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QUAKER OATS FIRE WRECKS FLAT-SLAB WAREHOUSE
CITY ARCHITECT OF TORONTO, INVESTIGATES 

BUILDING AT PETERBOROUGH AND RE
OWING TO EXTREMELY

MYLREA, ASSISTANT TO THE
REINFORCED CONCRETE

T. D.
COLLAPSE OF

r
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'ini' | 
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increased Mr. Pearse’s anxiety to know the full facts in 
regard to the failure at Peterborough, which was un
doubtedly the worst of its kind in the history of reinforced 
concrete construction, and the first in the history of this 
particular type of reinforced concrete design.

Mr. Mylrea’s report, which is thorough and ex
haustive, and which is accompanied by a number of plates 
and fifty-two photographs, proves conclusively that the 
Peterborough fire was a most unusual one, presenting

conditions not 
likely to be dupli
cated very often, 
vis. :—

T D. MYLREA, engineer in charge of tests for the 
city architect’s department, Toronto, has made a 

• report on the destruction of the flat-slab type, 
reinforced concrete warehouse at the Quaker 

s ?ats fire, which occurred December nth, 1916, at Peter
borough, Ont.

As thirteen buildings of the flat-slab type were erected 
e?r »r started in Toronto during 1916 (with a permit value of 
dig' $1,872,000) W. W. Pearse, the city architect and super- 
St11; Rendent’ of
a®, build; 
onal 
imit 
ever

en-
1 of

ng, was na
turally anxious 

! ^Uflarding
reproof quali

ties of

the (1) The fire 
raged simultane
ously on all 
seven floors (in
cluding base
ment) of the 
building.

(2) The oats 
and feed, which 
were

em' the flat-
1 £ ? s*ab type of con-
ea ^ ruction, in case

!Îny serious de-
1W,1 C,ency ™ that 
tb^ type of
< on

or-

.. - — construc- 
l0n should have 

,he , tn shown by
the, Peterbor.

M , bUSh «re. Mr.
r° r I flearse states the .

filter at slab of construction was recognized in a
eerS- ll’ild;ng by-law by the city of Chicago in 1914. which 
inCef a$_ the first time that type of construction had been 
e in , ; 1uially recognized in any city by-law, so far as he 

enZje I s aware. The fact that this recognition was- so recent,

ruiik 
/ear5 ; 
fro®

be-tiofl
piled high 

on each floor, 
burned fiercely 

but slowly, retaining a very high heat for a long 
period. They produced the effect of an intense coke 

fire.

Flg. 1—General View of Quaker Oats Plant Before Fire.as 3

(3) The fire raged in full blast for seven hours before 
any part of the building fell.
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Fig. 4—Horizontal Section Through Warehouse-
(Section through A-A of Fig. 3)

the more recent by-laws which usually put 
the direct and less in the diagonal strip. Judging 
the report, however, the building apparently had 
up under quite severe loading, and due to the 'aCt ÙO*1 

the different by-laws covering this type of constr

eP11
more stefd”1!

z

[Zi: X;

yL>

Mr. Mylrea’s conclusions are as follows :—
Mr. Mylrea’s Conclusions.—“The first lesson to be 

drawn from this conflagration is that absolutely 1 fire
proof’ construction is a chimera, for if heat is .sufficiently 
intense and long-enduring, no material can withstand it. 
This fact has been demonstrated in fires upon practically 
all the materials of ‘fireproof’ construction, and now the 
latest type of building succumbs to it. .

“The fact that concrete stood so well in the Edison 
fire has been hailed far and wide, and the severity of that 

that it has become somewhat of a
fire was so great

70-0 »-icf-o-,__
each ena bay.
-----W----

5

Lui

with large window areas. In this case the large bla 

wall areas of the dry-house tended to hold the pressu ’ 
Consequently, not only were the walls wrecked but 
fire was flung far into the mill. In several small . ^ 
plosions in Toronto, wired glass has had the ettect 
holding the pressure, with consequent damage to way 
so the window areas recommended should preferab y ^

glazed with plain glass. ,
“As far as the matter of fireproofing is concerned, 

a fire is of sufficient intensity to heat a nine-inch 
slab through, it is evident that four and one-half mc I 
of fireproofing would avail nothing. Moreover, it 1 . , 
merely covered with mortar, the reinforcing will not o j 
dize. In the usual design of flat slab, the steel is 1 ,
stressed to more than about one-third of its elastic \

under design load, so it could readily stand a tempo ,
reduction in strength of 5o%. This would correspond J 
a rise in temperature of about 1,250° F., at which 1 
perature the cement in the concrete would be complet ! 
dehydrated. There is nothing to be gained, therefore, - | 

excessive fireproofing of the rods.
Mr. Pearse’s Conclusions.—In an interview cone | 

ing Mr. Mylrea’s report, Mr. Pearse said:— t|
“In my opinion, it would be impossible at the pi"6*] 

time to erect any building that could resist a fire o . 
magnitude and duration to which this building

it

subjected. . , t is
“The building apparently was constructed in wna

known as the 4-way reinforced concrete type of cons r 
tion. It will be noted that on the first four floors tn 
were no drop panels at the columns, and also that 
was more steel put in the diagonal than there was i° 
straight or direct strip. This is not in accordance '

pjg, 3—Typical Cross-Section of Concrete Warehouse.

criterion of fire intensity. It seems almost sacrilige to 
say that at the Quaker Oats fire, we had a 
fire than at the Edison plant. Yet, in the press of the 
time cuts were printed which show that not one of the 
large concrete buildings of the Edison plant had all the 
floors in full blaze at the same time. Nor did the fire 
remain in full intensity for more than an hour or two at 

Neither are there more abundant proofs

more severe

any one place, 
of intense heat.

“But in the reinforced concrete warehouse at the 
Quaker Oats plant a fire occurred upon all the floors at 
the same time, of an intensity at least equal to that de

hours afterveloped in the Edison fire, and it was 
the fire started before collapse occurred. , .

is considerable heat in the debris, and in

-j places there is fire still.
“It is not to be considered to the discredit of nat- 

slab construction that a building of this type failed under 
such extraordinary circumstances. There was no fusion 
of the concrete, but the fusion evident at the Edison fire

the nature of the combustible

seven
Even after two

months there
some

may have been due to 
materials at the points where this occurred.

“A point emphasized again by this fire is that haz
ardous features should be isolated, preferably in buildings

I
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Which were of reinforced concrete construction. The grain 
bins, are at the extreme right of the plant, the concrete 
Warehouse at the extreme left, in the rear of Fig. i, run
ning from the left end of the plant almost to the wooden 
elevator bull ng on which there was a large Qua er 
Oats” sign, id paralleling the mill construction building 
Which burne first and which set fire to the contents of 
the concrete structure.

The eighteen storage bins were practically uninjured 
by fire, and represent the only portion of the plant w ic 

not an absolute wreck. Fig. 2 is a general bloc p an 
the plant. The portion of the concrete warehouse 

Which collapsed is indicated, but the remainder of the 
Warehouse is gradually breaking up and is so badly injured 
that it will be torn down, says Mr. Mylrea.

Fig. 3 gives a typical cross-section of the reinforced 
concrete warehouse showing the general constructional 
features. Fig. 4 is a horizontal section showing the kind 
and amount of reinforcing on the various floors.

The concrete warehouse was approximately 
Wide, 280 ft. long and basement and six stories high, 
f'he Leonard Construction Co., Limited, were the en
gineers and contractors for both the upper and lower 
Actions of the building.

The first four stories were build in 1910 and the two 
^Pper ones in 1916, and the common practice at these 
'different dates is well represented in the details of con
duction. The floors were designed for 200 lbs. per 
s1llare foot, live load.

Following is 
r«port :—

Mr. Mylrea’s Peport.—From the structural details as 
shoWn in Fig. 3, it will be noticed that in the first four 
st°ries there are no drop panels at the top of the columns, 
atld that the column caps decrease in diameter with the 
Columns. There is also more steel in the diagonal bands 
cf, reinforcement than in the direct bands. The circular 
reinforcement of the column shafts consist of separate 
del hoops about 1 % ins. x % in. in section spaced about 
'ln- centres. As the theory of flat-slab construction was 

not Understood at the time these stories were built, these

is

60 ft.

abstract of Mr. Mylrea’s detailedan

SÊÊÊÊ

. .^1

Fig. 5—The Warehouse After the Fire.
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vary as much as 100 per cent., it seems out of order at 
the present time to pass any criticism on the way this
building was designed.

Fig. 1 is a general view of the plant, all of which 
Was of brick or mill construction, with the exception of 
the one warehouse which was flat-slab type, reinforced 
concrete construction, and the circular concrete grain bins,
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Fig. 6—Looking Directly Toward Standing 1% Bays to the 
north. View taken from Standing Bays at the south end.

ins. to 9 ins. in thickness by laying expanded metal upon
it. Theit and pouring another 2 ins. of concrete on 

aggregate used throughout was a local gravel of good 
quality.

The eastThe north wall of the building was blank, 
wall, facing the lane between the reinforced concrete

are features that contradict the facts brought out later 
by extensometer tests, but they represent, the best con
struction known at the time.

The upper two floors show the column capital of con
stant diameter, the drop panel, the correct distribution of 
the slab steel, and the spiral form of circular column rein- 

For some reason or other, the drop panels 
omitted from around the caps of the wall columns

forcement, 
were ■_
in the two upper stories and a bracket substituted. On 
the corner columns even these brackets are lacking.

Since a drop panel would not have interfered with 
with the windows, it is hard to tell just why this 
done, for at these places the bending moments are most 
severe. It might have been that the type of construction 
adopted required less work on the forms. It might be 
fair to state, however, that up until quite recently another 
American firm had this bracket system as one of its 
standards, in which case they used four brackets around 
the interior columns, and no flaring heads.

When the two upper stories were erected, it was de
cided to increase the diameter of the columns on the third 
and fourth stories to aid them in carrying the additional 
load. This was accomplished by wrapping them in ex
panded metal and pouring a rich grout around them. 
The fifth floor—the former roof—was increased from 7

was
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Wall inFig. 8—Another View of the Wrecked Structure.
foreground belongs to another building.

!

elevator pent-house. The upper end of the eleva 
guides came to within an inch of the ceiling formed 
the pent-house floor slab. Due to expansion, these gu> 
pushed two holes through this slab. 0 '

In the dry-house the limestone has been calcined
This is evidence of l°°^f

frète*1a depth of nearly a foot.
continued heat. At many points about the plant 
cars were standing and all but the metal parts were e 1

IL

Fig, 7—A “Close-Up”, of the Wreck.

are now inwith the exception of the circular grain bins, 
ruins. The lower 15 feet of two of the tanks was some
what spalled and on the easterly of these two tanks one 
small hole was burned through the wall. _ As this was 
below the level of the floor in the bin it did no damage. 
Fire smouldering along the conveyer belt passages be
neath these grain bins caused an explosion on February 
6th which blew the top of one of these bins into the river.

The Fire.—The fire was started about 10: 15 a.m., by 
an explosion in the dry-house. Both the north and east 
walls of the dry-house were blown out by the intensity of 
the explosion, and as the plant was in operation and all

filled with fire on all floorsfire doors open, the mill 
at the same time.

There was a fair easterly wind which drove the flames 
across the bridge into the cleaning building and elevator 
A ; and when the mill and warehouse No. 1 were on fire, 
subjected the concrete warehouse to a fearful exposure. 
About 11 a.m. the contents of the reinforced concrete 
warehouse began to blaze, the fire starting on the third 
and fourth floors where there were large piles of box 
shooks. Owing to the lack of pressure, the firemen were 
forced to leave the building to the mercy of the flames.

Early in the fire the wired glass in the east face of 
the building was hanging in sheets down the wall, and 
the wooden frame and sash from the south wall were 
completely incinerated. It was in the west and middle 
windows of the second and third floors, that cast-iron 
sash weights were found partly fused.

