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Seismic analysis on mid-rise cold-formed steel structure with reinforced end studs

WANG Xingxing', YE Jihong

(1.School of Civil Engineering, Southeast University, Nanjing 210096, China; 2.State Key Laboratory for Geomechanics &
Deep Underground Engineering ( China University of Mining and Technology) , Xuzhou 221116, Jiangsu, China)

Abstract: Mid-rise cold-formed steel ( CFS) structure with reinforced end studs can promote the development of
mid-rise CFS residential buildings from low-rise ones. To analyze the dynamic characteristics of mid-rise CFS
residential structures with reinforced end studs under earthquakes, a simplified calculation model of CFS shear wall
with reinforced end studs, which is the main lateral load-bearing structural component of the structure, was
proposed. The proposed model could consider the real behavior of beam-column joint, and then the seismic
calculation model of the whole structure was further obtained. Lateral design objectives for the structure under
earthquake were proposed according to abroad specification and previous shear wall test results that performed by
authors, and seismic analysis on a mid-rise CFS structure with reinforced end studs was carried out. The results
show that equivalent-bracing model considering the mechanical behavior of beam-column joint can precisely predict
the seismic performance of the structure. It is safe and reliable that 1/300 and 1/75 being taken as the elastic and
inelastic storey drift limits of the structure under frequent and severe earthquake, respectively. Mid-rise CFS
structure with reinforced end studs will not collapse under severe earthquake with a degree of 9. It is not suitable to
adopt shear wall combination with large difference in stiffness between two directions, and the shear strength of the
walls along the direction with larger opening rate should be strengthened emphatically. In areas of particularly high
seismicity, both shear strength of the wall and vertical bearing capacity of end studs should be taken into account to
avoid overall failure, which is caused by end studs’ buckling.

Keywords: mid-rise CFS structure; concrete-filled rectangular steel tube columnj; lateral design objectives;

seismic performance; simplified calculation
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Fig.1 Typical CFS shear wall with reinforced end studs
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Fig.2 Simplified calculation model of CFS shear wall with
reinforced end studs
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Fig.3  Stiffness determination of the axial spring

L
M

2F H

kSprin(;, = IA, ’ (1)
2 A BRI S ] AR XS AR TE s H L 53 53] A i A
e BE RN B L

f=F/2cos 0, (2)

d=A, -+ cos 6. (3)

Ao d AR S ST il ) AR, 20 S
BRARI T F FIOIRS A XTI 50 S S5 AUHL R AT 5
FERZ B,

N\

o) F

—

5=

(b) SEAULI AR 321
4 RHENASHEEZNTE
Fig.4 Force diagram of CFS shear wall
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Fig.5 Simplified calculation model of the wall
XAt 0 320 S A RIS SR ) = o it
IRFIRIAL S, (57 8% G 2 5 SCHIR [ 5 ] a0 n 48 ) 2
—F O 5 mm. B 6 A AR R W E B A
A5 )25 3~ R i 11 gt £ A0 2 59 )~ B 1 SRt
LRI TR TH 2 R SR 45 SR Le. T LA B
TR PR A ) 25 J2 B ) — (5 B i Tl gt 28 R U2 89 ) -
FEAS AL I LR A TH R R R ST 0 R B i A 2k
PSR IR
2 90 TR 2 BT A R S i g A
UL ARG R, JEIRSY J1 Q,, i WAL
B A, AN RSB 1/300 2 8RBT T Q0
DAKe B 53R B I, % J22 58 1A TOU IR % b T 114

