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Abstract
Abstract

Keywords: high-strength steel, steel column, elevated temperature

The development and application of high-strength steels have been increased
significantly. The high-strength steels are widely used in bridges and medium- and
high-rise buildings. The high-strength steel has higher yield strength and tensile
strength than mild steel. Therefore, the application of the high-strength steel on
high-rise buildings has advantages, especially for columns subjected to heavy load.
The behavior of steel columns in fire has been studied considerably. However, most
of the study focused on the fire test of the mild steel. The use of the high-strength
steel has been increasing, but the research of the compressive strength and behavior of
steel columns using the high-strength steel under fire is lack. At elevated
temperatures, the yield strength and elastic modulus of the high-strength steel
decrease more significant than those of the mild steel. Therefore, this study carries out
an experiment of the high-strength steel columns in fire to investigate the compressive
strength and behavior under high temperature.

The fire test and compressive strength calculation were carried out. Relevant
literature and codes were first collected to understand the parameters affecting the fire
resistance and various codes’ methodology. Four large-scale steel box columns using
SM570MC high-strength steel were tested in fire to explore their behavior,
compressive strength, and failure mode. Calculation model was studied to calculate
the compressive strength of the specimens and to compare with test results. The
calculation model for the compressive strength of the box column using high-strength

steel at high temperatures was established.

The test results showed that the higher the slenderness ratio, the lower the
compressive strength and the higher the temperature, the lower the compressive

strength. When the temperature is higher than 600°C, the influence of the temperature

on the compressive is more significant rather than slenderness ratio. The complete
joint penetration weld used to build-up the box section resulted in no damage on the
weld. Although the cross section of the specimen is a plastic design section, local
buckling occurred at high temperatures for two specimens with greater
width-to-thickness ratio. Based on the calculation of the compressive strength of the

specimens, it is found that the most accurate compressive strength at elevated
XI
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temperature of the box column is calculated by domestic codes using relevant

reduction factors of the mechanical properties at elevated temperatures.
For immediate strategy:

The high-strength box columns used in engineering practice are generally filled
with high-strength concrete to enhance their compressive strength. The strength and
stiffness of the steel are gradually attenuated when the columns are at high
temperature. However, the internally filled concrete is a poor conductor of heat. The
steel and concrete will affect the strength of the column. Further study should be
conducted to explore the compressive strength of the high-strength box column filled

with high-strength concrete.
For long-term strategy:

There is little research on the compressive strength of high-strength steel
box-columns at elevated temperature. In this study, only four specimens are used for
fire test. The application of the calculation model based on this test result will be
limited. Further study is needed to include other temperatures and slenderness ratios
and to establish a complete calculation model of the compressive strength used for

high-strength box column at elevated temperature.
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Reduction factors at temperature 6, relative to the value of £ or E,
at 20°C
Steel Reduction factor Reduction factor Reduction factor
Temperature (relative to fy) (relative to f,) (relative to E,)
for effective yield | for proportional limit | for the slope of the
a, strength linear elastic range
ko = fuolfy koo = foolfy kep = EaiolEa
20°C 1,000 1,000 1,000
100°C 1,000 1,000 1,000
200°C 1,000 0,807 0,900
300°C 1,000 0,613 0,800
400°C 1,000 0,420 0,700
500°C 0,780 0,360 0,600
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ceE T E R R B R G AR M DR RGBS R
Be08 3 0.9 & & ¢ BX gk TR RE, (017)4¢ § 2 E R
K3 A& L 460 N/mm? -

—I,;I\f <10 (2-5)
P

N=ghe4 >No

Q=" BT pos £ R AR R A -

A=t £ 5 5 f o mm? e

f = %8740 &K E > Nmm? e
o PEART2RGBHED VEERE L (FE)

PR T AR VHERE ) (017) RS 2 R R R A
SRR RER LD LR
1ok{ed

AP F ARG B A FE T AT TRARET M

é%<f (2-6)

N = ST g e 4 N
A=t £ 5 5 f o mm? e
f =F BT AT R AR E N/mm2°

o (2-7)
Qr =F BT s RS DR g
PESSRE NP Y AR R Rt
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2. TR R ARZE
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Boo el R g et ~ B ff ARl Rt 2 FIR T S 0% R KT

Y A - R PE o R I L B R

(# RS QR-8): 3 AT R £ R#HA 21 AT 5 (QREN (29

B RR R 4 2241

R= % (2-8)
R = (p% (2-9)

A, =B g # 5 5 4 mm?
f= % BT s AR Nimm? -

221 »EFHRFP REZDWHEE PRAER T (CC)

R 0.30 | 0.35 | 0.40 | 0.45 | 0.50 | 0.55 | 0.60 | 0.65 | 0.70 | 0.75 | 0.80 | 0.85 | 0.90

Ty
‘;ﬁfﬁ 663 | 641 | 621 | 601 | 581 | 562 | 542 | 523 | 502 | 481 | 459 | 435 | 407

- ‘]\r A
m%jﬁ 718 | 706 | 694 | 679 | 661 | 641 | 618 | 590 | 557 | 517 | 466 | 401 | 313

(FAR KR 2 A SHD L PRy 2017)
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322 BARIFP R X BRGHEARRER T, (C)

2 S g

Ay f, /235 | =50 | 100 150 | 200 | =250 | =50 | 100 150 | 200 | =250

0.30 | 661 660 658 658 658 721 743 761 776 786

0.35 | 640 640 640 | 640 640 709 727 743 758 767

0.40 | 621 623 624 625 625 697 715 727 740 750

0.45 | 602 608 610 611 611 682 704 713 724 732

0.50 | 582 590 594 596 597 666 692 702 710 717

0.55 | 563 571 575 577 578 646 678 690 699 703

R" | 0.60 | 544 553 556 559 560 623 661 675 686 691

0.65 | 524 531 534 537 539 596 638 655 669 676

0.70 | 503 507 510 512 513 562 600 623 644 655

0.75 | 480 481 480 481 482 521 548 567 586 596

0.80 | 456 450 443 442 441 468 481 492 498 504

0.85 | 428 412 394 390 388 399 397 395 393 393

0.90 | 393 362 327 318 315 302 288 272 270 268

A=t cm £

f, =¥ 87 R4 R R N/mm?

