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ACCOUNTING

OF YIELD DEFORMAT10N IN R/C MEMBERS

FOR PULL-OUT OF LONCITUDINAL BARS

Kazuhiro KITAYAllA

ABSTRACT

The yield deflection of recLangular beams was computed Caking into
accounL of the additional rotation at a bearn criLlcal section due to the
beam bar slippage. The pull-out of beam bars frorn a joinL was evaluated
using the average bond stress along lhe beam reinforcing bars within a
joint obtained by the regression analysis from the test results. The
computed yield deflect.ion underestimated the tests. Thls computation method
could be applied to T-shaped bearns with the slab cooperatlve vitdh of O-z
Limes the beam span to the bearn flexural resistance.

1. INTRODUCTION

Bond situat.ion along the beam reinforcement within a joint is severe
in the reinforced concrete (R/C) frames designed by the weak-beam strong-
column concepl, since plastic hinges are permitted to develop at the beam
ends. Bond deterioration is inevitable along the beam bars passlng through
an inlerior joint, which are in tension on one side of the cofumn and in
compression on the other side, and consequently the pu11-out of the bars
from a joint takes place. Test results indicated that the additlonal
rotation due
approximately

Bean yield deflection was
elastic flexure along a beam and
pull-out of beam bars frorn a
neglected, considering rnembers

beam bar slip at the critical section contributed to the
percent of a beam deflection (Ref, 1).
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Sugano's formula (Ref, 2), made by the regression method based on the
tests of beams and columns without beam-column joints, is often used to
predict the yield deflection, buL does not include the component of the
pu11-oul of the beam bar from a jolnt. This paper discusses the evalualion
of the yield deflection in beams accounting for the pu11-out of reinforcing
bars from interior bearn-column joints.

2. EVALUATION OF Y]ELD DEFLECTION

assumed to consist of contrlbutlon of the
the additlonal rotation resulting f rorn the
joint, The defornation due to shear was

in which the flexural defornation becomes
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dominant Lo the beam deflection.

2,1 Estimate of Flexural Deformation

The contribution of flexural deformati-on denoted by d. to the beam
yield deffection is estimated as given in Eq, ( 1) , assufiing that the
curvature dist.ribution along a beam at yieldlng in a colunn face is
proportional Lo the moment dlagran as shown in Fig.1,

d,=L26./3 (r)ty
where L : shear span, and 0,, : yield curvature at the beam crit.ical
secLion, Equation(1) was used f6r its simple form alLhough this hypothesis
meant that Eq.(l) included indirectly the contrlbulion of the beam bar
pu11-out. and the shear distortion,

2,2 EstirnaLe of Deformation from Addilional Rotation

The strain distribution along a beam reinforcement passing through a
joint is assumed as shown in Fig.2, reaching the tensile yield strain at
one side of the column. The additional rotation 0_ is expressed by Eq.(2),
provided thaL the center of the additionaf rotaBion due Lo the bean bar
slip is located on t.he neutral axis at the beam critical section as shown
in Fig.3.

0 = AS / dpn
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(a) Moment Diagram
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(b) CurvaLure Dlslribution

Fig. 1 Curvature Dist.ribulion

Cen cer of Additional Rotation
due to Slippaae of Bearn Bar

\ Location of
- Neutral Axi s

Fig, 3 Additional Rotalion
due to Bearn Bar Slip
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Fig. 2 Strain Distribution along Bean Bar
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along Beam Bar

Fig.4
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where d : distance from a beam longitudinal bar to the neutral axis
obtainednby the analysis assuning that plane sect.ions rernain p1ane, ancl AS
: beam bar pul1-out fron a joint as given by Eq.(3);

△S = ε
y Lt / 2 (3)

[::[:calyseitiき lel: th:r::In:fw::i:uta:il ::lall indll:[::C:y i:::ti:n ie]1
Fig.2.

Hence the defOrmation der■ ved
is described by Eq。 (4).

d =O L (4)p    p

Lt in Eq.(3) is Obtained as fol16ws;

Lt = As fy / 〈 Tav  ψ )

from the bean bar pul1-oul denoLed by dO

(5)

(6)

Where A^ : cross-sectional area of a bearn longitudinal bar, f,, : yield
strengths of a beam bar, U : perimeter of a beam bar, and 'r^-. y: 

"ulrug"bond stress along a beam bar wilhin a joinL aL reach-ing Lhe yt6ld strain in
tension at a column face. L* was limited as given by Eq.(6), since L.
increases unrestricledly wlth Ehe decrease in rfre auerag. tona'stress T.u.

