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FOREWORD

After considerable time and effort have been expended in the
development of a special mstrument or device for highway research,
1t 15 often found by trial to be unsuited for the accomplishment of
desired results, and must either be remodeled or discarded entirely.

['he same type of instrumental difficulty 1s many times encountered
by different mvestigators working on similar problems. While the

expenditure for salaries and materials in the development of unsatis-
tactory devices may be very small, the delay in securing data is
unfortunate. Researches 1nto 1!lt* efiects of unknown forces are
necessarily accompanied by delays and disappointments, which,
}Hlu‘{'\l*l“ Celld lu' Illillillli?.ml I’.\' kllu\\'l{*il'_{l‘ nf Il]i' l'f"'{lll'ril']lt‘l* {Ill ft*]]{uw-
workers.

T'he purpose of this report on Highway Research Apparatus is to
assist 1n establishing a fund of common knowledge on the part of
imvestigators of similar problems. The intention is not to set forth

the advantages or disadvantages of the various devices, nor to give

the degree of success attamned 1n their use, but rather to deseribe
only the prineiple and construction of each device and the purpose
for which 1t was desiened. For seekers after additional information.

the names of organizations and individuals who have had experience
with the various devices and instruments are eiven.

Detailed lll*:-{'l'i]llii'ill.‘-' Of r-‘»l;lllllzll't| l;llml‘;ilnl'_\' 1-|ll|i|i[t|t_~tli are 1ol
oiven, Apparatus for determining such factors as influence the
design of motor vehicles have not been listed, since, by agreement
between the Committee on Economie Theory of Highway Improve-
ment of the Advisory Board on Highway Research and the Society
of Automofive Engineers, all research of this character has been
{l:-[t';_:;ih*:| to the latter ul';l_:llli:f.;lﬁull,

The information on highway research apparatus was secured

from questionnaires sent to all ivestigators listed in National Re-

search Council Bulletin No. 21, Results of Census of Highway
Research Projeets in the United States.  Notification of the existence

of apparatus not listed in this circular will be appreciated.

The organization and activities of the Advisory Board on Highway
Research are deseribed in National Research Counecil Bulletin Num-
ber 32, entitled Proceedings of the Second Annual Meeting of the
Advisory Board on Highway Research, Division of Engineering,
National Research Couneil.

WirriaM KENDRICK HATT,
/);;'r*r*fr;f', _lfh'f.mr‘r; Hfu”'rt’_
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APPARATUS USED IN HIGHWAY RESEARCH INVESTI-
GATIONS IN THE UNITED STATES

-

Apparatus s arranged alphabetically by states, the District of

Columbia being treated as a state.

GROUP 1. APPARATUS USED IN INVESTIGATIONS IN
THE FIELD OF ECONOMIC THEORY

. Determination r,-_f' ('haracter and I'nte H.w‘f_r,f H_f Tf‘”[ﬁfh
[)istrict “_i' Columbia: U. S. Bureau of Public Roads.
TRAFFIC CENSUS TABULATING CARDS

On these cards can be recorded. in the tield, details of both pas-

senger and truck service, concerning type and condition of car and

ml!li'rlnt-llL number of passengers, nl‘i_:ilt and destination, Illil{*:lgl'.
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FiGURE 1.—TRAFFIC CENSUS TABULATING CARDS
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pleasure or business; and, in the case of {rucks, additional informa-

tion as to the commodity carried and weights on both front and
rear axles. One card 1s used for each unit of traffic. Information

secured 1n the field is recorded on the left side of the card. as shown

In the accompanying illustration (Figure 1). after which the cards
are sent to the U. S. Bureau of Public Roads, Washington, D. C..
where the immformation indicated by code figures i1s punched on the
right side. Compilation of the data is accomplished by means of
special tabulating machines.

Used by State [Highway Departments of California. Connecticnt.
and Massachusetts in traffic studies.

Designed by U. S. Bureau of Publiec Roads.

AUTOMATIC SCALE AND TRAFFIC COUNTER

T'his apparatus, Figure 2, consists essentially of a steel trough 10
feet long, containing a piece of fire hose 9 feet long by 2 inches in
diameter, on which rests a plunger attached to a platform, over
which traffic passes.  As shown in the sectional drawing, Fioure 3.
the trough is made of two 6-inch channels (A) connected to a base

Ya4-inch by 14-inch plate (B), and the plunger consists of a 6-inch

F'IGURE 2.—AUTOMATIC SCALE AND TRAFFIC COUNTER. ARLINGTON
EXPERIMENTAL FARM
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a b

F'IGURE O ARRANGEMENT OF TRAFFIC COUNTER IN A ROAD

—_—y

G H ol s
SN [ o -
O uiimBe ' A. Seismograph
b il " S H :
i 3 j“lf}:'ff.'_‘_ weight,
S LI e B. Air damping disc.
/ (. Steel wire helical
F I J

SPring.

[). Vertical rod for
actuating coun
ter.

'l'IHIH' Oof rod 1)
. Linen cord tied to

', Grooved pulley
with friction

ratehet,
(. Small pulley fast
| on shaftt, driven
by ratchet.
| £ I llqunlin: pul l ey
' fast on shaft.
[. Friction pawl for
0 — pulley H.
J. Crank driving
counter.
IN. Veeder revolution
counter.
> o

FiGurRr 4 —LOCKWOOD ROUGHNESS INTEGRERATOR
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I*lrt‘illll (C) ;ITI;H*]H':l 10 a :{rillrlt ]r.\' [4-1nch ]rl;llt_‘ (D). '\\'nmh_*ll

ouldes () bolted to the I-beam prevent horizontal movement of the

lunger. The trough 1s set in a concrete box so that the top of the

latform 18 approximately flush with the bottom of the road surface.
Traffic passes over concrete slabs (F), which rest on the plunger.
The hose, filled with heavy oil, 1s sealed at one end, while at the other
1t 18 connected to a ]'E'{'“]'*.hlli_t l.lt_-\‘i{‘t*l ]'.\' Means uf d 111‘:\;”1[&‘ Hl]'l*.
A record of pressures exerted on the o1l in the hose i1s thus secured.
1T'he recording paper 1s automatically moved forward a short dis-
tance every time a pressure 1s recorded. The weights of the front
and rear wheels, as well as the number of vehicles passing, are

recorded. T'he passage of 4,800 traffic units can be recorded on

one roll of paper. Before }H'ill}_: used on a ]'H;Hl_ the ;”}]1;1]‘;11114. 1S
calibrated with static loads.
The apparatus installed in the Washington-Baltimore boulevard

1s used for trathe counts.
]]I"\'i‘]”llt"ll ;illll i'HIl."-?“'l]{*T['l] |:}.' Il]l' [ f":u Hlll'l';lll HI* l‘ll]l]i[‘ l:tl;lil.‘*.

2. Determanation u_f Uprrwff‘u_r; (‘ost of VVehieles.
f“n;“ff'(’fft"f:‘f 5 \THIU l'lli\'i'l‘:‘-ii[l\'.
LOCKWOOD ROUGHNISS INTEGRATOR

The device, shown diagramically 1n Figure 4, consists of a seismo-
oraph weight (A) suspended by a steel wire helical spring (C). A
rod connected to the weight 1s so arranged that 1ts movement in one
ili!'l't'IiHIl Hllll‘\' I- I'l*t*nt'lli'tl I:j..' al .\'l'!‘ili‘l' l't-\'rnllltiull counter {l{}, 10
which the motion is transmitted 'V 1ncealls of %[ll‘{*iil“.\' tlw-'i_:_',llt*ll
pulleys and shafts. When attached to any part of a motor vehicle,

1 l't';_iir-'lt'l'.- the summation of vertical moveimnents which occur (llll'ill;‘

dAlIlV definite }r{'l'iml of Hlnfl';tiinll_ The result 1s l'}{lil‘t‘.‘**l‘il 1N amount
of vertical variation per unit of horizontal distance traversed by the
vehicle.

Used for determining relative roughness of various road and
street surfaces 1n Connecticut.

Ih-\'i*]rmlu-rf |r}' [£. H. Lockwood, Y ale ('Ili\'i‘l'."‘ili\r.

District of Columbia: U. S. Bureau of Public Roads.

' In this instrument the recording device is a trainagraph manufactured by

Joston., Mass.

the American Steam Gage & Valve Manufacturing Company,
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TRACTOGRAPH

This ;ilrlull‘;l1llf- CONSIStS t'ar-'t-l]li;lllﬁ' of a :-lrl'illj__{ sO mounted on the
tongue of a wagon that 1t receives the force of the pull exerted b
the horses on the doubletrees. The variation in traction as indicated
‘l}' {*Il:;lll;_:i‘ 11 .ulrl‘ill;_{ ll.'Il_'__{lll 1= recorded on paper carried lr‘\' el
cvlinder. The paper movement 1s proportional to the distance
Il';l\.‘l‘lt'fl ]H.' Illt* WagZoll. V:i]i}rl‘mi“]l Ol IIH' ;Ilr,r;ll‘;illh l'lill‘*i"‘t‘* Hf
{]{*IL*I']lliIIill;_{ F]i]‘ill.:_[ {'Hill]rl't*r'-ﬁinllré which ACCOInpany definite Pres-
sLI'es.

Used first 1in a road exhibit at the Cotton States and International
fixposition 1n Atlanta, Ga., 1in 1895,  Later employed in investiga-
tions on the effect of different tyvpes of surfaces, as well as different
tire widths on the foree l'l*ill_ll!‘r'tl to move definite loads,

Developed by U. S, Office of Road Inquiry. See Bulletin No. 20,
U. S. lh*[ul['lltlt‘llt Of .\_L:I'i{'lllllll‘l'_ Office of Road |IH|11III"\‘, T'ractive
flqt'-il.-l. |¢}.' H;illllll‘l T_ .\;I'l'll‘\'.

RECORDING DYNAMOMETER, WAGON TYPE

1T he 1.‘}'Ilallllfillll*it'l‘ l]'.i;_*lll‘l* D) 1S r-ll*-]n'IlilE*ll ]'IlI!_‘_i'”_‘\' from the bed

of the wagon. Two coll springs, through which the power is trans-

Time Interval Record 51‘)’!1351
_ Gradlame%er Record ST}/lUEa;

Qradramefﬁ'r' Record Baa& Line 51'ylu5
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mitted. are in the line of draft from the toncue. The tongue shdes
freely in roller-bearing guides, and 1s attachied to the traction rod of
the dynamometer. As this traction rod i1s moved forward by the
pull on the tongue, the springs are compressed an amount corre-
sponding to the draft exerted. This compression 1s transmitted

through a rack and gear to a ribbon wheel, and, through a steel
ribbon, permits the record point to be moved by a coil spring which
s 1n tension. The record points are brass styll, mounted so as to

allow sheht vertical movement, with constant pressure o the record

paper. ;}' this arrangernent of rack, goear, ribbon wheel, and
rlnl‘ill;._{, all effects of vibration are eliminated without i]l*t'l‘vzl:-iill;_: the

accuracy of the mechanism. Sensitized paper, 10 1nches wide and
some hundred vards in length, is fed through rolls driven by a
sprocket-wheel on the hub of one of the rear wheels of the wagon.
An odometer, interposed in the gearing, shows the distance traveled.

The ratio of paper movement to road travel 1s 1:264; 240 inches ot
record representing one mile of road distance.

The machine is equipped with a recording gradiometer of the
]u'lll]llllllll Ltvpe, which :l}r[rl'tmint;lh*l}.‘ determines _5_11';1111'5, and also a
time-interval clock. which records 15-second intervals.  For location
of natural landmarks. fractions of miles traveled, ete., a hand-

H]H‘l'.‘tli'il Ixed-number stamp 1= used, the w.\'ltlilll:llnl‘.\' notation

beine recorded by the observer. The draft on towed vehicles can be

{Illlililll'll lr}‘ I'i*\'t*l'ﬁi!l}_{ the 11}.'11;!!111:1!1(‘1['[‘.

The wagon is equipped with eight sets of wheels, ranging from
154 to 6 inches of tire width. The brake on the wagon 1s under
control of the observer. Variation in load is obtained by the use of
100-pound weights.

Used for determining the efficiency of street-cleaning apparatus,
]wI‘r{'Itial;_u* ot iltl]r]‘tn'vllll'lll of }rtrﬁl-l'll;ll] ]ll'il_it*i'lﬁ, effect of width of
tires. and resistance of various road surfaces to traction on steel-tired
wheels.

Designed by Kansas State Agricultural College. Modified and
adapted by U. S. Bureau of Public Roads.

Constructed by Studebaker Wagon Co. and U. S. Bureau of Public

Roads.
TORSION DYNAMOMETER, AUTOMOBIILI TYPE

The torsion dynamometer (Figure 6), installed on the propeller

<haft of a motor vehicle. is enclosed in an oil-tight casing, supported
by the torque rods of the car or truck. [Tniversal joint connections
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Shp Odometer Gear Train b o

Torque Cam Track
Stationary Cam

Torque Cam
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Torsion Dynamome'i'e.r

F'IGURE 6

with the propeller shaft and the differential housing prevent mis-
alienment of the apparatus.

The dynamometer consists of two flanged couplings, connected by
a spiral spring.  The face of the front couphng, which carries an
annular cam track, has two helical surtaces 1380 lll*}_{l'f'l'r— ;l|r:lI‘I. whieh
are reversed to two helical surfaces on a sliding collar attached to the
rear flange coupling.  An annular cam track carried by this shding
collar translates, ]1}' means of a rack and ]rillinll and a |-]'i‘1’l,\' 1'¢-
volvine shaft, the distortion of the spiral spring to the torque record
*-I}']lif-h

The recording apparatus (Figure 7) consists essentially of two sets
of rolls driven by a flexible shaft geared to the front wheel. Surface-
coated paper, 10 immches wide and some hundred yvards i length, 13
used. The ratio of paper movement to road travel 15 1:264; 240
inches of record ]‘{*]ll'l*rﬂt'lllill_u o lirl‘illli' record of one mile of road

distance.

Two odometers are used, one being attached to the front wheel

oearing and the other to the propeller shaft i front of the torsion
dvnamometer. The slippage of the rear wheels 1s shown by differ-
cnee 1n odometer T'l':li]ill}_[r-i.
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IFIGURE T.—TORSION DYNAMOMETER RECORDING APPARATUS

The machine 1s 1‘*{Jlli[r]wl| with a l'm'ul‘llit'l;_: L{I':Hlinlln*hﬁl' of the
pendulum type, which approximately determines grades, and also
with a time-interval clock which records 15-second intervals. For

ocation of natural landmarks. fractions of miles traveled. ete.. a

land-operated fixed-number stamp 18 used, the explanatory notation

ecing recorded by the observer.

Contemplated use in determining resistance of various road sur-
taces to traction of rubber-tired, :-t*“'-lll‘n}u*“ill; vehicles.
Designed and constructed by the U, S. Bureau of Publiec Roads.

PROFILOMETER FOR MEASURING ROUGHNESS OF ROAD SURFACES

The apparatus (Figure 8) consists of a straight edge (A) or
track 24 feet long. and a recording device (B) which, when drawn
over the track, records accurately and autographically the profile of
the pavement beneath. The track, as used on the Bates road
[lIinois, 1s supported by three bieyele wheels, and consists of two
wooden trusses 24 feet long by 20 inches high with a 3-inch space
iu-lu'wn llit*Hl. l“ultl' [Urnscrews {('1. two at t*:l{‘ll l,*ll{l‘ ]rl*l‘lllit-

Ji*\{-]ill;_{ the track at each ri{*i-ll[r, while a }ri;llln wire under constant
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tension, stretched from end to end, gives a datum for detecting any
sag 1n the track.

The recording apparatus consists of an American strainagraph?®,
whose pen arm is connected by a rod with a brass wheel (D)) resting
on the pavement surface, This allows surface 1rregularities passed
over Ia}." the small wheel to be fraced on the I't_-{_*{ll‘:lillg_f paper. The
instrument, which is mounted on a wooden platform carried by four
wheels, each 215 inches in diameter and 2 inches wide, 13 kept
aligned by two guide wheels, which run in the 3-inch space between
the trusses.
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FicuReE S.—PROFILOMETER

[For drawing the recording device over the track, a wire cable
attached to each end of the platform and passing over a pulley at
cach end of the trusses is used. The pulley at one end 1s operated
bv a crank.

The summation of the vertical ordinates of the surface profile 1s
obtained by means of a special attachment consisting of a fiber
strip 14 inch wide by 6 inches long, which receives the pen arm

S

2The American strainagraph, manufactured by the American Steam Gage &
Valve Manufacturing Company, Boston, Mass., was used by the U. 8. Shipping
Board in investigations of stresses in concrete ships.
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1H10OVerernl ;lllll H]H‘l';lll"- ;l_:;iill-l l]lt‘ 'eCOl' ill_:_[ W]It't'l of a ]l]:lllilllt.*lt_*l'

In such a way that the upward movement only 1s recorded. A pen

actuated |r|\ an electric [1a2rnet records cvery enth revolution of the
plamimeter wheel. The summation of vertical ordinates divided by

the length of the surface passed over gives an average ordinate.

1\'||i{*|| Cdll 1:1- {'l:!l-iilt-l‘w | I'Hll*.:flllt':-é_- ‘JII*THI' Hl* !Ilt.* Ir;i_I'Ii{‘ill;l]‘ ?"@lll'irill‘.’if.

T'he rolls carrying the recording paper are driven by a pulley,
which, by contact with a cord (E) fastened at each end of the track,

s caused to revolve as the platform moves along the track. Thus,
the paper on which the record 1s made moves a distance ]l!'li]lfll'lil.llli1l
to that traversed by the wheel on the pavement surface. The ratio

uf' ]i:l]rl'l' It'IlL_'Tll 10O ”I'“"’t‘f"\‘l'i‘_ Hlll’rill’{‘ 1]i.'-l.'.lll{*t* i"‘ :iIIHIIT ] ]“.
['sed 1n {-n-nqu-l‘:llinli with Illinois Division of 1 ilu,ll‘x‘u':l.‘\*:-' on the

Bates 1*.‘%]*:*!‘““1‘“1;1] road, 1 an iIl\'t*Hli;:i!itlll of the I'ulli_z]illt*r-k:-: of
pavement surtaces.
Designed by the U. S. Bureau of Public Roads, and constructed

at Bureau of Tests. Illinois Division of Hichwavs.