(FAR KR 2 A SHD LSy 2017)

2 - £ F AISC

AISC (2016) % 8 T 2. % @*}ﬁﬁ R O N 4N (2-10) 97T o Ry E L &
A E AR N E s eV (2-11) 50 (2-12) 0 T e KM 5 R B R Y ﬂf#ﬁ’ﬁ

s ff AR F M 2 UG A VL REM LA -

P, =F, A (2-10)

10



¥ 5>4.71 ’E
r Fy

F =0.8F
Ag= HEH 2 2E6 -
Le= ffH ek & -
= M5 LT
E= sEH i -

Fy= B R -

3

XTI Y

(2-11)

(2-12)

(2-13)

AISC (2016)* Fitddr 4 R ZIL IR HRHKE S 0 7 LS Y2 R
BN LB VR 22 R BT AL R A S ke i
T o LA M F R T RGE R A AZE 450 N/mm? 0 @ 4k H T B R T R

PIGR ™ 478 Chdfc > 4t 2 B8 BT 4o & 23 977

i R R (T) 145 (2-14)3 5 2

R(M=F, (T)Ag

N
X

R(T)

F. (T)=|0. ¥ |F (T)

cr

11

c X RHEHN R T 2

(2-14)

(2-15)
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:7#E(T)

A= MRS e
F.(M=Er: TRl -

FM)=ma 5 T2 B pRs o

FM=E/& TR HRET R R -

EM) = r 5 Tz i385
L= HH 3 %L R -

r= fH e e L
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XTI Y

%23 BREBMTHHPFETLITHEE
e g N T I T
wiga | TR J5 R e J5 R e IR i
F(C) | k.=EM)/E
~G(T)/G kszp(T)/Fy kysz(T)/Fy ku=Fu(T)/Fy
68 (20) 1.00 1.00 * *
200 (93) 1.00 1.00 * *
400 (200) 0.90 0.80 * *
600 (320) 0.78 0.58 * *
750 (400) 0.70 0.42 1.00 1.00
800 (430) 0.67 0.40 0.94 0.94
1000 (540) 0.49 0.29 0.66 0.66
1200 (650) 0.22 0.13 0.35 0.35
1400 (760) 0.11 0.06 0.16 0.16
1600 (870) 0.07 0.04 0.07 0.07
1800 (980) 0.05 0.03 0.04 0.04
2000 (1100) 0.02 0.01 0.02 0.02
2200 (1200) 0.00 0.00 0.00 0.00

PR AnHTE KGR B ATIE 450 MPa > A & 2 BRI G TS 470 o
R R -

E=%

AR RN S

EM)=:F & 5 T pF2 4% 4 3813 fidic

G=4

B2 T 4

GM=®i+ TEZeHT+ ik

(FHR KR 277

Fo(T) =i & 5 T A2 g BHRAL S 61"k
Fy =¥ I8 2 4 PB4 50 R

FAT) =B & 5 T /2t bHR4" 55 2
FT) =ik 5 T /2 bbb gidodess &

g gr AISC 2016)
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FAASBEIRENFETLRERLA]
i ~ ¥ Eurocode 3: Design of steel structures — Part 1-1(% §)

[B4r

Eurocode 3 Design of steel structures — Part 1-1 (2005a) 12 3 %76 2. F - 1t %7
BARERL B2 B53 B R4 8 EREELRTAELN(2-17) R
BEEHATE 2N e 5 A LA AN E 0 4o (2-18) £ (2-19) -
2+ ¢k Eurocode 3 (2005a) 4% | 5 B 4% 4 °% K55 & B % 5 460 N/mm? -

Neg g (2-17)

Af
N y (2-18)

Ne =5 A (2-19)

£ ~ w7 Eurocode 3: Design of steel structures — Part 1-2(3 8 )

Eurocode 3 (2005b)2 4t % %+ 8 B T X B R Ny g ope 9% F im it ~ £

‘iﬁ;ﬁf#ﬁg‘&:éeaﬁ7 ERNE Y S 3 kAE 2. “f?—x«w B ML G
FoEE s BIETERBET O —\.(2 20)—‘;,1.% ) fe \(2 20)1;;-&»#.,«» %5123

o BE T A MBI Ao (2-4) 7T o

e
o
Sif?t

14



EH s ol nglqrr;gp
Ny fi1.rd :ZﬁAky,e fy/VM,ﬁ (2-20)
;E_! =4
A=HEH# 5 4 > mm? .
Ko =8 118 & 5 OFF"E Rog & 2 47 Thdic o
f= KT R %52 > Nimm? .
Y= X R TARMADR IS FlF o ERM 2y, =1 -
Xi = L (2-21)
7 —— -
N
1 - =2
0, = [1+ o+ Ao } (2-22)
a =0.65 / (2-23)
o ,/ (2-24)

A=48 F]=t (L fmE v oo

=4k HiE R G O PFE BB 3T Tk o

15



FHAGHEEH T FETERERZ ]

224 BRBMTHHBEE T2 ITH K
Reduction factors at temperature @, relative to the value of f, or E,
at 20°C
Steel Reduction factor Reduction factor Reduction factor
Temperature (relative to f,) (relative to f,) (relative to £,)
for effective yield | for proportional limit |  for the slope of the
o, strength linear elastic range
kvo = folfy lpe = fralfy keo = Eao/Ea
20°C 1,000 1,000 1,000
100°C 1,000 1,000 1,000
200°C 1,000 0,807 0,900
300°C 1,000 0,613 0,800
400°C 1,000 0,420 0,700
500°C 0,780 0,360 0,600
600°C 0,470 0,180 0,310
700°C 0,230 0,075 0,130
800°C 0,110 0,050 0,090
900°C 0,060 0,0375 0,0675
1000°C 0,040 0,0250 0,0450
1100°C 0,020 0,0125 0,0225
1200°C 0,000 0,0000 0,0000
NOTE: For intermediate values of the steel temperature, linear interpolation may
be used.
(F#L k& : Eurocode 3 2005)

i BRRGMBERE
%ﬁfi%ﬁ%#ﬁ?é%ﬁﬁwwf&ﬂwéﬁfﬁ’? @ op RPN k2

Bl SR AR T MR AR Z R TR i A R AR DR LR

o REBRAMGMRETZIRBET I BLIN LR LT FRYFET 2

LUl R ERGHBRETAANAT -

Chen % % (2006) ¢ * %
i & % 790 MPa : 4%+ ¥ 25 % It ASTM A514 ~ EN 10137-2 Grade S690Q

