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PREFACE,

In this age of buillding and design, it is ne—
cessery that careful investigations snd resesrch bve
made as to the strength of materials that are used in
construction., The methods for testing iron, steel,
and wood have reached a high standerd., The compress—
ive end tensile strength of concrete have been well
determined, but few series of tests have been made to
determine its resistance to shear. Some shear tests
have shown its ultimate shearing strength as low as
10%; others, &s high as 97% of its compressive strength,
The difference in these values is due to the different
materials used in the concrete and the various methods
of testing. At present there is a diversity of opin-
ion as to its true shearing strength.

Shear may be defined as the action of two equal
and oppased forces whose lines of action lie in adja-
cent parallel planes, For example, shesring stresses
are produced in conerete besms, floor slabs, window
lintels, foundation footings, bridge seats of bridge
piers, 1In general, most classes of masonry construc—
tion are subjected to shearing stresses, As the shear—

ing strength of concrete is lower than its compressive



strength, provision must be sllowed for it in concrete
mesonry design, But little reliasble dzta for the
shearing strength of concrete can be found in ené
gineering records; it is necessary that vslid values
be derived., The purpose of this research made at

the University of Kansas was to obtain values of shear
that might be spplied in the design of masonry,
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BIBLIOGRAPHY,

Beuschanger, In 1878, Herr Bgyschanger con—
ducted a series of tests on parts of concrete prisms
that had been broken by flexur:, He found concrete two
years old to have an ultimate sheering strength of
- 1.5 times its tensile strength.

FPelk. PFalk gives the shesring of 1:3:5 con~-
crete from 85f# to 314F per square inch, From Falk's
Cements and Mortsrs, page 95,

Poret, M, Peret's tests indicated the shesring
value of concrete to be from 46% to 97% of its com=
prressive strength., From Taylor and Thompson's Con-—
crete, Plain and Reinforced, page 136,

Sipkes, 2Zipkes found the shearing strength of
concrete fifty days old to be 357 per square inch,
From Beton und Eisen, Jamary, 1806, page 15,

Prof. Swain, Recent shear tests on concrete
have made under the generasl direction of Prof, Swain
of the Massschusetts Institute of Technology, values
are given in tables 12 end 13, pages 32 avd IJ.

Prof. Arthur N. Talbot, Prof. Arthur N. Talbot
of the University of Illinois has found the shesaring
strength of concrete somewhat less than values gs found
by Prof. Bwain. These vslues are given in tables 14
and 15, psge



APPARATUS AND MATERIALS USED IN THE TESTS,

In making up the apparatus, considerable time was
required, It consisted of stone soreens, a water-
tight box for determining percentage of voids in the
ageregate, moulds and shears for testing the prismse
The rock screens are made of wire netting stapled to
wooden frames, 24%"x36*x4* deep, The coarser sareen
has 3/4* diamond mesh, end the smaliler, 1/4% squere
mesh. A 1" square mesh was desired in place of the
3/4% aiemond, but could not be obtained, The box for
determining the peroentage of voids was 8 water-tight
galvanized iron box 13*x12* and 14® deep, A depth of
one foot was graduated on the inside of the box and
tested for a oubic foot by pouring in 88,8 pounds of
water and seeing that the surfamoe of the water coin-
cided with the graduastion. VWooden moulds lined with
galvaniged iron were made, in which to mould the prisms,
The moulds were rectangular in shape and 4%x4"x1ze®
inside dimensions, 8ee Plate 1, page & Each mould
was made of two sections and was held in place by set

socrews. in iron clemping frames, The clamping frames
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and surfsce plates were mede from scrap castings, The
drawings will show without further description, the
arrangement of molds and fremes, This design was
found fairly setisfactory, The shears were made of
ccat :lron.’ The bed-plate wes Meed above and below as
were the two plates that clemped the top of the priasm,
A noteh one inch deep by 4¢~1/8 inghes wide wes cut
from the top surfece of the bed plate, thus leaving
the central part of the besm unsupported, See plete 2,
page 5 A oast iron bloek 4*xa=1/8°x7® wes placed
on tep of the central pert of the beam %o transmit the
lo2d %0 the prism, As the block was 4° wide and the
width of the noteh in the bed plate is 4=1/8 inches,
there was left 1/16 of an inch clesrance between the
vertical shearing planes,

