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ABSTRACT

The transfer of shear in a beam-column joint by dowel
action alone was experimentally and analytically studied. The
laboratory work involved the shear capacity determination of
individual reinforcing steel dowels embedded in concrete. Two
main series of experimental tests were conducted on bottom and
top dowels - component parts of a beam-column joint. All experi-

mental results were compared to a theoretical analysis.

The theoretical analysis consisted of choosing a
rational physical model, i.e., a mode of behaviour for each of
the two component parts of the joint. No curve-fitting to the
experimental results was done. These results do show, however,
that the model provides a safe iower bound on the shear capacity
of the joint. Also, the model permits reasonable extrapolation
to other design problems where the conditions of the problem are
not exactly the same as those imposed during the experimental

tests.

A design example of predicting the shear capacity of a
beam-column joint on the basis of dowel action of the reinforcing

steel is presented for any combination of top and bottom dowels.
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CHAPTER 1. ' INTRODUCTION

.in order to determine‘éhe“sheér:éapacity of é‘feinfofcéd
concretebbeam¥columnijoint,-whgre all phe»sheéﬁ'is‘fransferredj~
soiely'by.dowel.action,df the reinforéihé steel bars crossing the
beam—column interface, anbexperiméntal testjprggrémbwas cohducfed
and the results'compared withva,ﬁheorétiéal anéiysis.  This type:
of jointvcould be made by formihg énd pouring a cast—in-place.‘
beam against a précastﬁcolUmn which already>has thé necessary
>bottom and top dowels protruding ffomvit.i The reverse case ig
also possib1e. A precast beam with bOttom and top dowels prd?
‘ tfuding from its end could be positionéd.against a formed columnv
and the éolumn subsquently cast-=in-place. The effect of fric—
tional shear betWeen thé beam-column 1nterfa¢e has not been
considered in this investigation. Only the dowel action of the
stéel bérs ié cohsidefed. -

The beam—column-jdinf'as_shown'ih Fig; l.la‘can'be

broken down into its’component-parts - bottom and top doWéls-"

(Fig. 1.1b and 1.1c).
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aThelexperimental investléatiOthonsisted of two main
'sefies of tests; The first one involved a. column spec1men and
bottom dowel to determlne its shear capacity (Flg. 1. lb) The
second one involved a'beamospeclmeh_andxa_top dowel (Fig. 1l.1c).
In each series of testsvthe-;afiable.wasvdowelﬁdiameter with
sizes ranging'from 3/8" to l—3/8h. Once the shear-deflection
dhistory of each component part was obtained, the shear capacitye

of the joint was predicted.

A mode of behaviour (physical model) is presented fof
each test series and this model iS'used‘to pfedict the behaviour
of the steel dowels in shear. The bottom dowel has been modelled

~as a beam-on-elastic foundatlon.. The top dowel model uses a
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transformed section for the speel—cpncreteiinteractive behaviour. "

‘The details of the experimental program and theoretical analysis

will be discuSsed in the followihg chapters.f

-The model for the'bottom dowel behavisur.required the
' valﬁe for the foﬁndation modulus Of:concreté”K as a function of
dswelAsize, ‘An‘auxiliary 1aboratory test program.was carried out
to establish:the K valﬁe as a function of dqWei diameter. Thisv

program is described in detaill in Chapter 3.

This investigation on beam-column joints is a continua—
tion of previous work that has been done by.Kratz(ll) and

(1)

Peter . Peter's experimental work covered only #3, #5 and #6
dowels and the methodvof theoretical analysis was in certain cases
. different fram-that being presented here. Aiso, the experimental
procédure'was:different in certain respects;' Peter concluded

that significant shear capacities are obtained from the dowel

action of steel'bars.

’Birkeland and‘Birkeland§6) introduced the concept that-
shear betwéén‘aACOﬁcrete to Qohqrete interface is developed by

friction and not by bond. The reiﬁfdrcement across the interface
is stressed,in-tenSion, théréby providing.the normal force which

is required across the interface to devélop the frictional force.

Mast (2) uses the shear-friction theory in predicting
~ shear transfer abross shear.planes. The method is applicable to
- many design problems. A brief description bf_his method'isvpre-

sented here.



Fig. 1.2a shows a concrete specimen with a crack

running perpendicular to the reinforcement.

/—— CRACK

\_
v ' STEEL REINFORCEMENT

Fig. 1.2a Transverse Crack in Reinforced Concrete Specimen

Fig. 1.2b Shear-friction in Cracked Concrete Specimen

Under the action of a shear force Vu’ one surface tends
Lo slip relative to the other. As the two surfaces try to
separate, the steel 1s stressed in tension. From the freebody of

Fig. 1.2b, the following expression can be formulated:

v, = Asfytan¢ (1-1)
or v, = pfytan¢ (1-2)
where the steel ratio p = %%

and ¢ = angle of internal friction for concrete. Mast recommends

a range of values for tan¢ as 0.7 (concrete to concrete and



smooth interface) to 1.4 (concrete to concrete and rough inter-

face).

