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Application of Ductile Braces for Seismic Energy

Dissipation of Structures

Student : Chia-Chieh Hu Advisor : Dr . Yen-Po Wang

Institute of Civil Engineering
College of Engineering

National Chiao Tung University

Abstract

Buckling is usually conceived as an unstable structural behavior leading to lateral
instability of axially loaded members if not properly supported. However, if a buckled strut
is deformed in a guided direction‘and range, geometrical large lateral deformation of the
steel struts in buckling will lead to inelastic behavior of the material and dissipate energy as
a consequence. The purpose of this study is to develop a new type of seismic damper, named
ductile braces, based on the concept of the geometrical deformation and the inelastic
behavior of the material of the buckled strut. The energy-dissipative characteristics of
buckled struts are investigated via full-scale component tests under cyclic loads.
Experimental results indicate that, the force-displacement relationship of buckled struts
exhibits mechanical characteristics of displacement-dependent dampers and the nature

non-symmetric behavior of buckled strut is in non-symmetric layout. Numerical prediction



of the component test result is further conducted using ANSYS with a non-linear model of
the buckled strut. It is observed that the actual boundary condition of the tested buckled strut
is in between those of the fixed and hinged conditions. The connection of buckled strut by
bolts is not perfectly clamped as ideally, and the yielding behavior of the material is not as
significant as expected. However, excellent control performance of the ductile braces in
present design has been confirmed via a series of seismic performance tests. In practical
application, energy-dissipative capacity of the buckled strut may be improved if the end

connection could be welded in addition to bolting to make it closer to a clamped condition.

Key words : ductile braces ~ buckled strut ~ hysteretic loops » the testing of structural seismic -
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potential energy)® | » 3% > 2 7~ ¥ * k&I 2§ 44> ¥ F (initial
curvature)z ¥ A S e 2bam M 7 5

10



AT AR R B A ded T ks F R FR

o HE(fixed) r B G £ R Ed B 2.5 *fr 0 T RKH Y
A5 A5 & 3 B (deformed shape function) %
S(s)zi{l—cos(%s—kﬂﬂ (2.4)

HoY > BEXphe 8300 3 3 LifhdfEz 28 —LI2<s<+L/I2 >
B REEIRE Y L e E R Mdsk T oo

HOB s AR ER > L) pd R kL o AWM
BfEe =i 232/ > 065) A Kkshdndic &g 40T

0(s)=qF(s) (2.5)
HY o gi F o BL2 3% 5 Bk F(s)=sin£27”s+7zj;é 52 & S ¥ ) @
FABE AL AT L AR R (8)F AT AT

05 (5) =4, F (5) (2.6)
Hoo o og b F o BE2 Ao 4n32 7 [SR & o gl ob 5 d 30w Ko kLo,
ZM BN k=" d B GET E D d=pd0 FlP o F F B E T
B & =k e A 0'(s)2- B T Ae T

K:—z—zﬁ'(s) (2.7)

BB R (2.0)8 0 (2.6)" A (2.7T) ) FEW F S dkes B G

k=6'(s)=qF'(s) (2.8)
Ko =6, (5)=q,F'(s) (2.9)
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AL - phe d PR 52 dhe 3,7 325 4o T

u(ZQ) _ —+T2[C05(6’0 (S))_COS(H(S))] ds

-L/2

= —+T2[COS(%F(S))—COS(qF(S))] ds (2.10)

-L/2

Pk 2 B %A (strain energy)¥ 3 E 40T

+L/2

=2 “E [ 1 ~6,(s)) ds

-LI2

l +L/2

:EE_E[/ZI(S)(q—qO)Z(F'(s))z ds (2.11)
B o (O(s)-G(s)) » i@ L phe 4 PiEF S 2 FHFLE o E G
MR ke I(s): @Bt E L R 2 FiREE 7 AT S

1(s)=2b(s)? (2.12)

12

B2d i hd 2 ER - b(s)s ERE SFHBEDETR BRI
@A AR 0 BT R S (neck) W R G h 0 B A Y B2 RER
bR RPN > 4oFl 2.4 97T 0 T HEREEAS B REHE

TEALR R SH S

b1(s) 2”7(1 ﬂ)s+b(2ﬂ 1) for—%ﬁsﬁ—%
bZ(S) 4b(1 ﬂ)s+b for—éﬁsso
: ) 2.13)
—4h L (2.
b3(s) 7 (1 ,B)S-I-b for 0£s£+Z

by(s ):%(1 B)s+b(28-1) f0r+%£s£+§

Hoe o B %o R AALERL AbE -

12



B X 4 IFF {52 384 i (elastic potential energy) i
+L/2
U”(q)=-Pu(q)=2P j [COS(qOF(s))—COS(qF(s))]ds (2.14)

-L/2

Flptos % Fieniiae £ (total potential energy)¥™ % ot & -

V(q)=U"(q)+U"(q)

Z%E?:[(S)(q_qo )2 (F’(S))Z ds + 2P+j‘[::[COS(qOF(S))—COS(qF(S))] ds (2.15)

T ek i R F R T R G W Sk ]
® o T s R

7(q) _, (2.16)
dq

X (2.15) % » & (2. 16)F AER 4d T

oV (q) _oU*(q)  OU”(4)