The fire raged in the concrete warehouse without 
drop of water being poured on it till 6 p.m., when 

62/z bays north of the centre of the building fell.
In falling, the north wall of the dry-house buried, the 

boiler room, and the east wall carried with it a 6-inch 
sprinkler riser, at the same time burying the valve con
trolling this riser. The fire in the mill opened up the 
sprinklers fed by two 6-inch connections, with the result 
that with three 6-inch streams drawing from one 8-mch 
main, the pressure was reduced to practically nil. Thus 
the private fire protection wras put out of commission at

was

one

à"
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the very start, and during the early stages of the fire the tire] 

city system was badly crippled. j
Damage to Building.—So intense was the fire that the 

not even one charred stick of wood may be found on the the
plant. Fig. 5 gives a general view of what remains 0 Out
the concrete warehouse. As shown on Fig. 2, most o\ fici<
the concrete building north of its centre line collapse 
and Fig. 6 gives a view taken from the fourth floor 0 
the south section looking towards the standing 1 jKs bay5 of f 
to the north. Portions of the floor slabs hanging by theh the 
reinforcing rods are plainly visible. A closer view of th>5 an<: 
wreckage is given in Fig. 7> and a view from another Con 
angle is given in Fig. 8. The brick wall in the fore , 
ground of Fig. 8 is not a part of the concrete warehouse. tw<

From the distribution of the debris it may be con' pja
eluded that in collapsing the building settled straight sha

downward.
Temperatures Developed.—Eloquent testimony as t° 

the temperatures developed in the reinforced concrete 
building is given by expansion cracks. Owing to the 
heating of the floors and their consequent expansion, th« 
length of the building considerably increased, and caused 
peculiar diagonal cracks to appear in the brickwork. One 
curious effect of expansion due to heat was found in the

building and warehouse No. 1, had a large number of 
windows with metal sash and wired glass. The sash and 
frames in the first four stories were of hollow metal, and 
in the upper two stories were of solid metal, 
other two sides of the building ordinary wooden frames 
and sash were used, with the exception of the north bay 

the west side, which was the same as on the east side. 
All the buildings, with the exception of the concrete 

warehouse and the concrete grain bins of elevator B, were 
equipped with automatic sprinklers. All the buildings,

thei
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Fig. 10—Evidences of Extreme Temperature.
is a partly fused sash weight, « is a piece of iron .fr°.mtflaooc®";P1®^ 

tus sash weight C is a bit of glass from one of the wired glass windows 
wh was sprinkled on the floor. « is a piece of melted brick broken .f™.ni% 
wa E is a piece of brick from a window sill where brick surface and wired 
glass were melted into one mass.

in the floors of the parts still standing is dehydrated 
pletely through, and when a block of the floor slab, such 
as may be seen hanging from the reinforcing rods, is 
detached, it may be broken easily by dropping it on the 
ground or rapping it against another such block. The 
floor slabs practically everywhere sag somewhat, and m 
many places are at the point of incipient failure. F ig. 11 
is a view illustrating this condition.

If we consder the effect of heat upon concrete it may 
shed some light on the subject. Experiments upon the

com-

f
MI
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tirely consumed, and wheels lost nearly all semblance of 
their original shape. On the rim of one wheel noted by 
the writer is a fused mass of metal where this wheel and 
the rail upon which it was standing were fused together. 
Outside the walls of the buildings a temperature sut-

developed in many places.

The temperature in the interior of the building m 
Places must have been very intense, for melted metal parts 
of machines may be found here and there in the ruins, in 
the front windows of the second story and in the front 

some of the west windows on the third story of the 
concrete warehouse were found melted sash weig s. 
!n some cases they were but slightly fused, in other cases 
two or more weights had run together, and in several 
Places on the third floor the weights were reduced to 
shapeless masses of cast iron.

been reached. Fig. 10 shows a group of samples col
lected as evidence of the heat existing.

Cement Dehydrated.—That the concrete building be
came such a wreck is something that may cast grave 
doubts upon the fire-resisting qualities of flat-slab con
struction. Six and two-thirds bays out of fourteen ha/e 
fallen in an almost shapeless heap of debris. The cementficient to melt cast iron was

and
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Fig. 9—Melted Brick Ran Out Upon Floor for Distance of 
Eighteen Inches.

. On the inside of the walls of all the buildings may 
be found large patches of fused brickwork of which Fig. 
9 gives an example. This view was taken on the third 
ftory of the reinforced concrete warehouse. The melted 
,brick ran down the face of the wall and out upon thé floor 

molasses for a distance of about 18inches, and over the 
9°Orway it trickled across the face of the concrete lintel 
5ri<î dripped from there to the floor. Upon breaking o 

of this fused brick from the lintel, it was found that 
ke concrete had been badly calcined beneath the running 
^ickwork. From the fact that cast iron melts at about 
?>aoo° F. and that brickwork reaches the stage of in- 
X'Pient fusion at" about the same temperature, it must 
?e concluded that at many places during the conflagration, 
ernPeratures in the neighborhood of 2,300° F. must ha\e

Fjg. 11—sagging Floor Slabs are at Point of Incipient Failure.

heat conductivity of concrete are rather few, but from 
those of Prof. Ira. H. Woolson we learn that when sub
jected to
point 2 inches from the exposed surface of a block of con
crete had its temperature raised between 500° F. and 700 
F. We learn also that dehydration of the cement crystals 
begins about 500° F. and is complete at about 900° F. 
Thus we may reason that dehydration has reached a point 
of 2 inches below the surface of a piece of concrete after
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in verifying this fact, for in the fire at the Edison Phono- j 
graph Works at West Orange, N.J., in 1914, such fusion 
occurred. At first glance, material hanging from cracks 
in the ceiling might be taken for fused concrete, but [he 
chemical analysis makes it practically certain that this is ?ePt 
phosphatic material from “Quaker Oats” which was piled 1,1 a 
in cases on the floor above. In the exact centre of Fig- ‘ mate 
7 is the head of one of the basement columns, and it looks 
as though fusion had occurred at this point. It was 
largely for the purpose of determining whether or not this ' Uie <

Pare 
to t] 
ttisl 
«aus

being subjected to a temperature of 1,500° F. for two 
hours. With

two,In the reinforced concrete warehouse under considera
tion, we had a temperature that, according to those who 
saw it, “was like a blast furnace by 1 o’clock,” and which 
at the time of the collapse, at 6 p.m., had lasted five 
hours.
2,300° F. and that owing to the great quantity of fuel, 
must have been maintained practically constantly. The

We have seen that it must have reached

colu,

was fused concrete that occusioned my second visit to 
Peterborough, and I found that conditions had changed 
considerably since Fig. 7 was photographed. No fusion 
was evident, but the large calcined masses are rapidly 
air slaking. This slaking process had already started at 
the time of my January visit.

:igo
$car-
^ea]
gre^All floors had been given a i-inch wearing surface 

and practically everywhere throughout the standing por
tion of the building this i-inch surface has left the main 
slab. The ash from the burning box shooks protected 

parts of the floor surface during the fiercest part of 
the heat. Although the wearing surface did not leave j 
the floor slabs so noticeably under the box shooks, it is 
nevertheless calcined and can be readily separated from j 
the rest of the floor by tapping with a hammer.

There is in this fire much to cause doubts whether 
gravel aggregate (other than possibly quartz gravel) re
duces the fire-resisting properties of concrete. The aggre
gate is exposed over practically the entire ceiling of the 
third story and also on other stories in places, and patches 
of the remaining smooth surface are constantly dropping 
off. It would seem perhaps more correct, in the case 
this building at least, to attribute this appearance to the 
calcination of the cement and gravel at the surface, which 
allowed it to fall of its own weight.

In the case of the deeply affected part of the slab 
around the column head in the foreground of Fig. 12, the

colu

some
r~

ï

Fig. 12—Probably the Result of Excessive Compressive Stress.

fact that the floor slabs are completely dehydrated is 
therefore not beyond comprehension, nor does it contra
dict the evidence of the experiments quoted.

In addition to this, Prof. J. B. Johnson, in his 
Materials of Construction,” states that the working 

strength of steel decreases with a rise in temperature, and 
that this decrease takes place at the rate of approximately 
4% for each ioo° F. increase. If we take the evidence of 
the brick shown in Fig. 9, which shows that a temperature 
of over 2,000° F. penetrated two inches into, a material 
of just about the same conductivity as concrete, and, from 
this assume that the slab rods reached this temperature, 
it is evident that their working strength was reduced by 
about 80%.

For steel with an elastic limit of 35,000 lbs. per 
square inch, this would mean that the available working 
strength was less than 7,000 lbs. per square inch. In the 
columns this would not be of such grave importance as 
in the floor slabs, but in the slabs the stresses developed 
were in access of this reduced allowable stress, as will be 
shown later. It is therefore probable that owing both to 
the weakening of the concrete in compression and the 
steel in tension, the floors' failed first and carried the 
columns with them.

Whether any other type of construction would have 
stood the fire better is, of course, a matter of conjecture, 
but the shipping shed, which was of beam and slab con
struction, was wrecked when under no load.

Some Details of the Wreck.—As mentioned above, 
blocks of the concrete may be readily broken. At a depth 
of about an inch the aggregate thus exposed shows no 
noticeable effect, unless it be of some coarsely crystalline 
structure, such as granite. One such piece of granite as 
big as a man’s fist was easily crushed by the grip of one 
hand. Closer to the surface the aggregate calcines. The 
surfaces, being directly in contact with the fire, were 
everywhere calcined from % in. to in., and on those 
blocks which fell into the fire in the collapsed portion 
calcination is practically complete.

At no point is there any evidence of fusion of the 
aggregate in the concrete. Particular care was exercised

;

Fig. 13—View in Basement Where Premiums Were Stored.

result is more than likely due to the compressive stres5 
that existed in this locality. Exposed corners on hot1' 
zontal surfaces suffered everywhere.

The reinforcing rods, even though protected in sorti*' 
cases with a very thin coat of concrete, were not oxidize 
until exposed. This might have been inferred from th 
fact that a thin coat of cement mortar will prevent rus ’ 
which is somewhat analagous to the black oxide forme 
on metal when subjected to fire ; and wherever a s*a 
failure occurred the broken ends of the rods were draW 
down as in any typical tension failure.
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9{1
L Columns a few light blows with a 
l^Se pieces of the concrete outside the hooping, as may 

6 Scen in Fig. 14.
0 Naturally, in heaps of combustible material burning 
$]' outside, gases were formed within the pile and 
l^^ht explosions thus occurred. here could not have 
w1} any explosion of magnitude.
Jtled straight downward. A number of columns ap- 
^ r<î,Uly dropped directly down. As much of the bricc- 

rk appears to have fallen inward as fell out.

hammer will detach

A*,
$

r ____ - * v 1.

14—A Few Light Blows with a Hammer will do this to an 
Apparently Whole Column owing to Dehydration of 

the Cement by the Extreme Temperature 
of this Fire.

$■ K i •>?
!-

aI
\

m

Hi

•0
,Mr n h-

*’• ■ * .I ,
W1

I
"

, • c 1iff *

km ■

j
r*'~- .1

<■

:

Fig. 15—Tin-Clad Wooden Fire Doors Were Practically 
Useless.

to resisting severe exposures its value is not great, 
possible that iron shutters, if they had been in working 
order, would have afforded much better protection ; for 
even if they were not of the automatic closing type, the 
employees had time enough to close them by hand, as 
they did the openings in the wired glass windows. The 
metal window sash and frames withstood the heat very 
well.
sumed and the plain glass was worthless.

Loading of the Building.—In the sixth floor the 
sacked Vim feed was piled 13 sacks high, each sack 
weighing 70 lbs. over the whole area north of the ele
vator shaft. Therefore, there was a load of over 175 lbs. 
to the square foot. The fifth floor loading, Quaker Oots 
in cases, was comparatively light ; and on the third and 
fourth floors, occupied by the package department, there 

great loads except in a few bays in which were 
rolls of paper. The second floor was probably the most 
heavily loaded, for here sacks of oat hulls weighing 98 
lbs. each were piled 13 high, and sacks of rolled oats 
weighing 90 lbs. each were piled 11 high. This loading 
occupied most of the floor with the exception of a truck
ing space down the centre. The first floor, occupied by 
the shipping department, had practically the same load
ing as the second floor. In the basement were some 

of dishes, some bales of scrap paper, and a large 
quantity of sacked oat hulls. While this material added 

►eight to the floors, the ground oat hulls in burning 
must have helped to weaken the first floor. That the ex
cessive sagging is confined entirely to the wall panels is 
therefore not at all surprising, nor is it any wonder that 
in areas of excessive compressive stress the concrete has 
fallen as shown in Fig. 12. The interior panels all sag 
somewhat, but the deflection in them is not comparable to 
that in the wall panels.

