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The Mechanism of Shear Resistance and Deformability

for Reinforced Concrete Coupling Beams

T4 47"
Hong, Sung Gul Jang, Sang Ki
ABSTRACT

An experimental investigation on the behavior of reinforced concrete coupling beams is
presented. The test variables are the span—to-depth ratio, the ratio of flexural reinforcement
and the ratio of shear rebar. The distribution of arch action and truss action which compose
the mechanism of shear resistance is discussed. This study proposes the deformation model
for reinforced concrete coupling beams considering the bond slip of flexural reinforcement.
The yielding of flexural reinforcements determines yielding states and the ultimate states of
reinforced concrete coupling beam are defined as the ultimate compressive strain of struts
and the degradation of compressive strength due to principal tensile strain of struts. It is

expected that this model can be applied to displacement—based design methods.

L.AE

AAd WA Hdd AerladAdAE T2

WY 530 HEQ AYES . o Fmst Wy A W
e gHelAe Bmsh WY Y o Fo Bt AAAY AY A FAd 2w
APE WP} PRHA BE o] FAL Fu Qo] wHel By AT REF AGon
MRH #4400 FU@ ¢ AUE AL F P @a i dw At ¢
$Ymet Pojo] EAstel WY HHE AZst Aol 44 Yo B AFIME dEAY A
Al FAQ WY Auds AT 2aYE A3nd B 28D G4E FURYUT. dwHos
AARE Azl we) Zolsh Zn FolE g Aw AW AolAw Y ne} Lol
a4 TN FEE Fue wd

>
¥
it
Be)
i
o
r2
iih)
f
oS
&y
=2
>
b
ox
o
B
N

HHY, Mgt A&, Lag
G439, Aguetn A5, vy

- 233 -



AEE 33 73R A gEold. weld dAanEe dd Au FAolAw ¥y
23 942 3 Hojof g},
AR WY 5HE Fusr] HaA Paulay: gzt w2

oll
)
2

L A¢3ty 1, GalanosS AE S
o] wEE w2E AASRE, TegostTe W 2o diet A= 2¥E Adsidien
Theodosioss 3 & w2 Feo disle 49 A7 E P3G HZde o8 75
of 8t HA ZHE, BF BE st B dASo ALH: Aok 22y didgsy o
T7F A2 AU B A8 Aol IZ@E o o) AR WY $Y¥S AAde Iy ¥F
of gk AAAA Mol Yo Ao dddth g E dFdA dut¥d ¥ den A
@ HAZoz vigd A2 FTIAYE d4R9g dRFFAEL 539 A A= ¥y €L F
Aoz BAsgch. zt A9A) disl ¥ Aoy da d29 9P E ASE Bt dg AE 2d
AUSE EMENT, F5 WY, S W, #4 A ¥wdE FAsto] MY 5 d 1
Zagt £49 243 A8E 2N2E 9 dFRY &F AP V¥ ZYH Uy ZFE AA
sttt
2. @x3F 49
2.1 4878
AARE #HY Add Al&doA Audy g EdEy Aste FAjot. JdAEZ d& dF
H Hile 59402 AXEE 3 EAE 9t 474 &, AL REsEA E EUEE
F7H2 9A €0 dZR= A AYste F aiolA dA ¥ EAEY gdF Ao
4525 dYstefol gt o3 dR AL wFHA 7] Hs Aol vy & FE ZHYE
ot AAR AFAHY FAFE 7HH AYHIE 1) & d7dAE dARY FE A4
o S8 o i EME A Azb-do] v, # A2, AY I, E FAF H2E HF
2 ANEAE AT B 10149 Zo] 0IMCB16SMM A @A 7E 7]1& AlgAolx, AIEA o
< AEAASD, AHHMCB, G231%F), Zk-Hol v|(16, A 7H-Zo} vt 1.67), B A4

