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through the triangle Highbridge-Memorial Church-Ferber, the line 
Highbridge-Memorial Church being a part of the triangulation 
system of the Bronx Borough. 

Ferber-Memorial Church, as per U;. S. C. & G. S. = 28 306'.0. 
L C  L L " as per Bronx System = 28 307'.2, or 

about 1 in 23 000. 

Even to obtain this result it was necessary to use the least dis- 
tance derived from total Unionport Base, and from the segments of 
the Eastchester Base. At that time the weight attached to the line 
Highbridge-Memorial Church was not known. Subsequently it de- 
veloped that the station Highbridge had not up to that time been oc- 
cupied by United States Coast and Geodetic Corps. However, this 
said least distance for Given-Protectory was retained, though giving 
a result too large for the United States Coast & Geodetic Survey line 
Ferber-Memorial Church, assuming for the Bronx Triangulation 
the chain of angles to be correctly measured within the limit of the 
instruments used, and the whole primary system made to depend 
on it. 

I n  addition to these main stations, seventeen interior secondary 
stations were selected. The bases above named were cleared for a 
width of 30 ft., the termini of the Unionport Base were fixed, one at  
Station Crosby, the other at Station Ludlow; of the Eastchester 
Base, one at  Station Maguire, the other at Station Red Oak. The 
bars for measuring these bases were of special construction, each 
capable of defining 5$n25 of an inch. One bar, used as a comparator, 
had been sent to Washington for the determination of its length 
between zero marks, for the temperature at the time the test was 
made, and for the coefficient of expansion. The lengths of the 

other three bars were known in terms of this comparator, and con- 
sequently each bar had its special equation. 

For the purpose of sighting over long lines and to be free from 
the irregular refraction near the earth's surface, nine towers, vary- 
ing in height from 20 to '70 ft., were erected where suitable high 
buildings were not available or accessible. Communication was 
made with the State Survey Office as to the desirability of iron 
towers said to have been used in the State triangulation, but these 
towers had not been sufficiently tested to warrant an opinion. A 
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few galvanized angle-iron towers made by Aermotor Company were 
inspected, and were found to have many admirable qualities, but 
finally a decision was made in favor of the usual wooden towers. 

The preliminary measurement by the 50-ft. chain of the two 
selected bases was made during the summer and fall of 1896. From 
December, 1896, to June, 1897, these two bases were staked at in- 
tervals of 16 ft., and measured by the bars in duplicate, though 
some of the sections were measured three times by the bars. The 
Eastchester Base was measured in six sections and the Unionport 
Base in four sections, though in each case tests were made with the 
stations, over twenty in number for each base, used in measuring 
with the chain. 

I n  the meantime, final angles had been read in sets at the dif- 
ferent primary and secondary stations. For example, at High- 
bridge, for the main polygon, there were read four single angles, 
then in combination of twos, then of threes, then of the four; and 
after each set the explement was read. This, excluding the ex- 
plement, would make ten different angles; and generally for n angles, 

& (n2 + n), different angles were read. Again, these different 

angles were read in four different ways, that is, in the usual way a 
certain number of times, then in the reverse order an equal number 
of times. With telescope rotated 180' in the vertical plane, and 
then 180' in the horizontal plane, the angles were read in the direct 
way; and finally again in the reverse order. I n  this way, as a 

separate initial reading was used, most of the graduations on the 
plate were tested. 

I n  July, 1897, the lengths of the Eastchester and Unionport Bases, 
as per bars, were calculated and a comparison made with the lengths 
as determined by the 50 spring balance compensating chain. The 
coefficients to be applied to the chain varied, in the Eastchester 
Base, from 0.999656 to 1.000161; in the Unionport Base, from 
0.999333 to 1.000188; in the former passing through a range of 
.000505; in the latter, through a range of .000855 ft. 

The four different chains in use before 1897 were found to have 
coefficients of expansion varying from :0000059 to .0000072, no two 
alike. I n  the matter of tension, these same chains varied from 7 Ib. 
to 10.5 Ib., again no two alike. I n  short, it is doubtful if an equation 
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has ever been determined for a chain in use by the Topographical 
Bureau before 1897. The difficulty of properly determining the 
constant equation of the ordinary steel tape is shown by the method 
pursued with the 100-m. steel tape No. 85 of the United States 
Coast and Geodetic Survey. I n  1891, the following values were 
ascribed to the comparator interval D in  terms of the iced bar B,, 
under a standard tension of 25.75 Ib., the adopted elongation of tape 
per ounce being 0.041 mm. 

August 1 to August 8,1891, D = 20 BL7 + 39.52 mm. 
" 30 to September 5,1891, D = 20 B17 + 39.44 mm. 

3 to October 9, 1891, D = 20 BI7 + 39.37 mm.,where 
B1, = 5 m. 18 microns, 

and 77 observations were made, 66 of which per the Fahrenheit 
scale give 

2 exponents between .00000100 and .00000200 
1 ‘( " .00000200 " .00000300 
6 " " .00000300 " .00000400 , 

6 " " .00000400 " .00000500 
14 " " .00000500 " .00000600 
18 " " .00000600 " .00000700 
7 " " .00000700 " .00000800 
2 (( " .00000800 '( .00000900 
3 " " .00000900 '( .00001000 
5 " ' .00001000 " .00002000 
2 [' over .00002000 

These variations cover a period of about three months and 
represent hozrrly ch'anges ranging from 4 A. M. to 12 P. M.; while the 
observed temperatures range from 3.05' cent. to 31.04' cent. I n  
the Coast Survey Report for 1892, Appendix 8, the following equation 
of this tape T,, is given: 

Tape 85 = 20 BI7 + 22.35 mm. f 0.020 mm. + (1.0947 mm. f 0.0021 
mm.) ( t  - 16O.89 cent.) 

While in the Coast Survey Report for 1901, Appendix 3, the follow- 
ing equation of tape T,, is given: 

Tape 88 = 20 B17 + 16.42 mm. f 0.023 mm. + (1.068 mm. f 0.0040 
mm.) ( t  - 110.53 cent.) 
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with the assertion on page 265; there "seems to be good evidence that 
KO. 85 has increased in length 0.45 mm., or 1 part in 220 000." 

The greatest fluctuations in value occurred in the different 
measures of the two segments of the Eastchester Base. 

