Of Concrete V, 188
Tension, Shear and Diag-

onal VII, 72
Tension in Concrete,

VI, 183 ; VII, 67, 72
Tension Members, Struc-

tural IV, 232, 248, 255
Tenth-Points IV, 229
'

' Te-Pe-Co '
' Waterproof-

ing V, 238
Terebine X, 237
Terra-Cotta Lining for

Walls VI, 32
Terra-Cotta Tile Column. VI, 317
Tests
Of 'Arches IV, 65
Of Brick IV, 83
Of Cement V, 65, 74, 103
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Of Drawing Instruments . 1, 13
Of Linseed Oil X, 84
Of Plumbing IX, 198, 201
Of Sand V, 73; VII, 179
Of Sharpness of Tools.. XI, 27
Of Steel IV, 138, 152
Of the Steel Square. .VIII, 22

Of Stone IV, 8, 11, 13, 16
Volumetric or Yield. .V, 65, 74
Of Wallpaper X, 282
Of White Lead X, 85
Of Woodwork for Square-

ness, Wind, etc... XI, 9, 284
Thermometers . . . V, 340 ; IX, 119
Thermostat IX, 150
"Thomas" Wall VI, 29
Threshold 1,280
Through Bridges IV, 266
Thumb-Tacks I, 7

Tie-Beams II, 122

Tie-Plates IV, 232
Ties, Eailroad, Concrete. VII, 315

Ties, Railroad, Cost of. .XII, 311
Ties in Trusses Ill, 321
Tile, Drain, Concrete,

V,311; VI,179, 182
Cost of VI, 179
Machines for Making. . .V, 311

Tile Roofs . . Ill, 234 ; VI, 47, 313
Cost of XII, 310

Tile Veneer for Frame
Buildings Ill, 211

Timber, Cost of XII, 312
Strength of Ill, 293, 308
Weight of V, 332

Time Limit on Contracts,
XII, 19, 81

Tin Leaf X, 156
Tin Eoofs, Painting,

X, 28, 70, 175
Toe, Retaining Wall. . .VII, 248
Toilet-Room, Layout of.. IX, 269
Tone, Color X, 191
Tooling Concrete, Cost of,

XII, 312
Tools for Concrete Work,

V, 155, 157, 246
Grinding XI, 23
For Hammered Metal
Work XI, 341

Painter's X, 241
Paperhangers ' X, 283
Woodworking XI, 3
Woodworking, Use and

Care of XI, 6

Topp'B Framing Tool. .VIII, 186

Torus Moulding II, 233
Tower, Bridge VII, 148
Tower for Windmill, etc.,

VIII, 149
Tower Roof, Pitch of. . .VIII, 54
Towers and Bents, Steel. IV, 275
Toxement V, 214
Tracing 1,153
Tracing Cloth 1,13,243
Track-Elevation Bridges,

VII, 103
Train Shed of Concrete . VII, 273
Transfer Paper, Graining. X, 145
Transom I, 289

Fittings for XII, 266, 272
Transom Window Frames,

III, 56
Transportation, Cost of,

IV, 283; XII, 187, 291, 312
Trap Rock V, 77
Traps, Drum IX, 186
Sewer IX, 162

Traveler, Cantilever IV, 289
Gantry IV, 287
Truss IV, 288

Treads, Stair,

I,285;III, 139, 152
See also Stair-Building.

Tree, Hall XI, 269
Trestles, Railway, Concrete,

VII, 115
Timber IV, 286
Cost of XII, 298, 299

Triangle, Arrangement of
the VIII, 221

Triangle, Equilateral II, 29
Right-Angled 11,18

Triangles for Drawing I, 9
Testing I, 13
Use of... I, 15, 40

Trim, Interior II, 13
True Surface XI, 18
Trunnion-Lift Bridges. . .IV, 265
'

' Trus-Con '
' Chemical Prod-

ucts V, 238
* * Trus-Con '

* Waterproofing
Filler V, 214

Tms3C3" "

Bridge, Steel IV, 264
Cambering '. III, 331
For Flat Roof 111,328
Lattice 111,327
Light, for Long Span,

