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Evaluation of Deformation Capacity of Slender Reinforced
Concrete Walls with Thin Web
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ABSTRACT In the present study, the deformation capacity of slender shear walls with thin web subject to inelastic deformation
after flexural yielding was studied. Web-crushing and rebar-fracture were considered as the governing failure mechanisms of walls.
To address the effect of the longitudinal elongation on web-crushing and rebar-fracture, the longitudinal elongation was predicted
by using truss model analysis. The failure criteria by web-crushing and rebar-fracture were defined as a function of the longitudinal
elongation. The proposed method was applied to 17 shear wall specimens with boundary columns, and the prediction results were
compared with the test results. The results showed that proposed method predicted the maximum deformations and failure modes

of the wall specimens with reasonable precision.

Keywords : deformability, web crushing, reinforcement fracture, shear wall, reinforced concrete

=
eggo] arElug wWAe] Y AAA et of
Uzt dAg by 58S Hstejop hth. dAl KBC
2005, ACI 318-05” 5, & FXAA7ES AHgste] 3,
A 5 Aes Frrd 4 ok Wi, g WMy F
Heo FEMAY 5¢] A9 %

g dd 322
29, F78tsE we AT HAESE v 232)=
[}

o1 mpek B FZog]E 49l (web crushing,
olal HFHY), HeIEF F=H(wall instability), 5 +F

*Corresponding author E-mail : kimjyo@kw.ac.kr
Received July 10, 2009, Revised September 29, 2009,
Accepted October 21, 2009

(©2010 by Korea Concrete Institute

= n12 3] A (sliding shear) 5o
[21gh o8 937 e FoME o7
UL FFHo] AA] B A

] T

sto] 33 Eth(Woode] A%l s, BaE 37709
B F 20709 HAF B2 el 9% ddvyE B
A3, @ B2 Bl U 16719 WA = 10707 2
AN Fo =z 9 =AU,

3 2o J9F gk Fo| sk A E]
DA E 7ol Yehe § 3t REEA, dHe| 2
o] AA WXl dteo] AA] & WA F=

o

A v & 2,/f,/3 (MPa) o|5t2 AABIEE A 33}
I AH(fy= ZIHE A=), 22t Wood”e] A
o et WAl 2gsle desHol [r/32v,
<2 [f/3(MPa)2] WSlol Qe Aol 8 8 o) F
HERd o] F7HetHA A=t B <t og wt2jvt
A gk

olz]gt W9 A GFI}FLS W AW} 7

59



sleS we HACAA us Z7)d ZA T Fenwick
and Megget,7) Fenwick and Davidson,” Lee and Watanabe,”
Qejg, ME2 5ol s, Fr)AFe W Aaw
e $Ae) A 2HAANA Dol FF A
eflongitudinal elongation, Fig. 1)o] ‘T €t} ozjgh 2
o] W AgMAL Fel ANAEL Z/MA P
Qg ek 2ol WAAITE EE WA By B2
JE 2EZ §RYEHPLE"E F£3] AT RE
Z71° B4 43 7F 2y g

=

A WAlS T BE R WY SYe Auel 2
7)wey ohet F71AFe olste] wAEE o] WF
QgAY oJstel ZA FF2 Witk o AL E
FE B3 st 3o Q% o] gste] szt @
B gFe AHE 2 WA WY Y B7 Py
2 stk ol skl F/1EL B WAl W
BEE o] ¥ APUHL BAhsw, dlZd dol

[e]

12

E Longitudinal
E Elongation
5 ° R -
s ol
s = |

|
© Loadingh |
£ history E ? I
S 3 L |
= Plast |
2 }MWM&% hiﬁgécl g,
5 7
3 0 -

-30 0 30 60
Transverse Displacement (mm)

Fig. 1 Longitudinal elongation of reinforced concrete members
subjected to cyclic loading
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Fig. 2 Mechanism of longitudinal elongation of reinforced concrete members subjected to cyclic loading (reprinted from reference 9)
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Fig. 3 Evaluation of longitudinal elongation of slender reinforced concrete walls