The northerly s e g m e n t  
B j- bars. . . . . . . . . . . . . . . . . . . . . . . .  equals 6 802'.396 

By 50' chain direct, and unaf- 

fected by exponent . . . . . . . . .  " 6 801.448 or 1 part in 7 100 

l5y traverse through 9 761'.734 by 

50' chain uncorrected . . . . . . .  6 603.206 or 1 part in 12 000 
By 300' chain, affected by expo- 

nent. . . . . . . . . . . . . . . . . . . . . . .  6 802.149 or 1 part in 27 500 
By Dock Department Triangula- 

tion . . . . . . . . . . . . . . . . . . . . . . .  " 6 802.055 or 1 part in 20 000 
The southerly segment- 

By bars. ....................... equals 5 355.472 

By 50' chain direct as above.. . . . .  5 355.031 or 1 part in 12 000 
By traverse through 11 766'.152 

by 50' chain.. .............. " 5 355.719 or 1 part in 48 000 
By 300' chain as above . . . . . . . . . .  5 355.366 or 1 part in 50 000 

I t  will be noticed that the mean of the direct and indirect' meas- 
urements by the 50-ft. chain of the first-named segment differs from 
the bar measurement by 0.069 ft. or 1 part in 98 000; and in the 
latter segment the discrepancy is 0.097 ft. or 1 part in 55 000. 

The field traverses were rigidly held in place through connection 
with the triangulation stations adjusted in the primary scheme. 
For obtaining the rectangular co-ordinates, the bearing of the north 
boundary line west of the Bronx River, and the distances and co- 
ordinates in said line east of the monument at the intersection of 
said line and the line of Tenth Avenue, are kept. This boundary 
line was directly connected with stations in the subordinate system, 
and thence with the triangulation net. I n  a continuously increas- 
ing number of ways the co-ordinates of the primary stations were 
computed, and then the co-ordinates of the subordinate stations. I n  
the meantime the perimeter of each subdivision, as developed in the 
field traverses, was connected by two or more lines with the sub- 
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ordinate stations in the triangulation net. By this means the errors 
of any such perimeter, and of the enclosed space, were confined to 
the investing triangles. Thus we have but one system of co-ordinates 
in the annexed district. 

To illustrate the cohesion of this system, the White Plaills Road 
is laid out from the southerly boundary of Mt. Vernon to the Bronx 
River at Tremont Avenue; West Farms Road extends from the 
Bronx River along old Westchester Turnpike to the Westchester 
Creek; Tremont Avenue, from the Bronx River to a junction with 
Fort Schuyler Road, and thence to the Sound; Classon's Point 
Road, from Westchester Avenue to the East River; Gun Hill Road, 
from the Bronx River to I-Iutchinson River; Boston Road, from 
Pelham Bay Parkway to the northern boundary of the city; Two 
Hundred and Twenty-second Street, from the Bronx River to the 
Hutchinson River; Baychester Avenue, from the northwest corner 
of the district to Pelhzm Bay; East Two Hundred and Thirty-third 
Street, from the Bronx River to the Hutchinson River, near the 
city line; Castle Hill Avenue, from the West Farms Road to the 
East River. Thus we have a network of avenues 100 ft. wide con- 
forming with the lines measured on the ground, connected with the 
triangulation system, and firmly binding all parts of the territory. 

To recur to the determination of the fundamental distance 
Given-Protectory, it should be stated that these calculations were 
finished in 1898, when no other test than the United States Coast 
and Geodetic Survey line Ferber-Memorial Church was available, 
with the result as before stated. The logarithm of the distance 
Given-Protectory as derived from the Unionport Base was 4.1298051; 
as derived from the southerly segment of Eastchester Base, 4.1298115 
or 1 part in  75 000, as derived from the total Eastchester Base, 
4.1298118 or 1 part in 72 000. I n  the adjustment, accepting the 
logarithm 4.1298056, the logarithm of the distance Highbridge- 
Jackson becomes 4.5154685 = 32 769.401 ft. I n  1899, however, a 
base line of over 12 000 ft. was measured on Jackson Avenue, Bor- 
ough of Queens, both with bars and chains of 50, 100 and 200 ft., 
with an accuracy of I part in 100 000. This line was referred to 
two stations near at  hand, and thence a direct connection made with 
the line Highbridge-Jackson. The logarithm of the preliminary 
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determination of this line from the United States Coast and 
Geodetic Survey line Bogart-Bergen is assumed as exceeding the 
logarithm 4.5154685 by more than 100. 

The connection of the liqe Given-Protectory (logarithm 
4.1298118) with the Queens Borough line gives for Highbridge- 
Jackson 4.5154707 or 1 part in 31 000, showing a result within the 
accuracy of 1 part in 25 000, before agreed upon. 

I n  conclusion, it may be stated that the triangulation of Greater 
New Pork is now under way under the supervision of the United 
States Coast and Geodetic Survey office, and within a reasonable 
time we may expect an authoritative and official report on the 
whole territory covered. 



D I S C U S S I O N .  

S. W. HOAG, JR.-I am not disposed to discuss this paper, but 1 
would like to ask a auestion or two out of curiosity. 

Away back in the early Eighties, when we were monumenting 
the streets east of Third Avenue, in the vicinity of West Farms, 
and the old Fox estate in the old Park Department, we found that 
as we proceeded northward we kept swinging off easterly from the 
theoretically correct positions of the monuments, owing to the 
cumulative effect of errors in  the permanent monuments from which 
our traverses were run. There were some slight errors in the 
initial traverses down towards the, Harlem River. The absence of 
such a very elegant system of interior or primary and secondary 
bases, of which the author of the paper in question has spoken, as 
marking the work in the easterly portion of the Bronx, was a serious 
lack at that time; for we had nothing of this character to connect 
with. We just simply ran, for instance, along Third Avenue, basing 
one system of traverses upon another one, the remote effect being 
analogous to obtaining a figure 6 in an attempt to close a circle; 
that is to say, we would have ultimately produced a spiral instead 
of a circle. I would like to ask if any connection has been made 
across the Bronx River between the new work described by Mr. 
Dalrymple and any of that old work, with a view of determining the 
deviation of any of those old monuments from their theoretically 
correct position. 

W. S. DALRYMPLE.-I can partially answer that question. I 
would say that a connection was made immediately of the whole 
system, so far as the rectangular co-ordinates are concerned. They 
are based upon the boundary line between New York proper and 
Yonkers. When we proceeded with that system down the Bronx 
River Road to Woodlawn we were supposed to be in the same system, 
and when a connection was made on that basis directly with the 
monuments on the White Plains Road, a slight discrepancy was 
discovered. It was absolutely necessary to avoid these monuments 
on Webster Avenue in the triangulation system. If I remember 
rightly, the discrepancy was .I or .%, that is, by taking those co- 
ordinates as they were in the local system. I n  connecting with 
points that we knew were in the triangulation system, even by way 
of traverses, we noticed this discrepancy. The original setting of 
ihose monuments was not at fault at all, but those monuments had 
been fitted in on something of a conventional scheme, such as Mr. 
33oag says; among themselves they are consistent. When this 
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system is connected with another 5 000 or 6 000 ft. off, then the dis- 
crepancy is more pronounced. 