% & 4% +1 BISPLATE 80 ("% k3 & % 690 MPa » &2

16



- F Hpp 82 RF AR
2 JIS G 3128) 2 — 4%+ XLERPLATE Grade 350 ("% k3 & % 360 MPa> &' 3
B 5 450 MPa; 4+ # B 121 % 2 ASTM 573-450)ie 17 4 3 1 % > 4 2R &
REREE B AR FEA F AP BT LW e R A X0 iR
H w255 B fodu i K F o Chen & 4 7 -9 5% & % 22 ASCE Manual (1992) ~ British
Standard 5950-8 (1998) # European Code 3 Part 1.2 (2001):& {7 v fio» 35 34 245 £ F
B o FA Y REB T 0 BB R B 540°C PF > % 58 B 4k TE K58 R 2 M Kl
TRt R T - B o S AP ROT - B BT T 2R MR g
BEDERT AW RILT R R TR GAEP R dod 25977 o B ETHT
R EFRBREEFRLPRBRRBGHBETLERRBR AR EY
1000°C 8 e B > & 2R FE R B AR G = ar e

% 2-5 BISPLATE 80 2 XLERPLATE Gr. 350 237 &

High strength steel Mild steel Comparison

[ fo T ] [ l‘-; ] foar ) ( ."J, ) (fo -’”fl I lllll|]”|Lh (E ”” rn||I]H1 h
T -lfuﬂ_‘,nnrm:ﬂ-lllyh 'L'-m.\nn:ll.lli\uh -..Jr.n..'-.nnrnl.'ll-!\IiIJ .‘F'-nnrm.ul-f\hld U']'-?-'rj"r.("-‘-']“'“""l}m‘.ld (E Ir':"“““l}n'ld

22 1.00 1.00 1.00) 1.00 1.00 1.00
60 0.95 1.04 0.96 1.00 .99 1.04
120 0.94 1.01 0.95 0.95 0.99 1.06
150 0.96 1.04 0.94 0.96 1.02 1.08
180 0.92 1.02 0.92 (1LYs 1.00 1.04
240 (.89 0.98 (.90 1.03 0.99 0,95
300 (.89 1.00 0.95 0.95 0.94 1.05
410 0.87 0.92 0,90 0.91 0.97 1.01
460 0.8 0.94 0.81 (.89 0.99 1.06
540 0.75 0.87 0.78 0.90 0.96 0.97
600 0.60 0.73 0.71 0.82 0.85 0.89
660 0.43 0.73 0.56 0.77 0.77 0.95
720 0.21 0.51 0.35 0.65 0.60 0,78
830 0.08 0.33 0.15 (.48 0.53 0.69
940 0.05 0.12 0.09 0.27 0.56 0.44
Mean (.88 0.93
cov 0.200 0.187

(742 % & : Chen % + 2006)

Qiang % « (2012)7 * S460 £r S690 = fE4k H » #-H 44 T # %R & (100°C
3 1000°C) > FFiAArE ¥R EN &K TR TAAEIE T RER
BiUse R~ BB irid s RBM G 8 R RSM X VS 2 e
P o F eSS S460 22 S690 4t R B OYIE AR 600°C 11T b E s His
BHT2 28 PUEI S NS BE R % o pbebs I S460 ¥ S690 4
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FEABESENFETERER LS
HEFE 1000°C 2 T 508 Biq2 B o

Kwon (2013) 17 SM520B % SM570 % 5 & &+ v ¥ i 2 38 T 2 420 F 5%
T 27 SS400 ¥ 37 53 & 4k 1 v- $oSMBT0 4 4 2 7 % % % 4o & 2-6 #757 - 14 Eurocode
3 (2005b) 2 38 {4 B #icdT i % Hicr Kwon (2013)2 44 4 #ic #> Eurocode 3 (2005b)

% 700°C TR L IET > mE AL 700°C 2 BFR#R A %= o 12 Eurocode 3

(2005b)2_ " X 55 & 37 i Kwon (2013)2 47 4 #ict #i 8 B 4 600°C P
LR HARRIR B 0 458 Gl fde 27 90R o 22 SSA00 ¥ i 58 B 4k H
VB TR SMST0 A H B T 2 % R5i R A 300°C 3 700°C B 0 H R g R

Feg ot b Kwonie 179 B P » 3 I SM570 4% 11 2 £ 0 & F &2 SM520 4% 44 4p v+ >

SM570 412 # £ S g - @ SMS70 4k 11 1% 5 e 4 - B AW £ 77 53

7R Sl S A b S

%26 SMS570&HBET2ZBHHEYT

Temperature Yield point (MPa) Tensile strength Elastic modulus Elongation
O 0.2% offset 1.0% offset (MPa) (MPa) (%)
Room 562.38 565.96 656.75 207555.67 2497
100 534.57 54215 616.23 202530.43 21.45
200 495.28 531.16 613.99 210368.53 21.28
300 495.62 551.64 645.95 188040.83 26.50
400 461.65 514.71 567.29 171875.94 25.53
500 392.56 43743 443 .42 149051.37 24 82
600 273.34 315.40 315.65 99236.59 33.08
700 102.97 115.62 115.06 26989.73 5398
800 72.59 77.83 80.33 10152.50 85.83
900 25.67 32.96 58.85 8311.6 573

