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Finite Element Analysis on Behavior of High
Strength Steel Endplate Connections in Fire

QIANG Xuhong', REN Chuchao®, LIU Bing®, JIANG Xu',
SONG Jie*

(1. College of Civil Engineering, Shanghai
200092, China; 2. Chongqing Vocational College of Transportation,

Chongqing 402247, China; 3. Weifang People’s Hospital of Shandong

Tongji University,

Province, Weifang 261599, China; 4. Shandong Provincial Academy
of Building Research, Ji’nan 250031, China)

Abstract: In order to obtain the behavior of high strength
steel endplate connections in fire, full-scale tests on 7 joints
were conducted at elevated temperature 550°C . Based on the
test results, a FEM analysis on high strength steel endplate
connections under fire conditions was carried out by software
ABAQUS. Details of the numerical modelling, such as mesh
generation, element type, contact interaction, analysis
process and failure criterion based on deformation, were
presented. Herein the moment-rotation relationship, failure
mode and stress state as well as yield line pattern of high

strength endplate connections both at ambient temperature
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and in fire were revealed. Besides, the validations of the
numerical modelling against all representative experimental
results show that good agreements exist.

Key words: high strength steel; endplate connections; fire;
finite element analysis; numerical study
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Tab.1 Test specimens and fire test conditions

PR Wik WRE iz MEmEL AR R
4% MR E/mm Y BHMERER F/mm E/C
1-1A Q235 20 ER50-6 TR 8 20
12 A S690 12 ER76-G prm 10 20
1-3A S960 10 ER76-G  {EFHE#H 10 20
221 A Q235 25 ER50-6 BT 8 20
2-2A Q345 20 ER50-6 BT 8 20
23 A S690 15 ER76-G Tz 10 20
24 A 8960 12 ER76-G  {EFH#H 10 20
1-1E Q235 20 ER506 EFEH 8 550

1-2E S690 12 ER76-G NG 10 550

1-3E S960 10 ER76-G B&FRH 10 550
2-1E Q235 25 ER50-6 EFEH 8 550
2-2E Q345 20 ER50-6 ETFEH 8 550

2-3E  S690 15
24 E 8960 12

ER76-G 1N 10 550
ER76-G  {KTHEFF 10 550

2 RRKBH

Fig.2 Fire test furnace
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Fig.3 Fire test set-up(Unit:-m)
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Fig.4 FE model
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Fig.6 Contact pairs in FE model
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Fig.7 Tie constraints of bolts and nuts
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Fig.8 Tie constraint between endplate and beam
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Tab.2 Yield and ultimate strengths of S690 and S960 at

ambient temperature and their reduction factors

at 550 C
JE 5% B /MPa R % &/ MPa
[SEAL K 550 ‘C[% Pk 550 ‘C[%
s 1RER R EZ
S690 789 0.533 820 0.558
S960 1045 0. 589 1079 0. 621
1200¢
Q235
1 000 ; RN Q345
' \ 9690
S 600 i Bolt8.8
] e .
B 400 r«*//”_—\
200}
0 510 15 20 25 30
RS/ %

HY9 BETEMMRIEA-HEXRMLE
Fig.9 Stress-strain curves of various

materials at ambient temperature
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TR CHHEZ PR K A BE IR A BRI 434 Rl
B45 1k , BRIt 7 BROGRE EUR BEASIOL o HESZ P B At

11 EERTWA2-3 A (S690 15 mm) TRLRIT L

Fig. 11 Comparison on final deformation state of

connection 2-3 A (S690 15 mm ) at

ambient temperature
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Fig.12 Comparison on components of 2-3 A (S690 15

mm) after failure at ambient temperature

b St

c g
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Fig.15 Comparison on components of 2-3 E (S690 15

mm ) after failure at elevated temperature
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Fig.13 Experimental final deformation and numerically
predicted PEEQ of 2-4 A (S960 12 mm) at
ambient temperature
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Fig.14 Comparison on final deformation state of LS BIERIUR SRR 23 L
connection 2-3 E (S690 15 mm) at elevated Fig.16 Test final deformation and numerical PEEQ of

temperature 550 C 2-4 E (S960 12 mm) at 550 C
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Fig.17 Moment-rotation comparison of 1-1 A at

ambient temperature
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Fig.18 Moment-rotation comparison of 1-2 A

at ambient temperature
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Fig.19 Moment-rotation comparison of 1-3 A

at ambient temperature
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Fig.20 Moment-rotation comparison of 2-1 A

at ambient temperature
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Fig.21 Moment-rotation comparison of 2-2 A
at ambient temperature
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Fig.22 Moment-rotation comparison of 2-3 A

at ambient temperature
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Fig.23 Moment-rotation comparison of 2-4 A

at ambient temperature
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Fig.24 Early cracking on the endplate at the heat

affected zone of welds for connection 1-3 A

{S960 10 mm) at ambient temperature
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Tab.3 Validation of numerical study against experi-

mental study at ambient temperature

ik iR PAERBRS /KN m [/
WS MR EE/mm KB AT %

1-1 A Q235 20 229. 93 216. 85 5.69
1-2 A S690 12 247. 85 248. 04 0.08
1-3 A S960 10 210. 27 245, 42 14. 32
2-1 A Q235 25 287. 00 280. 14 2.39
2-2 A Q345 20 277. 25 283.73 2. 34
2-3 A S690 15 272.71 279. 52 2.50
2-4 A S960 12 264. 32 265.01 0. 26
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Moment-rotation comparison of 1-1 E

at elevated temperature 550 C
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Fig.26 Moment-rotation comparison of 1-2
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Fig.27 Moment-rotation comparison of 1-3 E
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Fig.28 Moment-rotation comparison of 2-1

E at elevated temperature 550 C
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Fig.29 Moment-rotation comparison of 2-2
E at elevated temperature 550 ‘C
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Fig.30 Moment-rotation comparison of 2-3

E at elevated temperature 550 C
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Fig.31 Moment-rotation comparison of 2-4
E at elevated temperature 550 C

i DA TR Y L AT R TR A T S R
£ 55 22 2R AE W) 16 W BE L DS AR 2 0 D hr kA 1
Ko L I 11 Pamma S5 7 T3 A0 45 R W) B 4R05F. R
4 HH KR T A T A BT LR 58 BT 15 AT
LR, —EBRAMER 9. 80%. ML A5 H 45
W ISR IR TSR KK T, A 306 15 W AN v A
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Tab.4 Validation of numerical study against

experimental study at elevated temperature

e i WERES N m
HS R OEE/mm AR ARG %

1-1E Q235 20 83.91 87. 39 4,15
1-2E  $690 12 105. 92 99. 74 5. 83
1-3E  S960 10 100. 05 98. 23 1.82
2-1E Q235 25 120. 40 108, 60 9. 80
22F Q345 20 111. 16 107.37  3.41
2-3E 8690 15 120. 78 114. 52 5.18
24 E S960 12 113.18 111.79 1.23
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Stress state at the end of test and yield line
pattern of 1-2 A (S690 12 mm ) at

ambient temperature

Fig. 32
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Fig.33 Stress state at the end of test and yield line pattern of 1-2 E (S690 12 mm) at elevated temperature 550 C
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