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Abstract

Connections are the most critical components for ensuring the integrity of building structures un-
der fire conditions. To enhance structural resilience, this study proposes two novel ductile connec-
tions which are prototype 1 and prototype 2 with superior deformation capacity. The research aims
to systematically analyse the performance of these connections during the full fire process, includ-
ing heating and cooling phases, and evaluate their cyclic response under standalone seismic action.
First, the design of the novel ductile connections is elaborated in detail. Subsequently, Abaqus is em-
ployed to establish a steel frame model integrated with the ductile connections for investigating their
performance throughout the complete fire process (encompassing heating and cooling stages). In the
model, the ISO-834 standard fire curve, incorporating the cooling phase, is adopted for thermo-me-
chanical coupling analysis, and the user-defined subroutine VUSDFLD is implemented to account for
the material properties of structural steel and high-strength steel during the cooling stage. Finally,
refined steel frame models equipped with the two types of ductile connections are developed, and
their seismic performance is comparatively analysed under cyclic loading. The research results in-
dicate that the ductile connections exhibit excellent deformation compatibility during the full fire
process; under cyclic loading, they feature plump hysteretic curves, along with superior energy dis-
sipation capacity and ductility coefficient. The conclusions demonstrate that the proposed ductile
connections can effectively enhance the resilience of steel frame structures in bridges under multi-
hazard scenarios.
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Figure 1. The change of axial internal forces of a connection in fire conditions. (A)
Strong axial restraint; (B) Axially ductile connections

L KREGETHRHEAAINENL. (A) BHEZIR; (B) HEE M ER

DOI: 10.12677/mo0s.2026.152031 33 5 1 A


https://doi.org/10.12677/mos.2026.152031

e

hafl3

N T AETH AL GRS SR B RN SRS M P 8 B, B TTSR T Al 2 R BRI . X MOE
PR TR T PR S0 A28 > A0 5 A T e 7 e R A vl N (KRR EE T S 25 Pl B vh (il v 7 AT
Py A ARGE S L AR 5 T2 AR M0 s AR SO A2 R o % A A5 P A R )
A, eI B ARy A R . BRSSO th = AR A IR E AR LR AR IR
e [ AR A AR SR 2% L R s AR T BRI S A 2 B R~ AR B 78 23 I 5 R W DL L A
WS R AIE o 53— b3 75 VAR PTHRER AR 4 B R R R AR b SR, XA A S S R
JRARE E R IREFP AR, DRIAN R Bk Ty 58 R T AT 2 SR 1 P e o SV A% o BB . e
Fi BERE W [ BT B SR, AT I S (1 2 (R I AR RS B A P o T 1 DR A IR T v M.
REZAC PR FFHIhRESE BN . BB SCVRER RS 2 KR AR 45387, [ RE AT RE 51 i
BEVEIP R B P AR AR 2 RS B 22 A I o A NS 5 BREE Y sl Jim s AN AT DL R R E B (1 57
e By Sy, AT T A AR AT BTN g b, Bk 1 R R A A BT DB . AR KR B RE
TERR, R BO, 2 ERCRISL Ay FERE LT R PERE, AN AT DAAE B2~ A
[ AE AR SZ B0 T RN i 139 AR BR T A 3R

#$:305%305: uc -
R:457x191x74 UB ’&( = A
F2:M20 @93 g

FEFRHTE

(o] @ @

i o >
(o]
° & [}
iR i -1
fo) el
_/\/_

(A)

245

T v +£:305x305x137 UC

2:457x191x74 UB
$248:M20 -
’ 4
b
oo | A
= " m & &
s o e )
= gE]e 8 & O
bl | o ["—smwwx -
g L (EET)

o~ 1 © 4
Bm TRER 5 R ED A A IER E

1 p— TRER 5 R ER A A S B
(B)
Figure 2. Design of the ductile connection. (A) Pinned connection (protoyepy 1); (B) Semi-rigid

connection (protoyepy 2)
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Figure 3. The typical steel frame selected
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Figure 4. Simulation results from the model of prototype 1. (A) Beam mid-span deflection; (B) Connection axial force
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Figure 5. Simulation results from the model of prototype 2. (A) Beam mid-span deflection; (B) Connection axial force
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