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& 2.1 IFS 7% 3% 4% SRR AR S A H

A36 Gr.50
(e
Specimen | Member |  Location g o, (MPa) _% | p O
(MPa) ’ yn g yn
Flange 275 485 1.11 -
R B

v = Web 288 495 | 116 i

IFSI Beam Flange 330 - 1.33 -
Stiffener - 370 500 - 1.07

Beam Flange 275 485 1.11 -

IFS2 Web 288 495 1.16 -
Stiffener - 391 525 - 1.13

Beam Flange 285 440 1.16 -

Web 280 435 1.13 -
FS3 Stifféner - 370 500 - 1.07
Column 385 530 - 1.12
Column | Contiunity 187 513 ] L12

PL

= Flange 287 441 1.16 -

Web 281 434 1.13 -
[FS4 Stiffener - 3_68. 520 - 1.07
: Column 385 530 - 1.12
Column | “Contiunity 187 513 ] 112

PL

Beam Flange 285 440 1.16 -

Web 280 435 1.13 -
IFS5 Stiffener - 371 500 - 1.08
Column 385 530 - 1.12
Column | Contiunity 187 518 ] L 12

PL
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4 2.2 FDWS 7 3 3 32 AR 4R A1 4R PE H

A36 Gr.50
(e
Specimen | Member |  Location ’ o,MPa)| o, |, _0,
(MPa) ’ yn g yn
Flange 275 485 1.11 -
UR | Beam Web 288 495 1.16 i
Beam Flange 250 418 1.01 -
FDWSI1 Web 385 437 1.13 -
Stiffener - 400 557 - 1.16
Beam Flange 250 418 1.01 -
Web 280 437 1.13 -
FDWS?2 Stiffener - 370 500 - 1.07
Column 385 530 - 1.12
Colimn | Contiunity 387 518 ] L 12
PL
. A Flange 251 413 1.01 -
Web 281 434 1.13 -
FDWS3 Stiffener - 400 532 - 1.16
Column 385 530 - 1.12
Column | Contiunity 387 518 ] 112

PL
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K23 B AN EEZBEXIRTRAEAEFELL

Sp;:g}flen Column Size Beam Size Sl(ttfsf:ieili 1)ze %AA:I[;
UR 0700x700%35%35 | H702x254x16%28 - 10.0
IFS1 0700x700%35%35 | H702x254x16%x28 | 22x175%x300 7.8
IFS2 0700x700%35%35 | H702x254x16%x28 | 22x175%x300 7.8
IFS3 0550%x550%35%35 | H702x254x16%x28 | 22x175%x300 4.8
IFS4 0550x550%35%x35 | H702x254x16%x28 | 28%175%x300 4.8
IFS5 0550x550%35%x35 | H702x254x16%x28 | 22x308x300 4.8

FDWS1 | 0700x700x35%x35 | H688%x255x13x21 | 20x646x300 10.4

FDWS2 | o550x550x35%35. | H702X%254%1.6x28 | 22x646x300 4.8

FDWS3 | 0550x550%35%35 | H702x254xX16%28 | 18x646x254 5.0

& 2.41FS ik Z & =h 1A
. M b M PH M dem M ps M cap LS LS
Specimen | £ a 'l (Assume) | (Calculate)
(kN-m) (mm)
IFS1 1.2 12133 |2560./2958 7762712895 | 0.98 300 231
IFS2 1.384°1800 | 24847 2870 |~805 12605 | 0.91 300 231
IFS3 1.27 ['18344 2329 | 2683 | 762 | 2596 0.97 300 231
IFS4 1.27 | 184512343 | 2697 | 965 2810} 1.04 300 231
IFS5 1.27 | 1834 {2329 {2683 [ 1345 | 3179 | 1.19 300 231
% 2.5FDWS ju@hir 2 %34
M o | Mpy | My, M s M cap L, L
Specimen | S a | (Assume) | (Calculate)
(kN-m) (mm)

FDWS1 | 1.34 | 1273 | 1705 | 1969 | 1669 | 2942 | 1.49 300 297

FDWS2 | 1.34 | 1666 | 2232 | 2572|1699 | 3364 | 1.31 300 297

FDWS3 | 1.32 | 1672 | 2207 | 2506 | 1502 | 3175 | 1.27 254 297
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F 3. 1TFS a3z N L B i K A4 A

Specimen

Maximum test story drift ( 96 )

Failure Mode

UR

—3.0

+4.0*

BIE 0= —4.0%MEH )
B0 b RN RARRBIFE
LT EMEERGH -

IFS1

—3.0

£ 0=—3.0% K % —
B 0 R B B AT A A A

| R GRS @A

O A AR

IFS2

IFS3

IFS4

IFS5

H BB AL THTREG MK EERE MRS A
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& 3.2IFS RBERAREEESRME (mm)

1 st Test 2nd Test
Specimen T8 e AL BEME e #EAE
Flange | Web | Flange| Web | Flange | Web | Flange | Web

UR - - - - - - - -

IFS1 - . - - - - - -

IFS2 - - - - - - - -

IFS3 - - - - - - - -
IFS4 2 14 322 322 27 52 322 | 322
IFS5 7 18 550 550 21 32 560 | 580

B E dindmaa

&k 3.3IFS A S ERE

Maximum cyclic | Plastic flexural Ratio of & and f
moment strength
Specimen Maximum | Column | Plastic C;:;zm l:frftf
P story drift. | faee’ | hinge i g Mew 5= Mpy,
M dem M PH M Cap M pb M dem M pb
(kKN-m). | (kN-m) (N | (KN-m)
+3% 2516 2516 0.72 1.4
UR 1799 1799
-3% -2517 | -2517 0.72 1.4
+3% 2917 2524 0.99 1.19
IFS1 2895 2133
5 -3% -2524 | -2184 ? 1.15 1.03
+3% 2653 2296 0.98 1.28
IFS2 2 1
S -2% -2547 | 2204 605 799 1.02 1.23
+3% 2746 2383 0.95 1.3
IFS3 2596 1834
-3% -2723 | -2363 0.95 1.29
+4% 2924 2538 0.96 1.36
IFS4 2810 1845
-4% -2802 | -2432 1 1.32
+4% 2948 2559 1.08 1.4
IFS5 3179 1834
-4% -2832 | -2458 1.12 1.34
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# 3.41FS REEN KB M fs B 2