HENRY W. VOGEL.-Mr. IIoag's question will always arise when- 
ever we try to compare two kinds of surveys, the one assuming that 
the earth's surface is a plane with ~ o i n t s  established by rectangular 
co-ordinates, the other using triangulation points mathematically 
fixed on the actual surface of the earth. 

All traverse lines are portions of great circles of the earth so 
that two parallel lines, say, two meridians, separated by one degree 
of longitude at  the equator (approximately 70 miles), will intersect 
at the poles; similarly, if we prolong the lines of any two parallel 
avenues, the lines would intersect at a point on the earth's surface 
90" from the starting points. 

We cannot, therefore, compare points established in a system of 
rectangular co-ordinates based on the erroneous assumption that the 
earth's surface is a plane, although the actual measurements are 
taken on the earth's surface, with points mathematically established 
by triangulation. 

MR. HOAG.-I understand that the easterly ordinate of a point 
in the vicinity of West Farms and Bronx River is approximately 
20 000. An old rule in the Park Department was that an error of 
0.15 per 1000 ft. was permissible in traverse work. That would 
permit of an error than of about 3 ft. in such a point between its 
theoretical co-ordinates and co-ordinates obtained by direct measure- 
ment from the Tenth Avenue base. What I am trying to find out is 
whether any such connection was made with this accurate trian,gula- 
tion that would verify that deduction one way or the other, or 
whether any of those monuments referred to that we set in the early 
Eighties were connected with the triangulation. 

MR. TITT. F. JOHXES, Member of the Society.-I think if the ques- 
tion was put in another form it might perhaps be better under- 
stood. I t  is simply this: If you are using monuments on both 
sides of the Bronx River, having the co-ordinates of the monuments 
on the west of the Bronx River with the old system, and those on 
the east with the new accurate system, what loss has got to be met? 

MR. DALRYMPLE. one of the Authors.-Just use conventional 
lines there and reduce the co-ordinates on one side to correspond 
with the co-ordinates on the other side. Simply make them con- 
sistent with each other. 

I will call the attention of Mr. Hoag to the fact that Mr. Vogel 
determined the latitude and longitude of the termini of the boundary 
line between Yonkers and New York. I was showing him the other 
day a verification of his work of determining the azimuth of points 
on that line; also that those azimuth differences were consistent all 
the way through. One extremity is near the center of the tracks 
of the New I'ork Central Railroad at the city line, and the other is 
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a point said to be in mid-stream of the old Bronx River channel. 
These azimuths differ just exactly one minute, and that difference 
increases as you increase the distance, and increases in a certain 
direction, too, north or west. We have assumed an azimuth on 
Tenth Avenue of 28" 50' 30". Mr. Vogel and I were trying to 
determine on what point on Tenth Avenue that is the true azimuth. 
I do not think we have decided upon i t  yet. 

MR. TOGEL.-Nr. Hasweil, in his pocketbook for engineers, states 
that the angle made by Tenth Avenue with the true meridian is 
28" 50' 30"; this statement is indefinite, because it omits the loca- 
tion of the point on Tenth Avenue where such an angle is made. 
All true meridians are only parallel one to the other at the equator 
and converge towards the poles. The Tenth Avenue line is a portion 
of a great circle which is not a true meridian and, therefore, makes 
a different or varying angle with the true north at every point of its 
length. The convergence of meridian line accounts for the difference 
between the azimuth and the back azimuth of a straight line in a 
triangulation survey. 

We have present to-night from all the boroughs of the 
Greater City topographical engineers who have much to do 
with the establishment of a street system. All public improve- 
ments, transit facilities, the collstruction of bridges, sewers, 
highways, the erection of buildings for residential and commercial 
purposes, to say nothing of the increase in valuation of real estate 
for taxation purposes, depend largely upon a well-defined street 
plan. Now, although we have heard interesting facts about care- 
fully measured base lines and angles, and that it took from 1874 to 
1895, twenty-one years, to lay out a street system marked with stone 
monuments and bolts, in that portion of The Bronx west of the 
Bronx River, it would be very interesting to know when the street 
systems will be established in the outlying boroughs, especially in 
Queens and Richmond. 

MR. It. R. CROWELL, Member of the Society.-I desire to say that 
we have not progressed far enough to give much information about 
Queens Borough. We have only started. 

MR. G. W. TUTTLE, Member of the Society.-I have nothing to 
say at present. The Coast and Geodetic Survey has been taken 
there in Richmond. 

MR. G. W. TILLSON, Member of the Society.-Some reference has 
been made to the triangulation of the city that has been going on 
for a year or two now by or under the charge of a representative of 
the United States Government. I t  may be interesting to note that 
at  the present moment, perhaps, if not during the evening, this party 
is now measuring a base line in the Borough of Brooklyn. They 
began work on it a day or two ago and are working every day from 
3 in the afternoon until 10 at night, and they will be working there 
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two or three nights longer, and if any member of the Society has 
any desire to see how the work is carried on, he can do so very 
easily. I think they are on the Ocean Parkway now, and I was told 
this morning that it would take two or three nights after to-night, 
provided the weather was suitable, to complete it. The line will be 
about 12 000 ft. long. 



THE ITUNICIPAL ENGlNEERS 
OF THE CITY OF NEW YORK 

Paper No. 12. 

PLA4NS AND SPECIFICATIONS. 

I am asked to-night to champion the side of the Contractor in 
relation to plans and specifications. This is a little foreign to my 
side of the question; for, for the most part, my work has been in 
the preparation of plans and specifications under which work has 
been executed. At the same time I have done so much work as 
Constructing Engineer and without plans and specifications, and I 
have also done so much work in bidding on plans and rspecifications 
and work for contractors, that I can feel sympathy with the 