STONE, Oread limestone wes used in the oonerete,
This stone is of two colors, the light brown end the
dak bromm, The lighter colored is stronger, since
when ocrushed, its fragments sre less liable to lamine-
tion, This is desireble since a ocubical shaped stone
gives more resistance to shear than a thin wedge-chzped
plece, The hend crushed stone varies slightly in fomm
from the mashine erushed stone, a&s the machine hes a
tendency to form the chisel sheped pleces, But when
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the two samples were compared, the difference was not
considered sufficient to warrant the extra work of
crushing by hend,

The limestone is carboniferous and is slightly
orystalline, It exists in strata of verying thickness
but is of too smell dimemnsions for massive masonry,
Table I on the opposite page gives the tests and analy-
ses of the Oresd limestone,

All the orushed rock was screendd through a 3/4
inoh ®dismond mesh® and retsined on a 1/4 inech sieve,
The percentage of voids in the crushed rock was found
by weighing the water required to rill them, the rock
being first dampened to mske allowsnce for absorption,
From the weight of the water, the voids were ocslou~-
lated to the hundredth of a oublc foot., This determi-
nation was made as follows:

LOOSE ACCRECATE,
Weight of box and one cu. ft, orushed roock-—108,0F

* of box, rock and water- -136,5
NET WEIGHT WATER 38,5F
H = 47% voids in loose sggregate,

2,

RAMMED AGCREGATE,
Welght of box and 1 ou. ft. crushed rock
*  of box, rock and water— 148,5
NET WEIGHT WATER 33.5F

127, 0f
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?.,5_;.: 36% of voids in aggregsate,
25

The specific gravity of the rock was determined approx—
imately with the ssme apperstus e&s was used for the
void determination,

Weight of DOX=- w——eB1, 5
Veight of box and rock=—=-——=l27,90
WEIGHT OF ROCK - -105, 5

As the percentage of voids of the aggregate is 365,
the absolute volume of the rock 64 of one ocu, ft,

»64x62.5 40f of water displaced by .84 cu, ft, rock

lﬂh& 2.84, 8p, g. Acourate determinations
show the s:ecific gravity as 2,69,

OEMENT, The portland cement used in the concrete
was the "Sunflower brand,” mede by the [7acwe/ olaud
Cement Company of Iola, Kansas, The cement tests of
®eble 2, page. // o were mede by B, B, Romig of the
class of 1907,

SAND, Kaw River sand was used in all concrete,
The sand was washed and afterward dried by roasting.
Concrete that is mixed with dry roasted sand requires
2 definite proportion of water for mixing and in turn
yields sll mixtures of conerete of uniform consistency,
All sand was sereened through a 1/8 inch mesh screen
and all pebbles and gravel retainad on this sieve were
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rejected, The volds in this sand were found to average
85%, The enalysis of this sand is given in %adle 5,
page Test prisms No,'s 41 and 42 were mixed with
fine river sand and No,‘'s 89 and 40 were mixed with
greded river send in the proportions of?

60% sand retained on No, 30 sieve,

svg o . * N0,350 sieve

sk . . * No., 74 sieve,
Bee tables of comparative velues of No,'s 39 anc 40,
328 day test with 60 dey tests for seame mixture,
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PROPORTIONING THE OONORETE,
PROPORTIONING OF MATERIALS,

There are two methods for proportioning concrese.
One is to fix the proportions of the ingredients so
that the voids in the aggregate will be filled with
morter and that the cement will £111 the voids in the
ssnd. The second method is $0 adjust the proportions
without reference to the percentege of voids in the
rock or the sand, as for example, a mixture of concrete
13324 is one part of cement, two perts of sand, and four
parts of rook,