= =0
oq oq oq
E [ 1()(g-a,)(F'(5)) s $2P | F(s)sin{g(s))ds =0
_E+I )(g- % ())st
P = _L+/L2/2 <2' 17)
2 I F(S)Sin(qF(S))ds
d4 9
E [ 1) (a=a) (7 (s) ds
-5 [P ) (P (5)) o
=W{j:bl (s)(F’(s))2 ds+j./4b2 (s)(F’(s))2 ds -i—Jri[Mb3 (s)(F'(s))2 ds+j:jb4 (s)(F'(s))2 ds}

(2.18)
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3
T
—
=
I
<2}
5
|
%)
+
S
N—
el
o
e
&
T
-

2 2
(F’(S))2 = 4; COSZ(ZT”S-%-EJZ 2[7; {1+ COS(%S+27Z’):| (2.19)

3, -L/4
d 5 (2.13)8 50 (2,19 % » ffifgjﬁl [ Bi(s)(FYds®
-L/2

M_T4bl(s)(F'(s))2 ds

12 _L/2
:EIS”Z(QZ_QO)_TT_%@_’B)S+b(2ﬂ—1)}{1+cos[4—”s+27zﬂds
6L 12 L L
Efn?(q—q,) 4 ~4b(1- B 4x 1-p
_ 6(LZ q)_z[/z[ (L )s+b(2ﬂ—1)+b(2ﬂ—1)cos(7s+2;;) (L )cos(Ls+27rﬂ
=Et%z(‘ﬁ_%){Zb(l_ﬂ)[3L2j+b(2ﬁ—1)(£j—b(l_f)[:(—2)}
6L L 16 4 4r
_Ebf’z*(q-q,)
Skt { (1+ A)+ ( ,3)} (2.20)
I U R A
Elea) f o) =220 Laop)] o
12 Li4 ’ 12L L .
Ef (q—gq,) ™4 e Ebtn?(q-q,
e LG R s PO IR
Et(q—q,) " ERY Ebt’n*(q—q,
R GOt PV R T IR

d 38 (2.20)% 34 (2.23) % » £ (2.18)F 7 ¢

0 a-a(F ) i =PI ) o) <4

-L/2

_ Ebt’n® (q - %)
3L

{(1 B)+ ( ﬂ)} (2.24)
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+L/12

& J. F(S)Sin(qF(s))ds

-L/2

+L/12

(o)l (o)
:J‘ Sin| —s+x | |xSIn| gsin| —sS+x | |ds
-L/2 L L

#-38(2.25)" éﬁsin[qsin(z%swzj I 31*& o E B

(2.25)

ny

R S

sin{qsin(%swzﬂ :|:qsin(27”s+ﬂﬂ—%:qsin(%s+ﬂﬂ3 +é|:q$in(277rs+ﬂj}5 - (2.26)

£ ZTHS+7Z'=A el ds:zidA cfE A T RE01 27 0 TE (2. 26)
V2

sin[ gsin(4)]=q[sin (A)]—%s[sin(A) j +%[sin(/1)]5 —.. (2.27)

B0 (2.27)% » 50 (2.28) 0 E e B R E H

2z 3 5
IsinA gsin A-Lsin® 4+ L sin® 4. S
) 6 120 27

—I qsm A- q Lsin* 4+ 24— q sin® 4% —dA
6 120 27

;j gsin® 4— q Zsin* 4 —dA
0 2r

—qj sin® 4— qsmAdA
2r -, 6

3 2z

Lq Ism AdA——jsm AdA

2z _ci 3 2z
:ﬂj M J' ———cosZA+1sm4A dA
2 127z 8

_Llg_Lg
2 16

BN (2.24)8 58 (2.28) % » (2. 1) ¥ 7 3] ¢

15
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. 2 Ebt37f2(q_qo)[i(1+lb’)+12(1—,3)}

~E [ 1(s)(¢-4,)(F'(s5)) d
. [ 16)a=a)(F(5)) s g i
+L/2 _ﬂ Lf
21:[/2 Sm qF )d 2( 2 " 16}
_Ebir’[1 a-a )\ 1.4
_31}{(1@ (ﬂ)}(q](“s]
_47°EI[1 g\ 4. 4 -
2 [ (1+5)+ (l ﬂ)}(—q ]( 1+8] (2.29)
dot Ak E et L F R L AR S LR 4”;E1;M

£(2.20)7 e - H L

47z2E1{1(1 )+ ( ~ ﬁ)}[% ){_H%zj_l

I?
Mj{—“%j (2.30)

[(M) Lu-nfr

udc i (2.10) %57 » ¥ 4 7 4T

modk By g e 2

+L/2
u(gq)=-2 j [COS(&’O (S))—COS(Q(S))]CZS
-L12
:—2(*3- COS(CIOF(S))ds—+i|. cos(qF(s))ds] (2.31)
_LI2 _L/2
H o,
+L/2 +L/2
I cos (g, F (s))ds = j cos[qosin(%[swrﬂds (2.32)
~L/2 ~L/2

¥ o3 (2.32)

¢ imed o Blds=dd > 141 T UE 05 20 W
T

v

ﬁ;? fLog o
(2.33)

