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Pdint St. Charles Filtration Works, Montreal

Results of First Year’s Operation—Output from Start Slightly Over Full
Rated Capacity—Efficiencies During Last Nine Months from 96.2% to
99.1% Without Chlorination, and from 98.17, to 99.8%, With Chlorination

URING the twelve months ended June 30th, 1919, con-
stituting the first year’s operation, the Point St. Charles
filtration works, Montreal, averaged 50.3 million gallons
daily of filtered water. This is slightly more than the
full rated capacity, the plant having been designed for a
nominal daily output of 50 million gallons.

Montreal’s requirements have grown to such an exte.nt
that the output of this municipally-owned plant was in-
sufficient, despite the faet that thousands of consumers are
Supplied by another
Plant (owned by the
Montreal Water &
Power Co.); there-
fore an average of
12.8 million gallons
of raw river water
Was added daily to
the 50.3 million gal-
lons of filtered water,

The plant has both a shore intake and a mid-stream
intake situated about two miles above the Lachine Rapids
of the St. Lawrence River. From an entrance gate cham-
ber which receives the supply from both intakes, a concrete
conduit, 8.5 ft. in diameter, formerly conveyed the water to
the low level pumping station, from which it was pumped
through the distributing mains to the city’s reservoirs.

For many years the excessive number of cases of and
deaths from typhoid fever had demonstrated to Montreal’s
citizens the necessity
of improving the
quality of the water
used’ for domestic
purposes. The 1in-
creasing pollution of
the water supply,
due to the discharge
of sewage and other

impurities from
and the mixture was ‘77 Soren, towns  within ~ the
effectively  chlorin- ;i;l'an}a;gek area a.bo(;/'.e
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O frazil. In this first month of actually complete opera-
tion, with 4 raw water count of 530, the pre-filters showed
87.9% bacterial efficiency, and the final filters, 95.3%. The
ltered water was mixed with 16.1 million gallons of raw
Water, and the mixture was chlorinated, the ﬁna} bacteria
‘ount of the water as delivered to the mains showing 93.7%
Temovg],
The bacteria-removal figures vary considerably until the
:0d of September, 1918, at which time the plant appears to
ave been “tuned up” to an average condition or efficiency.

From October, 1918, to June, 1919, both months in-
Clgsive, the final filter bacterial efficiency ranged from a
Minimum of 96.2% in June, 1919, to a maximum of 99.1% in

ay, 1919,
ﬁlte,red water (after chlorination) ranged, in the same
Period, from a minimum of 98.1% in October, 1918, to a
Maximum of 99,87 in April, 1919,

F16. No. 1—GENERAL PLAN OF FILTRATION WORKS

The bacteria-removal of the combined raw and :

Emergency
Pompng Srvnon,

cated by Fig. No. 8,
which shows graphic-
ally the total num-
ber of deaths, and
the death rate per
100,000  population,
from typhoid fever
for a long period of
years.

During the late
fall and  winter of
1909-1910, a severe
epidemic of typhoid
fever prevailed in
Montreal and its
suburbs, and occas-
ioned 203 deaths be-
tween October 1st,
1909, and March 1st, 1910. The necessity for prompt action
was recognized by the city officials, and the chlorination of
the municipal water supply was started February 8th, 1910,
and has been regularly continued to the present time,

Hering & Fuller, consulting engineers, New York City,
were instructed April 4th, 1910, to report on the best means
of securing an improved water supply. These engineers

.

RN

e
el

B

T 55 o

- submitted their report July 2nd, 1910, and recommended

filtration of the St. Lawrence River water. Their recom-
mendation was adopted and they were engaged to co-operate
with the late Major Georges Janin, then city engineer, in .
preparing plans and specifications and in supervising the
construction of the works.

‘A 9 ft. concrete conduit, connected to the 8.5 ft. main
supply conduit previously mentioned as having supplied the
low level station, brings the untreated St. Lawrence
River water to the filtration pumping station. The purpose
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of this pumping station is to lift the water to the prefilters,
a height of approximately 18 ft., and to furnish water at a
higher pressure for washing the prefilters at times of clean-
ing,

From the prefilters, or rapid filters, which form the first
step in the purification process, the water flows by gravity
to the final filters, which are quite similar in construction to
slow sand filters. Passing through the final filters, the
water flows into the filtered water reservoir, and is sub-
sequently chlorinated.

From the filtered water reservoir, the water flows to
the filtration pumping station, from which it is pumped to
the low level pymping station, where it is forced by high
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The pumping station includes the following units:—
4 Raw water pumps ........... 17,500 Imp. gals. per min.
2 Raw water pumps ............ 11,600 Imp. gals. per min.
2 Raw water pumps 5,800 Imp. gals. per min.
2 Wash water pumps 1,300 Imp. gals. per min.
} Sump water pump ........... 330 Imp. gals. per min.
1

Sump water pump 150 Imp. gals. per min.

Three-inch hydraulic pressure

- pump 90 lbs. pressure.

Rotary blower 5,000 cu. ft. air per min.
All of these pumps, with the exception of the 3-in.

hydraulic pressure unit, were installed under the original

contracts. The 3-in. pump was installed for emergencies,

[y

TABLE SHOWING PERFORMANCE DURING PAST YEAR OF POINT /ST, CHARLES FILTRATION WORKS, MONTREAL

. : bt
Average Da:ls: Consumption Chlitine Pre- Finally
Filtered Raw Total Used Raw filtered Filtered
1918 Water Water Water P.P.M. Water Water Water
July ...49.3 16.1 65.4 0.22 10 5 2
Aug. ...50.1 16.4 66.5 0.22 10 4 2
Sept.! ..50.8 14.4 65.2 0.14 10 4 2
Oct. ...50.8 11.8 62.6 0.18 12 5 2
Nov.  ..50.7 111 61.8 0.23 20 7 2
Dec. ..50.7 10.6 61.3 0.24 16 6 2
1919
Jan. ...50.5 12.9 63.4 0.22 8 4 2
Feb. ...51.2 10.7 61.9 0.12 7 3 2
Mar. ...50.6 11.1 61.7 0.19 10 4 2
Apr. ...46.9 12.9 59.8 0.60 28 6 3
May ...50.5 9.6 60.1 0.60 18 (7; g

 June . .51.0 16.2 67.2 0.53 15

Bacteria Count

Raw am? Bacterial Efficiency—Per cent.

Filtered
Water Prefilters Filtration @
Finally Mixed— 3 and and Chlo-9,
Raw Prefiltered Filtered After Chlo- Pre- Final rination of-
Water Water Water rination filters Filters 'MixeddWater
530 64 25 33 87.9 95.3 93.7
375 46 31 17 87.7 91.8 95.4
450 49 32 9 89.1 92.9 98.0
951 231 26 18 75.7 97.3 98.1
1,936 618 34 18 68.1 98.2 99.0
3,050 1,360 57 15 55.4 98.1 99.4
2,950 940 31 6 68.1 99.0 99.%
2,380 700 30 15 70.6 98.8 99.3
8,690 2,650 226 57 69.5 974 99.3
9,520 1,836 2y 20 80.7 98.8 99.8
5,500 440 50 20 92.0 99.1 997
1,477 132 55 22 92.4 96.2 98.5

bressure pumps through the distributing mair}s and to the
- City’s reservoirs.

Should the proposed aqueduct enlargement work be
completed, the filtered water will not return to the filtra-
tion pumping station but instead will flow by gr.av1ty fr'om
the filtered water reservoir to a new hydro-electric pumping
station at the end of the aqueduct, and from that point
Will be delivered to the mains. :

The filtration pumping station is a two-story structure
about 80 ft. by 60 ft. The lower story is below the ground
level and is traversed by the raw-water suction conduit and
the raw-water discharge conduit, which are placed one upon
the other. The direct-connected, motor-driven centrifugal
bumps are arranged on either side of the central conduits
In such manner as to obtain their supply from tht_% lower,
. Or suction conduit, and deliver into the upper or discharge
conduit with a minimum of piping connections. Four of the
Pumps on the north side of the station are also similarly
Connected to a filtered-water suction conduit am.i a filtered-
Water discharge conduit, and provided with suitable chelc_k
and controlling valves, equipped with standard hydraulic
ylinders.  This permits of one or all of these pumps on

e north side of the station to be used .for delivering
filtered water to the low level pumping station. Shouldha
New hydro-electric pumping station be completed, and the
filtered water flow to it by gravity, all raw water pumps
" I the filtration pumping station will be available for sup-
Plying the filters.

to keep the pressure in the new hydraulic system uniformly
90 lbs.

The blower and the wash water pumps are used in
cleaning the pre-filters. The sump pumps remove seepage
and drainage water. The six largest pumps and the
blower are operated by motors using 2,200-volt alternating
current. The other pumps operate under 550-volt current.

The upper story of the pumping station is above the
ground level and, similar to all other buildings of the plant,
has red brick walls and cinder concrete roofs covered with
green tile. The north side of this upper story contains the
chemical laboratory. The south side contains rooms for
storage, ete. ‘

The pre-filters, located east of and adjoining the pump-
ing station, and supported by groined arches above the roof
of the filtered water.reservoir, are sixteen in number, each
having a .net filtering area of 1,200 sq. ft., arranged eight
on each side of a central operating gallery. Each pre-
filter is divided longitudinally by a central gutter into which

.empty the sixteen lateral reinforced concrete wash water

gutters. The strainer and air system is made up of cast
iron headers and 2-in. cast iron laterals, with brass strain-
ers spaced at 6-in. centres. The filtering material consists
of 15 ins. ‘of gravel, graded into four sizes and placed in
corresponding layers, and 80 ins. of filter sand. The de-
tails of a pre-filter unit is shown in Fig. No. 4.

Longitudinally through the centre of the operating gal-

“lery are two concrete conduits, placed one upon the other,

e

PREFILTER i
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Gare fouvse No/. Water Level»  @otoins Qoeyuting a

GALLERY
! (@ntrolling Apparatvs  (OFFICELABORATORIES L -

B

~ ezl
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F16. No. 3—SECTION THROUGH FILTRATION PUMPING STATION AND PREFILTERS
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The upper one is the raw water supply conduit from the
filtration pumping station and the lower is the pre-filter
effluent conduit leading to the final filters. These two con-
duits are connected to the pre-filters by cast-iron piping
with hydraulic controlling valves. All these valves and
also the valves for wash water, air and drainage are. con-
trolled from sixteen operating tables on the gallery floor,
each table being located in front of its corresponding filter.

For controlling the rate of filtration, rate controllers
of the “Earl” type are provided. These are so connected to
a master controller that the discharge from the pre-filters
is automatically adjusted to the discharge from the final
filters, which in turn is similarly controlled automatically by

leaving the sand bed clean and uniform, and pump away
to the drains all dirt and other foreign matters which may
have accumulated since the previous washing. All this is
accomplished at one operation and by one operator. Among
the advantages of this method of cleaning the filters, says
Fred E. Field, assistant superintendent of water works of
city of Montreal, are that the length of time the filter is
out of service is a minimum, being from 6 to 8 hours only;
the removal of the dirt from the sand is more complete
than can be done by hand cleaning, as the cleaning process
extends to any desired depth below the surface of the sand;
the sand bed is left more uniform and without ‘the com-
pacting which accompanies walking over the sand by work-
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Fic. No. 4—PLANS AND

O SECTIONS OF PREFILTERS

- FILTER SAND || "
CIWATERS AIR -
LANYIR;

the amount of water being drawn from the, filtered water
reservoir. In other words, the plant as a whole delivers
filtered water at the same rate as it is used in the city,
without manual operation of the many controlling valves.

|\ The final filters are sixteen in number and, similarly
to the pre-filters, are arranged eight on each side of the
operating gallery. The filters are covered by groined arches
supported by piers spaced at 19 ft. centres. The 'pier load
is carried on foundation blocks independently of the rest of
the floor, which is flat and but 5 ins. thick. The filters are
each 55 by 340 ft., inside measurements, with the short"
dimension adjoining the gallery to accommodate the use of’
Blaisdell washing machines for the filter cleaning.

The underdrainage system consists of two half-round
8 in. tile laterals in each bay, which-discharge into a central
main collector, 2% ft. in diameter, extending the entire
length of the filter below the floor level. The filter material
includes 12 ins. of graded gravel, placed in four layers, and
27 ins. of sand. The conduits and piping connections in
the gallery, including the Earl rate controllers, are similar
to those of the pre-filters.

The Blaisdell washing machines travel on tracks sup-
ported by the piers. They wash the upper layers of sand,

men; there is no break in the routine of the work during the
winter and no decrease in the effective filtering area.