REmEHEERba

Specimen Moment (kN-m ) Story Drift
05% | 1% | 2% | 3% | 4%
Y, Positive Bending | 1200 | 2147 | 2647 | 2917 -
“" | Negative Bending | -1126 | -1885 | -2330 | -2524 | -
IFS1 M, 2895
e Moo Positive 241 | 1.35 | 1.09 | 0.99 -
dem Negative -2.57 | -1.54 | -1.24 | -1.15 -
I, Positive Bending | 1055 | 1984 | 2494 | 2652 -
“" | NegativeBéndingil -1213 | -2050 | -2547 | - -
IFS2 . 2605
. g, Positive 247 |"1.31 ; 1.05 | 0.98 -
M 4, Negative 2,150, -127 4%1.02 | - -
o Positive Bending | 1161 | 2003/ | 2498 | 2746 -
" 1| Negative Bending {-1187 | -2018 | -2511 | -2723 | -
IFS3 M, 2596
.1 M, Positive 224 1.30 ["1.04 | 0.95 -
M, Negative -2:19 | -1.29 4,-1.03 | -0.95 -
Y, Positive Bending | 1170 {,2014" | 2529 | 2755 | 2924
“" 4| Negative Bending | -1190 | =2003 | -2459 | -2656 | -2802
IFS4 M, 2810
. M, Positive 240 | 1.40 | 1.11 | 1.02 | 0.96
M, Negative -2.36 | -1.40 | -1.14 | -1.06 | -1.00
v Positive Bending | 1154 | 2014 | 2544 | 2773 | 2948
o Negative Bending | -1198 | -2012 | -2457 | -2685 | -2832
IFS5 M, 3179
Yo M, Positive 276 | 1.58 | 1.25 | 1.15 | 1.08
M, Negative -2.65 | -1.58 | -1.29 | -1.18 | -1.12
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* 3.51FS A2 2 hoShir 51K 360 B

Yield Depth Yield Depth
: : Positive Bending Negative Bending
Specimen | Location 3% 49, 3% 4%
Story Drift | Story Drift | Story Drift | Story Drift
Top i i i i
.
Stiffener -80 mm ) +100 mm i
.Top +81 mm - -46 mm -
[FS3 Stiffener
Bottom 68 mm +69 mm
Stiffener . y i
Top
) +78 mm +90 mm -40 mm -45 mm
Stiffener
IFS4 Bolcl
.-0 2 -45 mm -55 mm +60 mm +74 mm
Stiffener
Top :
Stiffener I 3 A i
IFS5 =
.0 o -71 mm -80 mm +624mm +80 mm
Stiffener

0+ A ERAREFEREE > A BIRRREEREE -

(MK 30 E] R BAR L o ShAR 3 B IR A2 5
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* 4. 1 FDWS R AR Z 1 E (mm)

1 st Test 2nd Test
Specimen T8 e AL BB E e #EAE
Flange | Web | Flange| Web | Flange | Web | Flange | Web
UR - - - - - - - -
FDWSI1 105 70 630 580 - - - -
FDWS2 20 31 520 600 22 31 500 | 600
FDWS3 4 9 254 490 8 21 254 | 485

IR EBEMEdamAR o

%42 FDWS 20A: % 4 45,75 /5

Maximum Plastic flexural Ratio of & and p
moment strength
’ . Plasti
Specimen Maximum | Column |“Plastic Cc;:::m hianStleC
P story drift | ‘face hinge : 2 o M, B= M,
Mdem MPH MCap Mpb Mdem Mpb
(kKN-m) | (kN-m) (icNen). | (kN-m)
+3% 2516 2516 0.72 1.4
UR 1799 1799
-3% -2517 % 22517 0.72 1.4
+4% 1885 1633 1.56 1.28
FD 1 2942 1273
WS -4% -1952 | -1691 1.51 1.33
+4% 2948 2559 1.14 1.54
FD 2 3364 1666
WS -4% -2896 | -2514 1.16 1.51
+4% 2866 2524 1.11 1.51
FD 3175 1672
WS 3 -4% -2830 | -2492 1.12 1.49
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% 4.3 FDWS X 32 2 ho @) FE1K 56 [F

Yield Depth Yield Depth
: : Positive Bending Negative Bending
Specimen | Location 39, 4% 39 4%
Story Drift | Story Drift | Story Drift | Story Drift
Top | g3 mm | +100mm | —68mm | —92mm
Stiffener
FDWS2
Bottom |- (o m | —99mm | +89mm | +99mm
Stiffener
Top | L 9imm | +103mm | —67mm | —90mm
Stiffener
FDWS3
+68 mm +72 mm
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% 5.1 A572 Gr.50 484+ 2 ABAQUS 1L 2 B A 454

Material ( Grade)

A572 Gr.50

Input Statement

*Material, Name = Gr.50

*Elastic

203000, 0.3

*Plastic, Hardening = Combined, Data Type =
Parameters

370, 29390, 266

*Cyclic Hardening, Parameter

370, 150, 12

Isotropic Hardening
Parameters . %

Q=150  b=12

Kinematic Hardening
Parameters

C=29390, .¥=266

% 5.2 A36 542 ABAQUS ## 1t 4 # By At 4

Material Grade )

A36

Input Statement

* Material, Name =A36

*Elastic

203000, 0.3

*Plastic, Hardening = Combined, Data Type =
Parameters

285, 17888, 331

*Cyclic Hardening, Parameter

285,90, 6

Isotropic Hardening
Parameters

6

Q=90 b

Kinematic Hardening
Parameters

C=17888 y=331
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% 5.3 TEST $2 ABAQUS = 448 B 3B M8 B thik &

Drift
Moment K.

