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THESIS



PRETACE.

Owirg to the lack of cefinite informatiorn ard data cn the
8! caring stresses in reinfcrced corncrete bewrns,1t was decided
to carry ocut this series of tests in an attemrt to determine
gcmethiing of the amcunt and distrituticn ¢f the slearing ctres-
s23 carried bWy tre cliear reinforcement in reinfcrced concrete
bears.An attermt wus alse .wade to comrare the effzcl ¢f vertlicea
and of diaronal sicar reinlorcen2nt,wnd the effces
Lo tlre wanter wvsad 1n aixing tre cercerete,
In this szriecs of tests s8ix beans were rade acd testad,tlree

Yaviag vertical and thiree having dizgonal gicar reinforce.ient,

ris revort will contain a descripticn of the materials us:d,

ﬁ
o
w

e method of aexinz and testins Lbhe beans torether with tre data

] o

al

ond the curves ¢htained from tris data.Tre conclusions reaclied
are in general btased in a comnarative study of the curves,

This report is not intended to be an exhaustive report on
this subjéct,hut it is hoped that it will be of some value in
itself and that it will lead to a more comrlete sceries of tests
along tris line,

I wish to take this ovportunity to express ;v than¥s to
Prof.V.S.Hindnan of Oric State Univefsity for his relp and
encourarenant in the prevaration ¢f this thesis,also %o ¥r.0.H.
Pococ! and Mr.K.A.Borntracer for their careful work in tre
lahoratory and in working up the data obtained.

V. Neilson,

1028912
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In this series of tests, in ill 8ix beams were built and
tested. Three of the beams were made with vertical shear rein-
forcement and three with diagonal reinforcement. In two 6f the
beams pure water was used for moistening, in two some alcohol
was added to the water and in the remaining two soap was added to
the water,

These beams were tested at intervals of 28 days as noted
later in thie report, with three of the beams this was continued
for four tests and for the remajining three for only three tests,

The beams were made and tested in the cement and concrete
laboratory of The Ohio State University,

The concrete used in the beams on which the following tests
were run was & 1:3:4 mix of Portland cement, Canada sand and river
gravel, The cement was Atlas Portland cement, The sand was
Canada sand and was obtained from the Franklin Builders 8Supply Co,
The mechanical analysis curve of this sand i shown on Page 43
of this report and shows a very well graded sand, The vigds when
slightly shaken was found to be 374, the weight per cu, ft. 1186¢,
and the specific gravel 3,60, The gravel was river gravel and
was also obtained from the Franklin Builders Supply Co, The
mechanical analysis curve of the gravel is ahowﬁ~;n Page ﬂh& of
this report, The va@do, slightly shaken, was 40$, the weight per
cu, ft, was 914, and the specific gravity 3,43, The gravel was
rather uniform in size and reasonably clean,

The steel for the beams having the vertical shear rein-
forcement was plain 3/4" square bars and 1/4" square bars obtained
from The Columbus llli and Mine Supply co.; Columbus, Ohio,
| The steel used in the beams having the diagonal shesr _réin-
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forcing was shop fabricated reinforcement as advertised by the

Shop-fabricated Reinforcement Co, of Cleveland and was obtained
from The Lakawana Steel Co., Clevelend, Ohio., The standard bar

is & section essentially like Fig. 5, Page 5L£L which is a cross-
section of the bar used, The upper part of the section is con-
stant, Increased or decreased area is afforded by simply making
the section deeper or shallower, The bar used as the auxiliary
is practically a standard flat 1/4%"x9/16" rolled however with
knobs or corrugations on each odgo. The fabrication is effected
by placing a portion of the auxiliary flat within the trough and
with a bull-dozer or similar machine compressing the wings of the
main bar gripping the knobs practically riveting the auxtliary bar
to the main bar as shown in Big. 4. The bars used were those
listed as 1-1/8% 8, F, R,, and are equivalent in area to 1l-1/8%
square bars, ) for convenience in designating them the boamo.werc
mmbered 1, 3, 3, 4, 5 and 6 in the order in which they were built,
411 beams were 13 feet long, 34 inches deep and 8 inches wide,
Beams 1 and 4 pure water was used in mixing the concrete,

In beams 3 and 5 alcohol was added to the water.