A heating and ventilating system is provided to prevent
skim ice forming during the winter months and interfering
with the free movement of the washing machines, and also
to make the plant more healthful and comfortable for the
workmen. This system consists of a fan and air ducts so
arranged that heated air can be blown uniformly over the
entire area of the filters. It was not found necessary, how-
ever, to use this system during the past winter. ,

The filtered water reservoir is of concrete, with groined
arches for the roof and inverted groined arches for the
floor. It is about 430 by 232 ft., and has a capacity of 6%
million Imperial gallons. With the exception of its use to
control the output of the plant, as has previously been
described, there is nothing unusual in its design or method
of operation. It was found necessary, however, in June,
1918, to place a bulkhead of stop-logs in gate-ho;xse No. 3,
for its entire depth, to force the filtered water coming from
the final ﬁlteys through the east side of the reservoir,
through a series of baffles, to the suctions of the pumps on
the west side, thus eliminating the dead water which was
found on the east side of the reservoir.




July 24, 1919

A butterfly valve was also placed on the filter effluent
to prevent overflow of the filtered water reservoir into the
bPumping station. This valve can be closed rapidly but, in
So doing, the final filters are disturbed. The usual practise,
on occasion of power failure, if of more than five minutes’
duration, is to close the sixteen filters by releasing each
automatic valve. " This, while not so rapid as the action of

the butterfly valve, preserves the filter formations intact.

A The filtration works uses electric current for power, heat-
Ing-and lighting. The city obtains current from the Mont-
real Light, Heat & Power Co., which has a 10,000-volt trans-

. Mission line near the works. Branch connections from this
transmission line bring 10,000-volt alternating current to the
filtration transformer building, where it is reduced to 2,200
Volts and then transmitted through an underground conduit
System to the filtration buildings. Here it is used at 2,200
Volts for the motors operating the main pumps or reduced
by transformers to 550 and 220 volts for other machinery and
for lighting and heating.

F1G. No. 5—PREFILTER OPERATING TABLE AND
AvutoMATIC CONTROLS

Heating throughout the entire works is accomplished by
Means of electric radiators.

The Blaisdell machines require direct current. Conse-

~ Quently 4 motor-generator set is provided to supply this cur-

“Tent to the machine motors through the three miles of
doup]e trolley lines by which the machines are operated in
e final filters.

The cost of the plant is given in the following table:—

FILTRATION CONTRACTS

Cost

Pumping machinery, blower and cranes, British

s BHEe e PIait U0, 1y oo e e e s $ 40,250.00
mal filters and appurtenances, F. H. Me-

ProcUigan, transferred to Norman M. McLeod ~ 674,436.20
Yefilters and filtered water reservoir, F. H. Mc-

P Guigan, transferred to Norman M. McLeod  498,782.30
Umping station, wash-water tower and build-

B K T 3, Tago Lol L ks e b 160,076.00
wberior painting, Charles Larin ............. 1.815.42
Xterior electrical conduit system, G. M. Gest. 6,069.80
Nderground electrical cables and appurten-

Trg, ces, Northern Electric Co., Ltd......... 12,627.04
anﬂf("l‘mer building, city of Montreal ....... 6,000.00
U Sy [ e e A TS Y e $1,400.056.76

oth The operating tables, gauges, the strainer system _and
°r filter equipment were supplied by the Roberts Filter
8..Co,, of Darby, Philadelphia, Pa. The rate controllers
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were supplied by the Pittsburgh Filter & Engineering Co.,
of Pittsburgh and Oil City, Pa.

After practically all of the above contracts were com-
pleted, the operation of the plant was prevented by the
lack of proper filter sand. The earlier contractors en-
deavored to obtain filter sand and gravel from numerous
locations around Montreal Island, but they were all found

F1e. No. 6—EXTERIOR VIEW, POINT ST. CHARLES FILTRATION
WORKS, MONTREAL

to be unsuitable. A plant was finally erected under the
design of W. B. Fuller, formerly of New York, and was
located at Pierreville, near Lake St. Francis.

A suction dredge was used and the material was washed
in tanks and then graded by passing through suitable re-
volving ‘screens. The gravel was treated in similar man-
ner. It was found that the available sand properly graded
for the pre-filters ran about 50% of the quantity handled
to obtain same. The sand for the final filters was found in
different pockets, under water, practically graded to con-
form to specifications. This sand ran close to 100% of
the quantity pumped. \ '

The total quantity of sand required for the pre-filters,
ranging from 0.40 to 0.50 mm. in diameter, was 2,000 cu.

F1G. No. 7—PREFILTER GALLERY

vds:; that for the final filters, ranging from 0.25 to 0.35
mm. effective size, was' 27,000 cu. yds. The total quantity
of gravel for the pre-filters was 800 cu. yds.; the final
filters required 8,000 cu. yds.

When the design of the Point St. Charles filtration
works was started, the amount of water supplied by the
municipality was about 37 million Imperial gallons daily.
The filtration works were designed for a nominal capacity
of 1% times the requirements at that time. It was realized
that extensions to the filters would be required in a few
years, and the design allows for extensions with but little
difficulty and without serious disturbance of the regular
operation of the plant.



160 ¢ THE CANADIAN ENGINEER

Annexations of adjoining municipalities, and the large
extension of the city’s water distribution system, have been
more rapid than was expected. The new plant was re-
quired to' work to full capacity from the day it was put
into service and is now inadequate. The need for immediate
action to provide for a much greater daily capacity of
filtered watér is so apparent that the city will undoubtedly
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F1¢. No. 8—GRAPH SHOWING DEATHS FROM TypHOID, 1889
10 1917, CiTy OF MONTREAL

in the near future let contracts for extension of the pre-
sent works.

The original design contemplated the ultimate enlarge-
~ ment of the plant, it is said, along the following lines:—

Conversion of the final filters into slow sand

beds,—capacity ......ciceieeiciinaees 30,000,000 gals.
Conversion of the pre-filters into mechanical
filters,—capacity .....occciecaciioen 40,000,000 gals.
Construction of two additional batteries of
mechanical filters,—capacity .......... 80,000,000 gals.
Total daily capacity ........... 150,000,000 gals.

To carry out this scheme of extensions, it would.be
necessary to construct a new basin for coagulation, using

alum as the coagulant, and also a new filtered water reservoir

" at a higher elevation than the present one, sO that water
could be delivered under greater head to the proposed new
pumping station. The scheme contemplates the use of the
existing reservoir as at present, but only to store filtered
water from the proposed slow sand beds. y ;

It is claimed that the proposed nmew pumping station
could be built to advantage to the southeast of the site of
the proposed power station, between Halmfield Street and
the aqueduct excavation. This location would eliminate
further congestion at the present low level pumping sta-
tion and would allow for future extensions, it is said, to
greater advantage than the present site.
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The filtration works were constructed under the general
supervision of Paul E. Mercier, engineer of public works,
and T. W. Lesage, engineer-superintendent of water works.
Frederick E. Field is the assistant superintendent of water
works; A. B. Reid, electrical and mechanical engineer; Allan
Kilpatrick, chief filter operator; and J. H. Harrington, chief
chemist. To Messrs. Field, Kilpatrick, Reid and Harrington,
The Canadian Engineer is indebted for all of the above infor-
mation, drawings and photographs.

PREPARATION OF SPECIFICATIONS FOR CONCRETE
Practical and Advantageous to Specify Concrete According
to Strength or Any Other Quality Desired—Some Speci-
fications Result in Unknown Factors of Safety

—

By I. F. MORRISON

Assistant Professor of Structural Engineering,
University of Alberta

THE problem of proportioning concrete is the subject of
extensive investigations in many laboratories at the pre-
sent time, and several well-known ‘investigators have arrived
at rveliable results which have quite well determined the
sound principles to be followed in the making and mixing
of concrete. In fact, sufficient data and information are
already available to ‘enable almost any contractor to make
good concrete of a required strength in a certain time, and
more is being rapidly added to the great mass already
accumulated.

L In the field these methods are being put into practice
with success, resulting in a uniformity of product, a cer-
tainty of results, and consequent economy. In most offices,
however, ‘where designs are being carried out in both plain
and reinforced concrete, this is not the case. The reason is
this: Specifications for the quality of concrete are not kept
up-to-date and many designers are still calling for 1:2%:5
mixes for 500 Ibs. per sq. in. concrete; 1:2:4 mix for 650
Ibs. per sq. in.;' 1:1%:3 for 750 lbs. per sq. in., etc., these

being the allowable stresses at, say, 28 days. The factor of

safety is relied upon to cover the deficiencies.

Now a 1: 2: 4 mix may or may not make a concrete good
for the usually assumed 2,000 lbs. per sq. in. at 28 days.
That depends upon several factors, including the quality of
cement, quality and grading of fine and coarse aggregates,
quantity of water and methods of mixing and handling; and,
to any engineer who may read this, upon several of his own
pet ideas on the subject, even upon the effect of the change
in declination of Polaris.

Nevertheless, the above-mentioned factors are the most
important, and most contractors realize their importance.
The control of the work on any large job now-a-days is such
that attention is given to all of these matters.

The designer in the office, however, is still plodding
along, calling for a 1: 2: 4 mix—which is so antiquated as
to be almost meaningless—when he uses a stress of 650 Ibs-
per sq. in. in his design. The result is that one job, or a part
of it, has a factor of safety of, say, about 2, and the next,
or a part of the same one, has a factor of safety of aboub
6 or 7. This is certainly not economy; furthermore, if addi-
tions or extensions are to be made in the future, how is one
to tell whether the original factor of safety was 2 or 7?

This article is essentially addressed to the designer and
the one who writes specifications in the office. If they are
to make use of the methods and valuable information already
acquired for mixing good concrete which is suited to the
purpose, they must co-operate with the engineer and con”
tractor in the field. After plans and specifications leave the
office, it is too late to change materially the entire designi
the damage is already done. It may be possible for the fiel
engineer to produce 2,000 lbs. per sq. in. conerete, but if
may not be economical. On the other hand, a contractof
would certainly be living up to the specifications if he puf’
in 1:2:4 concrete, as called for, whether it gave 1,000 or
2,000 Ibs. per sq. in. at 28 days. ; j '
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Now for the constructive part of this eriticism:—

Specifications should call for concrete of a certain
Strength. The strength called for should be varied to suit
the various purposes to which the material will be put, and
an appropriate factor of safety should be used in the design.
Available materials in the locality of the proposed work
should be sampled and tested by a competent engineer, and,
An order to make use of the information, the designer should
be informed, as early as possible, as to the strength available
from these materials.

In almost any locality tests on 6 by 12-in. cylinders can

- €asily be carried out. There usually is not/time to do this

after the contract is let, but some weeks are usually spent
in Preparing the layouts preliminary to the actual design of
the work, and it is during this time that the proposed testing
should be carried out.

Even if it be too late to carry out such tests, a con-
tractor can succeed in making a concrete of any reasonable
desired strength if the matter be left entirely in his hands.

ere is considerable information always available to enable
him to accomplish the working out of the proper proportions,
and he should be required to present' his proposed prapor-
tions to the inspector sufficiently early to permit a careful
checking of them.

Several years ago such a method as is herein suggested
- Would have been open to several objections. These objections
to-day are not well founded. The method of specifying con-
Crete according to the strength, or any other quality desired,

as not only become extrémely practical, but is more advan-
geous from the standpoint of economy to all concerned.

PUBLICATIONS RECEIVED
SAND AND GRAVEL IN ONTARIO—By A. Ledoux. Rgpox"t
t,°\.the Ontario Bureau of Mines, published by the King’s
: Iinter of Ontario, 138 pages and paper cover, 6% by 9%

- s, illustrated. The report reviews the characteristic prop-
- ®rties of sand and gravel and methods of testing, and deals.

With the origin and occurrence of fragmental rocks, and the
dlstribution of sand and gravel in Ontario. The several

. “Ounties have been arranged alphabetically and the location

every described deposit has been indicated by township,

.\ Concession and lot. Deposits in more than forty different

Ounties were visited during four months of field work. The
8uthor states that' this report should be considered as only
\ In"*“lnina.ry, as it is desirable to make a large number of
tests of mortars and concretes made from the materials
. sampled, and also to secure further chemical analyses.

~ A new power project in Manitoba, known as the Winni-
Peg River Power Co., has been organized, and the $7,000,000
a0t proposed will require three years for comple.tlon. The
Site of the development will be Bonnet Falls, 75 miles north-
fast of Winnipeg. This plant will have an ultimate capacity
o 168,000 h.p., in six units of 28,000 h.p. each. This will
®Xceed the combined output at present of the municipal plant
Q oint du Bois and that of the railway company at Pinawa
hannel. .
B The Dominion Bureau of Statistics, Ottawa, has just
H::}&d a directory of the chemical industries in Canada,
C ng_the names, addresses and products of nearly 500
inanad}an firms manufacturing chemicals or other products
th Which the processes used are essentially dependent upon
€ agency of chemical change.
haye P Dominion Iron & Steel Co., Ltd., Sydney, N.S.,
Afore accepted an amendment to their government contract
oy Steel plate. The original contract was for 50,000 tons
Do vear for a period of 5 years, at $4.15 per hundred
$3 Nds. . This has been modified by mutual agreement to
apppae cr hundred pounds.  This means a saving of
pagrox‘?‘ately $2,500,000 to the government. The com-
ap Y Will now complete the erection of the new mill at an
~PProximate cost of $5,000,000. ,
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THE COST OF A MILE OF ROAD*
By GEORGE A. DUREN
State Highway Engineer of Texas
THE three diagrams herewith present the elemental facts
pertaining to the cost of a mile of road. Fig. 1 shows
transportation costs for motor vehicles for various grades
and surfaces. Fig. 2 is based on facts as set forth in
Fig. 1, to show the annual cost of a mile of road, including
cost of maintenance, cost of traffic for varying costs per ton
mile, and interest on the cost of construction. Fig 3 shows
the cost per ton mile, including t‘he transportation cost per
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RESISTANCE OF ROAD IN POUNDS PER TON

FIG. 1—TRANSPORTATION CosTs FOR MOTOR VEHICLES FOR
VARIOUS' GRADES AND SURFACES

ton mile paid by the user of the highway and the cost per
ton mile of the highway itself, which is paid by the tax-
payer in highway construction and maintenance.

