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Abstract: To investigate the seismic performance of socket-type H-section steel column bases in precast cup-shaped foundations
under the secondary casting interface failure mode, two specimens were designed with the presence of studs at the
bottom flange of the column base as the primary variable. LLow-cycle reversed loading tests and numerical simulations

were conducted. The failure modes, hysteretic curves, skeleton curves, ductility, strength degradation, stiffness
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degradation, and energy dissipation capacity of the two specimens were analyzed. Parametric finite element analyses were

performed with variation parameters including stud quantity and distribution as well as embedment depth ratio. A

nonlinear regression analysis based on experimental and finite element results was conducted to derive a calculation

formula for the ultimate bearing capacity of socket-type column bases under secondary casting interface failure mode.

Results indicate that both specimens exhibited concrete secondary casting interface failure without steel column base

buckling. The arrangement of studs can delay strength degradation and effectively enhance energy dissipation capacity ,

with better performance observed by increasing stud quantity and positioning them closer to the upper region. The

ultimate bearing capacity gradually improved with increasing embedment depth ratio, while steel flange buckling occurred

when the ratio reached 2.0. Under casting interface surface failure mode, the values calculated using the proposed ultimate

bearing capacity formula demonstrates good agreement with the experimental and finite element results.

Keywords:

precast cup-shaped foundation; socket-type column base; secondary casting interface failure mode; stud; low-cycle

reversed loading test; finite element parameter analysis; ultimate bearing capacity
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Fig.1 Socket-type column base
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Fig. 4 Dimensions of specimen T2 (unit:mm)
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Fig. 3 Dimensions of specimen T1 (unit:mm)
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Table 2 Mechanical properties of materials

(R A 2R FE/mm JE R 3R JE f,/MPa IR IR E [,/ MPa #AEE E/GPa
AR AR I A 8 295.2 409.3 201.27
MAEH % 12 293.1 406.7 199.19
AR A ) R 12 301.7 438.0 199.88
8 373.2 556.2 205.92
HRB400 4R #% 12 365.2 554.8 203.15
18 361.5 552.7 202.98

A 4T 10 380.0 480.0 206.00
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Fig. 10 Failure phenomena of specimen T2
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Table 3 Calculation results of main characteristic

values and ductility coefficient of specimens
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Table 4 Calculation results of strength degradation

w & A/ F/  Aw/ Fuao/ AJ FJ
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Ew  8.86
T1
Bow 9.15

129.12 18.58 174.58 35.09 135.71 3.96
105.78 18.38 163.44 34.13 130.76 3.73

Ew 9.44 139.94 19.21 166.30 37.85 132.68 4.02
T2

B 9.17 138.63 19.16 165.77 36.22 124.78 3.95
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Fig. 15 Strength degradation
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Table 5 Secant stiffness calculation results

KMHE K, K, K, K, K.
T1 13.04 9.14 5.94 3.83 2.62
T2 15.95 8.67 4.95 3.25 2.29
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Fig. 17 Energy dissipation coefficient

calculation diagram
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Table 6 Calculation results of energy dissipation

coefficient
R ON E, E, E, E.
T1 0.577 0.745 0.841 0.785 0.857
T2 0.571 0.749 1.348 1.463 1.658
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Table 7 Calculation results of equivalent viscous

damping coefficient

A% hag heqe Peqs P P
T1 0.092  0.119  0.134  0.137  0.138
T2 0.091 0139 0215 0233  0.244
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Fig. 18 Equivalent viscous damping coefficient
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Fig. 19 Strain-displacement curves of specimen T1
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0

b) HEIAH
E21 BEMBAHEXR

Fig. 21 Constitutive relations of materials
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Fig. 22 Column base finite element model
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Fig. 23 Failure mode in finite element model of

specimen T1
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Fig. 25 Failure mode in finite element model of

specimen T2
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Fig. 26 Stress contour in finite element model of

specimen T2 (unit:MPa)
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Fig. 27 Comparison of hysteresis curves between test

fr#% / kN

and finite element simulation results of specimen T1
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Fig. 28 Comparison of hysteresis curves between test

a7k / kN
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and finite element simulation results of specimen T2

200

150 V-

100 F .
50+ /

0r .

_50 b
TH00P e e RTIAR
-150¢ ey e RATIERRT
-200 ———

60 -40 —20 0 20 40 60
/4% / mm

29 REGETIRESHRTEMETRELITLL

Fig. 29 Comparison of skeleton curves between test

fr#% / kN

and finite element simulation results of specimen T1

Table 8 Key performance comparison between test and finite element simulation results

x8 HEERMEMTHEMUERPXBERET L

A T1 AT H I AAL/ A H T2 T2 A/
X A A PR TTAR X 1A X I E A R X A
40 E K,/ (kKN-mm ') 13.04 13.34 1.02 15.94 15.01 0.94
I 3.85 3.75 0.97 3.99 4.05 1.02
MIRAH S V/KN 174.58 167.41 0.96 165.77 162.52 0.98
HA B R RN, 0.14 0.15 1.07 0.24 0.25 1.04
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Fig. 30 Comparison of skeleton curves between test

a7k / kN

and finite element simulation results of specimen T2

x99 ARTSHESW

Table 9 Finite element parametric analysis

%‘&" HATIHE/ Medro A/ WIR/ RBTE/ R
%5 A A7 X 3] mm mm

H1 4 2X2 300 200 1.50
H2 6 2X3 300 200 1.50
H3 6 3X2 300 200 1.50
H4 9 3X3 300 200 1.50
H5 12 4X3 300 200 1.50
D1 — — 200 200 1.00
D2 — — 250 200 1.25
D3 — — 300 200 1.50
D4 — — 350 200 1.75
D5 — — 400 200 2.00
D6 — — 200 150 1.33
D7 — — 250 150 1.67
D8 — — 300 150 2.00
D9 — — 350 150 2.33
D10 — — 400 150 2.67
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Fig. 31 Stress contours of parametric analysis

200 250 200 1
150 | 200 |
150 ¢
100 100 |
100
£ sop Z sof Z
& O & O g °f
€ ol el .
-100 | 1ol -100 |
_150 [ _200 L
_200 1 1 1 1 1 ] _250 1 1 L I I I _200 1 1 1 1 1 1
-60 —40 =20 0 20 40 60 -60 40 =20 0 20 40 60 -60 —40 =20 0 20 40 60
i F% / mm i F% / mm i F% / mm
a) REEIRA b) HEER LR 2 — ) MR Z —
32 BHHMERME
Fig. 32 Skeleton curves of parametric analysis
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Fig. 33 Stress contour of cup-shaped foundation concrete Fig. 34 Bearing capacity calculation model
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Table 10 Comparison between test result, finite

element results and formula calculated results

RAKRE ARLHESKBME AXFIME v

X5 Vip.r/KN V. /kN R T
D1 107.66 98.44 1.094
D2 138.13 130.51 1.058
D3 167.41 165.05 1.014
D4 192.94 201.90 0.955
D6 77.47 73.80 1.050
D7 106.99 97.90 1.093
T1 174.58 165.05 1.058
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