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Abstract: In order to obtain behavior and failure mechanisms
of high strength steel endplate connections in fire, full-scale
tests on 7 joints were conducted at elevated temperature
550C under steady state fire condition. The connection
specimens included 4 high strength steel endplate connections
and 3 mild steel endplate connections. The endplate thickness
and the endplate material were the focus of the parametric
study. In order to compare, corresponding tests at ambient
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temperature were carried out as well. Moreover, the current
provisions of Eurocode 3 were validated with experimental
results. It is found that a proper thinner high strength steel
endplate can improve the rotation capacity of connection both
at ambient temperature and in fire, and simultaneously
achieve similar moment resistance with a mild steel endplate
connection, which guarantees the safety of an entire steel
structure.

Key words: high strength steel; endplate connections; fire;
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Fig.1 Dimension of endplate connection specimen

(unit:mm)
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Tab.1 Test specimens and fire test conditions

JRAIRE e
& R OmEE BN BAE
HE BB E/mm R SEMIE G
BOfEH
1-1A Q235 20 ER50-6 T8k 8 20

1-2 A S690 12 ER76-G Rl 10 20

1-3 A S960 10 ER76-G {EF#4 10 20
21 A Q235 25 ER50-6  ETEH 8 20
22 A Q345 20 ER50-6 T8k 8 20

2-3 A 8690 15
24 A S960 12
1-1E Q235 20
1-2E S690 12

ER76-G st 10 20
ER76-G {EFEH 10 20
ER50-6 HTEM 8 550
ER76-G st 10 550

13E  S960 10 ER76-G & TH# 10 550
221 E Q235 25 ER50-6  HTHRH 8 550
22E Q345 20 ER50-6  HTHRH 8 550

2-3E S690 15
24 E 5960 12

ER76-G Rl 10 550
ER76-G XT84t 10 550

54 ER50-6 4 R8BSR 439 MPa, & %
MR Q235 F1 Q345 B, MR 48 A& Je FHI AR IR,
2% ER76-G [))m IR FE S 735 MPa, B4 & T S690
B R 3, (BT S960 4 IR 48 &, R I o) 5
MW(Q235 F1 Q345) ¥ » SRR T BX 8 mm; X 75y 3
B (S690 F1 S960) I » MR T B 10 mm.,

1.2 Amigd&

WEEE 0 B IR K AR P 43 Hodr, ok
TARIAE K KR H AT, S5 A RBES.
BB K G S AT X B IN L 0 e e E
IO R T AR A R A B B LA 7 (58 M &7t i i
. FEARIRI TR WA = LT R4 A2 K
TP e 2 BRI T4 R IR (B 2).

1.3 fBlE
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H 3 At i (DT1—DT3) P 21 R [ i 52
AR G2 P 58 i) 47 % ) B8 o R R AR AERE TR AN R
G A E 1AM A (DTS fi DT10)
L0 A ) 2 1) AR [ B, R 0 A 0 il 17 £ B 22 BT
BB AL i sm i AT i 1 AN R RS
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Fig.3 Arrangement of displacement sensors{unit:mm)
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Tab.2 Description of components at the end of ambient-temperature tests

T wm o kk WE kR WE AR WE KK RE kK MR AX
Q235 20 1A 11E p=1 = % p=1 il % il = 2 2
$690 12 12A 12E 2 2 % 2 2 b % % 2 2
S960 10 1-3A 13E = = & 2 & = P & 2 2
Q235 25 21A 21E 2 = = = B = B B = =
Q345 20 22A 22E 2 = 2 2 = T = = 2 2
S690 15 2-3A 23E = = 2 2 & = & & 2 2
S960 12 24A 24E 2 2 2 2 % b % % 2 2
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Fig.4 Final deformation state of connection 1-1 A(Q235 20 mm) at ambient temperature
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Fig.5 Final deformation state of connection 1-2 E{S690 12 mm) at elevated temperature 550 C
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200 Tab.3 Characteristics of connections at ambient
o temperature
£ 1O0g, ap BT R RN SERED MME b/
=" 100k - W5 ¥ E/mm  (Ne+m) #Z%/kN  mrad
e :-‘;' — B% 11A Q235 20 929.93  213.69 199
sof/ DT3 1 12A  $690 12 247. 85 230.34 214
""" DT4 1-3 A S960 10 209.86  195.04 105
0 20 40 60 80 100 120 2-1 A Q235 25 287. 00 266.73 114
A% /mm 2 2-2A Q345 20 277. 25 257.67 115
o BB 2-3 A S690 15 272.71 253.45 101
250 24 A S960 12 264. 32 245.65 105
0 M, OB AT K W AR B B .
e e InEREHR A 1-3A(S960 10 mm) 7SR = A —
- 150 e . ‘ " ] . .
Z FESMWARTY 5, 7608 48 PR i X AL T 2T & A= 4R R
~ Y S =
& 1or. - bm Ao BREUR. X R T4 R o B 1Y R e B B AR X
soH ~~~DT3§EDT4 8, BRI AEXT LUIE RN IR T8 2 41 SRR
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0 20 40 60 80 100 120
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Fig.6 Results of specimen 1-3 A computed from 250
displacement readings
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¥ 100 , ¥ /mrad
50 b 4l 2 ik
L 0, B8 EERTRENTETE-HERXENLE
0 5'0 1(')0 — 1 5'0 2(')0' 2%0 Fig.8 Moment-rotation comparison of specimens at
#4 /mrad ambient temperature.
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Fig.7 Definition of connection rotation capacity
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Tab.4 Characteristics of connections at elevated