All the highway authorities have been dealing with high-
way construction and maintenance almost solely in an effort
to deal with this subject at the least possible cost on the
part of the taxpayer, with little or no consideration for the
cost of transportation.

The authorities agree that a 9-ft. gravel road is a satis-
factory and economical highway for traffic not to exceed 200
vehicles per day, and that a 16-ft. gravel road is a satisfac-
tory and enonomical highway for use of vehicles not to ex-
ceed 500 per day. Authorities differ concerning the automo-
bile highway for traffic of from 500 to 1,000 vehicles per day,
but the general opinion is that for this traffic some form of

*From a paper presented at an Engineering and Road
Builders’ Congress at Mineral Wells,
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bituminous surface is most satisfactory. It is suggested that
for traffic exceeding 500 vehicles per day and not exceeding
750 vehicles per day, a macadam road with bituminous sur-
face treatment should be used; and for traffic exceeding
750 vehicles per day and not exceeding 1,000 vehicles per
day, a substantially built asphalt macadam construction
should be used. Traffic exceeding 1,000 vehicles per day
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COST PER TON MILE — CENTS

Fi16. 2—ANNUAL CoST OF A MILE OF ROAD, INcLUDING CosT
OF MAINTENANCE, COST OF TRAFFIC FOR VARIOUS
SURFACES AND GRADES AND INTEREST ON

. CONSTRUCTION COST

|
Assuming interest at 5% per annum.

Assuming initial cost per mile of
conerete at $40,000; macadam, $20,000; gravel, $15,000; earth, $3,000; sand, §0.

Assuming annual maintenance per mile of concrete at $400; macadam, $300;
gravel, $300; earth, $200 ; sand, $0. Bottom curve (A) represents costs per annum
of mile of roadway, including maintenance and interest on investment.

should be served with a-concrete paving not less than 16
£t. wide. For traffic amounting to as much as 2,000 vehicles
per day, a concrete pavement 20 ft. wide should be used, and
for traffic exceeding 1,500 vehicles per day a brick pave-
ment is desirable. Traffic exceeding 2,000 vehicles per day
should be served with a pavement not less than 20 ft. wide
‘and construeted with concrete foundation not less than 5 ins.
thick, with brick, wood block, rock asphalt, sheet asphalt,’
granite block, or some form of asphaltic concrete mnot less
than 2 ins. thick, should be used. These conclusions are prob-
ably in keeping with edonomy when viewed only by the cost
of building and maintaining the highway under the varying
intensities of traffic for units formerly used. All of these
types of construction are such as will ‘enable traffic such as
formerly ‘was found on the highways to continue 365 days
a year. Traffic amounting to less than 50 vehicles per day
- has been provided for by earth roads, occasionally graded
and dragged. Traffic amounting to 1, 5 or 10 vehicles per day
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F16. 3—ToTAL CoST OF TRAFFIC PER ToN MiLE, INCLUDING

No. 1 equals No. 5,

Volume 37

has been accustomed to getting along the best it could over
the matural surface of the ground.

The approximate costs of transportation are as follows:
Upon an unimproved road, 30 cts. per ton mile; on an im-
proved earth or sand-clay road, 25 cts. per ton mile; on a hard
gravel road, 20 cts. per ton mile; on a bituminous surfaced

gravel road, 15 cts. per ton mile; 6n a concrete or brick road, |

10 ets. per ton mile.
Fig. 3 is based on more conservative assumptions, as
follows:—
Cost per ton mile on 9 ft. gravel road, 22 cts.
Cost per ton mile on 16 ft. gravel road, 21 cts.
Cost per ton mile on 16 ft. bituminous road, 20 cts.
Cost per ton mile on 16 ft. asphalt macadam road, 19 cts.
Cost per ton mile on 9 ft. concrete road, 18 cts.
Cost per ton mile on 16 ft. concrete road, 17 cts.
Cost per ton mile on 16 ft. brick road, 16 cts.
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TRANSPORTATION COSTS FOR VARIOUS TYPES OF SURFACES

—SEE TABLE 1 FOR AssumpPTIONS USED IN
CALCULATING ABOVE CURVES

At point A, No. 2 equals No. 6, at 8214 vehicles a day.

o B
at 4314 vehicles a day. sl o I
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The tonnage of traffic is assumed at one-half the num-
ber of vehicles, and the annual cost of the road assumed also
Is conservative and most favorable to the cheaper type of
construction.:

The cost of a road is essentially an annual cost. Man
has not yet constructed any permanent structure and no

ighway has yet been constructed which, if it is used, does
not require annual expenditure for maintenance. This rule
applies to the Appian Way and every other road. We have
ot lost the art of road building, but we have lost the willing-
ness to spend a sufficient amount of money on the road..

A permanent road is a road that is permanently main-
tained. The cost of a mile of road is the cost per mile
of road per year. Too much attention is given to the
Criginal cost of construction and too little interest and at-
ention is given to the cost of permanent service. A rational
Study of the cost of a mile of road must be arrived at by
/adding the interest on the original investment to the cost
A ————

TABLE 1—AsSSUMPTIONS USED IN CALCULATING THE
] CURVES IN FIG. 3
Costof

Surfaceonly Annual

" Kind of in Thousands Main- Total Cost per

Curve Road of Dollars tenance* Ton Mile (Dollars)
L.... 9 Gravel 3 $y (150+7y)/182.5y+0.22
«-:.16’ Gravel 5 08y (2504-0.8y)/182.5y+0.21
. .16’ Bit. Gravel 8 0.6y (400+-0.6y) /182.5y+0.20
(450+0.4y)/182.5y+0.19

9’ Concrete 10 0.2y
16’ Concrete 18 0.15y
16" Brick 25 0.1y

(50040.2y)/182.5y+0.18
(900+0.15y)/182.5y+0.17

2
g--~.16’Asph. Mac. 9 0.4y
5

7 (1,25040.1y)/182.5y-+0.16

/.-'}'.-

*Y = number of vehicles a day (assumed to be % ton per vehicle).
\

of annya) maintenance necessary to retain the original struc-
Ure. This seems all that must be considered as a part of
the cost of the road; however, the most important matter
0 be considered is the cost to the traffic using the highway
3 affected by the condition of the highway.
. The use of the road occasions a cost to traffic amounting
togq certain rate per ton mile. The improvement of the road
an economic waste unless a saving is effected by its ex-
' pe§1diture as an investment in reducing the cost of the traffic
Using the road. The cost per mile of road per year ‘shO}lld
1eVer exceed the reduction in the cost of transportation
USing said mile of road, made possible by the improvement.
. E. H. Harriman is remembered as being a railway
X‘Zard as well as a financial genius. He took over unpro-
dtable railways and bankrupt railways and spent millions of
Ollars on these losing ventures to improve the roadway,
reducing e grades and laying heavier rail and building
i ddh track. He did not reduce the cost per mile per year
Maintaining the track thereby, but he did reduce the cost
f}? ton mile of all traffic using the road, thus transporting
d tonnage at an enormous saving, which went into d§v1-
of U8 Yet he was able to accomplish only the small saving
aPproximately one-half,of 1% per ton mile.

BnilThe Seventeenth annual convention of th.e {&merxcan Roa;)d
Sth ders’ Association will be held at Louisville, Ky., Fed.
the o 13th, 1920. Both the sessions of the convention an
A exhibition will be accommodated in the First _Reg‘lment

_1ory.  About 53,000 sq. ft. of floor space will be available.
th The Uniteq States Navy Department has just increased
Wouha¥ of its technical employees. The force had been
Thing for over seven months to obtain a gréatly needed

Vénia's

tﬁ:d-"lstment in compensation.  Their case was handled

Pa ugh Special wage boards at the navy yards and a de-
Tment, bogrg,

of TDr. C. J. Hastings, medical officer of health for the city
ihtakomnt", favors the construction of another water works
entj elat that city, declaring that the supply should not be
Tnighty depel}dent on one intake, as a serious situation
SVste be created in case of certain accidents to the present
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WATER WASTE CONTROL BY HOUSE INSPECTIONS
WITH DISTRICT METERING*
is: By, E. D. Case
Vice-President, The Pitometer Co., New York City

HOW to control waste of water in city distribution sys-
tems is a problem that is becoming of greater im-
portance each year. The old idea that water should be as
“free as air” is now obsolete. The increase in cost of ex-
tensions which are necessary if waste is not curtailed, due
to high price of pipe, building material, labor, etc., has
made it imperative that every water works manager who
desires maximum efficiency in his plant, take steps not only
to reduce waste to a minimum, but to make such a reduc’
tion permanent. : “
Water waste may be said to come under two general
heads: (1)—Underground leakage; and (2)—House waste.
While the first item exists to a greater or less extent in all
water works systems, it is usually smaller by comparison to
the second, especially in unmetered plants. The item of
house waste may be further divided into three sub-heads:—
. (1)—Wilful waste; (2)—Leaking services; and (3)—=
Leaking fixtures.

Development of Deacon System

The most obvious and effective means of controlling
waste of this kind is to place meters on all services. The
owner will not run water for cooling purposes in summer,
or allow his faucets to run continuously to prevent freezing
in winter, if he knows that every cubic - foot of * water
wasted will appear in dollars and cents on his next water
bill. Furthermore, when paying for water on such a basis,
he loses no time in repairing leaks in his fixtures or ser-
vices as soon as they make themselves evident.

Unfortunately, however, local conditions make universal
metering impossible in a great number of places. ' Either
sentiment is against this method of selling water, or the
first cost of installation is prohibitive and the manager:
must look about for some other method of controlling waste.
Fortunately, there is one at hand which when properly ap-
plied will prove quite as effective as universal metering.
This system may be described briefly as house-to-house in-
spections under the supervision of a district meter. It is

Y 1o means a new idea, as it is simply a development of
the “Deacon Meter System,” originated by George F. Deacon,
engineer of the Liverpool (England) water works. The
scheme in general at that time was as follows:—

New' Portable Flow Meter

The distribution system was divided into districts by
valve operation, and a meter especially designed for the
burpose, called a “Deacon Meter,” was placed in a vault
on the main supplying each district with water. By cutting
a block out of the district, or by shutting off the service,
the amount of water used or wasted in this block, or through
this service, was recorded by the meter. Inspectors were
then sent into blocks where flows were abnormally high, and
the cause of the’ high flow located and the leaks repaired.

This system was almost universally adopted throughout
Great Britain, with the result that the per capita con-

‘sumption in British cities at the present time is remark-

ably low. The accompanying table shows the pér capita in
some of the larger cities in Great Britain.

The “Deacon Meter System” was adopted by the city
of Boston in 1881, with considerable success, but its use
did not become very popular in the United States owing to
the large cost involved in installing the district meters, also
due to the fact that they deteriorated very rapidly and
repairs and replacements were constantly needed, which
made the cost of maintaining them very high. These draw-
backs were overcome about 1900 by the development of a
portable flow meter, called the “Pitometer,” an application
of the principle of the Pitot tube. Practically the same
methods were used, but instead of permanently setting a

*From a paper read at a recent convention of the South-
western Water Works Association.
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supply line to each distriet, all that
was necessary with the portable instrument was to tap
each supply line with a standard 1-in. corporation cock,
and the flow meter was moved from one gauging point to
another as the occasion demanded.

This system was first used in Terre Haute, Ind., in
1897, and later in Columbus, Ohio, in 1902. Since that
time over 200 cities of the United States have adopted this

large meter on the

method of controlling water waste, and from year to year

the system has become more complete until at the present
time its efficiency is unquestioned.