PROFILOMETER USED IN THE ARLINGTON, VIRGINIA,
EXPIRIMIENTS

In this device | I“i;é_!_ill'l' 9), a modification of the one used 1 the
Bates road tests. the I‘t*t'nl'ilillj_; apparatus (A) rdes on an ;llt:_:lt' 1ron
t'H}i Oone i*lltl of u'llir]l 1S I';I.-éii-llq*ll to a ftrame r-#llljlnrrt‘[i*il |'.\' LWO
wheels (C). which move over the inner concrete curb of the circular
track, while the other end 1s fastened to a steel frame truck on four
wheels (1)) carried by the two 1ron rails of the conerete wear test
track. T'he entire frame riding on the six wheels 18 so trussed as to

bhe [H-I‘f't'{‘I \Y I'i;_{ill. The |:]'r:[i||~ of AllY transverse section of the road-
way 18 secured by moving the recording apparatus along the angle
iron (B). while that of A1V lllllgitlll]ill:l] section 18 secured Illx‘ 1110V -
ing the entire frame along the tracks. As in the Bates road in-
strument, the record length is proportional to the length of pavement
surface traveled by the small wheel. The summation of vertical
ordinates 1= given by an integrating attachment.

[’sed to measure variation in profile of road surfaces, in connection

with an 1nvestigation of the shoving and waving of bituminous

surfaces, at the Arlington Experimental Farm, Arlington, Virginia.
or descrintion of us=e see ”\\"]iif the .\l'iillulnli ]Il‘x‘f'--'liu;;liinlt-' Are

L

,‘-~]1.,.u.'i11:_{',” o |n;l]rt-[‘ ]Il'l'r-l.-lllt'tl Ir\' \ “fr]i“u-rk IH‘[.H]'l‘ 1]1!* :lllIIII:tl

meetine of the American Road Builders’ Association. Chicaco. Illi-

nois, January 16, 1925

Constructed by the U. S. Bureau of Publiec Roads.
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FIGURE 9. —IPROFILOMETER USED IN INVESTIGATIONS AT Ul ARLINGTON
FXPERIMENTAL FARM

ACCELEROMETER FOR STUDYING THE EFFECT OF ROUGHNESS OF
ROAD ON MOVING MOTOR TRUCK WHEELS

This device, shown mm Figure 10, consists of the recording part
and case of an American strainagraph, to the pen arm (A) of which
18 attached a rod (B) supporting a weight (C) suspended between
two compression springs (1)). By means of three steel rods, it i1s
attached directly to the rear axle of a motor truck. The recording
[Hll}{']' 1H1OVESs d ilif‘*li”“'“ Il]‘{}]ﬂll'ti“l“ll 10O ll“” ]lill"':l"'ti‘fl over l]}* tl“l 1n1otor
wheel, the roll carrying the paper being driven by a speedometer
cable (F) and a small rubber-tired wheel (), which 1s rotated by

contact with the rim of a rear wheel (H) of the truck. By moving

=,
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F'i1Gure 10.—ACCELEROMETER ; INSERT, DRIVING WHEEL

e guide bar (K) either upward or downward, the compression of
e springs can be varied. By means of this adjustment the instru-

ment becomes adaptable for securing records on surfaces of varying

Il{‘}_;l'l‘{"r-' of I‘i}ll;_g]llu'r-r-i, When I‘E'l*u]*;]:-; are 1not 1]1':-‘i1'1'11. IiH_‘ movermnernt

of the pen is prevented by tightening the set serew in the guide bar,

and the paper movernendt B iiil]llll'{'1 |1}' I';li:-‘ill;_{‘ the {Il'ﬁ'illlu wheel h}.'

means of a small rod. the top of which (1) 15 shown at the bottom

of the 1llustration

1The 1€01'Y of this device 1s .-:im];]v. The record will be a ﬁll‘:li}_{]lf

ine unless the weight 1 the imstrument changes its position with

respect to the axle. Any vertical acceleration, however, will cause

the weight and consequently the pen to vary from a straight line.

The greater the acceleration the greater will be the variation from a

straight hine.  This variation 1s a measure of the force which causes
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1t, and the force {*HI'I'{*.-é]it-Itllill;_: o any ]nlI‘Iil‘lll:l]' variation can be
determined by calibrating the springs. Knowing this force, and
the mass of the wheel and axle, 1t will be possible to compute the
corresponding 1mpact.

Used 1 co-operation with the lllinois Division of Highways on
the Bates t*X]bt'I‘illu'Ill;ll road 1n an ill\i*ati:_'_;‘.tinli of the effect of road
surface irregularities on motor truck wheels.

Devised by the U, S. Bureau of Public Roads. and construected at

the Bureau of Tests, Illinois Division of IHighways, Springfield,

]Hill“i:-.

lowa: I‘:X]i"l'illll‘llt Hl;llillll, |H‘1.‘\.'I State {1“”1“_‘}'
DAVIDSON DYNAMOMETER

T'his apparatus 18 a spring-type dynamometer equipped with a re-
:'Hl'ill'll.i,:h device thaf ]llnlr- d CUIrve .-4|Iln‘x'illl:_; the variation i draw-bar
pull and mechanically imtegrates the area under the curve.

Designed by Prof, J. B. Davidson, Department of Agricultural
['ngineering., lowa State College.

["1rst used on tractive resistance imvestigations carried on under
the direction of Professor Davidson i California and lTowa on ex-

periments of the draft of implements and tractive resistance of

vehicles. The mmstrument has been 1 factorv production for several
Vears,

GULLEY DYNAMOMETER

This apparatus consists of a pressure cylinder which is attached
to the draw bar between the towinge vehicle and the one under test,
;lllil | I't-{-nl‘*lill_f_[ tl{'\'i{'t* Wllit'll ]llllt.‘* Jd Ccurve ul* lllw 1II';11\‘-|1;II‘ ]Hll]_
The connection between the pressule t'}'“lulvl‘ and the l‘t'i'nl'ilitlg
mechanism 18 a flexible pressure tube. It was thought that the
column of o1l 1n the tube and pressure eylinder would serve to damp
out some of the 1mpact effects.

[F'or descriptions and use of the Davidson and Gulley dynamo-
meters see Bulletin 64, lowa State {‘Hl]t';_[t' of .\.U‘I'it'lllllll't' and
Mechanical Arts, **Resistance to the Translation of Motor Vehicles.”

by T. R. Agg.

FILOWMETER FOR MEASURING FULEL CONSUMPTION OF MOTOR
VEHICLES

T'he Howmeter 1s in principle a piezometer so arranged as to have a

constant pressure head. The velocity head, which varies with the
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rlll;llliil_\' Ot ;_[;hnliln- Ilnuin;_[. 15 measured I:}' means of a t';lliiil‘all(‘l]

diaphragm, the movement of which is recorded by an electrie spark

]illllt'}lill‘u holes 1 the I't-:'nl‘d.lill;_; aper,

In Figure 11 the diaphragm i1s shown at A and the needle valve
at B, T'he vacuum tank at C 1s used to give nearly constant head
and the spare tank at D affords a check on the records. The spare
tank may be dispensed with in most cases and connection made to
the supply tank on the vehicle. The cable of a taximeter drive (E)
1s used to operate the paper rolls, and I 1s a clock arranged to close a
circuit momentarily and punch a hole in the paper every ten seconds,
The distance between the time marks on the record paper is propor-

tional to the vehiele speed and furnishes the data for a speed curve

for the run. A spark coil ((G) provides the high-tension current

or punching the record paper.

The pilot tube shown over the head-light on the car is connected
to an air-speed indicator on the instrument board of the car, and
enables the observer to eliminate records which may have been in-
fluenced by the wind. The paper upon which the records are made
1s drawn through the recording device by means of rollers geared to
the front wheel of the vehicle, so that the paper travel bears a fixed
ratio to the wheel travel. For passenger vehicles the paper moves

approximately 14 inch per 100 feet of vehicle travel. For trucks
the paper travel 1s somewhat less.
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lll ll.'-ill!_‘_ lllt* leter. illl' [lilln‘l' Il':l\'t*\ F 1=t llt'll'l’llﬂ]lt'*l 1!_\' l';l|il+l';l—
tton runs over a measured course. ‘T'he needle valve 15 then set so
as to o1ve a record about 114 inches high when the vehiele 18 operat-
j[]; SO ds 10 Uuse the maxiumum amount of _:il.‘*”“]’lt'. 1The meter 1s
1||1-H 1':[1”#1‘;1“*11 ;lllii 1= l'r;iil}' ]'HI' L=

There are two sources of error i the mstrument, both of whieh
are small: (a) errors caused by Huetuations of the flow of gasoline.
Illlr 1) l]lf.' ”]'l'l'ellilﬂl O III'I' ”H;ll \'.1[11' | 1] l!l!' t‘;i]"lill‘t'ﬁlll', [flll ‘\':H"I;t-
tions of the pressure head, due to the fluctuations of the gasoline level
i the Vvt I;l]llw;_ TII:* accuracy of Tl'!t- lneter has been I{*mh'll 11}
various wayvs, and for HI‘n]itl:tl‘}' operating conditions the maxinum
error 15 about o pel cent and the dverage eryror about 2 el Ccent.

['sed 1n 1nvestigations of resistance to the translation of motor
\tJliV[V?, |¢H\$l Fﬁalh- (\l]h';iﬂ

|'i'-ir_'llt'll ;IIHl 1'rili.-ll".|t.‘tl'll |s_k' l||1' I'ﬁ,IlL_{iIIH*I"Ill;i |‘:\|rt'l’ir|1t*li[ Sti-
tion, lowa State College, Ames, lowa.

See “Ieonomie Theory of Highway Grades,” by T'. R. Age, En-
oneerime News-Record, Vol. 90, No. 2. Jan 11, 1925,

.JI?
Jo

SPACE-TIME RECORDIER

The nstrument consists of a paper feed that moves the paper
;l|nll_:_: at a fixed ratio to the distance the vehicle travels and a perl
“Hl' Lo ili'“r;lh* t1me “l|'t']"‘-.'l|"'- ’I'llr ]I.‘l]*i‘]' I.l"l'll IS il['i‘u'll I-}.' |
~]H'l"lullli'?l'l' Hlll]!' i'l!!llll'i'll*ll 1O d 2¢dl’” Ol) l}lt- [ 10N Wlli‘t'l_ ’Iﬁill‘ ‘[illlt*
e 18 lil'“]{"l’l CVELY H’I!n'-h;llil -t't'lr[lll LV A el ;Ii'lllilll'll 1!_\.“ | 1'|nt'|{
mechanism.

rHH- ;H't'rlrl;lli”ll ‘el 1) e l'irllllvllli-ll :H't'HI';Ili‘]_‘a' 1 1O11] 1|H' ratio Of tli.h-
tance of paper travel to tune.

[ =sed 1n ill\'i~r~[i;:ilillll.- of resistance to the translation of motor
vehicles, Towa State College.

Desioned and constructed by Engineering loxperiment Station,
lowa State College, Ames, lowa.

SN ];lj||1'{i]1 H-I* |uu';| State {'H“i':_ti' Of .\ul'it_'tilllll‘l' .'l]lil .\Irt']i:lllit':ll
_\[lh, ““t"inlgtlli't* 10O Illt' rlhl'élll-|;|1i+lll Of i\]HIHr \ﬁl*]lit'li'h.“ |t_‘~.' 'l\, I{_
Ago,

Jlrh::crrr}ur:::ff:c,' (‘)Ileil'l!'l'nl:lrll’l‘ 1ractive “r:-i:-l:llll‘l' ol I:Hill]r‘- [Re-
search. Massachusetts Institute of Technoloev, Cambridee, Massa-
chusetts.

WIMPERIS ACCELEROMETIER WITH LOCOMOTIVIE RIECORDING

ATTACHMINT

1The I't*{'nl'ili]l;_i :111:lt'||]ln'lll consists of a tl‘i|nul to tacilitate mount-

e the mstrument 1n a vehicle, with dryv-cell Ir;llh-l'_&' and recording
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device properly attached. The rolls which feed the adding machine

li:lllt_*l' over the ;l[*l_'t']{'l‘nllIl*lt'l' lli"l'*”'l' ale 11]‘i1't-ll lr}' l}l{f 'ﬂ.'l‘lli{'lt-.“

speedometer cable. Both half-second time intervals and instantane-

ous needle ]m:--'iiinll.- are recorded I}}‘ electric s arks, which ]u*l'fﬂl‘;lt.i_‘
the paper. This gives speed for the time-distance relation, and also
a value for checking the accuracy of the gross, level-road tractive re-
sistance for coasting vehicles, as indicated by the accelerometer
Il{*m”t*_

Used November, 1921, to May, 1922, in Connecticut and Massa-
chusetts by the Quartermaster Tractive Resistance of Roads Research
Party.

See “‘\[r]rlir:liinn of Power to Road FI‘I';illré}rnl‘i..“ l}}‘ 1. E. Wim-
peris, in S. A. I&. Journal for 1921, pages 30-36.

I'he Wimperis accelerometer is manufactured by Elliott Brothers.
LLondon, England, and the recording device by the Locomobile Com-

LIy, “l‘iilf_{,l'lml‘l, (‘onn.
MASSACHUSETTS TRACTIVE RESISTANCE RECORDER

T'his apparatus consists of a mercury accelerometer, with an auto-
matic l't*l'nl‘l“ll;_:' device. Record 1s made Ir_\‘ electrie H[i:ll'k ]rt‘l‘f'ul'al—
tion of record paper. The nstrument registers gross, level-road
tractive resistance on level or inclined profiles, also speed (by time-
distance relation) and other pertinent data. It is readily adaptable
to use with a hydrostatic-pressure dynamometer for towing tests.
Provision has been made for the addition of such other data records
as may be found desirable.

T'he Massachusetts tractive resistance recorder is the property of
the Department of Public Works, Commonwealth of Massachusetts.
and 12 now loaned to the University of Michigan for the use of the
University and the Michigan State Highway Department.

Used 1n the summer of 1922 at Massachusetts Institute of Tech-
nology, and 1n the vieinity of Boston, Massachusetts.

Adapted from the liquid accelerometer i1dea of the Bureau of
Hl:lll{i:ll"lﬁ. and the electrie I'l*{*trl‘{lillls_[ idea of the [Locomobile Com-

pany to the problem of this research party by Mr. William O. Tait.
Automotive Engineer, Bureau of Public Roads, and Major Mark L.
[reland, Q. M. C., U. S. A.. Director of Research.

l’mn[r]l!t'l l|t~.-‘~-:'l'i]'rtiun lti‘\'lwwl'ill{*ll) filed with Department of

Pubhic Works, Commonwealth of Massachusetts. Bureau of Public
Roads, Q. M., C., U, S, A., Massachusetts Institute of Technology,

Yale University, and Harvard University.
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'1\:]1.*-11'111*11'11 ll}‘ Qllzll'l{*l‘mu:-h*t' Ti‘;lt'ii‘x't' I:l‘.“iﬁii[llll'{* nl' H!l;lt’l:-‘ l:t‘-
.'-t"Ell"l']I l’;ll*f\' al }lilri:-i;tt_'llll:-'t*liri [l!:-li!HIi* nl' 'l‘{*l'lllllllil;_[_\',

DRAW-BAR PULL DYNAMOMETER

The instrument consists essentially of a piston and cylinder filled
with 600 W, transmission oil and connected with an indicating and
pressure gage by flexible metal tubing. The apparatus 1s so con-
nected between the towing and the towed vehicles that the tension
between the two 1s indicated by the recorded o1l pressure.

["sed in Michigan State Highway Departmment investigations of
II'IH'IA Irrl‘l-nl‘!tulllt'i- (1] Lil';l!]l“«

]*‘ul‘ 1lt'!:iili-tl 1]t'r-t*l'i]11inll. ol o I't*[rlll‘t Ot 1l|'HH- ili\'l'~|i::Iliiillr¢ ill
l'tli\‘t'l':-iil}' Bulletin. New Series. Vol. XXIV. No. 19, Nov. 4, 1922,
(College of Engineering, Proceedings of the Eighth Annual Confer-
ence on Highway Engineering, held at the University of Michigan,

February 15-17, 1922

GROUP II. APPARATUS USED IN INVESTIGATIONS OF
THE STRUCTURAL DESIGN OF ROADS

/_ ;\'H/H;J'Hr't’s ]u J‘r-.ﬁfslrguf.v‘n”:-:,
District of Columbia: U. S. Bureau of Public Roads.
BEARING POWER DETERMINATOR (STATIC 1LLOAD)

This device (Fieure 12) for determining the supporting value of
s01]s when ril_llllil"[‘ll'il 1O r-'%il[i{_' ]H;Hl.‘-. cons1sts t**#t'llIiH“}.' of a hrass
cvlinder (A) and footing (B) so arranged with a tripod that, while
vertical movement 18 allowed, all horizontal movement of the top of
the device 1s eliminated, The loading agencv, shot, which 1s fed
into the funnel shown on the top of the tripod, tlows through an
”]'i[il'i‘ at a constant rate “1. .'";]”'f":l. I'I-'ll'l' rate ll'tj ”H".Y "I' Fll”‘t 1"" ‘ll'tl'li"
mined by calibration of the orifice. Deformation of the soil under
the footing, indicated by the vertical movement of the plunger, is
measured by an Ames dial, shown just above the tripod head.
Knowing the time of flow of shot, the vertical movement of the
[l]llll:_{{‘l'. and the area of the Ibnnlill;_t. the lll'[l”I of so1l [H*lu*tl‘;lﬁnll
for a definite pressure 1s easily computed.

Used in experiments at the Arlington Experimental Farm, Ar-
lington, Virginia, by the U, S. Bureau of Public Roads.

Desiened and constructed h_\' the U7, S Bureau of Public Roads.
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Ficgrre 12 -—BEARING POWER DETERMINATOR (STATIC LOAD)
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FIGURE 13.—BEARING POWER DETERMINATOR (IMPACT)
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BEARING POWER DETERMINATOR (IMPACT)

This device (Figure 13) for determining the resistance of soils to
nnpact, consists essentially of a rod (A) and a footing (B) and a
steel eylinder (C), fitted loosely on a rod so that it can be dropped

from any height. The footing has an area of about 7 square inches
and the cvlinder weighs 10 pounds. The difference i the elevation
of the rod, before and after a given number of drops of the eylinder
from a definite height, 18 the deformation of the soil. This differ-
ence 18 measured ]n}' means of an l‘ll;-__,‘-"ill{"l'l'*:-: scale.

Used 1 studies of comparative supporting values of subgrades 1n

the Arlington experiments and the Bates road tests.

See Public Roads, Vol. 4, Nos. 5 and 6. September and October,
1921.

Designed by U, S. Bureau of Public Roads.