The equations presented above assume that sufficient
separation occurs at the interface to strain the steel to the
yield point. As an example, for #5 bars of intermediate grade
steel, a separation of 0.01 inches is required to stress the bars
to their yield.pbint. Mast also notes some limitations on his
theory in order to prevent unsafe extrapolationnbeyond current
knowledge. The value of ¢ has been assumed to be independent of
concrete strength and the stress level at the cracked interface.
Since this may not actually be so, Mast 1limits the term pfy to
15% of the concrete cylinder strength fé. He also recommends
that #6 bars (intermediate grade steel) be taken as an upper

1imit in shear friction design.

Hofbeck, Ibrahim and Mattock(3) investigated the shear
transfer strength of reinforcing dowels (stirrups) crossing a
shear plane. Concrete specimens with and without initial cracks
along shear planes were experimentally tested. When the concrete
specimens had an 1nitial crack élong the shear plane, there was
considerable contribution to shear transfer strength by dowel
action. For uncracked specimens, the reinforcement is'put into
tension as a truss-like action develops, i.e., a saw-tooth action

as one face tries to slip relative to the other.

The shear-friction design concept, as proposed by Mast,
has been successfully applied to several design situations of
which the author is familiar. In one instance, a precast load

bearing beam-panel was dowelled into a cast-in-place column. Due



to shrinkage, it was feared that the two concrete surfaces may
»séparate and friction wou1d not develop between the two surfaces.
In the hope of preVenting,this, the cast—ih—plaCe column was

» revibrated within 90 minutes of the initial pour in order to

"squeeze-out" the excess water.and thus minimizé'shrinkagé.

In such‘casés,és describequbové, it may be usefui to
consider the dowel adtionvofﬁthe steel bars and design the beam-
column connection onvthat basis. The édditional work and expense
of revibration couldvbé avoided. Also, in ordér to insure shear-
friction action, stringent COnstfuction_tolerances necessitate
that the precast units be positioned snugly against the forms of

the cast-in-place units.

In certain situations, shéar keys are provided in
\ columns against which a beam is later.cast. Some design engineers
‘consider this a very'stiff connection and aniideal’area for stress
concehtfations. On the othér'hand, the deSign.of such beam- |
column joints on the basis of dowel a¢tion pfoVides for a ductile
joint as chafaéterized by the“shear;défiection behaviour of indi-

vidual dowels (Appendix 1 and 2).

Manyuéqnnectidns are‘subjected tb_fdfces arising from
settlement, creep, and Shrinkage. _TheSe forces are generally
unknown and théfefdre thé conneétion must possess duéfility in
"order to acgoﬁmodate the~addiﬁional_stf¢s$es imposed by these

forces.

Thevfollowingfchapters present an experimental éﬁd
analyticalbstudy of dowel action.ih,ajbeaﬁfcblumn Joint and the
results of this work are intended,to.facilitatélthe design of

~ such connections.



CHAPTER 2. LABORATORY PROGRAM

The laboratory work of forming, casting and curing
followed a standard procedure for each test series. This chapter

describes the methods involved.
2.1 MATERIAL

All the concrete was deliVered by truck from a local
ready-mix plant. Type III (High Early) Portland Cement and 3/4"
maximum size aggregate was used in the mix. A slump of 3" was

speéified for each mix.

‘The deformed bar'reinforcing steel was of the type
used on construction projects (40 and 60 grade) and was obtained
from a 1qéél suppiiér - cut and bent to the required shape.

- Steel samples weré tesfed.invtension to determine yield stress

fy and ultimate stressvfu.‘

Three concrete cylinders were tested at_the\beginning
of each test series'and_three at the end. The value of the
éompressive Strengbh féfwhich was used in the analysis of the

test results was an_average“of the six tests.

The concrete and steel properties for each test series

are tabulated in Table 2.1.
2.2 FABRICATION OF TEST SPECIMENS

After the plywood forms were coated with oil, the pre-
fabricated cgges of reinforcement were positioned in the forms.

During pouring, the concrete was consolidated with a vibrator.



Six companion cylinders (4" x 8") were poured with each test

seriess . o

Wet'bnrlapﬁsacks were placed over the poured specimens
_end"everything was oovered with a plastic sheet to prevent mois-
: pnre'loss. ,Tne.burlap sacks were repeatedly moistened everyday.
vThe forms Wefe stripped two days after pouring, but moistvcuring
eontinued for a ﬁotal duration of 10 days, after which the
, piestic and burlap sacks were removed and the specimens left to

dry cure on the laboratory floor.



Table 2.1.°Concrete and Steel Properties

TEST SERIES - £l (Ksi) £, (Ks1) £ (Ksi)
cers |93 for i
BOTTOM DOWEL TESTS
Bar Sizes #3 511 - 79
#1 56 - 80
#5 T 66 101
#6 | 4.2 for all »‘71;_ 103
#7 _spepimeﬁé, 13 110
48 - 69 97.5
#9 69 112
#10 66.4 102
#11 - 66.4 93
|rop DowsL TESTS
Bar Sizes | #4 |  5.675 65 79.5
L#5 3.13 70.5 110
w6 | 3.13 66. 4 100
#7 5.675 69.5 110
#8 | 3.13 64 104
#9 5.675 62.7 109
#10 5,675 62.7 87.5
#11 6.0 62.7 87.5




10.*

CHAPTER 3. FOUNDATION MODULUS OF CONCRETE K

As previously mentioned, the theoretical analysis for
thé bottom dowels required the value for the foundation modulus
:éf concrete K as a function of dowel size.- To determine K for
each-dowel size, it was decided to test 4 dowel sizes and inter-
.polate for the others. Three specimens-were cast for each of
dowel sizes #l4, #6, #8 and #11. Pouring and curiné of concrete

followed the standard procedure as described in Chapter 2.