In beams 3 and 6 soap was added to the water,

For beams 1, 3 and 3, the horizontal reinforcement was
3=3/4% square bars, and the vertical reinforcement was 23 stirrupe
of 1/4" square rods arranged as shown in Fig. 1, Page 45 The
atiriupo were made from 5' rods and were bent to form a stirruwp
33" high and 6" wide, and lapped 4" at the top; these stirrups
were securely wired to the longitudinal steel and also the ends

were wired together,
For beams 4, 5 and 6, the shear bars were alteady attach..
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the two sets together with small spacers between to hold them in

the;r proper positions, For arrangement of reinforcing see Fig.
3, Page 395,

The reinforcing being wired securely together it was then
set in forms, The bottom of the form was & 1/4" plate, the sides
were of 13%. 20,54 standard channels clamped together and bolted
t0 the plate and the ends were of 8" channels bolted to the side
channels, making a form whose interior dimensions were 13 'x34"x8°%,
The stesl was held at the proper height by emall woodsn blocks |
placed in the bottom of the form, <the forms were previously thor-
ougly oiled to prevent the conorete sticking to the forms,

The concrete was mixed in & batch mixer of about 3 cu, ft,
capacity built by The Jaeger Machine Co., of Columbus, 0, The
mixer was driven by 1/3 H,P, induction motor, A photograph of
the mixer and driving motor is shown on page Ezjz A batch conw
eisted of about 3 cu, ft. of gravel, 1l cu. ft, of sand and 50#
of cement, About 8% of water was used. About half of the wa-
ter was placed in the mixer and then the stone, coment and sand
added in the order named, while the mixing was being performed
sufficient water was added to make the batch rather wet, shis
was done 80 that it would the more freely flow around the steel,
In those beams in which alcohol was used 5% by weight of denatur-
ed alcokol was added to the water just boforo mixing the concrete,
In the beams made with soap 5% of Ivory soap was used. The soap
was dissoved in hot water and then diluted to a 5% solution,

The mixing required about two minutes, |
The concrete was then shoveled into the forms and thorough-

ly speded and worked around the steel, As the filling of the
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forme progressed small wodden plugs were placed between the

steel and the forms at the points of which it was desired to take
readings on the steel, Bearing plates were also em'bedded in the
conocrete at the pointe at which the loads and reactions were to
be placed. |

The beams were allowed to remain in the forms about 48
hours when the forms were removed and the plugs taken out,

The arrangement of the appartus for testing the beams is
shown on Plate 1, Page _9_05_. At the right of the photograph is
shown a Righle testing machine, thie machine wae used as a soale
to weigh the reaction at one end of the beam, At the other end
the beam was set on a jack as shown, Both ends of the beam rest-
ed on rollers, An 8* I-.beam was placed on rollers, which were
placed 3! from the center of the beam, A 16' I=beam was placed
orosewise on this sn a third roller over tho'cenéer of the bean,
The beams were held down in the center by 4 « 3% rods passing
through plates across the top of the 15" I«besam and screwed into
turn-buckles embedded in a large block of conorete in the floor
of the 1laboratory, An upward pressure was exerted on the one
end of the beam by the jack thus applying the load through the
bars #nd I=beame to the third points of the beams, The reactions
were placed 6% from the ends of the beam,

In psrforming the tests a preliminary load of from 3000
to 50004 was applied in order to settle the beam on its bearings,
Thia load was then removed and readinge of the strain-gages taken
with zero load, The load was then applied and readinge taken at
all of the points at intervals of 1000 and 3000#. The readings
of the deformations were taken with two H, C. Berry Strain-Gages,
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For the readings on the shear bars we used an 8" gauge, and for
the readings on the concrete in the top of the beam and the steel
in the bottom we used another gauge set at 157,

On the beams with vertical bars readings were taken every
second shear bar as shown by the small circles on the bars in
Fige. 1; Page ;éji, readings were also taken on the three bars in
the bottom of the beam and at two points on the concrete on the
top of the beam; the readings were taken on brass plugs set in
plaster of paris in the conorete, On the beams with the dias
gonal reinforcement readings were taken on all of the shear bars
and on both of the bars in the bottom of the beam and at two
points on the concrete on top, the points at which readings were
taken are shown in ra;.'é, Page éjé,

When we obtained the 8*® gauge it was found that the
points were too short to reach the steel and it was necessary to
bave new points made that were longer. This decreased the ac-
curacy of the gauge and necessitated a ocalibration of the gauge,
The calibration of the gauge is shown on page _ 41 of this re-
port,






In the following desoription of the tests of the various
beams the letter used will have the following significancel-