It is

The wooden frames were, of course, quickly con-

were no

cases

no v
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The shape of columns seems to have something to do 
w*th the damage they sustain. With the exception of 
^0, square ones appear not to be badly affected. ut 
the appearance of all the columns is very deceptive ex-

, which are not so bad, being 
less combustible

As to some of the details of construction, the solid 
metal fire doors stood the heat much better than the wood 
tin-clad doors when subjected to about the same heat 
condition. The door shown in Fig. 15 is a total wreck. 
The other half of this door cannot be found anywhere. 
The trap doors in the stairway are complete ruins. From 
this we may reach the conclusion that trap doors can 

take the place of a proper stair enclosure.
Early in the fire the wired glass was completely gone, 

and may be found hanging in sheets down the outside of 
the walls or running down the brick inside. It must have 
kept the fire out of the concrete warehouse a little while, 
for the first fire to gain admittance did so through an 
open window near the north end of the building ; but as

?ePt perhaps those of Fig. 13 
1 ln a part of the basement where there was 
I Material (premiums such as china bowls, etc.).

The dehydration spoken of before has affected the 
! c°lumns as well as the slabs, and extends to well inside 
1 the circular hooping. A month ago this was scarcely ap

parent. The protective effect of the coat of grout given 
lo the columns on the third and fourth floors was very 
Pleading. The weather in the meantime, however, has 
caused the appearance of the concrete to change. A month 
;iSo a freshly fractured piece of dehydrated concrete could 
scarcely be distinguished from a good piece, but the 
Weakness is now apparent, the mortar amongst the ag- 
§regate having more the appearance of dried blue clay.

It is altogether possible that the hooping on the 
columns is largely responsible for their not failing. On
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Large contracts for lumber, aggregating 16,500,000 f ,{ 
exclusive of an open order for all the clear spruce avaria» j, 
has been placed by the Imperial Government with Br» 
Columbia mills.

Victoria, Vancouver and Chemainus mills will supply y 
cargoes of railroad ties ordered by' the British _ Admira 
through a San Francisco house, this order approximating 
000,000 feet. ,,:st L

Another order has been placed direct by the Br» J. 
Government for 3,500,000 feet of lumber, 2,000,000 
which will be clear fir, the remainder being heavy timbjy . j 
which will be shipped through to St. John, N.B., and han» 
from that point by British transports. . J

In addition, a third order has been placed by the • (l 
miralty for 500,000 box shocks, approximating 6,000,000 J 
this order being divided between the Brunette Saw Mills ‘ y 
British Columbia Manufacturing Company, of New WeJ 
minster; J. Hendry Company, Vancouver ;
Gounason, Victoria, and the Cameron Mill Company, 
of that city. .

The total output of clear spruce for airplane manufacl.j[;| 
and shipments are being sent overseas as fast as the

supply this class of lumber. The new orders are ^ 
corned by the mills, not from the profit standpoint, as j, 
prices are about as low as it is possible to handle the " tji* 

placing of these contracts with ^ 
will assure steady operation for 50

Ne,

%
'A,Lemon ah" she

< an

ness, but because 
British Columbia 1 
months to come.

he,

the mercantile district, and some of the north and soul
and has résulte6avenues as well, took shape in 1911 

since then in the widening of fourteen streets and avenue- 
35,012 ft. in length, and apparently the work has just bee1 
begun. On all of these streets, a ten-hour census of th( 
vehicular and pedestrian traffic was taken, and resulted 16 
bringing to light places of unexpected congestion, an 
afforded clues as to how the traffic can be diverted. "*■

À
It was found that, where the maximum number flJ tlem 

vehicles per foot of width per minute exceeded 0.5, then gg^ 
was such serious congestion, that a remedy needed to ^ 
applied. Likewise, where the maximum number 01 th0u 
pedestrians per foot of width per minute exceeded 5,c grav 
that they flow over the sidewalks into the roadway 
Where both these conditions obtained, the street wou asph 

are 1 
avoi,
thor-
labo 
croy 
the 1 
dept
take

need to be widened.
So far, this difficulty has been obviated by clear»1! 

the sidewalks of stoops, railings, court yards, areas an 
other projections, thus affording additional space f° 
pedestrians, and then widening the roadway to accomm*1 
date the suitable number of lines of travel, provided siF 
widening did not produce an unduly congested conditi® 
for the pedestrian traffic. The traffic census has ma 
the strongest kind of supporting data for promoting leg1 
lation for the foregoing work, and shows indisputably 1 
need, or otherwise, of street widening.

Tkh

Wb*
beerThe influence of the per cent, of horse-drawn tra^ 

on the kind of pavement, its grade, and alignment sho» 
be given weight. In cities with intensive traffic, _w^ie.( 
more than 75 per cent, is auto, sheet asphalt is, in t 
opinion of the writer, the pavement par excellence ; if J-j 
traffic is evenly divided into rubber and iron tires, w. 
block stands out pre-eminently, while, for the slow-mov»1» 
horse-drawn traffic, amounting to more than 50 per ce*1 
of the whole, close jointed granite blocks are eminent 
satisfactory, these limitations to be applied, of cour5 ’I 
where traffic conditions are considered as the control!1*1

but
'ban
f'on
bret,

factors in forming a decision.
three ki»#The difference in traction between these ------ ,

of pavement, as indicated by tests shown in a pamph 
on “Tractive Resistances of a Motor Truck,” by A.

(Continued on -page 172.)

TRAFFIC CENSUS: ITS APPLICATION TO THE 
DESIGN OF ROADWAYS, SELECTION OF 

PAVEMENTS, AND TRAFFIC 
REGULATION*

By D. B. Goodsell, A.M.Amer.Soc.C.E.
Assistant Engineer, Dept. Public Works, New York City.

RECENT article in “Engineering Record,” of New 
York, deprecated taking a state-wide census on the 
roads in a nearby state, because such an enumera
tion would not necessarily indicate the roads to be 

improved, as travel might, for various undetected reasons, 
be deflected from the most economical route.

This statement serves to draw attention to the fact 
that the census is but one of several things to be con
sidered, in designing a road, including determining the 
kind of surfacing and the width, and that an inventory of 
all the factors affecting it must be taken, before a final 
conclusion is reached. The writer does not believe that 
highway engineers are to-day determining roadways, or 
the location where main roadways of travel should be im
proved, solely by scanning a traffic census ; there are too 
many other controlling conditions, and the census is too 
little known and used, as yet, to be of much service. 
Nevertheless, it has a place in the design of country 
roads, and has loomed up recently with a large and im
portant aspect in great cities, as will, I believe, be shown 
later.

A

In fixing the width of any roadway surface, the 
number of lines of traffic to be accommodated should be 
given consideration. The statement has been made that, 
where a vehicle has to turn off a hard surface of a road 
on to an earth shoulder oftener than five times in a mile, 
it is cheaper to construct the additional width of road 
surface which may be required, and is far safer.

Now, the necessary amount of clearance which a 
vehicle must have to pass safely, depends on the speed. 
The average width of vehicles in New York City has been 
found to be 6 ft. 9 in., large trucks occupying as much 
as 8 ft. or 9 ft. At slow speed, say, 10 miles an hour, 
with the average width, the width of a single line of auto 
traffic, including clearance, would be about 8 ft., and at

On Fifth Avenue in Newfast speeds, 9 ft. or more.
York City, its busiest avenue, there are six lines of auto 
traffic, occupying 55 ft., the speed being between 5 and 8 
miles per hour. It is obvious that, if the roadway had 
been made, say, 3 ft. narrower, another line of travel— 
or possibly two—would have to be sacrificed. The width 
of the Fifth Avenue roadway was originally 40 ft., accom
modating four lines, with too much clearance, 
widened 15 ft., and now takes six lines, with a safe 
clearance. It is obvious that great congestion would 
have occurred, and much inconvenience to the public, had 
the street continued with only fo#ur lines of traffic and its 
excessive width.

On a suburban or country road accommodating auto 
traffic, the additional clearance required by an overtaking 
car should be considered. When moving at, say, 25 
miles an hour, at least 4 ft. of free way should be given 
the overtaken car, to avoid accident due to unexpected 
deflection from its course. A width of 20 ft., for this 
reason, is better than 18 ft., for two lines of travel, and 
30 ft. is ample for three lines.

In the Borough of Manhattan, a realization of the 
necessity for widening the narrow crosstown roadways of

It was

•Paper read at the annual meeting of the American Road 
Builders’ Association, Boston, Mass., February 9th, 1917.
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It is almostnot necessitate breaking up of pavement, 
impossible to patch a pavement so that the repair will not 
present an increasingly noticeable defect. Small towns 
growing rapidly should be especially careful about the 
consideration of such pavements, taking plenty of time 
to find out what future requirements of underground work

SHEET ASPHALT PAVEMENTS.*SOtlti1

suite11
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By T. Linsey Crossley, A.M.Can.Soc.C.E.,
of J. T. Donald & Company, Chemists, Montreal.

HE four essential parts of a sheet asphalt pavement 
are : 1, subgrade or foundation; 2, concrete base, 
3, binder course ; 4, surface or top.

Subgrade.—A proper study of 'this important 
element is essential. It is the portion of work most 
effected by local conditions of soil and topography.

Soils may be roughly divided into three main classes, 
though of course there are several variations of each: 1, 
gravelly or sandy ; 2, loamy ; 3, clay.

The first two classes present the least difficulty to the 
asPhalt engineer. They drain well, and surface waters 
are not likely to be in contact with the concrete base, thus 
avoiding frost troubles. Backfilling of excavations can be 
thoroughly done by watering, with considerable saving of 
labor and time. The preparation of the grade to good 
&own and smooth surface is also less expensive. Where 
the townsite is on a slope of light alluvial soil at no great 
*pth over rock or hardpan, some measures should be 
taken to prevent shifting of soil under streets running a.. 
rlght angles to direction of slope.

Clay represents the extreme of difficulty in preparing 
fabgrade. Many elaborate means of subdrainage have 

tratV been used. Different cases call for different treatment, 
shou common sense is of more value than precedent in
whef' Many cases. The object in view being the rapid elimina- 
in thf tion of water from the soil immediately under the con-
iftt>‘ debase.
vvooO 
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, J may arise.
Concrete Base.—The subgrade being satisfactory, or 

considered so, the concrete base is laid. A 1:2:5 or 
1:3:6 cement concrete is used and, except in very narrow 
streets, should be six inches thick. The surface should
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* Failure at Curb.
Bad binder and frost both acting to break up paverr. :nt 

in binder probably would have prevented this.
/S7S Sufficient bitumen

m be true to crown and free from depressions. The finish 
should be given by a heavy template.

It must be borne in mind that a sheet asphalt surface 
is not a solid but a more or less fluid body and will 
form to any variation in the fixed concrete on which it 
rests. It is impossible to get a smooth asphalt surface 

a rough concrete base. It may look right when 
rolled but a year under traffic will serve to show on ibe 
surface the profile of the base.

Binder Course.—This is laid on the concrete base and 
consists of crushed stone and asphalt, as a rule, 
essential that the concrete be thoroughly set and dry. If 
this is not the case there is great risk not only to the base 
itself, but that the moisture given off will honey-comb the 
binder and surface courses, causing rapid deterioration of 
the pavement.

There are two forms of binder course, “closed” and
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“open.”
Development of Sheet Asphalt Since 1878.

ki,According to Richardson the cushion coat of 1878 was put onJo' Protect .th,e

roads before applying surface mixture.

Closed binders consist of crushed stone and coarse 
sand. The stone should not be “crusher run,” as this 
contains too much fine material, presenting an unneces
sary amount of surface. This requires more bitumen and 
is difficult to lay smoothly.

“Closed” binders should contain little or no material 
passing 6o-mesh sieve, about 15% to 20% passing 10- 
mesh and about 20% to 25% passing 4-mesh, remainder 
should pass i-in. ring for i %-in. course, or %>in. ring 
for 1-in. course, to prevent possibility of excess of over
size. This would require for coating about 4% to 4.5% of 
bitumen. “Open” binder should consist of crushed stone 
which has been screened free of sizes under % in. It will 
require about 3% to 3.5% of bitumen.

A*
œVj

:’V-'

non

Preliminary to the preparation of subgrade and of 
k^siderable importance is the proper consideration of the 
J^klition of sewers, gas, water, and wire mains. These 
v °uld be closely looked into, repairs made and trenches 
6ry carefully backfilled.

1 In many cases, cable, water and gas mains may be 
^ated at sides of roadway so that subsequent repairs will

a*6
iy.

