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Numerical Study on Post-fire Behavior of High
Strength Steel Flush Endplate Connections

QIANG Xuhong* , SHI Zhiwei*, HE Xu?, JIANG Xu'

(1. College of Civil Engineering, Tongji University, Shanghai
200092, China; 2. China Resources Land(Beijing) Co., Ltd. , Beijing
100035, China)

Abstract: The behavior of high strength steel flush endplate
connections on post-fire was simulated according to the test
results using finite element software Abaqus. Comparison
between the analysis results of finite element method (FEM)
and all representative experimental results on moment-
rotation relationship, failure mode and stress distribution of
flush endplate connections shows that good agreements exist.
Based on above, parametric analysis on Q460 high strength
steel endplate connections and Q345 mild steel endplate
show that: the
degradation of mechanical behavior of the connections is not

connections was conducted. Results
significant after cooling down from fire temperature 550 C ;
the material property of the endplate has no impact on the

initial stiffness of the connections but has important impact on
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the bending capacity of the connections; a connection with
thinner high strength steel endplate can achieve similar
bending capacity and equivalent or even higher rotation
capacity after fire in comparison with a connection with
thicker mild steel endplate.

Key words: high strength steel; flush endplate connection;
post-fire; structural fire safety; numerical study
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Fig.1 Geometrical dimensions of the specimen(unit; mm)
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Tab.1 Details of test specimens and test conditions

Wi AT

SREER

5 1 WP mams ks, RRIKRE pmm
1-1P Q235 20 ER50-6 [ RSy 550

1-2P $690 12 ER76-G juni] 550

1-3P S960 10 ER76-G YY) 550

2-1P Q235 25 ER50-6 [ RSy 550

2-2P Q345 20 ER50-6 [ i) 550

2-3P $690 15 ER76-G juni] 550

2-4P S960 12 ER76-G & FBEF 550

1-1A Q235 20 ER50-6 [=iY ) 20
1-2A $690 12 ER76-G juni] 20
1-3A S960 10 ER76-G YY) 20
2-1A Q235 25 ER50-6 [ RSy 20
2-2A Q345 20 ER50-6 [=iY ) 20
2-3A $690 15 ER76-G juni] 20
2-4A S960 12 ER76-G RSy 20

i
1

2 RRKE I
Fig.2 Fire test furnace™®
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Fig.3 Test setup™
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B4 BRTERMESD
Fig.4 Mesh generation of finite element model
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Fig.5 Contact pairs in finite element model
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Fig.6 Tie constraints in bolt nuts-shanks and endplate-

b HiR-3

beam in finite element model
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Fig.7 Stress-strain curves of the materials at

ambient temperature
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3.1 HR%EE

&l 8 FIE 9 23R P2 550 °CH KR BRI %
HEWRG, W AR 2-3P(S690 15 mm) K HA&4H
PR AT RS WA BRI 45 2R 5100 45 SR A X
tb. BT LAE B A BRI i AT RS 556 45
BRIV A. bR & A JE AT , I B 32 b X i S
R G =B, TR LR ok & A4 B B IR, &
BPE H H F 2-3P MR BRI 2 il
JIR 9 ) B AR AR B IR FEAS SO BRITAE L o, 288 A

a IRIEER b ARRTTHEM G
B8 ARBEVRIRG 2-3P RETHREFKE
BRTEILE R3S
Fig.8 Comparison of final state of

specimen 2-3P after fire between test and finite

deformation

element simulation results

a SR IE AR

c 1242
B9 RREF R 2-3P ALk
BRITERERITEE

Fig.9 Comparison of component failure of specimen 2-

3P after fire between test and finite element

simulation results

SR AR IR BN B PR AE e, BF, B 1R 3H5R, OF
WRIRR B R AR, BARA BR T BLR AR
B DT 2 B AR LR T 48 7 W R R AR 4 A6
B, 40 9c Fs. BHEZ R A T il O LR
AL S ZTE’,;LEE?*%W@%%—‘FE AL,
WAl NHARANH A PR B R ML L. BRIZA
Fﬁmﬁgﬁﬁ%%ﬁﬂﬁ%}%%%TB&E&,@%ﬁﬁfﬂ
Tt S A SR B R A S AL