A typical specimen is shown in Fig.‘3.la. lOnly'the
bottomQhalf of the dowel was embedded inxconcrete. The specimens .
~were tested in a Baldwin loading machine with.loaduand-deflection.
simultaneously recorded on a X-Y plotter. Fig. 3.1b is a
schematic representation of the 1aboratory set+up; Fig. 3.2 shows

a specimen in the Baldwin just before the beginning of a test.

The deflection of the steel dowel was measured with
linear transformers pos1tioned at each end of the dowel. The
X-y plotter recorded the average of the two: deflections and also
the load which was applied continuously;at;an:average rate of

‘6 Kips per minute.

There were no Visible signs of distress in the concrete
specimen until a substantial load was applieduA Crushing and
spalling of the concrete 1mmed1ately below the dowel were the
first v1s1ble s1gns of progre531ve failure. For bar sizes #4 and‘
#6 the extent of failure was only crushing of ‘the concrete below"
_the dowel. For the #8 and #11 dowels, thevusual crushing and

spalling occurred at the initial stages of loading. Also, a
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 Fig. 3.1b Test Specimen in Baldwin
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Fig. 3.2 Foundation Modulus Test

Fig. 3.3 Failure of Test Specimen
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hairline érack began tojprbpagate vertically downwards and at
‘the completion of the test, the Cfack>had_progressed‘to'the base

“of the specimen.

An "éxplésive" type of failure was preventéd.byvthe‘
horizontal #3 reinforcing bars (Figf'3.la). Fig. 3.3 shows the

specimen at the end of the test..

»Thé load¥def1ectidn graphs for the #8 dowel testsvaré
presented in Fig. 3,“.»vThiS‘sét’of gfaphs is typical of the other
_Series. In order to amplify the étra?ght linefportion of the
graphs, the vertical scale on tests‘zvand 3iwas doubled. This
facilitated in eééaﬁlishing tﬁé‘value for the sioée of the gféph;_
The foundation modulus K is calcﬁlatéd.byvdetermining the slope
of the stfaight-line portion of therloéd-defléction’graphs and

dividing the value by the width of'the specimen which was 8

inches{ _ ’
_ AP Kip
" slope

’K = Ksi
- Therefore the constant K denotes the reaction pér}unit length»of
the beam (dowel) where the deflectioh ié equal to unity

(Timoshenko(S)j.

The résults of all the tests are tabulated in Table 3;i,
énd Fig. 3,5 is a plot of the éveragé K‘value‘forjeach doWel.size.
The‘graph was drawn by joihing thé eXperimentai pointé.and
extrabélating to the #3'dowe1 size. At éééh avepaged point is
a heavy darkilihe which givesvphe rahge'igAthe experimental

values.
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Table 3.1 Foundation Modulus Tests

DOWEL SIZE| TEST NO. FOUNDATION‘MOES?US K AVEESgE K
1’- 512
o 2 536 457
| 3 323
1 820
#6 2 - 875 787
3 665
1 '925‘
- #8 2 795 | 863
3 1 80 |
1 | 1,010
#11 | 2 , x "t986' | 1,005
| 3 o 1,020

CONCRETE: fl = 6,330 psi
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The graph‘in‘Fig; 3.5 is for a concrete strength fé
‘of 6,330 psi as determined from the standard cylinder tests.
This graph‘can be scaled foerthervvalues of concrete strengths

by the following method:

" The modulus of elasticity of concrete»Ec is a function

-ofdfé as given by the empirical equation:

E, = 33w3/2'fé5,(w = unit weight of hardened concrete in

‘pef) and the'foundatioh moddlﬁs K wvaries directlvaith EC.
_ . _ A . —/

e % °2
Therefore — =— K
Kl f 1

°1

The factor for scalihg the graph of Fig. 3.5 to other concrete

”strengthS'is

£l
€5 o
fT-' or

This has been done-for‘several concrete strengths as shown in
Fig. 3.6. The_foundatioh modulus K is not too sensitive to
-varying  concrete strengths since the curves of Fig. 3.6 lie in a

narrow'band.
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CHAPTER 4. BOTTOM DOWEL TESTS

C

4,1 EXPERIMENTAL PROCEDURE

In order to determine the shear capacity of the bottom
dowels, 36 concrete specimens, as shown in Fig. 4.1, wére’fbrmed
and cast. The variable involﬁed in this study was the dowel size.

Four spécimens were cast for each dowel size ranging frdm-#3 to

#11.
| L ;'ou L 'gn
| k|
Z!‘_._,'
4
PLAN
: — #3 TIES
x | S
® S :
ML

/—-#5 BARS

24”

‘BoTToM DOWEL

ELEVATION
» o Fig. 4.1.BottomkDoweljspecimen

;‘The_method‘of pouring and_curing«of;concrgge,was as described in

- Chapter 2.