(kKN>xm) -0.5% [ +0.5% | -2% | 2% | -4% | +4% (kKNxm)

Test -1091 | 1088 | -2285 | 2279 - 2572 | 213486

UR ABAQUS | -1185 | 1185 | -2266 | 2248 | -2507 | 2502 | 226964
Ratio 92% | 92% |101% | 101% - 103% 94%

Test -1200 | 1126 | -2647 | 2330 - - 240217

IFST | ABAQUS | -1205 | 1204 | -2518 | 2495 | -2877 | 2902 | 236124
Ratio 100% | 94% | 105% | 93% - - 102%

Test -1155 (12131 | -2494 | 2547 - - 227578

IFS2 | ABAQUS | -1208 | 1207 | -2528 | 2478 |-2957 | 2933 | 238139
Ratio 96% | 100% | 99% |103% - - 96%

Test -1161 | 1187 | -2498 | . 2511 - - 243006

IFS3 | ABAQUS | -1155 |- 1155 | -2549 | 2567 | -2983 | 3011 | 230158
Ratio 101% | 103% | 98% | 98% - - 106%

Test -1170 | 1190 | -25294 2459 | -2924 | 2802 | 242131

IFS4 | ABAQUS ['-1162 | 1161 47-2577 | 2595 |-3006 | 3002 | 231546
Ratio 101% | 102% | 98% | 95% | 97% | 93% 105%

Test 1154 1198 | -2544 | 2457 | 2948 | 2832 | 243403

IFS5 | ABAQUS | -1161 | 1161 '| 2613 - -2613 { -3011 | 3041 | 231481
Ratio 99% 1 103% | -97% | -94% [ 98% | 93% 105%

Test -1186 | 1146 | -2532 .| 2547 1 -2896 | 2948 | 241095

FDWS2 | ABAQUS | -1162 | 1162-=2596 | 2592 | -3009 | 3039 | 231650
Ratio 102% | 99% | 98% | 98% | 96% | 97% 104%

Test -1190 | 1146 | -2479 | 2481 | -2829 | 2866 | 232799

FDWS3 | ABAQUS | -1151 | 1151 | -2514 | 2534 |-2917 | 2941 | 229084
Ratio 103% | 100% | 99% | 98% | 97% | 97% 102%
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% 5.4 1FS hoShir P M3 7 18 K 3t B8 2 tb# B (Positive Bending )

Yield Depth | ABAQUS | Calculate :
Ratio
Specimen . (mm) N.A. (mm) | N.A. (mm)
NO. | ocation| a0 b a0l | 30y | a9 | 3% | 4% | 3% | 4%
Drift | Drift | Drift | Drift | Drift | Drift | Drift | Drift
Sti??elzler +61.5 +66
IFS3 118 | 119 | 119 | 120 | 99% | 99%
Bottom | 615 | -66
Stiffener ’
Stijt:t%%er +45 33
IFS4 8 1 119 | 118 | 118 | 100% | 101%
Bottom '
Stiffener | .. °
IFS5 Bo — 196 206 | 95% | 95%
stifféner | [P
Note : + % L5 £ 1R _ L HiBaE g
R EARPIR 2/ 8
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£55 RZEmERLBREERKLa (IFS4)

ts (mm)
L, s
(mm) ds (mm) % o3
175 0.93 1.01
208 245 1.04 1.14
308 1.14 1.27
175 0.92 0.99
254 245 1.03 1.13
308 1.12 1.25
175 0.90 0.98
300 245 1.01 1.11
308 1.11 1.23
Note : f=1.36 and use IFS3 coupon
% 5.6 REEIFSA g 4x R T 48
Specimen . - Sitffener Size | 2. M,
NO. Column Size Beam Size (txdxLy) Z M,
Cl 0550x550%20x20 | H702x254x16%28 | 28x175%300 2.8
C2 0550x550%28x%28 | H702x254%x16x28 | 28x175%300 3.9
C3 0550x550x35%35 | "H702x254x16x28 | 28x175%300 4.7
C4 0700x700x35%35 | H702x254x16x28 | 28x175%300 7.6
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&57 RagERBEERLa (FDWS 4)

ts (mm)
L, (mm)
14 18 22
208 0.98 1.09 1.20
254 0.96 1.07 1.18
300 0.94 1.05 1.16

Note : f=1.51 and us F

Specimen
NO.

Cl

C2

C3

C4 0700x700x35%35

itffener Size | 2. M,
txdxLy) | XM,
8.7 22x646x300 3.1
22x646%300 4.3
22x646%300 5.2
22x646%x300 8.4
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430

— Froe 7| iomme
N —IE _'T gl ?
® 3 ya0x150 (ASS)B = NO WELD %
— ]
N ,k" | | |
: 3_5-17—(3 sides =3
- B
® - “E X SECTION A
o] Do S %0 Tomm <2y
&R 16 x 127 x 787 405
: ] o
= 1
N "
®T I 1 " _LN{) wELD |
’ bt 10:‘, - \lﬁmm H,
30
(x572 or. 50) SECTION B
BACK GOUGE
) 4
1.1 Engelhardt 4= Sabol, (1997 )2 % 4 ## 7% X, 2+ H: 58
i= Fo] o il | 1 .
3 ot ] _.! , n’:'“‘ E s ."' "
Cofun - =, Colum -
N I .-"..-:-.-'\:._-:. B <’ T}rp- i L] r : ' ) ‘ | “f-f-ﬁi TFP‘
< || =<
|| == ' i "I‘" "
) | i = .
o [ 12|
E— | 14l
o Bean “1= [1e] Beam <,
| ] ol [ i : o !
i (1@ i [ 12|
; < Typ B
Ll Ll L e
(a) Cover-Plate Connection (b) Flange-Plate Connection
Bieam flange