;;V *Paper presented to the Canadian Society of Civil Engi- 
CTs at Montreal, January nth, 1917-
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of soil, drainage, and traffic. VV ith these in view,, 
specifications should be drawn up. It has been too fre
quently the practice to copy specifications of other cities^ 
especially where these are known or reputed to have good
pavements. _

Especially to be avoided is the inclusion in a specifica
tion of some feature introduced with success in one or 
more cases to counteract some special local condition, 01 

l...l of the local availability of some, special ma- 
Richardson cites a case wherein an engineer

Binder course should look bright and glossy when 
If it appears dead and dull, it has been overheated 

or contains fine material in excess. Open binder 
should always look bright. If the trucks bringing binder 
to the street are dripping noticeably, or if, on spreading 
the binder, there is a spot completely filled with bitumen, 
an excess of bitumen is being used. Such spots, if of 
larger area than one square foot, should be removed. One 
way of preventing this trouble is to dump the truck ahead 
of requirements to such a distance that all material must 
be shovelled over. If any large spots of this nature 
left, the excess of bitumen is liable to be drawn into the 
surface course under the influence of the sun and give 
rise to soft spots in the pavement.

Surface or Top.—This consists of bitumen, filler and 
The Trinidad asphalt containing about 30% of

no additional filler
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laid.

a ti 
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terial. .
specified cinders for subgrade drainage and insisted on ^ 
their use. A large quantity was used, subject to a 200- 
mile haul, when good gravel was available within easy
carting distance. ,

In drawing up specifications for the sand aggrega L 
of a sheet asphalt pavement, the question of sand supply 
should be studied and the best grading from this supply 

This will forestall the necessity ot

per

are
thas

she
wil
Beisand.

finely divided mineral matter requires 
but has to be fluxed with a . specially prepared heavy 
asphaltic oil to the required consistency before being 
mixed with the sand aggregate.

In addition to sand, dust is required as a filler, to 
utilize the malthas or liquid asphalts. The science of 
trolling these aggregates has been developed to such an 
extent in America that the present use of natural rock 
asphalts is very limited here, being confined to cities and 
towns within very short haul of the deposits of the bitu
minous limestone or rock asphalt. Where the rock asphalt 
is used the whole of the surface material is hauled, 
whereas with the liquid asphalts only the ten or twelve 
per cent, of bitumen is hauled, the material for the aggre
gate being generally obtained locally.

The filler is cement or limestone dust, preferably 
and the mixture of sand and cement is graded 

Sands do not behave in the 
with bitumens. Some will hold more bitumen

fro
should be specified.
permitting variants from specifications.

The following is suggested 
tionsi for a sheet asphalt paving :—

“The object of these specifications is:—
“(1) To provide a means of ensuring that a first-clas* 

sheet asphalt pavement be laid in the town of Blank,
“(2) To regulate the conditions under which it shall

refi

preamble to specific:!-as a
an<
bycon- erc
>i]
sh<
F.

be laid, and , , • t
“(3) To state what limits of chemical and physica

properties in the materials used, shall be deemed suf
ficient and expedient to that end.

“Parties tendering to supply and lay pavements under 
these specifications will be compelled to comply with t e 
conditions set forth, in every detail, without recourse, ex
cepting only as follows :—

“(a) That notice shall be made in writing, dub 
signed, and embodied in their tender, of any variants 
which the conditions of manufacture or experience 
contractors makes desirable.

“(b) That said variants be acceptable to the engineer i 
and chemist as not being prejudicial to the laying an 
maintenance of a first-class sheet asphalt pavement- 
Variants so permitted shall not be held to diminish thf 
responsibility or guarantees of contractors in any way- 

Tests of Asphaltic Materials—Several pieces of ap
paratus have been devised for asphalt testing.

The penetrometer records the depth, in tenths of 
millimetre, to which a standard needle will sink in th 
sample, under a stated weight, for a given number 0 
seconds, and at a stated temperature.

This seems like a very simple test, but in carrying F 
out for accurate comparisons, the precautionary sen^ 
must be ever alert. The bitumen is carefully heated unt' 
liquid, when it is poured into a small tin about 1 % inch6 
in diameter by 1 % inches deep. I his is kept in t ^ 
laboratory air for about an hour and is then kept in wate 
of the stated temperature, in most cases 770 F., for anothe 
hour. It is then transferred to a crystallizing dish dee? 
enough and wide enough to admit of the tin containing 
the bitumen being immersed in water of the same teffi 
perature as the container in which it has been held. T 
penetration is then taken by releasing the weighted ne 
at the surface of the bitumen.

Pr<
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fo,
cement
from 200-mesh to 10-mesh. Fi

of SCsame way
than others. In connection with the filler, it is desirable, 
especially if heavy traffic is expected, that a large propor
tion of the 200-mesh material shall be dust that will re
main suspended in water for fifteen seconds, otherwise 
the fine material is sandy and will not make a road to 

The finest of sands may have about

be

be
•is

stand heavy wear, 
thirty per cent, of voids ; in fact it has been shown that 
the voids in sand do not vary much over quite a wide range 
of size. The life of an asphalt surface depends on the 
filling of voids and the complete covering of all particles 
with bitumen.

Speaking generally, a surface mixture may contain :
(1) Bitumen, equal to 10.5% to 12.0%.
(2) Filler (200-mesh), 12 to 15 per cent, 

quarters of this material should be fine enough to remain 
in suspension in water for fifteen seconds.

(3) Sand, 100-mesh, 13% ; 80-mesh, 13% ; 50-mesh, 
15% ; 40-mesh, 15; 30% mesh, 10% ; 20-mesh, 10%.

Local conditions, however, may occasion considerable 
variations. Sand should be sharp and clean. The objec
tion to a dirty sand does not lie in the fact that fine silt is 
present, but because the particles of such a sand are 
coated with this silt and therefore are not brought into 
complete contact with the hot asphalt when the mixture 
is made.

Three-

;mi

edF
duse suchIf loc.al conditions make it necessary to 

sand, it might be cleaned by passing through a revolving 
screen or by dropping down a vertical chute on to a 
baffle plate.

Preparation of Specifications.—In connection with a 
contract for paving with asphalt in any of the various 
methods, the inspecting engineer and chemist are, or 
should be, called into co-operation at the earliest stages of 
the proposed work. They should know local conditions

In tests such as penetration and ductility, the 1° 
conductivity of asphalts and asphaltic cements must | 
taken into account. Penetrations should not be m3 '

of c

1:

unless the test portion has been standing in' water - ^
required temperature for at least an hour, during whi^ 
time the temperature must not vary over i°. One iG-c-P? 
carbon filament lamp will maintain a temperature of 7' 
F. in a moderate sized pan with very little attention.
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It yields valuable informa-considered as an exact one. 
tion sometimes as to the history or origin of the bitumen 
in question. California asphalts yield a lower fixed 
carbon for the same class of material than Mexican, for

ThePenetrations at the freezing point require 0
surface of the test sample must be kept at exactly 32 
while the test is proceeding, because the needle is released 
and acts at the surface. In most cases the penetration is 
only 1 yz to 2/2 millimeters.

The material to be tested is melted and poured into 
a tin as described above. This tin is held at the freezing 
Point for one hour, after it has cooled to,laboratory tem
perature, before making the test.

• Four penetration tests are usually made on a sample, 
at 320 F., 77° F., 1150 F. and at 77° F- after the material 
ihas been heated for five hours at 3250 F.

care.

instance. ■
The ash test also serves to show something of the 

past of asphalt. For instance, if a refined asphalt was 
said to be Trinidad, and showed only 10% ash, we would 
know it was not straight goods.

should notGood refined asphalt and asphaltic cement 
show a hardening of more than ten or lllteen points, an 
Will not lose more than a fraction of 1%■ Trinidad and 
ffermudez asphalts lose a little more than those prepare 
from Mexican asphalts. A recent sample of Bermudez 
refined, tested by the writer, lost about i-5%-

solubility in carbon bisulphide 
The last is made

Two Bad Samples and One Good One.
Sample No. 1 shows underside of asphalt laid in repair work over cement not 

set and still wet. The moisture gradually works through to the surface, pro- 
during a reticulated appearance, eventually leading to break up of pavement.

Sample No. 2 shows a bad binder condition. There was not enough bitumen 
in this binder and what there was did not adhere to the stone used. The stone 
lying loose fell out of the matrix just under the label.

Sample No. 3 show's \yell made binder and surface ; all parts adhering 
properly. t

Other tests made are 
and carbon tetrachloride, and ductility, 
by measuring the distance which a briquette, having a 
<*oss-section area of one square centimeter at its^ centre, 
^ill stretch horizontally before it breaks. Good r s q 
should run over 100 centimeters when pulled apart at 77 
F. at a rate of 10 centimeters per minute. I he thread 
Produced as the pulling proceeds varies in thickness a 
treat deal. Some at 100 to no cms. show a strong line 
of about the size of No, 60 thread,—while others at same 
length show such a fine filament that a glass has to be 
used when looking for breaks.

Tests not always made, but having more or 
for comparing samples as to uniformity and for, determin
ing whether the heating has been carefully done, are: 
Fixed carbon, ash, flash point, proportion of parathn 
scale, and solubility in naphtha (76° or 86° ; gravity should 
he stated).

The fixed carbon test has come into undue prominence 
limits have been set for it. lhe test

on the

Low flash point asphalts would be dangerous to 
workers owing to the necessity of high temperatures in 
mixing machinery and melting tanks.

Inspection.—When tenders are submitted, it is the 
custom to submit samples of asphalt, asphaltic cement and 
flux (only the A.C. sample being submitted, of course, if 
the A.C. is shipped already fluxed by straight refinery 
distillation). It is always advisable, besides determining 
the suitability of a sample and its compliance with specifi
cations, to learn something of its history. Cases have 
been known where samples of one make were submitted 
as being of different brands. The engineer or chemical 
engineer charged with the inspection should make a per
sonal visit to the plants from which the asphalt is to be 
shipped and note its manner of shipment and the 
taken there to control the product.

When the paving is to be done by a contract separate 
from that for the supply of the materials, it will be 
sary, of course, to check quantities received as well as 
quality. If the contract is to supply a finished pavement, 
the quality only of the bitumen is to be noted and, of 
course, the proportions of the aggregate.

The mixing plant should be closely examined and 
tested as to the capacity and sensitiveness of its weighing 
and mixing machinery and method of heating. The means 
for maintaining a sufficiently high temperature without 
overheating the material is an important point. With a 
substance that has such a low conductivity as asphalt, 
direct heat must be used with great care, especially in 
starting up with cold material. Some means of circula
tion should be provided until the material is liquid enough 
to circulate by convection and even then should be stirred 
to prevent burning at the bottom, 
ture from 350° F. to 4250 F. should not be exceeded, 
either above or below, even in cold weather.

The sand should be heated to the same temperature 
as the bitumen, 
sand bv heating to higher temperatures, there is a risk of 
the asphalt being damaged or burnt by overheated sand. 
The same consideration affects the heating of the crushed 
stone used in the binder course mixture.

At a plant of any size an inspector should be 
ployed continuously. It would he his duty to see that 
weighing apparatus is kept efficient, that asphalt is not

less value

because too narrow 
is subject to fairly wide personal factor, depending means

neces-

Break-Up of Binder.
Un Due to insufficient bitumen. Under traffic the *

Producing waves which eventually break at the crest, admitting 
'vh'ch very soon puts an end to the pavement, especially when helped by frost 
nd traffic.

A range of tempera-

"Ffiiculty of securing exactly similar conditions at different 
laboratories. It consists, briefly, in strongly beating one 
Sram of the bitumen away from the air for a stated lengt 1 

time, producing a coke, as in the proximate analysis ot 
?°al. The weight of the system is then taken and it is 
bl’rnt in the air to ash, the difference being the fixed 
Carbon. The thickness, depth and volume of the crucible, 

height and intensity of the flame and the time of heat- 
ln£, all affect the results, so that this test must not be

While damage will accrue to theno
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Binder failures are due to insufficient bitumen* 
burned bitumen, laying on wet concrete, dirty concrete* 
binder too cold, excessive oversize in aggregate, lamina- 
tion in crushed stone, over-rolling of binder when cool* 
or traffic on binder before top is laid.

Surface failures are due to too little filler with heavy 
traffic, too much filler with light traffic, too much or to° 
soft bitumen under heavy traffic, too hard bitumen under 
light traffic, laying top on wet binder, insufficient con- 
sidération of climate extremes, or frost working in at cat 
tracks or curbs.

In the writer’s observations, failure is due more fre' 
quently to binder troubles than to other causes. Attention 
is focused on. the laying and appearance of “top,” to thej 
neglect of the binder. With a smooth concrete base avw 
a medium close binder well laid, it should be quite saf* 
to cut down the “top” thickness to three-quarters 
an inch.

overheated or allowed to get so cooled as to cause mixture 
to become lumpy at laying point, that sand or crushed 
stone is clean, of proper grading and heated to the right 
temperature.