The correct preorortions are those that make the
concrete of maximmm density, its density is represented
by the total volumes of solid perticles conteined in s
wnit volune of concrete (exclusive of the weter and
eir voids,) The eleanmentary volumes in a unit volume
of fresh concrete oconsist of the sum of the absolute
volumes of rock, sand, cement, water,and air voids, Tay—
lor and Thompson's test on Plain and Reinforced COoncrete
gives a very completé discussion in regerd to propor-
tioning ooncrete for maximum density,

Two of the four mixtures were proportioned with
reference to the volids, one of the mixtures was figured
to f£111 the volds in the sggregate with a 1:8 mortsr,
one other wes estimated to £i1l 140§ of the voids of
the sggregate. Thoese ppoportions were esteblished as

4



Ix-4

advised in *Barker's Masonary Construction,* page 112
¢. After heving adopted these two proportions, we
learned that the proportion as f:l.gured to £111 140% of
the volds with 2 rich mortar does not slways secure the
densest conecrete, for the lack of uniformity of the
sand and of the aggregate does not necessarily yleld

a conorete of maximm density.

Two other proportions of concrete were used:
1:3:8 and 1:8:85, The 1:3:8 is used in the building of
wing abutments, conerete arch oulvrrts, foundetions,
and bridge piers, while the 1:8:% ooncrete is used in
the construction of foundations for high speed engines
end vibrating machinery, All of the mentioned masonry
oonstruotions are subjected to shearing stresses,



MIXING THE CONCRETE,

The concrote was mixed on a metal storage pan
from the cement l=borstory. The dry sand and cement
were 1 ixed until the mixture was of uniform color. The
rock was sprinkled before mixing it with the sand and
cement, water was added and the concrete was turned
until the aggregste wes well covered with mortesr. The
molds were sponged with oiled waste before filling them,
The concrete was tamped continously while the mold was
being filled and a final tamping with a cast iron block
flushed the projecting aggreégate below the upper sur—
face of the prism, The upper side of the prism was
trowled down and numbered with a steel stencil. The
prisms were numbered oconsecutively and the numbers
recorded, This system of notation was found to be
quite satisfasctory ss there was no chance for error in
selecting the test prisms fpom the the storage tank,
The new test prisms were pisced on flat glass plates
end stored under a damp cloth for two days. The stripp—
ing of the molds from the green concrete produced no
eppreciable distortion but it undoubtedly weekened 1it,
end this in addition to the necessarily dry mixing has
shovn & lesck of uniformity in the tests. All test
specimens after two days' storing in air were put under

water up to the time of testing.

) ©
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On account of the lack of enough molds it was
necessary to mix the conerete fairly dry as the molds
were removed from the prisms gbout 20 minutes after
molding., It was found that when the concrete was mixed
with enough mter for a *normal consistency" that the
new molded prism when unsupported by the mold would
fall to pieces,

The percentege of water used in mixing is shown
in Table 4, page This percentage represents the
ratio of the volume of the water used in mixing to the
apparent volume of rammed conorete, A one-pint tin oup
was adopted as the unit of volume, One mold was found
to hold eight cups of orushed roock, On the basis that
the yield of the conerete would be small, eight oups
of rock were used in all mixtures and the sand and
ocement were proportioned accordingly to the mixture re~
quired. In the richer mixtures there was generally a
surplus of conorete, while with the lean mixtures when
the measure fell short, a small batch of the same pro~
portions was added,

Table 4, page /18 gives the Quantities of Ingre~
dients required for the mixtures of concrete,

As the percentage of volds in the sggregate was
found to be ,56% the quantities of a 1:3 mortar required
to £111 the voids has been calculated., 8x,36+2,88
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cups of mortar. Therefore 1,44 cups of cement, 2.88
cups of nand, 8,00 rock are required for & mixture
as figured to fill the voids in the sggregate. This
mixture 1s in reality 2 1:2:536 concrete, The tests
of two standerd mixtures were mede with the object to
acquire practical tests. The two mixtures 1:3:5 and
1:2:3 are commonly used in construction and it was

qui te necessary to give them a careful investigation,
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DESCRIPTICN OF TLSTS AND VALUES OF SHEAR..
TESTING MACHINE,

