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THESIS



PREPACHE,

Owir.z to the lack of cefinite informetion ard data cn the

steering stresses in reinfcreed concrete Leums,it was decided

to carry out this series of tests in &n attemmt to determine

something of the amcunt and distrituticn cf the shearing stres-cr

es cerried bv tre shear reinforcement in reinfcerced concrete

ve a+ coor Te cart: 4 ty pe 24 oSa 4 ft asptidne.bears.An attemnt wes also wade to commare tine efirect cf vervticel

7, , ee, . yyy 7° vA we + Lea ‘ “f" ~ + : SF Yeand of diarvonal si.car reintorcansitjend the effect of cddisne

al YW q ~ OR YA 4 *y, yorn, + pyr Aan ad , ry Oy 5 y.rn yn yez)
es CONOL cr Wu cs. uO vale eae te Jato 1°. iil dma dey .& cc C ft e

in this s2ries of tests 81x beans were made ard tested,three

waving vertical and trree having dieasonal siear reinteurce.uent.

ny

Iris revort will contain a description of the materiuls uscd,

a

tee method of mexirzg and testins tre beans tormether with tre data

end the curves cutained from tris data.Tre conclusions reached

ere in general based in a comnarative study of the curves,

This revort is not intended to be an exhaustive report on

this subject, but it is honed that it will be cf some value in

itself and that it will lead to a more comrlete series of tests

&lone tris line.

I wish to take this ovportunity to exnress mv thanks to

Prof.V¥.S.Hindnai of Orio State Universit» Tor his }elp and

encourarenent in the prevaration of tnis thesis,also to Mr.o.u.

Pococ! and Mr.K.A.B8o0rntracer for their careful work in t”e

lanoratory and in working up the data obtained.

Vv. Neilson,

102992
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In this series of tests, in all six beams were built and

tested. Three of the beams were made with vertical shear reine

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 addedto

the water,

These beams were tested at intervals of 28 days as noted

later in this report, with three of the beams this was continued

for four tests and for the remaining three for only three tests,

The beams Were made and tested in the cement and conorete

laboratory of The Ohio State University,

The concrete used in the beams on which the following tests

were run wasa 1:2:4 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 Supply Co,

The mechanical analysis curve of this sand is shown on Page 43

of this report and shows a very Well graded sand, The vidds when

slightly shaken was found to be 37%, the weight per cu. ft. 118f,

and the specific gravel 2.60, The gravel was river gravel and

was also obtained from the Franklin Builders Supply Co. The

mechanical analysis curve of the gravel is shownon Page 44of

this report, The vilods , slightly shaken,was 40%, the weight per

cu, ft, was 91f#, and the specific gravity 2.42, 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 Mill and Mine Supply Co. , Columbus, Ohio,

The steel used in the beams having the diagonal sheer 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., Cleveland, Ohio. The standard bar

is a section essentially like Fig. 3, Page 46, 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 edge. 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

min bar gripping the knobs practically riveting the auxiliary bar

to the main bar as shown in Big. 4. The bars used were those

listed as 1-1/8" S, F. R., and are equivalent in area to 1-1/8"

equare bars, For convenience in designating them the beams were

mmbered 1, 2, 3, 4, 5 and 6 in the order in which they were built,

All beams were 13 fect 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

33/4" square bars, and the vertical reinforcement was 22 stirrups

of 1/4" square rods arranged as shown in Fig. 1, Paze 49 The

stirrups were made from 5° rods and were bent to forma stirrup

28"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 bare were alteady attach...





wed |

the two sets together with small spacers between to hold themin

their proper positions. For arrangement of reinforcing see Fig.

3, Page 49,

The reinforcing being wired securely together it was then

set in forms. The bottom of the form was a 1/4" plate, the sides

were of 13% 20,5# standard channels clamped together and bolted

to the plate and the ends were of 8* channels bolted to the side

channels, making a form whose interior dimensions were 13 'x24"x8*,

The steel was held at the proper height by emall wooden blocks

placed in the bottom of the form fhe forms were previously thor-

ougly oiled to prevent the concrete sticking to the forms,

The concrete was mixed in a batch mixer of about 3 ou. ft.

capacity built by The Jaeger Machine Co. of Columbus, 9. The

mixer was driven by 1/2 H.P, induction motor, A photograph of

the mixer and driving motor is shown on page 9%, A batch con=

sisted of about 32 cu, ft. of gravel, 1 cu. ft. of sand and 50f

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, his

was done so that it would the more freely flow around the steel,

In those beams in which alcohol was used 5% by weight of denatur-

ed alcohel was added to the water just before 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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forms 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 embedded in the

concrete at the pointe at which the loade 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 95, At the right of the photograph is

shown a Riehle testing machine, this machine was 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 bean. A 16" Iebeam was placed