III, 323, 326
Plank-Framed 111,325
Boof 11,114,292,
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314; III, 320, 325, 327, 328,

331; IV, 268, 270; VIII, 146
Scissors II, 114
Steel IV, 264, 268, 270
Strengthening Ill, 330
Wooden II, 114, 292, 314;

III, 320, 325, 328; VIII, 146
Trussed Bars VI, 238
Trussed Partitions 111,333
Trussit VI, 242
Truss Traveler IV, 288
Try-Cocks IX, 115
Try-Square XI, 7

Bevel VIII, 184
T-Square I, 8 ; XI, 91
How to Use 1,15
Testing 1,13

Tube, Boiler IX, 195
Tubs, Laundry IX, 174
Tudor Arch II, 54
Tungsten Lamp IV, 311
Turkey Red X, 217
Turnbuckle IV, 250
Turn-Buttons XII, 275
Turner "Mushroom" System,

VI, 256, 307, 318
Turpentine X, 7, 16, 229, 237
Tuscan Order 1, 317
Tuyeres IV, 102
Two-Pipe Heating, Steam,

IX, 27, 55
Hot-Water IX, 64

Two-Way Reinforcement. VII, 17
Twisting Bars VI, 248

U

Ultramarine Blue X, 210
Umbers X, 220
Umbrella Stand ... .XI, 272, 340
"Umbrella" System, Cowles,

VI, 262, 307
Unit-Beam Reinforcement,

VI, 265
Unit-Cost, Estimated,

XII, 189, 190
Unit-Frames VI, 221
Unit-Girder Frame,

VI, 263, 265, 307
Unit-Price Contracts. . .XII, 4, 32
Units, Electrical IV, 300
Unit-Stress in Steel. IV, 140, 147
Universal Plates IV, 122
Universal Square VIII, 183
U-Plate, Steel IV, 251
Upsetting of Bars IV, 250

"U. S. Standard" Block
Machine V, 309

U-Twisted Lock Bar VI, 18

Vacuo-Vapor Heating. . . '.IX, 134
Vacuum Heating Systems,

IX, 125, 127
Valleyg, see Roof Construction,

II, 139; III, 101
Valves, Inlet and Outlet. IX, 296

Pipe, Kinds of.IX, 110,113, 114
Radiator IX, 112, 113,

114, 131, 132, 138
Relief IX, 132
Waste IX, 302

Vandyke Brown X, 211
Vapor Heating IX, 125
Varnish. .X, 95, 97, 189, 232, 235

Applying X, 114, 123, 229
Kinds of X, 97, 232

Varnish Brushes X, 245
Varnish Gums X, 100
Varnish Stains X, 91, 235
Vats, Concrete VII, 298
Vaughan Floor,

VI, 275, 304; VII, 13
Vaults, Burial VII, 332
Vegetable Black X, 208
Vehicles, Paint X, 1, 189, 234
Veneer 1,279
For Frame Buildings. .Ill, 211
For Masonry Houses. .Ill, 174
For Mouldings ...11,244
Tile 111,211

Veneer Walls III, 177; V, 295
Venetian Paste X, 295
Venetian Red X, 216
Ventilation,

I, 252; III, 60; IX, 142, 145
Of Barns 111,272
Of Furnaces IX, 23

Ventilators Ill, 60
Venting, Continuous. IX, 184, 254
Vent-Pipes IX, 180
Veranda Construction,

III, 303; VI, 52
Verdigris X, 213
VermiUon X, 216
Vertical Lines, Drawing. . . .1, 16
Viaduct, Ocean, Long Key,

VII, 126
Viaducts, Concrete,

VII, 115, 121, 126
Steel, Erection of IV, 969
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Vicat Needle V, 109
Vise, Construction of a.. XI, 299
Eapid-Acting XI, 4, 304

