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‘This report describes full scale tests of reinforced concrete
pilechps. The testing progfam consisted offtwggpilé-capsfwith;six
Steél H-piles embedded six indhés,iﬁto=eacﬁ.cap; The cap was concen=
trically loaded inlboth tests by applying a column load on a wide-

sflange;calumn.seatedVﬂn-aﬂsteel;basevplaﬁé,

5Th£‘purpose:of the investigation was to study
a. thehmode 6ffailure:at ultimate Iaad,
b. bond anchorage of high Strenéth reinforcing
bars,
¢. the effect of pile cap plates on the end condition
of eﬁbedded-piles, and
d. ‘Ioad distribﬁtioniam@ngzthggpilesat‘ultimate

Toad.

The pile cap design depénds to a great extent on the arrange-
mentedf{Piles in the group. ’THEfcéps tested were designed for a spec=
ifie&ﬂwérﬁing load and loading applicable to the steel H-piles inde-
pendentngf‘Whether-the piles_wérErused.aéend-bearing piles or as

friction piles.
Diagonal cracks were developed at high loads dand a sketch of

.theicraCkhpa;terns-revealed a typical arch pattern. The caps failed in

shear and the ACI Code equations forucomputing;sheargstrESses in deép
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beams gave good correlation with test load values: It was determined
that web reinforcement was not necessary for reinforced concrete pile
caps. In one test the yield load of the piles was reached at the

ultimate load.




Column loads are normally transferred to a group of piles by
a- pile cap. This is a structural element which clos ely .re's:'emr’bgl'.efs;j a
spread footing and Wthh in »ffac-t is sometimes termed a pile footing.
The cap is usually a relnforced concrete member, the size of which
depends on the numb er and spacings of the piles in a group. The de 51gn

must also provide for the specified edge thickness and clearances for

the reinforcing bars. The design is based on the assumption that the
cap would derive no support whatever from contact with the soil on

~which it was formed.

The American Concrete Institute Building Code () includes:
provisions for the design of footings with ,i:-e-:g-ar'd s tot
1. Loads and reactions
2. Bending moment
3. Shear and developmenit of réinforcement
4. M1n1mum ed ge thickness
These provisions may be found in Chapter 15 of the Code and in other

related chapters as- well.

The two pile cdps tested in this investigation were des igned .
according to the provisions of the Amerlcan Concrete Institute Standard

Building Code Requirements for Reinforced Concrete (ACI 318-63) (2) . The
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design was based on Working Stress Design for concrete pile caps with-
out web reinforcement. The depth to the centroid of the reinforcing
steel was computed to satisfy flexure and shear stress requirements.

Computations for reinforcing steel are based on using bars having

deformations conforming to American Standard of Testing Materials

Requirements (ASTM A615). ,APPéndix'A.SHOWS:tYPiGalfeleiatiéﬁ:bfﬂa;pile

cap. Thé>Sectidn;propertiesfdf'the=two:pile-caps,tQStgd.are;given in

~Appendix B.

Computations and design tables could be found in the United

States Steel publication on pile cap design for H-pile fdundatians(3).

Six steel H-piles were embedded six inches into each cap. The
cap was concentrically loaded in both tests by applying a column load

on a~widé-f1ange‘COleH-SEatEd»QH.éfStée1ibaSE:Plate,

The pile cap was treated as a deep beam member in this report. .
and it had been found that design based on shear load at ultimate is
more appiepriate than earlier designs which had been based on the maxi-
mum bending moment at~the critica1 section. The criticdl section was

taken midway between the column face and the edge of the base plate.




2. TEST SPECIMENS AND TESTING PROCEDURE

Each pile cap was designed for a different working load.
Figures I.thrqugh'Q ShGW'thé,dimehsi0nswandzreinfqrcing_steel for the
ﬁépéateStEd, The concrete WaS'moiStiéuféd:fdr two weeks and air ciured
for two weeks prior to testing. The average concrete strength from

compression tests of cylinders is shown in Table 1.