Probably the most successful results of recent years
have been obtained in Trenton, N.J., and Buffalo, N.Y. In
Trenton, the daily consumption had gradually increased

Average per
capita consump-
tion, gallons

City. Population. daily.
Aberdeen .....ceecesiet 155,000 54.0
ASHton' v eenbasalee 140,000 24.0
Belfast i, .o aveansstees 360,000 39.6
Birkenhead® ........:-- 104,920 40.8
Birmingham*  ......... 775,502 33.6
Blackburn® .......e-cee 130,000 30.0
Bolton* ..cevivernsenes 237,159 32.4
Bournemouth* ..... ... 85,920 27.6
Bradford*  ...c.eeeeees 450,000 54.0
Bristol® e .oeenmeevae 353,374 26.4
Cardifft | ooeoveseowimes 190,000 30.0

" Darlington  ........coce 46,000 25.2
DETDYE - oo visibis o sb Lo tis 129,500 26.4
Dublin® = ... esee e eiinen 333,300 43.2
Dundee* .i.paeliereee 202,000 60.0
Edinburgh*  ........... 435,500 49.6
Glasgow™* .. eensesedae 1,075,735 67.2
Halifax® et st s’y 224,933 18.0
TLERB®E by 2 bigsany s |8 & Fiaid) i 430,000 42.6
Liverpool* ....... ...... 850,000 3T
DonaOR o adsn o #is oo 6,304,653 40.8
Manchester* .......... 1,082,000 34.8
Neweastle®* ......c000. 485,000 45.5
Northampton* .......... 120,000 18.8
Nottingham*  .......... 301,000 24.0
Qldham® & o p v < el aixs 223,000 27.0
Paisley® = «.cvieoveionn 101,000 83.2
Plymouth*  ..c..c.uiien 132.326 55.2
Portsmouth* ........... 200,000 48.7
Rochdale ' wwsaldssivsio ios 100,000 22.8
Sheffleld® . Jau 3l ool 429,552 32.4
S gResM Bl e 146,000 24.0
Stockport* ............ 135,000 27.0
Stockton* = ... il eeses 230,000 62.4
Swansea* . ...e.e.ecien 110,000 34.8
Wakefield* .......c...- 138,000 21.6
Wolverhampton* ....... 136,000 26.4

Grand AVETAZE, ....c:beneccsnsranseets 37.6

*Adjacent communities also supplied.
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‘left with the property owner,

from 9,000,000 gals. in 1902 to 21,000,000 gals. in 1913.
This was partly due to increase in population and industrial
use, but in most part was due to the fact that waste condi-
tions were becoming greater as no steps were taken to cur-
tail them. In 1914, when the population supplied was ap-
proximately 125,000, the “Pitometer system” of controlling
water waste was installed, with the result that in a year’s
time the consumption had been reduced to 15,000,000 gals.
a day. If nothing had been done to stop the waste, the
consumption would have been about 27,000,000 gals, per
day, based on the average rate of increase for the ten pre-
ceeding years. This means that by installing the system
of waste control, a saving of $4.40 a day was made in coal
alone. In addition, the need of a new reservoir and a new
pump was put off indefinitely, together with the resulting

necessity for larger mains. These extensions would have

7

Volume 87

cost approximately $1,000,000. By repeating the district
house-to-house inspections under the supervision of the “Pito-
meter,” this reduction in waste
up to the present time.

The results obtained by the city of Buffalo have been
perhaps even more remarkable, inasmuch as it was neces-
sary to carry on the work on a much larger scale than in
Trenton. For a great many years Buffalo had the distinc-
tion of having the highest
city in the United States.
of the water waste survey,
were being pumped into the mains, or a per capita of ap-
proximately 360 gals. In June, 1917, the “Pitometer sys-
tem” of waste control was installed, and the daily consump-
tion has now been reduced to about 120,000,000 gals. a day,
or a per capita of 240" gals.,
have not been extended over the entire city.
amount, 100 gals. daily per capita are sold to the industrial

In 1917, just prior to the start

consumers, leaving a domestic per capita of about 140 gals.’
This is still far in excess of the actual need of domestic |

consumers, but is being reduced day by day, and within the

next year will undoubtedly reach a reasonable figure.
from the following facts:—

One Pumping Station Eliminated

The water is pumped from two pumping stations, each

containing five 30,000,000-gal. pumps, with an approximate
capacity of 150,000,000 gals. a day. The present daily
pumpage is within the capacity of one station,
past six months only one pump has been in operation in the
second station. When the margin of safety becomes a little
greater, this station will be put into reserve and the entire
load carried by one station. An enormous saving will re-
sult in operating costs. ;

For the purpose of the survey, the city was divided into

ten sections and each section subdivided into a mumber of
districts.  The flow was then measured into each district
by the “Pitometer,” and further investigations made bY
subdividing each district at night, so that the rate of flow
between each pair of valves was determined. Wherever
this seemed excessively high, inspectors were sent into the
blocks to locate and stop leaks. Each inspector was equip”
ped with a blank
number, location and cause of all leaks discovered on the
services or on the premises of consumers. ‘
and a duplicate filed in the
water works office, which required that the leaks be s,topped
within a designated number of days, with a penalty of shut~
ting off the service in case repairs were not made. Aftel
re-inspections had been made to determine that all waste
had been stopped, @ remeasurement was made of the entir®
district and the results recorded.  These results demon”
strated the efficiency of this system. 4
Periodical Remeasurements ‘
In order to discover the permanancy of the reduction in

the various sections of the city, re-measurements were mal
of the flow in typical districts after periods of six twelve
and eighteen months had elapsed. In this way’ it was

per capita consumption of any

and for the

form, which enables him to report the

Notices weré

has been made permanent

about 180,000,000 gals. a day

although the first inspections ¢
Of . this §

What
" these results will mean to the city of Buffalo may be seen

k.
1

—

determined that in some sections of the city the waste ha®l

not returned in a sufficient amount to warrant reinspectio™
until a period of eighteen months had elapsed. In othe’
sections the investigations proved that in order to conﬂ'ol‘
waste, yearly inspections should be made; while in still othe?
sections, notably those containing the poorer class of ¢0
sumers, with exposed plumbing and anti-freezing toilets,
spections every six months, or even oftener, were necessa Y
in order to control the waste. el o1y

“In some cities it has been found practical to combi??
a system of selective metering with house-to-house inspe®”
tions, whlch/ has been productive of even more satisfacto
and permanent results.
of all wasteful commercial users of water, such as garag®
livery stables, laundries, bakeries, saloons, etc., as well t
metering the domestic consumer in cases where the offiel
are convinced, by repeated inspections, that this is the o¥ “
way of compelling the owner to keep his plumbing in repal
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Probably a great many water works managers or
Superintendents will say that they have tried to reduce
Waste ‘by house-to-house inspections, but that either no re-
duction in the daily consumption has resulted, or what re-
duction has occurred has mot been sufficient to be of -any
Practical value. This was the situation in nearly all of
‘the unmetered cities where the “Pitometer system” has been
Introduced in the past twenty years.
Interest to note that inspections had been carried on for a
Number of years previous to the’installation of this system

~ in Buffalo, but in spite of that fact, the consumption was

gradually increasing each year. The same force which had

en employed in carrying on this work was used in making
Ehe. systematic inspections under the supervisien of t'he
Pitometer,” and the increase in the efficiency of the in-

. Spections is well demonstrated by the results obtained. The

Teason is easily explained:—

Efficiency of Work Increased

When the inspections are made under the supervision
Of the “Pitometer,” the inspector knows the amount of
Waste in each block before he starts his inspections. “He
also knows that there will be a remeasurement after re-
Pairs have been made, and if the flow has not been re-
uced to a satisfactory amount, further inspections will have
to be made. This arouses his personal interest and en-
.thusiasm, and the efficiency and thoroughness of his work
INcreases correspondingly.

All Must Curtail Waste .

Every city of Canada and the United States where the
Consumption figures show the existence of water waste, must
Some day take steps to curtail this waste. The leaks will
Not stop of themselves, and it is not only uneconomical and
Mpractical to continue to install new pumps, build new
Teservoirs and lay new mains, but in many cases it is
Mpossible on account of insufficient supply.

The fact that a city or town has an inexhaustible water
Supply, as is the case of those situated on lakes or rivers, is
10 reagon for allowing waste to exist. No matter what the
Conditions are, it can only be brought to the consumer at
Considerable expense, and it is inexcusable to permit the
‘Waste of water on this account when such waste can be
fliminated and controlled at a nominal expense.

Hopeless if Too Late

th The fact cannot be emphasized too strongly that when
las, OtV is actually facing a water shortage, it is usually too
ti: > to save the situation by reducing the waste. It is

€0 almost invariably necessary to install the mew pump,

build the new reservoir or to lay the new main, thereby
furden.ing‘ the city with a much greater expenditure. The
;ﬁr -Seeing water works manager or superintendent will never
% OW conditions in his plant to reach this point, when they
0 4V be avoided by comparatively small expense and effort
M his part. ,

Ve A" very curious situation was brought to light some
ce:l‘_s ago in a large office building, where an apparently ex-
mé:;Ve consumption caused the water officials to ?,ttach a
suip 0 the service pipe for the purpose of arriving at a
lt?'ble charge. It was hardly to be believed, but the regis-
co:tlon by the meter showed that more water was being
thesl.lm‘?d at night, when the building was empty save for
- Janitor and family, than during the day, with _all the
h ‘lrtes Occupied and water being freely used by all. A car.eful
e: Stigation was made, and it was found that all the toilets
whiehﬁtted with a very poorly-constructed ba.ll-cqck fixture,
rc became disarranged every night by the increased pres-
tame( in the mains. This allowed a steady flow from the
ent; o dPWn the waste pipes, that lasted throughout ﬂ"le
'Te night all over the building until the day usage again
haduCed the pressure. Naturally, the owners of the building
ﬁxt“a heavy water bill, but, needless to say, the waste.ful
anq re? were speedily replaced by others of a better kind
1S ususual and costly source of waste was closed.
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PROPORTIONING OF PIT-RUN
CONCRETE*

By Pror. R. W. CRUM
Iowa State College, Ames, Towa

GRAVEL FOR

THE factors upon which the strength of concrete must de-
pend are (1) the density of the concrete, and (2) the
extent to which the particles are cemented together. The
latter factor depends upon the amount of cement in a given
volume, and upon the total surface area of the particles.

TABLE I.—RATIO OF CEMENT TO AGGREGATE CONSTANT

Per x:nt{c’% :}ls{%g'”m Pro(]:;(:r;)i'ons Density. Waé.:;, n;::: ercnfl‘: of lio?:u‘i,"
. per 8q. in.

223 koo Lo s 1:2:3 0789 933 1600

L1 B AR e 1:2%:2% 0.770 10.65 1200

7] S 1:33:11 0.737 12.65 920

DOy oy S T 1:43: 1 0.673 15.30 480

Inasmuch as numerous authorities are agreed that the
density of the mixture is partly and the surface area wholly
dependent upon the grading of the aggregate, and that the
density also depends upon the consistency, or amount of water
in the mixture, the writer has formulated for his own use the
following rule for proportioning concrete mixtures:—

Use the best graded aggregate available, enough cement
to make concrete of the class desired, and mix with the least

TABLE II.—PHYSICAL CHARACTERISTICS OF AGGREGATES USED

;g 4 Sieve Analysis: Per cent Passing Sieve No.

z"::i §~§%%‘ ...... Lodss o ]4]8'14{28148!10?“
AR TIETAR B - Sise of Opening, in.
HiE L =1013 e
et Rl 1.5‘ 0.75 | 0.371]0.185 @o‘m Oczaio_o_l_'ﬂ%
1} ...[30.8|99.9 4.01 ...... ki . ....|100.0 | 67.5 | 25.5 | 65| 1.5
2 30.3 11007 | 2.0} ... ... b ot Ve by 100.0 | 83.5 | 57.0 { 18.5 | 4.5
3 42.21 059 | 9.0...... 1 BT toilies s pheics oo £4 100.0 | 72.5 | 37,0 f 12.0( 7.0
4 37.9 (103.0 | 2.0(...... g IROINCY LI T M 100.0 | 82.0 | 49.5 | 10.0 | 3.8
5 40.5(98.4 | 4.0(...... 5 ) T S 100.0 ( 82.0 | 38.0 [ 23.6 | 58| 15
[ [ e 2 e b0 Bl Loaeti] 25 SN 100.0 | 87.0{ 69.5 | 45.2 | 16.0| 20
L8 ENR & C R g e 1 R R atgRd e e 100.0 | 708 | 55.3 [ 28.2 | 10.0| 3.8
8/....030.71 00.8 | 0.8]...... Ayl | R BT 100.0 | 85.2 | 66.5 | 30.4| 6.2 0.3
111...141.2/08.8 | 2.0 2.68{......[.. T g BN 100.0 | 87.6 [ 43.2 | 11.1| 1.3
12 41.8 1011 | 1.8 2.75 |...... o ¥ Jet 100.0 | 96.4 | 60.1 | 32.9 | 18.2 | 3.8
p LB R T 0 IR T T M 4 8 T IR AN KN pei 100.0 | 76.6 | 39.3| 9.7 1.8
)| ALY 987 [ 200:] mreer. o]l vl .....{100.0 | 85.2 | 59.7 [ 31.6| 8.6 | 1.2
16 30.3 (104.4 | 1.6/ 2.78'f......]. .00 100.0 | 92.8 | 61.5|85.2 | 17.9 | 9.7 21
17 42.8 | 088 N 08, L 3L3RCL. . D 100.0 | 98.0 { 83.9 [ 61.3 (30.6| 7.4| 1.6
20 [....[ 40.0(100.0 | 2.0 2.68 |......|...... 1000 | 99.1 | 87.7 | 63.7[38.7| 91| 21"
21 877 110860 [0 s e e .. Lo 100.0 | 90.4 | 7.3 | 50.8 | 3.5 | 10.2| 2.1

9|37.5[103.7 | 0.0 100.0 | 80.7:| 52.8 | 20.6° r.ol.o o]t

10| 41.6]98.1 | 0.0..... 100;0 {8457 st.g] B0 081t s

18| 42.4 [102.3 | 0.0 [ 2.81 {100.0 [ 86.9 | 49.2 1 27.9 | 8.4 |.....f.oofoi oLl

10| 42.4 [100.0 | 0.6 | 2.82 {100.0 | 74.8 | 81.7 | 10.8 [......|.co.i] o]

22{42.21101.0 | 1.5{2.80 [...... 100.0° 18280 084 BB oc s i

23| 37.4[103.5 | 1.0 2.65 [100.0] 64.9 | 82.6 {12.7 { 1.1 l....ol.... sl
-

amount of water which will yield a workable mixture for
the conditions under which the concrete is to be placed.
The material to be considered in this paper is pit-run
gravel, to be used without change as it comes from the pit.
The problem is to establish some relation between grading
and the amount of cement such that, for mixtures of the

*Paper read at the annual‘meeting of the American So-
ciety for Testing Materials, June 24th to 27th, 1919.
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same plastic consistency, concretes of ‘equivalent strength
could be designed.

