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Collapse Mechanism of Ordinary RC Shear Wall-Frame Buildings

Considering Shear Failure Mode
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/] ABSTRACT /

Most commercial buildings among existing RC buildings in Korea have a multi-story wall-frame structure where RC shear wall is commonly
used as its core at stairways or elevators. The members of the existing middle and low-rise wall-frame buildings are likely arranged in
ordinary details considering building occupancy, and the importance and difficulty of member design. This is because there are few
limitations, considerations, and financial burdens on the code for designing members with ordinary details. Compared with the intermediate
or unique details, the ductility and overstrength are insufficient. Furthermore, the behavior of the member can be shear-dominated. Since
shear failure in vertical members can cause a collapse of the entire structure, nonlinear characteristics such as shear strength and stiffness
deterioration should be adequately reflected in the analysis model. With this background, an 8-story RC wall-frame building was designed
as a building frame system with ordinary shear walls, and the effect of reflecting the shear failure mode of columns and walls on the collapse
mechanism was investigated. As a result, the shear failure mode effect on the collapse mechanism was evident in walls, not columns.
Consequently, it is recommended that the shear behavior characteristics of walls are explicitly considered in the analysis of wall-frame

buildings with ordinary details.
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Fig. 1. Floor plan of example building (unit : mm)

Table 1. Gravity loads of example building (kN/m?)

Story Dead load Live load
Typical 6.0 25
Roof 5.0 1.0




Table 2. Details of RC shear wall section
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Table 4. Material parameters for Concrete01, Steel02 model

Reinforcement ratio

Concrete01

Thickness (mm) Vertical (p,) Horizontal (p,) Parameter Compression Tension
300 D19@100 (1.91%) D13@250 (0.34%) £, (MPa) 26,175
[ . (MPa) 252
Table 3. Details of beam and column sections ¢ 0.002 )
Girder £, (MPa) 0.3
Section Dimension (mm) Reinforcement ‘. 0005
G1 300 x 550 6-D22 (1.59%) Stocl02
G2 300 x 500 D22 (1.48%) Parameter Compression & Tension
Column . F, (MPa) 440
Section Dimension Reinforcement £ (MPa) 200,000
(mm) Longitudinal Transverse :
c18C2 450 x 450 12-D22 (2.29%) Strain-hardening ratio (b) 0.02
C3 (1F~3F) 650%650 | 28-D22(257%) | D10@350 RO 200
C3 (4F~8F) 650 x 650 | 16-D22 (1.47%) CR1 0.925
CR2 0.15
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Fig. 2. Stress-strain relationships of Concrete01 & Steel02 [5]
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Fig. 3. Force-based beam-column element with fiber sections
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Fig. 4. Composition and flexural deformation of MVLEM element [25]
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Fig. 5. Analytical model for NSF model
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Table 5. Material parameters for ConcreteCM model

Parameter Compression Parameter Tension
f . (MPa) 252 ; (MPa) 313
€, 0.002 € 0.00008
E, (MPa) 26,175 E, (MPa) 26,175
z 20 x 10,000
T, 297 T, 12

®
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Fig. 10. Analytical model for SF model
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Table 6. Classification of collapse mode by analysis models
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Fig. 11. Example of shear behavior (SF model)

Model Element Behavior Collapse mode Parameter Limit value
Beam Flexure SC Curvature P beam !
Flexure NSC Plastic rotation CP level
Column
NSF Shear NSC Shear force Vol
Flexure NSC Plastic rotation CP level
Wall
Shear NSC Shear force V., wal
Beam Flexure SC Curvature Pubeam !
Flexure NSC Plastic rotation CP level
Column
SF Shear SC Rotation of plastic hinge region 9f
Flexure NSC Plastic rotation CP level
Wall
Shear sC Shear deformation Ay,
Overall building response NSC Story drift 1.2%

"The ultimate curvature of beam



2] 80% Aol A o] HTHAR( A, )= TR A SHATH(Fig. 11).
F7H o2 B3 @97t ofd, A= AA 9] B E wEksl] 913t A)3E
B STALNZE ARESE3) o, oof] thgk S AIGRE oAl =] 715 2
A |oF FARRE 2718 71 of 2] AAIE harste] Z7sk3ith Nosho et
al.[36]2] No.13} Lynn et al.[37] 2] 3CLH18-2-0.8d2}1.0d 9] w &L 7t
A(d : F1710]), 0.34 2 0.099] Z2HE 711 75 AAo]c}. o] A
A5 2o FTHAANZRE 212 1.7%, 1.2% 2 UElTh B33 A 8 47t
Q= ¥A)| AgA| 2l Dazio et al.[20]2] WSH4, Chun et al.[38]2] W22]
Z2H)= 71710.06, 0.140) 11 218 28]1= 0.82%, 0.63%, 18|11 +F
0= 0.25%, 0.31%0]C). WSH4 9] T 27191718 1.6%, W2
1.5% Lpehdr}, olelgt Anke Faisiol 1) 7z $aie ekt
7] SIRE S7ASIZE BARES 71 A9 22 1.2% S5k