Vitrification of Brick IV, 75
Voids in Aggregates

—

In Gravel and Stone. .V, 88, 91
In Sand and Screenings,

V, 91, 99
Measuring according to. V, 150

Volatile Oils X, 227
Volt IV, 300
Volumetric Tests V, 65, 74
Voussoirs IV, 31

W
Wainscoting Ill, 159
Wainwright System for Pro-

tecting Corners VI, 178
Wallace Concreting Equip-
ment V, 287

Wallpaper, Dimensions of. X, 296
Hanging X, 296
Number of EoUs Required,

X, 296
Paste for X, 294
Selection of X, 278, 279
Testing X, 282
Varnishing of X, 233
Washable X, 311

Wall Construction ... II, 151 ; III,

174; V, 209, 232, 294; VI,
28, 83, 319; VII, 85, 135, 246

Air-Spaces in Ill, 177
Brick, see Walls, Masonry.
Brick, Painting X, 27
Brick Veneer Ill, 174
Brick, Weight of IV, 93
Clapboard, Painting X, 27
CeUar Ill, 9, 12; V,

209, 232; VI, 28, 32
Concrete. V, 209, 232, 294; VI,

28, 319; VII, 85, 135, 246
Concrete, Painting X, 27
Concrete, Cost of VI, 33
Double-Plastered 11,186
Expansion and Contraction

of VI, 30
Finishes for,

VI, 19, 33, 325, 327
Foundation Ill, 9, 12

;

V, 209, 232; VI, 28, 32
Framing Ill, 26
Hollow V, 294; VI, 28, 83
Lea's Concrete Metal. .VI, 320
Masonry, Kinds of. .IV, 25, 31

Masonry, Loads on IV, 50
Masonry, Strength of . . . IV, 49
Masonry, Painting X, 27
Materials Used in II, 151
Painting X, 27, 29, 162
Partition VI, 31
Plumb and Battered VI, 28
Eeinforced Concrete. . .VI, 319
Eetaining IV, 52; VII, 246
Solid and Hollow,

V 294* VI 28
Sound-proof . . .Ill, 29; V, 318
Spandrel VII, 85
Tail VII, 85
Wing VII, 135
Wood, Painting X, 27

Wall-Plates IV, 200
Wall String, Finish of. VIII, 170
Warehouse, Characteristics

of 1,221
Warehouse Construction. .VII, 20
Warm-Air Duct IX, 106
Warm-Air Heating IX, 7
Warming, Systems of, see

Heating.
Warren Trusses IV, 265
Washers for Concrete Mate-

rials V, 285
Wash Drawings I, 310
Wash-Trays IX, 174
Wason's Formula VI, 225
Waste-Cocks IX, 193
Waste-Pipes IX, 180
Wastes, Eefrigerator IX, 197
Waste Valve IX, 302
Watchman XII, 95
Water, Action of, on Asphalt,

V 223
Boiling Point of ix! 141
For Concrete V, 83
For Mortar V, 112
Pressure of V, 200, 329
Properties of V, 335
Sea Water and Concrete,

V, 45, 84
Water-Backs or -Fronts. .IX, 203
Water-Closets, see Closets.

Water-Colors 1,305,310
Water Column IX, 114
Water-Hammer IX, 27
Water-Heaters, Automatic,

IX, 217, 311
Electric IX, 214

Water-Intake VII, 291
Water-Lift IX, 195
Water-Line, False IX, 56
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Water Paints X, 166, 172
Waterproofing II, 154 ; III,

15, 265; IV, 19; V,
184, 190, 241; VII, 56, 166

Of Barn Floors Ill, 265
Of Cellars 111,15
Of Concrete IV, 19; V,

184, 190; VII, 56, 166
Of Concrete, Methods of.

Mass or Integral. V, 194, 201
Of Concrete, Methods of.

Surface Treatment,
V, 194, 216

Of Masonry VI, 19
See also Waterproofing of

Concrete.
A Problem of Design. . .V, 241
Sylvester Process,

IV, 19; V, 184, 196
Of Walls VII, 166

Water-Service Pipes. IX, 192, 203
Water Stains X, 110
Water Systems, Pneumatic,

IX, 274
Water Systems, Private. .IX, 274
Water-Table I, 217
Water-Tanks VI, 110, 112
Water-Tightness of Concrete,

see Waterproofing.
Water-Tower, Concrete. .VII, 295
Waterworks Systems.IX, 224, 274
Watt-Hour IV, 301
Wax Finishing X, 120
Wax, Grafting IX, 236
Weather, Effect of, on Work,

XII, 180
Weatherproofing, see Water-

proofing.