(F 4 %k : Kwon 2013)
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>

£ %%ﬁéﬁwﬁ

% 2-7 _Eurocode 3 &7 Kwon 3+ 8 2_ 37 th#ic &

Eurocode 3 (2005b)2_ 378 i #ic Kwon (2013) SM570 7 i #ic
ART Fy(T)/ Fy E(T)/E Fy(T)/ Fy E(T)/E
RT 1 1 1 1
100°C 1 1 0.95 0.98
200°C 1 0.9 0.88 1.01
300°C 1 0.8 0.88 0.91
400°C 1 0.7 0.82 0.83
500°C 0.78 0.6 0.70 0.72
600°C 0.47 0.31 0.49 0.48
700°C 0.23 0.13 0.18 0.13
800°C 0.11 0.09 0.13 0.05
900°C 0.06 0.0675 0.05 0.04

(FHkm : ~F g )

Lee and Su (1997)F7 % 7 AISI 4340 3 % R & &4 7 e w L ix 2 7 nd §
P fotBL g o BRIV B v 0 D e Ao FILE R R &8 MTS
810 M H R Rk F 4 L1 ETH AT E Y fu AT 1 P Bk §ﬁﬂw
WwARY gt o Leeand Su LR T FRE EEAETR B] 0 1 A AT R ST foik i o
Wil- LW FRGEET vl SR RO F S B o lice sy
PEDPE "EFr VEARrRF R AR v & > w VIS o AT R o
BT R A R MBS B R T oM P AMET R ER R B A
ET Rk o § ad FEART T VR T AMGEY BLRT|F AR D
BRI A o B TY A i M- R Tl w o R R AR e T P EUR I B IR
R R 300°C 2 BT G B A e ATl Ie T REEBUR B v VIR R
Al & ut B Rk o

R ENBETLIHAMAL
GHEREFRAPBRLT R el RAREFERL A2 7% o f
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FPRAMHEIHNFETIRRALAY
EEBFHETFETLRARS VG AL ST BT R S BIRHEGE  H
GHSENFETLAMEL S TR A ML F R hoT AR o
Yang and Hsu (2009) ¢ * SN490 4% +42- H A4k 4> 2 I il & ~ % H 55
s m Rt B AR 2 (T R (FE ~ 500°C ~ 550°C ~ 600°C) e el F R B
B HABRE VT T2 G222 R R LGNS B4R 2-2 977 - F 5%
%A R GRAE R MY SS0°C frmE L HE X RE R HFRE iV g

HEBBAGM S5 7FREhEs 2878 ENFETIELH I
Ryervif 4 5 G U2 d B B FAE D VR AL eTe 2k B
5 o

Load

——
T
Specimen n
"
n
"
n ;
6) n Dial gage
n
n |Furnace
n
n

™

—
|
/ Base \\

# 2-2 Yang and Hsu (2009)% 23k & B
(F L k& : Yang and Hsu 2009)

Yang and Yang (2015) ¢ * SN490 4% +4 2 $a 3|4k L > 11 235 B 148 2 304
FEBRRELERAN LT ST e ER PR 2L L Skt
7 RR(FE ~500°C) e feen v TR B FH AT LT T 0T L BURKD
FEX R R HFRKE B4R 2-3 9T FHaa kT A A BEFHE
IR A BN HARESGY Y 5 AR ARA AN e R R AR S
AR Pt T T AR A W A VR e g R R
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PR Apmeprip
S ER Rl R R R X R e

Column actuator
specimen

A A

Furnace

LVDT LVDT

i I I
ngld base

l')ld'lgage ///// Dial gage

B 2-3  Yang and Yang (2015)% 2% & B
(F#L k& : Yang and Hsu 2009)

Takagi and Deierlein (2007) 12§ "R~ % &~ 4750l = 7 - 57X REEH 3
BT AR FERT A mE B R R 2R o T AISC
(2005) ~ Eurocode 3 (2005h)*+ G i T X R 2 R F o A AT 5 5 BT AR T
AISC (2005) > Eurocode 3 (2005b) 7 #® ek AV FERIZ BT HEH X BB AR ©
AISC (2005)2 .4 B| % 3 %@ﬁﬁ%?% BThR R IRBEAFERFEDY

> o mgE s s AISC (2010) -4 NGOG o B 244 5 W14 x 90
Cro0 s> 27 P RER T2 X BB E Bl 2-4(@) 5 ¥ B~ <X Bk B 2-4 (b)
5200°C T X R R B 2-4(c): 500°C T X BR5: R 0 B 2-4(d) 5 800°C T X R
R e
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FHAGHEEH T FETERERZ ]
L — o asaquss|| ©@ [
v 8 @ ABAQUS-W
AR | e AISC
3 oo --=EC3-W %
o 06 N R a” 06
I
® 0.4 R e -
0.2 \’g"-“a-w"' T 0.2
% 50 100 150 200 %
L/r
(c)
1 -
0.8
=
e 06
&
a0 0.4
0.2
% 50 100 150 200 %
L/r

® 2-4 Takagi and Deierlein (2007)}3% % F B B T 4% 1 %

© ABAQUS-S |,
a ABAQUS-W

50 100 150 200

50 100 150
L/r

200

B 5% A

(F#L kiR : Takagi and Deierlein 2007)

Wang % 4 (2013)#

2w L

BT

""% = A\’iﬁ'}l@ivﬁ— a3

-
jﬁ- o

b

G/f

crT

fr="m8"

yT

22

S B ARG 0 R ET 2 R
M > 722 CECS200-2006 (2006) %2 EC3 (2005)- 4= it i o 4] 2-5
H 0T FHep, =

ARG AR ~ dm kL

BT A MR KA

O-ch\'—' IF"% 53&

L

Rt AR R T L R Sl £ g T
ST Y TERES LR SRS
Vo Bk ARRES LG

9 R enik

R HBEREIP R A AREORE HERT R



T

o
o
1 "