A « The average of bars 1, 3, 33 and 34,

B -« The average of bars 3, 4, 31 and 33,

D & The average of bars 5, 6, 19 and 30,

E - The average of bars 7, 8, 17 amd 18,

¥ « The average of bars 9, 10, 15 and 18,

G- The average of bars 1},12, 18 and 1d,

Bean No., 1 was built Jamuary 13, using vertical reinforoing
and plain water for the mixing, PFirst test was made Feb, 9, age
28 days, The beam was loaded to 16000¢, This gave a stress
of about 6800# per sq. in, on the tension reinforoement and abow
3804 per eq. in, on the conorete in compression, No apparent
stress was thrown on the shear bars, 8econd test was made March
9 at the age of 57 days., The beam was loaded to 340004, This
gave a stress of 13000 on the steel and 4504 on the concrete,
the shear dbars otill showed no appreciable stress, The third
test was made April 5, at the age of 84 days, The bean was
loaded to 400004, This gave a stress of 195004 on the stesl and
1050# on the concrete, Very small shear and tension ocracks be-
gan to appear at about 38000#, At this load all of the shear
bars excepting the end ones began to take a small amount of stress,
The fourth test was made May 3, age 113 days, the beam was loaded
te.destruatien,. The beam failed at 59000#, the steel reached the
olastic limit at a load of 540004 and a stress of 370004 per sq.
in,, the conorets failed in compression at 1700# per sq. in, At

the time of failure shear bars K and T were taking considerable

stress,

=}
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Beam No, 3, was built January 15, using vertical reinforcing
and a 54 solution ofaloohol, 4rho first test was made Feb, 13,
load 16000#, stress in steesl 30004 per sq. in, in the concrete
4004, Xo Apprecisble stress in the shear bars, The second
test was made March 11, load was 340004, stress in the steel 8000F
in the concrete 5900 per sq. in.. The shear bars showed no appre-
ciable stress, The third test was made April 8, the load was
40000, stress in the steel 33500# and the conorete 9504 per sq.
in, Some small tension cracks began to appear, VWith the ex=
dsption of I the shear bars showed no stress, The fourth test
was made May 6, The beam was loaded to destruction, The beanm
failed in tension at bars 13 and 14 at the load 57000%, 6Small
tension cracks appeared at 38000# load, aleoc shear crakcs began
to appear between 16 and 18 and also acrose bars 7 and 8, At
56000# a large tension orack opened at 13 and 14, None of the
shear bars excepting #E showed any appreciable stress.

Bear No 3 was built January 19, vertical reinforcement,
54 soap solution, The first test was made Peb, 16, load 160004,
stress in steel 6000#, in conorete 4004, Shear bars took no
stress, The second test was made March 15, age 56 days, load
24000#, stress in steel 13000#, in the conorete TS50 per sq. in,
Ghear bars showed no strees. The third test was mads April 13,
sge 84 days, 10ad40000#, 6tress in steel 26000f, and in the con-
orete 1250#, Very prominent shear and tension oracks appeared ’
at this load, Shear bars D and I show a small amount of sireess,
The fourth test was run Mey 10, The beam was loaded to destruce
tion, The beam failed in shear across bars 5 and 6 at a load
of 530004, Stress developed in the steel was about 370004 and
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about 1600# in the conorete, The series of bars D and E were
found to be taking from 13000 to 15000% per sq, in., the stress
in bare 5 and 6, and 7 and 8 was probably about double that for
the average or about 350004 per sq. in. Plate II shows the beam
after failure,

Beam No, 4 was built Feb., 8, Diagonal reinforoement was
wsed and pure water was used for the mixing, The first test wae
made March 7, Load 30004, stress developed in the steel was about
7500#, and in the conorete 350#, All of the shear bars with the
exception of the end bars showed from 500 to 15004 stress per sq.
in, at 16000#, The second test was made April 4, The beam
was loaded to 320004, stress in the steel was 15000#, and in the
concrete 900# per sq, in, The shear bars showed from 2000 to
8000# stress per sq. in,, the higher stresses being on those bam
Juet outside of the load. The third test was made May 23, The
beam was loaded to destruction, The beam failed in compreseion
in the conorete at 76000#, The steel reached the elastic limit
at about 63000# and a unit stress of about 31000#, The concrete
began to fail at & load of 66000# and a unit stress of about 2100#,
Very find tension and shear oracks began to develpp at about 40000%,
Shear bars E, F, and G showed very large stresses varying froam
30000 to 40000# per eq. in, The remaining bars took comparative-
little stress, |

Beam No, 5 was built Feb, 11, diagonal reinforoement, 5%
alcohol solution, The firet teet was made March 10, age 34 days,
the load applied was 16000#, stress in steel 7500#, and in the
concrete 850§, The shear bars took only a srell amount of stress,
The second test was April 7, age 58 days, The load applied was
340004, stress developed in the steel 175004 per sq. in., and in
the conorete 1100, The shear bars took from 3000 to 6000§
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stress per sq. in.,, those just outside of the load taking the
larger amxount of the stress, The third test was made May 5, age
84 days, The beam was loaded to destruction, The beam failed
at & load of 80000#, The steel reached the elastic limit of a
load of 650004 and a unit stress of 36000#, the conorete began
to deform very rapidly at a load of about 87000# and a unit strees
of about 3300#, Bars B and K showed very large stresses funning
up to 500004 per sq. in. the remainder of the bars showed stresses
from 10000 to 30000# per sq. in., 8Small tension cracke began to
appear at about 430004 load.