The 10HP42 pile sections were embedded six inches into the
;pilegéap. -Tabie,Q ShOW§ the results of coupon tests of pile sections
used in the second test. The piles were spaced thirty-six inches
center to center. Pile:spa¢inggréquirements+are covered in most
building codes. Spacihg<in_general should be based on practical con-
siderations. If the piles are spaced too closely together, they may be
both inefficient and unéconomical. Piles spaced ‘too far apart will
increase the cost of the footings without commensurafe benefit. Piles
bearing on rock are normally spaced center to center, a minimum distance
of 1.75 times thefdiagpnal.of the pile séctionfbut not lesé~than;twénty«
four inches. Piles driven into other material are usually spaced |
.gentefftaacenter, a minimum distance of 1.75 times fhefﬂiagpnalibutrnct
less than thirty inches. 1In certain cases it may be advisable to
increase this spacing to secure development of somewhat greater loads

per indiVidﬁal:piie;"




The main reinforcing steel was placed nine inches from the
bottom. The reinforcing steel had a specified minimum yield strength
of 60 ksi. No end-habks:WerEJused since the deformed bars used were

able to develop adequate bond with the concrete.

2.1 Instrumentation

Théfpilés~were,seatedaonﬁhomosoté‘pads-and bearing plates so
as t0‘provide»a,morefunifarm'disfributign‘gf loading throughOUt’the‘
test. Dial gageéiwere‘USed to-mEasure-settlement'cflthé?homésote;péds,
ﬁbﬁeﬁent of the test specimen. ZMEChahical'strain“gagéfpoiﬁtsﬁwere
- lbcated on theaconsréteﬁsurface:at thellevel_of_theimainreinforcing’
steel. Electrical tresistance strain'gaggsrwérefplaced:Qn‘the:rein—
forcing steel to provide an indicatianﬁaf-gtrésseS-inithe:steel,
Electrical strain gages were also used on the pile sections. All the
concrete'SﬁrfacesfWére5whithwashed so that the crack patterns could

be observed..

2.2 [Testing Procedure

The column load was appliéd at the,geametric~¢enterﬂof the
pile cap by a concentrically loaded wide-flange column on a steel base
plate. The specimens weré tested in a 5,000,000 lb.:Universal_Testing

Machine., Figure 5 shows;a=typical.test setup. The procedure during

testing;was’tb apply an increment Qf'Ioad, read.al1‘instrumentation,

examine the specimen for cracking of the concrete and inspect for yield

lines on the exposed surface of.the pile sections.

-6-




The pile cap in Test 1(4)

was designed for a 900 kip .column
load. This is a design load of 15 kip load per pile.

The pile cap was initially very stiff and at the working load

of 900 kips, the centerline deflec tion was only 0 018 inches. % recorc_i:
of the crack | patterns was made. There were no visible éracks up to a
load of 450 kips and at theworkmg load of 900 kips, the centerline
crack had penetrated to about 15 1nches from the top of the cap.

Hor izontakl cracking at the level of reinforcing steel began at a 1Q,;a:djﬁ
of 1050 kips. This, however, propagated to nearly the full length of
the réinforcing steel before failure of the cap. The crack patﬁexyn‘s

on both the south face and the west end of the cap are sketched in

Figs., 6a and 7a.

The main. reinforéji'n_gj S teel stress increased srlowly' unt11 a “
large amount of cracking had developed at an applied load of 1050 kips.
Some of the reinforcing had yielded at ultimate load but t-hei stress in
most of the reinforcing bars reméin‘ed below yield. The reinforcing

steel stress versus load is plotted in Fig. 8.

The piie sections without the steel cap plates had penetralted
‘twice as much as the pile sections, with the cap plates. Pile pene-
tratioﬁ measurements afe .shown in Fig. 9. The load on ihdividual piles
throughout the test versus applig\a’” load could be obtaimed from the
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sfrainﬁgage5imOuntéd.on-the;pile sections. The load distribution in
the piles was relatively uniform up to a load of 1800 kips. Load -
distribution in the piles is shown in Fig. 10.

