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Abstract - A modeling approach of the WCPF connection by using 1-D element was proposed. The model was developed by
substituting the average width of trapezoidal shapes of cover plates welded to the flange and evaluating the equivalent flange
thickness based on the moment of inertia. The model was verified by the comparison of the results of a seismic performance
test and the numerical analysis results of a progressive collapse test specimen modeled using the solid element. It was con-
firmed that the proposed WCPF connection model simulates quite well the behaviors of the test specimen and the solid ele-

ment model.
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Fig. 1. WUF-B connection model
developed by Sadek et al.!'¥

G(d,—t,,)t
= Vel )l z M
(db—tbf)cos 0

(dc - ICf)z

2
cos” 0 = 2)
2 2
(dc - ICf) + (db - tbf)
2
_ 0.6F,d.1,, - 3b.t,; )
pz cos 6 dyd,t,,

N
2

dp®} de= 247 Het 7]52] @A 2ol by} 1y
N5 B 23} A, 0,9} = A%t B
K

)
faEe] FA, £% G 22 &

2
N s

e oo r 2
o} &
HN



WUF-B 3= B GRoA RHEY} 71 7
2h-g5ta &4 ZFdH(weld access hole)2] 45t &
WA F2o] JF = o SHFE HAETH7 et
o} olE gt HAAwIE Aot B YHoA AT
17} Y= & f2517] 98 A-ohF S A o A
Zeo|EE &5to] Bt WCPF HEE71 7
e Qi

N

T
H

< 34 =] #-8ei.

57t ©EE fEoty] HeA V1S dat sdet
THES THLE AR H ok TS o ALt
SHATH SHS AF THol Hiet 7]E W] 9
22IERIE Bl 57he] EHAIRHEE 4] (4)-4 (5)<F

12 2

tcp,t 2 Yo\2
+bcp,ttcp,t Y, + tf + 7 + 1tV <7>

bt t\2 b, 1
If f cptiep,t
Iy === +byts <y,,+—> AL
4)

= ILs
b | L2 i le
Column |f's———— Column [~
face I L, face ! -,LLI
bcp,rl bcp,b

(a) Top cover plate (b) Bottom cover plate

Fig. 2. Substitution of cover plate width

oVge: - Iy - ol - =4

bt t
fleqt eq,t
qu,t = 12 +bfteq,f <y0+ 2 >
®)
yo yo
e ()
12 wioN2

Ly = Leg s TEAIZ17] A1 5719 A5 E90A +
Ale 4 (6)-2 ()= &3t AlAtd

3
fegs = \| A+ V) = Vo (6)

3

t 1\ 2
f f
A=Z+3Tf<yg+?> +

bepst 2 Topt 2
p,t7cp,t cp,t cp.t
+— — 43 +t,+—
b, { 4 <y AR )

= WYHo R FHUS o &Hd "ot 5719 &
HA| FA 15 751 A (8)-4 = =EdH

3
togh = \/B+(h,—y,)}+y,—h, 8)

3

t t-\2

S S
B=Z+3tf <hw_y0+?>

2 ®
tcp,b 3(n tcp,b 2
4 + w=— Yo+ tf + T

O} bz Z2F oM AHEHCIES E, 1,2} tops
L 22} AR AMBACIES] T, 1,8} 1o 2
7t 4512 EAA 9] 57 SACICHFig. 3 ).
Whittaker and Gilani®”, Kim et all"'7lo] 2=
WCPF FoH7-9] Y5 AddFoNA, -7 H
o MEskE A A B gRolA Ao B

o2
ol
-

bcp.t bf
Tept 5 _
TE 1t} .
1 |
b
Yo 4 Yo
x hu X% &
hw — Yo I tw hw Yo il
Tr3 T quyhii -
Teph— -
bcpfb

(a) Initial cross section (b) Equivalent cross section

Fig. 3. Cross section variables of beam
reinforced with cover plate

=08 = A5 E Al6 2 (FH A 187%) 2023 12 325



1-D 848 o] §3 BBHAEBZ 0| WCPF H o) wel 7

A 9 Yr7L FRFZE Qste] T EQow 1ty
A7HA] @7 g o] AA TASHA @2 Aow B
5|3 Slth(Fig. 4 2. o)l @ AFATEL vigoR
2 AT AL Fig. 59 o] BA S HUEy BE
7gstel AAstT Wgw AvSdolES Sk &
u:]oi _TLE%?‘J‘]- Et—ﬂa} th_Q. -8-

AA g B
FEMA 355CC00| A AAISE AR 2dd} §
Krawinkler & 9] fjd= 3|&H Axg tJil WUF-B
ﬁ%“:‘ E‘:*““Joﬂ AE&H BT 15 Axg
X

Fig. 4. Failure mode of WCPF connection
test specimen by Kim ez al.!'"