| Beam No, 6 was built Feb, 15, diagonal reinforcement,
soap solution, The first test was made March 14, age 28 days,
A load of 16000# was applied this produced a stress of 8000# per
8q. in, in the stdel and about 500# per sq. in, in the concrete,
The shear bars appeared to take no stress at all, The second
test was made April 11, age 56 days, A load of 350004 was ap~-
plied, which produced a stress of 180004 per sq. in. in the steel
and 1150# per sq. in, in the conorete, The stresses in the shear
bare was the greatest in K and decreased toward the end and to=
ward the center. Stress in I was about 8000# per sq. in. The
third test on this beam was made May 9, age 84 days. The bean
was loaded to destruction, and failed by compression in the con-
ocrete at a load of 64000#, The steel reached its elastic limit
at a load of 500004 and a unit stress of about 87000, The conw
crete suddenly gave way at a load of about 60000# and a unit
otroic of 3560#, The stress varied from I toward the end and
toward the center, I showed a stress of 36000¢ per sq. in.
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The end bars took very little stress, Shear cracks appeared a-
cross 17, 18 and 8 at 360004, tension cracks appeared at about
340004, For further details of the behavior of the beams dur-
ing the tests see the curve sheets following in a later part of
this report, For variations in the deformetions ifi the separ-
ate bars see the data sheets following. These sheets are a
copy of the original readings taken during the tests, A de-
crease in the readings denotes an elongation and an increase in

the readins denotes a compreesion,
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NETHOD OF COMPUTATION,

For the steel in the bottom of the beam and the concrete
on the top the differences in the successive readinge were averag-
ed and these averages added sucessively to obtain the totel diff
erence in readings,

These total differences were then miltiplied by 0.,0003,
the value in inches of one division of the 15% gauge, this gives
then the total deformation in 15¥, to obtain the unit deformations,
these total deformations were then divided by 15,

For convenience in recording and computations the shear bars
were numbered as shown on Figs, 1 and 3, page _4 5, from 1 to 34
the even numbers being on one side and the odd numbers on the
other,

In making the computations the bars having the same relat-
ive positions were grouped together and dvoragod, for examplelw
1 and 3, and 33 and 34 being the extreme end bars were grouped
together, The computations were carried out in the same manner
as described above for the horizontal steel and the concrete, ox-
cept for the different values of one division of the gauge and
the length of the gauge. A sample of the computations for one
set of shear bare is shown on the following page. A positive
difference meaning an elongation and a negative difference a

compression of the steel,






SAMPLE COMPUTATION.
Beam #4 Tested April 4, 1916, Age 56 days,
Load Diff, in readings | Total Unit

ol b o, DG D
n
_,DQf L. j:___.& 9,00017

& s
o

0 0 0 0
1l 0 0 1l 1 +«50 «50 1,687 «208
3 0 wl (o] -, 50 (o} 0 0o
3 o} 0 0 (o} 0 0 0 0
4 0 1l 0 o] «35 «35 .83 «104
5 0 «l 0 0 =y 835 o} 0 0
8 0 l 0 0 «35 85 83 «104
? 0 0 o] 0 (o] «85 «83 «104
8 0 0 1 0 e85 «50 1,67 208
10 0 «l .0 0 =,35 0 0 0
11 1 1 1l 0 75 o8 3.50 e313
138 0 0 0 0 0 . .7 3,50 «313
13 0 0 0 1l e85 1,00 3.33 +416
14 0 o] 0 0o (o} 1,00 3.33 «416
18 0O O o] 0 0 1,00 3.33 «416
lé 0 o} 0 0 0 1,00 3,33 <418
17 1l 0 1 0 «50 1,50 5,00 +«835
18 o} 1l 0 0 «35 1,76 5,83 7239
19 0 0 0 0 0 1,76 5.83 « 739
80 0 (o] 0 0 0 1.75 5.83 739
31 0 0 o} o} 0 1,76 5,83 « 739
33 0 0 0 0 0 1,75 5.83 « 739
33 0 0 0 1 «35 3,00 6,67 «885
34 1l 0 0 0 «35 3.35 7.50 <9538
35 1 1 o} -] 05 3.50 8,33 1,043
36 0 (o} 1 0 35 3,75 917 1,146
27 1 1l 0 1l 756 3,60 11,67 1,458
28 (o] 1l 0 v} «35 3.75 13,80 1,563
39 1 0 1 1 75 4,50 15,00 1,878
30 1 1 1l 0 75 5.35 17,50 .3.,188
31 0 b 3 1 1,00 6.35 20,83 3.354
33 l 1 0 «85 6. 50 31,67 3.709
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The preceding method of computation was carried out
for each of the tests on all of the beams, For the tension
reinforcement and the concrete on the top of the beam, the
unit deformations were plotted as abscissae and the total
load on the beam as ordinates. For the shear bars the unit
deformations were plotted against the end shear, In all of
the loads and shears the weight of the beam itself was dis-
regarded, and only the superimposed load taken into accounf.
The curves as mentioned above are shown on the curve
sheets whioh follow in this report, These curve sheets are