The pile cap in Test 2" was designed for a 1500 kip column

load. This is a design load of 250 kip load per pile.

The defleCtidn data for this test are summarized in two sets |
of curves. The curves iﬁqugy 11 give the:average deflection at the
£enter.of the pile caﬁ'rélatiVe‘ta~tﬁe:défleption.measuped'at‘theiﬁour |
corners of the cap. At thé.working.load:ofISDOfkipg the deflection ’
at the center excesded that of the cortiers by 0.01 inch. The transverse
deflection of thémpiléncapéissﬁcwn in Fig. 121vThesefQurV€S weré ob- o J

tained by plotting the difference bEEween'tHE;average_of’ﬁhefdeflection | [

:m¢33ured'at the center of the end faces and the average deflection

measured at the corners.

Cracks due to flexure were first observed at a 1load of 900 ~ ;
kips. At the working load level of 1500 kips thexprlneipal»flexural-
crack had penetratedﬁto,the“middle~height.of the pile Cép; CraCks,'
lhOWéﬁer;"werexnbt:yisibie.en the~ends.bfftheipile cap until a load of ‘
2100 kips was r-,é_ac'he_d.‘. At 2500 kips the principal cracks on the ends - |
had extéﬁdédxto.mi&dle:heightAOf'the cap. T@e QraCk{?atterns on the : |

south face and the west end are sketched in?Fng; 6b and 7b. | ,: J

L | - A curve of reinforcing steel stress versus applied load is | m
~ shown in Fig. 13, The stress indicated in this curve is the stress in

the #4 bars which were located six inches above the main=SteeL;

8-




The stress level remained Be1oW'the_l€ve1 Qf’ﬁhe yield stress in. the

main steel throughout the test.
- e

Pile penetration into the pile cap was highest for the plleS
on the east end (Piles Cl and C2). TFigure 14 shows Piley62~whi¢h;had,
buckled no ticeably at the end of the test. The center piles exhibited
Ehejnext:largest_penetratianand thepiles.On.thewest:end‘peHEErated
the least amount. At the working load‘OfiISOO”kipsxthe:average-aﬂmunt’
6f penetration was approximately 0.09 inch. The curve of pile pene-

tration versus the total applied load is shown in Fig. 15.

-Ihgjlpad:distribufioﬁ.among.théwpilés:iﬁ.fhE5gr0up-is.§hQWn
in Fig. 16, The'loa&wat whiCh~a}pileﬁwould yield.basea.bn a yield
conclusion of the test was evident from flaking of the white wash.
Figure 17 shows the condition of the six piles aftéT=the'testy The
concrete sectiﬁnuat-the~end*dffthe‘pilesjWerefexpgseﬁzaftér'the test.

Figures 18 and 19 show crushing of the concrete at an exteérior corner

and center of the pile cap.




4. THEORETICAL ANALYSIS

Because of the complex nature of the stress distribution in
beams failing in shear, investigators have had to reésort to empirical
methods to interpret test results in order to develop éxpressions for

(6)

shear strength . As a result there are numerous formulas for

estimating the strength of various shapes under various loading |

conditions. | o

The elastic behavior of deep beams»have'been'shqwn‘té bé{ | J
different from that of more common flexural members. This difference
in behavior is mainly attributed to the significant effects of vertical
normal stresses and shear deformations. 5 | |

(1)

In the ACI Code the following equation for computing nominal ‘

shear stress for deep beams is given in Section 11,9 : |

V. = (3.5 = 2.5 Vu—g) x (1.9 ‘/fc + 2500 Pt “
(11-22) ' |

where | ' - < E |
= A / b d - | 1
S W

>
n

area of non-prestressed tension

reinforcement

O-_
H

web width, or diameter 0f€§irbﬂlarfééétion~

d = distance from extreme compression fibet to

centroid of tension reinforcement
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m -
I

- compressive strength of concrete

=
I

applied design load moment at critical

section
vV = ;otal applled deSlgn S‘h'é,‘ajrf force at

critical section T '
Thié equation expressed the nominal shear stress carried by the con=
crete as a function of concrete Stréﬁéth,”the cross-sectipnai dimen-
sions and the shear-to-moment ratio at the critical section along the

span.

fihe-first term of Eq. (11-22) is provided to account for the
fact that it-is assumed that diagonal cracking occurs at the same
nominal stress as for ordinary beams, but that the shear stress
carried by the concrete will be greater than the shear stress causing
diagonal cragkiﬁg,ﬂ The first term is hencesset th to.exceed.Z;S”l
which is a conservatively established limit for the ratio by which the

stress is increased.