. contractor. There should really be only one side to this 

"v discussion. I t  should be a side of absolute fairness.' The speci- 
fications, with the accompanying plans and with the contract, 
form one document. They are attached together, forming one 
legal instrument and representing a piece of work which any cor- 
poration or person desires to be executed and which a practical 
gambler, known as a contractor, desires to execute for profit. Under 
this agreement he desires to execute it for what is to result there- 
from, and this instrument should be exact, lucid and correct, and it 
should convey from the one party to the other, from the brain of the 
engineer to the mind of the contractor, all the information necessary 
for the contractor to carry out the ideas of the engineer and to  
transfer into actual construction work the mind and imagination 
which the engineer represents.' 
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As to the language of the specifications, it does not matter what J' 
the wording is, as long as it is clear, and as long as there is no am- 
biguity whatever in the construction. Errcrs and disagreement be- 
tween clauses of the specifications always lead to difficulties in the 
completion of the work. There should be an absolute elimination of L' 

everything which is not absolutely relevant to the execution of the 
work and descriptive of the worlr itself. There should be no inclusion 
of any matter that is not strictly necessary to the carrying out of the 
work. I n  the preparation of the plans the object and aim should 
be the clear representation of the work to be done. I n  the prepara- 

k tion of the specifications the engineer should get himself into a 

judicial frame of mind, a frame of mind of absolute neutrality, with g,< 

no idea of sticking a contractor, but with the idea of perfect equity. c- 
The best proof of the correct preparation of the specifications, out- /- 
side of the actual carrying out and completion of the work, is found 
in bidding on the work. Bidding on work involves the study of 
every word and every condition and every sentence in the specifica- 
tions from one end to the other, and i t  shows up, quicker than any 
other thing I know, the perfection of the specifications and of the 
plans. If the engineer could get himself into that frame of mind 
in the preparation of specifications and place himself in  the position 
of bidding on the work, there would probably often be very much 
less difficulty in carrying out and executing the same. The prepara- 
tion of the specifications and plans is, in the case of contract work, 
the hardest part of the work for the engineer to execute, and I 
thoroughly appreciate the difficulties which the engineer has to con- 
tend with in that matter. Elasticity in the specifications is often a 
very desirable thing, but in municipal work, far more so than in 
private work, elasticity is somewhat dangerous. There are no 
specifications ever yet made which were perfect; if they were, we 
would use one specification fbr every piece of work of the same sort 
and cut it off by the yard. The reason that no specifications can be 
perfect is that no one knows the conditions that govern and regu- 
late any particular piece of work; the conditions always vary in 
every piece of work and the conditions are often an unknown quan- 
tity in the commencement of that work. I n  bidding upon work, 
and still more later in carrying out the work, the contractor wants 
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to be very clearly familiar with the personal character of the en- 
gineer he is going to work for. I, myself, have before now recom- 
mended a contractor to decline to bid on a piece of work because 
the known character of the engineer and commissioners who would 
have the regulation and execution of that work were such that I 
thought conditions in the contract might be very onerous and very 
hazardous. There is often inserted in  specifications matter which 
is meaningless and sometimes is mischievous, on account, possibly, 
of the ignorance of the engineer as to the character of the 
work, or as to the methods which the contractor would decide to 

adopt in the execution of that work. Clauses are often inserted in 
specifications, as I think you all know, which seem to me to be there 
simply to hide or gloss over inexperience, or possibly, at times, the 
ignorance of the engineer who has prepared those specifications. 
The insertion of such matter is always a source of trouble in the 
carrying out the work, when the engineer, after making such am- 
biguous conditions, endeavors to take advantage later of the con- 
tractor in the carrying out of his contract. At the time of bidding 
on a piece of work a contractor is very chary of raising a kick on 1 

conditions. In  relation to municipal work, any introduction of a 
kick or question would probably throw him out of consideration 
when the bids were presented. Further than that, every 
contractor who bids on a piece of work knows that there are a 
number of others-usually anywhere from six to a dozen-who are 
bidding on that work, and he has only one chance out of that number 
of getting the work. In addition to that, the contractor is well 
aware that kicking on conditions or obligations of a specification at 
the time of bidding is liable, if he should be fortunate enough to 
obtain the work, to queer him with the engineer. The engineering 
work should be done before asking contractors to bid. A thorough 
investigation of all conditions, the thorough consideration of all 
plans and all specifications, and all the requirements should be thor- 
oughly worked out before bids are asked upon a piece of work. A 
contractor is often asked to bid on work which the engineer has not 
himself thoroughly considered. He is asked to risk, not simply his 
money, but his reputation as a contractor, and frequently on work 
which may cost the life of employees engaged thereon. On the 
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other hand, as I said before, the contractor is a gambler. It is 
equally essential that the engineer should study the contractors and 
should sorutinize very carefully those asked to bid, to make sure 
that they are competent to carry out the work which they desire to 
bid upon. Public work, municipal work, requires very different 
treatment often from private work. I n  municipal work i t  is usual 
that you will have to work under hard and fast appropriations, within 
which you have to keep and which limits you in  the extent of the 
work. I n  private work that is not the case, and if there is any 
overrunning it is usually made right by proper explanation as to 
the reasons and conditions which involve the increased costs. I 
have great sympathy for that up-State politician who recently de- 
sired to take out of the conditions of the State canal work any 
option or discretion on the part of any engineer, and who desired, 
under process of law, to make i t  a hard and fast condition that the 
work should be executed absolutely in accordance with the plans 
and specifications, leaving no discretion to the engineer. At the 
same time, I appreciate i t  is entirely impracticable. 

Now, as t o  the plans of work. The plans should be ample. 
They should be thoroughly detailed, as they, form a part of the legal 
instrument, the contract, and go together with the specification to 
define the work and illustrate w h ~ t  is to be done. I think i t  is 
desirable, and I have found it so in  my own experience, that the 
plans should, as far as possible, be uniform in dimensions and uni- 
form in style. I f  there was less time spent on the printing of titles 
and more work put into the careful detailing and the careful figur- 
ing of the plans, there would be less trouble. I can recommend as a 
great help in titling and printing drawings the use of the printing 
press. I use one in my own office and pay a boy $6 a week to set 
up type and print drawings. That does the work better than any 
ordinary draughtsman can print them and in a fractional part of 
the time. I n  plans accompanying contracts, usually there should 
be a map and profile generally illustrative of the scope of the work. 
I n  addition to that, all the details should be figured fully through- 
out, leaving nothing whatever to scale. Scaling of contract draw- 
ings often introduces difficulties and troubles. The plans should 
further show everything that is necessary for the calculation of the 
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quantities or should give the quantities. They should show how the 
quantities are obtained so as to enable the contractor to know if 
they are properly obtained and correspond to his basis of figuring. 
The engineer, i t  seems to me, should guarantee the quantities as 
worked out. I t  is not a just thing to ask a dozen contractors who 
are bidding to spend their money and time, with a force of 
assistants, to figure out the quantities which the engineer should 
do, and he should give in full detail to the contractor every- 
thing, in fact, necessary for figuring and estimating on the work. 
The plans should illustrate the specifications, amplifying all so as 
to make the instrument a complete one illustrating the work. The 
engineer should always be responsible for errors in the plans and in 
the specifications. It is not a fair thing to saddle the contractor 
with conditions obligating him to risk and liabilityeof errors in the 
specifications or in the plans. Errorsvwill creep in in the best 
regulated families, but the engineer is the proper party to take the 
liability and responsibility for figuring those quantities. I saw 
recently, in a magazine, a statement in  respect to the incompleteness 
and insufficiency of plans, that in one of the most recent specifica- 
tions issued by the United States Navy Department for one of the 
most recently constructed battleships there were inserted in that 
specification no less than 253 separate items, which stated that 
"these items should be built as directed," and there was no one who 
could give, at that time, apparently, any idea to the contractor as 
to what was required under the plans and specifications. They were 
simply to be built "as directed." It stands to reason that the con- 
tractors who were figuring on that work would figure high enough to 
cover anything that the Navy engineers might require in "building 
as directed." This, of course, is an exaggerated case, but that con- 
dition to a lesser extent is common in nearly all specifications and 
plans and will be familiar to you. 