1

(¢) Reinforcing Plate Profiles

=— Face of column flange

1.2 Whittaker = Kim (2002) % Zigikse X BAri g
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€ (8) Ta'* a3zs(SC)

Wi dx1 76 C.P.e
N T&8 FLGS.
* NRZ11NI
45 /—{:}mw

P e
I E % TSN v
I [ 2 1“,‘ .
Lo, €5, | * T~ (2) L Yadx0-6" (A36)
* 14" S
| . 14
1/4
“-.\
[ Iy P tim, £S5,
. T —— tins
|
7 ﬁ.: EﬂnB
' 5716
3 S.II‘??‘E‘_-:} '|:'.-\ \
. g' .Sf.
45 h‘ /\4 HB.—
/ 3/8 F BULT-UP
tixs, E5. —T] b 2 /e 15 ysED
WT10.5x48.5 (GR. 50
™ Che oR BJIITT—UP ‘sn. 50
NR23Z  of EoUAL THICKNESS.
* REMOYE B.U, BARS, RUN-OFF TABS 45" ROLLING DIRECTION e——m
AND APPLY A 516" REINFORCENG e
FILLET WELD 4 P

I 1l ) .1__=;-"F.t_’f'"' e
B 1.3 Lee #= Uang (2(%01_)3_ 246 3R A 78 i‘%’%?ﬂkiﬁﬂﬁ

|

! <> .,S"Box column i
s

— Diaphragm

L

Rid curved part

Rib extension
Beam

1.4 Chen #v Lin (2004 ) #hi&4% 38 X R+ 498
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Top Flange Vg1
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|:::::| 5 ! | 7 g
d, ACT,

=D

I
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I
I
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| i
____ :: Stiffener Macr \
|

Top Stiffener

. (b )Top Stiffener
M (aYxElevation

Top.Stiffener

t
X—=Yy .
(¢) Elastic (d) Partial Plastic I
\v I o
Top Stiffener % —r—\
/ y _pF
ds 1 X y —Flb X
X-y F, L 4
A\ . F3 xy dS-X F2 dS—X
VJ%L Fu4— di-2xty
tS O-y O-y
(e) Partial PlasticII (f) Full Plastic

22 IFS /g /1 B YL 1 o014 ik A&
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H702x254x16x28

0O700x700%35%35
Detail B
45°
. 3 i
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0O700X700X35X%35 .
/ 30
I T
= 4 el | i s
I | ‘: — " .
| 15 il e ol [ a0
| o—o
| A490 22mm ¢ Bolt, f+o-38)
| Ko _o|__ Stiffener
| . (2 ~ (
PL. 30 mm Detail A} oo o
! =4 \\ Stiffener
z====== | S (t=22 mm)
C T T T T T T N ~
| SR Section A-A
Stiffener (t=22 mm)——
300 I}
wy ‘k ?
2071\ [
ﬁ\ L 28
R Detail A Cope Hole Detail

2.8 AR IFSI 22 ) fR SURAR S SAPEA b B

E700%X700X35%X35

|
| A490 .22mm ‘$ Bolt,
|

:PL. 30 mm Detail A}I ¢

30

40

175

No o~ Stiffener

Detail A

2.9
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O550%x550%x35X35 .
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' 1 _ o O
| 15 (| e el = %
| o—o
| A490 22mm ¢ Bolt, f+o-38)
! e e .
| | No —o~ Stiffener
. ./
(PL. 30 mm Detail A} oo ( -
I =1 ) Stiffener
F-====== = : (t=22 mm)
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Detail A Cope Hole Detail

2.10 RAETFS3 2 BidR R At St

_‘7A
0550 X550%35%35 |
30

T e |
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' 1 K .

— o
| AN a J { 30
I —e
| A490 .22mm ' Bolt, [+=-38
| \h o o

No o~ Stiffener
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! AL \\ Stiffener
E======= ; : (t=28 mm)
ro T ™ 7
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2.11 3R TFS4 2 hoShAR 92 R AE 4 A A b B
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(%) VNI

Drift (%)

5B B LA

5. 19 TFS 3B u EhR IR 2 S 516 2 g2 48
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Stress (MPa)
(e

+0.5% 02% 24%
L ¢1% O3%

(e}
Normalized Stress

2200 F 1 -0.5
-400 F 1 -1
-600 ! ! : ! 1-1.5
-351 =234 -117 0 . 234 351
Distance from Beam Web Centerline(mm)
5.20 Xfg IFS3 2SR ABAQUS &7 % # B (Positive Bending )

600

+0.5% 02% A4% 115
400 | 170 ©3% 1
= 200 r {05 &
= z
S 0 0 X
5 =
@ 200 F 1 -0.5 g
Z
-400 1 -1
_600 1 1 1 1 ] '15
-351 -234 -117 0 117 234 351
Distance from Beam Web Centerline (mm)
5.21 X%B% IFS4 = juShir ABAQUS J& /7 »# [ (Positive Bending )
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SSOI)S POZI[BULION

351

234

7

+0.5% 02% 24%

|
| )

ST

0
Distance from Beam Web C__eﬁter_lirfe,,-{mm)

2347

—

1 Ve

o

) S S S o !
S S S S
N [\ 4 O

(edIN) ssanns

1
5.00 kg IFéS Z_jm ‘?é}ﬂffiAB%\QUS &) 54 B (Positive Bending )

1200

Drift (%)

5.23 IFS 3 B4k ABAQUS 242 %45 Ak %
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SR ABAQUS 42 iz #HE% 55 M, 1t )

= gﬁlﬁa

10—

30

Aﬁxv v 5<§\m§

0
10 F
0

5. 25 IFS X8 i Shik ABAQUS 4t 2 4 45 4h 5L 42 48 4 45 oY Lb {7
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3, 523

[Ave.