<4



5512 1

FRE 5 2R R R R URPERE T - 19 -

KRS A, 5 EAS A5 R 5 R 56 1 1 A X
TRZETE 9% VAN, Ut W AR SCHS A ] AL TS A6 Y vp 4%

BRI A B S HOE SCHER , n] LAERS 0 2
JEV AN ES AR R B SEBRAZ T R

100 60 100 ¢
60 + 401 60+
[ 20+ [

= 20t = = 20¢

< . < 0 < L

ST > S o0l

_ 20! , 20
60 — g R _ — il 45 R -60F > —ig g e
. o AR “or AR “P R

ool el gl

-100 =60 =20 20 60 100 -100 -60 -20 20 60 100 -100 -60 =20 20 60 100

A/mm A/mm A/mm
(a) LJZBY Iy~ Iml fih 2k (b) 2 )2 55 S~ B [l i £k (c) 3JEBY Sy~ Il fih 2k
B 6 XEEAETTH-(fHmsk
Fig.6  Load-displacement curves of the wall
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Tab.1 Input parameters of the simplified calculation model
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AT R . . . .
L 0.004, 0.012, 11.44,22.79, 0.15, 0.45, 0.3 0.8, 1.5, 0.6 0.45, 1.5, 0.1 0.0, 0.0, 0.0
0.018, 0.027 28.61, 10.0

ﬁ%ﬁ‘@ PPERLEE: E=22 000 N/mm? ; 552 HEAE 1, =44 000 000 mm* ; [HFH A =19 600 mm?
HE LA ’ o ’
PR E R SR £, =2 060 000 000 N/mm” ; BRI 1., =9 464 000 mm* ; AR A, , = 540 mm’

H:d, \f;ﬁ] 01- \M,%%IJ%]%?{ZIHF?Ef&?fﬂ%%inﬂ]*ﬁ)ﬁ%ﬁj5'!!1%5’9E’%&I”[é}ﬁﬁ/\%ﬁlﬂ: 1 ’“4;'"(] NTpNUg AR 2 NAR3 4 NAK Jimit ~DD1,2 ~AD3,4 ~AD limit ~
App,2Ay3 4 \’lr,limn%%{Agj'zgﬁ#gﬁ%imﬂ/‘J% E%'#%ﬁ;’e AR \Bm,z Bz s \Bk,hmit B 2 ﬁu3,4 \ﬁ]),limit \Bn,z ﬁrs,4 \ﬁk’,limit VIREPER ]
R (W RS R

®2 MEEEEUTEERSKEERL Ao, QM K 5300k Z2 38 K7 M2 AE T 45 ol 35

Tab.2  Comparisons between the calculated and test results of the wall 1A B4 J2 1F0) 2B 3 R R4 0 ] H HEE [ 0, ] DI~

grgn OO A Qw/ A PR T S (R A R
. -1 st =2 nd =2 YN N Yo, -, . RGPV
(N-m™) W mm  WN TR 2R A TSI S %) 5 0 A 4 R 0 2 45 3k (AR B

g gERsl 2220 55.50 13.10  51.70 47.80  66.90 “p AN A 2] ot o BT ] AR TR Sk
L5 X Z [ ~ | —
AL 2070 5350 1420 47.20  50.70  70.50 Eﬂﬁﬁﬁn AR ’tﬁ'ﬁg’%ijﬁ/l‘ﬁ 17300 J=
x 2007 -0.04 008 -0.09 006 005  FWNEACERTE Fo FRINHTETRE ) FN64.5% ,

VE s A ] PR 205 L R 0 X 52
2 WEAERAT % E 5 AE A R AN
Fr B &AW Y I AR AT

HE JGI 227—201 L fIR 2V 25 T BE AN 5 2 e 50
HARKREY BT 18 RN 5 J2 B4 S 5 7 1] 9 7K -
R AT HRAE XTI 5 1) L4578 RT3 B BT BY M BE R/ Mz
FuAgi o3, B4 T R T A v SR e B 1 N
A SERERIRIEE R AR SC B E v LR AR 25 Fa R 1y
WIERETET , MBS A E G AR B oA 4 50 R
% [E MR R RN, IRl — RS2 4555 J15% )2 ]
PASAHIR], IERH AR LU R AR 2K

1) 2238 7K - R AR FH T P s 44 1 v 2 1 47
At 0 R AL .