As to details of specifications, I: have seen criticism in Engineer- 
ing News some time ago of a condition specified in one of my own 
contracts, which provided, in the City of Brooklyn, that the geologi- 
cal formations would be the risk of the contractor. I did it because 
I could not make borings. Every time I tried to make borings I 
came down on boulders. At the same time, the criticism is a just 
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one from the point of view of the contractor. Why should the con- 
tractor be obligated to make examination of the soil before the 
execution of work? I s  it not right that the engineer should thor- 
oughly disclose in full detail to the contractor all of the conditions 
that are involved in the work? I know it is difficult. I know it is 
often almost impossible, but there is no ikpossibility and there is 
no difficulty in the engineer furnishing at all times to the contractor 
the fullest information, guaranteed as far as it goes and for what i t  
represents; giving him records of borings, of the investigation of 
test pits showing the character of soil, and then stating those 
conditions so that the contractor takes the risk. I want to illus- 
trate a particular case which happened in a work right in  the 
Hudson River Tunnel. Ten or fifteen years ago one of our eminent 
engineers, since deceased, who is known by name probably to most 
of you, made borings and an investigation of the bottom under the 
Hudson River, and they were plotted very carefully on a map, which 
appeared to be thoroughly reliable. I t  showed the profile of the 
New York rock reef on the east side of the Hudson River running 
up more or less uniformly; borings were made at a distance of about 
100 ft. apart. We were carrying on that work as constructing en- 
gineers, with no contractor. We came up to the point where the 
first boring which concerned us was located, and when we reached 
there, we took out a plug in the bottom of the tunnel, put a test rod 
down and found rock almost identically where that record showed 
it. The next boring was 100 ft. ahead and we proceeded toward 
that. Within 5 ft. after we made that test boring suddenly up 
jumped the rock in front of us like a wall, and we considered the 
borings were in error. When we came to the next location of boring, 
down the rock had dropped and,the boring was essentially correct. 
Five times that condition occurred. Five times between borinm 
were peaks of bed rock. That was an unfortunate condition. The 
record was perfectly correct. I t  was a risk the contractor ran. 
If we had been contracting, it was perfectly fair to supply all that 
information to the contractor and let him use his judgment whether 
that information was sufficient or not. If I had been the contractor 
in that case I would have said it was sufficient. As it was, i t  was a 
hardship on those who were constructing it, and you could appre- 
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ciate the hardship if you knew the cost involved by the conditions 
under which the work had to be done. 

I n  the matter of excaniation, the classification of excavation is 
often a source of difficulty. An "unclassified" excavation is a very 
much better one than one which is "classified." Give the informa- 
tion to the contractor. Tell him all you know and let him find out 
all he can find out, and then let him give a bid on the work as an 
unclassified bid-rock, loose rock, earth, hardpan, everything under 
one classification and at one rate-and you will probably find very 
much less difficulty in working out results. 

By way of illustration, I want to point out, in connection with a 
set of specifications prepared by a very able engineer far away from 
New York, a few items that grind on a contractor. Here is one 
clause : 

"The quantities above given are approximate only and the Board 
and Commissioners, etc., reserve the right to increase or diminish 
the amount of any or all classes of work or to dispense with any of 
them altogether, as they may deem best in the interest of the City." 

Now, what chance has a contractor to bid on work of that sort? y/ 
That obligates a contractor, first of all, to put in a plant that will 
cost $40 000 for the plant alone, and reserves the right to the Com- 
missioners to stop his work, to cut him right off at any time, and he 
has no redress and no ability to recover for the value of his plant. 

I n  the same specifications : 
"All face work of the brick lining in the tunnel and brick lining 

in the end shafts shall be carefully pointed, i f  required." 
What contractor is going to figure on that contract unless he 

figures and includes for the pointing? I f  he includes for it and it 
is not done, the city is a loser; if he does not figure on i t  and is re- 
quired to do it, then he is out. Why is it not made obligatory to 
include such a thing? 

Now, here is one worse than that: 
"The work shall be done in compressed air whenever, in the 

opinion of the engineer, the conditions are such as to require it." i 
Thus doubling the cost to the contractor. The contractor is 

required to put in an air-compressor plant and all the incidental 
machinery necessary, and the work is only to be done if required. 
A contractor would be a fool to fi,wre on a job of this sort except at 
large figures to amply protect himself. 



112 PLANS AND SPECIFICATIONS. 

Further than that, it goes on with pages of the requirements 
covering the air-pressure work. V" 

Now, in relation to materials. The specifications for materials 
should be ample enough to insure and describe exactly what the 
engineer wants, whether i t  is first-rate, second-rate, fourth-rate, or 
any other rate. Samples and tests should be fully specified, even 
if they are not actually applied, but they should. be in the contract 
so that the quality can be compared and enforced, if found neces- 
sary, as it is essential that the conditions and the quality of the 
materials which the engineer specified should be enforced and should 
be obtained. The material specified in every case should be such as 
may be obtained in the open market and in open competition, and 
yet such as to represent the quality desired by the engineer, or, what 
is in  some cases better, specify arbitrarily some definite brand or 
manufacture which you know and can rely on. That is difficult 
and probably illegal in most municipal work, not all, because I have 
met it. I have done it myself in order to insure quality, where so 
many brands were on the market of which I knew nothing per- 
sonally and could ascertain so little. 

I n  the case of cement, it is very seldom in ordinary specifica- 
tions for municipal work with which I have come in contact, for 
cement to be specified sufficiently fully to get the highest quality. 
I am sorry to know that there is often political or personal influence 
brought to bear to require the use of brands which otherwise I think 
most engineers would wish to exclude. 

Take an item like sand. I t  is an insignificant thing in its way. 
Most specifications read that "no loam" shall be present. You can- 
not get sand that has not 2 or 3% of loam, unless it is washed. If 
you wish washed sand, specify it and pay the higher price. 