He should have a small, clean room for his own use 
entirely, a scale weighing up to two or three kilos and 
sensitive to 1 gram, a set of sieves from 200-mesh to 1- 
inch ring. It would be well also to have a penetrometer 
and dishes for the penetration tests, with a supply of 
water. The penetration tests, however, would usually be 
done by the city chemist at the main laboratory. In con
nection with sand test at 200-mesh, or for the testing of

HH

!

J Open chain hydrocarbons. 
“Paraffins”C--------«H C

TRAFFIC CENSUS.

(Continued from -page 168.)

Kennedy and O. R. Schurig, may be represented by th® 
following factors, which are averages of tractive r®‘ 
sistances at a speed of 19 miles per hour :—

Tractive resistances 
in. lbs. per ton.Pavement.

Asphalt ............................................... i
Wood and brick ................................ 2
Granite ............................................... 2
Macadam ........................................... 2 .
Tar macadam .................................. 2 .
Gravel and cinder............................. 2 .

The tractive resistances should, in the opinion of th® 
writer, be given much greater weight in the selection 0 
pavements in cities, than is usually accorded them, for th® 
following reason : It will hardly be questioned that aiity 
trucks, in the cities at least, will soon be in almost uni' 
versai use, and when this is a fact, the consumption 0 
fuel will undoubtedly be carefully examined into, an" 
smooth, light traction surfaces demanded for economy 
operation. To-day, with the numerous pleasure autos l<] 
use, scant attention is paid to ease of traction, grade °( 
consumption of gasoline, and a scenic highway is 
times preferred to the shorter utilitarian route, for whicl’ 
there is going to be an urgent demand by the auto truck5’ 
especially in rural districts.

A few figures as to the growth of the auto truck 1(1 
New York State are presented. A report of the Sécrétât/ 
of State states that it is estimated that auto truck5 
travelled over state and country highways in 1915, for 4° 
weeks in the year, 14,700,000 miles, and that these truck5 
operated 60,200,000 ton-miles. The number of aUt(l 
trucks in New York State, in the last three years is 
follows :—
1914----- I7H41

There were in New York City in 1916 about 21 ,o°° 
auto trucks, double the number of 1914. In additif11' 
there are more than 100 routes in the State over wfuc 
heavy motor buses are operating, nearly all of which afC 
less than three years old.

The surfaces which should be placed on trunk hig"j. 
ways and rural roads for different kinds and amount 0 
traffic in the State of Massachusetts, have been outfit1® 
by Col. Sohier, the chairman of the Massachusetts H1^ ^ 
way Commission, in a paper before the American 
Builders’ Association, in 1913, on “The Traffic Census a

1916 .... 34,65-11915 .... 20,880

d

CH

CHCH

Closed chain hydrocarbons. 
Cyclic or Aromatic.

CHCH

CH
Benzene.

Hydrocarbon Formations.
This diagram illustrates the difference between the petroleum compounds 

and the asphaltic oils. The latter consist largely of what are termed closed 
chain or cyclic compounds, whose space arrangement is indicated on a plane 
surface by one or more hexagonal groups. The petroleum compounds are par
affins whosd space arrangement is indicated by a chain-like formula.

dust or cement as filler, there should be provided a 
graduated cylinder about J^-inch diameter, holding a little 

50 cubic centimeters graduated to 0.5 cubic centi
meters, to test the proportion of suspendable matter, 
which is the true filler. Seventy-five per cent, of the 
mesh material should be of such a degree of fineness that 
on shaking it up with water, it will remain in suspension 
at least 15 seconds.

The plant inspector should keep records of the loads 
of surface mixture and binder course, their destinations 
and heat on leaving. A sample of surface mixture should 
be taken from the wagon or truck before it leaves the 
yard and a pat test made to check any tendency to the use 
of too much or too little bitumen.

Failure of Asphalt Pavements.—Generally speaking, 
sheet asphalt pavements do not wear out. 
owing to some constructional defect. Failures have oc
curred from all four parts of the pavement, viz., subgrade, 
concrete, binder and surface.

Subgrade failures are due to careless backfilling, too 
great haste in laying pavement where much backfilling is 
done, or insufficient drainage. Adequate examination of 
the soil and preparation of subgrade is imperative.

Concrete failures are due to lean mixtures, laying of 
binder before concrete is thoroughly set and dry, use of 
dirty sand, or use of old cement.
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Avenue to a parallel avenue, thus affording some relief to 
this much-congested thoroughfare.

Regulation of Pedestrian Traffic.—It is daily becom
ing more apparent that, if the vehicular traffic is to pro
ceed with reasonable speed, say, 8 miles an hour 
busiest streets, it will be necessary to regulate the 
pedestrian traffic as well. It was found that the average 
time taken by a woman crossing Fifth Avenue which 
has a width of 55 ft.—was ii/4 seconds. In the busy 
hours, six vehicles would pass in that time, rendering the 
crossing difficult and dangerous. There is nothing to 
prevent a pedestrian from crossing the street at any time he 
may elect to do so, and he certainly needs to be told when, 
if the number of accidents which happen is a criterion.

The subject matter of traffic- regulation can only be 
touched on at this time. State-wide co-operation to the 
end that uniform regulations may be drafted and legislated 
into laws, is much needed. Attention is directed to the 
proposed regulations of the State Bureau of Municipal In
formation of the Conference of Mayors of New York 
State, embodying the ideas of those most interested in 
that State. It does not, however, cover the matter of 
the regulation of the size, weight or construction of the 
vehicle itself, which is of great interest to the highway 
engineer.

Since that timea Preliminary to Road Improvement, 
the auto truck has increased greatly in number, having 
more than doubled in the State of New York, as shown.

Tables such as the foregoing will soon need car®ful 
revision, because of the weights, and the speeds at whic 
these trucks move. The preparedness movement has 
served to draw attention to the fact that it is desirable to 
consult the War Department as to the loads to which 
r°ads and bridges are likely to be subjected for military 
Purposes.

The increase "in the destructive effect of this traffic 
Points to the need of much harder and more durable sur
faces than have been afforded by the penetration method 
°f construction—surfaces constructed with one course 
°f crusher stone with bitumen ; sand asphalt roads, 
broken stone, sand and bitumen roads ; carpeted 
adam ; and other kinds of light traffic bituminous con
duction.

on our

run

mac-

Recognition of the destructive effect of auto truck 
travel has led to a îeadjustment of the registration fees 
to a higher scale, recently in New York State. Experience 
With the situation is necessary, in order to determine the 
eXact number of commercial vehicles which may traverse 
eoonomically certain types of road.

Use of the Traffic Census in the Regulation of Traffic. 
dThe traffic census finds its application.to the regulation 
°f traffic, in large cities where congestion is imminent or 
actual. The Borough of Manhattan has found it neces
sary t0 establish 29 streets as one-way traffic streets.

located largely in the ■ mercantile and theatre 
districts. Three of them are theatre streets with a one 
way rule applying one-half hour before and after the 
termination of performances.

A determination of the amount of traffic in all the 
deets of any section of a city should indicate where a 
diversion of the flow is desirable. So far as the writer 
has been able to ascertain, but one study of the flow ot 
traffic has been made, that being in the city of Bridgeport, 
Conn., by Alfred S. Miller, as published in “Engineering 
^cws” of New York, of January 21st, 1916. The writer 
believes that such studies are- highly important, where 
there is intensive traffic on a gridiron system of streets, 
t° the end that alternate traffic routes may be laid out, by 
Widening, paving, re-grading or otherwise improving, so 
that congestion may be avoided, and the orderly transac 
don of business facilitated.

As to What the Census Should Include.—The traffic 
census should include observations as to the direction of 
the flow of traffic, such as left-hand turns ; number of 
vehicles emerging from, or entering side streets ; routes 
of mail trucks and other vehicles; wandering cabs, etc., 
as well as a knowledge of the various classes of vehicles, 
if the congestion features of traffic are to be studied. 
The points at which the count should be taken are worthy 
of study, and this study is best made by plotting bands of 
different colors and widths along the roads or streets 
where the census has been taken. Work of this kind has 
an intimate relation to building district restriction plans, 
and to the city plan generally.

Uniformity in methods of taking and recording 
censuses, and in the assignment of weights, is much 
needed, for comparisons in different sections. Some office 
work can be saved by the use of standardized forms, and 
the writer would suggest that this matter be given atten
tion by the Committee of Standards of the American Road 
Builders’ Association, and that the co-operation of other 
engineering societies be sought, in making such forms.

In conclusion, the writer would direct attention to 
the fact that the traffic census has a wide application to 
city work, in the selection of pavements, street widening, 
the removal of encroachments, traffic regulation, fixing 
values of property, opening of new or extension of old 
streets, operation of street railroads and buses under 
franchises, determination of the amount of wear of various 
kinds of pavement under known weights of travel, regu
lation of the dimensions, weights, etc., of vehicles, and 
the determination of a paving policy.

These are

and otherA number of the large express companies 
c°tporations now route their vehicles, and have a regular 
Patrol which keeps them constantly informed of the loca- 
tlon. A study of the flow -of traffic in a large, busy city 
i^ay offer some difficulties, but would be helped out by 
Stances such as the foregoing.

In the Borough of Manhattan, the Fifth Avenue 
Association has influenced traffic on that avenue, by en
gaging merchants and others to exclude cornmercia 
traffic from this distinctly retail mercantile and residential 
h°roUghfare, so that there is now less than 2 per cent.

horse-drawn vehicles of all kinds. 1 his association 
?ahes its own traffic censuses, and studies traffic confii
ons quite independently of the city, and is in a position 
0 nnake valuable recommendations as to the policy to be
PPrsued.
.. - It was suggested to the police department that 
lrf>e be given to the north and south traffic than to t îe 
^st and west, with the result that about 45 minutes of 
he hour are devoted to the longitudinal travel, while the 
,r°ss-town traffic takes up the remaining 15 minutes. It 
as been proposed to divert the through traffic of F ifth

i

On February 2nd, 1917, the technical staff of Wallace & 
Tiernan Co., Inc., of New York City, celebrated by a dinner 
the 500th installation of that company’s chlorine control 
apparatus. Many prominent waterworks men and sanitarians 

guests of the evening and very interesting remarks were 
made dealing with the early days of chlorination and the first 
installation of W. & T. equipment. A souvenir menu illus
trated the growth of the organization. A picture therein show
ed Mr. Wallace and Mr. Tiernan with the first chlorinator, 
and another showed a portion of the present staff with the 
500th machine, mention being made of district offices in 
Chicago, Dallas, San Francisco, and London.
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practi'The two methods briefly described above 
cally identical in principle. In the trickling filter th 
sewage trickles over the bacterial mass in an atmosphef 
of air. In the activated sludge method the bacterial mas 

kept in intimate contact by agitation Witt 
The end results are exact!)'

areA NEW TYPE OF TRICKLING FILTER.”

By Lieut.-Col. G. G. Nasmith, C.M.G., Ph.D.,
Director of Laboratories, Dept, of Public Health, Toronto. and sewage are

streams of fine air-bubbles.
the same. Furthermore, as in the trickling filter, tn^ 
vast majority of the bacterial resent in the sewage, 111 
eluding lactose fermenters, a d also, presumably, th 
pathogenic varieties, are destroyed. A single examp16 
will suffice to demonstrate several of these statements.

HE object of every method of sewage-disposal is to 
resolve the complicated putrescible organic materials 
present into simpler, largely inorganic, compounds 
which are no longer decomposable and incapable of 

causing offence; in other words, it is to create a harmless 
and non-putrescible effluent. Such an effluent is com
monly said to be “purified. ”

Methods such as that of the septic tank fail, because, 
working in the absence of oxygen, they only partially split 
organic material, and these products of hydrolytic action 
have still to undergo further destructive processes in the 
presence of oxygen before they become stable.

Sewage-disposal in the ordinary sense of the term 
resolves itself in chemical terms to the formula : Organic 
Matter + Oxygen = Inorganic Matter + Humus (a 
stable organic material).

The aim of every method of sewage-disposal has been 
to take advantage of the oxydizing properties of living 
micro-organisms. Methods which have failed are those 
which have not provided the necessary conditions , that is, 
a sufficiently large mass of aerobic micro-organisms, 
properly harnessed to work in the presence of an abundant 
supply of air.

Without going into detail it has been established be
yond question that the only methods of sewage treatment 
which fulfil the above conditions are the Trickling Filter 
and the more recent Activated Sludge method.