A dphy(y 0 (1 D),

[ 27, 21)%
& = ] (1a)
(o)
1-(1+p2)f1-2
oo
O <~f, or g, = 0¢l AL
(A, = Ah,
&= =77 (1b)
201,
714 4, =Ael WY, 4, =A@ D (Fig
3@)l BWHE ¢(1,-1,)°/3), 4, =AY FEIE
(=2g,/h), h="41 Zlo], [,=2/330#]9] Qo](zd)’ d=
A ‘;}D:]«] fra o ](effectlve depth), /,=3A¢] At
ZA7r 7o), hy=7o] Wk Qg Lr@r %92 Le A

olo] Ag, p=Ae }T

YehE A(=06),"" o,.,

o] §83 MY E, f=4o] W 29 FEAE, =4

o] WaF He] I wFEo|th WA 3 wiFo] 2

Afolle Aol WE AFHFE go] YA o

21 (DA B9 P2 A,- 4,20 & TEsjeiof gt
2l(la) 2 (1b)ell vreRE wpel 7ho] 2

E

A7 &3 (Bauschinger effect)=
& = Zo] wkak ot 9 4 Lc

Aol Wk Fheosa+Fe+FrtFpy—P =0 (2a)
Azt e Fpsina+V =0 (2b)
. hy h,

9 zae v, p(%) = o er, (1) 2o

A7\X Fp Fe, Fp=77F o] W& A% 84 Ly 4%
22 Lo, 98 24 Ly 141?—%, Fp=t7} 2EZ D2
g, v=yxe ddg, p= 85

E= AEHEE>0), (X—EHZ]'o F 2~E89 zhEo|tkFig.
3(a)). 2 (2b)e} 20)E AHEEI A a)RFE FpE A7
st Aeletd et o

Fo = —FT(l —éff) —(FW—P)(I —2%’-) 3)

s s

Aol deo] g AP o]l 2A EAEH= 75‘ s

(3)-"4

7e = o 22)(1 - ~(a - L)1)

s K s s

0D D) e

7] A‘l Oy (: FT/AS) Ole (:Fc/As’)a Oy (: FW/AW) = 7‘:—]
U A, 4, BE A2 8, f, f,=F2 2
a9 %‘%Z}EO]EP. b & e o] T (Fig. 3)S
I e FEE] 4% 20 By ok g
Aol 2 gt wEbA 4 (4)011/‘1 QS e
}oF A2 84 Ly 2 Ly/t 9 83 o
g3 E}(Jlt _ﬁz7 Ol _fyw)‘

2o 4 (ye wde] Ho g - ¥ ouge] 9 4
9 AdA F71AFe] Bas wEEE gl st
710] ul—zs]: o]z]—u:]ﬁﬂg 51E o} HHA ]1:]. 3_311/]. Fig.

3(b)ell “epet Hiel ZFo] o3 WY

9 rLJ 1B -111
NG
[N NY

[e

N
-

SO W g RO ¢

SA NN F71AE

a2 FHO AEE H= MEE HAlo| HY 53 Hit] 61



_0.03 2.5 2.5
E BA2 P =-250kN . I = 3400{! 1, =1.94)
T Cydlic loadin P=-49kN 4, =339mm" -
=113( =

% 0.02 (Eq. (1a)) 2 A, _‘:13 9mm . 2
B & 5 .
@ ~ / .
e - Ly \ & / I =4400(1 /1, =2.51)
£ 0.01 “ s, “ 15 < “15 ' o
E - P ="49kN, ! BA2
o — < Monotonic loading , = 950mm’
S (Eq. (1b))

0 1 1

0 50 100 150 0 50 100 150 0 50 100 150
Transverse displacement (mm) Transverse displacement (mm) Transverse displacement (mm)
(a) Loading type (b) Axial compression and web reinforcement (c) Shear span ratio

Fig. 4 Variation of longitudinal elongation according to design parameters
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Fig. 5 Evaluation of shear strength for walls with thin web degraded by longitudinal elongation
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Fig. 7 Evaluation of deformation capacity of walls failed due to web crushing and reinforcement fracture
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Table 1 Evaluation of maximum deformations for existing wall specimens

y Experiment Prediction

s A ]

: Ja | A N Aw | P l hy D, |Load- Fail- .