The shear stresses in excess of the shear stress catusing
diagonal cracking have always been thought of as causing grackaof
unsightly=width'unles$shear reinforcement.is'prqvided in the beam..
However experimentSNhave‘showm.that there was only a slight increase.
in strength depehding:on the mode of faiiuré'Whénpweb reinforcement was
included in beams(7). It had been COHCludé&that’tﬁevpresence of web

reinforcement did not -appear to influence the capacity beyond cracking

for beams failing in shear.

=11~




The provisions ofSectionJI,lQ'ofthegACI-Code‘l):hadﬁften;

been used in designing the pile cap. However thexreinforced.ccncrete
pile cap can justifiably bé treated as a,deep‘beampmember-and be
designed in accordanQEﬁwith‘the,prOVisiéhs~of73ectien.11;9 of the ACI
Code(l), The justifications are-anfolldws:
a. The member is deep with span to depth ratio of
1.20 and 0\ 97 for the ‘two tests.
b. The crack P»é.tf}:ernf is ?'ﬁha-‘t of a deep :beam member
‘with cracks in thecritical'region.beingne;fly
vertical rathef thanlthezASQ:cracks-
c. The critical sect 1on defined in Section 11.10.2

of the ACI COdecl) is not eritical in the tests

conducted because of arch action.

The shear stress earried'by'fhe:Céﬁcreﬁe, V , was ecomputed
usiﬁg Equation (11-22) from the ACI Code. This was used in the shear

computation in Appendix C and was found to give good correlations at

‘ultimate load with test results.

Since proper embedment'length of reinforcement would ensure
the development of required tensioﬁ'in‘the reinforced concreéete members,
the reinforcing bars were checked for proper embedment. Thé,ACI.CQde(IJ
equations given in Section 12.5 were*used.tofdeﬁermine,the:proper-”

embedment length for the reinforciné:bars,

The basic deVelopment length 2 f@deéfﬁrmed:bafs'inftensiqn

d

for #11 or smaller bars is given by:

12~




£

a - 004 Ay fy/'/fc:

but not less than 0.000% db f

>
I

b area of individual bars

(o N
n

" = nominal diameter of bars

H\
i

compressive st rength of concrete

- yield sf:rength of '-n'on'—;pre‘sstr_e,,s_»s‘fe.d

I

reinforcement

The computations for the embedment length of reinforcing bars
~ are shown in Appendix C. The embedment length of reinforcing bars used -

in the two -_pifI e: caps were found to be adequate..
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5. ANALYSIS OF TEST RESULTS AND :CONCLUSTIONS

The crack patterns of theAPilé Caps_tgsted afE=sﬁbwn sketched
in Figs. 6a and b:énduia-and b. The-inclined ;rack$'are;mQSt important:
since they have the,greatesﬁ-influgnceron the behavior of deep beams.
These originate near the support and propagate.upward.and toward mid-
span of the cap. The formation<o£ these.cracks~eiiminétes.the inclined
principal tensile stress necessary for beam action., This leads to a
-redistribution‘of the internal stresses-an&'resuits in the formation of
a tied arch. The reinforcement;thus.actSWas~thé-tension.tie and the
pért of the concrete outside the inclined cracks acts as the arch rib
in compréssion. The typical arch appearance is depicted in the sketch

of the crack patterns on the face of thespileic?ps,

The'load defleétienrcurveeplothhows'lineaf-behavior-to
approximately the working load level. It then becomes non=-linear and
exhibits a ductile behavior. 'The_analytical‘&eterminatiOH.gf the pile
cap deflections would requiré:an.éxtensive;analysis because of the
cracking and behavior as &Adeép beam. 'Simple,beam_defieétion thedry
1s probably sufficient for design to approximate the magnitude of
deflection. Deflections of the pile cap tend to be émall combared to

deformation of the piles.