+3.
+2.
+2.
+1.
+1.
+5.
+0.
-5,
.000e+02

Crit.: T5%)
000 e+02
500e+02
000 e+02
S500e+02
000 e+02
000e+01
000 e+00
000e+01

. S00e+02
.000e+02
. S00e+02
.000e+02

300

200 r

[S—

S

S
1

0

Stress (MPa)

-100 |

-200

-300

49¢ Drift)

-351

B 5.27

-234

-117
Distance from Beam Web Centerline (mm)

XE2 UR = 2

117

234 351

3 & /1 545 (Positive Bending )



3, 343
[Awve. Crit.: 75%)
.g00e+02
L S00e+02
L000e+0z2
. 500e+02
. 000e+0Z
Lo00e+01
000 e+00
LO000e+01
.000e+0z2
. S00e+02
.000e+02
. 500e+02
.000e+02

5. 28mkAe, AR 4 8 2 3 S i (496 Drift)

[Ave. Crit.: 75%)
L 000e+02
. 500e+02
.000e+02
. S00e+02
L000e+02
.000e+01
.000e+00
L000e+01
.000e+02
. S00e+02
L 000e+02
. 500e+02
L000e+02

5.29 X8 [FS4 RN ES B2 R R D 5% (49 Drift)
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4% Drift
300

200

100

: ST,

-100

Stress (MPa)

-200

-300 ' — = ! '
-351 -234 'y, 'y A o B
Diste
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3, il
[Ave.

-6

+6.
+5.
+4,
+3.
+2.
+1.
+1.
-1.
—Z.
-3.
-4,
—-5.
. 500e+02

Crit.: T5%)

S00e+02
417e+02
333 e+02
250e+02
167e+02
083 e+02
526e-05
083 e+02
167=+02
250e+02
333 e+02
417=+02

5, S22
[Ave.

Crit.: T5%)

L S00e+02
LA17e+02
L333e+02
L230e+02
L167e+02
083 e+02
LS26e-03
.083e+02
le7e+02
L250e+02
L333e+02
LA17e+02
L S00e+02

[TTTTTTT

(49 Dirift)

B 5.32

ARG IFS4 Ry EGJEnF 2 s JE ) o th (4% Drift)
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4% Drift

600

400 r

Stress (MPa)
) )
S o 8
\>
e

-600 [
-351

B 5.33 A

400 r
300 |
200
100 |

-100
-200 |
-300
-400 & . . . .

-351 -234 -117 0 117 234 351
Distance from Beam Web Centerline (mm)

Stress (MPa)
o

5.34 X 52 [FS4 £ = b J& /1 5% (Positive Bending )
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PEEQ
[Ave.

Crit.: 75%)
. 600e+00
LAE7e+00
. 333e+00
. 200e+00
L067e+00
. 333e-01
.000e-01
L BE7e-01
. 333e-01
.000e-01
L 6E7e-01
.333e-01
. 000e+00

(a) PEEQ

3, Mises

[Ave.

Crit.: 75%)
. 300e+02
.083e+02
LB67e+02
. 650e+02
L4433 e+02
L217e+02
. 526e-05
L217e+02
L 433e+02
. 650e+02
LBE7e+02
.083e+02
. 300e+02

. Crit.: 75%)

. S500e+02
L417e+02
.333e+02
. 230e+02
. 167e+02
L0233e+02
.326e-035
.083e+02
. 167e+02
. 250e+02
.333e+02
L417e+02
L S00e+02

(c) S22

5.35 X8 UR 47 B A 2 LA 55 B (3.0% Drift)
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PEEQ

[Ave. Crit.: 75%)
+1.600e+00
+1.467e+00
+1.333e+00
+1.200e+00
+1.067e+00
+9,333e-01
+8.000e-01
+6.667e-01
+5.333e-01
+4,000e-01
+2.667e-01
+1.333e-01
+0.000e+00

5, Mises

[Ave. Crit.: 75%)
+7.300e+02
+6.692e+02
+6.083e+02
+5.475e+02
+4.,867e+02
+4,258e+02
+3.630e+02
+3.042e+02
+2.433e+02
+1.825e+02
+1.217e+02
+6.083e+01
+0.000e+00

g, S22
[Ave. Crit.: T5%)

+6.500e+02
+5.417=+02
+4.333e+02
+3.250e+02
+2.167e+02
+1.083e+02
+1.526e-03

-5.317e+02
-6.500e+0z

(c¢) S22

5.36 RXEEIFS3 Al 2 K38 %2 B (3.0% Drift)
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PEEQ

[Ave. Crit.: 75%)
+1, 600e+00
+1.467e+00
+1.333e+00
+1.200e+00
+1.067e+00
+0,333e-01
+8.000e-01
+6.667e-01
+5.333e-01
+4,000e-01
+2.667e-01
+1.333e-01
+0.000e+00

5, Mises

[Ave. Crit.: 75%)
+7.300e+02
+6.692e+02
+6.083e+02
+5.475e+02
+4.,867e+02
+4,258e+02
+3.630e+02
+3.042e+02
+2.433e+02
+1.825e+02
+1.217e+02
+6.083e+01
+0.000e+00

g, S22
[Ave. Crit.: T5%)

+6.500e+02
+5.417=+02
+4.333e+02
+3.250e+02
+2.167e+02
+1.083e+02
+1.526e-03

-5.317e+02
-6.500e+0z

& S5.37

Tl
llllllﬂ,

(c¢) S22

AR IFSA AT A 2 &7 S 5 B (3.0% Drift)
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PEEQ

