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EXPERIMENTAL STUDY ON POST-ELEVATED TEMPERATURE
MECHANICAL PROPERTIES OF BUTT-WELDED CONNECTIONS

CHENG Liang*, ZHU Mei-chun?, LI Guo-giang®
(1. College of Civil Engineering, Tongji University, Shanghai 200092, China;

2. College of Civil Engineering, Shanghai Normal University, Shanghai 201418, China)

Abstract: Post-elevated temperature mechanical properties of butt-welded connections were investigated in this
study. 39 specimens were heated to different maximum temperature from 200 to 800°C and held for 60 minutes.
They were subsequently cooled to ambient temperature naturally or by water, and finally stretched to failure.
Results show that for butt-welded connections that fail in basic metal at room temperature, fracture failure
happens, and the failure position changes to the butt weld when the exposed temperature is high. Cooling methods
have a great effect on mechanical properties of butt-welded connections after fire when the exposed temperature is
above 400°C. For natural cooling, specimens begin to fail in butt weld at a temperature of 500°C, and the
maximum decreases in the ultimate strength and the corresponding deformation are 20% and 50%, respectively.
For water cooling, specimens begin to fail in butt weld from 600°C, and the maximum decreases in the ultimate
strength and deformation are about 10% and 35%, respectively.
Key words: butt-welded connections; post-elevated temperature; experimental investigation; mechanical
properties; identification and repair restoration
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Fig.1 Specimen dimensions and processing method

1.2 RIERERMETIE

RIRLE R KPR =17, AfaEiRg
KBEAEL VA EANA H G BRI = AN, RAW
RIS T %A HL R BB AL - 58 BT A L (O ]
2()) fe K # 15kW, 4P N2 R~ 0.45mx
0.45mx0.6m(Kx B x 1), i AL ik 1000°C, %
AT AR R A AT (L 2(b)). ik
55 BT 5 AR I HLOILIE 2(c)) i K n#k A& 1000kN,
WRIE 1 S B AR D IR T -

1) i KB, E BRI i 110mm Ab %
A B K AL A DU R o K A
TN, ARG iR TR R Y 5°C/min, fF
IR B IR JE E AR 60min,  DUEIR TR 4
BIE 2

2) Wl X ERA IR, BERETHEPN
AHEEE; SFRAKAHRE, WEy R
TERER MK B R A E =0, BB K K%
AR A ERE =R A FIE =R,

3) A ARG, M 0.01mm B F bR+
JOM SR S bR RS, SR a2 36 31 7 RE il
WL BT ILh RS, B WRIEIR, WEH /-2
KAML . PLHORIWIHIR A i hlngL, ok
2/ 150kN/min; (565 HHR FH AL Re # il n gk, hn
BOEFR N 1.5mm/min. AR A AR A B
FERA 00 () 7 A 2k 470 &

(b) RSP



300 T B %

(c) BT REM PRI AL
K2 lisd#dreEr
Fig.2 Test Set-up

2 KRN

2.1 HIREHE

P R PR 2 W25 Z5 AR5, R
NP B 1 N BEMRLIb, W R B 2

NEBVERIOR, i KIREEANEERE 400°C 1) B ARV
H AR A KR AN IS 500°C TR KA EA 4
PR USSR B8 2 ORI R, ke TS
WIS, BORTIR, NHEVERIR, KRR T
400°C (H #A74 208 500°C (TR KA E0) B A 45 K K3 B R
HEPESEA . R AE S B 3 i, Pirf At Fig.3 Failure mode of the specimen

I AL EAERR 1 AN 2 R
1 HEREEEARAINFRRER—EE

Table 1 Experimental results of post-elevated temperature butt welds (natural cooling)