designated by a letter and a number, the number refers to the

i
‘a

mmber of the beam and the letter to the set of bars or groups

of reading on the beam, The following is the nomenclature a-
dopted:-

C~ The average of the readings on the concrete on the
top of the beanm.

8 -The average of the readings on the steel in the bot-

tom of the beanm,

A= The average of the readinge on shear bars 1, 2, 33
and 34,

B~ The average of the readinge on shear bars 3, 4, 31
and 23,

D« The average of the readings on shear bars 5, 6, 19
and 30,

E~ The average of the readings on shear bars 7, 8,17
and 18,

F- The average of the readings on shear bars 9, 10, 1s

and 16,






G~ The average of the readings on shear bars 11, 12, 13
and 14, |
Thus; C=3 denotes the curves representing the deforma-
tions as oompufed from the readings on the conocrete on the top
of beam mumber 3, D=5 denotes the curves representing the a-—
verage deformations of shear bars 5, 6, 18 and 30 as computed
from the readings on those bars,

The Curves are numbered 1, 2, 3 and 4 according to
the mumber of the test on that beam, Thus, No. 1 represents
the test on the beam at the age of 38 days, No3 at 56 days,
Fo 3 at 84:days and No, 4 at 113 days.

The stresses are indicated by the deformations read
are represented by the same curves as show the deformations,
In computing these stresses it was assumed that the modulus
of elasticity of stee: were 30,000,000 and of concrete 2,000,
000, The stresses corresponding to the given deformations
are indicated by the second set of'coordinatos on the curve
sheets,

On the curve sheets for the steel in tension and the
concrete in compression the theoretical stresses have been
plotted, for beams 1, 3 and 3, these stresses are representw
64 by the straight lines marked f s and T 5, for the steel and
concrete respectively, These stresses were also blotted on
the curves for beams 4, 5, and 68 and are designated by the same
letters, For beams 4, 5 and 8 a larger percentage of steel
was used and this made the stresses somewhat lower, the theore-
tical stresses for these beams are shown by the curves marked R

on the curve sheets for these beanms,
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CONCLUSIONS,

The following conclusions are drawn from a comparative
study of the curve for the various bars,

We will first consider those beams having vertical re-
inforcing., The end bars or those designated as A show in gen-
eral a slight compression, these bars were outside of the sup-
port and theoretically should show no stress at all, but pro-
bably a part of the compression of the reaction would be carried
by these bars, .

The second set or those designated as B show a very
slight tensile stress.

The third set, D, also shows a slight tensile stress.

The fourth set, E show a rather sudden deformation at a
load of about 45000#.

The fifth set, F, in only one case showed a unit strees
of more than about 3000# and that only to about €000# when the
beam falled,

The sixth set, G, seemed to take no strees at all,

In no case did the vertical bars appear to take any ap-
preciable stress until a>load of about 40000# was reached when
those bars that came into action at all showed a sudden increase
in stress, This sudden increase was probably due to the fail-
ure of the concrete in shear or in diagonal tension, which threw
the strees on the reinforcing,

_Let us now condider the diagonal reinforcing, The end
bars, A, eppear to take a small amount of the stress, running
as high as 10000# per sq. in. in one case,

The second set, B, appear to take a slightly larger a-
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mount of stress than A, In one 1t appears that the concrete
failed completely and threw nearly all of the streses on the
seteel, this gave a stress of about 420004 in these bars, which
was somewhat beyond the elastioc 1limit of the steel.

The third set, D, seemed to take about the same amount
of stress as B running up to about 13000%,

The fourth set, E, came into acfion early in the test
and took a very large part of the shear, the stresses in these
bars ran up to as high as about 50000#, In two of the beanms
it appears that in the second test the conorete had partially
failed in shear, and the steel came into action at onee on the
third test.