SUBGRADE CYLINDER FOR DETERMINING SEPARATION BETWEEN
SUBGRADIE AND SURFACE

This device (Figure 14), which 15 a modification of the Illinois
Subgrade Testing Cylinder (see below). consists of a brass eylinder
(A) and plug (B), which can be placed in the pavement during
construction, and an Ames dial (C), having a special stem. A thin
brass flange (D) 1s soldered on the bottom of the evlinder to facilitate
placement 1n the pavement during construction. T'he bottom of the
plug 1s flush with the flange. To measure the separation between

r

he surface and subgrade, the brass plug 1z removed from the cyl-
inder and the dial 18 set 1n 1ts place.
Used in tests of warping of conerete slabs and second series of

impact tests at Arlington Experimental Farm, Arlington, Virginia,
by the U, S. Bureau of Public Roads.
Adapted by the U. S. Bureau of Public Roads.

SOIL PRESSURE CELL (FOR MEASURING PRESSURES OF SOILS AND
OTHER GRANULAR MATERIALRS)

Principles of pressure measurement with this istrument depend
upon: (1) The equilibration of the soil pressure with air pressure
within a small cell buried at the point where it 1s desired to deter-
mine the pressure; (2) the detection of the instant of equilibration

by the breaking of electrical contact within the cell; (3) the meas-
urement of the air pressure within the cell at the instant of equilibra-

tion by the use of a sensitive gage.
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AL

FIGURE 14 —SUBDGRADE TESTING CYLINDER

A cross section of the cell as 1t 1s used at present i1s presented in
I'igure 15, and 1ts construction 1s shown plainly without further
description.  When i operation, the movable side of the cell (plan
View 1n [‘hl,'._',lll't' 1) 18 ]llil{'l'll in contact with the earth fill in the
ﬂ“l'l*{‘liiill Il{'{'t':-r-;ll'.‘a' 1O _L[i\t* Illl* {Il‘ﬁtlll‘li t*i}lll]riilli'lll Of Ir]‘i-aa!ll‘:-_ |||11']-
.'{Hlll:ll, \'1'I'Iit';ll, Or u|:1i{1'.l|', rI‘lli' ]y..; i]il"l 'Iilu- ;*rrllIilillillu Al ill.ﬂll—
|;1!Ml Wire 15 lt'il 1O Al l’“ll‘xi']iil'l]l ;H'i'l'---iilh* [r[;n*r {Or [;ﬂ{ilm the
measurements.  ‘I'he cell may be at any distance from the pressure
I'l't'tll'ilill;; Instrumnient. When the internal Pressure caused ||_\' a1l
entering the cell through the pipe just exceeds the soil pressure.
contact 1s broken between B and I, I'his fact 1s shown immediately
In_\' the l*}{iill;_{llir-illill;_: of a small electric lif_‘[ll_ and the H]H-I';[ln]* o
the indicating instrument at once notes the pressure on the Pressure

oage, This. for In]';i{*lii';ll PUrposes, t*t]11;||- the so1l pressure,

-_._i:._,‘
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*10-32, steel,
3 long

®12-24., steel.
\" long

Material

ABC-Cast iron
D-Malleable Cast \ron
E-51eel

Note : Top 1o be covered with .
brass dwaphragm 0002 thick.
pressed over the sdes and

——+ cemented 10 sides only with
asphathc cement. Brass Top

Note All ’1TTT'ET'HI' MUCEﬁ pLAN o be prr:}"EC.TE:i with C.D“-"'Erl"Ig
. - of cheese-coth cemented 10
to De cooted ﬁm;gmj : et BG R oM, : / 10p and sides with a
with vaseline -~ = —— "1/ blownoil asphalt
fug D 77, B NR
L2 : . | !v‘:m}\ l:k ) k
Wl S N S = X l N Brass [:lgpljru.grn ODUIThIIt
£ 12 : = Copper Wire Thpwe
1 "-M*“ T e
| rd _ - mum t Galvanized \ron Ppe
Note All joints withstanding/ e—— 1k — Bakelite Cement No&
NI pressure 1o be freated /1 s e SE‘ —
with a special compound of F— ———— 5% - =

rubber. vaseune and beeswax, VERTICAL SECTION

DIAPHRAGM CELL FOR DETERMINING SOIL PRESSURE

U'S OFFICE Of PUBLIC ROADS AND RURAL ENGG

SCALE FuLL Size
FIGURE 15

The indicating instrument (Figure 16) can be placed in any
desired and convenient ||H:-'~ilinll, its air and eleetrical connection
beimg so arranged that but a few seconds are required to shift from
one cell to another. A compressed air tank, which may be filled
with air by means of a hand pump, 1s shown at the bottom of the
confaming box. It 1s fitted with a rouch gage for recording its ap-
proximate pressure. ‘T'wo accurate standard pressure test gages are
placed 1n the line leading to the pressure cell buried in the fill.
T'hese appear just above the air tank. One 1s eraduated from 0 to

]mltlu]s ]r.\' mmerements of .2 [mllll{]; the Hlll!‘l' reads Lp to 100
pounds 1 inerements of 1 pound. A\ dry ecell, a switeh, and an
electric hight are the only electrical equipment required. Necessary
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F1GURE 16 —APPARATUS FOR READING PRESSURE ON SOIL PRESSURE CELLS

valves are placed in the air line to enable the operator properly to
control the pressure within the pressure cell.

Used for measuring =oil pressure against bridge abutments and
retaining walls; in pressure distribution experiments, and for obtain-
ill_*._',g Hlll.l_&_’LI'Eliil' Pressures under t-?\']n*l'iltlt-lllul roads at (';llllll ”Hllllrll-
reys, Virginia; Bates, Illinois: and Pittsburg, California.

Desioned and constructed by U, S, Bureau of Publiec Roads.

See “An Apparatus for Determining Soil Pressure,” by A. T,
Goldbeck and E. B. Smith, A. S. T. M. Proceedings, 1916, and
“Distribution of Pressures Through Earth Fills,” by A T. Gold-
beck, A. S. I'. M. Proceedings, 1917,
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APPARATUS FOR IPRODUCING VIBRATIONS ON SUBGRADES

T'he so1l vibrator (Figure 17), consists essentially of a plunger
carried by a lever, whose one end is fastened to a steel frame, while
the other end 1s raised and dropped by a cam motor driven through
a system of gears and pulleys. The plunger, which 18 equipped
with a rubber footing, can be adjusted for any desired height of fall.

FIGURE 17.—S0OIL VIBRATOR

1T'he mtensity of the plunger blow 1s determined by an accelerometer.
Both slab and subgrade are caused to vibrate by the dropping of the
plunger.

Used to determine the increase in capillory moisture in the sub-
orade, due to vibration of the slab and subgrade, in subgrade 1n-
vestigations, Arlington IExperimental Farm, Arlington, Virginia.

Designed and constructed by the U. S. Bureau of Publie Roads.

APPARATUS FOR DETERMINING SUBGRADE TEMPERATURES

The apparatus for determining subgrade temperature, shown dia-
orammatically in Figure 18, consists of (1) thermo couples, (2)
mercury contact panel, (3) constant temperature unit, and (4)

potentiometer. The thermo couples consist of two wires, copper
and constantan (609% Cn.—409% Ni.) soldered together and 1n-
serted in glass tubes, which are sealed with paratfin throughout their
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entire length to prevent leakage of electricity or water. The leads
from the tubes are enclosed in rubber tubing of sufficient length to
reach above the surface. The tubes are sealed with sealing wax.
The mercury contact panel consists of a number of small cups, =o
arranged that electrical contact with them can be made. The cups

Ad1'¢ ]i“l*{1 u"llil Hnercury. 1'he constant lt-tlt]n'l‘;ltlll‘t- Hllil t'ullr-'i-l:- of
a commercial vacuum Hask, 1in which 15 inserted a olass tube contain-
g about 1 inch of mercury. The copper wire of each thermo

l'tlll]rll‘ 1- {-11]11111'1[”1 1O Ole ui' l]lt' ~I||;|] l'll]l'- ill l|ll' contact |l;|l|i'|,

1T he constantan wires of the thermo couple are connected to the con-
stantan lead. whose one end 18 1nserted 1 the ercury im the con-
stant temperature unit. A copper wire inserted 1 the same mercury
1= connected to one of the leads of the ]Hrlf'tliifllili‘h'l‘ 1o the other
lead of the potentiometer 1s connected a copper wire having a bare
point. The difference in temperature between the constant tem-
perature unit and the thermo couples 12 mdicated by the resistance
required to sustain constant potential 1 the system.  Observation
for fi*lll]u'l'nilll't* of A1y thermo t‘l:il]i]i' 1S made ]r_\' illri'l‘iill}_ﬁ the bare

t'Ilt] Of l]lt* {*lr[l]u'l' 'ﬂ'il'l' ;lll:ll*ln-l] 1O ”H* ‘rtrlt-lllillllil'li'l' !II!H I]ll‘
mercury cup, to which i1z attached a copper wire leading to the re-
alnl-rli\'t- thermo t'Hll]lll‘. and l'i*;illiltg the resistance Nnecessary for
maintaining constant potential.  All wires exposed to the atmos-
lrlu*]'t* A1'C lr]'nil-rlt'l] ]r_\‘ 3 i'n;!lillg Hf -lll‘”;u'.

l'.-;#"ll 1O {l!'l{*!'lllillt- il']l]]H‘I'i][l”'l"- 11] .-I;II*:-: illltl al ‘\;ll'ilrlin‘ i]t'li”h 11]
the suberade beneath, at the Arhington Experimental Farm, Ar-
[ington, Virginia.

Adapted to this use by the U S, Bureau of Public Roads.

[llinois: Tllinois Division of Highways.

Cu
BARE pom'rmf,—\
DOUBLE ~-THROW
DOUBLE POLE SWITCH
&) ® MERCURY
THERMO-COUPLES O __ CONTAGT
- - PANEL
= (
(,_e_ '-_ -
1 Cu-’ (™) O
(& j«—CONSTANT — -
| TEMPERATURE POTENTIOMETER
= CONSTANTAN UNIT
MERCURY

Figure 18 —APPARATUS FOR DETERMINING SUBGRADE TEMPERATURES
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STATIC-LOAD BEARING POWER DETERMINATOR

T]Ii* static-load |=i_';ll'ill_: power determinator {l"i;_:_ilf'r [$)) . consists
oI a I]II't'l'-Ii';_[:_;t'il. il‘fl[l*]*fllt‘ frame,. {':H‘]'ﬁ'irli_[ a Toledo Automatie
Hanging Scale, from which is suspended a pail containing about 30
pournds of shot.  I'he load 1s applied to the subgrade by means of a
steel rod., Ti‘]'llli[i:lli]l_!,,{ m a brass shoe. This rod SUpports a pal,

‘z‘a'llii'! r'l'i"'i‘u'~- *IH- -|1|rI [ 1011 i||r' ls:lil. ‘\ l]illmi ~(‘1I'c*\\ iII llli' i'l‘;mu-

enables the operator 1o control the rod movement. which 15 measured
Ir}' an Ames dial. An mmitial !'i.';illili_f_t S lillit*ll. with the shoe I‘l'."*fill_f_:
on the suberade without anv load, after which the shot i1s released

.'Jllii !'l*;lllill'_‘..- ale taken tor 1HLal lu:llih‘ Of l”. Z\). :llItI ) !””lllllr-y
_\illlililrli;lf I'r';lllill;f- Al l]ll'll I:||~L**Il fnr 1\WO !Hillll!w al ill!r!‘\‘:il* HIE

- » :
ol e
. o '

- e i

o Ly S - B

D ED &5 95654 40

FiIGURE 20, —ILLINOIS REPEATED-LOAD FiGurg 19.—ILLINOIS STATIC-
BEARING POWER DETERMINATOR LOAD BEARING POWER
DETERMINATOR
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thirty seconds under the 30-pound load. ‘I'he load 1s then removed
and Hn~lqnnnwllnnrrnuﬂn of the rod 15 measured.

Used 1 1920 and 1921 tllll‘ill_&_{ the construction of the Bates ex-

perimental road 1 the study of the relative supporting values of the
suberade under various sections of the road.

Desiegned by Chfford Older, Chief Highway Engineer, Illinois
Division of Highways, and B. . Piepmier, former Engineer of
Construction. Ilhnois Division of thighways.

Desceribed 1in ““Preliminary Report on Bates Road Tests,”” by
Chfford Older and H. F. Clemmer. Public Roads, Vol. 4. No. 5.
."'-il-]rlr-1|1|u*l', 1 921.

(C‘onstructed by Illimois Division of Highways.
ILLLINOIS REPEATED-ILOAD DEARING POWER DETERMINATOR

1T'he I'i‘]”'il]i'll*liillll hearing POWEL determinator :I"il:_{lll'q.* 200), con-
<sists mainly of a pipe frame, 1in which 15 mounted a spring (A) for
producing pressure; a cam (B), which varies this pressure: a plunger
('), which transmits the pressure to the =oil; a one-sixth horsepower
|]'. “. 1110107 1!“, ‘ﬂ']rir]} llt'ikt“- IIH' Calll atl a constant -[u-ml 1:[1 -~i.\
revolutions per minute:; a Ilimlllll;_,: (L), which 1z attached to the
bottom of the plunger and distributes the pressure to the soil (foot-
mes of different areas are shown at the bottom of the machine in the
Ulustration) ; a scale (F) upon which the pressure desired 1s set; an
Ames dial (H). which reeisters the action of the soil under re-
peated loads; a wheel (1) which Jowers the cam action; and a second
Ames dial (). whieh registers the vertical movement of this
=CC11011.

The object of this instrument 1s to subject the soil to such pressure
as might be expected under a road slab during the passage of vehicles.
HI\' use of the camn the PLressure 1= 1nereased _:_"I‘;H]ll;l”‘\' [rom zero to
maximum, and then decreased to zero. I'his s stmilar to the pressure
exerted at any point in the subgrade as a moving vehicle passes over
a rigid slab.  The time of application of iload with this apparatus
1= such as would be l'.\]ll'['ll'-’l from a vehiele II':I‘&'t'[ill_:; over a (-1nch
concrete surtace af 1]|1* rate Of ;limlll l-h' H]ilt'ﬁ ]u'l' llulll'. H.“' t*ll;lll'__:-
mg the spring pressure, the magnitude of the load can be made
similar to that which would occur under any thickness of slab.  The
effect of area of contact upon soil deformations caused by constant
pressure intensity can be determined by use of shoes of different
footings.

Used 1n 1921-22 on the Bates Experimental Road, and also 1n

studies of subgrades 1in various parts of llhmois.



o APPARATUS USED IN HIGHWAY RESEARCH PRO.JECTNS

l]l'.";il,';_f“l'i‘ l'.\' ('[i”'nl'll Ulllt'l', (11111_'1' “i]_‘hll‘ﬂ'il_\' l‘:ll;_[illt*l‘]'. ” I“‘.

(lemmer, Engineer of Tests, and A. C. Benkleman, Assistant En-
_:_{iII{'t*I' of "l'ests.
See “New Device for Testing Suberade Bearing Power,” by H. F.
Clemmer, Engineering News-Record, September 1o, 1921,
Constructed by Bureau of Tests, Tllinois Division of Highways.

[LLINOIS SUBGRADE TESTING CYLINDER

rIEIH' *41]|:L_11;1111_' It**-lill:_[ 1*|\'|i[|lll*l' ll'1i}_[lII'E* _f] ) . l‘tlll:-ir-lh HI‘ el l::_;. lr‘«.'

| Us-inch black iron reducer (A), a short length of 1'45-inch black
1

& ) -

—

10N ]ri]n' (b), a .-|u*1*i;il ]”;*i]lt']l lack 1ron [rlti}_.'; (L), a :-‘]rl'{'i:ll

inch brass bearing plug (D), a short sleeve of 1Y4-mch black 1ron
pipe (E), and a 114 by 115-inch brass dise ['). Plug (C) 1s flush
with the surface of the concrete, and the dise (F) rests freely on

G
F, '\_'\
3
b
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% 3
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fy e e ’;,T{ -5
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5% B Secron 88
%8
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Ficure 21.—ILLINOIS SUBGRADE TESTING CYLINDER Ficureg 22.—APPARATUS
FOR READING ILLI-
NOIS SUBGRADE TEST-

ING CYLINDERS
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the subgrade. The length of the pipe (B) and the sleeve (E) varies
with the depth of the pavement in which the tester is placed. An
Ames dial arranged in a special apparatus ( Figure 22), 1s used for
reading these testers. T'he support (A) 1nto which the Ames dial
s screwed, sits snugly against the brass plug (D). The plunger of
the Ames dial rests on the rod (B). which fits in a small circular
*li"ll'l“--‘"-illll 11 ”l{.' center of Illt* disc.

The subgrade tester can be used for various purposes. With the
speclal reading apparatus, separation between the suberade and
surface can be measured. By using the dise () as a footing for
the statie load determinator, the supporting value of the subgrade
can be determined. By removing the brass bearing plug (D), and
the dise (F), access 1s had for securing soil samples for the deter-
mination of moisture content or study of other properties.

Used in 1921-22 on Bates Experimental Road.

Designed by Clifford Older, Chief Highwayv Engineer, Illinois
Division of Highways, H. F. Clemmer, Enginecer of Tests, Illinois
Division of Highwavs, A. E. Stoddard, Assistant Engineer of Tests.
[llinois Division of Highways.

Described 1in Engineering News-Record, June 30, 1921

Construected by Bureau of Tests, Illinois Division of Highways.

2. Investigations of Road Surface, Structures and ‘Ippu;'h-nrmrw,

[District of Columbia: U. S. Bureau of Publiec Roads.

WEAR TESTING MACHINE

As shown 1n Figure 23, the wear-testing machine consists of five
cast-iron wheels, 48 1nches 1in diameter by 2 inches wide, and each
welghing 1,000 pounds, thus giving a unit wheel load of 500 pounds
per inch width of tire. The wheels are mounted inside a channel-
iron frame in such a way that each wheel, independently of the
others, 1s free to move up and down, and thus adjust itself to any
inequalities or depressions in the pavement.

[t was designed to ;1|1]11*H}{illnlh* the effeet of action ]rl'ntliu'ml Ir}'
heavilyv-loaded, steel-tired trailers or horse-drawn vehicles.

Used to produce wear on pavement sections in U. S. Bureau of
Public Roads Wear Test on Pavement Sections, Arlington Experi-
| mental IFarm, Arlington, Virginia. The machine was pulled back
| and forth over the test sections by means of an endless steel cable

driven },}— 2 :-'-iﬂ-lmr;.:p]nm'{-r g;lﬁfililll‘ l*ll;._';illt", and traveled at the rate
of five miles per hour.
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FIGURE 23, —WEAR TESTING MACHINE

]h'ri;_{lll't] and constructed |h}‘ the U. S. Bureau of Public Roads.
See ' Report of Wear Tests on Pavement Sections,” by F. H. Jack-
son and C. A. Hogentogler, Public Roads, Vol. 4, No. 2, June, 1921.