Column
Momentj releases
e

6  Rigid link

d R}gi d 2 Rfvi q Beam
b <. link | Cover plate
% section

Rigid link
Moment|releases -~

d,
Fig. 5. WCPF connection proposed in this study

326 FFE7YER8le] B 4357 A6 (S A1873) 20234 12

3. WCPF 3 9 el 34 45

37191 13+ 84F o]-&3F WCPF F &7 Hd9|
B34S 2elsty] fisto] 33k &9 = 945 A&
S md o] SiA Aot Hlw W WCPF FHg+Ho] tf
SF e AR A Aete] Hlw g A sttt

3.1 &85 Q4 RIS o]

WCPF g0 &ej= 94 wEs 9 13
Lee?of A 5 Fig. 69] WUF-B I3 AEAE
AAetAct. A E FYE 7150 AAH 6
= 7he] 743} 3.66 m R0l 9] 71502 FAE AT
& Y=Y 7l A= 7 MY diZ ZHAol o3 A
A=A APA Y 24L& fdE 2w, B, 75
ol th5te] ASTM A992(F, = 359 MPa, F, = 496 MPa),
B 715 AR Ad it = AF I (continu-
ity plate)°]] ti5}o] ASTM A36(F, = 309 MPa, F, =
465 MPa), 718|311 ASTM A4909] 1S EE 7V} AIEH
St AAE FUR 7% Aol ol AstE e
ol BA% AHOIA S1E- AT 2P At A
@79 wo] WAz 2L 7t BAo] Foho
A E AEF R AolAo] 23 S = ATt ol gt

A HEL Lee'S 2T 4 et

6.10m

0.81 m
H W21x73 H

&
) 0.81 m
%

6.10m

|P
v

o
)
S

W21x73

2.17m
WI18x119
WI18x119

Fig. 6. Progressive collapse resistance performance
test of WUF-B connection by Sadek ef al.!'

%

(b) Bottom cover plate

wuw ()7

(a) Top cover plate

Fig. 7. Cover plates of WCPF specimen designed
according to FEMA 351



A719] AYAE vigo 2 5 WUF-B HgE &7
E do] AHEYG o EE Ho 53 EACE 71A
3to] FEMA 3510500 wle} A4 @ #8519 c}(Fig. 7
;‘(1—1)

A et AEH lEY =4

YALGE WY, 24

2 wAjo] AzA)
o]%9 XHE%*J_‘ZE Ramber-
Osgood model2 AFEsttt. &8& 2d9o B.7|&
AARL 88 &8t 24(C3D8), 1 99 FA9
tfoto] 448 € 24(S4R), 7F+= Connector2 I
QYstoith. 2015 ARl Ag Wit WEehe

H gBuet IHEE 7t F5 4§ ABAQUSHIZE A
&5+ Contact Interaction PropertyE %-835}% 0 H,
A=A A5t Wakof gt H=-32-714 (Pressure-
Overclosure) &71-& Hard ContactZ & -&3}lH}. =
A} 3§ 3Y3t BHeFO Z = Penalty Friction Formulation
< Hgstgon, ojnf upEA S 4= AISC 36010
A AAE vF2-ESE Class B(unpainted blast-cleaned
steel surface)d] T|IIH A4 0.55 Z-&olHTt. ESH
HI7ls A4RoA JgE= B A-stF WA,
A &, 3 Ag|ny 9 AWEY o]Ex= Constraint
7162 ©]&3to] Tie £ o= A&t Hig = A

AT Sle F 7150 3ol 28 AREE 4ot
AT, A ST g 9 YL TSl 12
wdlz 7T W40 Bee S A, .

71 @R 9 HEE J9olM SHEE B 750l

MY 24 E, AHEYCEE | cm 7|9 842 B
asto] 2,594719] QA EEatont. 1 99 J I
= FAY doldgk] ot 10~155722 £,
2 6,1457119] 84O 2 o] ndle AT

S

Table 1. Modeling summary of WCPF solid element model
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Table 2. Modeling summary of WCPF model

Member Elte;n;znt ABAQUS modeling Element number Note
Column, girder Beam 2-node linear beam (B31) 162 - Pinned joint:
Rigid Discrete rigid element (RB3D2) 66 Constraint = U1, U2, U3,
Panel zone - - ) ; UR1, UR2
1-axis spring Ul in Connector option 3 ’
Diagonal brace 1-axis spring Ul in Connector option 12 - Rigid joint: Tie option
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Fig. 13. Substitution of cover plate width
at top flange for WCPF model

Table 3. Equivalent thickness t., of flanges for WCPF model

Equivalent thickness
Section (i
Top flange Bottom flange
L, (40 mm) 39.1 40.9
L, (125 mm) 36.6 40.8
L3 (125 mm) 315 40.8
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