Clauses are inserted such as this : "The contractor shall furnish 
all necessary assistance to the engineer, when required, without 
charge to the city." Where broadly stated and enforced it may be a 
great hardship, though probably and usually innocent enough. It 
is much better in a case like that to limit the extent of the assistance 
to be given, either to certain definite things or to pay at schedule 
rates for the labor employed. 

Then there are classes of clauses employed in the specifications 
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that may be called "club" clauses. Here is one of them, taken from 
a municipal spccification: "In case work under contract should be 
suspended or delayed by order of the Commissioner, all materials 
delivered shall be removed from the line of work, if so required by 
the engineer, and unless the contractor promptly removes the same 
when duly notified by the said engineer, the Commissioner may re- 
move the same and charge the cost to the contractor." That in- 
volves the figuring by the contractor on a higher rate than he other- 
wise would do. 

The postponement, delay and extension of time clauses I spoke 
of before are an injustice to the contractor. Usually the prices 
awarded to a contractor for a piece of work are too low to leave 
any possible profit if the absolute conditions of the specifications 
are lived up to. I know of one case myself in  which I bid on some 
work and I bid on the rigid provisions of the specifications. I was 
told by the contractor by whom I was engaged, "Don't you take any 
chances on so and so. He is a martinet, and will make you live up 
to every condition there is." We did not get the contract. The 

* 
man who did was broken in six months and the work was re-let at a 
considerably increased cost to the city. 

The question of arbitration is an important one; it is a valuable 
one. Most specifications provide that the engineer shall be the sole 
arbitrator. If the engineer is a broad-minded, fair-minded man, 
that works out all right, but otherwise it is wiser and better probably 
to have some arrangement for arbitration. 

A common clause inserted is "everything necessary to complete 
the work, even though not expressly mentioned in the contract." 
That is absurd on its face. The specifications should' define and 
the plans should define exactly everything provided under the con- 
tract. Has an engineer the right to shift all responsibility for the 
carrying out of his work? Has he a right to turn over a piece of 
work to the contractor and say, "There are my plans and specifica- 
tions, all the responsibility is yours, everything is yours?" I had 
that condition to meet on the Atlantic Avenue improvement work 
in  the danger of operating railroad trains on the surface above the , 

excavation, and I did not care to leave the responsibility with the 
contractor, notwithstanding the contract obligations. If a train had 
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ever gone down into that ditch there would have been 50 to 100 
people killed, and the company would have stood the brunt. I 
have employed, ever since the commencement of that work, a force 
of carpenters, who never left the work for any length of time, night 
or day, whose duty has been to go over the timber and see that the 
contractor has left it in shape and secure. I think the engineer is 
responsible for the performance of his duty, irrespective of whether 
the contractor carries out his or not. No provisions should be 
irksome to a contractor if they are clearly known and understood at 
the time of bidding, obligating him to do anything whatsoever which 
it is in his own power to control. The hardship and injustice is 
found when those obligations are beyond his government and con- 
trol. Conditions, the execution of which, put upon the contractor 
cost, expense or risk (and risk, mind you, is in itself an expense, 
entitling the contractor to a cash comideration) beyond that which 
was originally figured and bid upon. Generally speaking, it is fair 
and proper for the contractor to fulfill and execute anything stated . 

in the specifications or shown on the drawings, provided it is capable 
of definite determination and estimate at the time of bidding, 

' 

whether i t  is good or bad engineering. To an honorable contractor- 
and I am glad to say there are a great many of them, though there 
are a few otherwise-the more rigid and the more onerous the 
specifications and plans can be made, shutting out irresponsible bid- 
ders, the better the contractor likes it and the better for the company 
for whom the work is being executed. At the same time the en- 
gineer must estimate the value of the work on the strict interpreta- 
tion of the specifications and plans as they are drawn and drafted, 
and bn the understanding that the work will be handled in a careful 
and economical manner by the contractor. The corporation or the 
city is entitled to the work represented in  the contract and the con- 
tractor is obligated to deliver it. It is a mutual dependence, with 
profit to both. 



If i t  were possible for me to compress into a single word the 
meaning of that which I should like to say to you this evening, I 
could not do better than select "co-operation" as that word-co- 
operation between the engineer (as representative of the corporation 
or municipality), on the one hand, and an imaginary contractor on 
the other. 

You may say that it is not possible to co-operate with an imagin- 
ary person; what is true in the concrete only, and not in the abstract. 
You may say again that the possibility of opening up a wider field 
of graft under the guise of co-operation is too great. My answer to 
this is that the old type of contractor, standing as a bar to all pro- 
gressive ideas, and seeking only to "do some one else before they 
do him," is fast becoming a myth, and in his place stands a new 

. type. A broad, progressive man, not infrequently an engineer him- 
self or possessing the qualifications that go far toward giving prac- 
tical value to an engineer's education, and who has not only his 
money at stake, but his integrity and reputation as well-it is with 
this man that I ask you to co-operate. I 

It is possible to consider only a few points which might be of 
interest in the treatment of this broad subject, for I may tell you 
frankly that I do not believe it will be possible to find a perfect 
adjustment of the conditions under what I may call the present 
idea. And by the "present idea" I mean that impression of con- 
ditions between the one extreme in which the engineer is also the 
operator and constructor, and the other in which the contractor,fur- 
nishes the designs and plans as well as the estimate. The first, of 
course, presupposes that the engineer in all cases is experienced in 
practical construction as well as in designing and estimating-and 
by this I do not mean that he should know only how work should be 
done, but that he should also be able to carry it out by the safest 
and most economical method-i. e., he should possess practical ex- 
perience now vested in a plurality of contractors. The last case 
supposes that the contractor is a capable engineer or has engineers 
of sufficient ability to design and estimate, and that his own in- 
tegrity is sufficient to guarantee his work beyond the visible face. 
I n  the one case the municipality says to its engineers, "Design and 
build a certain structure. advertising for bids only for labor and - 
materials to be used under your direction." 

I n  the other case this municipality says to the contractor, "Send 
us in your plans and estimates for a certain structure; where the 
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plans are satisfactory the work will go to the lowest bidder." You 
can see, gentlemen, that the time for this is not yet up and we must 
take up the burden where i t  lies. How, then, can you co-operate 
with your prospective contractor, so that your plans may be carried 
out as you propose and within the limits of your estimate? 

To my mind, the accomplishment of this result may best be 
secured by the most careful study, not only of conditions, but of 
methods as  well, and by the more frequent adoption of alternative 
plans and desigus. Of course, alternative plans are of value only . where the conditions are partially or entirely hidden, as in founda- 
tions, or in tunnel work, and are not so necessary as in bridge work 
or paving. An instance will serve to show the application of what 
I claim to be the necessity for alternative plans. Suppose you are 
designing a small sewer tunnel through saturated ground, and it is 
essential that the ground-water be excluded, and the sewage be kept 
in by means of the most careful waterproofing. You estimate on 
the increased cost of an excavation at least 3 ft. larger than that 
required for the extrados of the arch measured along the radius, in 
order that your waterproofing may go satisfactorily and as specified. 