(S, small), AFHEZH (M, medium), & FAF A2 +FM, 1) vehdt, F3-do] b=
AAH9 A7HE B00mmZE FA851 2o]lE 480mm, 600mm, 400mmZ W3A|A A 283t
F A0 e Ag H2vE i 9X 29 AFe FYEEA st d2e AFT HEAA
7tHA sl 2EGich B E2L D16, D22, D25 d2& AMEER s Ad dE2 D55, DI, D13
d2E Aol B F4% € D10 28 w2 sl

(d) 03MCB20SMM

(a) (e) 06MCB16SSM (f) 0OTMCB16SLM (@) OQMCIGSNM }

a9 1 A8A 7HE 4 (b-g) HFAAEE

- 234 -



E 1 AEA A

2, (%)

0.47
0.37

0.47
0.47
0.47
0.47
0.39
0.47

p, (%)
1.05

1.05
1.05
1.05
0.32
1.77
1.05

1.05

o (%)

1.19
0.94

1.45
2.25
2.91
1.19
1.19
1.19
1.19
1.19

span/depth

1.67
1.33
2.00
1.67
1.67
1.67
1.67
1.67
1.67
1.67

width(mm)

150

150

150

150

150

150

150
150
150

depth(mm)

480
600

400
480
480
480
480
480
480

480

span{mm)

800
800

800
800
800
800
800
800
800

800

specimen
0IMCB16SMM
02MCB13SMM
03MCB20SMM
04MCB16MMM
05MCB16LMM

06MCB16SSM

07MCB16SLM
08MCB16SHM

09MCB165NM

10MCB16SMN

22 49 2%

upel o] 44 5% ,6%,9 21|

L
L

ag 19 2y 204 B
ol BAEe] =23tA

PAE Ad Aol

L
T

i

|

.

\_...\%
i

8 EE o

3]

oM dg

ol

olJ
T

o}

Yo

= st ol 3

2(2)oll Al =

ERb

=
=

o] 2

i

39 Alg Ao

g F2ulo) o

-
fy

(g 2(b). 2¥ 2(c)

e
F A

Jo

e Aolth 128 19 (b-golMAE dZBY

2z

A Bl Hel vf-g-

o

O
AT
on

ojy
65

N
o

ol
mnJ

7

=

1

Ay HofA]

T

uio

2 Qe Ao Axd PusA

H
i
8o
G

&
")
o

)
i
pil

ol
Nk
o
T
o
o
M
et

W

g
T

Ko
mm

5
o

of

wE Hgo A7 W

A

)

of &%

7hof whebA A W

=,
o

A
_—

B L

=
=

a4 39 (a),b),(c)

ATt

!

il

]

=

n
o))
ola
)
nJ
ol

el

ARojAR OY 49 ¢o] H

3l

- 235 -



@ 829 $ol wAse] wasd wRold AW A2 $Yo| Tyl Hld Hormw 4
Hdoz 8 33 ol Ageee A Bk 1M 29 AGAE vmekd Fhsh A
5% 24947 PolAE RS ¢+ AT 30 AGAY A% DA 28 AYA Hd g A2
ol wola Aol W) 24UAT AL Ao weHT Eds g P AT AY 4
pe A, A9 Azvde wasn, ¥ FIuels wwdAsE A ¢ 5+ AN mekA
F09 v =02 43 99 AT AP 45 WY Yo T A% AT £ A9

- - . ettt R e
im §zsn S Utiimate point im 2 Ultmate point
i S/ i

0 5 10 |5dlw‘.(::.m me)]ﬁ 30 kL) W o 13 10 156‘#‘“:!“‘ (m’zﬁ £ k) - o 5 10 15“w::.m mm))s A 35 40
(a) AT (b) & 23| () ey
oy 2 &F-due =24

P T || D =
.on ‘m ‘mm | | |
- - . @

° s1 52 83 s4 85 56 87 88 ¢ St 82 83 84 85 86 §7 58 ’ s1 §2 83 84 85 S6 T:!