It was desired to load the protruding steel dowels in

shear only. For this purpose, g Wide flange beam was clamped to
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the steel dowels and the loadvapplied at the mid;pqint of the
beam. Fig. 4.2 and .3 show the positioning of thé“test specimens
(two per test) and the method of load application. The load was
applied witﬁ an Amsler hydraulic Jack. The deflection of the
steel dowel.Was measured atbthg column face (positions 1 and 2,
Fig. M.2).  Since the deflection probes from the transformers
were positioned”oh the dowel itself, the'Sﬁeel clamps were
‘attachedll/Q" away from the column face to provideﬂthebnecessary
space for the probes. As a result of this sét-up, sbme bénding
momént would be developed in the dowel at the column face. 'This
is considered in the theoretical analysis;  Linear fransformers
were again used to measure the'deflectiohs and both deflections
and load were simultaneously recorded on punched paper tape on

a Digital Data Acquisition unit. A computer program“converted
the paper tape déta into the shear—deflecﬁion,graphsAwhich are
‘presented in Appendix 1. Four curves were obtained-for each

dowel‘size.

For simulating the actual column conditions, the concrete
column specimens were compressively stressed to 1 Ksi with the
" tension rods (Fig. 4.2). The force in each tension rod was de-

termined with a strainsert bolt.
4,2  ANALYSIS

The-behaviour of the bottom dowel embedded in the con-
crete column specimen was modelled as a beam-on-elastic foundation.
Fig. 4.4b shows a semi-infinite beam on an elastic foundation as

(5)

discussed in Timoshenko . This model is assumed to represent

the section shown in Fig. 4.l4a.
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4.3 Bottom Dowel Test

Fig
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F/—coucxsre COLUMN SPECIMEN
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Fig. U4.l4a Bottom Dowel Specimen
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X

7777777777777
ELASTIC FOUNDATION

J

Fig. U4.4b Bottom Dowel Specimen as a Beam-on-elastic Foundation
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The solution to the differentlial equation for a semi-

;infinite_beam on an élastic foundation as shown in Fig. 4. hp is

: — =BX  (p.. o .
y(x) = e (PcosBy = BMc[cosBx-sinBx]) (4-1)
- 28°EL. - . ©
v where: - B =.9aK
K- =  Foundation Modulus
E = modulﬁs?of elasticity of the beam
I = momentiéfjihertia of the beam

‘The values obtainéd»for the foundation modulus in Chapter 3 were
v used in calculating the.B term. Since the bottom dowel specimens
had a concrete strength of 4,200 psi, the values for the foun-
dation moddlus'wefevsCaleduby‘usitha;factor of

4200 _ - ' |

530 © 9L815. (Refer»to page‘rﬂ
THe units of K are-Ksi and the value for E in all the analysis

"rwas 29,000 Ksi (modulus of elasticity of the steel dowels).

_T§~detefminé'the deflection at the column face, the
. _value x = 0 must be subsfitutéd into equation 4-1.

1

y(x=0) = sgwEy (P-pM,) L U2
‘or rearranging o
P = 28%EIy 46 M_ S (b-3)

As previously mentioned, since SQme_room had to be pro-
| vided for:upositioning the deflection probés'onto the dowels, the

. steel clamps were not snug against the column face. . Hence, the
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bending moment that is developed in the dowel at the column face
is opposite in sign to that shown in Fig. L4.4b. ' With the change

\

in sign, equaﬁion 4-3 becomes
Po= 2efIy-s M. (eh)
‘When M, is.zero, equation 4-4 redgeee'te
P = 283EIy | . ie?'xeg,; | - (B-5)

The two extreme values df'Mdvere_zero and M, - the
‘plastic moment of the steel dbwel!l’Equaﬁions 4-4 and U4-5 were
sﬁperimposed on the shear—defieetien eurﬁes of dowel sizes #U,
#7 and #11, as shown in ﬁig; ﬂlée, J}5b-aﬁd'4;5c. The experi-
- mental shear-deflection curve is aﬁ everage of the Mvcurves as
shown in Appendix 1 for the cOrrespondiné dowel size. Table 4.1

lists the variables involved in this analysis.

As can be_noted from the graphs, the theoretical curves
‘are below ﬁhe'experimental curve for the #11 dowel upvto a de-
flection of O.QM". As the dowel size is reduced the two theoreti-
_ cal_curves shift closer to the experimental curve until the upper
line (equatibnvu-S) begins to exceed the:exﬁerimental results at

d deflection of 0.02" (#U4 dowel size).

Fig. 4.6 is a plot of the shear ef 0.03" deflection for
the range of bar sizes tested. Equations 4-4 and 4-5 are also
pletted with the value ef "yﬁ equal to 0.03", ‘The majorify of
the experimental.points are bQunded.by the two extreme eqﬁatiOns.
(Heavy dark vertieel 1ines show the range in the eXperimeﬁtal
~results.) Table 4.2 lists the vaers:reqﬁired in plotting‘Fig.

L.,6. The B8 term was evaluated for a concrete strength of 4,200 psi.



Table 4.1 Bottom Dowel Variables

Diameter Foundation Modulus B =41 K (1) Plastic moment

Dowel d Moment of Inertia K (Ksi) IETI (in.) M_ = 0.167f_4d3
Size (in.) ' I (in.%) (for £l = 4200 psi) |E = 29000 Ksi) %KP-MO

#3 0.375 0.00097 180 1.13 0.48

#l 0.5 0.00306 372 1.01 1.17

#5 0.625 0.0075 520 0.88 2.7

#6 0.75 0.0155 640 0.77 5.