-1~




In the second test, the 10HP42 pile sections did mot behave
adequately as columnS”at:ultimate,lpéd, The appearance of yieldflinésf
on the exposed sUrface;Offthe'pilgsfwag'féﬁarded at a load lower than
the ultimate 1load. Théstaticyieldstregsofithepiling.in Test 2 was
35.6 ksi (Table 2). The static yield may be as much as 15 percent lower
than the yield reported in a millzrepcrt(s), AISO'the.effect of
residual stress on the behavior of a‘cdlumn“Sectian.is4pronounced(?).
This may cause the apparent yield behavior‘of‘a_célumn.ta-be consider-
ably lower thanzindicated by tensile coupon yield stress values.

Yield lines were viéible on the piles at a steel stress of approximately
30.2 ksi. The yielding'éf the pilesrproducéd exceserQ.latéral pressure
on the concrete which éurrounds the ends onthe‘pile; This produced

additional stress resulting in failure of the pile cap as a whole.

Cap plates on the end of piles in the concrete pile cap have
been used to reduce penetration of the,gteel section into the concretgg
These plates'may benmdefromﬂchannels,'pUhchedplates or tee sections.
Reinforeing bars through burned holes.in‘the piling have also been used
for this purpose. A series,df‘compression_teS£s conducted by the Staté
of Ohio? Department‘oinghWayéclolprovidgdevidencé‘indicating‘that‘the
strength of the connection between proﬁerly,sized and reinforced con-
crete caps énd steel H-piles was adeqﬁate;without cap plates. Steel
H-piles without cap plates embedded only six inches into the concrete
still proved as effective as:thQse'withAcapﬁpiates. This result was
confirmed in Test 1 in which the two piles had cap plates while the

other four were without cap plates. Although the piles without cap

=15~




plates penetrated more than the two with cap plates, the strength of
the pile cap was not affected by this. In Test 2 no cap plates were

used.

The penetration of the center two piles in Test 1 exceeded
greatly the penetration of the end ﬁilest This was primarily due to
cracking of the cap. It was this observation which led to the con-
clusion that the center two piles would suppoist the same load as the
end piles but no more. This assumption was used in calculating the

ultimate strength of the pile caps.

ﬁhe;specialfpravisinns inclu&edfin,theaACI Codefl) for deep
beams show good correlation between calculated loads and test loads at
ultimate load. 'Iheﬁequation;fbr*nOminal shear stress carried by the
concrete given in-SéCFion 11.9 of the ACI Code was used in the calcu-
lations in;AppendiX”C; ‘ihe.ratio~0f§t88f lbad'to;éalculated laadiaﬁ

ultimate P___ /P was found to be 1.17 for Test 1 and 1.00 for

test’ calulated
Test 2. Yielding of the piles caused this load ratio to be lower for

Test 2.

‘ThefACI'deEKI) equation in Section IZ;SAWas«uSed fb7compute the

proper embedment length required to provide adequate tension in the

reinforced concrete caps (Appendix C). The embedment length of

reinforcing bars was found to be sufficient for the two pile caps

tested.

The ACI Code equation errrequiréd.strength, Equation 9-1 in

(1)

Code"” ", was used to determine the range of working loads for the two
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pile caps if dé&dzloa& go.livgfload ratio ranges from 1.0 to 2.0. The -
working loaduvaries from 1097 kips to 1134 kips for the pile cap in
Test 1 and‘from.1658’kips to 1713 kips'for the pile cap in Test 2.

There weré:nO“thiceable'excessive cracking of the concrete at this
Wérking load range in either of the pile caps. “The deflection behawvior

is still within the elastic region in each case,

The following conclusions can be drawn from the results of

this investigation:

1. The reinforced cencreté‘piléfcap should be
treated as a deep beam member provided the
dimensionszmeet requirements of Section 11.9 of
the Aci Code:(.tlj)..