WC-200-1/2/3 WC-400-1/2/3 WC-500-1/2/3 WC-600-1/2/3 WC-700-1/2/3 WC-800-1/2/3

AE i E1 S R e AT N fy FEE/ . fu P HME/

RS : W oz f,/MPa f, LR E f/MPa fu AL RS
T/(C) JEJE bimm  FiJ¥ tmm  Fy/kN Fu/kN MPa MPa
NC-20-1 20 527) 13.88 24.98 122.2 1884 3525 543.4
NC-20-2 () 527) 13.98 25.04 126.0 1942 3600  350.0 1.00 5548  539.9 1.00
NC-20-3 527) 13.68 24.85 1147 1787 3375 521.6
NC-200-1 527) 13.85 25.00 120.7 1779 3487 513.9
NC-200-2 200 527) 13.88 24.92 124.9 1863 3612  350.3 1.00 5386  525.7 0.97
NC-200-3 527) 13.8 24.92 17.2 1804 3409 524.5
NC-400-1 527) 13.83 25.09 125.8 1812 3624 522.3
NC-400-2 400 527) 13.85 24.95 111.0 1718 3212 3439 0.98 4973 5137 0.95
NC-400-3 527) 13.89 24.92 120.4 1804 3480 521.5
NC-500-1 Pk 13.59 24.96 122.7 1780 3616 524.9
NC-500-2 500 Pk 13.20 24.94 124.1 181.3 3770 3520 1.01 550.7 5388 1.00
NC-500-3 Pk 13.12 25.06 1126 1779 3425 541.0
NC-600-1 Pk 13.44 24.97 1133 1665 3377 496.0
NC-600-2 600 Pk 13.28 25.07 118.7 1771 3568 3523 1.01 5321 5117 0.95
NC-600-3 Pk 13.69 25.00 124.1 1735 3625 507.0
NC-700-1 Pk 14.11 24.90 108.4 156.7 3085 446.0
NC-700-2 700 Pk 14.48 24.95 109.4 1586 3029  304.6 0.87 4389  430.8 0.80
NC-700-3 Pk 13.78 25.12 104.6 1411 3023 407.5
NC-800-1 JR4k 12.72 25.12 93.6 1503 2929 4722
NC-800-2 800 JRek 13.36 25.04 101.6 1535 3037  298.3 0.85 4589  458.7 0.85
NC-800-3 JR4 13.12 24.98 97.8 1458  298.4 444.9
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Table 2 Experimental results of post-elevated temperature butt welds (water cooling)

s e g DRSS RGBSR ST s tmpa f P lMPa 1, I R
T/(C) JERE bimm B8R thmm Fy/KN Fu/kN MPa
WC-20-1 2 Bt 13.88 2498 1222 1884 3525 543.4
WC-20-2 R Bt 13.98 2504 1260 1942 360.0 350.0 100 5548 539.9 1.00
WC-20-3 Bt 13.68 2485 1147 1787 3375 521.6
WC-200-1 BER 13.72 25.02 119.8 1820 348.9 530.1
WC-200-2 200 7] 13.77 2490 1189 1815 3467 33738 096 5204 520.7 0.96
WC-200-3 Y7 13.88 2503 1104 1746 3177 502.7
WC-400-1 R 13.74 2498 1212 180.0 349.8 519.5
WC-400-2 400 Bt 13.66 2495 1199 1831 3518 3495 100 5374 528.5 0.98
WC-400-3 Bt 13.76 2508 1197 1825 346.8 528.7
WC-500-1 R 13.87 25.05 119.9 1844  345.1 530.7
WC-500-2 500 Y7 13.94 2505 1135 1758 3250 350.1 1.00 5033 519.2 0.96
WC-500-3 Y7 1355 2494 1222 1803 3550 5235
WC-600-1 ot 13.66 2506 1190 1804 347.6 526.8
WC-600-2 600 okl 13.90 2497 1241 1634 357.4 3463 099 4707 504.0 0.93
WC-600-3 ok 14.15 2500 1225 1826 3451 514.3
WC-700-1 ot 14.66 24.96 1185 1743 3239 476.3
WC-700-2 700 1R 13.25 2501 1235 1703 3727 3485 100 5140 498.6 0.92
WC-700-3 b 13.07 2483 1132 1640 3488 505.4
WC-800-1 JRu 1351 2490 1064  180.9 316.2 537.8
WC-800-2 800 R 14.31 2487 1046 1884 2938  306.2 0.88  520.2 531.9 0.98
WC-800-3 JR4E 13.43 2476 1026 1757 3085 528.5
2.2 TRALREXTEE 200+ Bk
BRE (AT AR B8 I 22 1) 4 s o 9 T T4 P
L, P 5 4 T TSRO I R A T A ol AN
e KR E A 2. SRS, SR kS Zm~ﬁ%l
HORFE I A A, W T ERAHIT7 A, RS Sl il o
SR IRAT HN A B R T B T R, K H A - oo
L2 9 800°C IR H FRAS T AT AR 19 50%: % T N A T e
YR HTT A, KRNI 600°CHE, 1Y 5? 02 04 06 08 ﬂ;mlngfA 16
W PR AR TE AR AL R EULRAFFAE 0.75 2247, 2 KOl B £ 8/mm

i 600°C LG, BRI IR AL RE J1 4k SRk, 3L
KR 800°C Bl FRAZ I I A LI 1Y) 65%. (Rl
TEVR KRR A5 3, R I K xR S
AT RE & B3 T, X — rE KR
LER AV E VA T SR L T B AL

200+
180
160
140
-, 1201
§§100—

SRS

08 10

frF/mm

4 AR AR AR KOS R - AL i 2
Fig.4 Load-deformation curve of butt-welds after fire
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Fig.5 Ultimate deformation factor of butt welds after fire
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Fig.6 Strength factor of butt welds after fire
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