The Trickling Filter requires specially prepared 
bacteria beds, several feet in depth, made of stone, slag, 
coke, or other resistant material, as a nidus for the bac
terial growth. Sewage, when sprinkled or sprayed over 
the surfaces of such beds, slowly trickles over the pieces 
of stone until it finally reaches the bottom. In the course 
of a few weeks the pieces of stone become coated with a 
pellicle of slime, which has been shown to consist princi
pally of bacteria and protozoa. It is this living slime 

in the presence of the oxygen of the air, oxidizes

T
Department of Health Experimental Sewage Disposal 

Plant, Toronto.
Average Analyses, June 20th, 21st, and 22nd, 1916. not

remec
Bacteria per Red Colon***

MacConke)
37° C-,

!cc. Agar 
37°C.

Nitrites and 
Nitrates.Free NH3. Alb. NH 3. Was

and a 
]

havit
c>ded

i,
com! 
air V\

2.66 1,453,333 563,33316.0 7.68Raw sewage........
Activated sludge- 

tank, 4 hours 
blowing 2 cubic 
feet of air per 
gallon of sew
age.................

Lath-filter, treat
ing 4.5 gallons 
of sewage per 
acre per day...

7005,69012.38.9 1.9

1,266 City9,40010.0 1.7 10.4
disp<
filterIn iqi2, in an endeavor to devise a method for th6 

disposal of the city of Toronto’s sewage, and reduce th 
estimated cost of the filter-beds, I began experiments 
try to increase the efficiency of the trickling bed, alwaV 
keeping the principles involved in mind. It was argvfi 
that if the amount of surface or bacterial slime could , had 
increased in a given volume, then a greater quantity c | the 
sewage could be passed over it and oxydized in a give <*nt 
time.

*914
Bun
Had
togt

The
therefore designed with the objecj ^PeiExperiments were

of increasing the surface of the filter per cubic yard, afl 
of allowing freer circulation of air than the ordinary typ^ 
of filter-beds permitted. Wood was selected as tn^ 
material lending itself best to the problem, and the firS( ^ 
filter, six feet square, was made of laths. '1 he laths ^ ! ho 
the lowest layer were laid parallel to one another, 1 I $ <■ 
spaces between the laths being a little less than the wid* l,n 
of the laths themselves. A second layer was laid on tor 
of this and at right angles to it, with the same interspaC.
A third row was laid parallel to the bottom row, but * 

that the laths covered the spaces left be 
In this way a filte

8al]
cati

which
organic matter.

From the sewage slowly trickling over the sui face of 
this bacterial slime the organic matter is abstracted and 
decomposed into simpler products. These simpler pro- 

chiefly nitrites, nitrates, carbon dioxide, sul- 
brownish-black non-putrescible material,

of.
ing
Prç

ducts are raisuch a manner
tween the laths of the lower series.
four feet in depth was constructed, in which the sewage 
in order to reach the bottom, had to flow over a veR 
large surface of filter. Air could enter from all sides af 
the top through the re ular channels provided ; in f»C J j 0

s filter, so uniformly reguF

phates and a 
easily sedimented, called humus.

If air is excluded from such beds, the oxidizing action 
if antiseptics are added in sufficient 

the bacterial slime, the oxidizing

Sig
Pei
fie,soon ceases, or, 

quantity to destroy 
action also ceases.

In the activated sludge method of sewage disposal, a 
similar bacterial mass is gradually formed by blowing 
finely divided air through tanks filled with sewage. 1 he 
sludge which forms by. this treatment is allowed to settle, 
the supernatant fluid allowed to run off, and-the tank 
again filled with sewage, after which the process is re
peated. By degrees the sludge which accumulates, 
acquires the same properties as the slime covering the 
filter-beds. When fully matured, this activated, sludge 
will oxidize the organic matter in fresh sewage in from 
two to four hours; when agitated continuously with it in 
presence of finely divided air, a perfectly clear and stable 
effluent is obtained.

one can see rq
are the spaces. I

Sedimented city sewage was allowed to trickle <,v6 | 
the surface of this "lath-filter ; in less than a month th 'n 
filter was mature, and the results obtained thereafter « , 
ceeded all expectations. Where the standard type .

contra1' u,
da/' a, 
;d S 0|

H;

stone filter, operated side by side with it as a 
treated two million gallons of sewage per acre per 
the lath-filter treated six million gallons and yielded 

-putrescible effluent. This lath-filter has now been 
continuous use for three and a half years, and has nev 
failed to give satisfactory results. ,

From these results we argued that poles might g1' 
greater surface per unit of volume, because 1

»!non f;
e

an even•Excerpt from the Journal of the Royal Sanitary Institute.
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times as much sewage to the acre as the standard stone 
filter will treat.

Unfortunately, on account of the war, I have not been 
able to give in detail the results which have been and are 
still being obtained since the filters were put ^to opera
tion * This brief summary is being given in order that 

avail themselves of our experience. Patents 
in order to protect the 

experiments should 
claimed, how- 

In fact, it is hoped 
will enable communities

Plater mU„mriSCth™ Sff* »=sam= 

maS resuks as the lath-filter. They were, however,. even
W1 cUlt to construct; it was difficult also to obtain an even 

;ac2 distribution of the sewage flow, and short circui g 
. th? (he flow was also able to occur. This form was aba 

doned as not bein of practical value °ae P j ’ 
however, was installed in 1914 at the City of f eront- 
dustr.àl Farm to treat the sewage, from several hundreds 
°f people. No provision had been made for the tact that 
sewage in small communities frequently comes in gu ’ 
and consequently, as the bed was overdosed at some 
Periods and had no work to do at others, the resu 
not satisfactory. These defects have recently 

remedied.
A filter built of slabs of wood was 

'vas only capable of treating sewage at 
and a half million gallons per acre per day. - 
. . Finally, having proved our theory to be correct, a^d
having made some preliminary experienc'd , ‘
^‘ded that brushwood, pressed into bund es, w°u 
'he ideal filter for filter beds, because it would P^dethe 
^mbination of a very large surface area an pr 
air which is so essential.

in-b
others maythe

imp!6 applied for in the year i9I4>
City of Toronto until such times 
be completed. No rights or royalties 
ever, in connection with the process, 
that the cheapness of the system

were
as our

s. are

osai

16.

discarded, as it 
the rate of three

atoni*5
:onU*y
7°C
1,333

?A

700

annexed to the 
a system of sewage 

trickling stone 
early spring of 
of these filters.

When the town of North loronto 
C»ty of Toronto a few years ago had
disposal,

was i_ , ;,266

part
>r th«
:e the i9,4
its F ^undies of brushwood, cut
Kvay made on the spot by means of a rough box-press 
rgw Vther, and placed in the filter until a depth of : 
dd b had been obtafned. A space of one foot was left ^“ 
‘E' 6 I he brush-bundles and the wall, and a small space m 
give», eentre ^ ag tQ al]ow air to enter freely from the side •

^he old revolving distributing sprinkler 'was 1 ^\,P“ two 
objec Ï deration, the brush quickly became matured and m 
1, V Months it was treating sewage at the rate of six m Hon 
typ^ Elions per acre per day. A very high degree of ni nfi- 

s tb cation h;'ls been obtained ; the effluent has been uniformly 
e fir5 stable; and the installation has proved to be a deemed 
ths °fl Recess. This brush-filter has now been m opeia 
r, tbf rv0 years, and has worked just as well m w tn 
widi1' j Animer. Of course, it is always necessary to co 

>n top ’if every description in winter in Canada to P] < xe' t
spacf 'ng. A brush-filter that was operated m the P
u.,t- 1» Prove whether this would occur in the loron 

apidly froze solid.
. After three and a half years

0f incipient decay, confirming the comn - 
^rience that wood which is kept constantly we ,g

In both the lath and the brush-filter th 
0vered with slime, so that the wood is always soaked.

The advantages of the brush-filter mayJ^be'ob- 
J?r>«d as follows: (1) Brush is cheap, imd may be ob 
a,n':'d almost anywhere; (2) skilled labor >s no«qpured 
l construction; (3) it does not sludge ; the shme.w.11 
Suently become quite thin after heavy rams when the 
>ge is diluted, though the efficiency of he fiber ,s 

ninipaired • (4) the brush may at any time 
^ burned; (3) it is durable: a filter has now jeen , 
^ration for over two years without showing any signs 
t decay ; (6) the distribution of the sewage o

of the filter does not need to be very uni orm the
J^ral tendency is to redistribute itself in the f>brmeh- 
^rk; (7) it gives the maximum amount of surface, with

; j

the stone removed from one
from the woods nearby, were 

, wired 
feet

we

Construction of Lath Filter.Diagram Showing

prohibitive in price. In the prairie provinces of Canada, 
for example, where stone would in many cases have to be 

? train for hundreds of miles and costs a great 
should solve the problem in regardhauled by

deal, the brush-filter
of installation.to expense

In conclusion, I wish to express my great apprecia
tion of the work of my assistants, Mr. J. Scott chemical 
engineer, who has carried out the construction of, and has 
been responsible for the operation of all the expérimenta 
filters as well as the chemical analyses m connection 
therewith, and Dr. F. Adams. D.P.H., who has super
vised this work in my absence. I am also greatly indebted 
to Mr R C. Harris, commissioner of works, and to Mr. 
Worthington, engineer-in-charge of the sewage-system 
through the unfailing co-operation and interest of both 
of whom it has been possible to carry out the experiments 

large and practical scale.
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*Note.—See article, “Brushwood as a Medium for Sewage 
The Canadian Engineer, issue of FebruaryFilters,” p. U7>
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The annual report of the Saskatchewan Department of 
Pail wavs for 1916 recently published contains several inter
esting statements indicating the growth of railway mileage m 
the nrovince since its inception, also branch line equipment. 
The instalments indicate that for the period prior to the com
mencement of war very great expansion in railway construc- 

The total railway mileage in the province
2,762.75 ;

ype 1.

tion took place, 
to-day is 6,101.46, divided as 
C.N.R., 2,206.78; (». l.r.K.,

follows :—C.P.R.,
1,131.93.
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Costs of installation are fully dealt with, together with 
operation tests. At the present time, of course, due to 
rapidly fluctuating prices, the part dealing with cost oi 

installation is of doubtful value.
The final chapter is devoted to problems illustrating 

the application of the. text, and the problems are typical# 
so that this part of the work forms a reference for an1, 
problems which may arise.

As a whole, however, the work is quite complete and 
well worth reading by anyone interested in refrigeration'

Underground Transmission and Distribution for Electric 
Light and Power. By E. B. Meyer. Published by 
the McGraw-Hill Book Co., Inc., New York. Firs1 

1916. 312 pages, 156 figures, 6x9 ins-i
Price, $3.00 net. (Reviewed by D. J' 

Beatty, Northern Electric Co., Limited, Montreal-)

The steady increase in the demand for power for light' 
ing and industrial work in large cities has made it neces
sary to place all conducting wires in congested areas, 
underground. Notwithstanding the gradual evolution h’ 
the methods of underground transmission and the big ifi' 
vestment of many large operating companies in under
ground work, very little literature will be found on this 

subject. ,
This new book by E. B. Meyer, entitled “Underground 

Transmission Distribution for Electric Light and Power, 
will form a valuable addition to existing literature on tin5 
subject, and is recommended to engineers and others lfl' 
terested in this class of work.

The subject is treated from a practical point of vie"J 
and Mr. Meyer’s experience as chairman of the Nation^ 
Electric Light Committee on Underground Construction 
and Electrolysis, 1915-1916, has placed him in a position 
to obtain valuable data from operating companies 

. America. The subject is treated in detail, from the con
struction of underground conduit systems to the fin® 
testing, operation and maintenance of underground cabl6 
systems. General information is given on the design» 
methods of construction, comparative costs, protection 
and operation of different types of systems in use to-day' 

An historical chapter gives interesting information on 
the gradual development of underground distribution 
work. Working specifications covering the construction 
of underground conduit systems and the manufacture an” 
installation of underground cables are also of specie 
interest.

One feature of the book which will appeal to a greac 
number of readers is the fact that it is entirely free fron1 
cumbersome theory and, therefore', makes interesting 
reading.

Winter Track Work. By E. R. Lewis, assistant t0 
general manager of the D. S. S. & A. Railway' 
Published by Railway Educational Press, Inc., *4 
E. Jackson Boulevard, Chicago, 111. 175 page5’
illustrated, 5% x 8 ins., cloth. Price, $1.60.

