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Comparative Analysis of Seismic Performance of Steel Frame-Rocking
Wall Structures with Different Connection Forms of Column Foot
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Abstract: After the rocking wall is introduced into frame structure, the column foot will still undergo a
certain degree of plastic damage during earthquakes. Adjusting the column foot to be hinged or uplifted
can potentially mitigate these defects. Using the three-story, six-story, and nine-story steel frames as
the benchmark models, this study established three kinds of frame-rocking wall structure models with
fixed, hinged and uplifted column feet, respectively, followed by dynamic elastoplastic time history
analysis. The maximum lateral displacement, inter-story drift, peak acceleration, inter-story shear
force, wall shear force, and bending moment of each structure were compared. The comparative mod-
el of fixed and hinged energy-dissipating coupling beams was further established to study the effects of

coupling beam connection modes on the structures seismic performance. The results showed that in
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the three-story model, fixed column foot achieved optimal control of lateral displacement, inter-story

drift, acceleration, inter-story shear force and rocking wall shear force. In the six-story and nine-story

models, the best performance was achieved with uplifted and hinged column feet, respectively. The

shear force and bending moment diagrams of the rocking wall exhibited "C -shaped" and "reverse C-

shaped" patterns, respectively, with the smallest wall bending moment observed when the column

foot was fixed, regardless of the number of stories. For energy-dissipating coupling beam, fixed con-

nections at both ends were optimal for fixed column foot, while hinged connections at both ends of the

energy-dissipating coupling beam were better for hinged and uplifted column feet. This analysis pro-

vides a reference for further application and development of steel frame-rocking wall structures.

Keywords: steel frame-rocking wall; column foot form; deformation; acceleration; internal force;

connection form
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Fig.1 Schematic diagram of frame-rocking wall structure

with different connection forms between nine - story

benchmark frame and column feet
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Table 1 Beam and column section dimensions and

material parameters of each story

GAKdS B RS /mm Es/MPa  {H#ALL
32 H250X 250X 9X 14 206 000 0.3
3R H300X150X6.5X9 206 000 0.3
6 2+ H350X 350X 16X 16 206 000 0.3
625 H400X 200X 8X 13 206 000 0.3
9EHE H400X400X 20X 20 206 000 0.3
9EGE H400X 200X 8X 13 206 000 0.3
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Fig.4 Numerical simulation results and experimental results
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Fig.5 Schematic diagrams of fixed, hinged, and uplifted

column foot configurations
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Fig.6 Maximum lateral displacement of each model

22 EREEBRH

*2 BEAPNEBRMUBEFRY

Table 2 Drift concentration factor of each model

FARTE R R A& 7 s o R 7 Al A, ZER AT SRG KBRS LRSS
JIT A 25 A8 1 S5 K2 TR B #2078 F 1/50, 3 2 (gt HEAEAE S 1.24 1.44 1.45
PR BT L) P BRE R . E SRR b AP 1 422 42 112 1.21 1.19
A 1 422 15F )22 ) A % R B /0N B K2 ) A6 8 A /)N R - 2 1.06 1.10 1.14
33.8%0 s SRR ARY b R B4R 2 e 2 TR A2 A 2 i AR FE A i 5 - £ 8 1.07 1.11 1.16

e W W, de K2 RS A /N 26.3 %05 L2 BEA
A B 4 1o 2 D L 6 A 1 s 1 80 R B A, B K2 )
L8 98/ 20.0% 5

R TR S5 AL AR R R AR T B R I A R B
FHZ M2 o 2B (DCF) ™k £ AF , DCF 7]

AN R R B SCHE 2R 4% 12 55 1) I () 32 8% 4 v &R
BRI A, T DL R 0 B 3055 RE A AR T AE SR A
Fy i JZAETE ML ", S8 B B AR T IR AL, T K
AR R PUR AR BE ST, 48w B IR S5 i L RR

St (L) o B BT T 1 0 e PERE. 7 RRU R I SR o
e S/ D T2 D B 4 o % B i
max (A)) TR IR I B I ROR AR 2 R

T (sa)/H O R4 B X , T TR R I B

A, AR (R W R Z LR A h RR 5 )2
RS JZ o B s H RN S5 M R B . TS R LR 2.
H1 2% 2 Al A, g R R AT L BRI B 42 0

2 BN 055 1A R A0 18 R 45 AR 25 R R e A
T 1 b e A R AR HE R 2 A 40 G L [ A
PR S ALY SR ) TR AR

3 . A 6 9
v 8
' 5F : 7
2r HeEm C[esmpmm AN
& g |- - FEBIEERIRA e ﬁ - o HEBIE BRI A0,
I i W7 - a- i Boar o pmiEEmE A Y,
IR e a 2 - v- HEMMHEE RN M 31 v- HEREREE A
- o- FERE R AR L . Lo
- A~ R R 1r ova 1 v
- v- HEMREEEE . o i i , i i ; 0 i i i . .
0.000  0.001 0.002  0.003  0.004 0,000 0.001 0.002 0.003 0.004 0.005 0.006 0.000 0001 0002 0003 0004 0005
BEEAESR /() ERGEEA /() ERIfEE SR /()
(a) =ERR AT A (b) FSIBHERZ G FE FA (c) JURERZ AR ff
7 25 AALZ 8] £ 7% £
Fig.7 Inter-story drift angle of each model
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Fig.9 Inter-story shear force of each model
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Fig.12 Displacement, acceleration and internal force of the nine-story model
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