Crosewiee on this en a third roller over the center of the beam,

The beams were held down in the center by 4 = 3" rods passing

through plates across the top of the 15" I=beam and screwed into

turn-buckles embedded in a large biock of conorete in the floor

of the laboratory, An upward preseure was exerted on the one

end of the beam by the jack thus applying the load through the

bars and Iebeams to the third points of the beams. The reactions

were placed 6" from the ends of the beam,

In performing the tests a preliminary load of from 3000

to SO00¢ was applied in order to settle the beam on its bearings,

Thies load was then removed and readings of the strainegages taken

with zero load, The load was then applied and readinge taken at

all of the points at intervals of 1000 and 2000#. 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 15*,

On the beams with vertical bars readings were taken every

second shear bar as shown by the small circles on the bars in

Fig. 1, Page Ao, 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 dia+

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 Fig. 3, Page 49,

When we obtained the 8* gauge it was found that the

points were too short to reach the steel and it was necessary to

have new points made that were longer. This decreased the ac-

curacy of the gauge and necessitated a calibration of the gauge,

The calibration of the gauge is shown on page Al of this re-

port,





In the following description of the tests of the various

beams the letter used will have the following signi ficance:-

Am The average of bars 1, 3, 23 and 24,

B ~ The average of bars 3, 4, 21 and 32,

D & The average of bars 5, 6, 19 and 320,

E« the average of bars 7, 8, 17 amd 18,

¥ «= The average of bars 9, 10, 15 and 16.

Ge The average of bare 13,12, 13 and 1é,

Beam No. 1 was built Jamary 13, using vertical reinforcing

and plain water for the mixing, First test was mde Feb. 9, age

28 days, The beam was loaded to 16000#, This gave a stress

of about 68004 per sq. in. on the tension reinforcement and abow

280¢ per sq. in. on the conorete in compression, No apparent

stress was thrown on the shear bars, Second test was made March

9 at the age of 57 days. The beam was loaded to 240008. This

gave a stress of 13000# on the steel and 450# on the oonorete,

the shear bars still showed no appreciable stress. fhe third

test was made April 5, at the age of 84 days, The beam was

loaded to 40000F, This gave a stress of 19500# on the steel and

1050@ on the concrete, Very small shear and tension cracks be-

gan to appear at about 38000#, At this load all of the shear

bare 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

be.destruetion,. The beam failed at 590008, the steel reached the

@lastic limit at a load of 54000# and a stress of 37000# per sq.

in,, the concrete failed in compression at 1700# per sq. ing At.

the time of failure shear bars E and F were taking considerable

etress,

a}
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Beam Wo, 3, was built January 15, using vertical reinforcing

and a 54% solution ofalcohol, the first test was made Feb, 12,

load 16000#, strese in steel 3000¢ per sq. in. in the conorete

400%, No Appreociable stress in the shear bars, The second

test was made March 11, load was 24000#, stress in the steel 8000F

in the concrete 500F 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 23500F and the conorete 950# per sq.

in. Some small tension cracks began to appear. With the exe

deption of E the shear bars showed no stress, The fourth test

was made May 6, The beam was loaded to destruction, The beam

failed in tension at bars 13 and 14 at the load 57000#. 6mall

tension cracks appeared at 38000¢ load, aleo shear crakcs began

to appear between 16 and 18 and alee acrose bare 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.

Beam No 3 was built Jamary 19, vertical reinforcement,

64 soap solution, he first test was made Feb. 16, load 16000¥,

stress in steel G000#, in conorete 400#, Shear bars took no

stress, The second test was made March 15, age 56 days, load

24000¥, stress in steel 12000#, in the conorete %50# yer sq. in,

Shear bars showed no stress, The third test was nade April 12,

age 84 days, load40000#, Strese in steel 26000%, and in the con-

orete 1250#, Very prominent shear and tension cracks appeared |

at thie load, Shear bare D and E show a small azount of stress.