+L/2 2 L
cos( g, F ds = | cos(qg,sin A)—dA4

Lj,z (¢0F (s))ds ! (go5in 4)~
g

#-cos(qg,sin 4) i %x P B ER T

|14
F_k
o

16



cos(g,sin4)

1 . 1 . 1 .
:1—5(% sin 4)° +m(qosm A) _E(%Sln A) 4o

2 4
~1-9o gjnz 4490 sint 4
24

2 o 4
—1-% 1=sin24 4 4o §—isinZAJrlsiMA (2.34)
2 2 24\8 2 8

v

BN (2.34) % > N (2.33)F £ ATHE IR L

+L/2 L 2z )
'[ COS(%F(S))dSZZ{COS(% sin 4)dA

-L/2

2z 2 i 4
=£I{1—qi(%j+qi(§—isin 2A+%sin 4AﬂdA

27 % 2 2 24\ 8.2
Lg? 3Lg!
_ 7 240 | >4 (2.35)
4 192

i ERRT Ao

+L/2 2 4
Lg~+ 3Lg
F ds=L———+——— 2. 36
_Z[/zcos(q (s)) s 1 + o ( )

B34 (2.35)8 0 (2.36) % ~ 58 (2.31) T FEE

u (q) = —ZfTZCOS(%F(S))ds - +]./2COS(QF(S))dS]

-LI2 -LI2
2 4 2 4
_ ol L9  3Lq | [, _Lg" 3Lq
4 192 4 192
_ L 2 2 L 4 4

v

#3N(2.37)2 B 7@ Lovk > Vi H G

L
”=—E(¢12—6]§)
1
2u \2
q:(qg_fuj (2.38)
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#3(2.88) 1% » (2.30) 0 W F AT AETEE

A [1%]

_p 1—qo(q§—%?jé [ (L+5)+ ( /ﬂ}(—l———— 1q0j4 (2.39)

4L 8

AR ZBEPEPRT E- AT AT

P(‘]m”aﬂ)

u

K (gg.u, B) = (2.40)

AT Hm IR EEMe A PE RSP R
PR R R B o = B Ak B s S b 0 B4 B eh
B iAo B 2.6 7o 0 BB X PR MF SR L o AR
s € FHA ) F 2o BXBEDRF CHOR SRR DR

Bg B e

Fei B s il FEda g o T A B ER g 2R LE
SR P A o B AR E S o SR R E R R A
Faecd BM2.T25%%KH7T > 272 ka4 E R & q(0.41,0.33 %
0.27T)2 4 & = hhf > BB H A D R E€LF o A H +
MR 2.8 2857 2 P AEE>E LGOONm, 65Tmm, 700mm)
T2 ghd BBl B BB DR EEF LR A A B
292 %587 a2k ai AR (0,0.33,0.67T % 1)T 2 gt &
b oo HEPHADR §EF BN 4 3 X

18



=% B <22 ANSYS & 45

R A S I A AR T T N IR

3

2

Ry
i

(ﬂd\

Fog RN 2R fz 3 AAgriag-2Y > ¥ Ly

45 ANSYS ~ ABAQUS ~ MARC ~ ALGOR ~ ADINA -~ ASKA ~ COSMOS 2% SYSTUS #

?ﬁg’#ﬁﬁggo
ANSYSH B 5 8 * 2 F22enp * §F A2 HMW2 - > T b BEA
FEREALDES B S HABZ RS R SRR RS

;L,l}‘]tbﬁf;ﬁt%'}f ﬁ_iﬂ&‘-ﬁ’ri,‘f"#&ﬁ‘*iiﬁi‘?;‘i#‘¥§l
BEIAAE HEHRE2 Rgpdtlr 32 (finite element) >
TR AR E xRS R e g R R

TERAY G UAEEPE A P E 2 F WA M

Boo kR M ANSYSEE = gk By Al i R B L BHA MR F

A7 s 2 B4 B

3.2 ANSYS& +rin ez h &
4+ - ANSYSE 3 % & (pre-processor) -~ *vif' 2 £ %
(solver) % (& X ® (post-processor) % = B A * % o A& »

-

Bloj3k (€46 pF o i » M2 A do R i > X R TEARE - ST B

19



e B F ASRET AR E 2y E 2 dgd o RS RR
PoFS R FFALp L AL B G AR gy

lLLERGF ~F 2 LEaHPERYT -

8- e

[\
G
|4
ik
-
X
=
Py

3. % M HCA oo

AR ER LD AN LR L LD EA - R A AR
MHrEag % o ANSYSeha 2 f6 80 0 2 B & k & & 0 ¢ 45 ¢

R ool fiiv 22 @ % § >

I g~ %

(#ﬂ
N
3
il
}F@
—_
=k
IS
Tl
(\»
R
T4

fra 3 B PR 45 i 0 ] 4o MASS2L

AR AdE A Z o B A F R s B

Do
A
M
e
oy
™y
t%,j
A
e
o

* % Fepd B o bl4coBeambd ~ Pipel7 ~ Linkl10 -

(GV]
=l
o
e
1
ETIRS

i@ 2 (shell) ~ % » i = E%ﬁf‘b%iﬁ%fﬁﬁ?i‘]% ’
SRS FMMA S BT 6 AR R PR G G
USRI E IR A A T E R g F %42 0 b 4-Shell63 -