SRS T AR B /N BR S T Y U IR S
BCRA FROTAR BY S5 20 B B AR = PR S5 i 315 21 #)
MAETL RS HEAT X . LU 10 B 7R Bl 2-3P
(S690 15 mm) Ry B, A s A AR R BB AR TE
RIMU— ﬁFxhﬂ?ﬁ&ﬁﬂ%ﬁi‘LﬂﬂkiTEﬂ&

a Wik

b iR A

10 AREFFERG 2-3P AYRETHREMEGRTE
PEREMENTRE

Fig.10 Cloud diagram of final deformation state and

equivalent plastic strain in finite element

simulation of specimen 2-3P after fire

3.2 TREE-HAXR

B 11~14 A Jj% 550 CHIK K ERIHAHIE.,
IR 2-1P.2-2P ., 2-3P Ml 2-4P M 4E-FE A R R
FIRES 575 FROTEUZE R AT Eb.

300
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TR/ (KN - m-1)
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50 -- - - AR

0 20 40 60 80 100 120 140 1I60
44 /(mrad)

RREFRXE 2-1P BE-FRHXZM XKL

BRITERITLE

Fig.11 Comparison of moment-rotation

E 11

curve of
specimen 2-1P after fire between test and finite

element simulation results
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12 RRET R M 2-2P T4E-F A X 7 # & p0ik 18 Fn
ARTERTEE

Fig.12 Comparison of moment-rotation

curve of
specimen 2-2P after fire between test and finite

element simulation results
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B 13 RRETRRG2-3PEE-ERXRZHERNREN
BRITERITLE

Fig.13 Comparison of moment-rotation curve of
specimen 2-3P after fire between test and finite

element simulation results

300
250 F '
< 200f
g
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=
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-- - - B IR TAE
0 5I0 l(I)O 15IO 2(I)O 2I50
4 /(mrad)
B 14 RRETARRYG 24P BE-ERXZMENKXEF
BRILERITLE
Fig.14 Comparison of moment-rotation curve of

specimen 2-4P after fire between test and finite

element simulation results

LA 14 6, 35 5084 2-4P A PRI,
FET mUB0 2R NI BE L5 s AR 3R T R R R T X L R e B
AT 55 7 T iR 4 R YA

B 5 B KRG RN AR B ISR 2 Fis.
FA M 1-3P(S960 10 mm) Fé 35 b 45 T L K8 4 31
S X X3 5 1 2E e R R AR KT, RO B I
WRAIRRTBE IR , BOANFEXT L2251, & 2 AT B L, A KR
TS B B T S B AR RS il 45 R
I KR ZE N 8. 14 %.

#2 RREBESTHER
Tab.2 Validation of numerical study against

experimental study after fire

i I ETRB] CBD)
PEE TR mE/ Rmiy fRoem
S mm  (kNem) %R/N-m)

1-1P Q235 20 255. 56 247.11 3.31

1-2P S690 12 226. 67 245.11 8.14
1-3P S960 10

2-1P Q235 25 272.59 273. 96 0. 50

2-2P Q345 20 272. 35 262. 14 3.75

2-3P S690 15 261. 79 270. 06 3.16

2-4P S960 12 252. 85 264. 01 4. 41

3.3 MALT

RS s 1-2P (S690 12 mm) 4], Hoth 5
SRR Y 28 B PR o S AN 15 RS 16 B, A
Pl 15 i B9 L 1z [ RT3 M 7 2K 0 45 SR
AYAETEIRAS » i 3 A A ) SR A L) 10 O G

a IEFLIE RG]
NRET SR 1-2P R & N RS
JERRZAE

Final stress state and yield line pattern of

& 15

Fig.15

endplate of specimen 1-2P after fire

B 16 RREF IR 1-2P Zhi X B HE 2 K ad
RE&RNM SRS
Fig.16 Final stress state of bolts in top tensile row

of specimen 1-2P after fire
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S2r DX MR AL 10D T AR B0 B S o T i W 52 s X AR
FEARXT BN 1B 16 R, B HEZ AR & A 148 , I
BB G A 57 R [+ B 2 i i ) A L
LS8 B B Z Ak SRR, AT A IR 1R
BRI S5 18, MBSz B B o M R Al & B : £k
BATFEH S KRG LA 8RBT 23 A A By il i i
B ARG A FRIT 4347 7 R A T 9 o 7 fn 2 72
AT LA 220 B B 40 A