HSS
—=—T=100"C
—e— T=500°C
001 _a—1=900%C

Stablility factor/ ¢
o
T

©
(N
1

Iy
v

Normal steel by CECS200

v T=100°C
—&—T=500°C
—<4—T=900°C

Normal steel by EC3
—»—T=100°C

—e— T=500°C
—— T=900°C

0 50

100 150 200 250

Slenderness/A

W25 Wang $ 4 (2013)3 R A A A % Rewtr2 R Flc R

(FA4L &k : Wang % + 2013)
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FIE BRASEPAMELBET®
S 24 > 44 0
2% RRAESEHVUBRIETR
¥- & BEHRAPEXRG
EXi SN
R R ASERRLA RV T FREA YRR AP RRARK
#J& % CNS 12514-1 (2014) %2 CNS 12514-7 (2014)i& i v w5482 3 8 F % ° %
HAB IR THER UM SRER o
Wang % 4 (2013} 5 B % &1 » B 5h R AmRLdR W AR R AL S B INHR o
& Yang and Yang (2015)F7 3 ¢ &fon B 5 v B iR T 0 44 A4k i ehmt L 1
ERE M TR TSR RAMR Y 2BEF RSP NLBFERRE R
FEBERS SRR G RF 2o phh o d 3 D s T

A R E T RIS TR WY R o RTINS 2
R R = SNE W € S W R L E W R = R 2 € G SR R g & O R

ol
=
o
(\x,
9%
g

=45 AISC (2016)4k 11>t B iR T X M A 25 > PEFE T
Pkt 2R RO R AR RPPBPMETENFIA AR 286 4 2wk
e ARFAREFELBAE TR AAFFFEPETI BRATIFRE
BoFRFe BAFwmE 2 B ENI FLREE RISEBITTRESPE

FERAPENFIE IR EERLEELF R o

ﬁ\ A vé"'g )‘Lg"ﬂ

Rl Bl 2o vﬂﬁ%ﬂﬁiuQmmﬂ SRR TN T

FASB CZ CHW S fi - Co% B & 2 BB 2 B83ME  LHEL 2
Bt d TRELE D w L2 R LT3 42 - d 22 SM5T0M i 7114k
MB35 Flt U RIRT 2 B AR HARAIR R T L R R
212 SM5T0MC .44 %1 1% » 47 & 5 25 mm £ 28 mm > & * GMX8LINil 42+
T 5 #3418 - SM570MC 4+ 2 GMXBLINIL 4% H chit Pt b frdo e 3-1 2 4

3-2 o7 o
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AARMEEHN AR T ERER L]

4
Yl | |__850_’|
ST N W
¥ 020 #AIL(E @)
i %
/—‘E'—<TYP.
2 (IS
KFB]ZXZS
i
—~
-~
on
LN = |
H %G W
//AM%ﬁmu%@
A
—
a
wld A |
N_|_

>~
1200J

(FAL &R« hAm g )

B 3-1 24857 & §
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$Z% BRASBREUSRIETR
% 3-1 SM570MC 442 i“ 22 $ |4
7.1.7.9 CSC SM570M i34 HIRIRAMN
o {EBP&2 % B H R
mE | wm g | g %) %%fff -5CHEEMR
#8| ® |c|s|m| P | s |cea|mm|am RI% S Eepre e
mm N | N/ | o | o | SIS | IRV | e | T |
13 =1 o8
A | Do T - va 4701k
50 +
e 0.44 85
< a0 |0-18]0.55( 1.60]0.030| 0.008 | AT Bl je = v4 |470LE
LUF [ BT [T | BUF | )UF it 4
B "'<° :0' 80 — va |4781E 3;
Lk |
50=1t 0.46 420~ | 570~ N N t/4 |47 L
=60 LT | s40 | 720 v 25ELE | 15LLE 72 | 278k %
1651 0.44 va |a7ir | 3
<150 LG i? 201 a5 k| 158 L)
© Isost 0.46 (B va [478LE
=80 |0.18]|0.55|1.60|0.020| 0.008 [ LT ve |278k
163 t| BT LU | LR | LUF | LT (044 o e
C Hw | <50 HF 1|29 251k 1500
B2 |50t 0.46 + [ 4 | 470LE
=80 LIF v2 |27t

K 1. BE S 20mm + REFBIA 19% minft S 16mm) B 26% min(16 < t S 20mm) : FE t > 20mm + HRER 20% min *
2. Bl CHW BANEASMEIVE - MEWETFZAME S 880KNCM + §118 STERIWRARDIE 1SILLE -
3. A RO Coq(%) = C+Mn/B+Si24+NVa0+CriS+Mo/d+VI14
4 BRAERTATRRRE

(F s : o

4| 4 2014)

% 3-2 GMX811-Nil &2 &

PR (2E0) Bt z—06
fRIRRRE | bR FE{RER HEME
N/mm? N/mm? % (-30Cc)J
618 650 24.0 50
(FAL %Rt ¥ st AL L2 F 2018)

7 AISC (2016)3+ B ¥ B2 B R T X B R EwE 0t 2 B (k> 4oB] 3-2 2 B
3-37 > P s L LR AR Py SHERLERBR o F g Nlwk S
FREEFETHHIRIBRR2ZEL S -wmE VW 3 HHEFZIRRREG
Mo PN RRAFFARARRGRAG? PR GHFATET AL IR

B ARG R B A AN &d mE s A0 ER e B - R A @
ZmE WV M REFETZIHREFERFPEHE T2 R AR R ASER

A4kt 2. 58 BB 2 N o M Y%ra 4 %] 5[ |300x300x25%25 ~ [ ]400x400x25
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Ba RSN BT 2 RBE 2]
x25 ~ []500x500x28x28 * [[]600x600x28x28 » +% ‘¥ % 3830 mm o k¥ 5[]+ fit
- 7T o

1.2

0 ) l ) l ) l ) l
0 50 100 150 200
L /r
B 3-2 et AISCPENEXRBAR HwmE B
(F# %kim s~ f F2)
0.8

B 3-3 4mirig i AISC3* IR ERERBREE wmE M %

(FH &R~ g )

R Kt S dlicdicd 3397 FE M AT TUER T 2R R R AcR
3-4 555 o RR BT L & T o %53 B3T6-39 ~ B4AT7-29 ~ B5T6-23
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FIE BRASEPAMELBET®