The fourth test was run Mey 10, The beam was loaded to destruce

tion. The beam failed in shear acrose bars 5 and 6 at a load

of 53000f, Stress developed in the steel was about 37000# and
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about 1600# in the concrete, The series of bars D and E were

found to be taking from 12000 to 15000# per sq. in., the etress

in bare 5 and 6, and 7 and 8 was probably about double that for

the average or about 35000# per eq. in. Plate II shows the beam

after failure,

Beam No. 4 was built Feb. 8, Diagonal reinforcement was

weed and pure water was used for the mixing. The first test was

made March 7, Load 3000#, 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 1500@ stress per sq.

in, at 16000#. ‘The second test was made April 4, The beam

was loaded to 32000%, stress in the steel was 15000#%, and in the

concrete 900¢ per sq, in, The shear bare showed from 2000 to

S000 stress per sq. in., the higher stresses being on those bap

just outside of the load. The third test was made May 32. The

beam was loaded to destruction, The beam failed in compression

in the concrete at 76000#, The steel reached the elastic limit

at about63000# and a unit stress of about 31000#, The concrete

began to fail at a load of 66000F and a unit stress of about 2100#,

Very find tension and shear cracke began to deveipp at about 40000#,

Shear bars E,. F. and G showedvery large stresses varying from

30000 to 40000# per eq. in. The remaining bars took comparative-

little stress.

Beam No, 5 was built Feb. 11, diagonal reinforcement, 5&4

alcohol solution. The first teet was made March 10 > age 24 days,

the load applied was 16000¢, stress in steel 7500¥, and in the

concrete 650#, The shear bare took only a emell amount of strese,

The second test was April 7, age 56 days, The load applied was

340008, stress developed in the steel 17 500¢ persq. in., and in

the conorete 1100$, The shear bare took from 3000 to 6000
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stress per sq. in., those just outside of the load taking the

larger amount of the etress, The third test was made May 5, age

84 days. The beam was loaded to destruction. The beam failed

at a load of 80000#, The steel reached the elastic limit of a

load of 65000# and a unit stress of 3G000F, the concrete began

to deform very rapidly at a load of about 67000 and a unit stress

of about 2200#, Bare B and E showed very large stresses funning

up to 50000# per aq, in. the remainder of the bare showed stresses

from 10000 to 300004 per sq. in. 98Small tension cracks began to

Qppear at about 42000¢ 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 etress of 8000F per

8q. in, in the steel and about S00# per sq. in. in the concrete,

The shear bare 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 18000¢ per sq, in. in the steel

and 1150@ per sq. in. in the conorete, The stresses in the shear

bare was the greatest in E and decreased toward the end and to=

ward the center. Stress in E was about 8000# per sq. in. the

third test on this beam was made May 9, age 84 days. The beam

Was loaded to destruction, and failed by compression in the con-

crete at a load of 64000#, The steel reached its elastic limit

at a load of S50000$ and a unit stress of about 87000%, The con-

crete suddenly gave way at a load of about 60000# and a unit

stress of 3560#, the stress varied from E toward the end and

toward the center » E showed a strese of 36000¢ per sq. in.
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The end bara took very little stress, Shear cracks appeared a~

cross 17, 18 and 8 at 36000#, tension cracks appeared at about

34000#. For further detaile of the behavior of the beame dur=

ing the tests see the curve sheets following in a later part of

this report. For variations in the deformations tf the separ~

ate bars see the data sheets following. These sheets are a

copy of the original readings taken during the teste, A de~

crease in the readings denotes an elongation and an inorease in

the readins denotes a compression,
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METHOD OF COMPUTATION,

For the steel in the bottom of the beam and the concrete

on the top the differences in the successive readings were averas-

ed and these averages added sucessively to obtain the total diff

erence in readings,

These total differences were then mitiplied by 0.0002,

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 45, 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 averaged, for examplet«

i and 3, and 325 and 34 being the extreme end bars were grouped

toget her, The computations were carried out in the same manner

as described above for the horizontal steel and the concrete, ex-

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,
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SAMPLE COMPUTATION.

 

Beam #4 Tested April 4, 1916, Age 56 days.