4 SESH

FERTSCE B0 IEA BR oA B IE B 1 4 R Al L, A
FE P B AR TR SR AN Q460 AR % 321 A R X gt
A RITTSE T RS RN 2 TR, WS
Roanzk 3 PR, X B oA » R st R A R L
T EHN Q345 BT kAT BLEEL S . 19 5 P BR
BN AR AR R R RE S5 58 2. 3 FARIE , H IR
KR FIRE » RN Q460 Hg i B4 RHAE RES: BESCHR
[21-22], & 3@ 0 Q345 Wy 1 kL 1 88 2 B UK
[1,23-24].

£3 Q460 T HRIHESE

Tab.3 Endplate’s parameter of Q460 connections

— i
el P T /mm

Q460-8 Q460 8

Q460-10 Q460 10

Q460-12 Q460 12

Q460-14 Q460 14

Q460-16 Q460 16
4,1 Q460 BBMiIREET 5 1F e
411 PETE-HALRILE

AT GRIZ KO FIK KRG Q460 S M 2 45 45 4
MIBH-FEARRMLE 17 s (B H A Row
20 °C,P Fm kKB 550 °C, FRD. WA 17 Al F
W REBIREI & T ER BT, W A

x4

RE R 4f. &l 17 iB A5 AN T 4518 IR TE 7 iR
TR KRG B bR R BE I I 55 0 1R e S R
FERGUE AR B R, 5 R s BRI BN s B iR
BERUNI KRG A TR T 9 R EE
B IR AR B TR BE R I s AR

—=— Q460-8-A

—o— Q460-10-A
—A— Q460-12-A

250 —v— Q460-14-A
—o— Q460-16-A
-<0-- Q460-8-P
200 -->-- Q460-10-P
~ o -0 Q460-12-P
L i * %~ Q460-14-P
S 150y --0-- Q460-16-P
2 W,
<
w 100 ‘»e.'
' ’ i<
50
0 20 40 60 80 100 120
¥4 /(mrad)
17 ERT(RETN)FNRG Q460 smifiERE
TREE-RAXR
Fig.17 Moment-rotation relationship of Q460 endplate
connections at ambient temperature ( without
fire exposure) and after fire
4.1.2 WRMFEZESFNRE

Xt 49 A5 B0 77 S R A A 0 4 W BE L B R
TEESHRE ) F S BTV, 3 4 I WIET CRid
JOFK R =G Q460 i Blsm B # 1 mi i) £ &
J12 PR IROT A 46 2R i R — 20 R W
P2t 550 °C KK il = A1 57 2 Al 2 41
i 2y 2 MR RE R e A B B AL, KR TR AR AR 3
J1IKBNZ KETHI 90 %0 LA b, T SRy 7 K 5 A & A AR
SRR SR S KRR A RIS %

BeAh, SR 4 38 T B, Il v BB 3 i 7
FE S BB 1 B T . X R PR O R S A B JE T 1A
T R BT ARE T, B b R B B3 2 B AR

ERT(RER)FNRE Q460 HiREET R EENFEREITEE

Tab.4 Comparison of mechanical behavior of Q460 endplate connections at ambient temperature

(without fire exposure) and after fire

EF;;L%E Siniuso-P Sini160-A % Miqueor Mique0-a % $:Que0-P beQu0-A %
Q460-8 12 932 13 540 0. 96 81.0 74.7 1. 08 117. 3 111. 8 1. 05
Q460-10 15 961 16 433 0.97 123.3 116. 3 1. 06 108. 1 101. 2 1. 07
Q460-12 18 583 19 331 0. 96 171.9 167. 3 1.03 93.8 91.9 1.02
Q460-14 20 812 21 552 0.97 197.6 208.9 0. 95 76.7 75.0 1.02
Q460-16 22 308 23 469 0. 95 222.1 238.9 0.93 52.0 50. 8 1.02