AWM~ % ¥ e 5 T 6 s+ (planestress)~T & J& % (plane

ETTNS
Pt
P
3
.
T
=h

strain) % ¥t f (axis-symmetry) % > ¥ &

~ % & 12-D W#E3-D T 5 ~ 2% > »]4-Solid45 ~ Plane4?2 -
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~FEREL TFRTLHMLEYT (material property) o it pF
EAT RTFEF L SRS B ELT § &> 2 (plasticity) F
o, Hplzmd (nonlinear) B % o A% IR T » P&
gt (linear) H# & A4 - R g S lgr » Bt 7 s 2@

Ti}: * Ifjﬂé? ’ E]'J A ;F“T l ?b%&llk}_?}’i‘;\ _‘é‘.%ﬁ"é‘l‘_;ﬁ_; o

FHEAE 2 kAT d CADH 1 & ANSYSH 3@ ¥ 2 (7 8 ] o5

1 ¥ o CAD#CAR % 2§ 40

-

¥ & d IGES ~ SAT2 PARA % #& # = ¢
A" A F ACADE R ¢ GEfT 1t eh 3 0T s Aoyt R
BA e pE R oo ANSYS2E = Rl iz o ¥ A& 2 K v A T (top-down)
23 d T & + (bottom-up) &S Y e A T agE 2 Jp AE >
A#AX/PE A oflde s e 2 4E 0 LR EAHE A FEF RE

(boolean operation) ek ¥7 % & 4= % o 3 30 d T @ o giiiE Bl &
Az RN PREL IR RS G 0 A B

R A H R - &

b

L& B BT HEEF I D

Bt ot B S R 2

B fs o #-F WA 0 (meshing) o H 2 2 4 2 p d 4 (free



a—

i 1;

&
[

L Fe e T g

SR £

N,

ER g p ) Rt BEE e F

xél;,_,.%

%ﬂj 28 5 opE R 53—"? 18 ﬁ":inl T m

3 23 ] 7 A
A4 i8S H AT FTL 2D o
3.2.2 42 K2 F

A I A 4 23 VA FH A FE R F K LE W A S
4c$\‘~iﬁ_&gf‘/’,\4ﬁ o H X R A T o A
1. A7 2 3% 2 j22 & T o
2. R LR ER 2 H4 -
. A AR REER o
4K g A~ o Al d R E

1BAF AT RE RATEERER S A FLEAPFTERL
AT A AR HRRE AR T o B RE AT TS SRS
wEEEE AT BARM A BT
1.# & (static) A 1 * A HFLEFHERI LRV E K - &

FoBEA L TRBEEZ AR LS A ERERE KIS R

Loy X

R BRI

»
(X~

(modal ) # 47

R

PRS2 AP HIEG

[

3. f§ ## (harmonic) 4 #7

k- =V
R T & °

Domain)™ 2 #£

22

£ % 272 [ s 2=

kP E RS e F 3 P (Frequency



fim ks 2 AR BRHEAKY CHT A EH 4 RS

BEfE A - BAAMR A E4T

l.p 4 B ¥4 (DOF constraint) : % 4| & 82 pd B 5 - FT_E
EEEASY AL B o

2.7 & 3 (force) @ 2 B¢ % H - &8 ' AR riiy
Mg La 4 A

3. % % f §* (surfacesload) & & 4 X B & 0 f £ o Ar

o2 B4

|
)

4.0 3% f  (body force) @ % ¥ 4e 3t B P 32 o B A 4T
v R R
5.1 g § (inertia load) @ & B & & HEorildez &€ e

3R AR E

e

FRFEERT AL PTRERGE UL F RO RGELFE
- BRxhEL o 2L F Y d solverf 7 - ME P A Z - &

LAY B T PR A ol U NS A R

e ac BT o 22 mik ek o RfrL EE g s R -

=

AN
Freng@ R iEES VEBEXRTRE MOEEEHE LRI EY o F
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g kg TR AR RRET LS T

{6 ¥ (post-processor) g KfEFE R A L&A Z AR
B chAp B B 7 > @ ANSYS A {8 ALl@ 3 i & 3 AT e » d T 5] 4
7T

$ eI (General Postprocessing) : % /POSTI1 #£ie » HF %

—

1. - 4%
K 5 - R OEMSHEDF o o R /POST] He 4
HE-FRE > FRELZFIaAhfl % ARBZLS ZRELE
s R EAR > L2 PR RSB E 0 ]

2. PF R B PF {8 ¥ (Time-History Postprocessing) @ 5 /POST26 #-

oo A kB REay - B HEF R TASHE- 2R

s
‘F_&

PR gt R R FEE &% (node) 4 & =B

'y F

}ﬁ

AR PO P VEY NN ST R H AR R
Edhicde k> 4 R OB L B T @R R B

i ] e
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3.3 ErfLpe B Ay ad % 2 ANSYSstHS 4 #5048 & 47
3.3.1 A AP A 2 2>

