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Shear overstrength factors for RC frame members in Chinese code
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(1. School of Civil Engineering, Chongqing University, Chongqging 400045, P. R. China;
2. China Academy of Building Research,Beijing 10013, P. R. China)

Abstract; Using shear overstrength factors is one of key earthquake resisting measures for reinforced
concrete (RC) frame members, which aims to ensure the safety of structures under rare earthquakes. The
shear overstrengh factors for different seismic grades have been provided in Chinese code, while little
research has been conducted up to date which focused on the actual effect of shear overstrength factors.
Three regular RC frame structures were designed according to the current code, which respectively located
in intensity region 7(0. 15g),8(0. 20g)and 9(0. 40g). Nonlinear dynamic analyses under rare earthquakes
were finished. The ratio of the shear demand under rare earthquakes to the average shear capacity for beams
and columns was calculated to identify the effectiveness of the shear overstrength factor. The rule is that
the ratio of more than 90% components are less than 1. 0. The adjustments were made in the case when the
shear overstrength factor did not meet to the rule , which continued until that the factor is up to grade. The
result proves that shear overstrengh factors for RC frame beams can keep onj; the shear overstrength factors
for first seismic grade is oversized,while that for second and third seismic grades can not satisfy the shear

demand. Two sets of schemes for column shear overstrengh factors are proposed based on further analysis.
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Fig.1 Plans of frame structures with different

seismic resisting grades
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Table 1 Details of the frame structures
i Eij0 B =) T AR &M/ (kN m™ D) HE 24 2 48 i R~
e 31 fi R R 7 R S B A T o /
WS % MR /mmo S U iR bR
650 mm X650 mm 350 mmX 300 mm X
KJ1 =9 600 mm X 600 mm 100 12.7 3.9
(600 mmX 600 mm) 700 mm 600 mm
700 mm X700 mm 400 mmX 350 mm X
KJ2 Y 600 mm X 600 mm 100 12.7 4.2
(650 mm X650 mm) 800 mm 700 mm
950 mm X 950 mm 450 mmX 350 mm X
KJ3 —9 600 mm X 600 mm 100 16.2 7.6
(900 mm X 900 mm) 950 mm 700 mm
JZ i /mm TR B - i OB MM/ (kN m™?)  /NETFZERAA A BRBH
i o] 2 7R FE H 2% 1 £ 28 X J7 ] Y Jiln] LI DAY
4 200 3900 C30 C40 4.004.5) 3.5(2.0) 1/570 1/603 0.72
4 200 3900 C30 C40 4.0(4.5) 3.5(2.0) 1/579 1/556 0.71
4 800 3900 C30 C40 4.0(5.5) 3.5(2.0) 1/563 1/587 0. 31
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Table 2 Basic information of earthquake ground motion records
HE 2 55 5 4’5 RSN b 44 B KR [H] IR S S BE M BB R,
169-262 Imperial Valley-06 1979 Delta 6.53 22.03
752-000 Loma Prieta 1989 Sturno (STN) 6.39 12.53
767-090 Loma Prieta 1989 SMART1002 6.93 12.82
KJ1 960-000 Northridge-01 1994 Gilroy Array #3 6.69 12.44
1148-090 Kocaeli, Turkey 1999 Arcelik 7.51 13.49
1158-180 Kocaeli, Turkey 1999 Duzce 7.51 15. 37
1602-090 Duzce, Turkey 1999 Bolu 7.14 12. 04
68-090 San Fernando 1971 LA-Hollywood Stor FF 6.61 22,77
725-360 Superstition Hills-02 1987 Poe Poad(temp) 6.54 13.7
960-270 Loma Prieta 1994 Gilroy Array #3 6.69 12. 44
KJ2 1148-090 Kocaeli, Turkey 1994 Arcelik 7.51 13.49
1158-180 Kocaeli, Turkey 1999 Duzce 7.51 15. 37
1485-045 Chi-Chi, Taiwan 1999 TCU045 7.62 26
1762-090 Hector Mine 1999 Amboy 7.13 43.05
721-090 Superstition Hills-02 1987 El Centro Imp. Co. Cent 6. 54 18.2
725-270 Superstition Hills-02 1987 Superstition Hills-02 6.54 11.16
752-000 Loma Prieta 1989 Capitola 6.39 12.53
KJ3 1111-000 Kobe, Japan 1995 Nishi-Akashi 6.9 7.08
1158-270 Kocaeli, Turkey 1999 Duzce 7.51 15. 37
1602-000 Duzce, Turkey 1999 Bolu 7.14 12. 04
1787-090 Hector Mine 1999 Hector 7.13 11. 66
UL AR B AT — AR T 1T 2 3 Y RSN G5 DL KON B SO JE 4. i 40 RSN169-262 & RSN169 i H Jin 3 )& SC 1k 44