To establish such a workable relation, it is necessary to
express the grading of the gravel by numerical functions.
Other experimenters, notably Abrams and Edwards, have
done so, and their work could be used as a basis for propor-

Volume 37

Each series comprised tests of gravels containing re-
spectively 42, 55, 75 and 95 per cent. by weight, of sand. The
mixtures were made arbitrarily by combining sand and
pebbles in the right amounts. The same sand and pebbles
were used in each mixture in a series. Each series included
tests of forty specimens. Five specimens were broken for
each test of a mixture.

tioning pit-run materials. However, both Abrams’ “Fine-
ness Modulus” and Edwards’ “Surface Area” method require

Specimens from all series were
tested at 28 days old; specimens from some series were
tested at 7 days and from
others at 6 months. Speci-
mens were 8 by 16-in. or 6
by 12-in. eylinders stored in
water. )

In some of the series the

Crass [—Sanp Passiva Steve No. 4—PessLes Retarve ox Smve No. 4 AND PassiNa 13 1x. SIEVE. No. 8 sieve was taken as the
1, dividing line between sand and

TABLE III.—VARIATION IN COMPRESSIVE STRENGTH OF CONCRETE WITH THE PERCENTAGE OF
SAND IN THE GRAVEL, WHEN THE RATIO OF CEMENT TO THE SAND
PORTION OF THE GRAVEL IS KEPT CONSTANT

CeuenT 70 SaNp=1:2 BY WEIGHT.

\ ! Proportions b Al te Volume; Com; 1V T ral res 1t
. : Weight, Ib. per P.mwof e Volhies v p Gt pebbles. The_ gene 1 resu
‘ Weight i e ‘ b Yo cu. ft Green Concrete. = | b, per sq. in. was very similar to that
' B : ;;; obtained with the No. 4 -
» i o .
A " 5w g y : ve.
¥ £ ; s R S5 + s %s 2 g B é 2 sieve : ;
T R e S $ 1288 o |[38% 3 s | ° £ S | g | 3& In Table III. are given typl-
- | = & 22 =2 82 REE ‘g 235 % - 2 s 2 52 R e %
T| 5 |58 38 |28 | <8 (538| - (992 § | B8 | g | 2§ | ¥ el cal results of these tests for
21413 i & S ) b Rt SR R 2|5 S s MR e S - ¥ three series, showing the varl-
W ey el £ ation in strength of concrete
1475 | azesg | 1:3.9 |4s:68 | 1:4.05 | 1:5.5 | 1:5.5 | 1120 | 176 0121} 028 0.379 | 0.784 | 10.9 | 1235 | 1854 with the percentage of sand
< 15 % oe | ssas | 1:3.2 | 6251 14 | 1:43 | 655 (1102 | 1490 01481 0.346 0.202 | 0.786 | 11.2 | 1438 | 2275 in the gravel, when the ratio
1:2.66/ 7525 | 1:2.3 | 82:27 | 1:3.35 | 1:3.1 | 1:4.35} 107.1 | 17.2 0.182 0.426) 0.142 | 0.750 | 13.9 | 1637 | 2826 of cement to sand is kept con-
12101 95:5 | 12 |omsaf 182 | 1:25 | 1:39 11001 | 1461 | 0200 | 0493 0.030 | 0.732 | 14 8 | 2244 | 3532 stant. The strength increases
1:475 | 42:58 | 1:3.8 | 48:68 | 1:3.9 | 1:54 | 1:5.4 | 114.8 | 146110122 0.279 | 0.383 | 0.78¢| 9.8 1872 | 3360 with the percentage of sand in

I g #
veo66 | secas |rian | omm2 | 137 | 144 ) nsa P25 Mex| 0144 ] 0340 0291 0.775 | 10.4 | 1792 | 3206 every mixture in the table,
6|6 save one, and the results are

1:2.66 | 75:25 1:2.3 | 80:27 1:2.7 1:3.1 1:3.6 | 107.1 141:2 0.175 0.408 0.11}7 0.720 1;.2 2120 | 3452 typical Of a-n series.

v20] o5:5 | 12 [ees2| 127 | 125 | 1:385) 1001 | 1418 0.206] 0.482 0.024 | 0.712 | 14.5 | 2360 | 3864 Obviously, neither the ratio
1075 | 42:58 | 1:3.0 | s51:66 | 1:4.15| 1:5.6 | 1:5.6 | 1113 | 146.1| 0.116| 0.272 0.382 | 0.770 | 11.85| 1150 | 2340 of cement to total aggregate,
13.66 | 55045 | 1:3.2 | 65:49 | 1:4.05 | 1:4.25| 1:5.3 | 107.8 | 145.6| 0.145| 0.339 0.276 | 0.760 | 12.1 | 1423 | 2872 nor the ratio of cement to
% 1:2.66 | 75:25 | 1:2.4 | 84:26 | 1:3.3 | 1:3.1 | 141 | 1023 | 143.01 0.175 0.410| 0.136 | 0.721| 15.0 | 1550 | 3245 the sand portion, should be

1:0.10 ] ‘985 | 1:2.1 | 98:4.6 | 1:3.35 | 1:2.5 | 1:3.8 | 94.0 | 142.01 0.204 0.480 | 0024 | 0.708 | 15.3 | 2045 | 3680 a.constant, but f?l‘ equivalent
G T A SR B WA S LB D i ! mixtures the ratio of cement

to total aggregate should
increase in some relation to the percentage of sand in
the gravel. That this is a straight line relation is demon-
strated as follows:—

the making of a complete sieve analysis of the material.
The method herein described requires the separation of a
sample into only two sizes and a simple determination of
the weight per cubic foot of the loose gravel.

The principal conclusion resulting from the investigation
carried out is that the grading of pit-run gravel may be
measured by the ratio of fine aggregate to total aggregate
(that is, percentage of fine aggregate in total) and by the
weight per cubic foot of the material, measured loose. For
purposes of commercial convenience the dividing line be-
tween fine and coarse aggregate is taken on the common
No. 4 sieve. In the following discussion, fine aggregate as
defined above will be called “sand,”- and coarse aggregate
“pebbles.”

Two assumptions have often been made by users in pro-
portioning the cement to pit-run gravels:—

The “Sand” Method

The “sand” method of making concretes of equivalent
strength, using gravels of varying sand content, depends
upon the assumption that there is a direct relation between
the strength of concrete and the ratio

/M= (c+stp)] = /(1—d),
in which ¢ = absolute volume of cement, s = absolute vol*
ume of sand particles, and p = absolute volume of pebbles

DATA CONCERNING PROPORTIONS FroMm TYPICAL SERIES

‘ 1. That the ratio of cement to total aggregate should bor ek of Sand i % s j g e
be a constant. Aggregate, by Weight. o
2. That the ratio of cement to the sand portion of the AT, R ! HnT i ‘*"o.m
aggregate should be a constant. , PP | bk AN 0.105 0.286 0.378 0769 “5,
The former is wrong and on the unsafe side. The latter IR % iy Soei e 0‘105 :
is also wrong but is on the side of safety. P e e o L
Cement to Aggregate Constant L R REST T 0.167 0.525 0.026 (B el T 8
PRl S50 Ak 2 3 8

Table I is typical of the strength of concretes made
under the assumption that the ratio of cement to total aggre-

gate should be kept constant. Further demonstration of the
fallacy of this assumption is not necessary.

Cement to Sand Constant

The assumption that the ratio of cement to percentage
of sand in the gravel should be a constant was investigated

in twenty-four series of tests.- Materials from several locali-

ties and two classes of concrete were used. Table II. gives
physical characteristics of the aggregates used in the in-
vestigations described herein. ik F

in a unit volume of freshly made concrete; d = coeﬁicient“
of density = absolute 'volume' of solid material in a unit
volume of freshly made concrete — ¢+s+p; and 1—d 2
volume of air and water voids. b 4
By absolute volume of a granular material is meant the
actual sum of the volumes of all the particles; it is expresse '
as the fractional part of the total space occupied by theé
material. f
The quantities are computed as shown in Taylor and
Thompson’s “Treatise on Concrete.” b
Fig. 1 demonstrates the truth of the assumption thatr
other things being equal, the strength varies with c/(l—-d)‘ )
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The tests grouped on this diagram are comparable by reason
of being made from the same cement, similar materials, and
Subjected to the same conditions as to making, molding and
curing. Each point is derived from the average tests of
five specimens. Diagrams of other groups of tests compar-
able among themselves give similar results. A similar dia-
8ram published in the last (1918) edition of Johnson’s
“Materials of Construction,” computed from data published
In U.S. Bureau of Standards Technologic Paper No. 58, corro-
borates this assumption.

In order to compute proportions for equivalent strength,

.1t is necessary to assume for each class of concrete that some

Mixture is satisfactory. For the three classes of concrete

. Considered in this paper, the following mixtures were taken

as the basis:—

Class I.—Proportion 1:415, gravel containing 42 per
¢ent. sand.

Class IIL.—Proportion 1:5%, gravel containing 42 per

cent. sand.
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Fig, 1—RELATION BETWEEN COMPRESSIVE STRENGTH OF
CONCRETE AND THE RATIO ¢/ (1—d)

S Absolute Volume of Cement and (1—d) = Volume of Air and
ater Voids in a Unit Volume.

Clasg IIL.—Proportion 1:7, gravel containing 42 per
- Sand.

p(,rt.']“aking each series of tests by itself, the probable pro-
ag 108 to use with the different percentages of sand in the
fre?ate, to yield concrete equivalent to the one having 42
ent. of sand in the aggregate were derived as follows:—

g A arrange the proportions for equivalent strength it is
vofeSsaW to so change the relation between the absolute
WiﬁlmeS of cement and aggregate that the ratio ¢/(1—d)

Cent

o In each case, become equal to 0.455. The adjus_tment

nepe. . ade by increasing or decreasing ¢ and decreasing or
€asing s+p, so that d will be unchanged, thus:—

b, reLet c'z s’ and p’ be the new values required for ¢, s and

Der :p ectively. As explained above, these values are the

Voly Ntages of absolute volumes of the materials in a unit
Me of freshly made concrete.