The fifth set, F, took a considerable amount of stress
although not as much as E,

The sixth set, G, this set althougzh inside of the loads
seem to take a considerable amount of stress, thie is probably
due in a large part to the horizontal tensile suress in the
bottom of the beam,

It would appear from these tests that the mfﬁ;mum
shear or the diagonal tension produced by the shearing stresses
was along a line making about 45° with the vertical and running
from the point of application of the load toward the reaction,
This is born out by the fact that the maximum stresses in the
shear bars was found in E,

For comparison of the curves for the tension reinw
forcement we see that for the first test on all of the beams
the curve runs very steep up to a load of 100004 or 13000

wWhen 1t shows a rather sudden increase in stress. This sudden
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increase is probably due to the fact that up to thie point
the conorete has been taking a comparatively large part of
the stress and that at this point it partially failed and
permitted more of the stress to come on the steel. In most
cases this is also true for the second test, but for the re-
maining tests it appears that in nearly all of the cases the
céntrete had completely féilcd in tension and allowed all of
the stress to come at once wpon the steel., The curves for
the conorete in compression fall very oclosely together for
all of the tests, although it appears that the last test
shows in general a slightly greater deformation thah the pre-
vious tests,

| For the beams having the vertical reinforcement the
actual stresses as measured appear somewhat smaller that the
stresses as computed by the straight line theory, while for
those beams having the diagonal reinforocement the actual stress
was very nearly the same as the theoretical stress,

Breaking Loads

Liqid used. Vertical reinforcing Diagonal reinforcing
Pure water 59000# 760004
54 alcohol 570004 80000#
54 soep 530004 64000#

From the above it would appear that the alcohol had
very little if any effect on the strength of the beams, It
also appears that the soap had a deteriorating effect on the
concrete, since those beams in which the soap was used broke
at considerably less loads. On account of the small number
of beams tested it could hardly be said that these conclusions

were final.






From the above strengthe it seems that the beams having
diagonal reinforcement are about 30% stronger than those hav-
ing vertical reinforcement, The much greater strength in
this 6&30 was probably due in part to the much larger area of
tension reinforcement used, and in part to the stress taken
by the shear bars, It seems also that the parallelogram
formed by the shear bars in a measure tend to prevent the
deflection of the beam and thus to increase the strength.

From a study of the results of these tests it appears
that the vertical shear reinforcement is of very little if
of any value until loads that are far beyond the safe loads
are reached and even then they take only a small part of
the stress, The tests on the beams havding the diagonal
shear reinforcement indicate that the shear reinforcing be-
gine to take its share of the stress at very small loads,
that is at loads that are well within the safe loads for
the beams, and that the stress continues to increase as the
load increases. It also appears that at & load of about
40000# the conorete at least partially failed in shear and
there was a sudden increase in the stress in the steel.

As a result of these tests we wWould recommend that
some class of diagonal rather than vertical shear reinforc-

ing be used in all beam construction,






=N









.-



















()

[N









|

-3

r
(s

4 rr
N
-
-t -
“r o
N .
K

\
-
1
o . e
-
. ‘ B
‘< - .

(B}



-

. P
. [
i ' Y
1 S
- -
. -

- °

Liwtonw

U

LS. 4
A -
C

- v e
ool

L S






=



‘N









Vo
N . .
+
P R [
[ . . R —

[N [ L . BN a0

R
— - « L N L t
- . N
- - N . = ’ - -
s
. fac . oo .k
B : B . -
Lo e s k - o : :
. . | . . . .
LN C s . \ ' . [ [ ' . - o .
! R B . N - ~ - - -
- - - - B Lot N - L. o oo e b -t L. - - .
. .8 . Lo .
[ FO . i . L et : . . .
- . N t . ' . .o . (. N BN . .
. . . . .
. L






PR o



0

L

L




S

-




Lae

La

i

o



-1






V






s
’ r
. . r
v
\
. h
. I r
.






-
. . S -
. . R P
B t . S
R (SN
L .
'
[T
L L -
.
w : i . . [









|l

I



-\

{









-









e AP

il 4]
CALIBRATION OF 8" STRAIN-GAUEE.

In the calibration of the gauge five tests wWere run on
3-3/4" bars, 1In the first two of these tests the load was
applied in increments of 500# and the readings of the gauge
taken., The bars were then accurately measured and the de-
formations computed. In the remaining three tests an ex-
tensometer was placed on the bar and the deformations were
Tead with both the extensometer and the strainegauge at in-
tervals of 1000#, The deformation was also computed, us-
ing 30,000,000 as the modulus of elasticity of the steel.

Curves of the deformations and of_the gauge readings
were plotted for each of these tests, These curves are
shown on page _4 2. Curves A, B and C show the deformations
as determined by the extensometer madings corresponding to the
strain~gauge readings shown by curves 1, 8 and 4 respectively,
Curve D shows the computed deformations for tho.samo gauge
readings, Curves F and E show the computed deformations dor
responding to the strain-gauge readinge shown by curves 3 and
5 respectively.