1 : Siniqueo-p F1 Siniquso-a 73 B R K TS FIH T T GRad kO Q460 SR #4215 S I 4R F% Zh I EE kN « m « rad ™ ; Miquso p 1 Mrqueo-a 7314 2k
RIEHERT GR k) Q460 SATER T A PTERE T KN « m; brqusop FT brauso-a 73 B R G FIH IR T R kO Q460 it % 319 i i 7%
BhEEST , mrad.
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W RMASIERE T A SRR AR 1 X 2
(EZ R DFA, B mbik R & A4 705 W 3 P
7 T H R A B R IR ) 1 AL
4.2 Q460 HIEN S Q345 L@ MK EZET A AN
ZHEREXT EE
4.2.1 B ARRMLE

Q460 758 v B B2 1 AR Q345 3 E AN AR
HEAT R 550 CRKEIREWTHE-HAXR
e 18 Frzs. Bl 18 B, B F715 250K A B s A A
BRI BE | W DA B S PR AN [ R OG5 A5 70 2= P R A
AL 9 5 AR AR R A, Q460 RFNFT ST E
SREE WG EERIR T Q345 RIS AR 112 S
$. Q460 RFHT 2L AL AR 1 W55 F Q345 RS
MWL RES].

~m- Q460-8-P

e Q460-10-P
250 A Q460-12-P
v Q460-14-P
o ee e - Q460-16-P
200 #* —— Q345-8-P
he —>— Q345-10-P
= ? aa-aksh—o— (O345-12-P
E 1501e % et Q345-14-P
é —o— Q345-16-P
< (Z
N 100
g
50 |§'
%
0 20 40 60 80 100 120 140
¥ £ /(mrad)
18 RRJF Q460 smtERET R 5 Q345 imifiERE
TREE-HRAXR

Fig.18 Moment-rotation relationship of Q460 endplate
connections and Q345 endplate connections
after fire

AR AN & 18 BT 7 B 39 40 B -5 A R AR 4R
e FR S AR B R R i A T B ) AN )R 9 a5 g A

SIASER N 5 PR, B P E 1 Q460 itk iE
AT R —A> Q345 dm T L S A 18
MR AT LI L 3R 5 H g2 A G 2% iR 7 19 5 40
AR WIRE 1 U AR B T R SRR 1 07 T B
FHAT. H LS A0 4598 . 78 F 5% 2K i AR 1 3
H 53R R 3 A v AR ) 5 A5 A G B
TR BT SR T fe 5 4 i A PR 1Y AT SE AR
AR U R ERN (ZDRMELEH) T R
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Tab.5 Grouping of the connections
H 51 WEHRS
Group-1 Q460-8-P,Q345-10-P
Group-2 Q460-10-P,Q345-12-P
Group-3 Q460-12-P,Q345-14-P
Group-4 Q460-14-P,Q345-16-P

4.2.2 WREBFIEEILE

& 6 N KKIE QL60 MBUE T S H Q345 i
POEHTT R EE S F R A PR ITX LU 45 R. B3k 6
AL KK S B R 75 SR P e 2 A T S R
W B A T 5 W 5 S BOBA % 19 s S BB 1A BT
M, i S A JE B AR [ B 1% D0 T SR P 4 Q345 Ui
BT U S BE 1 O TR Pl R SR AW Q460 didf 47
MFEBNREST X i R SR AN Q460 B FIE 4 5 1 4
Q345 25 LAY ; S B4 LR 35 A P B 7R B
M B S A T TR R 5 20 v A R I S A R e X
TRGTB R B, K 6 o, 477 b
MRJERE S 8 mm B 10 mm B} ’MrQ345—P1'Xj7 MrQ460—PE/‘J
0. 58 £, 4715 S b A B B 35 3 16 mm B s Migsas» 4
MoaueorH) 0. 89 1. 31X 2 PR Ay 4 I A B0 JBE I, 39 s F)
A BIR AR 7 by MR A4 T B o A VR B 3, R A
A 1 B 2 BB 3 L.