[Ave. Crit.: 75%)
+1.600e+00
+1.467e+00
+1.333e+00
+1.200e+00
+1.067e+00
+9,333e-01
+8.000e-01
+6.667e-01
+5.333e-01
+4,000e-01
+2.667e-01
+1.333e-01
+0.000e+00

5, Mises

[Ave. Crit.: 75%)
+7.300e+02
+6.692e+02
+6.083e+02
+5.475e+02
+4.,867e+02
+4,258e+02
+3.630e+02
+3.042e+02
+2.433e+02
+1.825e+02
+1.217e+02
+6.083e+01
+0.000e+00

g, S22
[Ave. Crit.: T5%)

+6.500e+02
+5.417=+02
+4.333e+02
+3.250e+02
+2.167e+02
+1.083e+02
+1.526e-03

-5.317e+02
-6.500e+0z

5.38 X B¢ IFS5 il 2 & 18 2 ¥ n B (3.0% Drift)
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7% Top Flange

Stiffen/a-( Line C

(a) Location

+UR BIFS3 ©lFS4.A1ESS

+UR BIFS3 OIFS4 AIFS5

N

Rupture Index
Rupture Index
=) —_—

E R — fuhl TS

=
W
T

—e—n o L —b L

0 1 = Y e - S S
-127  -63.5 0 B -127  -63.5 0 63.5 127
Distance from Beam Web Centerline (mm) Distance from Beam Web Centerline (mm)
(by Line A (c) Line B
2

+UR BIES3 ©lFS4 »AIFSS

—_
W
T

Rupture Index

72 7= 72 v e i ] 3

0 100 200 300 400 50
Distance from Column Face (mm)

S D

(d) Line C

5.39 X 5% UR & IFS X% 2 Rupture Index tb#: & (3.0% Drift)

261



7% Top Flange

Stiffen/a-( Line C

(a) Location

o 4 +UR DOIFS3 ©oIFS4 4IESS5 o i +UR TIFS3 ©IFS4 alFS5
< 3t < 3F
k= k=
= &)
1r 1
m: ==T = = i — = é "
O < = - 5 0 e e e e e e SR o —acE
-127  -63.5 0 (Y ~Em=—=V | -127° - -63.5 0 63.5 127
Distance from Beam Web Centerline (mm) Distance.from Beam Web_Centerline (mm)
(by Line A (¢) LineB
. 4 [+UR OIFS3 oIFs4 [AIES5
< 3t
R=
=
1 -
é SO
0 Er=TEmey Sisere il =

0 100 200 300 400 500
Distance from Column Face (mm)

(d) Line C

5.40 X 5% UR & IFS X% > Rupture Index tb#: & (4.0% Drift)
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Rupture Index

Rupture Index

o — g et
S L = W N W W

B 5. 41

Line A [l Line B = Line C

UR IFS3 IFS4 IFS5

(b) 4.0% Drift

X% UR A& IFS X #% % Rupture Index 424 L B
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Moment (x1000 kN-m)

Interstory Drift (%) Interstory Drift (%)

4 2 0 2 4 £ 4 2 0 2 4
4 ! 4 T T T T
Z ]2
: s ] 77/// 1!
S / g
0 = 0 / 0 §
=) T 1-2
_4 o _4 | |
-200  -100 0 100 200 =200 -100 0 100 200
Beam Deflection (mm) Beam Deflection (mm)
(a) FDWS2 (b) FDWS3
Test — — — ABAQUS
B 5. 42FDWS 34 2 7 2 4 45 g s B 44 1k 42 B
2 +0.5% 1% 02% 03% a49% %2 = g +0.5% ©1%,02% 03% 24% %g g
16 B Cj/d) = 16 B A/A\ A—D —A /A\A _ 12 =
O\o / A n
1. R P M\ 110 g
0. < o _0-8 '@’ m 6 <
0. Futudhgel 14 E
z 0 ?—’—-l—h——u——n—-n—n-—w—ﬁ——l-ﬁ 0 Z
-127  -63.5 0 63.5 127 -127 “=63.5 0 63.5 127
Distance from Beam Centerline (mm) Distanee from Beam Centerline (mm)
(a) FDWS2 (b) FDWS3
Test — — — ABAQUS

5.43 FDWS ¢ > I iR E 4 Lb ik B
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Strain (%)

Strain (%)

Strain (%)

0.08 304 .S
: <
0.04 » 10253
s =
S 5
-0.04 F / 1-02Ew
o
-0.08 —— 3 -0.42
350 -175 0 175 350

Distance from Beam Web Centerline (mm)

0.4
0.2
0
-0.2
-0.4

-350
Distance from Beam Web Centerline (mm)

0.6
0.3
0
-0.3
-0.6

-350
Distance from Beam Web Centerline (mm)

B 5. 44

(a) 0.5% Drift

o

-175

0

175

(c) 2:0% Dirift

350

=

-175

(d) 4.0% Drift

0

175

350

—@— Test

Normalized Strain

Normalized Strain

0.4 =
02 11
—="
0 yaan - 0
0.2+ 1-1
0.4 ' ' 3 -2
350 175 0 175 350

Distance from Beam Web Centerline (mm)

Strain (%)

(b) 1.0% Drift

0.6
0.3

.4///€ |’
4
~t 0

0
-0.3"k
-0.6

o

1-2
4

=350

-175

0

175

350

Distance from Beam Web Centerline (mm)

— -©— ABAQUS

B FDWS2 = &tz JE

265

2%

(d) 3.0% Drift

% tb#t B (Positive Bending )

Normalized Strain

Normalized Strain



Distance from Beam Web Centerline (mm)

(a) 0.5% Drift

0.08 04 = 04 2
<
3 0.04F w—o.zé}ﬁo\? 02} 11
£ 0 o s 0 82 o0 4‘/ 0
© -0.04 + 1-02E@ 0.2 | 1-1
o
-0.08 ' ' 04% 04 ' ' 2
350 -175 0 175 350 350 -175 0 175 350

Distance from Beam Web Centerline (mm)

(b) 1.0% Drift

04 2 g 06F 13
3 02+ Sl 3 i 772
S - 5 S0 // 11
R o 0 S .57N0 0
< = s E.