Specimen SNGEN 2 P b A V. A v, & Failure
MPa)|(MPa %(mm”)| (kKN) |(mm) {(mm 2| in, u S u we I d

mode®

152 | 271 | BF® | 150 |0.029| 617 |0.040(0.10 | BF
126 | 680 | WC | 120 |0.025| 680 |0.034|0.18 | WC
203 | 276 | BF° | 150 |0.029| 541 |0.040| 0.10| BF
330 | 335 | BF° | 200 |0.020| 647 |0.040| 0.11 | BF
126 | 762 | WC | 82 [0.016] 762 |0.022]| 0.23 | WC
75 | 825 | WC | 21 |0.002| 825 |0.003]|0.67 | WC
126 | 980 | WC | 124 |0.012| 980 |0.025{0.33| WC
126 | 978 | WC | 90 |0.009| 978 0.018]0.38 | WC
126 | 977 | WC | 100 |0.010| 977 |0.020] 0.35| WC
126 | 707 | WC | 177 |0.018| 707 |0.036]0.30 | WC
126 | 726 | WC | 112 |0.023| 726 |0.031]{0.19| WC
100 | 792 | WC | 69 |0.013| 792 |0.018]0.25| WC
100 | 836 | WC | 62 |0.012| 836 |0.017{0.40| WC
126 | 887 | WC | 143 |0.015| 887 |0.031]{0.38 | WC
126 | 421 | WC | 188 |0.020| 421 |0.040{ 0.32| WC

Bl | 53.0 {449.6] 1013 | 339 | —49 | 1750|1600 | 864
B2 | 53.6 {410.3|2375| 339 | —49 [ 1750|1600 | 908
B3 | 47.3 {437.8| 1013 | 339 | —49 | 1750|1600 | 855
B4 | 45.0 {450.2| 1013 | 339 | —49 [ 1750|1600 | 865
BS | 45.3 {444.0|2375| 339 | —49 [ 1750|1600 | 933
B6 | 21.8 [440.6]2375| 339 |-979|1750|1600| 931
Oesterle | B7 | 49.4 |457.8|2375| 339 [~1241) 1750|1600 | 943
et al. | B8 | 42.0 [447.5|2375]| 339 1241|1750 |1600| 936
1976 | B9 | 44.1 (429.6|2375| 339 1241/ 1750|1600 | 923
B10| 45.6 {447.5| 1805 | 339 -1241/1750|1600| 936
BI11| 53.8 {435.812375| 339 | —49 [ 1750|1600 | 927
B12| 41.7 |435.8|2375| 339 | —49 (1750|1600 | 927
F1 | 38.5 (444.7|3547| 452 | —49 | 1850|1800 910
F2 | 45.6 {430.2| 2873 | 339 1241 1850|1800 | 897
F3 | 279 (542.6| 1081 | 339 |-596|1850|1800| 875

oNeoNoNoNoNoNoNoRoNoNo-deoNoKe!

;ﬁnl\’h‘/‘oﬁ W1 | 36.6 |473.0{ 1433 | 390° | 0 |1375|1250| 775 [Cyclic| 34 | 491 | WC | 36 [0.014| 491 [0.019]0.19| WC
2000 | W2 | 358 4730/ 1433 | 520 | 0 |1375[1250| 775 (Cyclic| 32 | 608 | WC | 26 [0.009| 608 0.013[0.20 | WC

a) Yield strength was 450 MPa, b) C: Cyclic, M: Monotonic, ¢) BF: Bar Fracture, WC: Web Crushing, d) FSI: Flexural Stress Index,
e) First bar fracture in B1, B3, B4 was observed at = 110 mm

g @ Web crushing (B2,85-812) 3_%'331—‘5— 2EZ S HAARE V., 729 A 9%

E & Bar fracture (B1,B3,84) HYE 5., I 2= 52 Table 191 YEFAH. Fig. 9
;9 @ Web crushing (F1-F3) = AF 9 At Wwyos Hrist WAl Hoj WY
< ; 2 A Web crushing (W1,w2) S Hw3kal Ut Oesterle et al.’e] 238 Ao wp=H
E: N 9 g o WA AWY y,7h 2 Bl B3, Ba:
5 § N ° BEQIH 7} WA E 7] ool HZ A mete] WAIE A
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Fig. 9 Comparisons of predicted deformation capacity with o A
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test results Ak, Ak Mo o Za 7 WFL 82-177 mm

o] W9l WstE HIY. olugh Xole AA HAFA

Q4o § HIF, B9 FHAHIY, At 4FH, Al B g olQox AAVF FAYE % HZ
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Hel 8 WFRE HR £ ek ddH v AR EIth(Table 18] AF 2 At WHOZ =4 4,
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