R6 ARG QU60 mIREZET RS Q345 WMERET R EENFERERT L

Tab.6 Comparison of post-fire mechanical behavior between endplate connections Q460 and Q345

ﬁﬁ%ﬂi}i}ﬁ/ Siniqa1s-p Siniqué0-p %ﬁﬁ Miqzssp Mrquso-p %ﬁ:ﬁ $eQuasp $rcuso-p z—ﬁzﬁ
8 12 633 12 932 0.98 47,2 81.0 0.58 129.0 117.3 1.10

10 15 703 15 961 0.98 70.9 123.3 0.58 116. 3 108. 1 1.08

12 18 328 18 583 0. 99 105. 9 171.9 0. 62 106. 0 93.8 1.13

14 20 554 20 812 0. 99 161. 6 197.6 0. 82 89.0 76.7 1. 16

16 22 081 22 308 0.99 197. 6 222.1 0. 89 61.1 52.0 1.18

1 : Siniqass-p F1 Siniqueo-p 734 KK J5 Q345 SR A Q460 I % HeW S AI IR SIMIBE kN « m » rad ™ s Miqass-p Fl Mrqueo-p 23 5l 2 K K J7
Q345 AR Q460 SATE R S MPLE RE ST kN * m; brqasp T brausop 3 FIA K K5 Q345 Sutf fl Q460 Mtk 4 He47 s B 3Bk S » mrad.

5 4t

(1) A3CA FROTARE B3 BB IE BB 28 K R 5

R 5 BN T AR TR L B R A S R R T g%
ik

(2) TR H IR T R K K5 » b i A 5 34
0 19 R AA T BRI RE LA B 5025 AR 3R 34 K, 19



490 [A] B K 2 2 MH R B 2% B w47 %

¥eshae S/

(3) Fis TS 2 B He 3y RUFE T 48 550 °C
KR BRI N ERRE, FBEI¥FMERER KLY
ZiB1L.

() AR AL - 5 2 i Al 2 4 3 w90 02 W 2
FHATR .

(5) AR AL - 55 i Al 2 4 T R P R 3
JIR R , I LG v R R i U 5

(6) & BT KB, 5 R HRR I E
S AR PR T R B o SR A R B i A P T 5 T
SAT SEBUAHIE B 7R B LU R T s R B BE .

Sk

[1] QIANG Xuhong, BIJLAARD F S K, KOLSTEIN H. Post-fire
mechanical properties of high strength structural steels S460
and S690[J]. Engineering Structure, 2012, 35:1.

[2] QIANG Xuhong, BJLAARD F S K, KOLSTEIN H. Post-fire
performance of very high strength steel S960[J]. Journal of
Constructional Steel Research, 2013, 80(1):235.

[3] COELHO A M G, BIJLAARD F S K. Experimental behaviour of
high strength endplate connenctions [ J J. Journal of
Constructional Steel Research, 2007, 63(9):1228.

[4] COELHO AMG, BIJLAARD F S K. High strength steel in
building and civil engineering structures: design of connections
[J]. Advances in Structural Engineering, 2010, 13(3):413.

[5] KK, PME, 2R, 2. Q690 H i A m AR B AL W St

BRI R[] B HEEH =, 2014,35(4) 1 116.
SUN Feifei, SUN Mi, LI Guogiang, et al. Experimental study
on seismic behavior of high-strength steel beam-to-column
endplate connections[J]. Journal of Building Structures, 2014,
35(4):116.

[6] AR4HE. KRTRYAEBENFRSRB] TR,
2011,28(4):116.

YU Hongxia. Discussions on the robustness of steel connections
in fire[J]. Engineering Mechanics,2011,28(4):116.

[77] BSI.BS5950 Structural use of steelwork in building, Part 8:
code of practice for fire resistant design [ S]. London:
BSI, 1998.

[8] RjBLr, A7, /0, 5. WM miuE s A kK G
PERBIRI DT [T ]. WiR K24 . BARERR, 2019(1) 9.
QIANG Xuhong, SHI Zhiwei, JIANG Xu, et al. Experimental
study on high strength steel flush endplate connections after
fire[J]. Journal of Hunan University: Natural Sciences, 2019
(1:9.