The sheers were opersted with the 100,000 pound
Olsen's tension and compression machine in the test—
ing labor~tory. Brick No. 34 was the trisl test but
the rate of application of the losd was too great for

the machine could not be held under control, A counter

shaft was used in connection with the driving shaft
of the machine to reduce the rate of loasding. The
slowest rate of descent of the compression block on
the machine #&s is used for tre testing of steel and
iron is a rate of .037 inch per minute but with the
use of the countershaft the speed was reduced to a
rate of .008 of an inch per minute, This rate of
loading brought the machine under control and applied
an average beam load of 3500 pounds per minute.
PREPARING PRISM FOR TESTING,

When prepering a brick for testing, d1its humber,
age and mixture were recorded., All test prisms were
placed in the shears in the same relative position s&s
the concrete wes pleced in the molds., The bottom of
the prism that wes surfaced with the surfaced plate
of the mold was put on the base-plate of the shears,
and the shearing block was placed on top of the prism,
Plaster of Paris was used to give the test prisms a

good besring surface in the shears. Care was given

19



to plestering the prisms and the shears were well
cleaned before bedding each test piece. The stuceo
wes mixed wet, The bottor of the prism was -.lastered
end pleced in the shears, By taepping the brick sfter
placing it in the shesrs, the stucco would coze from
its edges, thus insuring a good uniform bearing. The
top of the test »iece was plsstered and the clamps
were brought into place by the bolts,

The prism end the shesrs were placed in the
tecting machine and the sheering block was set in s
fresh batch of stucco., The center line of the block
was placed approximately at the center of the test piece
and was immediately centered with a smsll try square,
The centering required ruch care for equal cleerances
of 1/16 of en inch between shearing rlenes is required.
Yhen the blook wes centered a load of nearly 1000 was
applied to it end ret=ined until the nlaster haa set.
It was necessary to place the block in the soft plaster
in -order to secure a uniform distribution of the load
to the area in contact., Slow setting Plaster of Paris
was made to set in less time by the addition of a small
quentity of salt,

TESTING,

The initiel beam readings cveraged svout 600F,
During the test, one minute readings were teken end
recorded, The clerk kept close watch of the test

prism snd noted its behavior vhile undergoing the test,
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In general, it falled first as a simple bezm loaded at
the middle, The first sign of fsilure was generally
by & small crack at the bottom of the test piece.
This crack generally occurred at about 3/4 of the ulti-
mete strength of the concrete, At this point of failure
thoe besm of the testing machine generally responded by
a slight poising, but soon picked up and withstood the
same rate of loesding as before the crack occurred.
Soon after the crack appeared st the middle of the
besm, smsell diagonsl lines appeared nesr the vertical
shearing plane end ran outwerd and dormward at an angle
of 45 degrees with the vertical plsne, The first of
these cracks generelly oczcurred at the inner edge of
the shesr bed plete and gradually incressed in number
until the two shecring planes were pierced from top
to bottam with small diagonsl lines, In some tests of
the leen concrete no diapzonsl ceracks appeared but the
concrete sheered vertically. When such failures oce—
urred es lagst mentioned, no poising of the beam of
the testing mschine wes noticed before the ultimate
failure of the »rism. The elastic limit of the con-
crete was sought but could not satisfactorily be de-
termined, Table 5, page 22, is & copy of the dsata as
taken during the tests,
Tebles 6, 7 and 8 give the shesring values ob=-
teined from the shear tests mede at Kansas University,
Table No. 9, pege, glves the summary of the shear

tests made at Kansas University,
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COMPARIBON OF VALUES
AND THE
DIFPFERENT METHODS OF TESTING
FOR THE
SHEARING STRENCTH OF CONCRETE,