2. The depth to theé :c.entfo-i;di of the reinforcing
steel can b‘e; computed to satisfy the requirements
for shear-stréSSUSing?the spédial.provisipnéfar
:deepfbeams7in fhe AC1‘Cddé(1).

3. Anchorage of reinforcing steel will not be'fequireﬂ
as long as the proper embedment length of rein-
forcing bars is used according to the provisions
of Section 12.5 of the ACI Co&é(l).

4, There is nounéed.to1ﬂé¢fwebmreinf6rcement in

design of pile caps as long as it can be tréated

as a deep beam.

5. Care should be taken in choosing adequate steel

H-pile sections.

- | -17-




6. Steel plates are not required on top of the
embeded ends of steel H-piles in the concrete

-]18~




Test 2

- Test 2

TABLE 1 CONCRETE COMPRESSION TEST DATA

Specimen
Number

o e B W N

I

A

g€ ‘
ays).

&

-2

8

5

SPLITTING .

Average

3

Average

Load

117,730
117,730
116, 600
117,730
116, 600
118, 860

124,500
119,500
126,500
131,500
124,500

Compression. Stress

_(psi)

Specimen
Number

oW N

A
(d

ge
ays)

2

8 .

Load
(1lbs.)

45,250
52,000
52,500
43,500

Average

“-19'_-

CYLINDER TESTS

Sp

4160
4160
4120
4160
4120

4200

4150

4400
4220
4470
4650
4400

4430

(psi)

400
460
464
385

427




TABLE 2 COUPON TESTS OF PILE MATERIAL

Test 2 - Flange Specimens

(@

Tension Test

Upper Yield Stress (ksi)

Dynamic Yield Stress (ksi)

Static Yield Stress (ksi)
Tensile Strength (ksi)

Elongation in 4 inches (%)

Compression Test

Yield Point Stress (ksi)
Static Yield Stress (ksi) -

Modulus of Elasticity (ksi)

-20-

)

39.7
35.6:
63.2

50.7

44,8
40.9

30,400

(2)

39.3

55.3

B
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‘Fig. 5 SETUP FOR TESTING PILE CAP
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Fig. 6a SOUTH FACE OF PILE CAP 1 - CRACK PATTERNS

Fig. 6b SOUTH FACE OF PILE CAP 2 - CRACK PATTERNS
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Cap |

Fig. 7a WEST END OF PILE CAP 1 - CRACK PATTERNS

Cap 2

Fig. 7b WEST END OF PILE CAP 2 - CRACK PATTERNS
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Fig. 14 BUCKLING IN PILE C-2
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Fig.

18 CONCRETE

PILES AFTER TESTING - TEST 2

AT EXTERIOR CORNER AFTER REMOVAL OF
PILE - TEST 2
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Fig. 19 CONCRETE AT CENTER AFTER REMOVAL OF PILE - TEST 2
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APPENDIX A

Reinforcing Steel
"Long Way"" parameters apply to bars. parallel to long
axis of pile cap.
"Short?Way" parémetérSwapplyto=barsApara11eItO-ShQrt

axis of pile cap.

Critical Section.
Located midway*between;tHE*céluﬁmlfaééhahd the edge

=41




APPENDIX B

Pile Cép Plan Dimensions:

| 8 l_oll

length (L) =
- width (b) = 5l.Q"
thickness (T) = 3'-0"
Base Plate Dimensions:
long way = og
short way = 928"
thickness = '2_3/4u

Reinforcing Steel:
long way; 12 #10 bars A = 15.24 sq.-in. T

short way; 18 #6 bars A

1l

7.92 sq.=-in.
Loading Column:
W14x287

by = 16.13

Steel HﬁpiIQS:
Area of pile = 12.4 sq.-in.