2 B6T7-19° B i £ #f%rm 5489303452 64w & %% & 300 mm ~
400 mm~500 mm % 600 mm 2_:F48-T6 2 T7 X 4 F HIptF# M-I 58 & 5 600
BRAETO0R »Bisd i M dmE o ¥ 2 BB E MR B0 R
A A e Y 2B EF e SR E L GE- R T 2 LN
4% #(Submerged Arc Welding, SAW) » %3542 B 35 0 fid = o fisddr 4 * B A 28
m 2. SM570MC 4k % > frsf4e S * B &R 25 mm 2 SM570MC 4% 45 > 4c 5
FEA RIS R R L4 F IR R T L Bl Ac ] 3-5 2 B 3-6 #7oT o

AFHE 2 e Kot f ¥R G U PR Tl RN
R PR R T AL R e 2 5 U Al 4ol 3-7 #7om 5 18 14 SAW
A A A EN AoRl 3-8 T c FH X AR TENE AN EHe §
B2 g I ML R ET AN F MR E S LRGSR AR
FETE B 0 4o B 3-9 #7or MR T % = Bl4e B 3-10 #7on o

% 3-3 #FHSdEi
S % A< 4 (mm) dmE vt RN B R (°C)
B3T6-39 | []300x300x25x3830 39.1 10.0 600
B4T7-29 | [_] 400x400x25x3830 28.7 14.0 700
B5T6-23 | []500x500x28x3830 22.9 15.9 600
B6T7-19 | [] 600x600x28x3830 18.9 194 700

(FR KR 2 F R
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FPRAMHEIHNFETIRRALAY
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————— 600°C
1. 700°C
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aln 100
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. ! ! 12 \
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3 | o CTYP,
‘

Bl 3-5 et & W

A )

30

Unit : mm



P BT R %

;
I
el
<l

12
= TYP.
12
" TYP.
| ]
| 1200 |
Unit : mm

B 3-6 T :fIRerdEt X W
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(FH kiR @ 2577 £EI2)
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FZF FRASEMAIAMBEIET %

R 5 3
e ¢ Jagln ~ (S
G % 7 T N A e O '

B 310 Mz F

(FR KR+ AFm g R

AR E B AT c EAE S MM SR R KRS TELE R
55 B 5 5.04 tflom?> 34+ olic 5 2167.9 tflem?; B A 28 mm 4% 45 2 "% k3 B % 4.77
thlem? » 3B fofic s 2019.0 thlem? » 22 % e 4 B % 0 S 4cB) 3-11 #17 o

(@) 4%+ 5 & 25 mm (b) k4= 5 & 28 mm
8 8
& &
£ £
2 2
S =
N N
2 2
<] 5]
£ E
wn wn
2 - 2
7 Coupon 1 ) Coupon 1
------ Coupon 2 ------Coupon 2
0 ) I T I T I T I ) 0 ) I T I T I T I T
0 0.04 0.08 0.12 0.16 0.2 0 0.04 0.08 0.12 0.16 0.2
Strain Strain

B 3-11 w385 B4 A% & SRE

(FR %k A EF)
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FRAGHEEE T FETERBRLA]
Fo8 RRRFER

R N RIVERFT T AT LR S 2 AT LR R 4ol 3-12 7T
KETRABACR 3-13 17 0 ARAIE P T EY ALK EAEIRA L
A E e R Ay 0 iz Phd ) T e

P L AEEHE RN IR Y AT ERT RS LR

SRR RS PRA L o8 BB VA THIH

B A

THRAL e G - SRR TBERABZIITHEHFFF mRTARE T 47
fr 3 1
FPRGBPFEARL 2RIV F LRIV RFEFT RSP %

B 3-12 PrUREKT 245 R &Y
(FAL kiR 0 A5 5 fETm)
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¥=8% ERRE
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1195 CNS 12514-7 (2014) 2 %> e iz T Wirl@ ek 4% - 5 - &
IR F 3BT R b KA BT REERE L #5425 600 mm > ¢ A
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AR ARBI R R L E IS 0 Mot RS S K R e
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Eh AP EFREE

35.8

110.3

e 98.6 92.5

A AR PEREE 44.2 99.2 69.0 73.8
(mm)

A f—éé% f)’é‘ WER | 653 609.0 715.0 698.0

SERABERE () | 4638 1132.6 304.1 624.7

CESUERS SRR 20
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FRAME RN B R T ERBR LY

"tk =

SEfplahr c9ERER

$T R

WELDING PROCEDURE SPECIFICATION (WPS)