VERET !~
M, R, Peret, Divector of the Leboratory of
Bridges at Boulogne,hes investigated the shosring
strength of conorete and hes found ‘¢ to be from 416
to .20 of the compressive stremgth, Peret tosted his
prisms in single shes® snd as ¢ yesult of this method

of testing the low velues thef he obtained, &re probably

nesrer the tensile values them of shesr, Pig, 1 of
Plate 4 shows his method of testing, This method meay
be criticiced for the mmall beering surface of the
sheaering ocleek yredused high eutting stresses et the
smell aree in m

Table 10, pege 27, gives Peret's values for the
shearing strength of Portlend Cement Morters,

MESNACER ==

M, Mesnsgor, Director of the School of

Bridges end Rosds at Peris, gives es 2 result of his
experiments thaet the sheering etrength of concrete is
from 1,8 to 1,83 times its tanoiio strength, Thece
values sgree very well with the researech mede by Herx

27
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COr1PRTTIVE PTETHOOS OF JRSTING THE SHEARING STRENGTH

OF Comcrere,
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TABLE /0.
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27 7 2.0 RESO | /5 A3EC | .6/
JTABLE /7
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£
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ot 20 AN Lo /830 960 r3/0 zo70 2.63
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Besushinger who states that the ultimete shomring
strength of concrete four menthe' old 1s 1,35 and at
two year, 1.8 times its tensile strength, Beushinger's
tosts were mede in the yeer of 1898, Neither Baushinger's
or Mesnager's methods of testing were svailable for
referenoce,
(Prom Reid's Oomesete and Reinforced sonorete

construetion, pege 197,)

PALK (=

Fa.k found the sheering velues of concrete

rran 68 to 314F per square inch, His method of testing
the sheering strength of oonerete is showm in Plate 4,
Pig, 8. The small bearing surfaces of the sheearing
blosk produced high cutting end web stresses, This
method of testing can not be said %0 have determined
the true shesring strength of oonorete,

yalk's values for shear are found in Table 11,
page 27

(Prom Felk's Cements end Mortars, page 95,)

ZIPKES e

Sipkes gives the shearing values of concrete

as 378f per square inch for concrete fifty days old,
His tost prisms were 79xV'xl18,8" long, and whem tested
were supported at the ends on surfased blocks, See
Plete 4, Pig, 8, Th- load was sapplied at the top of
the test speoimen, the ends of the beam were supported



but not clemped and as a result they fsiled as &
simple beam loaded &t the middle,
(Prom Beton und Risen, Jan, 1908, pdge 115, )
PROP, SWAIN:—

In the years of 1904 end 1906, a series of
shear tests on conorete were meade by Prof. Oharles
S8pofford and in 1908 by Prof, P, P, McKibben, The
tests were under the genersl direction of Prof., Swain,
professor of Civil Engineering at the Massachusetts
Institute of Technology, The test pieces were 5* in
diameter by 15-1/8 inches long, and in testing were
held in oylindricel besrings 8-1/3* apart, The load
wves applied at the top through a semi-eylindrical bear—
ing 5—1/10 long, thus meking a oclearance between shear—
ing plrnes of 1/53 of an inch, The tests wére made
on same specimens whioh hed been stored in sir,
Others were stored in water, The air stored specimens
were sprinkled with water for six days after being re—-
moved from the molds, The specimens were made of sten—

dard brands of Portland cement, a mixture of equal
volumes of Plun Islend and Ipswich Islend sands, the
stone was ocamposed of a mixture of one volume of 1/3*
rook and two volumes of l~1/8 Waltham trsp rock. In
some tests Roxbury pudding aténe'::ed in place of the
Waltham trap rook. rig. 4, plate 4 shows Prof,
Swain's method of testing,



Table 18, pege 27 , gives the summery of shesr
testo mede et the Massachusetts Institute of Technologye

Table 13, page 33 also gived shea¥ing values of
concrete made with graded stone of three parts of one
inch with one part of 1/4 inch stone, The proportions
of this concrete were besed on & barrel of 3,5 cubic
feet volume,

Prof, Artmur N, Talboti-——

Shear tests on conecrete have been made re-
cently at the University of Illinois under the genersl
diroction of Prof. Arthur N, Talbot, Professor of
Municipal and Sanitary Engineering, and in charge of
Theoretical and spplied Mechenies, The test prisms were