Number of piles = 6

= 42-




APPENDIX B

SECTION PROPERTIES - TEST 2

Pile Cap Dimensions:

length (L)

8'-0"4

width (b) 51_o'"
‘thickness (T) = 3'-10"

‘Base Plate Dimensions:

39" o

long way

35"

ﬂ

short way -

4-1/8"

thickness

" Reinforcing Steel:

long way 5 1949 bars A, = 19.00 sq.-in.

's-h'or_t way; 19 #6 bars | A 8.36 sq.-in.
Loading Column: | i

W1l4x314

b £ = 16.24
Steel H-piles: '

Area of pile = 12.4 sq.-in.

. Number of piles = 6

ey 3




APPENDIX C

COMPARTSON OF ULTIMATE SHEAR LOAD BY ACI BUILDING copg V)

FORMULA AND TEST LOAD RESULT

Section 11.9 in the Code is titled "Special Provision for -

Deep Beams'.

The concrete caps tested were considered as deep beam

members. The nominal shear stress is given by the following equation:

Vc = ( 3.5 - 2.5 V:Ei-) X (1.9 \/fc + 2500 pW'M"l'l—)

- (11-22)

" The following restrictions are imposed:

M
. | u _ 3
(l) (3-5 - 2.5 Vd) < 205

(1) V_< 6 /£

Test 1

Column Load = 900. kips

Load/pile = 900/6 = 150 kips

v (150X2) = 300 kips

X 0.50a = 18 in.

M = (300)(18) = 5400 kip-in.

o,
i

= 30 in.

= 4150 psi-'

I

blym




Test 1 (continued)

P _ = AS_/ b, 4 =" 60)(30) - 0.0085

o

aTQS?fZ;

Columndeadf= 1500 kips

Load/pile = 250 kips

v - (250)(2) = 500 kips

R

M = (500)(18) = 9000 kip-in.

37 in.

(aR
I

|

19)(1.0)
(60) (37)

COMPARISON OF SHE

Test 1 - Critical Section for Shear from ACI Code Section 11.9.3

v -

)'”’(1 9 /f '-+‘25095-.-Y§0
X L. o - ik ﬂpr M

(3.5 = (2.5)(0,600)) x (122 + (2500) (0 0085) (1.67)) «

315 psi < 6 /E, 0 K

=V bd
u cC W

<
I

(.315) (60) (30)

- 567 kips

- —45-




\’Pc‘a'l' = (567)(3) = 1701 kips

cf Test Load 1986 kips
Ptest |

1.17

cal

Test 2 - Critical Section for Shear from ACI Code Section 11.9.3

. o)

(3.5 = (2,5)(0.487)) x (126 + (2500) (0.0086) ( 2.053))

387 psi-<u6y/fc 0 ¢ K

u c W

= (.387) (60)(37)
= 859 kips |
Pca i = (859)(3) = 2577 kips

cf  Test Load 2570 kips

P
teaot o

cal
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APPENDIX C

DEVELOPMENT LENGTH OF DEFORMED BARS IN TENSTON

The Code specifies that the development length ¢, in inches for #11 or
smaller bars shall be: . o
0.04 A £ //E

- N

N ~ but not less than 0.0004 db.fy

l r , - (Section»12‘5)
/—Crmcal Section -

] End of Reinforcing
I e e

N T A T e S ——




Test 1 - Long Way Reififorcement

12 #10 bars

A, = 127 in.®  d = 1.27 in.

f = 60,006>p31 |

4150 psi

Hh
I

4 = 0.04 A £ //E

(0.04)( 12 7)(60000) /4150
= 47.31 in,

4 >0.0004 d fy’

b
> (0.0004) (1.27)(60,000)

> 30.48 in.

However, 4 d = 33,71 in. > 30.48" 0 * K

Test 2 - Long Way Reinforcement

19 #9 bars

A, = 1.00 in.” d, = 1.128 in,

il

i

= 4430 psi

Il

= 0,04 Ab fy/ch

(0.04) (1.00)(60,000) /,/4430
4 >0.0004 d, £
b 'y
> (0.0004) (1. 128) (60,000)
> 27.07 in.

However, y/

d .

= 31.19 in.  >27.07 in. .0 - K
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