/\EI4H8 Co. Name | TUNG KANG STEEL STRUCTURE CORP. _ [§%:45 /75 WELDING PROCESS | SAW
leizr Formulated by HPYU [ Date| 20130130 |5 57 Using Type | 44:45% ForWelding |  [{4i For g |V
I-f’%?;dfﬁ Authorized by TC.CHEN |[7i# Date| 2013.01.30 g ) Ffif7 Manual — |*}&# Semi-Automatic | —
i PR 3t Supporting POR No. [sMs7oMNo.5 | 127 Rew. | 1 B TP |tk Machine | 4 |2E8) Automatic =
|28 JOINT DESIGN USED $95(7 % POSITION
I Type| Single-bevel-groove weld, TC-joint [Hi{ir % Position of Groove | 1G [srmgerine] —
F13%{F Single Weld V|84 Double Weld l —  |i7#9A1HE ;58 Vertical Progression
5 it Backing I 2 Yes v ] % No [ - HFifi k Up ] - Im Fifi F Down I -
L5 Backing Material SM490A 7 f4H ELECTRICAL CHARACTERISTICS
BHfSA R _— Bt R ~; f B 7YY, Transfer Mode(GMAW) | %71 Short-Circuiting -
oot Opening Root Face Dimension itk Globular I - U537 Spray —
figrre o o [EET B [z mac v [EEsipcer |
iroove Angle Radius (J-U) W Current [§G i X Pulsed | — [ffERIDCEN | —
57| Back Gouging I %Yes[ — [&No | \ l 77i% Method - Ifr fifr Other -
18441 BASE METALS $98EH fif TECHNIQUE
FAIEHS S Material Spec. SM570M E 43U E) Stringer or Weave Bead Stringer
I 4K Type or Grade -A;B;C HW Bl R R e Muliple
5/ Thickness Multi-pass or Single Pass (per side)
B Groove|  Unlimited | s Fillet | — i #90 Number of Electrodes 3
L {%(%)Diameter(Pipe) I - — 4t Longitudinal |1-2(20~40mm) ~ 2-3(10~30mm
|¢5#1 FILLER METALS Elccir‘(') pi— Hii5] Lateral 1-2«3~4n:m) » 2-3(0~4mm)
H1F% AWS Specification A5.23 A% Angle 80 ~90 (All Electrodes)
%245 AWS Classification EG-G 17 Contact Tube to Work Distance | 25~45mm(All Electrodes)
A SHIELDING i %2 Peening None
5787 Flux AWS F8A2 JE [ Interpass Cleaning Slag Removed
B20E- 8205 (4 Electrode-Flux (Class) F8A2- EG-G WEEDING MAGCHINE i GOS0 S AC300
A8 Gas - |
CEECWDNEE] = | R Fow Rae —~ I ——————
FHSHCICIER Gas Cup Diameter -
T e e i Temp NA
S T | SSC POSTWELD HEAT
Temp.(Min.) >50mm 110C TREATMENT e N7k
$F B R WELDING PROCEDURE
7 M B R R
B X Filler Metals Current (A) R fftﬂ}%{ Joint Details
Pass or = = e TR Volts Iravel
Weld H R | B | wRiERguRi Speed
Layer(s) Diameter Type & Amps or Wire V) (mm / min)
. (mm) Polarity Feed Speed TC-U4a 1-S
Root Pass DCEP 450~650 25~30 530~730
1~2(T/) 48
Fill Pass DCEP 550~1,000 25~40 765~1035
3~8(HL5Y) 48 AC 550~900 30-45
AC 550~900 30~45
Cap Pass DCEP 650~900 30~40 680~920
9~n(ZE) 48 AC 650900 35-45
Root Pass AC 650~900 35~45
4
(FR % L BHmif 22 P 2013)
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FRAMS N B R TERBR LY

W= AT LR P

[’a‘l‘ﬁlﬁ#ﬁ&ﬁm’kﬂ 4 TCI H

TIMES CONSTRUCTION INSPECTION CO.,LTD @ B B3 ¢ 108.06.12-108. 06. 13
\ F#&43% - TCI-NDE-11-03

RE AR RE osligLaboratery &M% - EE-10810-UT-01

Report of Ultrasonic Testing 1205 ' R: %1E #£37

TRLHE NWEIRE L AT R R
X A% AF 48 AV SR AESAWST 1

¥ xR x % @& kA %
AReBir ik & M OB R D F R A 3

R IERR ARSI
F R KR AT R Z
TIMES CONSTRUCTION INSPECTION CO, LTD
BHETRAEAEEEIT635E
TEL : (07) 372-2498 FAX: (07) 374-7078
E-mail : times.ndt@msa.hinet.net
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4=

6 M I R2BRRA R & TCI ®

TIMES CONSTRUCTION INSPECTION CO.,LTD mF A B #7 ¢ 108.06.12~108. 06.13
& #4%%% © TCI-NDE-11-04

A E AR etk Labiratiay WESHE © Hi-10810-UT-01

Report of Ultrasonic Testing 1205 " k: ¥2H #3H

AR % /Customer * T RSAMAT Y A R 5] ARREE 1 B RGN E 8 & T893k

3bhk/Address B R E S0 T2 91 58 Inspection Site

TAELHE N BRI R R A R A R At ARARE © CNS 12618 M) #% iE(—4)

Job Title X A% % 45 48 A 4 A SAWET 1 Inspection Code

TG - NA £ & %3R/R AR ¢ TCI-NDE-11/2/1.0

Job No. Procedure /Ver.

HEMX/ A3 KK USN 58L / 022LPF HAESHX/%% 0 A R:2220x20A70 /TCI-A-11

Equipment No. Probe No. W& £ H# & KM :2M 24 ¢ /TCI-S-07

HEAHH CMC F4ck 0 R STB-AL 1.5¢0-40%

Couplant Sensitivity

REKN R Ao W STB-AL

Surface Condition Block

AP ik EBERAE R R BP4E B ¢ 108. 05. 06

Test Method Ultrasonic equipment Calibration date

Sketch (4K F B A7)
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The testing results only effective to the items tested.
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e BERTRMLRERFE
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IF,\ *1“_#;’7 f?‘)\’ia\’m'r"i'q.z ﬁéﬂ q{gm’#\ éﬁ_ﬁ;\\#)i_ﬁ

WP FERE Y FERLEERLFEKE -

El=mw

i1

. 4 v

e El = constant

-

I

T Bl =
-~

o
~

W/ W /e

Bl A1 HRHER T EE

A9 :1,=108m [,=054m 1,=35m &=0

d¢ RSB %50 RElY' =M =Py ¥ f218y(X) % °
P
in X ’E' ¢ Y
y()((l)) (P'X) ; p = T

y - o)

—> 2 y'(0)=0 ~ »
g O:i, P=0....... trivial solution
sin(p'1,)

> y'(l)=-6 ~ »

- cos(pl,)
§ ell(sm(p [ ))_

106



218 p'l, = 2.487

o= 2= 2987 _ 7106
B,
2 2
g po 2ABTEL_ B o
15 (Kl,)

F o BETERAUSGRLREARTY

BOE T 2 4R 3% A L 0 ¥T o

R

Vit

300x300x25%x25 mm -~

400x400%25%x25 mm ~ 500x500%28x28 mm £ 600x600x28x28 mm > f+& & ¥ &

3830 mm - 3+ &

Fig 2 ik RF 2 EECEE

m ‘)fj_’ﬁ LB Lc B 12 s = éi.ﬁ)\

(2016) itk 2
B

2 e_L g = 4\35:)_;;“1\ F%%,f#*ép—\,;{;
| B fpH 2 qLs 355 2 &> £ @ * Eurocode 3 (2005b)2 4+ % iE