Mr. Lewis has given us a notable addition to track 

literature in his new book, “Winter Track Work.” 
has had a great deal of experience in handling track wetl
and in keeping traffic open in countries where snow an

s
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The Elements of Refrigeration. Ey Arthur M. Greene, Jr. 
Published by John Wiley & Sons, Inc., New York ; 
Canadian selling agents, Renouf Publishing Co., 
Montreal. First edition, 1916. 472 pages, 192
illustrations, 6x9 ins., cloth. Price, $4.00 net. 
(Reviewed by Harry H. Angus, B.A.Sc., Mac- 
Mullen, Riley and Angus, consulting engineers, 
Toronto. )

This work covers a field about which comparatively few 
books have been written in a comprehensive manner. 
This book is essentially for students and the first part 
deals very fully with the thermodynamic side of the ques
tion and explains all steps necessary to derive the different 
formulae used in the practice of refrigeration. The latter 
part of the book is devoted to practical problems and con
struction. The general divisions are arranged in good 
order but the matter in some of the chapters is poorly 
divided, which is liable to lead to confusion in reading the 
book.

Starting with a history of refrigeration from ancient 
times to modern, the work proceeds with a general de
scription of the various types of refrigerating machines in 
use at present, giving illustrations and a short description 
of each. The third chapter deals with the thermodynamics 
of refrigeration and is a very complete treatment of this 
subject, illustrated by numerous examples.

Following the theoretical treatment, comes a descrip
tion of the component parts of refrigeration apparatus, 
giving various types of cylinders, valves, pipes, fittings, 
etc. Description of apparatus made by prominent manu
facturers is described and illustrated and the advantages 
of the different methods of construction are explained. 
Another chapter is devoted to heat insulation and gives 
formulae by which the loss of heat may be calculated for 
any type of construction. Methods of calculating heat 
given out by machines, lights and persons are given.

The remaining five chapters in the book are devoted 
to problems arising in the design, construction and opera
tion of ice plants, cold storage plants and the applications 
of refrigeration to the manufacture of different products.
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Azimuth. By George L. Hosmer, Associated Professor

& Sons, Inc., New York; Canadian selling agents, 
Renouf Publishing Co., Montreal. Second edition, 
revised, 1916. 73 pages, 19 tables 4ÿ * 7 À lns;-
leather. Price, $1 net. (Reviewed by J. L-^annie- 
D T S International Boundary Surveys, Ottawa.) 

The subject of azimuth has here been presented m 
such a manner “that a person who is unfamdiar with 
astronomy will be able to apply these methods and obtain 
satisfactory results without taking the time to completely 

the theory underlying the method used.
believe that those in the engineering 

not quite so desirous of 
the author indi-

'% «old conditions are severe. Besides this, he brings to his 
S work the knack of writing in an interesting m 
5 what would ordinarily be a prosaic subject. , .I There is much of value in this book for the trackman
1 bm not only for the trackman but for the opera mg >_
5 I the traffic man and everyone who is concerned P
2 ; >ng tracks clear and traffic open in the winter.

The book has ten chapters, embracing the following 
subjects: (1) Climate and Track, with discussion of the 

"tb ' differences in. hot, mild, cold, wet climates, etc.ec.U 
. Frost; with its effect on track and what must(be done^° 

oi counteract it. (3) Snow ; complete discussion of the snow- 
handling campaign. (4) Shims and Shimming, Good 
Practice and Bad Practice. (5) Winter Track Force, 
Tools and Supplies ; with especial discussion on the 
necessity for ample provision. (6) Snow Fences an n

. Sheds. (7) Snow Handling Equipment; with illustrations
and of many standard and some special appliances. (8) Spring 
°n' J Floods. (9) Storing Ice. (10) Organization, 
trie I Books such as this by Mr. Lewis cannot fail to 

1 " standard of track work

Iht

: to
master

One prefers to 
and surveying professions 
avoiding a simple azimuth observation as 
cates, especially in this country, where a great m Y 
oineers have had surveying experience in our western 
provinces. Nevertheless, methods and formulae whe 
use only occasionally have a habit of s ippi g 
memory and the author has presented the object m a 
manner admirably suited alike to the man unfamiliar with 
astronomy and to the one who has forgotten many of the 
small practical details of observation and computation. 
The book is especially desirable, on account of « s œmpac 
form, for the use of the engineer who desires to obser 
only occasionally for azimuth and then only approxunatdy 
and who does not wish to carry the more cumbersome

NaUT"oadnr-of observing and the computations in
volved are described for the following cases . ( ) A™ h 
bv an observed altitude of the sun or star ; (a) labdude by

(5,

of making

are
call
any

l by , Materially in raising the 
irst American railways.
as-i

4

Science of the State University of Iowa. I ublished 
by John Wiley & Sons, Inc., New York; Canadia 
selling agents, Renouf Publishing Co., Montreal. 
First edition, 1917- , I25 pages> 8 tables, 25 figures,
flexible leather, 4)< x ins. Price, s '. 5 . '

Prof. Louis B. Stewart, University

■
:al.)

;ht'
;es-
;a5i

in
in- I 

1er- (Reviewed by
of Toronto.) . ,__fipu

No apology is necessary for producing a W?J '
Astronomy which is designed to meet the requu d
the engineer or surveyor in his ordinary P a Ce and 
Which therefore omits methods and refinements which ar 

i °f interest onlv to the geodetic astronomer, wh : «.“a£d work,8containing =.. »= »

Squires. Almost ihe exclusive use which & the
Makes of the subject is in determining t e ir accurate 
Meridian, but for that purpose a more or 
knowledge of time, latitude and long1 u > ronsiderable 
Consequently, in the little book before f J^^ds 
sPace is devoted to the subject of azimuth 
f0r determining that quantity being Swen-and a com 
Paratively small space to each of the other subject, 

gn, Canadian engineer, practising in a country where large 
fon 1 ^ts of land are yet unexplored, may should be
lay- I elomentary work on field astronomy mor p os;t;ons
on 1 devoted to methods for finding geographical positions

Md that it might therefore with advantage include^he
Methods of determining time by an obs«r d b ’
Mitude by circum-meridian altitudes, and longitude by
Pnar observations. Notwithstanding e ® , ample

of the book, however, Professor Holt has ^ot ‘ti^e
sPace to fundamental principles. The s^le .’
Which presents so many difficulties to the begmnei: 1* 
v«ry fully treated; also the astronomical 
llle various problems related thereto. c iaP d the 
,v°ted to spherical trigonometry in which is den “ 
f°rmulæ required in the solution of the astro 
Mangle \t the end of the book several useful tables 
Me given, among which may be especially mentioned
those for facilitating observations of the pole s a
Mimuth. A series of xamples worked out in fu 
0 show the applicatio of the methods teW'"' 
Cx- and to give forms for computation. lh pnCr;neer 

May confidently be recommended to the busy g 
Who has little time to devote to this subject.

this

und azimuth by Polaris at
altlExampleSSUare given showing the manner 

d computing each method of observation.
essential features of such a book are as fol o . 

and show that the author kept these constantly m mmd. 
(1) The data are defined m simple and •
language. (2) The object and limitation of the vano 
Sol, are wall defined. (3) The text
phed wkh hettS'aa” SE "without
t.al details. ÿ) The formulae ^ ^ _n the formulae
the use of symbols (3) J læ used are adapted
are few and simple. (6) lhe tormuiæ u A,
to the use of as few tables as possible. (7) The tables 

suitably curtailed to suit the required accuracy. 
Altogether the author has well fulfilled h.s purpose of 

presenting a compact volume for use by the engineering 
profession.
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:ion ! Mathematics for Engineers. By Ernest H. 

A.M.I.C.E. Published by Scott, Green-and Elementary
cial

net. (Reviewed by O. Holden, B.A.Sc., Hydr 
Electric Power Commission of Ontario.)

of “The Broadway Series of En
as the title suggests, 

While the

-eat
•on1
irig

This volume is one 
gineering Handbooks’’ and deals 
only with the elementary part of mathematics, 
field covered is necessarily of wide range the fundamental 
principles of each subject are clearly set out and illus
trative problems are given showing their application. to 
the practical engineer whose technical training has been 

and also to the engineer whose work necessitates
this book will

to
ay-
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infrequent 
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reference to the calculus, etc.
orF most helpful.
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ÏHllluH. H. Higbie. Published by John Wiley & Sons, Inc.,
New York; Canadian selling agents, Renouf Publishing 
Co., Montreal. 30 pages, 5 x 7% ins., paper cover.
Price, 50c. net.

Sun Oils=Refining.—Fourth of a series of 
pamphlets issued by the Sun Co., 1428 South Penn 
Square, Philadelphia, Pa., on the progress and rapid 
growth of the oil industry.

Province of Quebec.—Municipal statistics for the 
year 1915.

The Carburization and Burning of Powdered Coal as a one r< 
Fuel.—A paper read before the American Institute °* it <jes 
Mining Engineers, Chicago Section, December 22, 1916, 
by Alonzo G. Kinyon, chief consultant, Board of En
gineering Research in Power Generation in Steam Loco* 
motives, of the Powdered Coal Engineering and Equip
ment Company, 1903 McCormick Building, Chicago.

The “Mechanical World” Pocket Diary and Year 
Book for 1917.—A collection of useful engineering notes, 
rules, tables and data published by Norman, Remington 
& Co., Baltimore, Md. 453 pages, illustrated, 4x6 ins., 
cloth. Price, 35c.

City Budget Facts, 1916.—An analysis of Toronto s 
budget for 1916, based upon the official estimates, re
arranged by the Bureau of Municipal Research, 813-82°
Traders’ Bank Building, so as to show costs of services 
rendered and of things purchased.

Directory of Cement, Gypsum and Lime ManufaC* 
turers. Eleventh edition, 1917, corrected to January 1st, 

Compiled and published by The Cement Era, 53®
244 pages, 3x5 ins.,

Engineering Applications of Higher Mathematics—Part 
V., Electrical Engineering. By V. Karapetoff. 
Published by John Wiley & Sons, Inc., New York; 
Canadian selling agents, Renouf Publishing Co., 

65 pages, sA x 8 ins., cloth. Price, 
(Reviewed by H. W. Price, University

5

illustrated "Hlllll
Montreal.
75c. net. 
of Toronto. )

Engineers as a rule avoid mathematical books written 
by mathematicians because those gentlemen almost in
variably interest themselves only in abstract manipula
tions. They rarely see the engineer’s need of this type of 
machinery, which becomes valuable only when he has ex
pertness in applying it to known facts and in physically 
translating calculated results.

The author of this little book is an engineer as well 
as a mathematician, and has the engineer’s point of view.

The book contains six chapters, each including some 
general information, sample solutions, and problems in 
great variety with hints and guidance where necessary.

The variety of problems considered is much greater 
than the titles of chapters would suggest. Some are : 
Resistance of tapered conductors, leakage resistance of 
cable insulation ; air-gap reluctance of induction motors, 
and of alternators with graded gap ; the minimum weight 
of copper in branched distribution systems for given loads 
and voltage regulation, the size of conductors for mini
mum annual total operating cost of transmission lines ; 
properties of long telegraph lines having considerable dis
tributed leakage over insulators ; problems relating to 
economical design of transformer windings, and of cores 
in which cross-section is less through the coils than in 
parts outside the coils ; losses in laminated cores, etc., etc.

Those wishing assistance toward skill in applying 
mathematics to engineering problems will find in this book 
many suggestions and sample applications.
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South Clark Street, Chicago, 
leather. Price, $2.00.

Ontario Safety League.—Third annual report of the 
Ontario Safety League, Royal Bank Building Toronto, 
being a brief statement of the fire and accident prevention 
campaign conducted during the year 1916. R. B. Morley, 
secretary-treasurer.

National Safety Council.—Findings of the committee 
of fifty safety experts of the National Safety Council, 
Continental and Commercial Bank Building, Chicag0’ 
summed up in the council’s leaflets entitled respectively, 
“Ladders,” “Stairs and Stairways” and “Boiler Rooms.’
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Suggested Specifications for Concrete Floors.—A 10-
page leaflet published by the Portland Cement Association, 
in West Washington Street, Chicago.

Public Road Mileage and Revenues in the New Eng
land States, 1914.—Bulletin No. 388 of the United States 
Department of Agriculture, Washington, D.C.

Vapor Pressures of Various Compounds at Low Tem
peratures.—Technical paper 142 of the Bureau of Mines, 
Department of the Interior, Washington, D.C., by G. A. 
Burrell and I. W. Robertson.

Investigations of Gravel for Road Surfacing.—By T. 
R. Agg. Bulletin 45, Engineering Experiment Station, 
Good Roads Section, Iowa State College of Agriculture 
and Mechanic Arts, Ames, Iowa.

The Tractive Resistance on Curves of a 28-Ton Electric 
Car.—By Edward C. Schmidt and Harold H. Dunn. 
Bulletin No. 92 of the Engineering Experiment Station, 
University of Illinois, Urbana, 111. Price, 25c.