= s & 1 -1
w-o.z-f/ —-1@@'0-3‘2/‘7 {-2
Z  -06¢ 1-3

0.4 ' ' 217 ' | |
350 -175% 0 | 175350 350, 17598 0 175 350

Normalized Strain

Normalized Strain

Distance from Beam Web Centerline (mm) Distance from Beam Web Centerline (mm)

(c) 2:0% Dirift (d) 3.0% Drift

0.6 F 4-3—§
— 42 =
X 03 wn
< 11 =
i ~astt
N '03 B _ _2 g
-0.6 . . 1-3-=
-350 -175 0 175 350

Distance from Beam Web Centerline (mm)

(d) 4.0% Drift

—@— Test — -©— ABAQUS
5.45 X% FDWS3 2 ju 4k JE % tb & B (Positive Bending )
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+0.5% 02% 44%
400 | ©17%0 ©3%

Stress (MPa)
(e}
(e}
Normalized Stress

2200 F 1 -0.5

-400 1-!

-600 ! ! : ! 1-1.5
-351 234 -117 0 117 234 351

Distance from Beam Web Centerline(mm)

5.46 X2 FDWS2 Z &t ABAQUS J& 114 B ( Positive Bending )

600 15
+0.5% 02% 4%
= 200 | {05 8
= “
S 0 0 X
5 5
A 200 | {-05E
Z.
400 } {1
600 ' ' ' ' 15
351 234 1170 17 234 351

Distance from Beam Web Centerline (mm)

5.47 X B2 FDWS3 % 4w gtk ABAQUS J& /1 »# B (Positive Bending )
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1200

1000 B FDWS3

800

600

M,(kN-m)

400

200

L
[

w B .
Fo " ! I'.—_." il W - W et
I . = l iy . | ; l %L- y ; i ']

5:48 EDWS 30942 ABAQUS f4t 2 85 ik #

8 L o g -
. = s o =

B

MM, (%)

Drift (%)

5.49 FDWS 88 v Sk ABAQUS 324 = % M 5 4 M, tb15]
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-l e 40 4 0 L)
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3, 343
[Awve. Crit.: 75%)

+3.000e+02
+2.500e+02
+2.000e+02
+1.300e+02
+1.000e+02
+5.000e+01
+0.000e+00
-5.000e+01
-1.000e+02
-1.500e+02
-2.000e+0z2
-2.300e+02
-3.000e+02

% (496 Drift)

[Ave. Crit.: 75%)
L 000e+02
. 500e+02
. 000e+02
. S00e+02
L000e+02
.000e+01
.000e+00
.000e+01
.000e+02
. S00e+02
L 000e+02
.500e+02
L000e+02

5.52 X% FDWS2 Z AN ES 42 5. /1 otk (496 Drift)
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300

[\
S
(e)

—_—
S
O

Stress (MPa)
o

4% Drift
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5, SIZ
[Ave. Crit.: 75%)

+6.500e+02
+3.417e+02
+4,333e+02
+3.250e+02
+2.167e+02
+1.083e+02
+1.526e-03
-1.083e+02
-2.167e+02
-3.250e+02
-4.333e+02
-5.417e+02
-6.500e+02

3, 3i2
[Ave. Crit.: 75%)

+6.500e+02
+5.417e+02
L333e+02
L250e+02
L167e+02
L083e+02
LS26e-03
.083e+02
L167e+02
L2a0e+02
L333e+02
L417e+02
LS00e+02

5.55 X% FDWS2 Z&»iE

%4

KB BT Z dhe) JE 1 o4 (49 Drift)
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4% Drift

600

400 r

[\

S

e
T

Stress (MPa)
o

l{)

S

-
T

-400

gy

-351 -234
Dist ar

600 F . . | . .

=
-
wn
[uirey
=
<
a
og)
Q
=
o,
ey
=
(tje]
—

5.56 IXgE .

400 r
300
200 f
100 |

-100 |
-200 i
-300 |
-400

Stress (MPa)
()

-351 -234 -117 0 117 234 351
Distance from Beam Web Centerline (mm)

5.57 X 52 FDWS2 £ x sh1&) JE /1 o4 (Positive Bending )
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PEEQ

[Ave. Crit.: 75%)
+1.600e+00
+1.467e+00
+1.333e+00
+1.200e+00
+1.067e+00
+9,333e-01
+8.000e-01
+6.667e-01
+5.333e-01
+4,000e-01
+2.667e-01
+1.333e-01
+0.000e+00

5, Mises

[Ave. Crit.: 75%)
+7.300e+02
+6.692e+02
+6.083e+02
+5.475e+02
+4.,867e+02
+4,258e+02
+3.630e+02
+3.042e+02
+2.433e+02
+1.825e+02
+1.217e+02
+6.083e+01
+0.000e+00

g, S22
[Ave. Crit.: T5%)

+6.500e+02
+5.417=+02
+4.333e+02
+3.250e+02
+2.167e+02
+1.083e+02
+1.526e-03
-1.083e+02
-2.167e+02
-3.250e+02
-4.,333e+02
-5.417e+02
—6.500e+02

5.58 X% FDWS2 a4 Al 2 R 1A % B (3.0% Drift)

274



PEEQ

[Ave. Crit.: 75%)
+1.600e+00
+1.467e+00
+1.333e+00
+1.200e+00
+1.067e+00
+9,333e-01
+8.000e-01
+6.667e-01
+5.333e-01
+4,000e-01
+2.667e-01
+1.333e-01
+0.000e+00