Lt 〈 hc + (2/3)D

ti:restlgil :::せ IIbl:::l'al:lg a b[:imb:[Pi:ξ  l:dllil:)alSsh:♀ I  :iti]f::1:
and  the beam bar pull― Out△ S was replaced by the shaded area in  Fig.4  as
‐given by Eq.(7).

△S = hc ( Cy + 81)/ 2 + D e1 / 3                                  (7)

where  Cl = (1 - hc/Lt)ε
y                                                〈

8)

2.3 Evaluation of Average Bond Stress t
av

ub unI:i s:I:I::「 e:::dt:i[:]: :3と  ::ili:s:i;:i;lei:]ile:t tie :も ll‖l f首::::

ub = fy (db / hc)/ 2                                                (9)

‖1[I]n  :  i。 113m:[:[r::r:t::alitirthl:li::|:::i:ioli:d::li::I:i (|::lin ;:
::]i[. the  ub  value can represent tl

kgf/cIり :  IЯと ‖自x.mu‖ blイ[::geel:1:° ::[:::hii[I:::‖
[li::::::[tililli l:iuai:root  of the concrete compressive str(

proportiOnal to the concrete tensile i:r:li[:ξ
e:hin :i[a::al°

nle]II:::em[3と
was  evaluated as the difference in tl
at  the  two faces of a jo■nt  Test results of fourteen  plane  beam― column

JOint  Specimens with abOut half― sca■ e under cyclic load reversals  at  the
University  of  TokyO  were used (Refさ   4, 5, and 6)   The  dimmensions  of
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columns and beams were common in all specimens, 200x300 mm for beams and
300x300 rnm for columns, and the shear span ralio of beams were 4.0. The
tensile reinforcenent raLio of beam secLions was distribuled from 0.7 to
1.9 percent, the diameLer of a beam longitudinal bar fqom 10 to 16 nn, the
yield strengLh of a beam bar from 3260 Lo 4250rkgf/cn', aad the concrete
compressive strenqlh f ' from 245 to 293 kgf/cn'.

c

The solid and dashed lines in Flg.5 were derived frorn the 1easl:
squares rnel-hod to fit the data, and expressed by Eqs.(10) and (11).

4

tuulub = -o.ra6 ur/^,[t i + 0.968 for beam top bars

= -0.126 ,a/fti + 1.127 for beam bolton bars
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vafue may need to be resLricted for Lhe application of Eqs. (10)

(10)

(11)
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3. COMPARISON W]TH TEST RESULTS

The computed yield deflections for the
top and bottom tension in a rectangular beam
section are conpared with test results in
fourLeen plane beam-co lumn joj nt specimens
ln Fig.6. The yield deflection by the tests
was deterrnined as the point developing the
abrupt stiffness degradation, when the
deflection decided by the beam bar yielding at a column face was different
remarkably fron that defined by this stiffness degradation point, If two
layers of longitudinal reinforcement were arranged aL the bean top or
bot.tom section, the curvature and the location of Lhe neutral axis in a
beam section corresponding to Lhe yielding in intermediate beam bars were
used for the calculation of yield deflection, The computation under-
estimated the test results as illustrated in Fig.6, especially for the
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Fig, 6 Comparlson with
Test and Conputation

Eq.(11)



K-?lter4ta

bottom fiber of a bearn section in Lenslon, because;

(a) the conLribution of the deflection derived from the pull-out of beam
bottom bars \^ras underestimated in computation because of the large
magnitude of average bond stress T-.,, and,
(b) shear distortion was neglected irl conrputation.

The sLiffness degrading raLios evaluated by the rnethod ln this paper
were 0.6 to 0.9 times smaller than those by Sugano's forrnula (Ref. 2) as
shown in Fig.7, indicating that Lhis method 1s rnore accurate than Sugano's
formula .