#7 0.875 0.0286 670 0.67 8.1;

#8 1.0 0.049 700 0.59 11.5

#9 1.12 0.0775 730 0.53 16.2

#10 1.25 0.12 770 0.49 21.6

#11 1.38 0.178 815 0.45 29.2

‘92
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Table 4.2 Shear at 0.03 Deflection

fl = 4200 psi - E = 29000 Ksi y = 0.03"
gggzl égggiggt-o.o3" Deflection P = 2g3EIy - BM (Kips) | P = 283EIy (Kips)
(Experiment) (KIPS)

#3 2.5 1.9 2.4
#4 3.6 L,3 5.5
#5 4.9 6.5 8.9
#6 10.4 8.6 12.4
#7 10.4 9.5 15.

#8 13.6 10.9 17.7
#9 18.4 11.9 20.5
#10 27.4 13.3 23.8
#11 30. 14,4 27. 4

"0¢€
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The "knee" of the shéar-deflé¢tion curves occurs (in

most cases) at around the 0.03?gvaluefbfﬁdéflecﬁion with the con-
crete stiil in the elastic range. .Af this deflection there were
.no‘viéible signs of crushingfor_spalling’of the coﬁ@rete around

the dowel. Thus, for thisvreason>théitheoréfi¢él béam—dh-elastic
foundatioﬁ equation was compared to the,OfQ3" value. Extrapolating
‘the equation to highér values of défléctionjwould result in over-
estimating'the shear Capaciﬁy, sinde”théiédnCrete under the dowel
begins to cquh and crack and themshqa;-defléction curves assume

a shallower slope.

Nevertheless, the experimental and theoretical values
are in close agreement at the 0.03" value for the entire range of
dowel sizes, with some sizes experiencing more deviation than.

K

others. -

Fig. 4.7 ié a plot of equation 4-5 for varying values

- of concrete strengths. As was shown in Fig. 3.6, the foundation
vﬁodulus K is not very sensitive to différenées in concrete
strength. Hence the B8 term is also rather insensitive to con-
crete strength,'with the result that the two graphs (Fig. 4.7) do
not have much variation. For a 50% increase in concrete strength

the maximum increase in shear capacity (for a #8 bar) is about 17%.

The ultimate shear for each dowel was taken to be the
stage‘at which the concrete was crushing under the dowel and no
increase in load was possible. The ultimété shear and the shear
at 0.03" deflection is plotted ih Fig. 4.8. 1In most cases the
ultimate shéar is double that at 0.03" deflection. A design
based on,thé 0.03" deflection’ curve would'provide a safety factor

of 2 in most cases.

it
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4.3, ' COMPARISON OF RESULTS WITH PREVIOUS WORK

The results of these teéts were compéred'to previous work
which has been done with reinforcing steel dowels and metal studs.
Fig. 4.9 presentévthe experimental results'and two,expreésions
from:the ACI-ASCE Comﬁittee,(g) Theré the allowable‘shear for

reinforcing stéél dowels is given by the expression

- ) = - 1
vV = NI(AS"fScose)2 + (1.5d?fésine)2 (4-6)
~where da = Sum of the diameter of bars or dowels
© = angle between beam-column interface and the dowel.

“For ©= 90° (as is the case in this study), the expression reduces

to

vV o= 1.5d°fg- - j (4-7)

For a metal stud embedded in ébhcréte, the allowable shear is

110d2459 _— {_ | (4-8)

diameter of stud.-

~given by

\

" where d

Equations 4-7 and 4-8 dre plotted and the relative
‘positions of the graphs show that there'is a considerable safety

factor inherent in,these'exprésSidhé..
Also plotted is Masth(2) expression N

u y?an¢;  ' o | (4-9)

V. = Asf
Although the method of testing the specimens did not have any
shear-friction action, the expression was nevertheless compared

to the experimental results by using the lowest value of
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Fig. 4.10 Bottom Dowel Specimens at Ultimate Load
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tan¢ = 0.7 as suggested by Mast. There is excelleht agreement
'between’Mast's expression and the experimental results up to the
#6 dowel. However, extrapolating the equation to the larger
‘ dowel sizes results in overestimating the ultimate‘Sheaf as.>

obtained in this experiment.,

‘Some of the 1arger doWelzsizes reached ultimate deflecs
tions of 0;5" to 0.7" (Appendix 1) while the smeiler‘enes ranged
between 0.2" to.O.M". An "average" ductility factor u'for an
individual dowelv(based'on the‘0.03ﬁ defiectidn value-as anpb

elastic or yield limit) would be calculated as

Fig,., 4.10 éhews several specimens at ultimete load and the extent
of damage_td‘them._ The testeSpecimene_had only two columﬁ'ties
(Fig.,u.l) and there was substantial diagonal cfacking'and
spallihg of the concrete et ultimate load (Fig. 4.10 and.H,ll)
for the larger dowel sizes. The‘smalier sizes experienced only

local crushing and spalling_undefethe:dowelu

DiAcoNAL cRAcKs —[ |_——STEEL - DOWEL

Fig. 4.11 Crack Pattern at Ultimate Load



39.