)i)l B ° Fé‘gﬁ%/\"—g /J?—

S

Frip R B

LR 33 (2010)F B T

BRI

1. %o %4 B 5 & o
45
25mm &2 Ay =——==
JF
45
28 mm 4k &+ 2 ﬂpd:——
JF
B3T6-39 %% : %leg/I
B4T7-29 47w : $=14£/1

B5T6-23 7w

B6T7-19 %7

2. M AR ATH

21

2L & .
T I:)n,AISC :

b
: -=1586< 4,

b
: o=1043<4,
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#48 B3T6-39 % 625.1°C pr2_ %7% % &

= cmoo | = J2ZCM ° r= |— =11.Z/CM
275 cm? 34947.92 cm* A'g 11.27

7°E(625.1)

F.(625.1) = —~ =3.69 tflcm?

C

r
F, (625.1)
F,(625.1) = [o.42d Fo (625.1) ]x F,(625.1) = 1.08 tf/cm”

P, asc = F (625.1) x A, =296.0 tf

I BAT7-29 & 7143°C P2 X R &

= cm® e | = 25cm’ e r= [— =15.34cm
375 cm? 88281.25 cm” A'\g 15.34

T2E(714.2)
zEAe)

r
Fy (714.2)
F,(714.2) = {0.42V Fe(714.2) ] F,(714.2) = 0.63 tficm’

Pn,Alsc =F, (714.2) x Ag =200.5 tf

F.(714.2) = 3.15 tf/cm?

#48 B5T6-23 % 609.1°C pr2_ < R &

A, =528.64 cm? » | =196978.31 cm* » r — /t ~19.3cm

7°E(609.1)
=0

;
(Fy(609.1)
F, (609.1) = {0.42 Fu (603-4) ] F,(609.1) = 1.4 tficm?

Pn,AISC = F,(609.1) x Ag =740.1tf

F.(609.1) = 10.67 tf/cm?

48 B6T7-19 4 6976°C P2 X B A&

= bdcm*> | = OofCM 2 r= |— =Zo.00CM
640.64 cm? 350182.37 cm* Al\g 23.38
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F(697.6) =~ E(697.6) _

C

r

= 7.48 tf/lcm?

{Fy(697.6)
F. (697.6) —[0.42 F:(697.8) ] F,(697.6) = 0.8 tficm?

P, asc = ., (697.6) x A, =513.0 tf

2.

¥ '1: Pn,Ecs :
48 B3T6-39 £+ 625.1°C FF2_%7m 0 & -

Ny iore = ZaAK, o f, /7y 5 =370.5 tf
#e y,5=10

Py + \/

9, =05 1+a/1 + A2 ] 0.95

=0.65

=0.65 2]?5 0.45

y

]
- fn

N, =— =3844.92
|1

SEH8 BAT7-29 4 7143°C pr2 £ Ba B

Nb,fi,t,Rd = /}//fi Akya fy /7/M,ﬁ = 2894 tf
2P yys=10
1

Xi=— —
%"‘\l%z _/192

®, = 0.5[1+ a}T0+}T§} =0.79

=0.75
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a =065 /ﬁ —0.45
fy

k 0.5
A, = Z{L"} ~057

E.0
_ [Af
A= | —044
Ncr
2
N ="El 971057

[ 2

48 B5T6-23 % 609.1°C pFr2_ < B3 &

Np sirs = XK, o f, 7y s =873.6 tf
£ yus=10
X :;=0.81

%"'\/%2_/15

0, =05(1+aZ, + 7] | =07

a =0.65 & =0.46
fy

k 0.5
2, = Z{ky—a} =0.44

E,0
_ [Af
A= [—X-035
Ncr
2
N =" El 2018201

cor 2

48 B6T7-19 % 697.6°C pr2 < R &

Ny ticra = ZaAKy o fy [y 5 =596.2 tf
£¢ yua=10
Xi :;=0.83

§00+\/(P92 _/192

©, = 0.5[1+ a2:,+;92} =0.66

o =0.65 ? =046

y
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kEB
Y
A= [—L =029
NCT
2
N, = 7= _ 3588059
E Pn,TWN :

748 B3T6-39 & 625.1 & PF2 %7% 5% &

A, =275cm? » | =34947.92 cm* » = /t ~11.27cm

F,(625.1
A = & M =0.75
zr \| E(625.1)
F, (625.1) = (0.2114,° —0.574,” —0.06 4, +1) F, (625.1) =1.49 tf/cm’
P = For (625.1) x A = 410.3 tf

n,TWN

W BAT7-29 & 7143°C P2 X R &

Ag —375cm? > | =88281.25 cm* > r= /é —=15.34 cm

F (714.3
Ao = KL [R(714.3) 0.57
zr \| E(714.3)
F,(714.3)=(0.2114° -0.574,” —0.06 4, +1) F, (714.3) = 0.85 tf/cm’
P.rwn = ., (714.3) x A, =317.3 tf

37148 B5T6-23 & 609.1°C pF2_ X B &

A, =528.64cm? » | =196978.31cm’ » - /é ~19.3cm

F,(609.1
a =Kt REOOD 4,
zr \| E(609.1)

F, (609.1) =(0.2114. - 05747 —0.06.4, +1) F, (609.1) =1.81 tf/cm*
P.rwn = For (609.1) x A, =1.863%528.64 = 954.6 tf

n, TWN
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348 B6T7-10 £ 697.6°C 2 £ B3 A
A, =640.64 cm? » | =350182.37 cm* » r = /L ~23.38 cm
A
F, (697.6
A, = KL M —0.39
xr \| E(697.6)

F, (697.6) = (0.2114,* - 0.574.% —0.06.4, +1) F, (697.6) =1.01 tf/cm’

P.rwn = F (697.6)x A, =648.4 tf
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