The value of one division of the gauge was computed
from each of these curves and the average value was found to
be 0,000334",

In all of the computations 1/3000* has been used as
the value of one division of the strain-gauge.,
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Fre. 4. SHETCH SHOWING METHOD
OF FASTENING AUXILIARY BARS



SOLCLY 4O SPULER O L DAY A7

; AN . ) Nh.m..:.ew o9 ¥ 84
HHi S i3 3
Muuuﬂ ” 3 2k ol £ M TiTH 3
e e
2 : fi8 B e 3
S 12
i : i
I
I 1 It
& H i
Sl Mm HiE i
i : i i
* SRR R
:.%mc i
H
Pk
4...“ i
s
+ rt +
EH - <
158 r%um“ =4
S e
His il e e




P,

% ¥ e R

S - PF. Pz
: 8 4
7 Li2se
R 1 ,x HHE
it + =
i
4 it
i & :
) mr i s = :
H £ i
T
B eI ORI SR i R R e A
22 B S5
5 s HASE
w1 s H ¥ I
f f HEA
N B t
£} T :
22 2 SEE5 SEIIASE: 1
et o3 i FTH 2
m “ T . + [
i : e
Eres B i T £ :
ok




SPpUOZ) DLOSOOG [ ot S fh s
> 2/




SPUNG, SO SPUDCa o8y, 5520 p 1y

o

i

T




P2 O PUDNOYy ) it sy pis :
/ 2

i
n4 4/
3 1 ] PR HH ;
e =3 ciii T : -
b e L e R
it H R 5 H e il
£ e 5 e
R i : e
i3 mmmm :.1 i & 4 H
i it i 3 jiscssai frassisisa i
















LDUOYY 40 CPUOSOOY L LUt SCOLtr suyy

c 2 o g7 =3 27 73 9 o 2 9 o
Pl 1aansssnansesnansens sxuananzan o r E x: TR szemensi'-: cxasmmns: enas e T T T !
HRTHE St SRR SRS T it st
it ; e £ i s T
iost pansy e ;
: I i
g t t




f : i _
7. : : T E 3 i
- | B e :
% E : i 20 HEHHE E
r it 2 _;lmﬁ ZEpls ﬁ i ;

| ummm m i T
,b,‘ Y m m :

- H r s a.
, S ,
: m :

~re
L

NS
199,
5

5 oar,

AT



















¢ S A e )
H 3 ; .M\ ; 2 L4 i 7 174 ¥ 74
H + H £ i
{...Mr H i ;i 4 e e 4
i SIESdeSEd: prisnaiheann a3 ins: it 3 - : H
L S A et feiE i
5 inied foi B iy 58 ESEEE EaaAt £ T
e i
il :
T oy g i H
- ; s :

£h
i

L

L

: : P 19

i

o=
-

"

Wm. P e iz i i H P .”ﬁ“lmm
HEH ] : i FERTH = S
nEEaaEas ER Raneabuans Eauuy as: H
a5 B HEEE e T o k
= B =5 + o T fams

5

H
HTHTHN
St

HE

H

x i

S

$t

: T ¢ [
i e e R e +, W“t i ﬂ‘%% -
1 ane R e

o el g

No, 220.F, THE 5. oo & o s

3
o




R A S R ORI By o e
i R

9 o

i
£

3 ES8Sd FE R S e

B

FHT
-

: iﬁ“&# i

T

e H
tH
H
I
5 7
L 1 FH
B +
Ht H
+ HF 1
= i i
!




SRS SO SPMPEOOLIL it KILY peg s

Y

2 o z/, 9 o 7
T L e i T
i
X ;.Ew w m m um § s £ m m + HEHHS
: .
o sxas: _:..q.w HE i ﬁ HYE
o :
4 £ F il ¥
m m H HH 1 s HHH 1 m
: S i ¥
it ! & £ i
i B i i
TR
.




[ Speogys o S0, o, Y
i o ¢

2/ 2 U ey
o 5 o
seriees. i T it : .N..M = A T -
i i
T Z
& e
’ =
1 r.wa
it




gy SO PNXOOYY Ut oY fotys
o of

»6 8k T4 ¢

1 i e A
T
il i t
i i e
HH FH - : £ g
= e _ : um
- 22as . = =
: e
= SRR E.uu i
it : e : :
T R e I T




AT & 2 2
______ ond 1a
ik e S Hi
S35 fiag i .Tmnmmwwn e
= £ 22k sEsisit
ﬁ 35s T =
i i it
HE i
..... 8 Seesies
it it HEE
= 1
i HEE i i

§
S
i !&:c
i
R
1
.