Department of Mines.—Summary report of the Mines 
Branch, Department of Mines, Canada, for the calendar 
year ended December 31st, 1915. Price, 25c.

Public Road Mileage and Revenues in the United 
States, 1914.—Bulletin No. 390 of the United States De
partment of Agriculture, Washington, D.C., showing for 
each state total and surfaced .mileage of public roads at 
the close of 1914, revenues for roads and bridges in 1914, 
state and local road and bridge bonds outstanding January 
1st, 1915, and other related data.

Answers to Problems in Alternating-Current Elec
tricity, first and second courses.—By W. H. Timbie and
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Cochrane Heaters for Steam Power Plants, as used 
heating, metering and softening water for boiler feed an° 
other purposes. Catalogue No. 710 issued by the Hari1' | 
son Safety Boiler Works, Philadelphia, Pa. Contai’15 
106 pages and is well illustrated.

Concrete Machines.—Miniature catalogue, 1917, of 4*’ 
pages, issued by the London Concrete Machinery C0.1 
Limited, London, Ont., illustrating in condensed form the 
entire line they manufacture.

Motor Trucks of America.—Fifth edition of an annua* 
book distributed gratuitously by the B. F. Goodrich Co-* 
Akron, Ohio, illustrating and giving the specifications 0 
over a hundred different makes of motor trucks.

Mesta Automatic Plate Valves.—Bulletin “D” issuej 
by the Mesta Machine Co., Pittsburgh, Pa., describing 
the Mesta automatic plate valves (Iversen patent), wh’c 
are being used in both new and re-built air and gas cof1
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an<*pressors, ammonia compressors, vacuum pumps 
blowing engines. ge

Walschaert Valve Gear.—Bulletin No. 1018, issued by 
the American Locomotive Co., New York. Sixteen pageSl Ki 
nicely illustrated.
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1 Editorial§
*• 5
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In the first part of the report referred to, which is 

the twelfth, the results of investigation as to the best 
relative positions of inlets and outlets in storage reser-

_ discussed and although no definite conclusions
reached, it is evident that Dr. Houston regards this 

as an important consideration and especially so when the 
period of storage is not very long. Some of the results 
show evidence of short circuiting, a factor which has 
been extensively studied in connection with some of the 

American supplies.
The most important part, however, of the report is 

contained in the section devoted to sterilization. Experi
ments are described which led to the elimination of one 
of the large storage reservoirs (Staines) and the substitu
tion of chlorination therefor. This method of purification 
was apparently forced upon the board by the economic 
conditions caused by the war ; the price of coal advanced 
to an unprecedented extent, and it becamç imperative, in 
the national interest, to reduce the consumption to the 
lowest possible limit. On May 1st, 1916, the 70 to 80 
million gallons of water formerly pumped to the Staines 
reservoir were chlorinated and passed direct to the filtra
tion plants. The storage reservoir usually reduced the 
excremental organisms by 90 per cent, and it was decided 
that the chlorination should effect an equal amount of 
purification if it were to be regarded as satisfactory. It 
was found that the dosage of 15 lbs. of bleach per million 
gallons (0.5 parts per million available chlorine) eliminated 
over 99 per cent, of the excremental organisms and pro
duced a very "satisfactory water for final treatment by the 
filters. In addition, an important collateral advantage 

obtained in the shape of increased filter runs. e
of filter beds cleaned in

UNPUBLISHED ENGINEERING STUDIES.>id

There must be a great deal of useful information 
available in municipal engineering departments which, tor 
°ne reason or another, does not receive the publicity that 

serves.
■n. Engineering departments, for instance, are constantly
* Carrying on experiments, making studies, etc., w nc 1 
; ^ny engineers in similar departments would appreciate 

lowing about.
jaf In many cases such investigations are too voluminous
es, I t0 be given space in the department’s annual report which, 
oh °r obvious reasons, must be limited in size.

The fact that the results of such studies are in many 
Cases lost is not always due to the lack of a suitable 
Medium for their presentation, but to the fact that those 

re- wh0 could make them public and useful to the profession 
Î20 at large do not take the trouble to do so.

It is reasonable to assume that at some 
Mother engineering departments, at least in our larger 

a»' <*ies> conduct correspondence with other municipal 
st’ I peering departments for the purpose of ascertain 
)38 f Possible^ what their experiences have Ijeen in the so - 
lS" n§ of specific engineering problems. Doubtless

despondence of this kind goes on as between dep 
the ments. There is SUrely a spirit of cooperation between 

different engineering departments to msui 
ion w°rk ln matters of this kind, 
ey.

he voirs are
are; a

of it de
[6,

.5-,

o’s

time or=es

theto,

muchIs this interchange of experiences given as 
Publicity as it is entitled to? It is true they are used by 

tec 1 Apartment preparing .hen, and are filed .way a te, 
hty have served their immediate purpose, but is

«nough?
c I he profession as a whole is seldom any 
°rmed as a result of the investigations.

means by which such information can 
dSsible to a larger number of engineers The technical 

Urnals are constantly searching for just sucl ,
d such investigators will always find the engineering 

in PaPers willing to give the facts adequate publicity.

was
percentage reduction in the 
1916, as shown by this report (June to September), as 
compared with i9T5, was as follows.

areacil,
zp,
sly. better in- Percentage

reduction.There is surely 
be made 6Grand Junction (Hampton) ..................

Grand Junction (Kew) ...........................
East London (Sunbury) ............................
Kempton Park ..........................................
West Middlesex ........................................

Unweighted average ....................

This reduction is attributed to 
algal growths by chlorination.

43
3°
33
56

ind
33rri-

ins the retardation ofMetropolitan water board and
CHLORINATION.48

io.t
by Dr0tHoÜln !

Board of London, and which has recently come to 
the admission is made that the substitution of 

Khlor>nation for storage has been made with strikingly 
^ficial results.

1 When it is remembered that the local government 
has always refused to sanction schemes involving 

re* Estant use of chlorine, in spite of the excellent 
U-tS. that have been obtained on this continent, this 

ls$ion is rather significant.
• Now that the city of London has demonstrated its 
l,n, ral utility it is more than likely that the adoption of 
v.<lrii.ation will become more general in the nl’u 
^'ngdom.

onthe

THE CONSULTING ENGINEER.
ual

It is not so very long ago when it was the rule for 
a manufacturer who was not an engineer to confine his 
attention to the trade regarding which he was especially 
concerned and, when necessity arose, to call in an en
gineer to advise him as to the purchase of this or that 
piece of equipment. To-day, however, it is, except in 
the case of large corporations and public bodies, very 
frequently the ' custom for this same manufacturer, to 
a considerable extent at least, to depend upon his own 
judgment, aided by those who would sell him the ap
paratus he is looking for.

D"
, of

ued
ing
tick
inl
and

by
rCSt



Volume 32. ITHE CANADIAN ENGINEERj8o

riding by the provincial government of BritishOne cause for this condition of things is that 
everybody nowadays has, or thinks he has, a smatter
ing of engineering knowledge which can reasonably be 
used. Then, again, many salesmen are sufficiently tactful 
to make what little knowledge they may possess appear 
to be much more important than it really is.

This does not necessarily mean that the buyer of 
engineering equipment is ignorant or that the salesman 
is intentionally endeavoring to sell an inferior article. 
The point is, is that article the best and at the same time 
the cheapest for the purpose for which it is required? 
The untrained buyer cannot know and there is just a 
danger that the seller consciously or unconsciously can
not but be biased in favor of his particular firm’s 
production.

Circumstances alter cases. For example, there is a 
great difference between going into the market for a 
machine of standard design which by common experience 
has proved to be suitable for the work in hand, and invit
ing tenders for the supply of a hitherto unknown en
gineering device concerning the success of which there 
is but little common knowledge available.

Furthermore, distinction should be drawn between 
advice regarding design, preceding the actual carrying 
out of the work, and advice associated with inspection 
during construction.

One reason why the consulting engineer is not called 
in more frequently than he is appears to be a suspicion 
that he may be biased in favor of some particular firm, 
or class of machinery, or that his services may increase 
the ultimate cost of contract, or perhaps he may be un
necessarily meddlesome and officious. Such a suspicion 
is, of course, most unfair to the qualified man.

The task of the consulting engineer who has nothing 
to sell but his services is not by any means an easy one. 
His work requires knowledge beyond the ordinary, as it 
is essential that he have practical as well as theoretical 
knowledge. He must be tactful, businesslike, just to his 
client and beyond the suspicion of partisanship.

His qualifications are not merely technical, but moral 
and temperamental. Character plays, or should play, an 
important part and the most successful consultants, 
whether in law, or medicine, or engineering, are men of 
a certain rare type of mind.

A little knowledge may indeed prove to be a dan
gerous as well as very expensive thing for those who 
would too readily dispense with the services of a con
sulting engineer with a thorough theoretical and practical 
knowledge of the requirements of the case and who by 
his education, training and experience is qualified for the 
special work he is called upon to perform.

g an 
Columbia.

T. C. MacNABB, A.M.Can.Soc.C.E., formerly 
division engineer, C.P.R., at Moose Jaw, Sask., has be*'1 
promoted to the position of superintendent at Revelstok6) 
British Columbia.

J. H. VICKERS, Vancouver, B.C., has been ap
pointed superintendent of works on the Vancouver Join 
Sewerage and Drainage Board’s portion of the Stanly 
Park sewer outfall.

W. R. HARRIS, M.Can.Soc.C.E., has moved fro»1 
Regina to Winnipeg to take charge of the contrat1 
awarded to the Canadian Lock-Joint Pipe Co. on tM 
Greater Winnipeg Waterways.

THOMAS LINSEY CROSSLEY, A.M.Can.S<X> 
C.E., has just opened an office and laboratory at 43 Scot 
Street, Toronto, for J. T. Donald & Co., of Montre»1 
He will specialize in municipal chemistry.

J. W. B. BLACKMAN, M.Can.Soc.C.E., city en
gineer of New Westminster, B.C., has enlisted for ovef' 
seas service and has been granted indefinite leave 0 
absence by the city council. H. STEWARDSON, A.M 
Can.Soc.C.E., assistant city engineer, has been appoint6 
to act in his place.

R. E. CHADWICK, eastern manager of the Founda
tion Co., Limited, has just returned to Montreal after 3(1 
extensive western tour, having visited Seattle, Vancouvef 
and the Pacific Coast generally ; Winnipeg, Port Arthur 
Sault Ste. Marie, and practically all portions of Canada 
west of Montreal.

Major JAMES A. DeLANCEY, of the engineering 
and surveying firm of Lighthall & DeLancey, Vancouv6” 
B.C., has been awarded the Military Cross. He had be611 
thrice promoted for meritorious actions since September 
1915, and was mentioned by General Haig in despatch65 
after the Ypres engagement on June 3rd.

O. W. MEISSNER, M.E., has removed from Co&' 
missioners Street West to St. Antoine Street, Montre3' 
He represents a number of firms making railway, stee ' 
and machinery supplies, is a special agent of the WeS 
Coast Pipe Company, Limited, Vancouver, patentee of ^ 
O.W.M. air track sander system, and president of ^ 
Steel Specialties for Canada, Limited.

J. H. CHOWN has been appointed superintended1 

of the Regina division of the C.P.R., to succeed J- ^ 
SAVAGE, who has been transferred to the east6'- 
division. M. McKAY, formerly superintendent of d1 
Revelstoke division, has been appointed superintend6 
of the Saskatoon division, and T. C. McNAB, divisij 
engineer of the Saskatchewan division, has been appoint 
superintendent of the Revelstoke division.

I

F
City
as 1
Pun
Pre;

thr(
for
sUp
dan

I
:V

\va.
sUç
Vis:
fra:
Stp<
Po^

cd for,
ab<
of

Püi

PERSONAL. OBITUARY. %

JLEON SPOOR LANDERS has been appointed as
sistant engineer, Canadian Government Railways, Levis, 
Quebec.

THOMAS SCANE, C.E., one of the oldest l3^ 
surveyors and engineers in the province of Ontario, PaSjife, 
away on February 9th at his home in Ridgetown. ” * 
ceased, who was in his 83rd year, was born in H0W3 ^ ^ •
township, and was township engineer of Howard 311 . /c
Orford townships for many years.

JOHN STOCKS, a member of the Alberta Proving 
Utilities Commission, died suddenly at Edmonton
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i PitWILLIAM BEDFORD HARPER has been ap
pointed resident engineer of the Laurentian Division, 
Quebec District, C.P.R., Montreal.

THOMAS J. McALPINE, of Summerland, B.C., has 
been appointed road superintendent for the South Okana-

Mi