ABRASION APPARATUS

As shown 1 Fioure 24, the abrasion machine consists of two wear-
producing wheels, A and B, so arranged in a steel-frame, 4-wheel
truck that the position of the wheels on the axles can be changed
and the wheel loads can be varied. The wheel (B) through which
the power 1S 4 r]f]i{-ql for [rl':rlu-llilllf_:' the ;llilt:ll';llllr-. simulates the action
of the rear wheel of a motor vehicle. while the wheel ((A). which
moves freely, corresponds to a front wheel. The apparatus 1s driven
by an electric motor to which the power is supplied by means of a
third rail and plow.

[’sed 1n 1nvestigations of wear of different types of concrete sur-
faces, Arlington Experimental Farm, Arlington, Virginia, by the
(7. S. Bureau of Public Roads.

Desioned and constructed by the U. S. Bureau of Public Roads.

See “What the Arlington Investigations Are Showing,” paper
presented by A. L. (voldbeck at the annual meeting of the American
Road Builders’ Association, Chicago, Illinois, January 16, 1923
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FIGURE 24.—ABRASION APPARATUS

-

b AR 0o AP aion

. i
s
ol

e ]

-
D e

;;_1

O

FIGURE Z20.—WIIAR MEASURING INSTRUMENT

WEAR MEASURING INSTRUMENT

The device. as shown 1n IFigure 25, consists of an Ames dial (A)
ItlHllIITl'il O11 Iil‘:l.‘-'-:-i IH‘:H!I ( Hl r-illli]ml'li'tl il {';H‘]i l*lltl |h_‘«.' ol #\\‘i\'l'l fuul—
mg (C). The footings rest on the pavement surface and the dial
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plunger rests on a datum, which consists of a brass plug in a small
brass cylinder set in the pavement surface. Between observations,
the brass plug, which 1s about 145 1nch below the top of the pavement,
18 protected by cotton waste and putty placed above 1t in the eyvlinder
whose top edge 1s flush with the surface. The wear of the surface
15 1ndicated by the difference 1n dial readings in successive observa-
tions.

Used 1 1nvestigation of wear of different types of concrete sur-
taces, Arlington Experimental Farm, Arlington, Virginia, and by
the U. 5. Bureau of Public Roads in co-operation with the Delaware
State Highway Department, to determine surface wear of concrete
l'llilil.‘"?.

Designed and construected by the U. S. Bureau of Public Roads.
SILAB IMPACT MACHINE

1'his apparatus consists of a loaded box riding on a 51%4-ton spring,
which 1 turn 1s supported by a loaded frame or plunger on the
bottom of which 15 a section of double 2 by 6 1nches solid-rubber
tire. "I'he box and plunger, representing the sprung and unsprung
\\'t'i;;]ll:é. I'E‘F]il'l'li‘x'l'lt\', can be =o loaded as to represent a truck of aIly
s1ze or load. H_\' means of a motor, gears, and cam, the ]llll]lgl"l' or
unsprung welght carrying the spring and sprung weight, can be
lifted and dropped from any height so that the effect produced ap-
proximates that of a motor-truck wheel dropping from one level to
another, dropping into a hole or falling to the pavement after strik-
Ime an obstruction.

[':-ii"{L 1O [CST pavernent :-it*l'linllr-' ill illl]r;u'l [eR]S uf Illi‘ l*. H. Hlll‘{'elll

of Public Roads, Arlington xperimental Farm, Arlington, Virginia.
Designed and constructed by the U. S. Bureau of Public Roads.

See “‘Impact Tests on Pavement Sections,” by €. A. Hogentogler,
Public Roads. Vols. 6 and 7. October and November. 1921

PORTABLLE IMPACT MACHINE

This machine consists, as shown 1in Figure 26, of a motor-truck
wheel supported in a heavy frame which in turn 1s carried on a
heavy, motor-truck spring. T'his constitutes the unsprung weight

and 1s supported 1in a vertical motion by means of cams carried on the
outside, supporting, angle-iron frame. T'he apparatus is electrically
driven. The height of the drop of the truck wheel can be varied
from 0 to 6 inches and the rate of application of load from 6 to 10

drops per minute. By varying the spring pressure and using suit-
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able wheels and weights, a range of impacts from 0 to those which
would be w};]u_-rlml from the heaviest of motor trucks. can be obtained.

-

Used to test pavemendt sections ]1_\.' the U. S. Bureau of Public
Roads, Arlington Experimental Farm, Arlington, Virginia.

WIGURE 26 PORTADLE IMPACT MACHINE

Designed and construceted by the U. S. Bureau of Public Roads.

See “What the Arlington Investigations Are Showing,” paper
i:l't-.ﬂ*lltt*tl Ir}.‘ A.T. Goldbeck at the annual Iln't‘li!l}_: of the American
Road Builders’ Association, (1]”{*;1;_;”. [[lInois. .]:lllll:ll'}' 16, 1923.

SPACLE-TIME RECORDER

This apparatus, which was attached to the first impact machine,
consists of a revolving drum o immches 1in diameter over which is
drawn a band of siliconized paper, Three brass IHli]”?‘ I‘l-r-liil_Li

;l;_!‘uillr-d this paper and connected l:}' means of a ’.|-illl'|| spuare steel

I'lul L) Illl' 1'Es l{'{'lﬂ't' ]ull'l:-n l'l‘.‘{'{l]'t'l l]lt' \'t‘l'lii‘ail movements of IIH*
sprung and unsprung weights as well as the deflections of the test
slabs under illl]l;'u_'h-'-. A fourth brass Ilrlillt- actuated h}' an electrie
magnet, records the time 1 seconds. An enlarged record secured
from one drop of the plunger of the 1mpact machine i1s shown in
[Y1ioure 27. The slab deflection as shown at A occeurs when the un-
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sprung welght has reached its lowest position at B, while the position
of the sprung ‘-."h't'i_L_[]Il at the same time 18 shown at C.

An improved form of the space-time recorder was attached to the
second 1mpact machine. Besides having modifications 1n the me-
chanical details, this apparatus was electrically driven, and the time

was recorded every .03 of a second.

Used to measure impacts delivered by the impact machine, Arling-
ton Experimental Farm, Arlington, Virginia.
)esioned and constructed by the U. S. Bureau of Public Roads.

for complete details of apparatus and methods of t'll]ll]tlllill;_'j 11~
Sec-

]r:li'I force from ?'*]HH‘I'*”HII‘ CUurves, S “Impact on Pavement
tion,” by C. A. Hogentogler, Public Roads, Vol. 4, No. 6, ()ctober,
1921, and “*Measurement of Iltl]rall'l.“ Irl‘f . B. Smith, lll'ill*i.‘t"llillg?-:

of the A. S. . M., 1921,

Il W TIME RECORD i

SLAB MOVEMENT

1 Q& ~ UNSPRUNG WEIGHT MOVEMENT
C

'B SPRUNG WEIGHT MOVEMENT

AUTOGRAPHIC RECORD OF
#INCH PROP OF PLUNGER OF

IMPACT MACHINE.

FIGUGRE 27

ACCELEROMETER FOR MEASURING IMPACT FORCIES

This device, shown 1n Fieure 28, consists of a metal frame sup-
porting a flat steel spring (A) attached to which 1s a small welght
or plunger (B). Any vertical acceleration to which the instru-
ment 1s subjected 1s accompanied by a corresponding deflection of

the spring. This deflection 1s measured in the following manner:
The bottom of the plunger (B) 1s triangular mn shape and rests 1n a
triangular space in the frame of the apparatus. The sides of the
triangular base and the triangular space are not parallel, and are
separated by two steel rollers (C'). As the plunger moves downward
during the sprung deflection, the rollers held by small spiral springs
follow the movement and prevent the plunger from returning to 1ts
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original position. A Last Word dial 1s attached to the top of the
frame with its stem resting on top of the plunger; thus the difference
in elevation of the plunger before and after an 1mpaect occurs, 1s

measured by the dial and represents the spring deflection. After

properly calibrating the instrument, accelerations can be easily com-

puted from the dial readings.
The instrument has been used to measure impacts delivered by the

|

portable impact machine (see B, Figure 33) at the Arlington kEx-

perimental Farm, Arlington, Virginia. If it is attached to a truck

runnine over a road, i1t will record the maximum acceleration which
occurred during the operation.
Ih--'i;_'.ln*il and constructed ]'}' the U. S. Bureau ot [’llll“l' Roads.

MIRROR ACCELEROMETER FOR MEASURING IMPACT FORCES

This device, shown in Figure 29, 18 a modification of the one de-
scribed above. The spring (A) and the small weight (B) are
similar to those used in the first instrument, but for measuring the
deflection a 'ay of Ii;_EIII s used 1nstead of the dial. A “j_‘,lli ray
from the lamp (E) passing through a lens (I') and striking a mirror
|!i\'1‘ill'il at 1), 18 reflected on the _:_"I'Hllllll ;_',':l.h-- ((+) shown at the top

of the frame. Any movement of the plunger (B) causes a s 10 ht
rotation of the mirror and changes the position of the ray of high
reflected on the eround glass. A small brake (C), resting against

the mirror holds the mirror in its ]rmilinn of maximum rotation unti!

the measurement of the movement of the light ray on the grounc
olass can be secured. To facilitate this measurement, the ground
olass has a seale cut on 1t.  After the proper calibration, the accelera-
fion can l*;lr-iil_\‘ be determined from the distance which the Ii;_:[ll ray
moves on the ground glass.

[Tsed at the Arlington Experimental Farm, Arlington, Virgimia,
and in studies of the effect of roughness of different types of road
surtaces.

]lf'*i:_tll:'il and constructed ]'}' the U. S. Bureau of Publiec Roads.

APPARATUS FOR MEASURING IMPACT BY USE OF SMALL COPPER
CYLINDERS

This apparatus consists of a jack set 1n a concrete foundation 1n
such a manner that the top of the jack is flush with the surrounding
surface, as shown in Figure 30. Small copper cylinders, 15 1ech

n diameter by 145 inch high, having previously received special heat

treatment to insure uniformity, are deformed in the jack by blows
received on its top from moving motor-truck wheels. The force of
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the 1tmpact blow 1n each case 1s considered as equlvalent to the weight
in pounds whieh, applied statically, would cause the same deforma-

tion. By using different heights of drop and wedges and blocks on

top of the jack, the eftfects of holes in the road surface, as well as of

.
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I'1IGURE 29 —MIRROR ACCELEROMETER
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Concrete

Copper
Cylinder

APPARATUS FOR MEASURING IMPACTS BY USE OF SMALL
COPPER CYLINDIERS

RIGURE 30,
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FIGURE 31.—MEASURING IMPACT OF REAR MOTOR TRUCK WHEELS

obstructions, have been simulated. Figure 31 shows the top of the |
ack (A) about to receive the blow from the truck wheel. The small l
. wire attached, spans the top of the i

piece of channel 1iron (B). wit

. ———— i . i
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jack during the passage of the front wheel, and 1= withdrawn to allow
the blow of the rear wheel to be measured.

Used at Arlington Experimental Farm in nnpact tests of motor-
truck wheels.

Adapted by the U. S. Bureau of Public Roads from method em-
]*lu}'t’*ll }r},' the U. S. .\I'Ill.\‘ to determine force of ,.\I.l.,‘.m._; il] OUIlS.

See “_\lniu]' T]*ll{'l{ l!ll]r;lrl ,I,“‘“ Ot the H!ll't':lll Ol ]’lllr[it' I:Hilll‘.“
by E. B. Smith, Public Roads, Vol. 3, No. 35, Vol. 4, No. 8, March
and December, 1921

ADAPTATION OF KREUGER METHOD FOR MEASURING IMPACT

The apparatus consists of a jack, IFfigure 32, containing a chrome-
nickel block with a tlat surtace agalnst which rests a chrome-nickel
block with a spherical surface. “I'he area of contact between the two
surfaces 18 dependent upon the force exerted upon the top of the
jack. By calibration in a testing machine the load causing different

FIGCRE 32 ADAPTATION OF KREUGER METHOD FOIU MEASURING IMPACT
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L= e

I'IGURE 33.—MEASURING IMPACTS BY THE KREUGER METHOD

areas of contact is obtained and a curve showing the relation of load
to contact 18 drawn. For the purpose of ul_ll;lillill; a record of the
area of contact between the two blocks. the face of the one having
the flat surface 1s smoked so that after the contact the area 1s plainly
marked on the highly polished steel. From the calibration curve

the force which caused a given area is easily ascertained. Figure 35
shows the jack (A) receiving a blow from the impact machine, while
Figure 32 shows the impression made on the flat surface by 1ts con-
tact with the H[lllt'l'it‘;ll block. The size of the blocks 1s such that no
]u*l'lli:llll*lﬂ deformation occurs !IIH]M‘ the forces to Wlti{*]l lllt‘}‘ A1'e
subjected.

Used to determine the force of impacts delivered m the second

series of 1mpact tests at Arlington Experimental Farm, Arlington,
\'il';;illi;l.

See “Methods for Measuring and Calculating the Magnitude of
[F'orces with Particular Regard to Impact Forces,” by Professor
Kreuger in Translations No. 2, Engineering and Science Academy,

Stockholm. 1921,

INDICATOR FOR MEASURING VERTICAL MOVEMENT OF ROAD

SLADBS

The device (Figure 34) for measuring vertical movement ot pave-

ment {*ul_:_{(--g due to either u‘;tl‘]}ill;_[ or load, consists of a ]Htilllt‘l' dl'-
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FIGURE 34 INDICATOR FOR MEASURING VERTICAL MOVEMENT OF
ROAD SLADBS

I':III;:{*{] as a lever with one center (A) i the conerete and the other
(B) 1 the subgrade. The movement at the free end of the pointer
1= ten times that of the end which receives the movement of the slab.
The scale 1s increased by 10 so that the movement, as indicated on the
scale, 18 the same as received by € or the actual movement of the slab
with respect to the subgrade.

[Used 1n making observations of warping of 18 by 30 feet concrete
road slab at Arhington Experimental Farm, Arlington, Virginia.

Modification of the card scheme?® used by the Illinois Division of
Highways on the Bates lixperimental Road.

Constructed by the U. S. Bureau of Publiec Roads.

ADAPTATION OF STRAINAGRAPH FOR RECORDING DEFLECTIONS
OF ROAD SLABS

—

The strammagraph, set up as shown 1 Figure 35, records the ver-
tical movement of road slabs due to warping. The movement of the
corner of the slab 15 transmitted to the mechanism of the instrument
by means of a rod (A) which 1s shown resting on the corner. The

““Paving Slab and Subgrade Studies in Illinois,” by Clifford Older. Engineer-
ing News-Record, January 12, 1922 page K1,
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recording mechanism is driven by an electric motor so geared that an
S-day continuous record is secured on 50 feet of record paper.

Used at Arlington Experimental Farm, Arlington, Virginia, 1n

the study of warping of road slabs.

_\tln!uhwl by the U. S. Bureau of Public Roads.

APPARATUS FOR RECORDING AUTOGRAPHICALLY THE VERTICAL
MOVEMENT OF PAVEMENT SLABS CAUSED BY WARPING OR
[LOADING

The apparatus, shown in Figure 35, consists of a motor-driven
mechanism which draws a band of paper over a smooth hoard
fastened to supports driven into the ground. The face of the board
s parallel to the side face of the pavement surface. The highlyv-mag-
nihed, vertical movements of 20 [H'til'll:-'. 1 toot El].ﬂ.ll'l. on the side of

the pavernent surface, are recorded on the lllu&'ill;‘-_t paper 11}* ds 1many
pen points which are actuated by levers connecting them with the
pavement. From these curves the shape of the side edge, and con-
sequently an indication of stress existing therein, can be secured for
any time and for any position of a motor-truck wheel. Used in the
study of deflections of road slabs on the Columbia Pike [Experimental
Road. Arlington County, Virginia.

Desioned and constructed by the U. S. Bureau of Public Roads.

See “What the Arlington Investigations Are Showing,” paper
vresented by A. T. Goldbeck at the annual meeting of the American
Road Builders’ Associaticn, Chicago, Illinois, January 16, 1925,
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I'IGURE 30 AIPPARATUS FOR RECORDING AUTOGRAPHICALLY THE VERTICAL
MOVEMENT OF PAVEMENT SLADBS

STRAIN GAGE FOR DETERMINING MAXIMUM FIBRE DEFORMATION

This instrument 1s a modification of a similar device used by the Ohio
State University. It consists of a distance bar to one end of which
1s attached a contact point; the other end rests against a small stee

block 1n a steel cylinder. Spring pressure applied through a smal

plug causes sufficient friction to prevent free movement of the smal
steel block. In making an observation with this device the 0Qoe
points are set on the specimen, and the initial reading of the position
of the block with I‘i'.*-lrl'i'l to the end of the l'}']itllll‘l' 1S made Ii}'
means ot the Ames dial, after which the load is applied.  Any short-
ening of the distance between gage points 1s shown by an equal
movement of the block. The final reading is taken with the Ames
dial, the difference between the two I'l‘i_lil'lll.:_t-é i]lilh':llili_:_; the fiber
[-n“]]rl‘t*--.-'jnll, TH ]rI'l"xl'IlT movement of IIII‘ Il]ln'l{ 1[111* 10) |:1*1-~:-1n'|- Ot
the dial stem during readings, 1t 1s held fixed in place by means of
a Sel serew.

UUsed 1 the study of 1impact on highway bridees, co-operative re-
_-;1*;11'1-]1 I'r“.i“"' {*sil‘l'it't] (11 l:}’ lllt* [nu'al f“:l;llt* ”i:_‘lln';l}' ('H]I]llli."*."';iilll*
[Hu';l [‘:.‘ilu*l'illll'lll Hi:l!itlll. ;Illil l :'":*. HHI'{':HI nll |’l]|r|il' Hil;iilv-i.

See Bulletin No. 63, lowa State College of Aoriculture and Me-




ol \PPARATUSN UNED IN HIGHWAY RESNSEARCH PROJECTNS

chanic Arts, “Preliminary Impact Studies, Skunk River Bridge on
[.incoln Highway Near Ames, lowa,” by Almon H. Fuller.

TEN-FOOT MICROMETER STRAIN GAGE

This instrument consists essentially of two measuring tubes, one
steel, one brass, supported =0 they cannot bend, and provided with

rounded tips against which measurements are made with micrometer

SCICWS. l';_\' 1H1CA1]S ”l. “li'l'l'”“]'l*ll"r llll‘”!’"'llrl‘“l{_"'lltf";. l'lll'l'{‘l'H_'nl 1O COIl-
stant ii‘lll]u'l';lllll'tu l‘]l:lll,‘_:i':-i Of ]1‘1];_{1[1 between ]llllj._{:-é set 1 the con-
crete road are obtained.