(a) 02MCB13SMM (b) 01MCB16SMM (c) 03MCB20SMM
29 3 HYe) ME AW BT WY

o j/ prrre

g S || s
3o 5 e H

(a) 02MCB13SMM (b) 0IMCB16SMM (c) 03MCB20SMM
ag 4 dglel We ¥ 3 uys

3. 8% Ag |+
3.1 9% dAd e 3 W3

2g ARE 2RO 39 1Y 59 e ¥y Axd w2 $3 £¥ E¥E 44" £ 3o

2 A2 gBoldols AAR sFo] ZgsH ofx 4} Es Hgo] o3 HdHo]
At o] o FEL& 1 5(a)9 Zol FAH o we} At 2o ¥Mge SAF7 Hd W
HL st A7y BXE st 8 428 99 #HY dAE o4t af AgsFE AFe
2 W3 AolAA Bk FB o]F APF FrI2 ofx 2EY =7t AopAA HW b 2§
oz Resy ddzel melx Agoz gzkATh ool wel A oo S| 7} Hu of

- 236 -



AL AR S8 (fan regionE AAs Bk ol @ A2 FRo| wet FY YA
o] 44¥ln AT VIBE t¥e] F/0ch ¥ Tkl wek 7Y AT FEI} Ao
of FU UHF /1277 Fhsl 29 4EF BEst AR %y FEel Edeld F@
L EICER I

top chord top chord

STATE : 1
Before yielding ‘

bottom chord ¥ g bottom cherd!

t arch strut
+fan

—

compression field compression field
+fan +fan

generation of compression field The angle of compression field increases
bottom chord - bottom chord ‘ bottom ghord TR &
strain distributi strain distributi strain distributi
tansite strain ; tonsito strain ! tensit [irain tansila rain |
stirup [T “ sirup TIPS 4 sop | AETIIIIERGL "'
strain distribut strain distribution strain distributi
increase increase
3 <2 5 5 9 23 o} &
(a) &5 old $A% ) & olF 34 (o) 5% e 87

aY 5 HE G HE Y BY

Y 2748 B9 d4re FRolddt ofx Afe ~ESY Hd dHIAAsD, FH ol F
de #d 4EF Evfs F89 2EZ 4F gHElch, FHo|M) ofA AFH} B A
g0l T FB o) Foli= oA Lol A Haw o Evja Aguto] EATE gviEt @
B ojde ¥ g A9 2o £8 ZEE AR YaMe ofA AEd Eys AES ©
galoF o ¥ a9 6(b)s} go] AAR AEY-Elo] Bdle FAAo|nR PPXUAWLR of
A4 2o A4S AAY F glok. CEB-FIP MC 909X & Ad Ao g obx 248
3 Egs 2go AANE A o AejolMe vz A
stlov FE AedMs FeEAd 2 | M= a2 73 gol d4
Hol ofx Agruto] EAGE EFL B 5= Eelx Ry us
hddy dule g8l 44 Fde Tt

X
- u .
- 1~

V=V +7,

=

(@) 8% (h) 2EZ-tlo] B (¢) ok 2§ (d) 28~ 28
Y 6 ddne) 2ES-go] Y

- 237 -



! a A, ] a4,
catdlv,

9! ’/l

cot8ly,

cotgV, oV

ka = stiffness of arch action k' = stiffness of truss action

29 7 obA 83 2= a}%a} 4
tew 2ol 24 RAls A 7L FHE FE 5

sin’ @, cos& ELA”E\A\ (1)

