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Abstract :  Socket-type steel column bases require minimal on-site wet operations and can achieve a rigid connection between the
steel column and the foundation, aligning with the development of prefabricated construction. However, there is
currently a lack of research on the mechanical properties of socket-type column bases, which limits their widespread
application. This study combines experimental testing and finite element analysis to investigate the seismic
performance and failure modes of socket-type column bases. Horizontal cyclic loading tests was conducted on two

types of socket-type column bases, S1 (with studs) and S2 (without studs). The results revealed different crack

M AS B . 2025-03-24
K AR A FAILE & ) AR A A S AR R B (HZHTKIXM2023-02)
Y F A
KRR (1988—), B ,AMl+, A LA, L AR FRH KA EZ A LM T @R, E-mail:499797324@qq.com,
BASVEH
B H(1996—), % M EATR A, EBNFMEM S MA LM T BHAL., E-mail: Xiongp2022@163.com,



76 H O R

528 %:

propagation patterns and final failure modes for the two specimens. The average positive and negative stiffness of

specimen S1 was 19.7% higher than that of S2, but the ultimate load of S1 was 8.0% lower than that of S2.

Furthermore, the presence of studs improved the energy dissipation capacity of the column base, but weakened the

bonding performance at the new-to-old concrete interface, resulting in reduced ductility of the specimen. To further

analyze the failure modes in the socket-type region and overcome the limitation of direct observation in the

experiment, numerical simulations of the specimens were conducted using the nonlinear finite element software

ABAQUS. A comparison was made between the experimental and simulation results in terms of the load-

displacement curves, failure phenomena, and characteristic values of the skeleton curves, which validated the

accuracy of the finite element model. The failure modes of the two types of column bases were analyzed, and the

reason for the weakened load transfer at the new-to-old concrete interface was explained, providing design

recommendations for the practical application of socket-type column bases.
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Fig. 1 Schematic diagram of the specimen(unit: mm)
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Table 3 Characteristic values of the skeleton curves

Z;g: :i nig\?l) F,/kN F/kN A/mm A,/mm p
Ew 11.25 123.99  129.02  11.02  24.45 2.22
> Bowe 11.78 —117.70 —125.27 —9.99 —18.47 1.85
EE 9.40 121.08 135.10 12.87  20.11 1.56

S2
B 9.88 —126.69 —141.34 —12.82 —20.53 1.60
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Fig. 14 Strain distribution of specimens

UG SUTR BE L URAR 1 3R ) T R R R ST RO 4y
BT, A& RS R 93 07 S0 R e 8 4 Hp IO BB A 43 T 45
FANE 16 s .

MEAE A N T 40 mm, IR GESRIR EE 1 A% N T
30 mm, T AR B EL A A% /N T 50 mm B, A5 FR TR L4
St TR, A SCE FH 7 58 4 1 A% Sl 43 07 =X

BB A R AR A 2o AL £k P AR AR BV A4 Rl R R
JI-Ri AR G R B B4R, i R W B 7 A6 Sk [ 8
e WA 2 0 ON PR AR B 1001 17 R B RS

Fig. 16 The results of mesh sensitivity analysis

Y1225 3% 2 0y b M 50 495 R 5 TR Rk 1 >R R Bk 1= 98 M
BRI (CDP AL ) Z B Am o E G 7, 0T LA
SR PR B 4 () 00 405 3 B L AR R S RS A b R R G
ﬁ%HE(?&@%ﬂ**@ﬁiﬂﬂ@(GB/T 50010—2010) 2" fit

C M7 2 b A7 U TR BE - 05 S 808 5 k3 %k
EEI%P SRR T 25 S % 5 Tk RE S A RO ADLR B 1 A
- R DA X T

B KB A 422 ol T SR P TG T A2 L R T A M S4BT IH
TR B 2 18] B0 26 45 M B, — WOGR BE - AR 1 SE Atk 2 [A] i
EREAT AR AT R A 56 FR R FDRE IR I BEAY dn E]
18 fif 7% , 4 U Ay 75 1) A0 1) M B 43 3 B 100 MPa»mm ™!



84 5 H 4 H R

528 %:

0 &y & €

17 WAHAHEXER

Fig. 17 Constitutive relationship of steel reinforcement

F110 MPa-mm ™', ¥ [ F1 Y 7] £ K R 1 #9801 MPa, i
#E - rhr ek BE Oy 2.3 MPa, U 1] F1i2: 0] 9] 1h 63 405 060 % 43
5124 0.01 mm F10.23 mm , 5 3 78 1k 6 FH Ze 1t A7 8 b H
BA RO B B L mm, B PE B VE R B 0.005 7 AL
TR DS SRR Bk TR 1] SR T ik, U0 ] >R
TR, RBOR0.40 R ETHRA B IR BESIR BE 1
kTR bl 0 I AR A AR A T KT A 28 A i 2%
i A% 328 25 AT X Jm 48 A it m A4 24 B, O 3 hn 2l 5
B2 i TET U [ S 7 AR W RS T I R R AR AT

77 A

7 [ s

|
|
i _
B G fug
e BIrhehZEs 0 15 oy esialp.
E18 HHEAEER
Fig. 18 Cohesive model

3.2 BRTEBIGIE

A B0 B8 4R BN TE S CE M R AR AR =
T % FE AR B 5 A BR O 45 SR, LIRS Y A A5 B L B
I £ R AT (E 8 W B K J IR 7 40 F ) A B A 48 F, i A7 %
Fbo nf 28 -7 #% il 26 X b A 1 19 FER  BEIR T A % H A
P 20 i 7, B 242 il 2 R AE (B G HE L35 5,

N 257 7% 1 R X LSk B A BR TR L2 R4
M SRR X b 25 SRR 3R A ST AT R T % AL BB 96 R 4
Hb RS A0L H I Al S A N B D) A% IR E S S — 2, i
F S2 47 BR 0 A AL B 8% 455 0L B TH VR E 4 45 45 T 0 A
PG, ) B AR A A ST, A S2 1 B AR 113 At i 3K
FREEAR 3% 51000 IR AW G 5 DA 4 il 2R R A A X Lh 25
ROk B A BT LS R 5845 R R KR E AN B
10%, iR 2ZE ARV E N . 25 1 A BR TRl g R 5l 5
S5V BT S0 T A BR T AR A A AT S

KA / KN

ek
(=3
(=]

L
wn
(=]

-60 -40 20 0 20 40 60
KA / mm
a) FS1

KT /KN

10,030 20 <10 0 10 20 30 40
KA / mm
b) t4S2
B19 FBiXGEEmHR-CBHETIL

Fig. 19 Comparison of load-displacement curves

of specimens
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Table 5 Comparison of skeleton curve characteristic values
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Fig. 20 Comparison of failure modes of specimens
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