2223 T AAUBAAR] 4§

o

Application of Direct Inelastic Design for Steel Structures

of Ef AT - 4 & 22
Fom, Tae Sung FPark, Hong (Jun

44 QA b 7R Bt AL e AAATS) R BT S U Al

% 5 PP WE ASEY, UEaEad 2 I 5 4T
AR AOS Tkl RIS $E 4 G BES AL S Ao 10 B A4 3 LIS e
Gt ol et Uil oA ZR S SR, D650 GHRAS AR ATIRIAUL SO ARk szl

W, 71z MaaA EEad o se SAATE Btk URY MBS NS S G AdE BAMS HEAY RS A
VIR el S b, FLBel SYSAE BRI NG WABEE MY ATE 78S WA 44 U9
3 % glouz WA WD 7} £2UAY BAE AN RA PEPALE Fusha B MI5HL Bz EAE AAT F9Y
¥ 9.

ABSTRACT : In the present study, the Direct Inelastic Design (DID) for steel struclures developed in Lhe previous study was improved to
expand it applicability, The proposed desien method can perform inelastic designs that address the design characteristics of steel structures!
(roup member design, discrete member sizes, variation of moment-carrving capacity according to axial force, connection types, and multiple
design criteria and toad conditions. The design procedure for the proposed method was established, and a computer program incorporating
the design procedure was developed. The design results from the conventional elastic method and the DID were compared and verified by
the existing computer program for nonlinear analysis. Compared with the conventional elastic design, the DID addressing the inelastic
behavier reduced the total weight of steel members and enhanced the deformability of the structure. The proposed design method is
convenient because it can directly perform inelastic design hy using lincar analysis for secant stiffness. Also, it can achieve structural safety
and econemical design by controlling deformations of the plastic hinges.
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Table 2. Member-grouping and member sizes selacted for gravity loads

Contrpl Results of elastic design
Group No. Plastic for eravity loads
Ilinge sravity
1| 179" floor | CH1 [W10x77 (269x259x13x22)
Column| 2 | 395" floor| - | W 8x58 (229x209x13x21)
3 68" fioar | =" |W 8x35 (206%204%7 9x13)
4 [ 172" floor | CHA [W12x35 (318x167x7.6x13)
Beam | 5 | 35" floor | CH5 [W12x35 (318x167+7.6%13)
6 16"-8" floor | CII6 |W12+35 (318x167x7.6x13)

1) Celumng were conirolled to remain elastic.

Table 3. Allowable maximum plastic rotations for performance lavels

Component immediate Occupancy|Collapse Prevention
Columns 0.005 rad 0.02 rad
Beams 0.01 rad 0.04 rad

1
f=i ol

[E}-F
Gk

A4E AL Fol

& 0]_6_0“ ].oq A—T.‘.:x%g} g}q}
& 2elsld(10, CP) AgueddAE Tl
ks 1.2D +1.6L o thakd egelaiS 2§

A FRAA R 21878 A (Table 2) €43
qomye) ¢ PAEE 7 2484e AR 4
Yok, e 109 Cpell tiste] HFMRgAAE T3

Atk 10, CPd mhE AEAR
At eI} A AR dela e 42 1,29 0,59 8%
AgZ Ageldn, Aelz
AT et AL

deg) 7 4Aage

Table 4 o] JeRAG 28 118 F25e] HyE4
A et e (soft story) o] W72 Hzﬂ

Hslslenw, 1% 3l Vg

P £ A7) WA ek 9 B s
éﬁ_ ]7]' Hlf\go} E} __LEib} Hoﬂ
Mes Ar) 22 Hoks Al 0114 204

A mEA 2
5].}\}361}

A ez U

RS aEF e AN 4 Q)
w1y 112 7 A9 e A

H7}e Table 3 o JeR)

ehAls 1.09 sksAlrE 7t

rd!o

Rl Bl
HI oF o o o=

S&
o

& Adlstal o

_1
ol

"" s}
0:::

(local failure mechanism)e] =
Balr) ekgth upehd, RN S gEEHA AJRAH A

55 2ol AN
SAE el Qe

HITE §Igh AP0l

=

(S P el

oftt

off

o 0

o

b

=

ol

m

“r°

ol

T

At

S

ot

Ho

%

=

oo T

ol i‘ FQ-‘

‘ E 1o o8

33 ox -1

i ol of =
C

=

2
-
)-
o

:FLT r
oR T
e
— O

[
ETU

o
B
=
ox
Oi}r 1
Jaka)

o
o
oo
o)
)
T,
P
B

A A, 24719 wg%'m 19
e aAMERY B2 A9 2t 5, A 24

v} (Table 4) ¢+ ¥]%
= oqzﬂ‘—edoﬂ II}E]— ] 70
2L on)al}, el e }& Hhe ,
daletaA 2 MggRE S 5188l Slejre Hel vl
sz e wmAsel Zudolol @it (lee 1996,
Kuntz - Browning 2003)

ThEA Sl i3k FAned A B8-S HESh
4 0}051 T()E} OP "é‘ﬁﬁ‘-%"% EAlof} vl H]‘f—_’f"é’éﬁ]

-5 ml”ﬂl“ﬂle é_wﬂ #Hol gisle) 109t
P J_:r 33 5| jolkytes _r-z].,H o= ﬂxm]blﬂgyﬂd el
ko g AEE 104 ek AAXZHL CP
tjgh 44 ¥ Jeuh @Fov) geng 2jle] Awrt v 4
obouebd, 109 CP dersd e AdAdsE 7t
0.29 0.4% gy AHgale] 79 /R EdEE A4si
o} AT Aag AuladA el o]k 7} gl
A 23R A FaAr 1% Table 5o} VeERAZILY
113_/&40 :[LJ‘E,] Lﬂzﬂ?ﬁﬂ-ﬂ_ z 5];] i)\-] /\é x],] 14
Az 28 11 (e Bt
Aok AR AEY 84S Adsh] sl 2
2 109 FEd Wole] #EAY S E AR A
AeEAE dAlsln 1 HYE Hwels
o