Fig. 7 Comparison of Stlffness Degrading Ratios
by Sugano's and Kitayamars Methods

4. APPLICATION TO T-SHAPED BEAMS

The slab cooperative width to the flexural resistance of T-shaped
beams increases wit.h the deformation (Ref. 7), accornpanied with gradual
increase in the resistance. Therefore, the abrupt stiffness degradation in
the resi stance-deforrnation relations may noL occur, Hence, the yield
deflect.ion of T-shaped beams vas computed assurning the slab effective vidth
to be 0.7 or 0.2 tines the beam span associated with the beam bar yleldlng.

4.1 Evaluation of T-Shaped Beam Yield Deflection

The computed rnethod of the yield deflection in T-shaped beans is
similar to lhat in rectangufar beans. The sLrength, curvature and neuLral
axis location at beam bar yielding, obtained by the section analysis
assurning that plane seclions remain plane and changing the slab cooperative
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width to the beam flexural resistance from O.0 to 0.2 times the beam span,
were used.

4.2 Correlation with Test Results

The computed yield deflection is compared with the deflection in the
test reaching Lhe yield strength calculated by the analysis based on
flexural theory for seven half-sca1e three-dimensional bearn-colunn
subassemblages with slabs (Refs. 8 to 11). The cornpuLed deflectlon under
Lhe t.op fiber of the beam critical section in Lension increased with the
slab participating width because Lhe locat.ion of the neutral axis went down
to the cent.er of a beam critical section. 0n the contrary, Lhe computed
deflect.ion under the bearn bottom fiber in tension decreased with the slab
effective width, since both the yield curvature and the addiLlonal roLaLion
decreased due lo the rising of the neutral axis to the slab top fiber. The
conputation in the cases of the slab cooperative width of below 0.1 tines
the bearn span overestinated the test results.

The conputed deflectlons
times the bearn span distributed
shown in Fig.B, This indicates
can be applied to the T-shaped
times the beam span.

2 4 6 8 10 12 14 16

COmputed Yield Deflection,

Fig. 8 Yield Deflections Computed
Measured in T*shaoed Beams

5. APPL]CATION TO COLUMNS

Columns are different from beams
as follows;

(a) columns are subjected Lo the axial
load, and,

assuming the slab cooperative width of 0.2
wlthin 0.7 to 1.3 times the tesL results as

that the computaLlon method reported herein
beams wiLh the slab cooperative width of 0.2
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(b) the direction of the concrete castlng ls parallel to che longitudinal
reinforcing bars ln the column.

However, if the column bars are supposed to yield prior to the bealn
bars, the stress condition in the concrete surrounding the beam and colunur
longitudinal reinforcernent is considered almost similar since the diagonal
compression sLrut is forrned along Lhe main diagonal withj,n a joint panel,
The difference ln the concrete compressive strength at the Lop and boLton
of the joint is negliglble. Therefore, Ehe yield deflection of a column ruay

be evaluaLed by the same rnethod as developed for a beam, using T^,, value
for the beam boltom bars descrlbed in Eq.(11) as the average bond' slress
along a colunn bar within a joint.

The column def lection-shear relations by the tests and the skeleton
curves by the compufation are shown in Fig.9 for interior beam-cofumn ioint
specimens with the beam yielding before the co19mn yielding, and with the
compressive column axial stress of 20 kgf/cm' (Refs. 6 and 11). The
compuLed second stiffness after the column flexural cracking was almost
coincident with the envelope curve of the test. The cracking defornatlon
and shear was computed using lhe resistance and the curvature based on the
section analysis, and the yield point in compuLaLion was defined as the
yielding of column reinforcing bars in the most outer layer. The comparison
of the yield deflection with test resulLs and the conPuted, moreover, nust
be done directly.

6. CONCLUD]NG REMARKS

The following conclusions were drawn from the study reported;

(1) The yield deflection of rectangular bearns was computed taking inio
account of the additional roLaLion at a beam critlcal secLion due to the
beam bar slippage, The pul1-out of beam bars from a joint was evaluated
using the average bond stress along the beam reinforcing bars within a
joint as expressed by Eqs. (10) and (11) obtained by the regression anal5sis
frorn Lhe Lest results. The yleld deflection by the cornputation was someiihat
less than that by the tes!.

(2) The computed defleclions of T-shaped beams assuming the slab
cooperative wldth of 0.2 tirnes the beam span to the flexural resisLance
were agreed with the test results vithin the error of 130 percent.

(3) The evalualion method studied here for the beam yield deflection ma1' be
applied to the columns with 1ow axlal load in compression.
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