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Advanced analysis and optimal design of steel frames

accounting for nonlinear behavior of connections
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ABSTRACT : The advanced analysis and optimal design of semi-rigid frames were presented. Advanced analysis can predict
the combined nonlinear effects of connection, geometry, and material on the behavior and strength of semi-rigid frames.
The Kishi-Chen power model was used to describe the nonlinear behavior of semi-rigid connections. Geometric nonlinearity
was determined using stability functions. On the other hand, material nonlinearity was determined using the Column
Research Council (CRC) tangent modulus and parabolic function. The direct search method proposed by Choi and Kim was
used as optimization technique. The member with the largest unit value evaluated using the LRFD interaction equation
was replaced one by one with an adjacent larger member selected from the database. The objective function was assumed
as the weight of steel frame, with the constraint functions accounting for load-carrying capacities, deflections, inter-story
drifts. and ductility requirement. Member sizes determined by the proposed method were compared with those derived
using the conventional LRFD method.
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sl vepdch, P gl de BAY shue] 948 AR
gro g g vsl] ANEE 849 Y F de
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70 BAe] AL A9 X Aot 2L ke FAuH
A s} frdsEe AREE A R H91 A%
3% shligrlehe el sl mehd, of Wy e aEEA

Mo AHgsh] faiie Be side] a7t
A Elastic Critical Load
Load / / (Eigenvalue Analysis)
| [First-Order Elastic.-—~
I/ i -
I , / Second-Order Elastic
]
'I /’ ’ Mechanism . L
L ;’— - f/— L / (First-Order Rigid-Plastic Hinge)

B First-Order Elastic-Plastic Hinge
/ _.— Second-Order Elastic-Plastic Hinge

<

Second-Order Plastic Zone or Refined Plastic Hinge

Deflection
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gton] g APAE o3l BRlE-FAA BAA T
a7t £34% 0] g} (Chen and Kishi, 1989: Kishi and
Chen, 1990). ©|& ARE AR 3o AEF Ag oigd
izl 2ddo] AAHAT £ =Ry Kishi%
Chen (1990)¢] A|stgt 37}A] ai7fi5 o8¢t oe] 29
(Three Parameter Power Model) & AH&-3IATE. 3744 i
Meee 28 204 Bo] F= uie) o] JFRe 271234
(R,  Initial connection stiffness), Fd=(M, !

Ultimate moment capacity) 2 4AF(n . Shape
parameter)©]t},
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glo] giot,
ot acosh (ef)
Ry=G 3 (aB cosh(aB) — sinh(af) (4)
M, = (ﬂﬂ‘giﬁ)df (5)
714, G & Ad SAAS, 1, © BF L 7% 74,
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18 4olx] Bo] F= upe} 2o
27174 R, FRAERE M

Fot LEd gl g
23 6) 24 (Tl A9

7o} 9)
M 3(EI) ( d )
Ru="9, 1+ (0.78t2/1gH) \ & o)
M,=M,+M,+ V,d, (7)
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664 s=uTxsE =28 A15H 635 6

7%) 20034 12%
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Center of Rotation

Seat Angle

(b) StaieloliMe] FxH



oo M __ 3ED 6(EI)d;
TG, T g(2+0.88)  gy(g+0.88)
8)
M,= M+ M,+ Vydy+2V,,d, (9)

71N, EI, & EIL¥ 2% 2 4% L3739 7159 ¢
Hqe #7) ZSYolE 3 WA, gy=g. - W2-1t,/2, W=

=
YES AE, ¢, o 1 B2 Y 4R LEYE FA, M

B AR 87 SVEHE, V, £ WA sk
Ay v, £ B L% 2Ad9Ee & 4=

2V, + V) I3Vt Vy)d, + [ +t/2, V,, © &
= Lﬁé%‘«l 9 B Ak v e EY LEY o ¥
ol A 7 = EE g7 ol Bl B EAA7
el A, t& 3 LEEY T

w3 Kishi®t Chen (1990)2 21712 3§ Hejof disid
FAASF ng T3] skl Ad delelg FA Mo
the 2 Ag Ajeich