Table 13 £] 6709 1§og TRl o

yr=sts| =28 M7 15(8 &) 20054 29 109



eleld - HE 2

Table 4. Desian results and performance poaints of control plastic hinges for single design criterion: Fully-Restrained connection

Immediate Oceupancy

Collapse Prevention

Group Member Size cp| MA M) 6, 6) | Group Member Size oo MM 2
No. kN-mm rad No. kN-mm rad
1 |W12x87 (318x308x153x21) | CI11 |2.51 x10°{1.64)| 2.69 =10 ~2(0.54} 1 WIS (356x369=11x18) | CHI | 3.09 =107 (2.01) | 1.10 =10 >(0.55)
2 W19 (314=307<12<19)| - - - 2 |WI2¢79 (314x307=12x19)| - - -
3 |WI09 (25328 6x14) | -~ - - 3| W 8xh8 (920:200x1321)| - - -
4 W10 (455x153x8.0:13) | CHA |3.08 x10°(1.53)] 0.85 =107 210.85) A | W13 (35517127 212 | CHA | 2.15>107(1.07) | 2.91 =10 ~2(0.73)
5 JWI16x0 (A07x 1737 8<13) | CHS 2,87 =10°(1.42)| 0.96 =10 ~=(0.96) H o WA (3661717 2x12) | CHB | 2,15 10°(1.07) |3.05 *10~2(0.76)
6 |W16x31 (@d03x140<7 0x11) | CHE 2,12 =10°(1.05)1 0.73 =10 ~2(0.73) 6 |WI12x35 (318<167<7.6x13) | CII6 | 2.01 =103(1,00) | 1,59 =10~ 2(0.40)
Total Weight: 28.62 tons Total Weight' 26.90 tons| 1) Conlrol Plastic Hinge

= 296 mm

mg.
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Z17 11, Design results and performance points of plastic hinges for single design criterion: Fully-Restrained Frame

MK, =0 2= 714slg 1ﬂr. AEEE/1E(20000604 A
ok SRR URlE M8 49 AEEo] AL
A BEe & “ﬂﬁ‘ﬂ:(lfﬂ mm)e] RESTAHAEG)E
Fale] 73 865 mmelth. CP 4547 %‘%M%éiﬂl
(33 11 )] o Huler] bEe 595 mmi o
o=

131 12= 7 EA,HC‘JI E‘;HM]% }\}_%5]—(21 Jé/ﬂ 5l L o]]
3 MM Esi M 4nE Hofr) xR s AAske
woh AR HieAREe] wralsl= AR AZ tE M <t

2l
A% AL oRd £ siok dAEeR 2

7 742) 20054 28



HEZTE o8t RSl NS

Table b. Design results and performance points of contrel plastic hinges for multiple design criteria: Fully-Restrained

connection
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% 12, Nonlinear analysis for the structure designed by traditional elastic analysis

Table 8. Results of elastic design
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Table 7. Results of Direct Inelastic Design for Structure
with Partially-Restrained Beam-Column Connection

Member Sizes )
Group Flastic Design Direct Tnelastic Design
for Gravity Loads for Earthquake Loads
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218l 14. Design results and performance points of plastic
hinges for design criterion CP: Partially-Restrained

Frame
AAAZE D 7 B8 AR gk o4 e TUs)
o o, Bl 43NS BT WgEeR s a7
TFE W71 vk 48 f‘f&‘%‘% Ay Bl AAHA|

sls# el 50%( A=0.5) il
AL Table 39] (P4 :#% | e ke A9
oW el g AN 5

= e 29t ol

Hu
N
S
oz.i
i&
e
Pr(
Il
e
o)
7—“
4t
e
B
=

oX =

EE
B2 4ARRE WA, 159 AT AlEek A
Az ofstel el a7k Agsing, 157159 4
A AR Pl WS 2 2gd

i s s Q. 94 2

2
s
el
E.
ﬂ

o ¢
)

.

L

oft

oh'.
i

ﬁ

=2,
gl
1 ~

*;
o

A
=3
Et,

_é o
2 24349 BEE % agloﬂ En H:ql@}ﬂ AR,
WA TR B3 B Mdte] 1we] 2% ot
AFor As BMEDR] Aone 7jge 2|k 2
1Zm 1Y Al Fkgon], RAK o sl

—/;L——a [eRNo 00 = i [+] S 1] Ly |
Aok zehd A HeIAE Wl de] & 39, % o
o 43S V0w FAE HEEh: Ro| g, wa
L= L e

oo} gt}
= 04?-0111\1 A ZaageMe 7RIS Hs
AEeR FAlE ddsies aisich vt sict dzjsi)
1’%2]101 **hw FRGANAA &4 ow FAdcta 71
& ARE 277 AT 1A o A
54 ARds e Ga Adeleidaddd
916 AeAel vEy 7hedl wEes dxe Fo2a
I

DA A U Sl gk A e #
ksl diate] veRd 7 Fo] doluba] rng drsloiv.
e FEORE obdla] AREe]l wasle A9(Ld
15), #7F49l 3lskdd ofsled AsHunloading)?) Lol
T SlonR o AR oFels ATE 18T & de
o] sihds]ojok gt

112 si=27=os =278 M1728 15(EA 74%) 20054 22



M N Lt Thu

Gravity load

— —
Gravity load + Lateral Load

&, Plastic rolation

I3 15. Nonlinear behavior of Partially-Restrained
connection due to gravity loads
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