AR T R OB A AP 2 2 §3F % Solid Worksz # 3
Bl B FL " ANSYSH G A F A4 o 22 2 H B B
oo 2 B A A B R B (g=0.328)% ¥ B @2 > &
(L=656.59mm) > » % ¥ g3 F ERC) TR (B2 ERiEE > A
OB R ()¢ 4210mm -~ 12mma 8555 > T A (B)A B 50,332 14 48

A s B R E R A S RBEE HES BHFR

w4 ¥ SolidWorks Z #-iEA2 P - F i 2 S @ B R 5 2% {
BERP g A AR ARG IE N TR (W 31§ F FRE A
Ak Sk X BB ORI ERARAE (B 3.2) M2+ A=
W (B=1)2 s mid & > 4o B 3.3 #F7F o B TR ek i H F > 3
TSR L PRGOS AR TR (R 3.4 X%
B HWH(H 3.5) T F R 4B 36T o ERERY AR
BaREDT R AR E S P2 A N EEZ LA

W 3T AR RS RS L AT AR 3.8 A

3.3.2 PR AZHRHFLERZ H if
AR R ) A R 22 A 47 4R Y SOLIDIBE A & i 7 A

#7 > SOLIDI86: = FF= G M ~ % » p - A 2 X 5208 %> 5% - B

25



G873 A Y R AN EUXCUYSUZr * TX Y 22 B b s
e B 3.9%7 7 o H L F “,f 7 & ¥ linear elasticityenf® g ¢ » B+
* #plasticity ~creep& a4 4 B 5% » 12 2 large deflection »

large strain¥ /A fe 2L 4 B &8 o

% # % B O % cHSOLIDA5 ~ SOLID5 ~ SOLID92 ~ 4 B % < 41 % 3%
LA el A RUFF EARP R RN - 2L AT
EMPT (SR PR ERE) o B s R AARL > 2D FF R
Yo d o F) & o ANSYS#s B % B 2 SOLIDI85 ~ SOLID186 ~ SOLID187T = %
v i 4w 4p %2> SOLID45S SOLIDY5 ~ SOLID92 = % o #r vt § b PF 45 +

PRI SRR S U SN TR R) C S N N S

0

o

AF oo 2R E ARM R B A At g ok

4

3.3.3 =AM H $&

P AR EMI TR PR ARRER LD
TR TR MR SR A& X MM E M 08 (Young' s modulus)
ip >+ (Poisson’s ratio) ~ % & (density)% " K3 B &2 "% K&
PR BB T L E e (isotropic) HAEHMEE T & 0 H ¢ H M
Hofic 5 2x10" Pa > vt 2 0.33 0 % A 5 7850 kg/m’ - "% k3 B A
2.35x10° Pa » "% KR {5 2 > ME M H# : 2x10° Pa > W SE | H#c 0. 01

oo o B Sz X T AoB3. 10977 o
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3.3.4 &2 %

% #-74] 0 & #meshingif 7@

% < ] 4] (size controls) #mannul size - £ iF

¥ H
size (BI3.11) p 37 & % #7 &

7R3~ (meshing) 2 3 "~ %4

. # ¢ (Global

EA I

s

|+ ] ok * pd et (free

sy P

mesh) #1 ~ % # (®3.12) =3 VA FHA T 4o B3 13
r:l-r—/-‘r o

b

3.3.5 #REELER

R EEZRE AR AL EE S RS AT - B T
B 124 £

(o

POORBRY S ph B

iR TN T S
BRI § B N BB R R G o F L A A
] =% 4 e b

TR Ry e Rl B F R F DT R & BR

y)

ek F oA L RBESL Rl BTy sz e F] 0 g
X

SRR F IR el LTS FRVE IR |
B R %5

&
EE AR T

”ﬁiﬂvb’ilﬁa‘% Al AR iE 2R E e

TR d IR R A PlhF g

ST PR
B2 BB S e dl o L REE L R g2

a 2L W Ry~ z

A O VIR A G N LR A AR AR VI B I N E RO Y
HoR 2 ¢ e M s do W3 154 A o
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3.4 ¥ Fpe R 3 Byid 4 2 ANSYS2E s 508 & 45
3.4.1 B~ St

Bad e R A B AR AR A R S
Bk 2Bt > R R AP A hEr R E(q) s 0.253 A
B2 2 & (L)E505.36mm B & (t)512mm> B &Y (B)50.33 iF
Foig 2R A N REZ: AES AR SR N EE Rl
o od B H AL R 2 R m i e R R OF RH e R R A

Benc AR e B A AL E 2 e R316%7 T o

3.4.2 R AZFHFELEDPZ H it

OBy R~ 2 s 7 Bk SOLIDI86~% & 7 & 45 > SOLID186
S AE o - AFEHF20RS T AF - BB 3B
ﬁfi’/’v\‘f’vﬂ:&UX\UY\UZ’ﬁ?PX\Y‘Zifl%’%ré»éﬁ%fi’ﬂ;v%“,f
7 & ¥ linear elasticity= g > ¥ & ¥plasticity ~ creep

