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Study on the period reduction factor of light gauge
steel-concrete mixed structure

Li Qi*, Wang Zhijun®®, Deng Yichuan®. Han Lizhi®
(a. School of Civil Engineering; b. Key Laboratory of New Technology for Construction of Cities in Mountain Area,
Ministry of Education, Chongqing University, Chongqing 400045, P. R. China)

Abstract: Light gauge steel-concrete mixed structure is a novel structural system which not only suits the
Chinese practice but also meets the industrialization and modularization of building construction. The light-
gauge steel substructure of the mixed structure system will increase the lateral stiffness of the main
concrete structure. When the simplified model with only the main structure is adopted in design analysis,
this effect can be taken into account by the period reduction factor. The simplified formulas of both the
lateral stiffness of 2 or 3 story light steel wall substructure and the period reduction factor of the mixed
structure were derived in this paper. Based on the test results, the refined and the simplified model of the
light steel-concrete mixed frame were established by using ABAQUS software. The numerical results agree
well with the experimental ones. Finally, the proposed simplified formulas of substructure lateral stiffness
and period reduction factor were verified using FEM stimulations.
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Fig.1 The Light gauge steel-concrete mixed structure
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Table 1 Specimen parameters
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Fig.3 Frame geometry and steel detailing
hNiEE a2 BURVA
/ / /
A
el
e
| | PR
& e
A
g
- A
ﬁ%%& T%% DUk

175, 300 , 300 , 300 , 300 , 300 , 300 , 300 , 300 ,175,

(a) Hfk

(b) Zml&EH
4 2 ERMEE
Fig.4 Two-story light gauge structure

(b) Sl bl
5 WHEMEmMHEEKE
Fig.5 Layout of the loading devices
I P AR U TURR 20 A PN 22 24 AT X B A5 L
Fo v o 0k a7 T O B[] I 7 3 202 7 ) 22 25 A7
Fo it ok s Ml PR 3 7% . TEME R 2 72 4 P 3t 300 mm

T E R A SAE SR AR AL 300 mm 5 B 75 45 9\
N A 757 10 28 o W A TR A AT I T R
WA R OSB M PERE AN % 2 Bron . Sc iR ¢ 1
ST AR I 58 B F- 3 (O 43.6 MPa,
£ 2 A OSB R A2 g
Table 2 Steeland OSB mechanical properties
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Fig.6 The experimental phenomena

WAF SY2 R BE - HE 28 b REE A A R T A A
SY1 HEAA A L AEHEZL 5L b I\ i 52 137 i I 22w g T
SYIL(ZYAE 1/86 fii ¥ ). A A J= [E] Ul 4% i 3 1
SY2 JIr it fil B4 7K P-4y 28 5K Tk SY L, B I A2 4N
WEMZEHTWE2Z T, 2 ELEH/NT 1/166
I 5 20 G B A T OSB i 12 [ 1 o 52 1 56 )
AT o BEAE O 16 5 8% 3 K A A A A A
R 7L 5% PR AR OSB AR 2 8] & A2 4 3l . OSB Al
i) PREE S A BY AR TE L L2 WAL A 1/45 I,



102 + K5 ;3 4

F WP & O

%42 %

] OSB # "8 [m] PFSE 9 Jm F BT IR, & 6 (o frs .
A 1/33 J2 AL A GRAE Y A A A0 o VR 5+
A B 5 135 . SY2 fIE I R 3 1 SY1
AW S P G R S 2 T ) AR 27 G i R R
i 130 kN # k%] 171.3 kN,

R SY3 gk mr A g - B8 il 2 B A R R B
2.2 1/300 RN B M2 )G, -l & kS
o R op, B WS R R 1 & A B gh R 7S A
&8 OSB Mz 22 [8] Y % 1] Pf 4% & AR5 8l B AR B T M
] SCHE S AH G0 ] 7 B8 3R B 22 mm (2 1/73 FiFE £
BF F 1  A B  R h l

WA SYL-SY2 iy fi [l il £ an 18 7 B s s ik 1
SY1 1 SY2 iy 2R & an il 8 iy - il i SY3 ik
Hh-iEh & nE 9 iR .

-150-
(a) WASY1

(b) WAsY2
7 X4 SY1 0 SY2 i [ #h £&
Fig.7 Hysteresis curves of specimen SYland SY2

150

T T T T 1
20 40 60 80 100
Hi#/mm

T T T T T
-100 -80 -60 -40 -20

-1004

-1504

#: —o— SYl —e—SY2
B8 X SYlFSY2BEMEL
Fig.8 Skeleton curves of specimen SYland SY2

P

s 10 15 2 25
Hi#/mm
i — RS Y3 h 2%

B9 RAHSY3EFN-MABHLE

Fig.9 Force - displacement curve of specimen SY3

22 BN-ERTIBEEERBHLCERTON
2.2.1 ARAKEE I Al ABAQUS B AF X 52
W-TRBE LIRS ER TR A R oo tr. G
HE B Hy 9 77 T Bk 1 HE 2R AR 4N — OSB M4l & 4 1R
BTN . T A HE S RS A fb R o % 30 4N 7 Vi 56
THEGE R B— OSB M2 & 5 Ak DL e e Ai] 22 Il 3% %
HYELAY