The measuring tubes are supported at frequent intervals by brass
dises fastened within a brass casing 2 inches 1n diameter. ‘T'his
casing extends the full length of the mstrument and is surrounded

. )

and supported at intervals by another casing 3 inches 1n diameter.

At the ends of this outer casing are two collars which rest in the
supporting blocks., T'hese blocks are provided with pins whose

conical ends fit into holes drilled 1n bronze plugs set 1n the road
1llll'ill;_{ 1ts construction. One 1*1]:|—r-1|l]1]m]‘lill;_ﬁ block 18 |:1'H\‘it]l'tl with
flat-ended contact pins and the block at the other end of the instru-
ment carries micrometer serews.  Adjusting serews are provided
merely to support the instrument on the road when not 1n use.
['iber collars are provided merely for protection when the tube 1s
detached from the end-supporting block.

Knowing the coefficients of expansion of these tubes, obtained by
calibration, the difference 1n the micrometer readings furnishes a
mean of obtaining the temperature of the bars. This temperature
can then be used 1 correcting the micrometer measurements to a
standard temperature. Thermometers are inserted in the 2-inch
casing at the ends of the mstrument. The mean of these end tem-
]r('l';lllll't* I't';ltlill;_'_:-" as a rule, ;l[:]u*n;lt'llt*r& within 1° C. of the ll*lll[#t"‘l'zl-
ture obtained from the micrometer readings.

Used 1 studies of expansion and contraction of concrete.

Designed and constructed by the U. S. Bureau of Public Roads.

[For detail of its use, see U. S, Department of Agriculture Bulletin
No. 532, “Expansion and Contraction of Concrete and Concrete

B

Roads,” by A. 'I'. Goldbeck and F. H. Jackson, Jr., October 13, 1917,
GRAPHIC STRAIN GAGE
As shown in the diagrammatic sketch, Figure 37, and photograph.

[Figure 38, the graphiec strain gage consists essentially of a short piece
of brass (A) and a longer piece (B) connected by a piece of spring
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steel (H) which acts as a hinge around which the two pieces of brass
rotate as ]H'l'llliI[H] 1!}' the small SPace between them. Since the
steel-spring connection (H) 1s set off the center line of the two pieces
of brass, any pressure exerted on the ends of the brass piece will

cause this rotation. Any change 1 overall length between the two
contact points, K and L, set on the center line, causes rotation of the
parts, this rotation being proportional to the change in length. The

HoAaD SURFACE

FIGURE S3T.—DIAGRAMMATIC SKETCH OF GRAPHIC STRAIN GAGE

lever () attached to the small piece of brass (A) permits magnifi-
cation of the movement of rotation or change of length between con-
tacts. A record of the movement 1s accomplished by a point D in
the free end of the lever moving over the surface of a small piece of

HNIGURE 38.—GRAPHIC STRAIN GAGE

glass (I) which has been previously smoked, and which is held
fixed on the ]Hlilll [) T'he devices are so small that IIH*‘\‘ can be
inserted, as shown in I, into pavement surfaces in slots 34 by 24 by
6 1nches 1n size.

T'o make an observation, a slot of given dimension is cut in the
surtace of the road, small brass bearing plugs (G) are then set in
plaster of Paris in the ends of the slot cut in the road surface. after
which the strain 286 1S lrlu{'i*i] 1N 'Hirilillll and ;ltli,ll:-lll*tl Lo proper
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length by turning the contact point (L) until the indicator point 1s
brought to the center of the small smoked glass 5. After this posi-
tion of D 1s attained, the piece of glass 18 moved a short distance
s0 that a datum line is made on the record. A load 1s now applied
and the record of both tension and l'{=111|ll't'.~‘--inll H{*rlll'l‘illj_z in the fiber
1= noted. Any compression shortens the overall length and causes
D to move upward from the datum line, and any tension 1s shown
below the datum line. A number of records can be secured 1n one
piece of glass by simply moving it a slight distance after each load
application.

After an observation has been made, the smoked glass record 1s re-
moved from the strain gage and coated with a film of varnish, filed
away, and later, by means of a microscope, is used for determining
the fiber deformation.

Motor wheels can pass directly over these mstruments which are
protected by a thin cover plate. A number of them properly cali-
brated 1n various positions in the road slab, allows the determination
of the direction, magnitude, and character of stress occurring with
any type of moving or static load.

Used in the study of deformation and stress in road slabs on the
Columbia Pike Experimental Road, Alexandria County, Virgiia.

Desioned and constructed by the U. S. Bureau of Public Roads.

See paper by A. T. Goldbeck, “What the Arlington Experiments
Have Shown,” presented before the American Road Builders’ Asso-

clation, Chicago, Illinois, January 16, 1925,

PHOTOGRAPHIC STRAIN GAGE (FOR MEASURING IMPACT STRESSES
IN BRIDGES AND OTHER STRUCTURES)

The optical principle and essential features of this strain gage are
shown diagrammatically in Figure 39. A and B are the two gage
points of the instrument, A being the movable gage point, pivoted
as shown and operating a mirror at its upper end. A light 1s focused
by means of a small lens on the mirror and is reflected back to the
scale S.  In operation any slight movement of the gage point A will
rock the small mirror about its pivot, thus deflecting the beam of

licht along the scale, magnifying very greatly the maximum move-
ment at A. By this means of magnification it will be seen that there

are only two mechanical moving parts, namely, the gage point with
1ts extension and the mirror on its pivot, and since the movement 1n
either case is extremely small, they respond readily with very little
inertia. The greater part of the magnification is attained by the
reflection of the beam of light by the various mirror positions, and
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F1GURE 39 —SKETCH SHOWING PRINCIPLE OF THE PHOTOGRAPHIC
STRAIN GAGIE

this takes place with no inertia, consequently there can be no lag or
over-travel. To make the instrument recording, a photographie film
15 s0 placed as to receive the record of the beam of heht focused on a
slot near the scale S.

A photograph of the actual instrument 1s shown m Iigure 40,
[, being a small electrie light bulb the filament of which 1z focused

Ficune 40 PHOTOGRAPHIC STRAIN GAGE
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FIGURE 41.—IPHOTOGRAPHIC STRAIN GAGE ATTACHED TO BRIDGE
MEMBER DURING TEST

through the lens on to the small mirror at N. The 1mage of this
filament 1s reflected back across the vertical slot located in the parti-
tion of the mstrument at ', A roll of film 1s caused to pass this slot
and receive the record. In the closed end of the box 1s a small elec-
tric motor whose speed is reduced through a worm gear and which
serves as the 4[I‘i\'illg power for the {ilm. 1The motor and the electrie
lanp are operated from a 12-volt storage battery. Figure 41 shows
the mstrument attached to a member 1n test. At the right end is
the movable gage point which has a shding longitudinal adjustment
by means of the right hand thumb serew shown. At the left end are
three gage points, the two outside gage points being of the same
length and about 1/16 inch longer than the middle gage point.
['or use on Hat surfaces, this provides a more stable and secure attach-
ment for the mmstrument, but in case of narrow plates and bars and
round rods, the center gage point i1s used.

Used 1n imvestigations of mmpact on highway bridges, Engineering
[oxperiment Station, lowa State College of Agoriculture and Mechanie
Arts, Ames, lowa.

-

S. Bureau of Public Roads.

esigned and constructed by the U,

See “‘Prelimimary Report on Impact Studies on the Skunk River
Bridge, on the Lincoln Highway, Near Ames, Iowa,” by Almon H.
Fuller, Proceedings A. S. C. E., March, 1923
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F'IGURE 42 TEST OF SKEW ARCH

APPARATUS FOR TESTING SMALI-SIZE SKEW ARCHES

As shown 1n l‘.ll_!_[lll'l' 42, the loads are ;l]illltt*li to the tes -]~t‘t‘illll*ll:-1
by means of a number of springs placed at different points. The
compression of each spring can be varied by turning an adjusting
nut o1l IH]J of the .h]rl'ill_:_{ |H';Il'II|:_'_ rodl. The ;1]r]l|i£'1] IH;IEI s deter-
mined by measurement of the deformation of the previously cali-
brated springs.

T'he deformation of fibers of the arch 1= measured by strain gages
;1[1;1 the thrusts on the ;||ulIIHH-lll- are determined 1{\' lse of #]:{‘t'i;ll

:Hlil]ﬂilli“!l‘“’ of the Kreuger measuring device.

l':-'t'll ill 0= HIP :-Hi;l]l -~|-;:-u .‘l!'t'llt“‘*. _\I' illl_’iﬂlt ]‘:_\[H'l'inll‘lllall I*‘;II‘HL
Arhinegton. Vireinia.
l}l*_ui;]ti-il a1l constructed |11\‘ the I . Hlll'i':lll of Publie Roads.

APPARATUS FOR TIESTING BIEAMS IN THE FIELD

As shown by diagram and photograph, Figures 43 and 44. the
apparatus consists of a steel I-beam grillage carrying angle-iron knife
Ml;r:—a :-L]r.}lt'{*ll () 1'1*1'1 ;l]ull't ()11 ﬂ'l]ii'll llll_' IH"*HIH ir- ]11:11.‘1*11. \ ]n;ul 1--.
:1|r[1|it*tl I]ll‘uli;ll a wooden beam 6 1nches square and 13 feet l““?—f-

This is removable to facilitate the placing of the specimen. 1In test-
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POINT OF
APPLICATION |
C.FULCRUM OF 100 WTS. (
/2” — —6’-0’1’- —— —6 :'0”

KNIFE EDGE

| BEAM UNDER TEST
__6;_0”'

I'IGURE 43 SKETCH SHOWING PRINCIPLE OF BEAM TESTING APPARATUS

SPRING BALANCE
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FK'IGURE 44, BIEAM TESTING APPARATIIS

img the specimen the beam 1s placed i position, one end supportea
by the angle 1ron resting on the specimen, and the other end hung
on a spring balance held up by a turnbuckle on a '4-inch diameter
steel rod fixed at the top. Proper contact 1s then made af the ful-
crum and the load 1s applied by lowering the end of the beam at the

spring balance by means of the turnbuckle. The load 1s computed
by the reduction in the support of the free end of the beam as indi-

cated by the spring balance. When the weight of the beam 1s 1n-
sufficient to break the r-'-]x{-l'ilrlvll_ Hll{‘"]]ll[l{ll'{'ll-]}{lll]ltI u'{_‘i‘u‘]ltﬁ Al'e
placed 1n the middle of the beam.

Deflection of the specimen under test 1s measured by Ames dials
independently mounted on each side of the apparatus bearing against
supports attached along the neutral axis of the specimen.

Used 1n 1mmpact tests at Arlington, first series, to test beams 13
inches wide by 7 feet long, representing various types of pavements.

Designed and constructed by the U. S. Bureau of Public Roads.
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See “Impact Tests on Pavement Sections,” by €. A. Hogentogler,
Public Roads, Vol. 4, Nos. 6 and 7, October and November, 1921.

[llinows: Illinois Division of Highways, Springfield, Illinois.

STRAIN GAGE FOR MEASURING FIBRE DEFORMATION IN CONCRETIS
SLABS SUBJECTED TO STATIC LOADS

This strument (IFigure 45) 15 sensitive to the one hundred-
thousandth of an imech with the use of a ten-thousandth-inch Ames
dial. The true surface fiber elongation causes an exageerated move-

. —

F1GuRE 45.—ILLINOIS STRAIN GAGE
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FIGURE 46— MEASURING FIBER DEFORMATION WITH ILLINOIS STRAIN GAGE
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1ent llt*]u-llrh-lll Lportl the lt-ll;.:,tll of the extension POSTS. A shows

lues set 1n the slab. B and B, are extension posts which screw on

Jues. (15 an adjustable head which holds dial (D). ), 15 al=o

an adjustable head drilled out to receive pointed rod (19). The dial

<1C11) 11{*;:!] i:- ill'i”l‘ll 1O l'm-l;'i\'{* l]lt* other Ml{l Hi' l'lul | |‘:1 ];_\.' 1H1Ca1 s

of arm () fastened to dial stem and two rubber bands (H and H, ).

1111* ili;l[ <1€11) ll:l:-i ]un:--ili\'l* :H*ii*'ll :H'l'HI'l“II;_; 1O llll' 1H1OVeient In-l‘ﬂ'i't*ll

the posts. By varying the length of rod () accurate readings can
be taken at distances as short as 4 1nches.

l“i_i_'_llI'I' -l“ ..]];,u«; I]H' ill-11'1[l1|1*111 H‘-I‘il LO 11Hea=sure Ill'f-ll]'lll.‘lllllll nl‘
Iil:l‘l' :l!Hll;_" I'Il" ili:l_:_{nll:ll ‘nl]t']l ]| ln;ii[ 1S 11|-|i]il‘l] L) l]lt* corner of I]H*
roac slab.
Used 1922-23 1n a study of stresses in slabs on the Bates Experi-

mental Road.

Designed by H. IF. Clemmer, lingineer of Tests, I1linois Division
of Highways, and A. C. Benkleman, Assistant Engineer of Tests.

[Ilinois Division of Highwavs.

fnh‘rf: l‘:_\]u*l‘ilm'!n ?"':I:lliHIl. [nu;l State Vn”tg:_{t* Of .\;_'t'irllllllt'r :llnl
Mechanie Arts. Ames. lowa.

FIGURE 47.—STRAINAGRAPH MEASURING CULVERT IMPACT
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Figury 48 —SMOKED GLASS RECORDING DEVICE FOR
MEASURING CULVERT IMPACT

ADAPTATION OF STRAINAGRAPH FOR MEASURING CULVERT

INMPPACT

The strainagraph, shown in Figure 47, is so arranged that the
upper pen records the position of the test truck as registered by the
space measuring instrument (see below). The middle pen records

the elongation of spring
heam of the p];llfnl'lll scal

and 1s actuated by 1impu.

due to impact effects which balance the
e. The lower pen records time in seconds,
ses through a pendulum clock.

When the culvert is covered with a comparatively thin fill, the
device shown in Figure 48 is used to measure the impact. It con-
sists essentially of a smoked glass plate on which is recorded the

movement of a needle pos

nt fitted in the end of a lever. This device

is used in place of the middle pen described above. The glass plate

1s held 1n position by a paper clamp.
The instrument was used for recording the impact data in the cul-

vert investigations at the

Towa State College, Ames, lowa.

SPACE MEASURING INSTRUMENT

This instrument, as shown in Figure 49, consists of a drum wound

with brass wire which 1s

fed off and on the drum evenly through a

screw gear feed. The instrument is placed upon the ground with
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FIGURE 49 —SPACE MEASTURING INSTRUMENT

the free end of the wire attached to the rear end of the truck. As
the truck moves forward, the drums are rotated at the rate of one
revolution for every 2-foot movement of the truck. At each revolu-
tion an electric circuit is closed, sending an impulse to the record-
Ing apparatus.

Used 1 connection with the culvert investigations, lowa State
College, Ames, lowa.

The following instruments are listed as being used in the study of
impact on highway bridges, a co-operative research project carried
on by the Iowa State Highway Commission, lowa Engineering I£x-
periment Station, and the U. S. Bureau of Public Roads. From
Bulletin 63, Towa State College of Agriculture and Mechanic Arts.
“Preliminary Impact Studies, Skunk River Bridge on the Lincoln
Highway Near Ames, lowa,” by Almon H. Fuller.

DIRECT READING WEST EXTENSOMETER

This mstrument consists of two yokes about 20 inches apart, held
together by a constant-distance bar connected (with necessary free-
dom of motion) to the center of each yoke. The forked end of each
voke 1s fastened to the bridge member by means of two hardened
serews,  'T'he movement, due to the deformation of the member, is
transmitted to the other ends of the yokes where it 1s read divectly by
means of a Last Word dial.
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The West extensometer was developed 1n the instrument shop of
the Department of Civil Engineering, at Lafayette College, by M. L.
West, mechanician, under the direction of Almon H. Fuller.

TURNEAURE EXTENSOMETER

This apparatus, which has been used extensively for measuring
impact 1 railway bridges, is deseribed in full 1n “I'ransactions of
the American Society of Civil Engineers,” Vol. XLI (1899), page
412, and 1n “Proceedings of the American Railway lEngineering
Association,” Vol. 12 (1911), part 3, pages 185 to 202.

STREMMATOGRAPH (RECORDING AND SMOKED GLASS DISCS)

These instruments were developed for measuring the stress in rail-
road rails by a special committee of the A. S. C. K. to report on
stresses 1n ratlroad tracks, and are described in the transactions of
he American Society of Civil Engineers, Vol. LXXXIT (1918).

page 1224,

BUREAU OF PUBLIC ROADS PHOTOGRAPHIC MIRROR
EXTENSOMETER

Deseribed under Bureau of Public Roads.

BUREAU OF PUBLIC ROADS STRAIN GAGE FOR MEASURING
MAXIMUM FIBRE COMPRESSION

]h*:ﬁ{'l'i}w-LI lIIltll*I‘ Hlll't'elll n!' l}llllli(' Hfulllr-h

OHIO STATE UNIVERSITY MAXIMUM COMPRESSION INSTRUMENT
(LOANED BY C. T. MORRIS, OHIO STATE UNIVERNITY)

COMBINATION INSTRUMENT ARRANGED BY USING THE STRIEM-
MATOGRAPH SMOKED GLASS DISCS ON A FORM OF THE
WEST EXTENSOMETER

WENT STRAIN GAGI
DERRY STRAIN GAGE

Minnesota: State Highway Department.
TILIE PESTING MACHINE

This machine, Figure 50, was designed with the idea of producing
a portable machine which could be used on the job for testing tile.
[t 1s so constructed that 1t can readily be taken apart and placed 1n
a car so that 1t can be moved from one job to another. It 18 essen-
tially nothing more than a small press made out of channel iron and
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FIGURE o0 TILE TIRSTING MACHINE
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GROUPE III. APPARATUS USED IN INVESTIGATIONS OF
MATERIALS

/' '\I”X’f”'”’;" J[H‘f: !'frrfv'}.‘h

H,r';;f;';'r-f nj" ( 'nfn,r“/n'u_' [-_ ~ “Ill't';lll HI; l'lllllit‘ I:'liﬂl"‘.