Your bids are all in and are based on this extra excavation, ex- 
cept that of one man who explains that he is low because he can do 
the waterproofing satisfactorily within the neat limits of the exca- 
vation. 

What are you going to do? Alternate plans or even a clause in 
the specification would have set the whole thing right. Now, no 
matter what you do, injury must be wrought some one. Another 
instance-suppose you are designing a subway to run beneath car 
tracks on which traffic is to be maintained during construction. 
You propose a design involving reinforced concrete, and, in order to 
co-operate fully with your contractors, you invite them into a con- 
ference. They assure you that the design is not practicable; that 
you will have to give them a steel-beam-roof construction. And that 
heavy side walls must first be built in trenches; the pipes and sewers 
must then be relaid and the structural beams thrown across from 
the sidewalks, from which the tracks may be supported during the 
subsequent construction. 

They tell you that the increased cost of material will be more 
than compensated by the cheapened construction (sic). You are 
overruled and give them the more costly design. This appears to 
me to be a-case of too much co-operation, for if the original design 
had been adhered to it is probable that you could have found a bidder 
on your plans and within your estimate. I n  any case, alternative 
plans would have assured the city of a substantial structure and in 
all probability within the limits of the estimated cost. 

This, then, would appear to offer a simple solution of some of 
cur problems in co-operation : Alternative plans before the letting and 
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such reasonable wording of the plans and specifications as to allow 
for requisite alterations or changes after the contract has been let. 
And while I believe the tide of opinion is beginning to act this way, 
I feel that we ought to do all in our power to help it along. 

The following minor points have occurred to or been suggested 
to me as being of interest in the consideration of those points in 
which plans and specifications are sometimes faulty: v 

1. Mrhere they go heavily into the details of one point and fail to 
clear up the mysteries of another. v 

2. Plans drawn so clumsily that they require interpretation at 
every turn, sometimes giving the interpreting engineer a fakse idea 
of his im~ortance. V' 

3. Specifications which enumerate certain precautions that the 
contractor is required to take to protect his work and of necessity 
omit numberless others. I t  seems to me that if you are going to let 
the contractor take the responsibility for his plant and his work, you 
should not hamper him with conditions, and if the responsibility is 
yours, assume it clearly. The mention of a few points naturally 
exclude those not mentioned, whereas a sweeping clause covers 
everything. Why not say "the work shall be properly safeguarded L-- - 
during construction" and let i t  go at that. t..-- ' 

4. Specifications prohibiting that which would be disastrous 
under an ordinary type of construction, but which might be of ad- 
vantage under a new or special type. 

5. Specifications full of ambiguous phrases and of antique clauses 
which have been copied into them from one generation to another, 
no one knows whence or why, and which simply serve as a clog and 
a drag. 

I t  has been found that a separate set of specifications carrying 
all materials to be used, standardized and revised from time to time 
and kept on file, so that for covering each contrac8short and simple 
specifications can be written which can readily be read and referred 
to, is of advantage, and would appear to offer an example which / 
can be followed. 

Between the limits of those specifications which go into the v/ 
minutest detail concerning everything, and those which recite "That 
the contractor shall do the work as required by the engineer," there 
is a specification for which the contractor is anxiously waiting. 

And now something as to the interpretation of specifications. 
When we realize that the specification is a one-sided affair at  best, 
that the contractor is frequently required for his own preservation 
to enter into a contract which is distasteful to him, and for doing 
work which would be simple if not sometimes hampered by what he 
considers useless restrictions, can we wonder at the fighting qualities 
which most contractors develop; and when we realize that no speci- 
fications can be :witten which will not retroact at  times, can we 
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blame the contractor for combating every clause that seems to 
hamper his work! Whom, then, will you send to meet the con- 
tractor in the combat, an inexperienced man with full knowledge 
of the letter of the specification, but totally ignorant of the practical 
value, or a narrow-minded man who will enforce the letter only and 
pass over the broad spirit of fairness which lies beneath; or one who 
will attempt for his, own glorification to read into certain clauses 
meanings not intended to be there; or a capable man, but with no 
authority to act save as a buffer for the combat, an errand boy be- 
tween you and the'contractor, or a pack mule on whom to lay the 
burden of sour errors ? 

Or will you send a capable, broad-gauged, experienced man, with 
full power to use his judgment when it shall be required, and who 
will do all in his power to push the work and help the contractor so 
long as it is within the broader limits of the specifications? 

And now just one word to you who are sent, are you going with 
a full knowledge of the combat that lies before you, or are you in 
absolute ignorance of it all, like the inspector who was sent to a 
certain navy yard? Walking up to the superintendent he said, "I 
have come to inspect your teak wood." "We have none,'' said the 
superintendent, shortly. I n  a short time the superintendent, was 
called up before the Chief Engineer. "Why," he said, "did you tell 
my inspector that you had no teak wood?" "Because, he answered, 
"the d- fool was leaning against a pile of teak wood when he asked 
that question." 

Gentlemen, are any of us leaning against a pile of teak wood 
we have been sent to inspect! 

MR. GEORGE W. TILLSON, Member of the Society.-The problem 
of the making of plans and specifications for any work is more 
difficult than a great many people think, because no matter how 
simple the work itself may seem, a great many people, like corpora- 
tions, are uncertain themselves as to just what these plans and speci- 
fications ought to show. Unf~rtun'atel~, every one does not believe 
that the plans and specifications should give all the knowledge that 
they can. A gentleman, whom many of you know by reputation 
and who stands very high in the commwity, once said that he be- 
lieved in receiving lump bids for work, because the contractor would 
generally forget something and consequently would bid low. I do 
not believe it good policy for an individual or a corporation, whether 
the corporation be public or private, to have work done for anything 
less than a reasonable sum. The contractors are in business for 
money, not for their health, and it is only natural that if they find 
that they have been fixed, or used in some such way as this, to put in a 
bid for less than the work can be done, to try and get out of it, and 
I don't know that I blame them very much. I t  seems to me that 
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the plans and specifications should show everything that it is pos- 
sible to show about the work to be done; that they should give to 
the contractor all the information that i t  is possible to obtain. 