FFXHREEEHAESE A ABAQUS JEL B Rt/
BTAE X b A o B AR R Y 2 0 e K ik
5 FF %2 (15 PQ-Fiber " b4 Aeh A< ¥ 450 7Y , 12455 70 R 4 &y
b A UL 7 T RE T HE SR B PR BE . 7E ABAQUS
PSR FH = 4 2T 24 2 B 0 (B3 1) B UL 7 T Rk HE 2R
B0 A5 R B A R AR 4 43 1R ] PQ-Fiber™ 44
Ay 1R H ) Usteel02 1 Uconcrete02,

B E OSB iz 8k T B B8 5T % 42k
T KF-59 0 o B VR ET i 42 Ak 1 5 e 55 U i A% 4
B2 OSB MR 41 & 58 K 1Y 52 T P BB A 5K i) fE
AL 53 B 0 SR A T H BORET Y D) i B B,
REBNELYS OSB RZEIR 48 "854
RARAS BE S Wi Fb 85 D) FS L R FH 0 B T ok B
LB BORET . 7E ABAQUS B P inp SO, i@ 3 )
5 # Z ) (R AF 2 M k2 SR ALt AR ek i . IR
FIsReE S80S 4N e i BEJE L OSB AR L B BUIR
ETHE OSB # ) s 5 DA S BB ET 32 1 7 1 A 6. AL
WETHIZ 1 105y AT T OSB Kl 5 E T
OSB A K30 PRl 00 . 525 2 B0 4 A PR S41 BT
IR BT UL 59 12090 45 R A0 1€ - inp SO v g AR 8
FRARANFE 3 s, Kb Fo, 6., 200 o e K35 )
MAARL RS &L F, F1 o, 205 o JE ik i i 8
SR B W A f L, T 00 A0, A IR BY 10k 0.2F
FOAF,, B . BB e OSB fieR Al 7
AT, BT O R AR £ 1 i 3 R B 40 B2 b 1
LR ANEARTE | 5% T E SR A ) DG R SR T R R
AR, OSB i R s 3 PERE A bR 2 80 L3R 3,

X TR S5/ AR &+ £ 450 BT iER,
T AE U oK UL 5% 21 I i 08 A% ) ] I 8T U0 AR T
WOCRFH T B A K M B SR AL AN 5 I B )



%14 ZEaf 5 BRI LR

B 5 A B IR TR R R R

103

B% . 1 SY2 iA RITEBIANE 10 Fios .
F3 HEHE
Table 3 Spring data

61/ 82/ Fy/ oy/ Fu/ &/

mm mm N mm N mm
S 10 mm SFEfF 0.20 0.63 1301 2.37 1496 4.40
WHEE 15 mm 47 055 119 1599 4.04 1867 6.84
WHEE 25 mm P47 0.31 0.85 1871 4.20 2278 10.47
WiBE 10 mm MEEH 0.26 0.68 1199 2.13 1364 3.82
WHPE 15 mm H  0.32 112 1380 4.21 1669 6.74
WEEE 25 mm FEH  0.18  0.80 1615 4.38 2036 10.31
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Fig.10 Finite element model of specimen SY2
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Table 4 Comparison between simulated and

experimental results for 3 specimens

75 1) it SY1/kN  SY2/kN  SY3/kN
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5HilmiE/ % 3.62 16.2
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Table 5 Comparison of stiffness for SY2 model

it A/ Kuw/ Ko/ ki/ ky/ ke/ K./ Ka/ Ka—K,
mm (Nemm ') (Nemm™") (Nemm™ ) (Nemm™') (Nemm ') (Nemm ') (N+mm ') K. /%
6.32 7 466 6 202 2 530 3169 12 068 1 264 1274 0.79
12.64 5295 4273 2093 2592 8 273 1022 1026 0.39
18.96 4 489 3599 1 858 2 233 6 932 890 891 0.11
31.6 3718 2996 1593 1 840 4470 722 720 —0.28
F 6 SYBEER|EXLL
Table 6 Comparison of stiffness for SYB model
ik A/ K/ K./ ki/ ky/ ke/ K,/ Ka/ K.\q—K,/%
mm (Nemm ') (Nemm ') (Nemm ') (Nemm ') (Nemm ') (Nemm !) (Nemm ') K,
6.32 6 974 6 193 2 812 3 495 1551 781 782 0.13
12.64 4 878 4 266 2 625 3235 1047 612 611 —0.16
18.96 4139 39595 2 387 2 893 922 544 543 —0.18
31.6 3 455 2 992 2 041 2 476 780 463 461 —0.43
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Table 7 Stiffness and mass of the main structure

E4itE AEIRBELR Wi o i /¢
(N+mm b
1 C45 16 070 69.5
2 C45 9 767 69.5
3 C10 8872 69.5
4 C40 9 034 69.5
5 C35 10 731 28.2
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Fig.17 Simplified model of mixed frame
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Table 8 Comparison of the period reduction factors

= ] 3% | s A R m ok . .
)2 ) % 2 W B2/ REHELE F 4ty e T X1 v oo X 1%
(N« mm-1) JE JE Xt —Xr Xto—Xr
8 800 1.826 2.040 0.895 2 0.892 6 0.29 0.891 9 0.37
4 400 1.843 2.040 0.903 6 0.901 1 0.28 0.900 4 0.35
2 200 1.870 2.040 0.916 8 0.914 5 0.25 0.913 9 0.32
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