APPARATUS FOR DETERMINING COMPARATIVE BEARING VALUE OF

NSO LS

This apparatus, as shown in Figure o1, consists of a container for
l|r|]ili[lz_{ the soil to be tested, a In-;ll‘ilil:,; block IIII‘HH_!_{]l u||il*1! pPLressulre
i.-- :l]r[rliml‘ adll -\Il|l'.- 1li;if { O 'llﬂlit';llilt;_t ]IH‘ ili‘frnl'llleli-lilll ui' 1}“' -Hi|_ |
counter-weight, system of levers, spring balance supporting the con-
taimer for Ottawa sand. and a funnel and tube I]II’HH;_;II which the
I' l'] i-' :I]rlllit't]. ,\llll'}‘ T}Il‘ *-%Hil l|:|- |Ii'E‘II. ]il'fi]:t’*l'l_‘x' ]ll'l'[l'iﬂ'l'il :Itlil [ilill'i‘il

n the container. the bearine block. whose area 1= one suare 1nch,

.t- ]r].‘i{'l'll IIIH:]] iI, ;1“1‘]' “u’\'llil‘ll_ |1I\' means of an ;Iit_ill*-'lil]:_[ - 6 W Sh Il]t-
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F1IGURE 01.—APPARATUS FOR DETERMINING COMPARATIVE BEARING
VALUE OF SOILS
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FIGURE 52.—APPARATUS FOR DETERMINING CAPILLARITY OF SOILS

container is raised vertically until the horizontal beam against which
the top of the bearing block rests is raised 0.1 inch. The sand for
applying the load is now released, and simultaneous readings of load
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and deformation are made for 0.1-pound mecrements, the maximum
penetration being 0.2 of an mch. 'The ratio of the lever arms 1s

such that the load readings obtained from the spring balance must
be Illll]ii]lliml lr},' four. [For t*tllll]tell':ili‘a't* Purposes the \lt‘;ll‘ill_i; value
of the soil 1s taken at that load in pounds per square inch required
to produce a penetration of .1 inech.

ADAPTATION OF CENTRIFUGE FOR DETERMINING MECHANICAL
ANALYSIS OF SO1LS

APPARATUS FOR DETERMINING MOINTURE EQUIVALENT OF SOILLS
APPARATUS FOR DETERMINING SLAKING VALUE
APPARATUS FOR DETERMINING CAPILLARITY OF SOI1LS

The factors given consideration i the development of this appara-
tus were ;.

(1) Hilllll]EIIiHIl, In so far as ]JI';H'Iii‘;ll. Of the conditions {'Il:ll':u‘l{*l‘-
1stic 1in subgrade soils 1n the field to allow of a possible practical 1n-
terpretation of the results obtained.

(2) Ti*lll]u'l‘;lllil‘i- I'r;;llhﬂin[l within t'l'l'l:lili li!liil-.

=

»

(3) Accessibility of samples under test, to permit removal for ob-
servation, weighing, ete., with minimum amount of interference with
the n[n-l':iliull_ and with the r-;illllnli',

As shown 1in Figure 52. 1t consists of a sheet-metal lined, wooden
box (A) supported over a water reservoir (B), and 18 so constructed
as to permit simultaneous operation of a number of samples. Hol-
low, brass tubes ('T') which are ]H‘I'IIIEIIH*III]}.' et 1n the base of box
(A) which rests upon the bottom of the reservoir (B).

These tubes, which to some extent act as auxiliary supports for
box A, serve as ]:I‘nl{'{'li\'i* _i;n‘ki"l* for and ]H'l'lilil Casy access 1o the
so1l tubes (T) 1nserted 1n them. The =oll .‘ﬁl]l]]?[{" tubes are SUp-
ported by wire strands (W) fitted mm each brass tube (T'), a shorf
distance ulunr the bottom. The wire r-'ul]l]nrl'l.-é A1°¢ IiI;H'E*l] so that the
bottoms of the soil tubes are 1mmersed 1 the water which 1s per-
mitted to enter the perforated brass tubes.

While in operation the tops of the tubes containing the soil sample
are closed to prevent t*\';l]’”l‘niinll or condensation moisture. The
bottom of each soil tube 1s covered with a cap of cheesecloth whiceh
confines the soil.

Depending upon the temperature desired, the box (A) is filled to
a height just below the top of the protecting tubes ('), with water,

1Ice, 1ce and salt, or similar material.  T'he temperature of the water
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in the supply basin is arbitrary with the observer. In endeavoring

to duplicate field conditions, it is preferable to so choose the reservoir
temperature which corresponds to the temperature-depth relation 1n

the particular subgrade.
The following determinations can be made with this apparatus:
(1) Ca

illary moisture contents at various temperatures.

(2) Effect of temperature change upon capillary moisture content.
(3) Effect upon the capillary moisture of difference 1 tempera-

ture between the soil column and the moisture supply.
The relative effect of seasonal subgrade temperature conditions

upon the
ter when

capillary moisture can be determined. The effect 1n win-
the temperature increases with depth of subgrade can be

studied, and its effect in spring and summer when the temperature

depth relation 1s more or less reversed.

Jsed in subgrade experiments at Arlington Experimental Farm,

Arlington, Virginia.

Jesioned and constructed by the U. S. Bureau of Public Roads.

APPARATUS FOR DETERMINING WATER CAPACITX

APPARATUS FOR DETERMINING VOLUMETRIC SHRINKAGE

DYE ADSORPTION TUBE

-

The apparatus, as shown in Figure 53, consists of an adsorption

tube (A\)

funnel |
The a

25 ce. oraduate (B), separatory funnel (C), and transter

) ).

sorption tube (A) should measure about 6 inches by 15

inch inside diameter. and should be drawn at the lower end for a
distance of 1 inch to a straight stem having l5-inch 1nside diameter.

The tube

s closed by a small dise or filter paper held in place by a

oround glass stopper tube which should enclose the end of the stem

for a distance of 14 1nch.
The separatory funnel (C) should have a capacity of 10 cc. and
should be provided with a 3 mm. opening in the stop cock to allow

the free passage of sand passing a 1 0-mesh screen.

Part 1L (

Jsed to determine the dve adsorption properties of soils.
cvolved 1 the U, S. Bureau of Publiec Roads.

Sce Proceedings, American Society for Testing Materials, Vol.
VA0 Dp. 344-347.

29,

Manufactured by Bausch & Lomb Optical Company, Rochester.
New York.

The apparatus and methods used by the U. S. Bureau of Public
determination of the physical properties of subgrade mate-

“H;Hl* iIl
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rials are described 1n Ilt'lni] L1l &4 paper 1'I|T|T|*‘fl “l'||}.‘-ii';|] I'I'u'li'l'lll'-
Of f"‘-HJI.L.',I'.'Illt' AIIIII'I'iEI]:‘*.” ]rl'l':-'l-llii*ll Irl‘h.' I “ Hn}'li_ lu'l'H]‘t- IIH' \ >,
1. M., Atlantie City, New Jersey, June 26-30, 1922,
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ULTRA MICROSCOPE CEILL

The cell, If1igure 54, consists of a small circular opening about 4

mim. 1n diameter and varying in depth from .025 mm. to .05 mm.

and having a perfectly plain surface surrounded by an overflow
trough about .10 mm. deep and 1 mm. wide. This cell 1z cut 1n a

high grade optical object glass from 1.75 mm. to 2.25 mm. in thick-

[1ESS.

Used to count colloidal particles in hquids.

Devised 1in the U. S, Bureau of Publiec Roads.

See paper lnlx l C. L. ].HI'{L entitled "l']lI‘;l-.\li{']'imw]lir ]‘:_\':lrllilul-
tion of Disperse Colloids 1in Bituminous Road Materials.” Journal of
.\I:_[l'i:'lillln':ll Research, Vol N VL \l 1 -|H|_\' 1D, 1919,

I'IGURE 54 ULTRA MICROSCODI'IC ClEILLL.




IN THE UNITED STATES: C. 4. HOGENTOGLER HY

F1GURE 55.—DILATOMETER FOR MIVASURING EXPANSION OF FROZIEN

DILATOMETER FOR MEASURING EXPANSION OF FROZEN SOII1.
SAMPILES

D0 ) consists of two parts, a dilatometer

and a bath. The dilatometer (A) consists of a olass bulb (a) in

This apparatus (Figure

which the soil is placed, and a graduated olass stem (6) on which
the l‘i{nll]:-iinll can be read to 025 cc. A thermo 1‘HH]i|i* Imserted
throueh a cork stopper serves to measure the soil temperature and
also to mix the <01l l_llnl'nll_!_t]tl}', A I’H.llgl]‘; Of IHII';HHII Lorms water-
tight connection with the mouth of the bulb.

The bath (B) consists of two earthenware jars placed one inside of
the other. The jars have capacities of three eallons and one oallon,
respectively.  The space between the two jars is filled with hair. the
upper part of which is waterproofed by a paraffin seal. The cooling
agency 1s a mi- ture of erushed i1ce and salt,

The soil temperature is measured accurately to a 0.1 degree by
the mlt*lliimll{_‘lt*l‘.

Used at Arlington Experimental Farm, Arlineton. Virginia, in
subgrade 1nvestigations.
Devised by U. S. Bureau of Public Roads.
North Carolina: University of North Carolina, Chapel Hill, North
Carolina.
CAPILLARY EXPERIMENT BOX

This device consists of a water-proof box 12 by 4 by 3 feet with
water storage tank and an under drainage system. The soi]l to be
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tested 1s placed in the box and water is introduced from a storage
tank to the under drainage system. The height of rise of the water
s determined by an electric apparatus. The lines of vertical tap
holes for determining the percentage of moisture at various eleva-

fions are 1n the sides of the box.

Used in the study of subgrade soils, at the University of North
(farolina, in co-operation with the North Carolina State Highway
Commaission.

Developed by H. F. Janda, University of North Carolina.

Constructed by the University of North Carolina Construction

Department.

). Road r\’”!'ff“‘f Materials.

i

District of Columbia: U. S. Bureau of Public Roads.
MODIFICATION IN DESIGN OF FLOW TABLE

In this modified form of the flow table, Figure 56 (see Bureau
of Standards below), a single cast-iron pedestal 15 used to support
the table imstead of an :Ill_!_[ll‘*il'!lll frame. Due to the |u}:-‘:-‘~'1]1i]i[}' of
the angle-iron frame being somewhat flexible and thereby possibly

il!”ili‘ll{'illg_{ the test results, 1t was I}lHll;_{llI advisable to substitute an

IF'IGURE 00O FLOW TABLE USED BY U. S. BUREAU OF PUBLIC ROADS
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absolutely rigid cast-iron base. In this type of base the table falls
directly on top of the pedestal instead of upon the center of an angle-
iron beam 1n the original design. Likewise a cast brass top 1s used
instead of the old FI-}']t-' tin-covered wood top.

Used in the Bureau of Public Roads mvestigation of consistency
of concrete.

CROSS LINE MICROMETER SCALIE
The scale 1s cut 1n optical glass and 1nserted in the eye piece of a

petrographic microscope. It consists of a l-centimeter square field
divided into 100 square millimeters, one of these small areas being

one per cent of the whole field occupied by a mineral.

Used to determine the volumetrie percentage of minerals in thin
sections of rock.

Devised in the U. S. Bureau of Public Roads.

See “Relation of Mineral Composition and Rock Structures to the
Physical Properties of Road Materials,” by . C. &, Lord, U, S, De-
partment of Agriculture Bulletin No. 348,

Manufactured by Bausch & Lomb Optical Company, Rochester,
New York.

IMPACT DEVICE FOR TESTING GRAVEL IN THE FIELD

This apparatus, as shown in Figure 57, consists of two 215-1inch

steel balls (A and B). The lower ball 15 fastened rigidly to a cast-
iron anvil () measuring 5 mches m diameter by 194 1mehes high.
1 he Lpper ball (A) 1s free to fall between three 2g-1mch _:_Llliilr rods.
An adjustable stop (1)), provided with a clamping nut, slides in one
of the guide rods. Fastened rigidly to the upper ball 1s a #%-inch
rod (I£) eraduated in inches, which passes through a hole in the
plate supported on top of the three guide rods.

The hammer. consisting of the upper ball and the graduated rod,
weighs exactly 1.200 g., while the remainder of the apparatus
welghs exactly 6 ke, so that the ratio of the weight of the hammer
to the weight of the anvil 15 1 to o.

The operation of the test 1s extremely sumple.  The fragment to
be tested 1s held firmly on the lower ball between the thumb and first
finger of the riecht hand so that its smallest diameter 1s vertical. The
upper ball is then allowed to rest on the test specimen and the stop
adjusted at the height of the fall desired, measured 1n inches directly
on the rod. The top is then clamped 1n position, the upper ball

I‘;ii:-:ml 11[]!” ill contact u'ilh il ;illtl ;l”nwl*il 10 f&l“ ll]iull ll]t‘ :-'-In't'ilm'll_
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A very little practice will make an operator adept 1n holding the
specimen in place without difficulty. It 1s possible also 1n almost

.
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Ficure 57.—DEVICE FOR TESTING GRAVEL IN THE FIELD
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every case to secure a reasonably hrm bearing on the lower ball.
This may be done ]I"\' ll'}.'ill;_', the ."-Ili‘l'jllil'” I Various lrur—'iliullm allow-
img the ball to drop in each case from a very small height, sav 14
imch, and noting the effect.

For full description and use of this apparatus see paper entitled
“An Impact Test for Gravel,” presented by F. H. Jackson before the
American Soclety for Testing Materials, Atlantic City, New Jersey.
June 26-30, 1922,

Desioned 1n the U, S. Bureau of Publie Roads.
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FIGURE 58— INTERCHANGEABLE TESTING SIEVES
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INTERCHANGEABLE TESTING SIEVES

As shown in Figure 58, this apparatus consists essentially of a set
of rimless screens and sieves, the screenz being thin, galvanized
circular plates with circular perforations of varlous diameters and
the sieves being circular brass rings, upon each of which wire mesh
of the desired size has been soldered. To assemble a sieve of any
desired mesh ready for use, two brass rims of such diameters that one
just fits inside of the other, are used. The larger rim has a shoulder
formed on the inside upon which the sieve plate rests. A rubber
oasket 1s placed upon the top of the sieve plate to prevent fine
material from escaping and the upper ring is inserted and held
securely against the gasket by means of three stiff springs. IFor
sizes 14 inch and larger, the galvanized iron plates are used. These
require no rubber gaskets. By this device it i1s possible to carry
enough sieves and screens to make a complete mechanical analysis
and still have the package occupy practically the same space as one
old style laboratory sieve. For weighing aggregates, two spring-
balances are used, one, a milk scale of 30 pounds capacity for coarse
agorecates, and the other, a fine spring balance of 200 grams capac-
ity for fine aggregates.

Used in field and plant inspection of aggregates.

Developed by the U, S. Bureau of Publie Roads.

PORTABIE CALYX CORE DRILL OUTFEIT

The arrangement of this apparatus, Figure 59, is such that the
power for driving the drill is secured from the motor of the truck
on which 1t 1s carried.

Used for securing samples of road surfaces in various cities and
states,

Details of power transmission evolved by the U. S. Bureau of
Public Roads.

(‘alyx Core Drill manufactured by Ingersoll-Rand Company, New
York, New York.

DIAMOND POINTED TOOIL FOR FACING THE ENDS OF STONE
CYLINDERS

The diamond pointed tools are manufactured commercially and
are similar to the tools used by automobile manufacturers for cylin-
der erinding. A diamond about 15 1inch 1in diameter i1s used.

Used for preparing plane end surfaces on eylinders of stone which
are to be tested in compression. It has been found by experiment
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FiGure 59 —CALYX CORE DRILL ARRANGED ON MOTOR TRUCK

that much higher crushing strengths are obtained when the ends of
specimens are plane and in direet contact with bearing surfaces of

the It-:-iiill;_:' machine than when 11y form of ca rlrillg 15 used,
The :-Iu'{'illu*ll 1= mounted m an Hl't“llill'}' lathe and ;;1-:*1”-;111-]}'

centered so I]l:il the axis of the :-']i{'{'illll_'li l*.‘{:.lrll_\' {‘Hillt'illt'r-i with the
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axis of rotation of the lathe. After turning one end of the cylinder
to a plane surface by means of the diamond point, the specimen 1s
reversed in the lathe and the process repeated.

Adapted by the U. S. Bureau of Public Roads.

APPARATUS FOR TESTING BEAMS

The apparatus, as shown 1 Figure 60, consists of specially de-
signed rockers having a uniform bearing against the bottom surface
of the beam, and a rocker adjustment on the supporting plates.
1'he rockers are placed under the ends of the beam. The plates are
fastened to the f'];ill_u,,t*:-: of two I-beams at such distance that the cen-
ters of the supporting rockers are 42 inches apart. The load 1s ap-
plied through a “4-inch steel ball resting on a l-inch square steel
bar about 7 inches in length. To secure a more uniform application
of load, a V4-inch rubber pad 1s placed between the steel bar and the
beam.

Special apparatus 1s used to measure the detlection of beams under
est.  This measuring device consists essentially of three U-shaped
rackets of strap iron fastened to the neutral axis on each side of
he beam with pointed set-screws.  T'wo are placed directly over the
end supports with the third fastened on the neutral axis at the
center of the span directly under the load. This center bracket
supports two Ames dials measuring to .001 inch, one on each side of
the beam. Supported horizontally by the set-screws of the end
brackets are two wooden bars (one on each side of the beam) against
which the plungers of the Ames dials make contact. To increase
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DEFLECTION MEASURING APPARATUS
CIRCULAR TRACK BEAM TESTS

FIGURE 60
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the strength of the spring action of the plunger a rubber band is
placed around the dial case and over the end of the plunger.

Used to test 6 by 8 by 48 inch beam specimens from the circular
track, Arhington Experimental Farm, Arlington, Virginia.

Devised by the U. S. Bureau of Public Roads.

TWO-RING, TWO-DIAL COMPRESSOMETER

This compressometer (ligure 61), is of the two-ring type, sSup-
porting two Ames dials on the upper ring and two adjustable rods
on the lower Illl_.*.:. The bronze 1!11;_1:- are 1 1nmch sguare 111 CroOss
section, and 7 inches inside diameter. These rings have two fixed
steel pomnts and one adjustable point. The points project inside
the ring and have a 45° taper, which is blunt enough to prevent

Ficure 61.—TWO-RING TWO-DIAL COMPRESSOMETER
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spalling the conecrete. ‘T'he points are case-hardened and set 120°
apart. The adjustable point is a 34-1nch diameter screw having 24

threads per inch. A very smooth and a close fit was secured between

the threads of the screw and those 1in the ring.  The size and weilght
of the rings accomplished two purposes.  First, tightening the single
serew of each ring until it was supported by the specimen. Second,
the stifiness of the rings themselves prevents such warping as may he
caused by the expansion of the c¢ylinder under load. 'I'his was one
of the main causes of error found when using the other imstruments.