¢'/(1—d) = ¢’/[1=(+5"+")] = 0.465
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F1G. 2—RELATION BETWEEN PERCENTAGE OF SAND IN GRAVEL,
AND THEORETICAL PROPORTIONS BY ABSOLUTE VOLUME,
NECESSARY TO YIELD CONCRETE EQUIVALENT TO A
GIVEN BASE MIXTURE

N
Therefore, to convert the mixture containing 33 per cent. of
sand:—

¢'/(1—0.763) = 0.455
ol =4+ 0:108
d = c'+s"+p
0.763 = 0.108+ (s'+#’)
(s"+p’) = 0.655

Accordingly the ratio of absolute volume of cement to
absolute volume of total aggregate, required to make a pro-
portion using the 33-per-cent. sand mixture equivalent to the
42-per-cent. sand mixture is 108: 655, or 1: 67.
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Percent Increase in Sand Content of Gravel.
F1G6. 3

To determine the amount of cement to use with a given pit-run gravel to
vield a concrete equivalent to a given mixture of sand and gravel:
1. Reduce the proportion of the standard mix to the basis of absolute
volume.
2. Determine from curve decrease in parts of aggregate correspond-
ing to inerease in percentage of sand in aggregate.
3. Change the absolute volume proportions thus found to the loose
volume basis.
Formula for computing Item 2.
tan a = 3.6/62 = 0.068 (See A B, Fig. 2)
y = x tan a = 0.068 x
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New proportions for the 55, 75 and 95-per-cent. mixtures sand in aggregate is shown for all of the specimens tested.
were computed in the same way. / > Each line is the average of results from 3 or 4 different
This theory is approximate, not rigorous, for when the sands, and, therefore, represents the conclusion drawn fxom
concrete is actually made, the density d will be affected 2 § or 4 ser?es_o.f tests. Each point is the average of Afrom
small amount. The result obtained, however, is within the 75 to 100 1nd1v1§ua1 EPECIHICIIs: ML :
probable range of accuracy in making the concrete. . The conclusion drawn from a study of this diagram 18
The proportions thus derived are by absolute volumes. this: The relation between proportions by absolute volumes
To make these proportions usable it is necessary to convert to give equivalent strength, and sand content of the aggre-
them to a loose volume basis, which requires the weight per gate, varies uniformly and at approximately the same rate
- for all degrees of quality of concrete. The line AB in the
; diagram is established to indicate this rate of variation as’
130 A - an average.
N \\ \ N \ \, i To make use of this diagram to determine the propor- —§
NG N NG . tions to use with a given material haying a certain sand |
—| >
120 AN \ N \ \‘ N\ \ content, it is necessary first to assume an aggregate and :
N i R N RN . :
5 e N\, N \ \, e et proportion known to be satisfactory. Locate the point repre- i
3 NN \ N2 N A & \L senting this known condition and draw a line through it
S10 SN \\ N— NN = N parallel to AB. Then pick from this line of proportions the
5 \\\\ \/K,. %": RN \ proportion corresponding to the given aggregate.
N LN N LK. \ N To make a single line diagram of general application,
5100 LN :rL\"' N N\ the line AB (Fig. 2) is plotted on Fig. 3, using for ordinates
%’ \ = ’i\" i \\\ \ the decrease in parts of aggregate, and for abscissas the
o \\ NN NN R increase in percentage of sand in the aggregate. This dia-
; % R I I N \ NN gram can be used for determining proportions in a case when
i Aosime NNCNNUN NN \ \ the proper data are at hand, or for writing a table of pro-
& || Specific Gravity Cement=3.15 \\\\\\\ NN portions for equivalent mixtures of cement and pit-run
LA T e aﬂz"’:‘;’;fg B \\\\\\\ gravels in general. Such a table could not be exact for all
o~ (Pm’:’ :f:n:b loosZVo/umes- \Q N\ \\ materials, but it would give a very reasonable set of pro-
4 s 4 NCINCN . portions to use with Iowa gravels.
76 | | | l l o \ E};amplg: A(sisum'e }E!lat a;xz al.bggregate containing 42 per
70 20 cent. of sand, and weighing 15 s. per cu. ft., makes 2 sat-
2 ;0 : & HE; 62 I N ot . jsfactory concrete in the proportion 1:4% loose volume.
ercentage O an m ggregate.
Fi6. 4—Di1AGRAM FOR USE IN PROPOR'EIONING PiT-RUN 130 : .
GRAVEL FOR CLASS I. CONCRETE a2 E\Q\\ \\\\\\ II/Y i B
j N % \ \ % I
cubic foot of cement and loose aggregate. Assuming cement ‘_.'20 \\\ TR ‘\\\ \’,.6\:’;’ P ]
to weigh 94 lbs. per cu. ft., its specific gravity = 3.14, and E N \\ \/”&\f
that of the aggregate = 2.68, absolute volume proportion of £ \\\ NS XD\ l \4
aggregate (cement = 1) may be changed to loose volume _:%”0 [ ~ \\\ P 9 ™ TN §
proportion by the following equation: Aggregate (loose) T A /\-ﬁf{ ‘\ L
equals aggregate (absolute) multiplied by 80 and divided by s \QYQ \\ N
the weight per cu. ft. of aggregate (loose). 100 N N
; 4 O NN
In this way the absolute proportions and loose volume = \\\\\\\\\\\ \
proportions of materials to yield concrete equivalent in 3; \\ \> N
strength to the .one in each series whose aggregate con- = 90 Tasiine | 4
ta'meq f12 per cent. of sand, was determined for aggregates 2 | Specific Gravity Cernent=3.15 S, s ‘
containing 33, 55, 76 and 95 per cent. of sand. - = v Gravel = 266 \‘\\ NN
: : 80 |—— W# percu fr. Cement = 9416. q !
: In Fig. 2 the relation between the proportions for (pm’;,,,m by Loose Volumes) NS
equivalent strength by absolute volume and percentage of | ‘ l [ NI
: 70
130 ; 30 40 50 60. 70 80 00 F -
N Y 90
\\ \\ \\ \\ \\ \/Wl@ Percen*ase_ of Sand in Aggregate.
120 \\ N \\ N\ e N X F1G. 6—DIAGRAM FOR USE IN PROPORTIONING PIT-RUN
& N \\\\ \\ \\ K \\ GRAVEL FOR CLASS ITI. CONCRETE
= N 5z
3 PN s ? : !
ino \\\i\\\\\ \ \"\/.,\T\‘é;\\ \\‘ g}]gt p;osportlon :,ho;lld b; us;d wnﬁ\ a similar gravel con‘;n
- ke
p N N NS N ining 75 per cent. of sand and weighing 107.1 1b. per cu. ft*
¢ \\\\\ \ A"\\ N, \\ : Change the proportion 1:4% to a proportion by-absolut® :
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Class II., suitable for first-class foundations, gravity
section piers and abutments for bridges, and base course of
non-reinforced floors and walks. It should range in strength
from 1,800 to 2,400 lbs. per sq. in.

Class III., suitable for large foundations and heavy mass
work in general. It should range in strength from 1,200 to
1,800 lbs. per sq. in.

. Verification

Table IV. shows the resulting strengths of laboratory
specimens made in accordance with the foregoing principles.
It is believed that these results verify the reasonableness of
the method of proportioining pit-run gravels described.
Series Nos. 48, 49 and 50 were made about one year after
Series Nos. 46 and 47 from different materials, and by a
different operator. The consistency was approximately the
same in both groups. :

Fig. 7, compiled from the averages of numerous tests
of various materials and classes of concrete, illustrates in

TABLE IV.—PIT-RUN GRAVEL CONCRETE PROPORTIONED BY
THE SAND METHOD
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general the decrease in strength when the ratio of cement
to total aggregate is made a constant, the increase in strength
When the ratio of cement to sand portion of aggregate is
constant, and the equivalent strength when the mixtures are
Proportioned according to the foregoing method.

The writer expects further to verify the method by
Mmaking and testing field samples from ‘a. large number of
Jobs on which such material is used.

Application

The mere fact that pit-run gravel is ordinarily not a
Well-graded material, is not an insuperable obstacle to its
Use. All that is required is its use with the right amounts
of cement and water. The principal difficulty is the fact that

€ product of a pit is often extremely variable as regards
Brading. Nevertheless, large amounts of this material are
€ing used, and since in many cases great economy results
rom its use, it would seem that engineers should be pre-
Pared to Jay down rules for the proper handling of this
.-mlt'erial.
E This investigation was undertaken by the Engineering
Xperiment Station of the Iowa State College, at the re-
Quest of the Towa State Highway Commission, and their
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(¢) The Sand Method for Equivalent Mixtures.

present specifications for the use of pit-run gravel are based
upon this work.

An important advantage of the method of proportioning -
described in this paper is the simplicity of the field tests re-
quired. ' The percentage of fine aggregate (or sand) in the
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F1G. 8—RELATION BETWEEN THREE METHODS FOR DERIVING
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STRENGTH, “FINENESS MODULUS,” “SURFACE
AREA,” AND THE “SAND” METHODS
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gravel, and the weight per cubic foot, can easily be deter-
mined with simple apparatus.

In practical use, frequent analysis must be made and the
proportions changed as often as is necessary to agree with
the variations in the material.

Comparison With Other Methods

Fig. 8 shows a comparison between three methods of
proportioning pit-run gravels to produce concrete of equiva-
lent strength, the “Sand” method, as described in this paper,
the “Fineness Modulus” method of Abrams, and the “Surface
Area” method of Edwards. The proportions necessary to use
with gravels containing various percentages of sand, to
make concrete equivalent in strength to that of a 1: 41 mix-
ture in which the gravel contained 42 per cent. of sand, were
computed by each method. The materials, and approximately
the mixtures, are those shown in Table IV.

The proportions shown on this diagram are the theore-
tical mixtures as computed. In the greatest number of in-
stances in which this material is used, it will not be practic-
able to state the proportions any closer than the nearest half
or quarter part of aggregate. When the proportions in the
diagram are changed so that the parts of aggregate to one
part of cement conform to the nearest quarter part,'it will
be found that there is very little difference between the
“Sand” and “Fineness Modulus” methods. The “Surface
Area” method appears to call for somewhat richer mixtures.

LETTER TO THE EDITOR—CORRECTION .

‘Sir,—We are very pleased with the notice given our
'penetration dial in your issue of July 10th, but wish to call
your attention to an error in connection therewith. While
it is true that the idea of advocating concordant action in
specifying the penetration of asphalt for the various types
of pavement made with that material, where traffic condi-
tions and climate are the same, was indicated by the paper
I prepared for the last convention of the A.S.M.I. at
Buffalo, in October, 1918, nevertheless the idea of the dial
belongs to our chief chemist, Leroy M. Law. Accordingly,
I feel that you should not credit me with a creation which
is' the result of the skill and ingenuity of another.

J. R. DRANEY,
General Sales Manager,
U. S. Asphalt Refining Co.
New York City, July 14th, 1919.

JAPANESE WATER POWER SURVEY

THE value of water power as an indispensable adjunct to

industrial development is being universally recognized.
Japan has lately set aside a sum equivalent to over $400,000
for the investigation of sites for hydro-electric power plants
and for the collection of reliable data for use in connection
with future hydro-electric undertakings in that country.
The programme of work includes the selection of 635 power
sites; the only sites to be surveyed at present are those
where more than 1,000 h.p. can be obtained by economical
exploitation. There is also provision for the establishment
of numerous stream-gauging stations and of new meteoro-
logical observatories. This work is to be completed by the
end of next September.

Canada is justly proud of her water power resources,
both latent and developed, and, in this connection, it is of
interest to note the progress made in Japan. Hydro-electric
plants in that country already utilize more than 1,000,000
h.p., and a further 2,000,000 h.p. is under lease for develop-
ment. Construction work for about one-half of the latter
quantity is now being proceeded with, and it is estimated
that some 5,000,000 h.p. is capable of development on com-
mercial lines. In Canada, the total hydro-electric power
developed is over 1,800,000 h.p.—By L. G. Denis, writing in
“Conservation,” an official journal published by the Commis-
sion of Conservation, Ottawa.
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TNT AS A BLASTING EXPLOSIVE

By CHARLES E. MUNROE AND SPENCER P. HOWELL
Bureaw of Mines, Washington, D.C.

TRINITROTOLUENE is an explosive which is obtained by

acting upon toluene with nitric acid in the presence of
sulphuric acid. Toluene is a liquid substance which is pro-
duced from soft coal in the process of making coke, coal gas
and coal tar, and it is recovered for use from both the gas
and the tar. It is also made in other ways. The name TNT
is an abbreviation of trinitrotoluene, which is the name given
by chemists to the explosive in order to state its composition
while designating it, and to thus distinguish it from many
other nitrotoluenes known to them.

History

TNT has been known to chemists since 1863, and it was
adopted as a military service explosive by 1902, but it did
not become widely, known until the Great War, when it came
to be extensively used as bursting charges for high explosive
shells, depth bombs, mines, torpedoes and other devices, and
in demolitions where very violent detonation effects were
sought to be produced with the largest measure of safety
from these effects to the users. It was also used in ad-
mixture with other substances to produce other military ex-
plosives, such as amatol and sodatol.

Safety

Because of the devastating effects produced by the ex-
plosion of these devices charged with TNT, and because of
the many most disastrous accidents which have oecurred dur-
ing the manufacture and transportation of large quantities
of TNT under the hurried conditions necessitated by war
conditions, many have been led to conclude that TNT is an
especially dangerous explosive, but it really possesses char-
acteristics which render it less dangerous than many ex-
plosives generally used in our industries. Thus it has been
found more difficult to explode it with certainty than nitro-
glycerine, dynamite or gun cotton. In fact it was considered
so safe that in 1910 the British government, on advice of its
explosives experts, issued an order-in-council exempting it
from being deemed an explosive, and subject therefore to the
explosives regulations, during manufacture and storage un-
conditionally, and when conveyed and imported, provided it
was perfectly packed. But this order has since been rescind-
ed, and it may be proper to say in this connection that all
substances possessing explosive properties should be treated
with special care and surrounded by safeguards.