» More’polumn,ties should-be provided at such beam-column
cbhnéc%iéﬁs<t0 pre#ent.excessivé cracking éﬁd.Spalliﬁgbof'ﬁhe
- COhCPété.v This hoop reinforcement Would prOVide additional con-
lbfinement‘to‘thé COncféte and as such increase the ultimate
. capacity of the dowel.

'A_study Qf beam-column connections was conducted by

' Hanson and Coﬁnor(u).‘jThey found that confinement of the concrete

 at'cfiﬁicai-sectibns such as beam—cblumn connections increases
:thé duéfility.ofvfhe jbiht. The hoop'reinforcement resists the
'tendgncy of‘the join£ to expand under multiple reversals of beam
loading;"For joints.that are dohfined on:at;least three sidés by
beamé or'spandfels, thp,reinforcementuin'the-jointbfegion is‘
not redui#ed., For uhcdnfinéd or isolated bea@écolumn joints, .

- thp‘réinforbemeht is’mbst beneficial.
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CHAPTER 5.  TOP DOWEL TESTS
5.1 LABORATORY TEST PROGRAM

- vTo deterﬁiﬁe the shear capacity of_the'top dowels in a
beam-column jéint,'16.beam specimens were.tested. 'Fig. 5.1'shows
a'typicai beam specimen. Againfthe variablévwas dowel diameter.
Two such épébimens wére caét,for each bar size - #4 to #11 in-
‘éluSiVe; Formihg; poﬁriﬁg and cufing of the test specimens ﬁere

" done by the-Standard'procedure_as outlinedelchapter 2.

The distance from the‘beam end to the first stirrup was

(1)

‘képtadonstantzat 1 inch. A pfevious study'by Peter showed
“.that the shegr cépaéity was significantly influenced by‘the
~.distance tOvﬁﬁe first stirrup. He varied the distance from 1
inéh to 3 inches and obtained’the maximum shear with the 1 inch

poéition. His tests were done for a #5 top dowel only.

‘To determine if the beam stirrup spacing has any effect
on the shear capacity of the top dowel, one-half of the beam had
the stirrup spacing as required by the ACI code (318-71) and the

other half had double the specified spacing.
The testing apparatus is shown in Fig. 5.2 and Fig. 5.3.

J'NotAshowh in Fig. 5.2 are two end roller restraints
_placed:against the sides ofvthe test beam and clamped to the end
‘éupporfs., (These are visible in the‘photographs; Fig. 5.3.)

The rollers prevented the beam from rotating laterally as the. load

was applied.

Deflections were measured with linear transformers at
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Table 5.1 Top Dowel Test Spécimens

Top Dowel Size S (In;) | o o -~ h (iﬁ.) - Stirrup Sizé
#-u. 5 12 #3 |
#5 5 - ‘ 12 #3
#6   5 | 12 #3
K 5 | 12 3
#8 31/2 | 16 #3
4o 6 16 #1
#10 3% 16 #4
#11 3% 16 #1

“Zh
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positions 1 and 2 (Fig. 5.2) and both load and deflections were
recorded on punched paper tape. As before, a computer program
converted the punched paper tape data into the shear-deflection

graphs which are presented in Appendix 2.
5.2 ANALYSIS

As in the bottom dowel analysis, a model was chosen for
the top dowel behaviour. Fig. 5.4 shows the end region of the
test beam with a shear force V applied to the dowel at the beam
end. In order to analyze this end region as a unit, the section

is transformed as shdwn in Fig. 5.5.

If the section shown in Fig. 5.5 is assumed to act as
a 1" long cantilever beam, the moment that is developed before

the section ruptures in tension is

£ I
r °t
M = (5-1)
Ip
where the modulus of rupture of concrete fr. = 7.5«Fé,
It = moment of inertia of transformed section
and Yy 7 distance from the neutral axis of the transformed

section to the extreme fiber in tension.
With the concentrated load V at the end of the cantilever

Moo= vELM

f I
or vEI" = r “t.
(5~-2)

o ~

Table 5.2a lists all the variables required to plot

equation 5-2. Fig. 5.6a shows the experimental results and a
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Fig. 5.4 Shear V acting on Top Dowel

_ m}R‘L AXIS
| %

= AREA =(n-1) A,
'As = Aksa 'o'F“ToP DOWEL.
MODULAR RATIO 11=-§E£-. =10

e
Fig. 5.5 Transformed Section



 Table 5,2a'Transformed,Seétion Properties

47,

Top Dowel si’zel fr'; 75@ Tg T e (Kips)
: i (Ksi) (in."%) | (in.) Yb
e 565 3.86 0.75 2.9
#5 b2 4.8 o;fg' 2.8
406 42 6.08 0.71 3.6
#7 565 7.73 0.69 6.3
#8 2 8.146 o.63 5.65
#9 0.565 '9l}gm “' Qféj- 9.
#10 :.565 119 | 055 2.2
411 0.580° 13.57 o,%ﬁi 14,6
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‘Table‘5;2b,Normalized Experimental Results

Vexp.

v 100 fv = Flkears)| % B o | ue

: ‘ - (KIPS) C _

#U '2ﬂ9"‘ 5}675 ; 0.511 ,2}34' 0.412"
45 2{8‘ 3§i3o 0.894 - 2(?4:‘ 0.747
#6 3.6 S 3.130 1.15 3 0;96
e 6.3 5.675 1.11 4.5 é{?é-
#8 :  565 3.13 1.81 5.1 1;631
4 9 5.675 1.58 7.2 1.27
#10 12.2 5.675 2,i5 7.5 1;32
#11 14.6 6.0 2.43 1;55

.61'{
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plot of equation 5-2. Due to varying concrete strengths and
hence varying fr, the graph of equation 5-2 1s not a smooth and

constantly increasing curve.