Load Diff, in readings Total Unit
in Sh Bar No Av. Diff. in Diff in
1000# 5 16 15 16 Diff, Sum _§,0001* 0,0001*

QO O
1 0 Oo 1 1 2 50 250 1.67 «208

3 0 oO 0 0 0 0 0 0
4 Oo 1 0 0 085 235 83 104
5 0 «al 0 0 =25 0 0 0
6 0 1 0 0 935 225 85 2104
7 Oo O 0 0 0 ad 083 e104
8 0 O i 0 225 - 50 1.67 208
9 0 OO al 0 a, 35 025 835 2 104
10 0 al 0 0 e385 0 0 0
ii 1 oil 1 0 075 75 8.50 2018
12 0 O 0 0 0 75 8.50 00138
13 Oo O 0 1 e385 1,00 3.95 2416
14 0 O 0 0 Oo 1,00 5e50 e416
15 Oo O 0 0 0 1,00 5033 e416
16 0 O 0 0 Oo 1,00 5.33 416
1? 1 O 1 0 oO 1,50 5.00 e635
18 0 1 0 0 085 1,78 5.83 e729
19 0 oO 0 6) Oo 1,75 5.83 e109
r36) 0 O 0 0 Oo 1.75 5.835 739

33 0 O 0 0 0 1,75 5,83 0729
BS 0 O 0 i 0385 8-00 6,67 835
34 1 oO 0 0 03856 88, BB 7.50 938
25 i dQ21 0 al e255 8 =, 50 8,33 1,043
36 0 oO 1 0 025 38=—8, 75 9,17 1.146
o7 i141 0 1 e775 3,50 11.67 1.458
68 o.6U[U1 0 0 e855 865,75 13,680 1.563
29 1 O 1 i e75 4,50 15.00 1.8758
30 1 §d 1 0 e’S 5,25 17, 50 8.188
31 0 1 3 1 2.00 6,25 20.83 3.554





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 dise

regarded, and only the superimposed load taken into account.

The curves as mentioned above are shown on the curve

sheets which follow in this report. These curve sheete are

designated by a letter and a muimber, the mumber refers to the

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

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

doptedi~

C~ The average of the readings on the concrete on the

top of the bean.

§ ~The average of the readings on the steel in the bote.

tom of the beam,

Am The average of the readings on shear bars l, 2, 323

and 34, _

Be The average of the readings on shear bars 3, 4, 321

and 22,

De The average of the readings on shear bars 5, 6, 19

and 30,

Ee The average of the readings on shear bars 7, 8,17

and 18,

F. The average of the readings on shear bars 9, 10, 15

and 16,
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G. The average of the readings on shear bars 11, 12, 13

and 14,

Tmis; C-S denotes the curves representing the deforma-

tions as computed from the readings on the concrete on the top

of beam mmber 3. D5 denotes the curves representing the a-

verage deformations of shear bara 5, 6, 18 and 30 as computed

from the readings on those bare,

The Curves are numbered 1, 2, 3 and 4 according to

the number of the test on that beam. Thus, No. 1 represents

the test on the beam at the age of 28 days, Nos at 56 days,

No 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 steek were 30,000,000 and of concrete 2,000,

000, The stresses corr esponding to the given deformations

are indicated by the second set of coordinates on the curve

sheets,

On the ourve sheets for the steel in tension and the

concrete in compression the theoretical stresses have been

plotted, for beams 1, 32 and 3, these stresses are represent=

ed by the straight lines marked t g and T , for the steel and

conorete respectively, These stresses were also plotted on

the curves for beams 4, 5, and 6 and are designated by the same

letters, For beams 4, 5 and 6 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 beans.
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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-

pably 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 stress

of more than about 2000# and that only to about 6000# when the

beam failed,

The sixth set, G, seemed to take no stress 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, appear to take a small amount of the stress, running

as high as 10000# per eq. in. in one case.

The second set, B, appear to take a slightly larger a-~





1c

mount of stress than A, In one it appears that the conorete

failed completely and threw nearly all of the strees on the

steel, this gave a stress of about 42000# in these bars, which

Was somewhat beyond the elastio limit of the steel.

The third set, D, seemed to take about the same amount

of stress as B running up to about 120004,

The fourth set, E, came into action 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 S0000#, In two of the beams

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 moh as £E,

The sixth set, G, this set although inside of the loads

seem to take a considerable amount of stress, thie is probably

due in a large part to the horizontal tensile surese in the

bottom of the beam,

It would appear from these tests that the midmam

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 maximmstresses in the

shear bars was found in E,

For comp@rison of the curves for the tension reine»

forcement We see that for the first test on all of the beams

the curve runs very steep up to a load of LOOOO¥F or 12000¢

When it shows a rather sudden increase in stress. This sudden





increase is probably due to the fact that up to this 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 failed in tension and allowed all of

the stress to come at once gpon the steel. The curves for

the concrete in compression fall very closely together for

all of the tests, although it appears that the last test

shows in general a slightly greater deformation thah the pre-

vious teste,

For the beams having the vertical reinforcement the

actual stresses as measured appear somewhat smaller that the

etresses as computed by the straight line theory, while for

those beams having the diagonal reinforcement the actual stress

Was very nearly the same as the theoretical stress,

Breaking Loads

Liqid used. Vertical reinforcing Diagonal reinforcing

Pure water 59000¢ 76000¢

5% alcohol 57000¢ 80000F

5% soep 530N0F 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.