o B2 LB AY

n=0.520 log ,0,+2.291=0.695  (10a)
o B2 8137 ARG

n=1.322log ,0,+3.952=0.573  (10b)

o A3 187 3%
n=2.003 log 1,0,+6.070=0.302  (100)
o B2 1E7e SR A% LAY WE

n=1.398 log ,0,+4.631=0.827  (10d)
W7, 0,=F* oIk

3. Algxel nEshA

3.1 7lsletR ulMYg Toishs odEs
erael WABAE Tea] el PYFE e

T olgsiel Zulakd] ojsle] 3 Aol Tadte dTe

neshs e BAE sht 2 5 ole 84R ol
sl 7)atetAol njXEe Ao 12E 4 Stk (Kim
and Chen, 1996a: Kim and Chen, 1996b). 2-71% %
Aol tiste] SHHEEE ol &3 F-wigle] WAE 4 (1)
Ael=o] k.

rok

Heteol oMy AEE a3 M) PxEEo| DS 2K LA

aM, S, Sy, 01464
aMy| =2\ s, 50 0 || 465 (11)
4P A |l 25

00 4

A7\, aM,, AMp R 4PE FAS] AT E Bee] &
S T8 YRAE 9 398 A7 vebdnh. 46,, 460, R
45e B4 SEHA 3 HWPFE Y. S, R S,
£ @A A (12a) 2 4 (120)) Bej=el sint.

e

(D) A8 2

S = r2pcosh(mVp) — Vo sinh (V) (122)
17 9—2cosh(mp)+ avp smh(m/;

S = zVp sinh(xVp) — 7’0 (12b)
27 9 9cosh(nVp) + o sinh(nVp)
(2) ¢&A A%

S = w/psin(nVp) — *p cos(mp) (12¢)
17 9 9cos(nVp) — o sin(mp)

S, = n*o — wpsin(mp)
27 9 —2cos(mVp) — np sin(aVp)

471 o= P/(x*EI/L?) °I%.
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(12d)
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5 Bz g 25-8o| EAlaly] WEeitt. §F HFeH
23 e H-379) BRdXRE 35S ] Al
4SS 23 e BHY FIRE HAUAY st o
drt o2l A aAdshe H-37e] #748e Aide
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(1) P<0.5P, 9 7%

E,=1.0E (13a)
(20 P> 0.5P, A BY
4B _ P
E,=4 P, E(1 Py) (13b)

A SE-HYE WAZE 9 B-AAdolE Ben
H-37%o] ERAES IS 7 ¢ EHE-ZEWAE @499
dA 9d agdER AAAd FEUSE e 1 ol
© H-87%e] 35 e due] Adde =iy Puaio 4
Aoz FHARAA FE37| fgelnt. of2ig dAH

gAT 2

o
AR ARA WIE Jehlizl fEkd AskasiA
(softening plastic hinge)& ARESH} A3AA3RA = X
EAg 4 (14a) 2 4 (14b)oll Felslo] ginh

(1) « < 0.5 9 A%

n =1 (14a)
(2) a> 0.5 9 FF

7 = 4a (1 — @) (14b)

AP, e BEd esle A 2718 Uehie
$424 AISC-LRFD (1993)¢] $744WE B48id 4
(15)°l) BeI=lf ek,

1) L>2M o 5o
P)’

9 Mp 1 ‘0O
P .8 M
a=75tq9 (15a)
P, "9 M, a
P 2 M
(2) P <5, ol A%
a= 55 +—Aj‘f—p (15b)
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Ry=(1+—5)(1+
Y (1 RktA )(1

3.5 75ty 22 =¥

3.5.1 Beoldd +2E
71818 Eebdd L Falel AME (straightness) 2
A% (plumbness)l tiet L2tz Baje] Az 9 P25
ZYA HAe), BeoldE TREL V)sleE] BddAE
A Az det ERAETE Rl Hdxe] g
Ebdie] ofsld Jk et duksid, A9 HleEe
of ofg P-ASTh= Hiolol sl AEE7| o]}
ECCS (1984: 1991), AS (1990) ¥ CSA (1994)x+=
AN Eo] tig 2R 0R 71520l 1/10008 AHEslE=