The upper ring supports two Ames dials, reading to .0001 nch,
l'lillll]il'!l tli;llm-ﬂ*il*;ill}‘ n]:]m:-titv to each other to secure average defor-
mation readings in cases of eccentric loading. The plungers of
these dials rest upon the flat dises fastened to rods, which are ad-
justable in the clamps that are fastened to the lower ring. This
arrangement allows the rings to be placed at such position on the
t'}']illflt'l' that j_uun] support can be obtaimmed and ALV convenient

oace leneth used.
The gace leneth used in these tests varied from 8 to 10 inches,
asually about 9 inches.  As the dials permitted direct readings to

0001 mmeh. and 1t was ]m.-:.-‘ilrln- to estimate tenths of a division. a unit
deformation of 00001 1mch per imch could be noticed. Movement
Hf l]li* {1i:l]-' {:t*{‘lll*l'f'll W|1{'ll 1|ll' llllil 111;111 ilif. 1101 t"*}»:('t'*t'-:l —Hi ]nmm]r-'

per square inch.
Evolved in the U S. Bureau of Public Roads.

MODIFICATION OF THE OVERFLOW APPARATUS FOR DETERMINA-
TION OF SPECIFIC GRAVITY OF AGGREGATIES

The apparatus consists of a cylindrical glass of dimensions to ac-
commodate a funnel of 1274-em. diameter and depth of 15 em.

The funnel is covered by a lid and has a large inclined stem 5 em.
in diameter. A 12%-cm. hole cut 3 em. from the top of the jar for
the insertion of a special overflow tube, with a small siphon starting

through capillarity of the liquid in the siphon. The o ject of this
tube (Figure 62), is to secure a sharp cut-off and sensitive start of
the flow of the liquid. For material having a large amount of dust,
a deeper jar and an extended funnel stem may be used. The object
of the funnel is to reduce inclusion of the air, splashing and flota-
tion of the fine materials.

Used for determination of apparent specific gravity of mixed

coarse and fine agereocates. pu!'lit-llim'l}s as extracted from bituminous

mixtures.
Deviced in the U. S Bureau of Publie Roads.
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F'IGURE 62 —SPECIAL OVERFLOW TUBE USED IN DETERMINATION OF
SPECIFIC GRAVITY OF AGGREGATES

ELECTRICALLY HEATED MOLD FOR FORMING ASPHALTIC
MIXTURE SPECIMENS

SAMPLER FOR ASPHALT PAVEMENTS
SPECIAL ADHESION CLIP FOR TESTING BITUMINOUS MATERIALS
[)istriet r.rf (C'olumbia: U. S. Bureau of Standards.
FI1.OW TABLE

This apparatus consists of a metal-covered table-top, which can
he ];li:‘-ﬂ‘ll "1*]'1it';1][}.' ]n_\' means ol a cam \‘»H!‘]{ill_: | the e1 of A
Y{'Fiiltil ]nt}#[, LO \\Wlil‘li III!' lti]i i& :Ill:llWll'il_ rl1li' Ill*iLL]II flr 1[IWl]i el
Il- ;uljllr-lwl \u_\' SRIEHARN ull l 1m]| (11 !llt' |H‘x‘u'rl' t'lltl Hl' 1111' r-i]t:l['L .";
mass of concrete or mortar 1= molded 1 the center of the table 1n e
sheet-metal mold, which has the shape of a hollow frustrum of a
CO1e, [ or agoregales L to 2 1nches maximum <1ze. this mold L1 as
a height of 6 1nches, and upper and lower diameters of 8 mches and
| I illt'llt*:-j l't_*.-'r]u-{'li‘{vl}'. ?":!li:llll'l‘ H;:I‘r:ﬂ;;l[r* Al'e Ill;lili' L) ill .-~'I!|;|“t*l'

)

quantities, and a mold having a height of 3 inches and upper and
lower diameters of 4 inches and 6 mches 18 used. The mass of

conerete 1s t;nn]uml just sufhiciently to fill -the form t'nullrlt-twlﬁx the
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torm 1s withdrawn and the table top is dropped fifteen times through
a distance of 146 inch. The mass flattens and usually spreads con-
centrically. ~Two diameters at right angles to each other are meas-
ured, the long and short, if difference is apparent, by means of a
self-reading caliper, which is so graduated that the sum of the two
readings 1s the value for flowability. This may also be calculated bv
dividing the new diameter by the old and multiplying by 100,

The apparatus 1s used to determine the consisteney or flowability
n[' concrete.

TI'he determination of consistency of concrete by measurement of
the spread of a cylinder when dropped through different heiohts is
described in a paper by Cloyd M. Chaplin, entitled “Method and
Apparatus for Determining Consistency,” published in the Pro-
ceedings of the American Society for Testing Materials. Vol. 13.

1913.

=

Jesigned and consirueted by the U, S. Bureau of Standards.

‘or full deseription of the flow table and method of its use. see
“Conerete Consistency Measured bv Flow Table: New Apparatus De-
vised at Bureau of Standards Gives Accurate Measure of 'lowability
or Workability of Concrete,” by G. M. Williams, Engineering News-
Record, May 27, 1920. page 1044

[ndiana: Purdue University.
FATIGUE TESTING MACHINE FOR CEMENT MORTAR AND CONCRETE

T'he machine shown in Figure 63 is a mechanical device for
studying the fatigue of small cement mortar and conecrete beams.
The frame of the machine consists mainly of 4-inch T-beams and

brace l'lle*. .\IHIIIIIHL at the l{lll of the frame 1s el 1;--[11!1'.--'11”1\\'1'1‘
electric motor, drive gears and cam shaft. Connected to the cam
shaft 1s a revolution counter and four eccentric cams, which operate

the rocker arms. The concrete beams are firmly clamped in an
upright position to the base of the machine by means of angle irons,
and each beam supports a 4-inch I-beam, which is firmly clamped
to 1t by similar angle irons. The machine is so constructed that
movement of the rocker arms by the eccentric cams applies the load
of the metal baskets and hangers alternately on the ends of the sup-
ported I-beams. This action reverses the stresses in the concrete

beams periodically and causes the fatiouine action.

Devised l}}.* W. K. Hatt, Professor of Civil I':Ilgillt*l“l‘ill_s_{.

Used in Testing Materials, Laboratorv, Purdue University. during
1922-23.
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Designed by Engineering Experiment Station of Purdue Uni-
versity and U. S, Bureau of Publiec Roads

See report by W, K. Hatt, Proceedings of American Concrete In-
stitute, 1922.

Constructed by the Horat Machine Company, Lafayette, Indiana.
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DALL TIEST FOR SURFACE STRENGTH OF CEMENT MORTAR AND
CONCRETE

A standar steel hall I-_; imnmch 1 diameter 1S ] aced on the surtace

of a mortar slab, which 1s 36 by 15 by 4 inches thick. A steel plate,

imch 1n

2 by 2 by 415 1nches thick, with a hole approximately 15
{ j:lllll‘lf'l', i‘“ ]il.‘lrml over Illt' Ia;I];. ‘t\]lit‘ll, I]H']'t*lvlll't‘. I'I'“,il"‘f“' ]lil” ilf‘

diameter f1rom the surtace Ol T|11' steel |-1;ll:'. r”lt' - ;1|r. ]*EIH‘ ;ill*] Iht_=

plate, as shown n Figure 64, are placed on the platform of a testing
III:I{‘]liHl’. and the |H;i'l l]li'll ;i]r]ilii'll O1] TIH* lrl‘n_ii*riill;_: hall. 1111-.
load 1s mecreased until the ball penetrates the surface of the mortar
slab to one-half of i1ts diameter, whereupon the testing head of the

testing machine comes 1 contact with the surface of the steel |b];ll:*_

"l' | ¢ l'i'-i.-'l:llli'1' *~111]ili'll|l‘-.‘ illi'!'l'il“l'“ ;lllil Tll!'lm- ll]l I|11* '-i';llt' |n*:illl.

which 15 a fairly I:_[tnnl indication that the ball has ]H'!H'HH[HI the slab
to one-halt of 1ts lh-IJI]i,
]}I."\'f‘*{*il It_\' W\ [\:_ H;Ill‘ I}l'nill-'.“ul' Of i'i\'i] l'lllr:_',illt't'l‘ilt:_:,.

Used 1n Testing Materials Laboratory, Purdue Umiversity.
192223

Adapted by Engineering Experiment Station, Purdue University,

and U S Bureau of Publiec Roads.

% STEEL BALL STEEL PLATE
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See report by W, K. Hatt, American Concrete Institute Proceed-
ings, 1922

Constructed by Purdue University, Lafavette, Indiana.
[llinois: Tllinois Division of Highways.
AR BATH FOR MAKING ANALYSIS OF ROAD OILS

T]li' ;l]r[r:tl'ellll-- il'1iLl|ll'l' '13:* u]li{'ll l-~ lllalt]r Hl' lu,-iltt']l Irl‘al*--%i l-
designed so that the box containing the o1l 1s immersed to a depth
of 1 inch through an opening 1/32 inch larger than the outside
diameter of the ~--;llll]tlt* box. A free air space of 14 1nech 1s provided
on the bottom of the box, and at least L5 inch of free air space on

the sides below the opening:.

T'he air bath prevents uneven heating of the road oil sample, and
also 11 permits the desired temperature to be reached more quickly

and to be more easily controlled than with the sand bath. In all
cases uniform results were obtained having a slhightly higher per-
centage of solid residue without any noticeable deposit of eooked
residue.

U/sed by Bureau of Tests, Illinois Division of Highwavs.

g

Designed by H. . Clemmer, Engineer of 'l
of Highways, H. C. Helmle, Assistant Engineer of Tests, Illinois

OSs, [”illuir- “i\'ir-i“ll

Division of Highways.

Constructed by Bureau of Tests, Illinois Division of Highways.

MODIFICATION OF DEAN & STARK APPARATUS FOR THE
DIETIHERMINATION OF WATER IN PETROLISUM

The “distilling tube receiver” in this apparatus as sold by job-
bers, 1s I:_{l‘:llllléll{'ll in 0.0 ce. [t was decided to have the first four
cubie centimeters of the receiver eraduated to 0.1 cec.. and the
remaining six cubie centuneters 1 the usual manner ot 0.5 ce.
This change was advisable for two reasons: the volume of water
collected 1n testing road o1ls seldom exceeds 4.0 cc.; a H0-gram

sample of road o1l is used, and. as the error in the determination 1s

IIIHIIiIJitwl Iﬂr two, the errors in r{wulilUi the volume should be re-
duced to a minimum.
The total length of the graduated tube (Figure 66), 1s inecreased

four centimeters, but it causes no inconvenience in running the test.

Used in Illinois Division of Highways laboratory.
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Modified by H. F. Clemmer, Engineer of Tests: A. E. Stoddard.
Assistant Engineer of Tests: W. J. Merrill. Assistant [Eneineer of
Tests.

Manufactured by Rascher & Betzold. (‘hicago, Illinois.

Maine: University of Maine.

T )
/5 mm. Diam.(inside)

/cm
2cm
4
| = 95cm.
= -Lcm.
— | 7 . Emm.0iam —
Aonrery — Gic (/7S510e)
/8 cm. \
—| 4« (O/cc. graaustions below 1his mark)
—E—- 3 LR
? 2
? I 1
v =
—» L— 8mm. O1am.(inside)

FIGURE 66.—APPARATUS USED FOR DETERMINATION OF
WATER IN PETROLEUM

ABRASION MOILD

The mold (Figure 67), consists of two pieces of machined cast
iron, each containing a cylindrical cup for holding one-halt of a
2-inch sphere of mortar. When the two sections are placed to-
oether, the mortar 1s put through a #4-inch hole in the top |11ntu and

tamped with a '%-inch rod. The top of the sphere i1s given its
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F'1GURE 67

final rounding by means of a concave plug that i1s driven 1n to just
the proper depth. Three spheres of mortar are cast at one time.
After handling in moist air for 24 hours, the specimens are removed
and placed 1 water for a longer curing period.

[/sed 1n abrasion test for mortar.

Designed by H. Walter Leavitt, Testing Engineer, University of
Maine, College of Technology, and Maime State Highway Com-

1SS101,
Constructed by University of Maine Machine Shops.

Minnesota: University of Minnesota and Minnesota State High-
way Department.
SHALE TENTING APPARATUS

This apparatus consists of two galvanized iron pans, about 9 by 12
bv 6 inches. and another container made out of 10-mesh sieves,

This third container 1s constructed so as to fit inside of the galvanized
Iron container.

[In making a shale separation, the galvanized iron container 1s
filled with a saturated solution of zine chloride. The rock to be
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1t*r~1[‘t1 1S ]rl;l{'rtl 1) [[ll' Ilil-r-|l 1'Hlilelillt'l', \\Ilil'll B 11} LLLI'T) |l|;|1'f-!l 11) llll'.*
zine chloride solution. The rock 1s then ;ll:_{it;llml, and the shale
will rise to the IH]r and Hoat. The shale can then be “[{i]tlllli'll off
and the percentage of shale determined.

[sed 11 [;llml';llnl'.\' and feld tests for shale.

Devised by the Minnesota IHighway I'l']r;ll'lltu'lll.

P u.rr.wrr;r"r‘uufu.' State ”i;_ill‘.\;i_‘t ]]i'llill'flllt‘lll.
ELECTRICALLY HEATED STEEL MOILDS

|11 I]H*-i- Illtl]fl.--' Al'C l‘illllll]'l'.“*“f'il lniill!llll!t‘lll*- Hlixilll't' .-|u*t*il[l|*ll:-l,
which are to be used in tests of density, toughness. deformation. and
absorption. The required weight of the heated bituminous mixture
1S El:-il*ll in frl'[]l'l' 1O t:lJI;I.iIl | t“\lillll*']' of the tli'-ll‘wl lil'ii_tlll mnlt'l' ol
specified load.  Figure 68 shows the 114-inch mold prior to wrap-
ping with a resistance wire and insulation, and Figure 69 shows the

4-1nch mold, with electrical NIHi]lHH*HI I‘l*iiill\' to be |:|:H't‘l I the

testing machine. By use of the resistance wire and lamp black.
untform temperatures of 1007 to 475° F. mav be maintained in the
mold.

Designed and constructed by the Pennsvlvania State Highway
]H']ult‘lltn'llL

See report of Sub-committee No. 4 of the American Association of

State Highway Officials, 1922,

FiGurRE OR. —ELECTRICALLY IHHEATED STEEL MOLDS WITHOUT
INSULATION
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FIGURE 69.—ELECTRICALLY HEATED STEEL MOLD WITH INSULATION
IMPACT MACHINE FOR WEAR TEST ON CONCRETILE

The 1mpact machine consists of a head, which 1s lifted anc

tlI'H}i|n'i] Il“s' d Celll, T}H' conocrete r]n':‘illu'll [0 IH' Il'-ill'tl I*- !'i‘\'fil"{l'l‘

|r|\' the mechanism which drives the cam. ]':i;_'ﬁlll- or nine hardenes
steel points, with which the head is fitted, are permitted by springs to
adjust themselves when they come into contact with high spots on
test specimens.  The cam can be adjusted for any desired height of
fall.

Tsed for wear tests on the surface of concrete cubes, eylinders, or

:-asllll]ilvra I:ll-;:'ll |'I‘nlli I'H;lil#. .\11}* :-:i:«':{‘ Or Hll;llu' n" r-:.;lllllllt‘ (el ) ]1{‘
htted 1n the :-']Il'[‘illll‘l'l holder.
Designed by H. S. Mattimore and F. II. Rood when with the

New York State Highwav Commission.

oee paper by . S. Mattimore, entitled "|It1|r;ll*l Tests on Conerete
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to Regulate Coarse and Fine Aggregate Qualities and Mixes for
l[].;_:[l“‘il}'r-?.” lll’iﬂ'['{'I“Il_',_"."-' A.S.T.M.. Vol. XX.1920. Part 1 | D. 266

SLOTTED CYLINDER FOR DEVAIL ABRASION MACHINE

The slotted t'}'liltl[t‘l‘ 1= s1mtlar to the I't';_'_illill' t‘}.']illlll'l‘ tor the
Deval abrasion machine. It has 20 slots, equally spaced around the

top of the evlinder. and 20 slots around the bottom. to remove the
dust as fast as it forms. These slots are 1/16 inch wide on the
inside, and about 15 inch wide on the outside of the eylinder. This
cvlinder 1s especially valuable in determining the relative value of
soft aggregates, particularly those showing a loss of 8 per cent or
more, 1n the standard cylhinder. It 18 also used 1n abrasion tests of
oravel,

Designed by H. S. Mattimore when with the New York State
Highway Commission.

Described with ]lllfﬂ”}_[t';l]!’tl ['l‘m't'i'llillur-' American Hflt'il‘I‘\' for

Testing Materials, Vol. XVIII, Part 11, 426-428 (1918).
STONE BREAKING MACHINE FOR DEVAL ABRASION TEST

This machine 1s built on the lines of a letter press. The frame,
which 15 constructed of 4-inch channels, contains an opening abouf
12 1nches square. A knife edge 1z fitted 1mto the center of the
|rHHHI|l Ot [}ll' [rame ;lll'l Ole tlil't*l*l'[}; above 11 at the end of the

movable serew. A large hand wheel (24 inches in diameter) . at the
top of the screw gives the required leverage to break the stone,
With this machine 1t 1s possible to break a sample of stone into

cubical picces ready for the abrasion test i ten minutes. It is
also possible to secure o kilograms, consisting of 50 pieces, from a
sample weighing about 5,000 grams, from a stone breaking like
oranite paving block.

_\lruli[iml ll*[tl."]' ]1]‘1‘_-'“- |i]'-~'t ll#t'll l!.\' Illl' :\-Tt“ﬂ.' \'H!‘k I"":Iilh' lh*ulugiﬁt,
Later improved by R. S. Greenman, New York State Engineers
Othce, and :.l;_’,';lill lrlk' . . Mattimore, |’Mll!.-‘}']\':llli;t State ”i;_{llu':l\'
Department.