H:Qe
T KH

e

< [0.]. (4)

A 5 S A 3 - 01 B B SR i 2kt Rk ) AR Lk
AR AL AT (20 0.6 F ) 4y EE, HOFHET
JE IRAT ALY 15.3% , BEAARATIAL T3 i B DRIk, AR S
FESCH R AR AN AL A B R 2 B MR AE T
B JZ 2% A FRAEL 0, 1 HUCH 1/300 rad.

2) TIPS B A %) 5 1 S22 1)
RiA%f 6 NI AL -

QI’
K H (3)
2. QK 43501k 2 i 7K ST 3 A R 25 e 33k
A 22 1] G 85 D AT R EE 5 [ 6] 57 38 7K 1 Ml
AR S 22 E] 2 8 FA PR (A

FRAE SCRR 2 1R B0 25 5, X s H v AL 24 A
BEARIK T 1 B B IEAE 1Y 85% A0 % fa b AT 4811
30T AR B A SRS AR 1/55 rad. 1T

0

< [0,].



0. woR

=S D4

¥ i %

S

R AN SE AR RE A E N SE iR R 4 5%
FRISE FAN ) 00 1% B4 2 FH G 3 0 1 A O FRAE
PRl AR 3OS R H AR R O i i A 2 %
FTOFHI Z ) XL AR 25 1 (1 S AR T
FRAEHLAE | 040 % S8 A v IR N AL A B R e 2
A A C BT A SR AT BB AN S5 F4 P B
RE T A HETE, B UOKE 5 A v R A 5 B AR AE 5
R T 0 08 2 (R A% R FRAEL [ 6 ] UK
1/75 rad.
3 ZEBRAFBARBRNFEEEZEEN

FUE M fE AT
3.1 SRR

6 )2 AN ZE A, S TR ST R 14.1 mx
10.4 m, )25 3 mARIEEEH LK 7, & )28 RS Je
THIATE B — TR (Q1 ~ Q9) Y AERS Jy 140 1Y
TR EE A, B TR EE A SR TR S
2[RI iR Y A L 5 4 R BB A DR IR 1T Y
RIPERB R A R FER R IR R ST R 255 mmx
50 mmx 15 mm x 1.5 mm, G 22 5 8 @& m R~ N
260 mmx50 mmx 1.5 mm, ff TR A7 8 B B b, 2 5%
Bk s T M55 R o5 NS B R 2ok FH 50 mm
FARREZ ST RN AR S TR A EE 4 600 mm.

25 S VA i R LA Sk 5 S T R R ) R
ASEOLFE 3. th A A R, Brsy i ik Q, Fn Q, Kk
SR PES BRI SCHR [ 2 ]I BR 45 R W E |, anl .27y

9 %

*
JIrad ; HABUBY B AR 0K B T 51k S 500 43 B R AR
Vit IS ALy i U a5 AN BB RE BT YA .

S PUBTHRAR(Q1~Q9) Fief 1.1 75 ik Jr ikt
Tk, 40 HRZ5 AL b i A 1 SR A7 8 064 T4 B, T
FHENUNE 8 T/ (1 455 44 2 8] fa £k 7 2E A5 AL Hovh | 4%
B T AR BB E DA 1.2 7 TR
2l 24 A S B REUE WL 4719 s B E S
BUERZE 1 i Tk g FE b 140 205 B0 R 6 30
FEFEA R H B0 R i R, DR MK 45 0 B 3% A R S 3
SRl 1] P BRUCA T 55 K. SR HH M T ASE R AR A, 45
J2 I o LA 5 T O A R R R v AL 114 45 A B
T 10 ity R) AP A TG 555 1 il 1 ) A TR 55 K