F2bmir 4 2R,z large deflection ~ large strain & # 2+

AR i e

3.4.3 = a#HH 2%

AR EMK SEPF LR R T EM K (Young s modulus)
ip >t (poison ratio) ~ % & (density)% " R B &2 % R hr R
Fr#cid > ¥ 2% % (isotropic) #HE KBS T & > B P EP K
2 2x10" Pa vt 2 0.33 0 % & 2 7850 kg/m’ - " K3 B 5 2.35x10°
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Pa» " Ki{s2 > RE M B 5 2x10°Pa > TE M H 50,012 o

3.4.4 # =

&7 3~ (meshing) 2 = 3 "~ % #04] » & #meshingE 7
A% % o] #24] (size contrals) mannul size: £ i # ¢ Global
Sizep 3" 2 A F ¥ A F B K ) o Y A d g (free mesh) 3

/‘,\“P_cﬁﬁ, ’ ET’P'\?‘;—"LQ\I”ﬁ Kil;ul‘ u—-—ml‘@i,go

3.4.5 # R ER 2T T
AR EEZRE AR AL  HEEAES AR ARG
TR I ERE S EFBY BB AL N T RS
Pleh a4 2 g€ 80 > T2 R I BEKE IR p ok Bk R i S
Rl ~ T h Ry e @R B e AR 2 Rl BT
R R 2 LR G NE BRI el 0 e R Rl 2 B
B BT Ry z? A T XD e TSR e T

Yo B 3. 17#7 1 o

=t

EEZBHAALZTERT RS ITE > N REZER

Ix%e

GONERE T

-

ERA PIFFSL € Y hm g o it B R R

‘\“»

N
=

HKEOIMG > N F e AR ZRFGHE e R R
PE LT T ER SRR N TRV Ry FE Y
my~szF @i d] 0 T F XD e iR TS 'ﬁﬁ\fﬁx?’{[ﬁ:“fﬁﬁ

Pl JF Ak A @2 ¢ A s Ao Bl 31887 o
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F. =0.5F, (4.2)
HY > FEi® A4 > 2 4k 25 406t/ o
W R U B AR R T E RS 26 AT
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BEET RS (LD #FFaEY 2 DA UK ESG 26
F(4.3) 0 @ 5] ASD R 2 MK PR 2 %R 4o

T, =03FA, +0.5F A, (4.4)

>

RHELDEHFERIEAEE ~ SRR 2% fih Rb BHY
vOH LA B4 B (couple) T B2 B 4 L B0 o X Y R H

g RO IHEDER FrarE P RG-S

I

Aty R B R 4,17
(A)? 2% Bz (Fixed bracket)

3t L F TR BT AR B 4B 4,18 T o

N"

ZE RS RE 60t s £ AT

(a)# A B A (24 8A + 1434

S A TR PFER S 14anc HE L REG ff AE T 4 28GR
AT A E 4T

A, =2x1.4x6.25=17.5 (cn’)

A, =2x1.4x43.1=120.68 (cn’)

e TG fhAecfderg Bt G fho T o WK R EG ff A TS

$5 fF A, e

A=A~ dt =17.5-1.4%x(3.6+0.15) =12.25 (cnr’)
i=1

A, = A~ dt =120.68-9x1.4(3.6+0.15) = 73.43 (cm’)
i=1
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= 0.3x4.06x 73.43+0.5x 4.06x12.25 = 114.31 (tf )

() A S B (T4 #HHA)

Pl AT R FFELERE SLAm B F 4 286 AT E AT

A, =2x1.4x47.6=133.28 (cn'’)

e r ETe fidep s Bt e ff 0 T ORI T S EE G ff AT

A, = Ay~ dt, =133.28-10x1.4(36+0.15) =80.78 (cn’)
i=1

Ry FP A RR YRS 20 FT 5 ASD R g2 #H % R 4T
T, =03FA,

=0.3x4.06x80.78 = 98.39 (tf)
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A, =0.9x8=7.2 (cn?)
A, =2x0.9x16.3=29.34 (cm’)

B2 R Ak Aok Bt ffo 7 AN W EE S LG A A TS R

Ac = A~ dt =7.2-0.9x(3.6+0.15) =3.825 (cnr’)
i=1

= A~ dt; =29.34-3x0.9(3.6+0.15) =19.215 (cm’)
i=1

l'n

BEFEES REFFT RS RAS R E%s 20 ff 0 ™ #F ) ASD
Hofe 2 B R T
T, =0.3F,A, +0.5F A,
=0.3x4.06x19.215+0.5x4.06 x3.825 = 31.17 (tf)
(W#HE A B D (F 4 #HA)
P R B2 EFELE R F09cm H Y4 MEFG ff AT E AT
A, =2x0.9x47.6 =85.68 (cn’)
BTG A f Al B GR f0 T AT S LG AT

A, = A~ dt =85.68—8x0.9(3.6+0.15) = 58.68 (cr¥)
i=1

B FET RGO R R AR 2 5 A T @ D) ASD R 2 54 5 R e T
T, =03F,A,

= 0.3x4.06%58.68 = 71.47 (if )
LR MRS CEMARR DI M ARR T e RN C

S A R 31Tt S b ] B ks hBEil R BmARAE > <R
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¢k B R 2 AL RN G 4loems HES 26 AL T4 25
i AT A B R AT