her
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From the above strengths it seems that the beams having

diagonal reinforcement are about 30% stronger than those hav-

ing vertical reinforcement, The much greater strength in

this case 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, If 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 teste 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 havging the diagonal

shear reinforcement indicate that the shear reinforcing be-

gins to take ite 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 Would recommend that

some Class of diagonal rather than vertical shear reinforc-

ing be used in all beam construction,













t
-

e
e

”
.

—
‘

baw
-

:
4

L
.

‘
-
y
e

.
e
n

.
,

.

”
-

a
-

4

 







.

n . or)

.
‘

‘ . . .
‘

yooys Lo

:
. = 1

e

'

‘ - ro,

,

,

‘ :
: .°

a .

. » -
.

. ‘
ve *

. : ,

, x
:

,

- -

 

a
=»





4



 

A
e

-
b
k

a
n

L.

 





   
r

“
o
r
t

LR
~ 4

..

-

,

. 7

c
7

”Q
¢

ra

V

.

+
7



 
 

.
.

1

'

:
.

-
°

-
~

:
1

:
-

.
~

°°
7.

Y
a
w

:

&
.

‘
eo

4
8

-
.-
e
a
e

‘

.
.

4
°

.
.
!

.
.

.
m
o

.
.

.
o
e

-
,

3
w
e

.
.

.

.
«

.
-



r
r

o
m
|













 
 

 

‘.
oa





  
     
   

a)

L
.

K
n

 



~



L4









. oh

¢

, ’

-%

t

° *

o -

. °

‘

'

gt

,

'

a













()



re

ae





 
 

.
w
w

o
m

e
e

.
g
e
e

 

.
a
e

t
e
.

.
S
e
E
E

-

 





'
~

+
&

‘
‘

L

.
‘

©
u

4
-

4

.
-

-
.

t
‘

©
L

{
!

i
‘

a

4
‘

a
A

De
'

!
L
.

c
.

L
\.

n
‘ee

x
f

‘
'

4
‘

w
e

.
,

.
.

t
‘

u
.

.
.

A
.

<

‘
.

.
t

~
~

t
.

1

6
;

-
.

1
‘

1
1

aR
oo

:

'
t

.

=
.

.
4

4
{

|
a

‘
-

:
«

4
t

,
‘

*
\

&
.

h
o

.
e
e

rs
-

!
.

i
L

u
L

L
‘

i
‘

‘
iu

{
.

‘
La

\
L

.
4

u

u
L

.
t

‘
'

L
L

-
'

t
[
e
n

a
L
.

{
8

.

a
t

,
\

!
4

k
i

t
L

4
'

:
t

"
h
e

‘
L

'
t

a
ut

i
é

.
L

’
&

L
:

.
:

L
t
o
.

.
t

.
’

1

.
Ll

L
e

1
4

4
-

.
-

LS
:

.
,

b
o
.

o
4

4
.

tL
*

!
o
n

e
‘

‘
'

te.
j

.
~

'
:

\
\

W
w

t
e
s
t

-
u

4
’

.
L

.
f

-
L

~
,

t
.

L
.

a
e

‘
.

(
t

-

.
»

C
4

L
N

L
(

.
~

u
:

.

&,

l
L

a
L

L
‘

L
4

b
u

~
4

‘
‘

‘
.

L
u

é
L
.

L
L

-
u

i
L

&
.

L
,

-
a

.
4

.
i

'
te

i
~

a
—

u
t

I
O
y
C
e

p
n
a
a

a
e

P
—
-

—
_
—





te. -
—- a? 3 t

set Gy

CALIBRATION OF 8* STRAIN-GAUGE,

In the calibration of the gauge five tests Were run on

3-3/4" bare. In 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

read 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 2, Curves A, B and C show the deformations

as determined by the extensometer mwadings corresponding to the

strain~gauge readings shown by curves 1, 8 and 4 respectively.

Curve D shows the computed deformations for the same gauge

readings, Curves F and E show the computed deformations cor

responding to the strain~gauge readings 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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Fie. 3. CROSS-SECTION

OF BAR

 

Fic. 4. GMETCH sHOWwING METHOD

oF FASTENING AUXILIARY BARS
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