Industrial Use

With the cessation of hostilities this continent found itself
with very large supplies of TNT on hand. So large, indeed,
that it was deemed unwise to keep all of it in storage await-
ing future military use, and it was proposed to devote many
million pounds of it to industrial use. Now, although nitro-
toluenes in admixture with other substances have been used
as industrial explosives to a certain extent for more than a
decade, TNT, as such, for several reasons, and especially be-
cause when its special value as a military explosive was
recognized stocks of it were accumulated for war purposes
has not been used in industrial blasting except tentativelyf
It is not surprising, therefore, that objections should have
been made to its suggested use as an industrial blasting
agent, and doubts expressed as to its operativeness. It is the
purpose of this paper to show how TNT may be safely and
efficiently used in industrial blasting operations by those
skilled in blasting and to correct many erroneous or mislead-
ing statements which have been circulated as to the pro-
perties of TNT by giving the results of careful experiments
and observations, many of which have recently been made
at the United States Bureau of Mines Experiment Station.

General Characteristics

" When ch.emically- pure TNT is a pale yellow, crystalline
substance w.hlch acquires a deep yellow to brown color on ex-
posure to light. It melts at about 80.5°C. (1779°F.), and
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when in the molten state it is cast into shells or run into
cold water where it is granulated, by chilling, in the:form of
pebbles or pellets. TNT may, therefore, appear in granulated
crystalline form, in pebbled or pelleted form, or in blocks
or other cast forms. As offered by the Department of the
Interior for use in blasting it is in the granulated crystalline
form. Naturally, as produced on a large scale, TNT is not
chemically pure, though the admixed substances are prin-
cipally other nitrotoluenes which do not materially affect the
explosive quality of the product though they do change its
appearance and other physical characteristics. Thus the War
Department secured and has alloted to the Department of
the Interior for industrial use three grades of TNT as fol-
lows: Grade 1 having a setting point (S.P.) of 80°C. (176°F.);
Grade 2, (S.P.) 79.5°C. (175.1°F.); and Grade 3, (S.P.)
76°C. (168.8°F.), the setting point of the molten TNT being
employed by the Ordnance Corps, U.S.A., as the criterion of
purity, because it is more readily observed with accuracy
than the melting point of the solid. This Grade 1 appears
as a dry granular crystalline powder, having a slight yellow
color, and so fine that it will pass through a 30-mesh sieve.
Because of its dryness it readily gives off dust; Grade 2 is
a granular erystalline powder resembling light brown sugar,
with a reddish tinge in color, and so fine that it will pass
through a 12-mesh sieve. It is less dry and, therefore, less
free-running and dusty than No. 1, and Grade 3 as a dry
crystalline granular powder having a pale sulphur-yellow
color, and so fine that it will pass through a 12-mesh sieve.
_It is not dusty, has the consistency of brown sugar, looks as
if it were slightly moist, or greasy, and shows a tendency to
cake, and is less free-running than No. 2.

Solubility and Hygrosoopi.city

TNT is almost insoluble in water. According to Mar-
shall, water at 15°C. (59°F.) dissolves 0.021 per cent. of
it, and at 100°C. (212°F.) 0.164 per cent. That is, 100,000
barts of water at 15°C. dissolve 21 parts of TNT, and at
100°C., 164 parts. The solubility of the different grades men-
tioned above is of the same order as this. In fact, the lower
8rades, and especially Grade 3, have a greasy feel and appear-

ance and are, to a degree, water repellant. The proved
Solubility of TNT shows that it cannot be deliquescent ,or
Mmore than slightly, if at all, hygroscopic. Investigation at
the Bureau of Mines Experiment Station has shown that it
absorbs moisture when exposed to the atmosphere to about
the same extent as powdered glass. This is for all practical
Purposes an entirely negligible quantity.

Packages

. Military TNT, as offered for use in industrial operations,
1S packed in the granular crystalline form, in boxes made of
White pine, %-inches thick. The boxes are lock-cornered
Construction, and lined with paraffined paper. Most of t_‘.he
boxes of TNT received at the Explosive Experiment Station
of the bureau were 22% by 15% by 13 inches outside
dimensjons, and occupy a volume of 4,436 cubic inches (2.57
Cubic feet). The boxes contained 100 pounds of TNT, and
their gross weight averaged 113 pounds. It is possiblq that
e boxes supplied by other manufacturers differ in dimen-
Slons and weight from these. The tops and bottoms are
astened on with nails. In opening the boxes, if force is
Necessary, the covers should be pryed off with wooden wedges.
Tades 2 and 3 tend to cake during storage, and the lumps
Must be hroken up to render the explosive “free running,” so
at it may be made into cartridges or loaded directly into
Ore holes. They may be so broken by pressing them with a
Wooden paddle or striking them light blows with a wooden
allet on a wooden surface.

Poisoning

big TNT has a faint smell and a bitter taste. It produces
4 Wn stains on the skin which are difficult of removal. It is
orx;c and may produce poisoning by being inhaled as dusﬁ,
i aken into the mouth, or by absorption through the skin
.o v Unlike nitroglycerine, which produces severe headaches

ut even a minute quantity touches the skin, rather long
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. contact with TNT is required before its toxic effects become

of moment. Nevertheless, those engaged in handling it,
crushing the lumps and loading it into cartridges should avoid
getting it into the nose and mouth, and clean their hands
thoroughly before eating.

Detonation

TNT is more difficult to detonate with certainty than
nitro-glycerine, dynamite, or the explosives ordinarily used
in engineering operations, in mining and in quarrying. TNT
charges require a No. 8 detonator (blasting cap) or electric
detonator, while dynamite and the other high explosives
ordinarily used in industrial operations require but a No. 6
detonator. Objection has been raised to the use of TNT on
the ground of the increased cost consequent on the use of '
this stronger detonator. From inspection of current price
lists it appears that No. 8 detonators cost nine-tenths of a
cent more apiece than No. 6 detonators, and that No. 8
electric detonators cost 1.7 cents more apiece than No. 6
electric detonaters.

Sensitiveness

As shown by tests with the pendulum friction device, all
the three grades of TNT are less sensitive to friction than
40% straight dynamite, gelatin dynamite or picric acid, and
as shown by tests with the large impact machine, all are
sensitive to percussion than 40% straight dynamite, amonia
dynamite and nitrostarch powders. It may be set on fire,
when it will burn, but this burning may change to a detona-
tion. Hence TNT must be protected from fire and causes of
fire, such as sparks, flame, heated bodies, friction, percus-
sion and the like, as all explosives should be at all times.

Gaseous Products of Detonation

In tests made at the Pittsburg Experiment Station by
detonating TNT, Grade 1, and collecting the gases, it was
found that 454 grams (one pound) of the explosive gave

506.5 liters of gases having the following compositions:—

TABLE I.—GASES FROM DETONATION OF GRADE 1, TNT.

Per cent. Volume
by volume. in liters.

Carbon diexide .. vt T 4.9 24.8
0 iy o i S N el el 2.b 12.7
Carbon monoxide ............... 46.6 236.0
dvdrogan ' Yt L TR e S 24.6 124.6
DL T A GR Rae e Ap IR 2.6 13.2
INIErOgRn 5L o e e A ot 18.8 95.2

100.0 506.5

from which it appears that there was produced 46.6%, or
236 liters of a poisonous gas (CO), and 73.8%, or 3738 liters
of combustible gases (CO, H and CH,). The tests of other
grades of TNT gave similar, though not identical results,
but all indicate it to be unsafe to use TNT in close places,
such as underground workings and particularly coal mines.
These results emphasize the importance of remaining away
from the face of the blast after the explosion, until assured
that the gases produced have been blown or have diffused
away from the interstices of the debris. The safe waiting
time will, of course, vary with the quantity of explosive
fired, the location, such as a pocket, or valley, or plain, and
the atmospheric conditions, particularly that of the force and
direction of the wind. These precautions are such as should
be taken with all explosives. .

\

Relative Efficiency

In determining the relative efficiencies of explosives in
use, the Bureau of Mines has long employed the “unit de-
flective charge,” and the “rate of detonation” as ecriteria.
The unit deflective charge is ascertained by exploding a
known weight of the explosive in the ballistic pendulum and
this term “unit deflective charge” is defined as “that weight
of an explosive which will swing the ballistic pendulum the
same distance as one-half pound of 409 ‘straight nitro-
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glycerin dynamite.” It appears that the less the unit de-
flective charge, the greater the propulsive capacity of the
explosive; hence, this is considered a measure of the ability
of an explosive to dislodge and bring down material in which
it is exploded. _
Unit Deflective Charge

The unit deflective charge, in grams, of 409% dynamite
and of Grades 1, 2 and 3 of TNT, with their corresponding
percentage figures, using 40% dynamite as the basis of
100%, are given in the following tabulation:—

TABLE II—UNIT. DEFLECTIVE CHARGE OF FOUR EXPLOSIVES

Dynamite TNT
Explosive. 40%. 5 IR EACIN =
Unit deflective charge (grams) .. 227 201 199 209

113 114 109
\

From the above, it will be seen that each and every
grade of TNT is stronger when so measured than 40%
straight nitro-glycerin dynamite. .

Unit deflective charge (%) ...... 100

Rate of Detonation

The method of determining the rate of detonation is to
charge the explosive in a file 1% inches in diameter and 42
inches long at normal density (that is, no unusual effort is
made to get the explosive to a high density), and to fire
the charge with a No. 8 electric detonator.

The “rate of detonation” is considered a measure of the
ability of an explosive to disrupt and _shatter material in
which it is exploded.

The results of such tests are given in the following
tabulation:— ' \

TABLE III.—RATE OF DETONATION OF FOUR EXPLOSIVES

: Dynamite TNT
~ Explosive. 40%. = 1 2. 3.
Apparent specific gravity 1.24 091 0.88 0.86
Rate of detonation (meters

DEDBOC). vy 2 i 4,772 4,747 4,852 4,482
Rate of detonation (%) . 100 99 102 94

Packing in Cartridges

It should be carefully noted that the comparisons made
in the unit deflective charge table are by weight and in the
rate of detonation table by volume. When either of thethree
grades of TNT are packed in cartridge cases, or in bore holes
under ordinary tamping pressures, the apparent specific
gravity of the charges vary from 0.81 to 0.95, while when 40%
straight dynamite is so packed, the apparent specific gravity
of its charges are from 1.15 to 1.34. It is evident, therefore,
that for equal weights the TNT cartridges will be more
bulky than the dynamite cartridges. As a consequence Of
this, larger bore holes must be used for TNT charges than
for dynamite charges of equal weight. This presents an
advantage for the dynamite over the TNT, but on the other
hand, it has been observed that as the apparent specific
gravity of the TNT approaches the lower limit given above,
its resistance to wetting, when the cartridges are immersed
in water, increases. Hence, it is recommended that except
in assuredly dry holes, or in big blasts, where full boxes of
the explosive may be fired in chambers, the TNT be packed
for use in cartridges and that, as the No. 3 grade is the
most water resistant of them all, it be packed at a low pres-
sure and reserved for use in the especially wet work. To
particularly distinguish the cartridges of grade 3, the wrap-
pers may be of a specially chosen color or, better yet, they
may be packed in paraffin coated wrappers and after the
charge has been packed in these wrappers and the ends fold-
ed in, the ends should be redipped in the molten paraffin to
completely seal them. For emergency use, newspaper may
be employed for wrappers, being made up into eylinders of
the desired dimensions by rolling about a pick handle or

_other convenient tool, but where considerable quantities are
to be packed, it will be better to make a regular job of the
operation, and to pack the explosive in the standard manilla
wrappers, made by means of a cartridge machine.
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It is only in large scale operations of crushing and re-
packing TNT into cartridges that there is much likelihood
of any one becoming poisoned, for, as a rule, it requires con-
tinued contact with it through some period of time to pro-
duce this result. In handling TNT the following rules should
be observed:—

Precautions in Packing

1. Only persons in good health should be employed.

2. Special clothing should be provided to be used only
during working hours. Gauntleted gloves may be worn, but
this is not necessary.

3. The hands and face should be washed before meals
and before leaving the factory.

4. Care should be taken that none of the TNT comes

-in contact with the mucous membrane, such as that of the

mouth, nose, eyes, etc. Workers should, therefore, be

‘cautioned against touching these parts with their hands, or

taking a chew of tobacco.

Cases of TNT poisoning which have occurred in consider-
able numbers in the factories operated under war conditions,
appear to have resulted from neglecting to observe all the
foregoing rules.

This poisoning is usually first evidenced by the appear-
ance of a rash on the hands, neck or face. When this occurs,
the case should receive prompt medical attention, and it
would be desirable to transfer the person to other work. In
this way, a worker who is easily susceptible to TNT poison-
ing will not be exposed to further danger. .In factories
where the opportunities for TNT poisoning are great, the
effects are not usually evidenced until after five weeks of
work.

Charging Bore Holes

TNT should be charged into bore holes, primed, tamped
and stemmed in the manner customarily followed in the use
of high explosives in blasting, special care being taken in
charging wet holes not to tear or break the cartridge case
or wrapper while loading it into the hole and tamping it.
It may be used in chambering holes for subsequent charging
with black blasting powder, just as dynamite is used. When
TNT shots are fired, if the detonation is complete, there will
be produced large volumes of dense, black smoke.