temperature
w5 W iR WIRE BIDRES/ WM e/
- ErR=) M E/mm (kN * m) #H/kN  mrad
1-1E Q235 20 83.91 77.98 314
1 1-2E  S690 12 105. 92 98.44 304
1-3E  S960 10 100, 05 92.98 313
2-1E Q235 25 120, 40 111.90 191
2 2-2E Q345 20 111.16 103.31 313
2-3E  S690 15 120. 78 112.25 330
24 E  S960 12 113.18 105.19 320
120
— Q235 20 mm
R - --$690 12 mm
100 8960 10 mm
z 80 .
S eof!
~ i
&
40
20}

| 1 1 1 1 1 1 1 ]
0 50 100 150 250 250 300 350 400
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140
— Q23525 mm
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Fig.9 Moment-rotation comparison of specimens at

elevated temperature.
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Fig.10 Effect of endplate thickness in connections at

ambient temperature
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Tab.5 Connection rotation and failure modes of

specimens
W i R —— KA
HE MR mm P/ S pes g
mrad mrad
1-1 A Q235 20 168 199 A1 1
1-2 A S690 12 105 214 w1 Ml
1-3 A S960 10 69 105 w1 Ml
2-1 A Q235 25 89 134 B2 2
2-2 A Q345 20 63 130 B2 2
2-3 A S690 15 83 101 w2 M2
2-4 A S960 12 85 105 w2 M2
1-1E Q235 20 106 314 B2 2
1-2 E S690 12 69 304 B2 2
1-3 E S960 10 76 313 w2 M2
2-1 E Q235 25 84 191 w2 M2
2-2 E Q345 20 90 313 B2 2
2-3 E S690 15 58 330 w2 M2
2-4 E S960 12 64 320 w2 M2
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Tab.6 Evaluation of plastic flexural resistance of connections at ambient temperature
jzvGs e M ra,Bc3/ M R test,1/ M rd, test.2/
ﬁ% —p)\J—i (kN *» m) (kN » m) (kN * m) Ro1 Ry Rz
1-1 A Q235 20 mm 167,07 155, 61 153, 20 1. 074 1,091 1,016
1-2 A S690 12 mm 176. 04 207.18 222,73 0. 850 0. 790 0.930
1-3 A S960 10 mm 170. 62 159, 98 181.98 1, 067 0,938 0. 879
2-1 A Q235 25 mm 245, 14 243,15 259, 41 1. 008 0, 945 0,937
2-2 A Q345 20 mm 239.79 235.79 255, 04 1. 017 0. 940 0.925
2-3 A S690 15 mm 248. 54 225,92 233.22 1. 100 1. 066 0. 969
24 A S960 12 mm 234,17 199, 65 202, 99 1,173 1,154 0,984
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Tab.7 Evaluation of plastic flexural resistance of connections at elevated temperature

A

M;,ra,Eca/

Mdeytestyl/

]V[ijd,tesnz/

G52 W BN » m) (KN~ ) (KN » ) Rat Ra R

1-1E Q235 20 mm 76. 77 68,13 72,94 1. 127 1. 053 0.934
1-2 E S690 12 mm 89. 90 89. 99 105. 38 0. 999 0. 853 0. 854
1-3 E S960 10 mm 95, 26 84. 68 93.74 1.125 1. 016 0. 903
2-1E Q235 25 mm 109. 29 106. 50 108. 79 1. 026 1. 005 0. 979
2-2 E Q345 20 mm 107. 37 104, 68 105. 86 1. 026 1. 014 0. 989
2-3 E S690 15 mm 105. 94 101, 25 120, 02 1. 046 0. 883 0. 844
2-4 E S960 12 mm 105. 41 104. 83 111. 90 1. 006 0. 942 0. 937

IR M, rasreses T M Rawes2 5 Eurcode3 H# 811
BEER M, ra pes T EUIE A2~ T 14,
3.3 URIRERET REIFEEhEED

Eurcode3 Part1-8"1 55 Hi , % IR T Un o b % 4%
T TR, WA R 5 shBe 71 ©
AL HTE AR AR Ty AR Sl iR % B ] s O AER
G (A b—ERFMOPRIHMD R ¢+ 2

+ < 0.36d J% )
AP d BIBRER; fo RREWITHIERE; f, 215
A R BB 1 ARG B K A< i3 BT A
T RS Eurcode3 Part]-8%) th |3 45 SCHEAT XS
F L SRR BT B W R A (D CF st &
BT MEARSTE Re IR , B —Le R R AR
(2), BAA .3 8.
®8 EETHINEESME EC3 MxfLL

Tab.8 Verification of the guidelines of EC3 on rotation

capacity at ambient temperature

R R b EC3 #is2
e Pt JERE/mm BREE/mm
1-1 A Q235 20 18

12 A $690 12 11

13 A $960 10 9

2-1 A Q235 25 18

2-2 A Q345 20 15

2-3 A $690 15 11

2-4 A S960 12 9
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