A, =4.1x8=32.8 (cm’)

A, =2x4.1x16.3=133.66 (cm’)
ﬂg—i@*’?ﬁzﬁ#r%a‘r%ﬂ?ﬂﬁ;7}%’?/}%]%5’}']%4 EETG A G T AR

% % 7}% A, 4T

Ay = A= dt =32.8-4.1x(3.6+0.15)=17.425 (cm’)
i=1

A, = Agv—zm“diti =133.66 —3%4.1(3.6+0.15) =87.535 (cn’)
i
BEFEES REFFT RS RAS R ESS 20 ff 0 T #F 3 ASD
Hoge 2 P %R AT
T, =0.3F A, +0.5F A,
=0.3x4.06x87.535+0.5x4.06x17.425 =141.99 (tf )
(b))t s f& ¥ A8 D (5 4 #AH)
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A, =2x4.1x47.6 =390.32 (cn?’)
A ﬁ#% ;frn,zrt Bita ff > 7 EINT 4 285 H AT

A, = Ay~ dt, =390.32-8x4.1(3.6+0.15) = 267.32 (cnT’)
i=1
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TR PR R 141,99t b B R A Rk L M E A

©o e SE KR £ 60T o 4 i i o

(B)# 2 B % & (Fixed bracket)
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B> ¥ m ﬁ;}r",%a‘r“,!f Bitog fF v o8 FF%S Z8e fF AZ T 4R

®rm fF A Ae T

Ay = Ay- Y dt =15.4-1.4x(3.6+0.15) =10.15 (c?)
i=1

A, = A~ dt =87.5-5x1.4(3.6+0.15) = 61.25 (cnr’)
i=1
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=0.3x4.06x61.25+0.5x4.06x10.15=95.21 (tf)
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AR EEREZEFERSLAm B F A 286 AT E AT
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N
|
(‘ﬂ}
=

z L R KR 45tf 4 0 P AT

(a)#F A C (4 A+ T 4 HH)

ORI E LR LR G 09cms HES 2T fF A ST

vzl
d&e
g
®
—1\
=1
=h

AT A B E e T
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A, =2x0.9x34.5=62.1 (cm’)

BR TG A Aeg B G T AN E IR TG AT

A=Ay Zm:dt—72 0.9(3.6+0.15)=3.825 (cm?’)
i=1

= Agv—zm:diti =62.1-3x0.9(3.6+0.15) =51.975 (cnr’)
=
MFF PR REFFT RS RAS K E8%e 26 ff 0 TE 3 ASD
Woge 2 R AT
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BORA LR EFE ARG 09am BT A > ETR AT R AT
A, =2x0.9x38=68.4 (cn’)
e MG A A Bt e ff 0 T R Y S G ff AT
= Agv—zmlditi =68.4-4x0.9(3.6+0.15) =54.9 (cnn’)
B
HF T RS R EEG 20 ffo T E I ASDRP L AR AT
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# = T|PGA=0.445gp » B 37 F R & 2 12 57% % PGA=0. 445gmF &2 #
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20401 A i 2R

> E BB TR | BR | ArdeiE b deded | S

ik (mm) | (mm) | (mm) (rad)
t10Fc645| 656.7 10 150 0.33 0. 328 0.002 | ¥ =
t12Fcb45 | 656. 7 12 150 0.33 0. 328 0.002 | ¥ =
t10Fub45| 656.7 10 150 | 0.328 0.002 | ¥ =
t12Fub45| 656. 7 12 150 1 0.328 0.002 | ¥ =
t12Fc500 | 505.4 12 150 0.33 0.253 0.002 | =

R A i e e I S i 8

B A4 (tf)

t10Fc645 t12Fc645 t10Fu645 t12Fu645

=4 B AT RE EEAT | A& (EE AT @B |EEAT| @&

4 25mm [ 16. 29 17.11 28.15 19. 06 20. 34 21.21 35. 15 28.59

£ 20mm [ 9.97 10. 12 17.23 14. 28 12. 45 12.9 21.52 20. 31

£ 15mm | 6.14 6. 47 10. 61 10. 27 0k 8. 57 13.25 14. 48

#£ 10mm | 3.5 3. 69 6. 05 6. 76 4. 37 5.18 7.56 10. 27

£ omm | 1.54 1.02 2. 66 3. 44 1.92 2.32 3. 32 6. 39

0 0 0 0 0 0 0 0 0

& dmm | -1.25 -3.6 -2.16 -4. 36 -1. 56 -4. 56 -2.69 -4. 06

& 10mm | -2.29 -4.05 -3.95 -6. 26 -2. 86 -0. 37 -4. 94 -0.93

A 15mm | -3.17 -4. 28 -0.48 -6. 06 -3. 96 -0.28 -6. 85 -0.44

& 20mm | -3.94 -4.29 -6. 81 -2. 61 -4.92 -0. 07 -8.9 -0. 21

A& 25mm | -4.61 -4.07 -1.97 -5. 06 -0. 76 -4. 88 -9.95 -4.93
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251 1 & WA B min e o