Weaving Eush Fiber XI, 248
Web, Thickness of IV, 225
Web-Plates IV, 200
Weight of Materials,

IV, 15, 81, 93 ; V,
66. 69, 189,327, 331; VI, 7

Of Brick IV, 81
Of Brick Walls IV, 93
Of Concrete V, 189; VI, 7

Of Stone. .IV, 15; V, 332, 333
Weights, Sash XII, 268
Well Curbs VI, 117
Wemlinger Corrugated Sheet

Piling VII, 27
"Western" Brick Machine,

V,311
Wetness of Mixture V, 134

Wheel Loads IV, 158
Whitehall Waterproofing

Compound V, 216
White-Base Pigments X, 4
White Lead X, 4, 220
Sublimed X, 5
Testing X, 85

White-Printing T, 239
Whiting X, 6,220
Whitewash X, 168
Winders, Stair Ill, 149
Winding Stick, Use of. . .XI, 284
Windmill, etc.. Tower for,

VIII, 149
Foundation for VI, 109

Windows

—

In Barns 111,272
Bay I, 296; 111,59,197
Casement I, 289; II, 217;

III, 41, 49, 165, 183, 189, 200
Cellar 11,176
Dormer I, 296; III, 105
Double-Hung Sash,

I, 289; II, 181, 206, 210
Fittings for XII, 233, 266
Framing I, 290 ; II,

176, 178, 206, 210;
III, 39, 105, 162, 179, 184

Framing in Cement Plaster
Houses Ill, 162

Framing for Masonry
Walls..II, 194, 202; 111,179

Framing, Cost of XII, 296
For Open-Air Eoom III, 62
Sill Construction Ill, 208
Single- and Two-Light. . I, 288
Single-Sash 111,40
Storm II, 188
Temporary Frames for.III, 184
Trim for 11,204,206
Triple Ill, 57

Window Blinds. .II, 202; III, 193
Window Hardware. .XII, 233, 266
Window Openings, Cutting. II, 78
Window Sash, Painting X, 28
Window Screens 111,193
Window Ventilator Ill, 60
Wind Pressure IV, 269
Wing Abutments VII, 141
Wing Walls VII, 135
Winter, Concreting, etc., in,

see Frost, Precaution
against.

Winter, Painting in X, 68
Wiped Stain X, 93, 137
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Wire, Barbed VI, 243
Wire, Copper, Properties of,

IV, 300
Wire Fabric VI, 242
Wire Eope or Cable VI, 244
Wire, Sizes of, for Electric

Current IV, 304
Wiring, Electric IV, 295-333

Installing IV, 319
For Illumination IV, 297

Wood, Cost of XII, 312
Wood, Treating, Cost of .XII, 312
Woodbox, Construction of,

XI, 314
Woodwork, Finishes for, see

Painting, Staining, and
Varnishing.

Woodworking XI, 1-313

See also Carpentry.
Wool, Mineral, see Mineral

Wool.
Workbench XI, 3, 285, 303
Working Day, A XII, 181
Working Drawings 1, 147, 206
Working Edge, Woodwork ... I, 8

Working Face, Woodwork,
XI, 8, 18

Workshop, Home XI, 2
Work Train, Cost of XII, 297
"World Beater" Block and

Brick Machine V, 307
Writing Desk, Construction

of XI, 194
Wrought Iron IV, 107

"X-L-ALL" Cement Tools,

V,308

Yard Master, Duties of.. IX, 290
Yield Point in Steel IV, 144
Yield Tests V, 65, 74
Yellow Pigments X, 211

Z-Bar Columns IV, 243

Z-Bars 1, 178; IV, 129

Zinc White X, 4, 5, 224
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