Described in A. S. T M. Proceedings, Vol. XX, 1920 p. 291,

Wisconsin: University of Wisconsin and State ”iLLll‘n‘.';l“«.' (‘om-

llli:—i:n'iull.
RATTLER FOR TESTING ABRASIVE RESISTANCE OF CONCRETE

The accompanying photograph, Figure 70, shows the adaptation

of a standard ]nn‘it'l;_[ brick rattler to rattler tests of 415 by’ 8 by 1914-




4o APPARATUS USED IN HIGHWAY RESEARCH PROJECTNS

F1GURE TO.—RATTLER FOR TESTING ABRASIVE RESISTANCE OF CONCRETE

inch concrete slabs.  Six conerete slabs and one wooden slab, called
a “dummy,” are held by two tire-like soft steel bands 4 inch thick,
in the form of a hollow heptagon. The spaces between the slabs are
lled with triangular wooden blocks, wedged in place.  The wooden
dummy 1s provided with a steel face and two lon2itudinal slots. ap-

proximately 15 1mnch wide and 16 mches long.  These slots emit the

dust and small pebbles which accumulate during the test. The

charge, which is standard for the paving rattler test, consists of 150
pounds of small cast iron shot and 50 pounds of large cast iron shot.
After the specimens and charge are securely clamped 1n the machine,
the drum 1s given 1,800 revolutions i a clockwise direction, and
1.800 1n a counter-clockwise direction. The loss in weight during

the test. the character of the surface. and the evidence of fracture in

agorecate and 1n slab as a whole, are the criteria by which the suit-

ability of the concrete 15 judged. The cast 1ron mold, with wooden

scale beside it, illustrates the type used for making specimens in the
1;11:{11':11111'}1 1 he Ir]'l'r-:-u*{l steel mold with wooden :'iil]l‘,, shown 1n the

ower right foreground. 1s used 1n fabricating slabs 1n roads, the
wooden side being set adjacent to the side form of the road. The
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top edge of the form i1s placed about one-half inch below the road
surface. and the slab is marked oft from the road after all opera-
ti““?‘z ]lﬂ'\'i' ]l('l‘ll ('”“lllli't{'{l ]I.\' 1HICATLS H’- IIII' “'H“{l'["“ tl*ll][llﬂh‘ ."‘*]Hl“'“
at the right,

Used 1in the Mechanies Laboratory at the University of Wisconsin:
also 1 the laboratory and to some extent in the field work of the
Wisconsin State Highway Commission,

Designed in Mechanies Department, University of Wisconsin.

Constructed by the mechanician of the College of Engineering.
University of Wisconsin.,

Wyoming: State Highway lh-lull'llllvnl.
INMMERSION TANK—DAMDP CLOSET

This device, in which conerete briquettes are cured, was developed
as a result of the investigators’ mability to properly cure in still
water because of the alkali in the water. If the specimens were
stored 1n still water, the alkali ervstalized en them, and, since con-
tinual evaporation 1increased this condition, running water was
necessary. And also, since water supply pipes ran through much
of the building before being available 1n the laboratory, the water
varied considerably in temperature from time to time. This device
alds 1n securing uniform temperatures.

Used by the Wyoming State Highway Department.

Adapted by the Wyoming State Highway Department, W, A.
Norris, Testing EKngineer.

Constructed by the R. Hardesty Manufacturing Company, Denver.

(‘olorado.







Publications of the National Research Council
Bulletin Series

Volume |

Number 1. The national importance of scientific and industrial research. H}'
George Ellery Hale and others. October, 1910. Pages 43. Price $0.50.
Number 2. Research laboratories in industrial establishments of the United States
of America. Compiled by Alfred D. Flinn. March, 1920. Pages 85. Price
$1.00. [Out of print. See Number 10

Number 3. Periodical bibliographies and abstracts for the scientific and technolog-
ical journals of the world. Compiled by Ruth Cobb. June, 1920. Pages 24.
Price 5[}_4“,

Number 4. North American forest research. Compiled by the Committee on Amer-
ican Forest Research, Society of American Foresters. August, 1920. Pages 140.
I'I'it.‘t' ﬁ_’_in )

Number 5. The quantum theory. By Edwin Plimpton Adams. October, 1020.
Pages 81. Price $1.00. [Out of print.)

Number 6. Data relating to X*I';i_\.' spectra 13 William Duane. November, 1020,
Pages 26. Price $0.50.

Number 7. Intensitv of emission of X-rays and their reflection tfrom crystals. By
Beroen Davis. Problems of X-ray emission. By David .. Webster. December,
1020. Pages 47. Price $0.60.

Number 8. Intellectual and educational status of the medical profession as repre-
sented in the United States Army. By Margaret V. Cobb and Robert M. Yerkes.
l“t']d‘ti;i!'}. 1021, 1'.1_'_:1'5 70. Price $1.00

Volume 2

Number 9. Funds available in 1920 in the United States of America tor the en-

couragement of scientific research. Compiled by Callie Hull. March, 102I.

] . N
Paces 81, Price $1.00.

Number 10. Report on photo-electricity including 1onizing and radiating potentials
and related effects. By Arthur Llewelyn Hughes. April, 192] Pages R87.

I'l‘h'x‘ ::-l.nn_

Number 11. The scale of the unmiverse. Part I by Harlow Shapley. Part 11 by
Heber D). Curtis. May, 1021. Pages 47. Price $0.60.

Number 12. Cooperative experiments upon the protein requirements for the growth
of cattle. First report of the Subcommittee on Protein Metabolism in Animal
Feeding. By Henry Prentiss Armsby, Chairman. June, 1921. Pages 7o.
Price $1.00.

Number 13. The research activities of departments of the State government of
California in relation to the movement for reorganization. By James R,
Douglas. June, 1921. Pages 46. Price $0.60.

Number 14. A ceneral survey of the present status ot the atomic structure problem.
Report of the Committee on Atomic Structure of the National Research Counc:l.
By David L. Webster and Leigh Page. July, 1921. Pages 61. Price $0.75.

Number 15. A list of seismologic stations ot the world. Compiled by Harry O.
Wood. July, 1921. Pages 142. Price $2.00.

Volume 3

Number 16. Research laboratories in industrial establishments of the United
States, including consulting research laboratories. Originally compiled by
Alfred D. Flinn: revised and enlarged by Ruth Cobb. December, 1021. Pages
[ 35. Price $2.00. =

Number 17%. Scientific papers presented betore the American Geophysical Union at
its second annual meeting. March, 1922, Pages 108. Price $1.50.




Number 18. Theories of magnetism. By members of the Committee on Theories
of Magnetism of the National Research Council. A. P. Wills, S. J. Barnett,
L.. R. Ingersoll, J. Kunz, S. .. Quimby, E. M. Terry, S. R. Williams. August,
1022. Pages 261, Price $3.00.

VYolume 4

Number 19. Celestial mechanics. Report of the Committee on Celestial Mechanics
of the National Research Council. E. W. Brown, G. D. Birkoff, A. O.
Leuschner, H. N. Russell. September, 1922. Pages 22. Price $0.40.

Number 20. Secondary radiations produced by X-rays, and some of their applica-
tions to physical problems. Arthur H. Compton. October, 1022. Pages 36.
Price $1.00.

Number 21. Highway research in the United States. Results of census by Ad-
visory Board on Highway Research, Division of ¥ngineering, National Research
Council, 1n cooperation with the Bureau of Public Roads, United States De-
partment of Agriculture. William Kendrick Hatt. October, 1922. Pages 102.
Price $1.50.

Number 22. Mechanical aids for the classification of American investigators, with
illustrations in the field of psychology. Harold C. Bingham. November, 1922.
Pages 50. Price $0.75.

Number 23. Certain problems in acoustics. Compiled by the Committee on Acous-
tics, National Research Council. November, 1922. Pages 31. Price $0.30.
Number 24. Electrodynamics of moving media. Report of the National Research
Council Committee on Electrodynamics of Moving Media. W. F. G. Swann,
John T. Tate, H. Bateman, and E. H. Kennard. December, 1922, Pages 172

Price $1.50.

Number 25. Celestial mechanics. A survey of the status of the determination of
the general perturbations of the minor planets. Appendix to the report of the
Committee on Celestial Mechanics, National Research Council. A. O. Leuschner.
December, 1922. Pages 73. Price $1.00.

VYolume S

Number 26. Cooperation with the federal Government in scientific work. E. W.
Allen. December, 1922, Pages 27. Price $0.50.

Number 27. The present status of visual science. Ieonard Thompson Troland.
December, 1922, Pages 120. Price $1.50.

Number 28. Algebraic numbers. Report of the Committee on Algebraic Numbers,
National Research Council. L. E. Dickson, H. H. Mitchell, H. S. Vandiver.
G. E. Wahlin. February, 1923. Pages 06. Price $1.50.

Number 29. The status of scientific research in Illinois by state agencies other
than the University of Illinois. ILeonard D. White. March, 1023. Pages 83.
Price $1.00.

Number 30. Selected topics in the field of luminescence. FErnest Merritt, Edward
[,. Nichols, C. D. Child. March, 1023. Pages 126. Price $2.00.

Number 31. The organization and activities of the Committee on Secientific Re-
search of the State Council of Defense of California. T. H. Goodspeed. April,
1023, .1'_12.1;“,?’ 4 3. Price ${},?5.

Yolume 6

Number 32. Proceedings of the Second Annual Meeting of the Advisory Board on
[HHighway Research, Division of Engineering, National Research Council.
William Kendrick Hatt. May, 1023. Pages 89. Price $1.25,

Number 33. On the formulation of methods of experimentation in animal produc-
tion. E. B. Forbes and H. S. Grindley. June, 1023, Pages 54. Price $1.00.
Number 34. Causes of geographical variations in the influenza epidemic of 1018
in the cities of the United States. A report of the Committee on the At-
mosphere and Man, of the National Research Council. Ellsworth Huntington,

Chairman. July, 1923. Pages 35. Price $0.75.

Number 35. Apparatus used in highway research projects in the United States.
Results of census by Advisory Board on Highway Research, Division of Engi-
neerimg, National Research Council, in cooperation with the Bureau of Public
Roads, United States Department of Agriculture. C. A. Hogentogler. August,
1023. Pages 91. Price $1.50.

Orders, accompanied by remittance, should be addressed to
PusLicatioNns OFFICE
NATIONAL RESEARCH COUNCIL
WasHiNcTON, D. C.




Reprint and Circular Series

Number 1. HL'[JHI‘I of the Patent Committee of the National Research Council.
Presented for the Commuittee by L. H. Baekeland, Acting Chairman. February,
1019. Pages 24. Price $0.30

Number 2. Report of the Psychology Committee of the National Research Council.
Presented for the Committee by Robert M. Yerkes, Chairman. March, 1910.
Pages s51. Price $0.60. [Out of print. |

Number 3. Refractory materials as a held for research. By Edward W. Wash-
burn. January, 1919. Pages 24. Price $0.30.

Number 4. Industrial research. By I'rank B. Jewett. 1918. Pages 16. Price $o0.25.

F

Number 5. Some problems ot sidereal astronomy. By Henry Norris Russell.
October, 1919. Pages 26. Price $0.30.

Number 6. The development of research in the United States. By James Rowland
Angell. November, 1919. Pages 19, Price $0.25.

:\'llllllﬂ‘l' i. 'The larger ll]I]}nI'[Hl]ilit"w tor research on the relations ot solar and ter
restrial radiation. By C. (. Abbott February, 1920, Pages 15. Price $0.20.

Number 8. Science and the industries, By Jlohn |. Carty. February, 1920. Pages
16. Price $o0.25.

Number 9. A reading list on scientific and mdustrial research and the service of the
chemist to industry. DBy Clarence Jay West. April, 1920. Pages 45. Price $0.50.

Number 10, Ht']mrt on the organization of the International Astronomical Union
Presented for the American Section, International Astronomical Union, by
W. W. Campbell, Chairman, and Joel Stebbins, Secretary. June, 1920. Pages
4. Price l'?-H.FH.

Number 11. A survey of research problems in geophysics. Prepared by Chairmen
of Sections of the American Geophysical Union. October, 1020. Pages 37
Price $0.60.

Number 12. Doctorates conferred in the sciences 1in 1920 f]j. American universities,

Compiled by Callie Hull. November, 1920. Pages 9. Price $0.20. [Out of

]rI‘lllt.]

Number 13. Research problems in colloid chemistry, By Wilder D. Bancroft,
January-April, 1921. Pages 54. Price $0.50. [Out of print. |

Number 14. ‘The relation ot purce science to mdustrial research. {::"u _i"llll | 'k‘;l].t.:"».
October, 1016. Pages 16. Price $%0.20

Number 15. Researches on modern brisant mitro explosives. By C. . van Duin
and B. C. Roeters van Lennep. Translated by Charles E. Munroe. February.

1020, Pages 35. Price 30.50.

NIIIII!H.‘I' 16. 1T he reserves ot the Chemical Wartare Ht'l“ul-t't’_ 3 Charles H. Ht'l'l}.

) . - 3
Price $0.25

February, 1921. Pages 17.

Number 17. Ih*nlny_u and _:_'tn:r;iph} in the United States. [:_1 Fdward B. Mathews

and Homer P. Little. April, 1021. Pages 22. Price $0.20. [Out of print.]

Number 18. Industrial benehts of research. By Charles I.. Reese and A. |J. Wad

' ]

hams. February, 1021. Pages 14. Price $0.25.

Number 19. The university and research. By Vernon Kellogg. June, 1021. Pages

_ (2
10. Price J0.15.

Number 20. Libraries i the District of Columbia. Compiled by W. 1. Swanton in
k'illl[]{'l':l[illll Will] I}l-.: I{L'hr;ll‘u'h ]IHHI'IH;HIr 11 Dervice ol IIHJ .\\'.’Hlnll.li H:-uu:'rh
Council and Special Libraries. June, 1921. Pages 19. Price $o.25.

Number 21. Scientific abstracting, By Gordon S, Fulcher. September, 1021,
Pages 15. Price $0.20.

F

Number 22. The National Research Council [ts services for mining and met-
allurey. By Alfred D. Flinn. October, 1921. Pages 7. Price $o0.20,

Number 23. American research chemicals. By Clarence J. West. September, 1g21.
I‘;t}.ir.'h 28. Price 1‘?:1}.511_




Number 24. Organomagnesium compounds in synthetic chemistry: a bibliography
of the Grignard reaction 1900-1921. By Clarence J. West and Henry Gilman.
January, 1922, Pages 103. Price $1.50.

Number 25. A partial list of the publications of the National Research Council to
January 1, 1922. February, 1922. Pages 15. Price $0.25.

Number 26. Doctorates conferred in the sciences by American universities in IQ2I.
Compiled by Callie Hull and Clarence J. West. March, 1922. Pages 20. Price
$0.20.

Number 2%. List of manuscript bibliographies in geology and geography. Compiled T
by Homer P. Little, February, 1922, Pages 17. Price $0.25.

Number 28. Investment in chemical education in the United States, 1920-1921. By
Clarence J. West and Callie Hull. March, 1922. Pages 3. Price $o.15.

Number 29. Distribution of graduate fellowships and scholarships between the
arts and sciences. Compiled by Callie Hull and Clarence J. West, April, 1922.
Pages 5. Price $0.15.

Number 30. The first report of the committee on contact catalysis. By Wilder D.
sancrott, chairman, In collaboration with the other members of the commaittee.

April-July, 1g22. Pages 43. Price $o0.50.

Number 31. The status of “clinical” psychology. By F. I,. Wells. January, 1922.
Pages 12. Price $0.20.

Number 32. Moments and stresses in slabs. By H. M. Westergaard and W. A.
Slater. April, 1922, Pages 124. Price $1.00.

ey -—

Number 33. Informational needs in science and technology. By Charles L. Reese.

May, 1922. Pages 10. Price $0.20.
Number 34. Indexing of scientific articles. By Gordon S. Fulcher. August, 1922.

Pages 16. Price $0.20. |
Number 35. American research chemicals. First revision. By Clarence J. West.

May, 1922. Pages 37. Price Y0.50. [Replaced by Number 44. |

e T — — e c—— e — —g | - -—- . =

?
Number 36. I,st of manuscript bibliographies in chemistry and chemical technol- I
ogy. By Clarence J. West and Callie Hull. December, 1922. Pages 17. Price |
$0.25
a e L

. : : . \
Number 37. Recent geographical work in Europe. By W. L. G. Joerg. July, 1022 !
Pages 54. Price $0.50.
Number 38. The abstracting and indexing of biological hiterature. J. R. Schramm.
T SEEEL ORI o b . S I ety e
November, 1922, Pages 14. Price $o.25, ,
Number 39. A national focus of science and research. George Ellery Hale. -
November, 1922, Pages 16. Price $0.25.
Number 40. The usefulness of analytic abstracts. Gordon S. Fulcher. December,
1022. Pages 6. Price $0.15.
Number 41. l.ist of manuscript bibliographies in astronomy, mathematics, and
physics. Clarence J. West and Callie Hull. March, 1923. Pages 14. Price
$0.25. '
{
Number 42. Doctorates conferred in the arts and the sciences by American uni- i
versities, 1921-1922. Clarence J. West and Callie Hull. March, 1923. Pages 14. ,
Price $0.25. i
Number 43. Functions of the Division of Geology and Geography. Nevin M. |
Fenneman. December, 1922. Pages 7. Price $0.20. |

Number 44. Fine and research chemicals. Second revision. Clarence J. West. l
May, 1923. Pages 45. Price $0.50. |

¥ [ " - . - & H " i - |

Number 45. List of manuscript bibliographies in the biological sciences. Clarence ’ |

J. West and Callie Hull. June, 1923. Pages 51. Price ¥0.50. |
Orders, accompanied by remittance, should be addressed to .'
PusrLicaTioNs OFFICE
NATIONAL RESEARCH COUNCIL
WasHincToN, D. C.




e — e ———— e i e e e —— e ————— e e . T e g e O e et

The National Research Council

Membership and Organization.—The National Research Council is
a cooperative organization of scientific men of America, including also
a representation of men of affairs interested in engineering and in-
dustry and in the “pure” science upon which the applied science used
in these activities depends. Its membership is largely composed of
accredited representatives of about seventy-five national scientific and
technical societies. Its essential purpose i1s the promotion of scientific
research and of the application and dissemination of scientific knowl-
edge for the benefit of the national strength and well-being.

The Council was established at the request of the President of the
United States, under the Congressional charter of the National
Academy of Sciences, to coordinate the research facilities of the coun-
try for work on war problems involving scientific knowledge. In
1918, by Executive Order, it was reorganized as a permanent body.
Although partly supported during the war period by the government
and primarily devoted at that time to its activities, the Council now
derives all of its financial support from other than governmental
sources and is entirely controlled by its own representatively selected
membership and democratically chosen officers. It maintains, how-
ever, a close cooperative relation with government scientific bureaus
in connection with various activities.

Research Fellowships

The Council maintains, with the financial assistance of the Rocke-
feller Foundation and General Education Board—to the amount of one
and one-third million dollars, to be expended during a period of five
years—three series of post-doctorate research fellowships.

Fellowships in Physics and Chemistry.—Candidates must already
have the doctor’s degree or equivalent qualifications and must have
demonstrated a high order of ability in research. Address applica-
tions to Secretary, Fellowships Board, National Research Council,
Washington, D. C.

Fellowships in Medicine.—Both graduates in medicine and doctors
of philosophy in one of the sciences of medicine, or in physics, chem-
istry, or biology, are eligible for these fellowships. Address applica-
tions to Chairman, Division of Medical Sciences, National Research

| Council, Washington, D. C.

| Fellowships in Biology (including Psychology and Anthropol-
ogy).—Candidates must already have the doctor’s degree or equivalent
qualifications and must have demonstrated a high order of ability in
research. Address applications to Chairman, Division of Biology and
Agriculture, National Research Council, Washington, D. C.
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