IMPVALL. H_H-DLT262. AT2 (45 .
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Fig. 2 Inspection of shear overstrength factors

for ends of beams
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Fig. 3 Inspection of shear overstrength factors for

ends of columns in Chinese seismic design code

FE T A 2 A P AR U s T — ST AR S T Y
ST A RN 33 KRB % e (R T AR P 3
R-BENH/NTHUE/NT 1.0, B ERRR
EEFEEAET HUM 2010756 6. 2. 4 ZRHUE LAEHTR
B A A A P Y L X L 2 &2
JE A S 25 R DR AR I AR A LT s T A 4
BEMEBOME. BT ZMEHE — . SRR
N HE A i B R R R B B 1L 7 1.5 A L3
CRLHTHL 2010755 6. 2. 2 2% X i 45 7 — R AE 2
SERREDURR P BT BT BT O 9 B3 8T 77 © o v
BRI RRE L 7RO L i B 57 J R 1
PUBT 4l A5 5 AP BRI BUBTRE T A R T R
KX P — RPURFRAMERAE LR YUy e -
REEGETHE R 2 2 EE AN T PR SF
PR AE BT BT Iy v B A R e AR R R 15 Y
SO AELDN P BBORE B9 1 3R R B L. 3 1 AN G R il
HIBCRATS AR RE K B A SCHR Hh b ofis . = RITRRF
PUAE S 8 R R BOCE /N A 1.3 I Z K57 7 3%
RABBUE B E /N CRA 1.2) 5O 8k K 2] BT 42
AP s o

4 FABREREIHEXRBNTER
#HR
CBAE AT 3 A5 471 A 20 R SR R 5

RIS R T LI 26 7 L B 2010 HLE 11
HEZR G2 0T Iy 38 R R BORE A S B . AR AL 10 22

TN RAB T AR W EN, BEEH N E
il 7 HE SR A BT 7 38 K ZR B i = AR A I S B
e E X (S E =N IPOEN 3> S NinR | MR (L)
JIT P 8 A 3 25 R P G T i 5 9 R R B B i
IS 3 5 A TS . WA X AN (R PR A5
HE Z0 25 4 1) R B g 1 R ZR BIOBUME A A6 2 8, DL AR
HEAE AN [R50 52 25 2 T HE 20 45 4 4% 285 1) 1 1) 525 388 7
PLBY %2 4 P AT B AH [F] K HE 1 PRIIE

R a3 B BT B Y 3 AN B A T LA IR A
FEBY 3 B8R R B TH 50 B BT Jy R R A
IE GRS 0,05, XA Y B BT 3R R
B R 50 R 1 S B B A S A R O 4, T AT 58 K
Xt 28 (5T B BT RN A 22 2% 58 K o T iz 3
AT AR S Bl T3 OB 3 BT AR R DL T A T S i o
JONS 25 B HE B AL BT 7 SR —RE ) L I SE 1o T, B
FFE Y I 38 R R BRI L B I AR G T oy BT
T2 L BT BY 2 A VR VP BR ol Ok

R DL 25 B 76 AN 0548 B i 25 0 B K R B
PR SE XT3 N33 94 o B 1y 398 R 2R B0 3 Wk 4
AT AT S TR R R IS AR B 3 R R AR LE
X =G R — G4y i B 1. 45,1, 35 Al 1. 20,
XIS R A B B 7 SR -8 7 b O BB 4 TR .
M AT LE S ORI RS R B ok
RBUG AE— . SRR R BAR AR W R A
B R TP R RGBSR KT 1.0 1
FREERITFREARD T 90 % By TEM bR . M T 28
TR R B S A B 3 R R BRI R LA L LR
{E BT R2 55 9028 fb 1 i 34 55 20 450 DL 30 (9 A 2, R
R A 0 R DU /N o DI TR S O R X
H R ity A A 9 R AR B B A A A R T O A Y

0.4 0.4

0.3 0.3

¥ 5
gol §0.2
0.1 0.1
0.0 0.0
0.64 0.72 0.80 0.88 0.96 1.04 0.56 0.66 0.76 0.86 0.96 1.06
TR TR
(a)KJ1 (b)KJ2
0.4
03
N
2 o2

0.1

0.0

055 065 074 084 093 1.03
(c)KJ3
B4 BAEGHBTHNEXRZHENEIRINER

Fig. 4 Inspection of adjusted shear overstrength

factors for ends of columns
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and shear-risisting stirrup in each floor
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