In Fig. 5}6b, equation 5-2 and the data points have been
hormalized. Each value of‘Fig.>5.6a‘has‘been,divided by the .
- corresponding concrete strength fé for-that particular dase
(Tablé 5;2b)} Both analyticaivand.expérimental curves exhibit

- similar shapes.

'This model is reasonably accurate up to the #8 dowel
size and beginéito deviateusubSténtially for the larger dowels.
Thé cantilever model requires'that_fhéseﬁd condition be fixed,
»i.e., a fixed conditionAaf the first stirfup location. This
condition holds for theAsmallef QOwels whéré_ﬁhe_first stirrup
does not yield and bending occufs'in the top dowél within the 1"
~ cantilever distance. On thé other hand; the large/dowels simply
‘Wiil nof bend in a 1" distahce>aﬁdﬁhence:tend to yield the first
MStirrupAih direcf tension. ThUs‘thé"fixgd condition at the first

stirrup would not hold true.

The above model does not take into account any direct
tensile stresses or the effect of yielding of the first stirrup.

- These two'points will be considered now.

The first visible sign of ‘any cracking in ﬁhe top dowel
tests was as shown in.Fig. 5.7, where a longitudinal crack pro-
pagated from the top dowel out towards the beam sides and then
horizoﬁtally along the beam. The area-overAWhich direct tension
ocecurs is:a rectangle 6" (beam width) by‘l" (distance to first

,stirrup),vi.e., 6 square inches. With the tensile strength of
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5.7 Crack Propagation in Top Dowel Test
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concrete taken as 7.54;2, the shear force required to crack the

section can be calculated -directly as

v o= ,7.5;\’fél*6 o C(5e3)

ZThe results of this éalculation‘are'listed'in Table 5.3 and.
Fig. 5.9 shows a plot of eqUatiQn 5-3 in relation to other experi-

mental values.

The effect of the first stirrup yielding shall be con-
.\sideredynékt. Fig. 5,8 illustrates the condition atfthe first
‘ Stirrup where thé shear force V is resisted by the tension in-
‘the stirrup.‘ﬂThe values given‘ih Table 5.4 are plotted in Fig,
5.9;as two;discontinﬁous straight lines (stirrup sizes #3 and
#4). .These two lines agree reaSOnébly weil with the'ultimate

values obtained from experiment.

In this test series, it ﬁas d1fficu1§ to compare the
‘experimental and model defieétibhs} Sinée“thé”fifst stirrup
wiil'strain and therefore‘extend undér»the»épplication'of load,
the defleétion that is measured'at‘positions 1 (or 2) is not
identically the same as the’defléction'of the’fop~dowe1 Vertically_'

above position 1 (or 2). (Refer to Fig. 5.2.)

As shown in Fig€*5,§;ffﬁe”ultimaté'éﬁeaf ishconsiderably
higher than that obtained at 0.03" deflection.. The #4 dowel
failed in shear at’ultimate'(Fig. 5.10). In-the éése of”#?land
#8 dowels, the first stirrup'rupturéd at ultimate (Fig. 5.11).
The #9, #10 and #11 test speéimens'had #Hrsize stiffups and in
these three cases tﬁe concrete beam failed inlshéar (at the end’

with the larger stirrup spacing - Fig. 5.13).
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. Table 5.3 Direct Tensile Force

Dowel Size | £, = 7;54;2,(Ks1) Vv = 7.54?3*6;(KIPS§

# | 0.565 - o 3.39

#5 - 0.42 | 2.52

46 1 o2 2.52

HT o 0.565 | 3.39

#8 R {”o.nzl' I , 2.52

49| | S 0.565 ' 3.39

S #10 Coos65 | 3039

#11 R 0580 o » »'3.48
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Fig. 5.8 Yielding of the First Stirrup
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Table 5.4 Tension at Stirrup Yield

5 St1 g és 2T = Ag T
oot | sgmme | st el e e | R Y
#U4

#5

#6 #3 0.22 54 11.88

#7

#8

#9

#10 #4 0.40 60 214

#11
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Fig. 5.10 Shear Failure of #4 Dowel

Fig. 5.11 Rupture of First Stirrup
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Fig. 5.12 Crack Pattern in Top Dowel Test

Fig. 5.13 Specimen at Ultimate Load
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Even though the stirrup spaqing was varied on both
halﬁes'of the test beams, no Significént différenées in the
behaviour or»Cracking patterns was QbserVed'betwéen.the two ends.
Figs. 5.12 and'5;13.show the crack.patterns duriﬁg té;ting and'at

ultimate load.
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CHAPTER 6. "THE'JOINT{SUM‘QFJTOP'ANDTBOTTOM'DOWELS

The previous two chapters have discussed bottom and top
dowel tests and analysis. In this chapter the results are com-

. bined and the shear capacity'offa beam-column joint is calculated.