3600 1050120010501 050, 1500 | 050 3600
1 T 1 1

——
5 Q1(J1) Q3(12) Q2(J1) Q1)
— f=3
(=}
o
S o
o Q5(13) Q6(J3) Q6(J3) Q6(13) Q4(13)
o f=3
2 A S
—_ | N af
Q8(J1) Q9(12) Q8(I1) Q8(J1) S
] “To
= —
(=3
(=3
=l
(=3
g g
- Q4(13) Q6(3) Q7(3) Q73) I3 || &
Y "
=3
(=4
g (i
O
- Q101 0302 Q201 Q1IN
| 3600 | 3300 | 3600 | 3600 |
i 14100 i
E7 #ERTEE(RERTIERERE)

Fig.7 Dwelling plan view ( Dotted line for a non-load-bearing

partition )
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Tab.3  Configurations and input parameters of each shear wall

S

agy,25 AK3.4 5 apras Ap3 4, Ap125 Ap3 45

ETRe ;ﬁg bxh/m 41~/ Fird /AN R AK limit ap limit AF Timit

01 C140° o 2.8, 6.2, 32.9, 545, 0.1, 0.25, 0.55, 1.5, 0.5, 1.5, 0.5, 1.5,
23.6, 39.2 82.4, 70.0 0.1 0.55 0.1 0.1

Q2 €140 15x1.5 3.8, 13.0, 28.6, 55.8, 0.1, 0.25, 0.5, 1.1, 045, 1.5, 0.4, 1.5,
27.8, 44.4 71. 5, 60.7 0.05 0.65 0.15 0.2
3.7, 12.5, 27.2, 53.1, 0.1, 0.25, 0.45, 1.5, 0.5, 1.5, 0.5, 1.5,

03 €140 1.2x1.5 26.9, 106.0 68.0, 4.8 0.05 0.85 0.1 0.2

Q4 C140 0-9x1.2 & 3.9, 105, 29.1, 55.9, 0.3, 0.3, 0.55, 1.3, 0.4 0.45, 1.5, 0.15 0.5, 1.5, 0.1

0.6x1.2 22.6, 66.6 72.7, 11.0 0.05

3.8, 11.0, 30.9, 54.3, 0.1, 0.25, 0.5, 1.1, 0.45, 1.5,

03 €140 1.5x1.5 21.1, 100.0 68.1, 5.8 0.05 0.65 0.15 0.4, 1.5,0.2

Q6 89 L.0x2.4 3.1, 7.0, 27.2, 53.1, 0.1, 0.25, 0.55, 1.5, 0.5, 1.5, 0.5, 1.5,
26.1, 124.1 68.0, 4.76 0.05 0.55 0.1 0.2

07 C89° . 3.3,9.3, 26.4, 50.8, 0.1, 0.2, 0.55, 1.3, 0.45, 1.5, 0.5, 1.5,
20.0, 59.0 66.1, 10.0 0.05 0.4 0.15 0.1

08 C140° L.0x2.4 2.8, 6.2, 33.0, 58.5, 0.1, 0.2, 0.5, 1.2, 0.5, 1.5, 0.5, 1.5,
19.6, 100.0 86.3, 5.0 0.05 0.75 0.1 0.2
27,59, 31.4, 55.6, 0.1, 0.25, 0.45, 1.4, 0.5, 1.5, 0.5, 1.5,

R c140 18.9, 96.0 82.1, 4.8 0.05 0.6 0.1 0.2

KSRGS UL 75 C140 B Jp B AR TE R ST 4 140 mmx 50 mmx 13 mmx 1.2 mm, C89 % Jp B 4 H K14 89 mmx50 mmx 13 mmx0.9 mm, “°” 7R
BB CBIFE s BEA AR B . Q1 ~ Q5 i ALC& BEEEHN ( BMB) /A /A B M (GWB) &BMB, Q6 ~ Q9 i GWB&BMB//##fil//GWB&BMB, H i1
GWB 1 BMB FYJEEEHI R 12 mm , ALC ARJEEEED 50 mm;b F1 h 4351 A F 56 B2 R s BE 5 AR 4455 & LR 1.
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Tab.4 Input parameters of joints’ moment-rotation skeleton curves