FaHela Sirk. AISC (1993)oM% BLe A7le) Bekiy
& 3ol Ak ¥ =RNE Hud) ug 2egoR
L./1000% AH&3igich

ECCS (1984: 1991),
= AAsd g 2aiS
Hoke TBH W4e 2skn

AS (1990) ¥ CSA (1994)°llM
FAe| S Hef AHgo] %
glouk A melElees u
Holl theire sl @a glon, HeAolx] £ & o]
At & =RelMe 28 oM Ho F= nlsl o] Rajel
| A HYE e e 4w ”‘éa@iﬁ 24
of ek B mefaith FHY 8A4F ARedlel 2

A7 HEE 220 2o thgled ofn] 7&*5—% v} 9l
T} (Kim¥ Chen, 1996a).
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Ic Ie
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3.5.2 B0y B4 ge WMo 728
CSA (1994) %} AISC (1993)

TE2o| EYUNY =Y

M= FH T gt Al 2L

AE L./5002 Agstn gz Sloh wepd B ATz

S0 e BebANel V2 L /5002

AHE8TE. ol

< BeolJd A% wgHT L /10008 AdHoR ¥

59 gl

4. =X 4|

4.1

no

12|

oin

Aol AR daelEe
AL 7P pE o
iAol ot sNAIIL AFRAE TS
He Mg shiy Zrhzloas ARg
A AAsEE B T2E A dEE S

& 4= otk (Kim® Chen, 1996b).

& 19 9N Bo] 3 gl
dao shgeiict, HAg weky
%A =Y, o

Fehdrt. ¢

Brkebr] Y3l

Mg WeHd BN salelr). et T2 SEAed

o] AR 2&

7. LRFDS] 374 (21(20a),

21(20b))el A% (@) FAYR Arkela HUigks 7Hle
Faje] vg AR shy Z7AH
(1) ¢§’,, 2 0.2 9 A%
a= ¢53n +8 ¢i/4l4n (20a)
2 ¢5’,, < 0.2 9 A
= qf ot ¢%4n (20b)
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A7, ¢, B 4, = 4E D ol B AERASoI,

() A,<2.25 9 A%

P,=0.658"F,A (21a)
(2) A.>2.25 9 A%
P,= &—8—7—};& (21b)

A71M, A= AgEIEA 2(12)d Besle] gk,
_KL | F
A= \/—Ex (22)

T3 F, % E © 4R 9 BASE Uenh A
2 LE TR @A g dolg yepdity & 2= Tl
3 ST S Uepdth Ke BAY fEACAFEM E A
FollA= Dumonteil (1992)7F #<tet g2 A8t o o
i 2t

668 #=uTxss =2 153 65(EH 673) 20034 128
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(1) 3 a7t BAE A4
4Gpt+1.4(G,4+ Gp)+0.64

3

K= 3G,G 1 2.0Cat Cp) +1.28 (232)

(2) sk Welr} Qe AL
 [1.6G,C574.00Gat G +7:5

K“\/ Git Gat15 (23b)

714, G, R Gge 7% DF A 2 BiA E-7|5
3 g & ekt

T2 AMAE Jehlle - 7 FEEA it
Hrke AbgaEslolA M FagdogA 78 4 9l g
o Ao het AU S WSS A =H A7kl o
dlo} 7P 2 ARE 7k B Bl 2715 3 9A S7RIA
o} g 27 gl digh Az BEA] oA
g 8RR tisle] 71 & RS 7R 7]1%5e] 24
2712 @ WA Z7HA3L

of

4.2 Xg%

ojks} HA3t FAE 918 AISC 149 WFEZ &
AL dole YR Ale] 223 Aol eloled
5 3%tk 9528 250 MPa (36 ksi), 47
200,000 MPa (29000 ksi), @915%2 76.96 kN/m3
(0.284 Ib/in3)E A8l E2A3re Mo 7229
Z29) FrRA A (24)9 o] int

4 &
r¥o d

W

NB N

0BI=o| 2 (V) + BV, (24)

1=

A (V) 2 A Bl AF, (V) e A 715
AW, NBE B M4 NCE 71l Ageld o B
A Fkoltt.