L Now, as has been said by the gentleman who first spoke, it is not 
fair, on a large and expensive piece of work, where there may be 
twelve or fifteen bidders and where you want all of the competition 
possible, to say to those twelve or fifteen contractors that each one 
of them must make an individual investigation of the conditions 
involved in carrying out the work, when the city or private corpora- 
tion or individual could make these investigations and furnish the 
facts to the contractor. I n  one case it is going to cost twelve times 
as much as in the other, if you have twelve contractors, because you 
all know how carefully each one of these contractors will keep any 
information that they may be able to obtain from the other, and so &/ 

it does seem that in the interest of the corporation and in the interest 
of the contractor i t  is only right for the corporation to make as fair 
an investigation as possible, and furnish all the facts possible to the 
contractov, because in the long rtin they are going to pay for all 
of these investiggtions that are being made by the different con- 
tractors, and because what the contractor loses in making his in- 
yestigations for one contract he will make up in the profits on 
another. 

Now, that part is not so simple, because i t  is a question, .if you 
attempt to furnish information, whether yo? ought to furnish all ,, 
the information necessary. Sometimes p u  may think you do 'it 
and you may not, and if you do not and you fibd your information 
is wrong, then it is &Iy fair to the contractor to pay him for the 
extra cost, if any, that he is put to in carrying out the work, and 
in municipal work that is not a very easy thing to do. I t  has always 
seemed to me that if, for instance, on a sewer contract, you showed 
that in a certain part of the work a contractor is going to encounter 
water, for instance, on four or five blocks in a contract that involves 
twenty blocks, and he finds it, instead of on four or five, on the 
whole twenty, i t  seems to me he is entitled to .extra compensation 
for that, because if you show four I think he is entitled to take it 
for granted that water is on those four blocks and not on the rest. 

Then contracts often rbn the other way and the specifications 
furnish very little information. 

I remember quite a number of years ago contractors were bid- 
ding on a contract for constructing a sewer system in Hacon, Ga. 
It was a system for the entire city, but was divided into four dis- 
tricts. You could bid on one district or all. I studied three of the 
districts pretty carefully from profiles and the work, and then I 
looked for the plans and profiles for the fourth district and coultl 
find none. I inquired of the City Engineer what they were going to 
do about District No. 4, and the reply he made was: "Well, you 
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xx7ill have to go down to the district, look i t  over, and then make up 
your own mind how deep the sewers will be." I went down to Dis- 
trict No. 4 and found about half of it under water; but we had to 
bid and take the chances. The bid I was connected with was 
$138000 and the contract was let for $100000. The contractor 
worked on that a little while when, as Mr. Davies said, he was 
broken. The plans and specifications were prepared, too, by an 
Eastern engineer, who is a good engineer and has a good reputation 
in this vicinity. 

Another thing about specifications is that they want to be con- 
cise. You want to specify what is to be done. Give the contractor 
all the information he needs as to what he should do, but do not 
attempt to say too much. I f  you attempt to say too much, you will 
often do just as much harm as if you say too little, and your speci- 
fications may be inconsistent when you think they are not. A good 
illustration of that came to me in carrying out a contract in a 
western city, where the bidding blanks said that the price per foot 
should include the cost of work complete and also the taking care 
of all railroad tracks encountered. It was a sewer contract, and 
before I went there the work had been constructed under a number 
of railroad tracks, where the contractor had shored them up and 
taken care of them, and after I had been there a while he had to go 
through a railroad vard-it was then the Rio Grande Railroad- - 
where there were twelve or fourteen tracks to be gone under. A 
few days before that I was looking through the specifications and I 
found a clause that read somewhat like this : 

"The contractor shall provide for all railroad companies every 
facility in taking care of their tracks." 

That struck me as rather peculiar, when in the first part of the 
contract it said that the price per foot should include that. I spoke 
to the other men connected with the contract and they said there 
would be no use in calling attention to it as nothing would be done 
about it. I said i t  would not do any harm to try. And that re- 
minds me of a fact that may not have occurred to you all: that when 
a contractor comes before you for extras you must not think for a 
minute that he expects to get all he asks for; very often if he gets 
nothing, he goes away satisfied. But in this particular case the 
Board of Public Works, who had charge of the sewer, had on it a 
man who was an engineer and had been a city engineer, and we 
went before him and I told him that under that clause I thought 
we were entitled to some help at least in carrying out the work, and 
he finally wanted to know what I wanted. I said I wanted the city 
to pay for going under those tracks. Well, he laughed at me, as I 
expected he would, but I said, "Tell me, Dfr. - , if that clause 
does not mean that the city or the railroad company will take care 
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of their tracks, what does i t  mean?" He could not answer. There 
is no reason why it should have been put in. If it had not been 
there, everything would have been all clear. The result was, we got 
an allowance for going under the tracks. 

I t  often occurs that, in making specifications, it is difficult to be 
explicit. There are certain things that must be left indeterminate 
and unsettled and to be decided upon by the engineer. Now, I do 
not suppose that at the present time there is anything or any one 
class of work that is more difficult to draw up exact specifications for 
than asphalt pavements. I t  is almost impossible to specify any- 
thing positively about asphalt itself. When asphalt specificatiqns 
were first written they were, as I presume you all know, prepared by 
the asphalt companies, for they were the only ones who knew any- 
thing about the work, and that was not very much, and cities had to 
rely upon the five years' guarantee. There was a clause in most of 
them that read something like this : 

"The asphalt used shall be of such a consistency that will produce 
a pavement that will not be soft in summer and will not crack in 
winter." 

Well, now, that is a very good specification as far as results are 
concerned, but how that result is to be reached or what should be 
done to reach that result nobody knew. Then it makes a great 
difference in writing specifications who is going to pass final judg- 
ment on the work. Without casting any reflections upon any other 
department or any other bureau of the government of this city, all 
those of us who have charge of work being constructed here know 
that it must be passed on by two different departments after i t  
leaves our own, so that an engineer in the city who is drawing 
s~ecifications must ~rotect  himself to a certain extent. I-Ie knows 
that his work is going to be passed on by the Finance Department 
and by the Commissioners of Accounts, and I want to say that the 
passing on work and on the specifications by the Commissioners of 
Accounts and the Finance Department is always a great help to the 
engineer, but it depends a great deal upon the spirit in which these 
other departments criticise any specifications and criticise the work 
carried out. Because it is so difficult to specify exactly what you 
want in the case, particularly of an asphalt pavement or anything 
of that kind, and if you do put in certain specific things and i t  is I 

practical to carry them out exactly, the first thing that you hear is 
that specifications are not being lived up to, so that an engineer 
must leave certain things to be passed upon by himself at the time 
the worlr is being carried out. While, in a certain sense, I believe 
that is wrong and, as was referred to by the first speaker, that there 
should not be anything left to the engineer in carrying out work, 
we all know that it is impracticable and the engineer must decide 
on certain things while the m-ork is going on. 