A 0, 0, 0, 0, M,/ (kN - m) M,/ (kN - m) M,/ (kN - m) M,/ (kN - m)
J1 0.004 0.012 0.018 0.027 11.44 22.79 28.61 10.0
J2 0.004 0.011 0.016 0.025 11.44 22.79 28.61 10.0
J3 0.005 0.018 0.025 0.040 11.44 22.79 28.61 10.0
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Fig.8 The overall calculation model of mid-rise CFS structure
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Tab.5 Earthquake records
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Fig.10  Story drift ratio
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Tab.6 Maximum displacements A /mm of point A and the amplitudes D /% of story drift ratio
- 7 £ 7 BEE 8 EZ i 8 IH 9 £ 9 FEZFEIH
Am Dl]] Am Dm Am Dm Am Dm Am Dm Al’“ Dm
Tal 8 X J7ln) 4.5 0.04 36.8 0.36 11.0 0.09 73.8 0.74 22.9 0.20 98.2 1.12
B Y J5 I 2.0 0.02 14.0 0.10 3.5 0.03 42.2 0.29 7.5 0.06 64.9 0.58
EL Centro I X I 3.4 0.04 38.2 0.44 11.0 0.10 79.6 0.79 26.1 0.25 116.1 1.27
oL 7 X
Oy i 1.6 0.01 144 0.10 29 002 261 0.8 74 0.06 50.1  0.41
T X W 5.4 0.04 32.9 0.38 9.8 0.08 77.5 0.79 21.2 0.18 106.9 1.15
* Y Jrim 2.1 0.02 14.7 0.13 3.4 0.03 30.7 0.30 7.4 0.06 50.1 0.41
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Tab.7  The maximum internal force £, /kN of nonlinear spring elements and the number n, ,n, ,n, of yield shear walls of stories 1~3, respectively
TH % EL Centro 3 Tal AT
) TREFE SEFM oEFM 7THEFME sEFHE IEFMs  THEFHE §EFHE  IEFEM
Q1 50.5 64.7 75.1 52.5 60.2 73.6 54.0 62.9 73.8
Q2 43.0 54.8 64.2 38.0 47.9 63.1 40.1 51.3 64.2
Q3 42.4 53.9 63.6 37.5 54.2 61.9 39.7 53.2 58.8
Q4 20.3 38.3 48.2 23.9 50.7 45.5 24.1 48.4 48.2
Joo Q5 19.2 36.6 48.0 23.1 43.7 45.3 23.3 47.8 48.0
Q6 20.4 36.8 42.7 22.7 46.5 43.1 26.4 42.7 42.7
Q7 18.9 31.4 30.7 26.4 30.1 35.5 18.5 36.2 30.7
Q8 60.7 68.0 76.1 57.0 63.5 78.0 58.8 69.8 78.5
Q9 60.1 66.4 75.3 56.8 65.9 77.4 58.2 69.4 77.6
(nionyuny)  (4,0,0)  (10,6,0)  (12,12,8)  (2,0,0)  (10,6,0) (12,10,8)  (4,0,0)  (10,6,0) (12,10,8)
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Tab.8  Comparisons of the internal force of bottom shear walls

along X direction

. A 7
e 7 8 J& 9 JF 7R 8 J&¥ 9 ¥
WE o wm wm wm o m el
Q1 0.99 1.19 1.38 0.66 0.79 0.91
Q2 0.77 0.98 1.15 0.60 0.77 0.90
Q3 0.80 1.02 1.20 0.62 0.80 0.94
Q8 1.04 1.19 1.34 0.70 0.81 0.91
Q9 1.08 1.25 1.40 0.73 0.84 0.94
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Fig.11 The ratio of F to F, of bottom concrete-filled rectangular

steel tube columns
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