5. HIMAZALHEIMS St 71§ =4

NSF 9 SF msle] 23w 7% 2o}g Sielsl] 1a) A ma
& 5o TR 5L BASIGIh o8 St Yot pAREL 12
£ gao] 1 SAREE ABIIS, Fig. 124 F 20| oAl
(Capacity curve)S WHAGE T} 2|52 Hu| o] A 2 vehd Ao|c)
o] Z1o] QA Aelet- 37| 7 Pahe AL FAISIch 75
A 92 B EEm TR A] QAL ol LrehiA] o2 el Al

HHORES Ust HIEF2|E BEEMHE-E2X U292 SXHAHUS
1.2%0] EEF 271 Jrldie. YRAK@, B F) E BEEAY(@), ()

£ 5AE e ge Aol thl-c SC BE, o HAN=
NSC HEZ oju]gltt. Table 70]i=NSF 4 SF 2El0] Sgfzof AR
715} ojulg Aelatlck

Fig. 12 5] Aul] .= v o} o iz} elafiale) ol 7} 9L
= & 4= Uk NSF 2Elo] A @ wap Aol A] G = o) Hhge 271 9]
7H1.2% Z3)(x), 2.2] §5}3)(@), 715 Hoka)(b) D A fni(@)
O3 et NSF 2ello] 324 @ vt Alof 4] e Htte]o] 7h4sh= 4]
2 50| Fmh)7 L HAYGH - 7tol ek 1.0] fluty] o] F W HEo] ofrt
Aot A & RAIBRE Foll 7153 B fuk) 7} vpehyct
FALHIA Aol 7152 HA O] AT EEe VEhA] eholtt. o
= 715 A B Aol gl Ao FakEo] ks Ae
ofmgitt. 0|9} o] A o= F AFo] Aufsti Qlou e FA W
Ko] FAgH e AGH= ERA] Aokt S7HAS1ZM1.2% 230t =77}
A AeyE 7l o= Pkt

uhe, SF melo] By uhayo 2 7kH 9711 2% Z3(x), WA M
17)(©), 50| Fut(@) -oF Lhehet. SF Eo] A 2 H| Al
A R TEo] Zhaah A Ao Akuky) mEsb ek 2%
olck B2 o] AH& Aok 271912} 1.2% 22k A2k o} & 71
Olu'H NSF 2dih= ch2 A Wedeo] 24 Astegle). olzlet @4t
B o] e mg %5116}7}”*“6}“% f‘ﬂwﬁﬂ*ﬂ El=s

mNr

,L - _ } 21-7] B3] ul—/\ﬂ“sl— A _‘z,_h‘:_]»g A= 3= A
WP A9 vle] AT, SRRA Al 718 i S7hEsizto] R s
S}l NSFof| A= A eo] =dsix] ¢hal, SF °ﬂ 1% Ao =g
8000 ® : 8000 ®
7000 (b) . 7000 |
6000 - @ . 6000 @
z z
< 5000 g < 5000
® 4000 - . % 4000 -
2 @
@ 3000 - . @ 3000 -
2000 - E 2000
1000 [ 1 1000 H
0 | | i | o ! ! ! !
0 0.5 1 15 2 25 0 0.5 1 1.5 2 25
Roof drift ratio (%) Roof drift ratio (%)
(a) NSF model (b) SF model
Fig. 12. Pushover curves of NSF and SF model
Table 7. Symbols and meanings on the pushover curve
NSF model SF model
Symbol Content Symbol Content
x Story drift = 1.2% x Story drift = 1.2%
@ Curvature of beam = ¢, ... @ Curvature of beam = &, ...
(b) Plastic rotation of column = CP level (b) Plastic rotation of column = CP level
(c) Shear force of column = = V, © Rotation of plastic hinge region = 0,
(d) Plastic rotation of wall = CP level (d) Plastic rotation of wall = CP level
(e) Shear force of wall = V, ®© Shear deformation of wall = A,
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