4*x4"°x13" long and in testing were clamped to the bed
plate of the shears, The besrings were 4-1/8® =part
and the load was epplied at the top through a rectangu—
ler block 4* wide, thus leaving 1/16 of en inch between
shesring plenes, The design of shears is similar to
thrt used at the University of Kansas, Tables No,'s
14 and 15 give his shearing values of concrete,

yig. 5, plate 4, shows Prof, Talbot's methods of

testing oonorete for shear,
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TABLE /3. By C. /1. SpofFord.
SHEARING STRENGTH OF CONCRETE AND /TORTRE.
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HOW HIGHER VALUES OF SHEAR MAY BE OBTAINED,

All designs of shesring machines thus far have
been defeotive for the test specimens in testing are
subjected to tensile and web stresses, snd a uniform
distribution of shesring stress hss not been tranamitted
to the erea in sheer,

The resistance of conorete to shesr depends
pertly on the strength of the aggregate, Oompare the
valuss of shear as obtained at the Massachusetts In-
stitute of Technology with those made resently at the
University of Xansss, Although the two methods of
testing were practically the same, the concrete of trap
rock aggregate gave higher shearing values than that
with the Oreed limestone.

As to the significance of the disgonal oracks
at the vertical shearing planes, it is difficult to
say, but they probably show that the conerete has par—
tially failed by diagonsl tension, Prom the law in
mechanios, & section of a beam subjected to vertical
shesr is et the same time subjected to a horizontel
shearing stress of equal intemsity. In the figure,

the horizontal sides of the figure
e s—— represent the resistance to hori-

9 zontal sheer while the vertical
sides represent the vertical shear,

As a resultant of the couple of



these forces, the diagonai“is brought into tension
while disgonsl B is brought into compression. As

the tenslle strength of concrete is less than its com=
pressive stength, the cement probably failed pertly by
disgonal tension., It is therefore difficult to deter-
mine the actual shesring strength on account of the
existence of the disgonsl fractures at the shesaring
plene,

This series of tests has in general shown a lack
of uniformity, a pert of which can well be eliminated,
As previously stated, the ingredients were proportioned
by volume, In this way of proportioning, it is impos-
sible to messure definite proportions:in some volumes
the material 1s packed while in others it is loose,

I+ i8s better to esteblish a given weight for a given
volume and weigh out all ingredients, Becsuse of the
lsck of molds the concrete was necessarily mixed d4ry
enough to hold its own shape after standing in the molds
twenty minutes, As a result of the dry mixing and re~-
moving of the molds, the test prisms were sppreciably
weakened, Por example, the 1l:i3:4 concrete 28 days old
was mixed fairly wet snd left in the molds two days

end had er. average shearing strength of 1438f per squere
inch, while the 60 day concrete of the same mixture.



averaged 1440# per squere inch, Similer tests have
shown the importance of mixing the concrete wet and
leaving it in the molds until sete

A coarser and stronger sggregate would have given
higher sheering values-—graded aggregate would have
been better, We would suggest the use of an sggre=
gete of sizes ranging from 1-1/2% to 1/4® in the pro=
portions of two parts of the cosrser to one pert of
the 1/4v,

Plate &, page s7shows a design of shear that
could be built to test the same sige test prisms as
were used in our tests, The principle difference in
this machine from the one descoribed in Plate 2 1s in

the design of the shesring blokk, This design of block

will restrain the middle third of the beam from bend=-
ing and will p¥event the ocourrence eof the crack at
the middle, By this method of testing, higher shesyw
ing values can be obtained than those given in Table 94
In conolusion this series of shear tests is but
a oontinuation of other tests that have been made, but
by a different method in testing, As a matter of fact,
very little reliable data as to the shearing strength
of concrete can be found,snd we hope that the Civil
lngineerilr)x?;m rcl'tun:lversi’c.)r of Kansas will continue
these tests, improve the methods of testing, and atteln
standerd shesring velues of concrete that will be adop~

ted by prominent engineers,

Fé
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