“"(2E.4 +cos' 6,E4,,)a

a™~c c,a

2sin’ 8, cosO,E E A, A4,

1 s et (2)
(4cos G,E A, A, +sin° E A, A +2E, AxAv)a
o] A4 olgsle] Erx Fgo] ALHE V& SH Zol 7T AT
__kjdia (3)
" (k,+kjd!a)

oA71M, jdla® Eelz Bgol ABae Wl 45E Edx Rdd) g8 PR A
o e gold,

3.3 3% 223 ¥ 229 3¢ €%

31004 A28 FHo] o8 7|EAU Aw ¥T $¥o] AFAY. vk BE AW o] ¥
Hal= A% 248 J9(fan region)ol EAsHE AW 29 ASode OeH ol AxE

AR ES 4)
n\ jd ) jd

®

a8 8% gol 5 & AT Ao FEatE dFoln, ne AY T F AT, 2T EFE
Rejo] Azjolth wiol sl AN dzol Zesicl ¥ Yol BANE AL2 AT
o] A& AgelA BEY P vBH FAtsich
oz ¥ d2d $8 BEE 29 80N BF 2dAN e 2ol 7¥ & A
T(x)=—[;—%v-z-:j%ﬁ (5)

2 Aae A ggol Aol ol FLo| A o FE AAHER FF A8 (dowel action)F
A e g 3 aF AL A

4, 8y 27
41 FEES o] 8% ¥y AR

Jze] B AT fE wHS s wae AL Aw A RAY A4 ARE 5 o
B A ToHE 2% 8(a)dt To] #E L olgsted WS AAAY. v AL FL A

- 238 -



by 249 B 98 ¥

oY 8 #4Y %§ ole ¥ 23

o pAcs sgm AEe FIWel $AoE wyavtn s 42 FH WA
A

42 AR ¥¥H P 29 9y A
a2 8ol A A A 7Y E ow e
AARN Ba-vnede] ofF &
(28 9Ga dAR Wre 8 Hag
pa-vineigel 9% H2y sbnd ) : -
oz RAEHI UolA FY EL ¥ n mm

Aeo) ow @gew AU, e

B

o 79 SR L
Z& AAsgth. g Aol o € 23 9 79 3 A
Zo] AkE
d*w 4r, . E p

IW_ Tl ety (8)

2
1—?:-——-4’“’ asfe P (9)
dx db E,\'h Ea‘h 1 - p

A7\, pi ATuleln, £, A2 35 o)F AR,

43 9% WYY 3¢ WY
P2 ue AT e du 0g A% Lol ANAE

v, =245, (10)
a

~ 238~



o] Ae#HE& o]&sta] SellM AT WHoR
=

L, <w,sing +w,sing,
oA71A AHE Aol [, =V/085fb o1, XE

n

W =V frmaabys W =V jd1a) £, by = el

N

5 ZE& Y 10 3HR 2EA Zof Ho

rke
e,

dAEe A-Zolnl, ¥ HI®], dd FI¥rt & 10 /A 2 FAUE dZRA
o of 3F A¥e Fdstd dgd 22 A% EA4E Fgsiiz, 2o wE dF AL
717e MY 2y e A8kt

() 25 UYL AHzt-Zolu], A FIuloj vlesta, ¥ Ao wrldes AL

_—rL

L

(@ @22 obA gl 4G AW AL B G2 olF FA BAstd 2 A8 o4

e
o
-~

i

N
=)
=z
it
m
i
=
=L
utt
e
rl
=3
]
K
)
ok
r
2

= Eds 483 obd #8g

4) dEne) Wge ¥ 2o FHPEe o) 72 F& ARl ARA,

B odyps gy 29, Az

Aol ofsto} o] Fof M YdIH oo FA=HYT

2
r__)‘:’
i)
=
to
el
2
Q
2

 HETE EATEREEL

FuEd

1.  Park, R, and Paulay, T., Reinforced Concrete Structures, John Wiley and Sons, 1972, pp.
637-660

2. Paulay, T., “Coupling Beams of Reinforced Concrete Shear Walls,” Journal of the
structural Division, American Society of Civil Engineers, V. 97, NO. ST3, 1971, pp. 843-862.

3. Marti, P., Alvarez, M., Kaufmann, W., and Sigrist, V., “Tension Chord Mode! for
Structural Concrete,” ETH, Zurich, Swiss, 1998.

- 240 -



