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MODEL TEST OF RC FRAME-SHEAR WALL STRUCTURE WITH
PARTIAL COLUMNS SLIDING AT UPPER ENDS
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Abstract: Comparative shaking table tests were conducted for a reinforced concrete (RC) structural model with
partial columns sliding at upper ends (Model B) and an ordinary RC structural model (Model A). The two models
with an identical plan layout were 1/10-scale, 3-storey and 2-bay by 2-bay frame-shear wall structures, and the
second storey of either model was the weak storey. In addition, the mechanical performances of two friction
supports were tested to determine the range of a friction coefficient. Test results show that: 1) the average value of
the friction coefficient for the friction supports composed of Teflon and stainless steel mirror plates without
lubrication oil is about 0.070~0.095, while that with lubrication oil is about 0.014~0.018; 2) the maximum
inter-storey drift ratios related to the weak story, the maximum relative displacements related to the top storey, the
maximum absolute accelerations related to the weak storey, and the maximum absolute accelerations related to the
top storey for Model B under earthquakes with different peak ground accelerations are, respectively, 209%~43%,
17%~32%, 12%~22%, and 7%~33% less than those for Model A; and 3) the maximum inter-storey shear forces
related to each floor of Model B are all less than those of Model A. Generally, the aseismic performances of the
RC frame-shear wall structures with partial columns sliding at upper ends are better than those of the ordinary RC
frame-shear wall structures.
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reinforced concrete; frame-shear wall structure; sliding at column upper end; shaking table test;
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Fig.1 Photos of upper and lower friction plates
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Table 1  Friction coefficients of friction supports without

lubrication oil

B 1) i B 7] /MPa PEB R FS1 FS2
RRAE 0.090 0.104

2 Be/ME 0.043 0.050
PHIME 0.070 0.076

IEPNE 0.110 0.100

4 He/ME 0.074 0.065
A 0.095 0.084

I=ONE 0.092 0.082

8 B/ME 0.063 0.056
SFEME 0.077 0.072
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Table 2 Friction coefficients of friction supports with

lubrication oil

"% 17 [ )8 ) /MPa PEEE R FS1 FS2
RKME 0.030 0.033

2 e/ME 0.005 0.003
PHIME 0.018 0.017

wKME 0.023 0.026

4 He/ME 0.006 0.006
FHME 0.016 0.016

=ON: 0.019 0.019

8 Be/ME 0.007 0.006
Rl 0.015 0.014
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Fig.2 Displacement-time curves of FS2 with vertical
pressure of 4MPa
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Fig.3 Velocity-time curves of FS2 with vertical
pressure of 4AMPa
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Fig.4 Friction force-displacement curve of FS2 with vertical
pressure of 4MPa
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Fig.5 Friction coefficient-time curve of FS2 with vertical
pressure of 4MPa
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Table 3 Friction coefficients of FS2 related to different cases

ISR Hz %ﬁw RN
fir#s/mm o BME I
0.013 +100 0.028 0.007 0.016
0.025 +100 0.026 0.007 0.016
0.05 +100 0.026 0.006 0.016
0.075 +100 0.033 0.008 0.019
0.2 +50 0.034 0.012 0.024
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Fig.6 Plan layout of structures A and B
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Table 4 Reinforcement details of Models A and B

A I fiti %
1. 32HE 4X 16# 22#@30/15(2)
2 J2HE 4X 20# 22#@40/20(2)
1. 3280754 12X 18# 22#@15(6)
2 )20 g h 4X20# 22#@40(2)
s Rt M. 3Xx18#
R, gt 22#30/15(2)
JE: 2X18#
Ko i i 314 224@30/15(2)
JE: 2X14#

M 14#. 16#. 18#. 20#. 22#NEIHIBEER TR A 3.23mme,
2.086mm?. 1.168mm?. 0.65mm?. 0.396mm?,

(a) A (b) #H4 B
K7 B A I B SRy
Fig.7 Photos of models A and B
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Fig.8 Photos of friction support
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Fig.9 Locations of accelerometers
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Table 5 Locations of accelerometers
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Table 6 Test cases

T 1 2 3 4 5 6 7 8 9

G CE R PR % NG
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N Aoow  EF 0 W S i 7

35 25 70 25 100 25 150 25
s g

23 WIEIK
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Y B ¥R R . 284%. 1& 10 A 11 Foos oy
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(b) 3 2 JBFE
K10 BA A BRI TES
Fig.10 Failure modes of model A
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(@) %52 28/ (b) %52 2k
K11 R B BB A
Fig.11 Failure modes of model B
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Table 7 Fundamental frequencies of Models A and B
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] fe KA Fg A e KT s AR B (RIS 3 Bk
A AL RS ) o W B BE AL A /N 20%~43% Al
17%~32%, 3 B0 3 A3 T0T 0 ) 3 TR o - AE B &6 4y
BA HAL e Y 25 W S AL P RR MR