Practical Field Demonstrations

The practical value of TNT, grade 3, for general blast-
ing purposes has been demonstrated by a number of field
tests, such as adobe shots on boulders and conerete piers,
blasting out oak stumps, splitting oak logs and shooting
under water. In all the tests described herein the! TNT was
loaded in extemporized wrappers, made from newspapers,
and detonated by a No. 8 electric detonator. A brief de-
seription of these tests, made at the Explosives Experiment
Station by A. B. Coates, J. E. Tiffany and W. J. Montgomery,
are as follows:— /

Test No. 1—Adobe.—A 1%-pound charge of Grade 3
TNT was mudcapped with wet clay and fired on a sandstone
boulder, 6 ft. long, 3 ft. wide and 1% ft. thick. The largest
piece obtained was 2 ft. by 2 ft. by 1 ft. Forty per cent. of
the boulder was broken into fragments 2 ins. or less.

Test No. 2—Adobe.—In removing two concrete piers,
10 ft. long, 7 ft. high, 1% ft. thick at top and 3% ft. thick
at bottom, an opportunity was given to compare TNT
directly with 40% straight nitro-glycerin dynamite. All
shots fired were adobe shots mudcapped with moistened clay.
In six blasts, using a total weight of 10.7 pounds of TNT,
159.5 cubic feet of concrete were removed, or 14.9 cubic feet
per pound of TNT, while in five blasts, using a total weight
of 9.6 pounds of 40% straight nitro-glycerin dynamite, 135
cubic feet were removed, or 14.1 cubic feet per pound of 40%
dynamite.

Test No. 3—Stump Blasting.—A solid oak stump 3 ft.

in diameter, rooted in clay, was removed by the use of six

13%-pound charges of TNT, one charge being inserted under
(Concluded on page 17})
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ROAD TAX ON GASOLINE

AISING money for roads has always been the hardest
part of their construction. Various means have been

suggested from time to time for financing roads more readily

than by the present methods of taxation. ' Several months
ago, C. A. Mullen, director of the paving department of the
Milton Hersey Co., Ltd., Montreal, contributed an article to
The Canadian Engineer, suggesting a wheel tax. Mr. Mullen
now writes that his attention has been drawn to the possi-
bility of raising funds by taxing the gasoline used by motor
vehicles. r
While this is not a new suggestion, having been dis-
cussed many years ago by Clifford Richardson, of the Barber
Asphalt Paving Co., it is one which has not yet received the
thorough consideration and discussion which it very evi-
dently merits. :
A tax on gasoline would in many ways be a very equit-

able method of raising funds for road construction. There

IS an analogy between the wheel tax and the gasoline tax,
as both try to secure money from the actual users of the
road in proportion to the service they receive. But the
Wheel tax does not take into consideration the extent !:o
Which the vehicle is used, while a tax on the gasoline 1s in
‘_ilrect relationship to the actual use. The more a vehicle
Is ‘operated, naturally the more gasoline it requires; al'so,
1_3he heavier the vehicle, the greater the amount of gasoline
1t consumes per mile. Therefore a tax on gasoline would
approximately be a tax per ton-mile. : e
As Mr, Mullen points out, there would be certain d¥fﬁ-
culties to be solved, such as finding a means for taxing
Vehicles not using gasoline, and devising simple ways of re-
ating the tax on gasoline used for purposes other than to
-Benerate power for transportation over highways. More

discussion of this plan of taxation might lead to a solution‘

of some difficulties.
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CANADA’S FUEL PROBLEM

HERE is no necessity for Canada, with her vast re-
sources of fuel and water-power, to. go cold or to
have her industries throttled by shortage of power, but
Canada may have a sore trial in both these respects unless
every possible effort is made to deal with the fuel and pewer
situation in a comprehensive manner, writes Arthur V.
White, consulting engineer of the Commission of Conserva-
tion, in the last issue of the “General Electric Review,” pub-
lished by the General-Electric Co., of Schenectady, N.Y. Mr.
White’s article, “Canada’s Fuel Problem—Some National and-
International Aspects,” was reprinted in full in last week’s
issue of The Canadian Engineer, on account of the vital interest
to Canada of his subjeet, and the broad and statesmanlike
manner in which he deals with it.

The fuel problem of Canada must be solved by the engi-
neers of Canada. It cannot be left entirely to politicians or
financiers. Their help is needed, but the way must be and
is being pointed out by Arthur V. White, R. A. Ross, C. A.
Magrath, B. F. Haanel, James White, J. B. Challies, H. G.
Acres, John Murphy, Arthur A. Cole, and a score of other
prominent engineers who have specially studied the problem
and who realize, better than any other group of men in Can-
ada, the steps needed for its solution.

Mr. White’s article was the twenty-eighth in a series on
the more efficient utilization of America’s fuel resources that
is appearing, one article each month, in the interesting and
well-edited “house-organ” of the General Electric Co. This
series of articles forms a very important contribution to the
existing literature upon the subject, and no doubt has been
followed with interest by many of those engineers who have
recognized the importance of the problems discussed.
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PRESENT SYSTEM IS CONVENIENT

Sir,—In connection with the present attempt to in-
troduce the metric system into North America, attention is
called to an.apparently unobserved connection between
length, volume and weight contained in our system.

The American railway usage of a 100 ft. chain, with
the foot divided into tenths, hundredths and thousandths, is
the only decimal system applicable to office, shop and field.
The meter (\almost 3.3 ft.) is too long for the office, and its
next division, the decimeter (4 ins.), is too short for office
use. A 20-meter chain (almost 66 ft.) is, like the Gunter
chain, too short for railway work, and in levelling it is
difficult to catch which meter is being read on the rod when
close up.

The foot furnishes a remarkable relationship between
volume and weight through the fact that a cubic foot con-
tains 1,000 cubic tenths and a cubic foot of water weighs
1,000 ounces (62.5 Ibs.). Thus a cubic tenth holds a fluid
ounce of standard water, which weighs an ounce.

To apply this, imagine a box 1.5 tenths (0.15 ft.) by
1.5 tenths (0.15 ft.) by 2.7 tenths (0.27 ft.) long. It con-
tains 6.075 cubic tenths (0.006075 cu. ft.) and will hold
6.075 fluid ounces of standard water, weighing 6.075 ounces
av.

It would be possible to obtain a much better inter-
national measure by dividing a meter into three parts, call-
ing each a metric foot (almost 1.1 ft.). This metric foot
could be divided in'tenths and the cubic tenth would weigh
a metric ounce and hold a fluid metric ounce. Omne cubie
metric foot, weighing 81.749 lbs. av., could be taken to con-
tain ten metric gallons and to weéigh 100 metric lbs. Each
metric pound would contain 10 metric ounces. The
“Canadian Magazine” published an article on this subject
by the writer about 1895. -

C. R. COUTLEE.
Ottawa, Ont., July 22nd, 1919.
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PERSONALS

MAZOR ALAN MAIR JACKSON, who was recently appointed
engineer of Brant County, Ont., was born in 1879, in New
Zealand. He was educated at Dunedin High School and
Otaga University, and served as an apprentlce for six years
in a foundry and
machine shop,
much of this time
being spent in the
erection of ma-
chinery. Major
Jackson then be-
came assistant
engineer on drain-
age and sewerage
in ‘the city of
Dunedin. After-
wards he served
for six months
as  supernumer-
ary engineer on a
cargo tramp
steamer, but left
same upon its
arrival at Eng-
land. In 1905 he
was sent to
British Guiana to
erect a gold
dredge and to run
a survey of a
large gold dredg-
ing concession in
the jungle. Subsequently he joined the Barima Gold Mining
Co., in Demerara, on the border of Venezuela, where he erect-
ed all the company’s machinery and built several miles of
light railway. After four years in Demerara, Major Jack-
son returned to England in 1909, and early the following year
came to Canada, where he spent a year in the mechanical de-
partment of the Canada Foundry Co., and then started a
small engineering practice in Dunville, Ont. In 1912 he
passed the O.L.S. examinations and became engineer for
Haldimand County. The following year he moved to Brant-
ford, Ont., and purchased the surveying and consulting prac-
tice of Howard Fairchild. In March, 1916, he enlisted as a
captain in the 215th Battalion, but was soon promoted to
the rank of major. He reverted to a captaincy upon his
transfer to the 257th Railway Construction Battalion, with
which unit he went to France. This battalion later became
the 7th Battalion of Canadian Railway Troops. In France
he was again promoted to the rank of major, and was in com-
mand of a company of the 7th Battalion for twenty-two
months. In April, 1919, he returned to Brantford, and was
appointed county engineer when construction work under
the Ontario Highway Act was commenced by Brant County.

G. A. KENT, of Vancouver, gave an illustrated lecture
recently before the Vancouver Board of Trade on a pro-
posed extension of the Pacific Highway via Vancouver,
Squamish and Lillooet, describing the scienic advantages of
the route and the water power, timber and other natural re-
sources that would be made available.

SiR DoNALD MANN, who is visiting British Columbia,
has given an interview to the press in which he states that
he is through with railroad construction. This is Sir
Donald’s first trip to the Pacific coast over the Grand Trunk
Pacific Railway. He is very enthusiastic about the pro-
spects of the interior of British Columbia.

FRANK 8. EASTON, hydro-electric engineer with the

. British Columbia Electric Railway Co., Vancouver, has re-’

signed to enter the employ of the Mexican Light & Power
Co., with headquarters in Mexico City. Mr. Easton will
have charge of cértain hydraulic and electrical work for the
company, under the direction of G. R. G. Conway, managing-
director, who was formerly chief engineer of the British
Columbia Electric Railway Co.

Volume 37

TNT AS A BLASTING EXPLOSIVE

(Continued from page 172)

each lateral root and one under the top root. The stump
was broken into two about equal sized pieces which were.
thrown 35 and 65 ft. respectively from their original posi-
tion. A crater 12 ft. in diameter and 4 ft. deep was formed.
This shot was evidently overloaded.

Test No. 4——Stump Blasting.—An oak stump 3 ft. in
diameter rooted in clay and sandstone fragments was re-
moved by the use of eight 34-pound charges, six being placed
under the lateral roots and two under the centre. The stump
was broken into four pieces, two large and two small. The
large pleces were overturned at the edge of the crater, one
small piece remained loose in the ground and the other was
thrown about 75 ft.

In connection with this test, it is important to call atten-
tion to the fact that the charges were loaded in wet holes
for a period of 1% hours.

Test No. 5—Stump Blasting.—An oak stump 18 inches
in diameter, rooted in clay was removed by a single 2-pound
charge of grade 3 TNT placed under the centre of the stump.
The stump was broken into two pieces and overturned at the
edge of the crater.

Test No. 6—Stump Blasting.—A solid oak stump'3 ft.
in diameter, rooted in clay was removed by four 1% -pound
charges placed under the lateral roots. The stump was split
into three large pieces which were lifted about 10 ft. in the
air and fell back into the crater.

Test No. 7—Log Splitting.—A solid oak log 6 ft. long,
and 39 ins. diameter, was split into two separate pieces of
practically the same size by 4 ounces of grade 3 TNT, loaded
in a 2-inch hole located midway between the ends and about
2 inches beyond the centre of the log.

Test No. 8—Log Splitting.—A solid oak log, 6 ft. long,
44 ins. diameter at one end and 40 inches at the other, was
split into two separate pieces of practically the same size
by 5 ounces of grade 3 TNT, loaded as in Test 7.

Test No. 9—Wet Boreholes.—As the ability to use an
explosive under water in very wet boreholes is of great im-
portance, the following test was carried out: A borehole 1%
inches in diameter and 42 inches in depth was drilled ver-
tically in the floor of a coal mine, through coal, limestone
and fireclay. The top of the borehole was 4 ins. under
water. As the maximum effect was sought, the borehole

* was overloaded with 2 pounds of grade 3 TNT, the explo-

sive being pressed in sufficiently hard to break up the
cartridges. No tamping was used, After a wait of 15
minutes, the charge was fired. A crater 4 ft. in diameter
and 42 ins. deep was formed and considerable other material
about the crater was so loosened as to be easily removed
by a pick.

Conclusions

1. Grade 3 TNT can be successfully used for adobe
shots of boulders, for removing stumps and for splitting logs.

2. Grade 3 TNT has shown itself to give results the
equal of 40% straight nitro-glycerin dynamite.

3. Grade 3 TNT detonates completely with a No. 8
electric detonator.

4. The evidences of black smoke is not to be taken as

an incomplete detonation.

5. Grade 3 TNT detonates completely under water.
6. Grade 3 TNT detonates completely after moderate
immersion in wet holes.

ORDER YOUR BOOKS NOW

WING to the great advance in the prices of paper, print-
ing and binding, John Wiley & Sons, Inc., the well-
known publishers, have found themselves compelled to in-
crease the retail prices of a number of their publications,
the advance to take effect August 20th. The prices of
twenty-three of their leading books are being advanced by
from 25¢. to $1.00 per volume.
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