L
.
B

i
e

=

i




5OLoG SO SPUDEROLL L) SSANC L1477

>

[

2

&

z/

Q

- R m\ z o o
HHHE o1 B g i 2 o r aga 300 158
- £ i i HHELE i ] esies B
il i e £ | EiiE
i ae 88 H SSEEEET E3ad i " _W

.:. -

Lk
HHH H i
Hit HEH : s
= i i e
T wu : 4
T i i “wm




UL 40 SpUD crOYy s cDpC w00
9 = & . 3/
T T i1

-

i

-
-

%
-
¥

L
—




e T SOy - g LY T ¢

s el

774

N
Q

5 & £
o h\l\“\!“\\%ﬁ&ﬁ“ﬁ 2y nVQ.\\N.\\\ B

Y . T stesk
T H o T T :
HE 2 + T H
FH il : dERESEIRat sastaciate Reana et : e
HEEE e ; : e
H } 128252380 1 ERETIEL: Dnsmanas
: B T i ummm CEHE
4 i H
E i Hi H
i it
i B . as
FE i+
S R
HE £
H 1 F
T
H
H i i
&
e







(]
N

2

o

1z

H
Lt JHres3 irr. THoo3arnds ofF Foosds

T £ T
HHHE i t 7%- H HHH H
H i B i
H 25sEE HH
i : S i
= A HE %
H HEH HHH + H HE S
— S HH EE 2
5 ot ‘_ =g o - —
l-:_ =
g e O

i e

: i
+ t R t HHH n
0

5 9 oy n ™ Y -~ iy




SPLOY O PUDCAOY [ 21t I pty7
[=d - D

2/ . e / imﬂﬂ - wm : 3
i
i et ils
i i : i
T L
..... _m HHT
i mm = : ;
Y HE M
£ i {
i L ot

No. 20.F, THE 1

it eg




L2 AO SPUDEOY Y Lt EISERNL Y7

= sinar - AR 3 ,N\nuuuu suu Huwuu = N_ Z
HH 23 ) i i 53 F ".c Hi
i b :
HHT £t H
i P
H
= - -
i m e
i s s | i T

22




e . 5B : givn‘utés CEDIpC AP
A S I n._v 2% o2 T

B
m :
e R
:

%mﬁ

No. 200.F THE LI A & oo

O




TN P T A R T
T

fEE
R

HH E:i-fEE%

H
B
s

g L
















S i : :
i i :
=+ 3 :

HHEHHHE i §

i o

o ;

g
i
WStk ) Y ik 3










»% H :: H




i ; - il

i FH T
' e i
: t L

t HHHH ﬁg
PR
i
By
£ i
" e i

No. 220.F. THE H OOl E A

G
[y i . N,




No. 200-F. THE H; COLE €O, COLUMBLS ornin



S Ay

1

|
3
m
f
-
:







54 : , :
3 Rass ok o T T t L H
HHE R g : .. g :
ﬁ S : i i SR
| i
SR,
e

No. 200.F, THE H. COLE €O.. COLUMEBUS. OHIO.

R







:
'
£
HH i :
T & T !
. i HE
it 3 e
. : :
H
| : :
: !E :
] 13




o

200-F. THE 11 O £ o bt thosot e s ot

No.



S i ]
i 2 FHHH f Y
o B b
T H B !
L i i HHEHE
: RS
3 i %
Jn HH 15 e




Noc 208 F . e smds: soos b 20 i




e
H W%
T
it i i
i




PGy 4O RRIPDNYy crf SOSKPIHE Y1047
2 Or s 9% 9% TE gz T z0,

e sates it T R e T
sl e seasd eled s

528




&

z/

2

PO 4O GOUOCOCGL Lt STRIAL LIey)

Siiniiniiiine







SBss SapdaRiam dhouio

L f k
HHH

ot







PO 4O SPLOSINYY Ll SHEPLLL J17

4 4 b
e e e e % i i i I
it i : i i G
i i : St R e
e EE
e : , i
E ﬁ i1 i g
S | | 128
mF SR H L Mm :
: i WM“ i EiE £
ﬁu unuumni ¥ H

uﬂ n:m H m =
D : H o
EEHH
i
ST =i
T i




v P
m H : > "Ny SO PULOTOOY L L1 SOECDIYL A7
i 2 o

% o6 T or kdd
i mm HhT :
: 2
t
=
;
T T i
IRuy SRAREREEEY SAN HH+ T s y!_
o5 i
t H4?




!
5
i
&
g
!
i |







95

I

IIVId




96

PLATE II




97

IIT HIVId







380

74

MI,“E

NIy




ssssssssssssssssssssssssssssss

R

3174 4380




=3

==o
="
=
==
=
="
=
==mo
=
=0
=



°
D
©

DA

293 03174

I

T



[0

I

380

293 03174

31




nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

i




uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

i

4380