Thekgraphs in Fig. 6.1 are the theoretical values obtained
previously, plotted for the same deflection (0.03‘in.) for both
bottom and top dowels. As can be noted from the graphs, the bottom
doweis COntributemest to the shear capacity of a joint. In
neafly all cases, the shear for a top dowel:isbbetweén 33 - 44% of
that for the same size bottom dowel. For the bottOm'déwel cﬁrve,
the value for the foundation modulus K (and hence B) corresponds:
to a COncrete Strength'of fé equal.to 4,000 psi. Similarly, the
modulus of rupture fr is calculated for the same concrete strength

and‘equatidn 5-2 plotted.

The joint shown in Fig. 6.2 could be considefed as a
design-problem. All the éhear is to‘be transferred by dowel action
and‘henceAthe sheaf cépacity of this joint can be Calculatéd by
:USing the‘gfaphs’presented'in Fig. 6.1. 1In detérmining thé shear
capacity of the bottom dowels in this case, thé expression
‘P = 283EIy is used. The bendingtmoment térm 8M is negiected in
this case because it is extremely doubtfulnthat the plastic
bending moment could be deyelopedlin the bottomrdowels:at the

beam-column interface.

The deflection of the bottom dowels is symmetric about
the beam-column interface with the point of inflection occurring

;vét'the beam-column interface.
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FIRST STIRRUP PROVIDIN G
ANCHORAGE FOR TOP DOWEL

"
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Fig. 6.2 Design Beam-Column Joint
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From the graphs of Fig. 6.1: '

Bottom Dowel shear: 2 x 17.4 = 314.8k
Top Dowel shear: 2x3.0 = _6.0°
Total 4o.8¥

The shear capacity of this Joint, assuming dowel action

only, is.40 kips_(service load shear).

As'3h0wn_in Fig. 6.2, the first stirrup should be piaced
around”eacb‘top‘dowel individually. This provides the necessary
Atie—doﬁn force to tbe top dowels and hence a greater contribution
to the shear capacity. As was mentioned before, the shear
'capa01ty of the top dowels is sen31t1ve to the distance to the
first stirrup, Also, s1nce.the'deflection of the bottom dowels
,is assnmed to be symmetrical about the'beam-column interface, the.
'net beam deflection would be 0.03 + 0.03 =0. 06“ at a shear force
of 40 kips. At such small deflections, the .stress pattern
- aronnd_one'doWeliis aSSumed not to influence the behaviour of its.
neighbouringidowel. Hence the_shear capacity of the dowels is
.iassumedvto be additive directly. At large deflections, the inter-

aCtion aﬁd'overiappiﬁg of ‘Stress ‘patterns between neighbouring

‘_idowels may be 31gn1f1cant «Thereforetthe ultimate shear capa-

‘cities would not be additive directly
. - . L ]

This analys1s has’neglected the effect of friction and
_ bending moment at the beam—column interface. These effects,
_however, will only,help to 1ncrease the shear capacity of the
‘joint and’ therefore a des1gn based only on the dowel action of
:the reinfor01ng bars prOV1des a 1ower bound on. the JOlnt

capacity.
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' Fig; 6.3g$ﬁ¢ws the fé;ative positions of the graphs for
ultimape'shear fdffbgfh_ﬁbpéhd bottom,doﬁels. These graphs,
‘however, éan,ﬁot bejugédfto_accurately predict the_ultimate shear
éapacity-for a cbmﬁihétioﬂ:of top and bottom dowels because of

interactive.stress{effeéts_betwéen dowels. -
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CHAPTER 7. ' 'CONCLUSIONS

1, '~ The beam-on-elastic foundation analogy forms a reasonable
method of modelling the behaviour of the bottom dowel and its
applicability could be .confidently extrapolated to other situ-

ations which are not exaetly the same as those presented here.

2. The beam-on-elastic foundatioufmodel should not be
extrapolated to large values of defiectibn;10.03" deflection is

a recommended upper 1limit.

3. V A beam column joint de31gned solely on the basis of
dowel action of the reinforcing steel bars may : prov1de adequate

shear capacity.

by, ~ The bottom dowels are the”major sHeafecarrying components
of a beam-column joint.

5;_ , The top dowel should be:well_anchofed'by the first
stirrup if it is to contribute to the shear -capacity of the joint.
6. ' The variation of stirrup spacing in the beam specimens
did not have any'effect on the shear capacity;of the top dowels.

7. . There is a wide range of values for the foundatlon

modulus between the small and’ large dowels = 200 to 1 ,000 Ks1
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APPENDIX 1. BOTTOM DOWEL EXPERIMENTAL GRAPHS

The following graphs are the experimental shear-deflec-
tion results for the bottom dowel tests. Each graph is labelled

\

according to the notation used in Fig. 4.2 in Chapter 4.

For example, a curve labelled as 1-A indicates the de-

flection at position 1 of test series A.
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| APPENDIX 2. TOP'DOWELfEXPERIMENTAL GRAPHS

The,following_gfaphs are the experimental shear-deflec-
.tion-resultsvfor the top;doWel tests. Each,graph is labelled

according to the notation used in Fig. 5.2 in Chapter 5.

For éXample,_a curve labelled as 1-A indicatesbthe de-

.flection at position 1 of test series A.
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