4.3 HtZ=AY

2 AdMe Adzdse A 7iE el asiic.
e P2 ssAdsEd fg Ao, 24
E ARVl theh Aok zdoltt. e A 87l gk Al
E=allle

4.3.1 S5AFsH o Az

HIAY vl sjAel AAgAE 7|4 o2 LRFD 4A%



2% w23 Slch. LRFDS AAEA2 4 (25) F= ]

Q)
27 <¢R, (25)

A7\, R, € FEE B9 d5AdEE, ¢ = A
FQ BAAE 7 & QO g siEATeltt. Fe
LRFD$} Aok wida vlghy siddel] o3t dAMe 588
2JolHe 4 (25)9] 28% g (¢R,)°] LRFDAME T2&
o] 7zt Bjo thgh FAAG T, viAg HIgHd Xl
gt AR E A FRA2EY] FHAGEES ekl
th HAE wieky sjAolN FPATEHE FRA|2H0] AY
g 4 9 Y sEer el 4 (25)9 9% ¥
(27,Q,)¢ LRFDAME 7t Al RAjgelxgt HdE
HlEH] jAollM e F2A 26l 289 8F-S vldtt. 2E
Aoz [RFDAAME /BdsAe] gt =g Hrisht v|dd
HlEH] SlMolME FRAIARY AT S WrIRteEA
g A A welgta & 4 ok

AISC-LRFD (1993)elA AMgshe AdATE FAlel o
g A9l WA Aokl WolA] AMske AdAlTE Al2gldl
that AgA Sk, AISC-LRFDAME AdASE $Ae &
e 2 g7ed tele 247t 0.85 2 0.98 ARk gitk
B =RoME PRAILEe] 23R WAl olsld B3E
Aol 0.9, FEol sl 58 Afolle 0.858 AHe
siolct. slEA sl tat Alekazial s ehld teat 2
.

o

o

G(1)=¢R,— 227Q; = 0 (26)

A7\ ¢R,& TFRAZH U FAYTHE e
ATk,

4.3.2 AHgel 9@ Ak

ASCE Ad Hoc #1943] (1986)°l ojapd, wir) 7zl o
slo) gubAgl Hb WL d8AE F xold 1/50000
A 1/200& Agksta 9lom HE-L H/3000Ith Ad Hoc 9
3] (1986)9} Ellingwood (1989)° oj@ A7l 7125 &
Ade} 2o A3 A thEF 2

o Fal3o o3 vl AT A3 1 H/360
o 33t s ¢ kel il H/300

yerwol uldY JES Taiet YMoh PxBe DS HXA

2 APME Ad Hoc 193] (1986)% Ellingwood
(1989)¢) ¢J&t AP nlgto g AfrrAE PASIHL

L,

G(2)23_66'—(Abv),' =0 27)
G3)=-"Ti—(4,), = 0 ©8)
300 @/

o714 4 (27) 2 A (28) & 77 A @ 2] e
Akl L, D (4,),E -8 1) A7kge] % A
We ekt B, 9 (4,)E A 7159 322 32
slE epich

433 487 oI Ak
283 34 SEe Balo A4 wulE Idn

e 9ol Basirt. oA FA7E HAE PR

ja!
2

n

Rm

D
grﬁﬂm

o] 24 (compact) & wj AojAt} Bx|x] Zo|e} ZUThHo
8 A|g-e AISC-LRFD (1993)¢] 74 mhec}, 0|2 Aekzr
oz viehi chest 2k
G(4)=%ﬂ—L,,i >0 (29)
_ 65 (_bf_)
G(5) = — >0 (30)
®)=7 F, \2t],
G(6)=V6419f—(—?i). >0 (31)

o714 2 (29)+ W EY FHEL WA A BIA A
ik Alekzz2loltt, 4] (30) 2 4] (31)& FRFHZE A8t
7] 98 Zdix) 9 dHe] Z-FApue] gigt Aokl
ri D Ly AR Sl digh ok wiake] BN | v
AAAE eI, b, t, Rt A BUAY Z3
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