[ 9] SHI Gang, SHI Yongjiu, WANG Yuanqing, et al. Numerical
simulation of steel pretensioned bolted endplate connections of
different types and details[J]. Engineering Structures, 2008,
30(10):2677.

[10] W H, MiRl, RAE. RBYHEEM TP sk R
1T 0A BRI ]. TR A%, 2015, 32(11): 100.

GAO Yiqi, SHI Gang, YU Hongxia. FEM analysis of flush
endplate connections under the combined effect of tension and
shear in fire[J]. Engineering Mechanics, 2015, 32(11); 100.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

European Committee for Standardization (CEN). Eurocode 3,
design of steel structures, Part 1-8: design of joints [S].
Brussels: CEN, 2005.

European Committee for Standardization (CEN). Eurocode 3,
design of steel structures, Part 1-12: additional rules for the
extension of EN 1993 up to steel grades S700 [S]. Brussels:
CEN, 2005.

rhA N RN [ ] 5 W B A T R LR » v D D A AL
B 5 4. GB/T 11263—2010 #4L H BN A # 43 T 4 4H
[S]. bz« v AR it jiat:, 2011

State Administration for Market Regulation of the People’ s
Republic of China, Standardization Administration of China.
GB/T 11263—2010 The hot-rolled H and cut T section[ S].
Beijing: Standards Press of China, 2011.

COELHO AM G, BIJLAARD F S K, SILVA L S D. On the
deformation capacity of beam-to-column bolted connections
[C1]//European Convention for Constructional Steelwork-
Technical Committee 10: Structural Connections. Coimbra:
[s.n.], 2002:1-8.

COELHO AM G. Characterization of the ductility of bolted
endplate beam-to-column steel connections [ D]. Coimbra:
University of Coimbra, 2004.

HU Ying, DAVISON J B, BURGESS I W, et al. Experimental
study on flexible end plate connections in fire [C] //5th
European Conference on Steel and Composite Structures.
Brussels: European Convention for Constructional Steelwork,
2008: 1007-1012.

HU Ying, DAVISON J B, BURGESS I W, et al. Comparative
study of the behaviour of BS4190 and BS EN ISO 4014 bolts in
fire[C] //3rd International Conference on Steel and Composite
Structures 2007. Manchester:[s.n. ],2007: 587-592.

HU Ying. Robustness of flexible endplate connections under
fire conditions[ D]. Sheffield: University of Sheffield, 2009.
THEODOROU Y. Mechanical properties of grade 8. 8 bolts at
elevated temperatures [ D ]. Sheffield: University of
Sheffield, 2003.

LOU Guobiao, YU Shan, WANG Rui, et al. Experimental
study of mechanical properties of high-strength bolts after fire
[C]// Structures in Fire, Proceedings of the 6th International
Conference. East Lansing: [s.n. ], 2010;: 679-686.
PE AR, A, 45, Q460 RN LA S5 R A g g
R BIRLHAR, 2013,34(1): 30.

SUN Feifei, XIE Liming, CUI Wei, et al. Experimental study
on material properties of Q460 high strength steel under
monotonic and cyclic loading [ J ]. Journal of Building
Structures, 2013,34(1):30.

WANG W, LIU T, LIU J. Experimental study on post-fire
mechanical properties of high strength Q460 steel[ J]. Journal
of Constructional Steel Research, 2015, 114. 100.

BAE , BXAIR, X B BR L . B FUIA RIS I D 2 AR S AT
[J7. Tolv 3%, 2010 8T : 1121.

JIN Meng, ZHAO Jincheng, LIU Minglu, et al. Analysis on
the mechanical property of structural steel after fire[]J].
Industrial Construction,2010(S):1121.

HEK, £ RN . Q345 5 Q460 S4TSR FIAE R
BAERBLLERT]. TR, 2012,42(1): 13.

DAI Guoxin, WANG Fei, SHI Gang, et al. Comparison of
monotonic and cyclic performances of structural steel Q345 and
Q460[J]. Industrial Construction, 2012, 42(1).13.