3) ANFEEHFEAEH T B 2 3 22
[ fe RALAS ff1, LA UEAE 0.035g (M FE 9% AE I T A%
B M 1 EE R KRS MY LR A BT
K, HHFHELE. HIEAREFHZE, B4
IR FR R A A R e e B o bR B SR 9 ml A,
ANFEEEH R P AEH B B (28 1 )2, 5 3 246
ZAb T HPERT B

#=8 1HA A FIER B 5 B EAEN I

Table 8 Maximum relative displacements of models A and B

(P B-#7Y A)

T BZ B Almm A B/mm
A AJ(%)
1 0.09 0.14 56
T 2 2 0.62 0.32 -48
3 0.62 0.42 -32
1 0.16 0.15 -6
T4 2 1.33 0.93 -30
3 1.44 1.02 -29
1 0.30 0.23 -23
T 6 2 2.33 1.72 —-26
3 2.48 1.90 -23
1 0.28 0.27 -4
TH 8 2 3.38 2.69 -20
3 3.42 2.83 -17

#9 RIEAFRE BNEERERALBA

in y-direction Table.9 Maximum interstory drift ratios of models A and B
R Bk TR A ) Rk TR
T M B Az 17 B/Hz (R B-HR2 A) TH B KT A K B (HUA BT A)
BLELA AL AJ(%)

TH1 135 145 % 1 13252 1/2083 56
TH7 12.25 13.0 6% T2 2 1/564 1/990 43
W9 10.75 12.25 14% 3 112479 1/1852 34
25 R 1 11818 1/2041 11
I . Nt e e T4 2 1/251 1/366 -31
X B J2 PR AN A% IS A5 1 K 28 56 A 7 8 AT 5 ol 12083 14
2 B 7K~ 28 6 52 2 - sf TR] fh 28 29 3 5 6 A 1) 7K - 4 TH6 2 1/139 1/186 25
X AL % - BF T) it 2 A e BD 75 2% J2 AH X A 7% - s [a] i 3 11838 1/1333 15
2R 3 8 FT N I (B M U 1 F R A TS s ; 1’11/323 11//11112: —260
T B %2 B KA R s &5 58, 3R 9 Fios N 3 11136 1758 50
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N IR (I T 6. T 8), 17 B
IEE 1 JZ e R4t s FEATS LAY A B B A1
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B 2 2. 3 3 BB EmRAER s FE R LA 1 2B
SN, 3K DRI Ay i R R W RN P R Y 5 )2
RAAFIFEFE R IR LAY B B8 15 S e o T 8

# 10 A A FIHER B IR BERABEIINERE
Table 10 Maximum absolute accelerations of models A and B

(F7 B-#7Y A)

R WZE MR Ag A Bl
FR AJ(%)
1 0.055 0.071 29
T.H 2 2 0.103 0.08 -22
3 0.106 0.077 -27
1 0.139 0.140 1
T 4 2 0.162 0.139 -14
3 0.157 0.146 -7
1 0.251 0.240 -4
T.H. 6 2 0.170 0.150 -12
3 0.198 0.162 -18
1 0.413 0.392 -5
T8 2 0.203 0.158 -22
3 0.236 0.159 -33

Kl 12 s AUgfE 0.15g HRAEH PR A
AR B & 2 B 2800 Tk B R 2k o AN rhrmT
A, PURERES 1 A2 TN R i N O R
HRR B 55 2 2. 55 3 JZ IS s S i A LE AR
A W

(@ #H 1=

(c) 3)=

K12 B A NI B (25 J2 2600 fin it 2 Inf 7 pt 2k
Fig.12 Absolute acceleration-time curves of models A and B
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H R EK R B A FIRE RN TR A, o
L JE fie K BY AN 55 2 2 1) B KB 0 g BT 2 )
N T%~17%H1 11%~28%.

* 11 BE AMRE BHEERKEET
Table 11 Maximum interstory shear forces of models A and B

(P B-1EHL A)

T MZE R AN R BIN
T AJ(%)
1 1371 1184 -14
ThHt2 2 1086 815 -25
3 551 400 27
1 2379 2207 -7
T4 2 1657 1480 -1
3 815 758 -7
1 3215 2867 -1
TH 6 2 1911 1621 -15
3 1028 841 -18
1 4425 3683 -17
T 8 2 2280 1646 -28
3 1226 826 -33
3 it

AR ST, AT DA E R 4 i
(1) T 9038 A 3 5 D 50 2 0+
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SERIRERL(BLAY B) (1) 55 )2 B X L0t insek B A0 T J2
S KA JINTHRE 43 ) LA GEAE B S5 MU BB (B A)
7N 12%~22%F11 7%~33%, K W11 & 5 )5 M AR
AT BRAR AT A% SN, 38 AT ] Bl /N T o o

(6) AT HE T FEHEBY 45 A B (BT B) %% )2
(1 85 K2 181 BY 77 35 AN [R) F2 P55 /N1 4% G A BY &5 1 A
BB A), FHorp ks K8y A gs 2 2 A ok
BY S BEIE 4 5N T%~17%F1 11%~28%.
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