5, Mises

[Ave. Crit.: 75%)
+7.300e+02
+6.692e+02
+6.083e+02
+5.475e+02
+4.,867e+02
+4,258e+02
+3.630e+02
+3.042e+02
+2.433e+02
+1.825e+02
+1.217e+02
+6.083e+01
+0.000e+00

g, S22
[Ave. Crit.: T5%)

+6.500e+02
+5.417=+02
+4.333e+02
+3.250e+02
+2.167e+02
+1.083e+02
+1.526e-03
-1.083e+02
-2.167e+02
-3.250e+02
-4.,333e+02
-5.417e+02
—6.500e+02

(c¢) S22

5.59 X% FDWS3 a4 Al 2 R 3a 4B (3.0% Drift)
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% 2+ UR ¢ FDWS2 0 EDWS3
< 1.5
RS
g 1
%
é 0.5 :
0 o—&
-127  -63.5 0 63.5
Distance from Beam Web Centerline (mm)
(b) Line A
2
% + UR ¢ EDWS2. 0 FDWS3
e 15}
S
e 1r
g
gosf
0 Jd ==
0 100 200 300 400 50
Distance from Column Face (mm)
(d) Line C
5.60

0.5 500y

Top Flange

¥

127

Stiffener

(a) Location

-127  -63.5 0

% P + UR ¢ FDWS2 0 FDWS3
o, e
=
s LI
=
é 0.5 \. '
0 YRR i

63.5 127

Distance from Beam Web Centerline (mm)

(c) Line B

276

X 4% UR & FDWS X %2 % Rupture Index b B (3.0% Drift)



Rupture Index

Rupture Index

7% Top Flange

+ UR ¢ FDWS2 o FDWS3

-127  -63.5 0 (Y ~Em=—=b |
Distance from Beam Web Centerline (mm)

(by Line A

0

& 5. 61

+ UR ¢ FDWS2 0 FDWS3

100 200 300 400 500
Distance from Column Face (mm)

(d) Line C

Stiffener Line C
(a) Location

4
e +'UR ¢ FDWS2 o0 FDWS3
< 3F
k=
57 g p
Q‘ —
ERAA /

0 “;if:"g:!!?!c=i;—‘!‘

-127° - -63.5 0 63.5 127
Distance from Beam Web Centerline (mm)

(¢) Line B

X 4% UR & FDWS X %2 % Rupture Index tb# B (4.0% Drift)
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Rupture Index
o — N W
N —_ ()] [\ ()] (98] W
1 1

(=)

Rupture Index
o — N W
()] —_ (V)] [\ ()] W V)]

B 5. 62

Line A [l Line B = Line C

Line C

UR FDWS2 FDWS3

(b) 4.0% Drift

X 4% UR & FDWS X %% 2 Rupture Index 424 tE 8
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4% Drift

40

20

5. 63 IFS jus 148 (&AHH 1)

40
35
S
3 i O o +
-
T +
= +
25 t +
+
+ +t=22 Ot=28
20 1 1 1 1 1 1 1 1 1
085 09 095 1 1.05 1.1 1.15 12 125 13 1.35
a:Mcap/Mdem

5.64 1FS m&hik o A B RS E TR ZHMEZE (BA 5 1)
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4% Drift

50

N
O

MS/ MACT (%)

30

5. 65 IFS jud

50

N S
S V)
T

MS/ MACT (%)

93]
(9]
T

30 1 1

— — t=22 —— =28

300

4B (&5 oth 1)

+t=22 Ot=28

0.85 09 095

1

1.05 1.1
a=M_ /M

1.15

dem

1.2 125 13 1.35

B 5. 66 IFS i o EEAHIRE E TR HE (B 56 1)
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RImax

RL,.,

+d=175 0d=245 0d=308

208 254 300
L

S

(b) 4% Drift

5. 67 IFS #m @i 247 Line B & 2 5% Ak 2 2 3 RI 44
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RImax

RL,.,

0.7

— — =22 — =28

+ d =175 0d=245 0d =308

0.6
208 254 300
L

S

(b) 4% Drift

5. 68 TFS Au@hir 227 Line C & 2 5 Ak 2 2 3 RI 44
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_—
D W
T T

e 2o @9
~N o0 \O
T T T

+Cl1

oC3

-127 -63.5

Distance from Beam Web Centerline (mm)

63.5

127

B 5. 69 IES /o &) irir st Line Ak 2 & 44 814 B (4% Drift)

600

+Cl O€3 119
= 200 | 1 0.5
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Stepl: 3t H B AR ZABMRELEREM,,  w DX HFLEMER 1360
Step2 : - BHxR—MmYUREKEL » K@Y EFERM,, » wQAHXHw -
Step3 : R RZFEEd BB * YRR » £ P a it 1.05-

Stepd : #&#% Step2 F B EZ SR EE L, 20 (Q.9)RAT o

Design Example '

Stepl : 3t &
My, =B-M, =B-R,-Z, o, =136x1.55 ; 152 48.4:3274.91 kN-m
Step2 : M FBRE—mPAREEL > KirmEEERM,,

L 2% % 300 mm

L
o = b M, = 3600 x3274.91=3773.30 kN-m
d,
L,—| L +—"
4

3600—(300+702)
4
Step3 : K RZFEd RBFE 1,

hoShARIE A AST2 Gr.50 Z Hkt
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2-(2-\/2—1}(51,) -2, )0, 2-(2'\/g—lj-(702—2x28)x1.1x345

—7651.33 mm>

A d=308 mm ’ 4% t=24.85 mm > 8] t, use 26 mm -
Step4 : #A% Step2 ¥ AR Z IR E L,

L, >0.77d, = 300> 0.77 x 308 = 300 > 237.16 ok
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