Length (m) 2
Width (m) 2
Height of 2~5 floors (m) 13
Height of 1% floor (m) 1.5
m, (kg — sec’/m) 82.28
m, (kg — sec’/m) 84.75
m, (kg —sec’ /m) 84.75
m, (kg — sec’/m) 84.75
m (kg — sec’/m) 85.13
Cross section of the column (mMm) 100x50%x5x%x7
Cross section of the beam (mm) 100x50x5x7
Cross-sectional area of the column ( NT) 0.0011
Cross-sectional area of the beam. (ImM’) 0.0011

00,2 ZHRFE 2 R B L L

Mode 1 2 3 4

Frequency (Hz) 1.45 4.53 7.59 10.12

Damping Ratio (%)] 0.29 0.33 0.25 0.32
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+ 5.3 24t B F % E 3 (El Centro earthquake)

Input =El Centro Earthquake

PGA=0.132¢g PGA=0.191g
Floor [w/o damper{w/ damper|reduction(%)| Floor |w/o damper|w/ damper [reduction(%)
SE 0.46 0.40 14 SE 0.67 0.45 33
4F 0.34 0.32 6 4F 0.49 0.40 18
3F 0.36 0.27 24 3F 0.52 0.33 37
2F 0.33 0.28 14 2F 0.47 0.33 31
1F 0.33 0.25 23 1F 0.48 0.29 40
PGA=0.308g PGA=0.445¢
Floor Jw/o damper|w/ damper|reduction(%)] Floor fw/o damper|w/ damper|reduction(%)
SE 1.08 0.70 35 SF 1.56 0.92 41
AF 0.79 0.58 26 4F 1.15 (0.76 34
3F (.84 0.49 41 3F 1.22 (0.56 54
2F 0.76 0.48 37 2F 1.10 0.54 51
1F 0.77 0.42 46 1F I 0.48 57
# 5.4 4K Sesd B35 0t #(EL Centro earthquake)
Input = El Centro Earthquake
PGA=0.132¢ PGA=0.191g
Floor [w/o damper{w/ damper|reduction(%)| Floor |w/o damper|w/ damper [reduction(%)
SE 0.18 0.05 71 SE 0.30 0.08 74
4F 0.15 0.05 67 4F 0.26 0.08 70
3F 0.14 0.04 72 3F 0.23 0.06 75
2F 0.12 0.04 72 2F 0.21 0.05 74
1F 0.10 0.04 64 1F 0.15 0.05 68
PGA=0.308g PGA=0.445¢
Floor Jw/o damper|w/ damper|reduction(%)] Floor fw/o damper|w/ damper|reduction(%)
SE 0.49 0.12 76 SE 0.71 0.14 &0
4F 0.42 0.12 72 AF (.60 0.14 77
3F 0.38 0.09 77 3F 0.54 0.11 81
2F 0.33 0.08 76 2F 0.48 0.05 89
1F 0.24 0.07 69 1F 0.34 0.05 86
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% 5.5 WA aIFzL Frolg e Lot (El Centro earthquake)

Input = El Centro Earthquake

PGA=0.132¢ PGA=0.191¢g

Mode | Fre.(Hz) [Damping Ratio(%)| Mode | Fre.(Hz) | Damping Ratio(%)
1 2.04 7.03 1 1.99 7.17
2 6.23 3.96 2 6.13 4.71
3 11.92 7.97 3 10.31 7.10
PGA=0.308g PGA=0.445¢

Mode | Fre.(Hz) | Damping Ratio(%)] Mode | Fre.(Hz) |Damping Ratio(%)
1 1.88 10.20 1 1.83 10.81
2 5.88 5.20 2 5.78 6.24
3 9.84 9.85 3 9.64 11.82

% 5.6 &2 &+ I A (EL Centro earthquake)

Input = El Centro Earthquake
B~ 414 (kgf) PGA=0.132g|PGA=0.191g| PGA=0.308g PGA=O.445§
A 278.34 307.64 482.45 768.36
B A -203.14 -199.72 -207.04 -212.66
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% 5.7 & f4cid B F R 5 #(Hachinohe earthquake)

Input = Hachinohe Earthquake

PGA=0.115¢ PGA=0.166g
Floor [w/o damper{w/ damper|reduction(%)| Floor |w/o damper|w/ damper [reduction(%)
SE 0.63 0.27 57 SE 0.91 0.53 42
4F 0.44 0.26 40 4F 0.63 0.46 28
3F 0.39 0.18 54 3F 0.56 0.29 48
2F 0.43 0.20 53 2F 0.62 0.27 56
1F 0.32 0.15 54 1F 0.47 0.31 35
PGA=0.323g PGA=0.548g
Floor Jw/o damper|w/ damper|reduction(%)] Floor fw/o damper|w/ damper|reduction(%)
SE 1.27 1.30 -2 SF 3.00 3.66 -22
AF 0.89 1.07 -21 4F 2.09 2.84 -36
3F 0.78 0.73 6 3F 1.85 2.67 -45
2F 0.87 0.66 24 2B 1.99 2.61 -31
1F 0.65 0.63 3 1E 1.54 2.39 -55
# 5.8 & A 4ri# B35 13+ g (Hachinohe earthquake)
Input = Hachinohe Earthquake
PGA=0.115g PGA=0.166g
Floor [w/o damper{w/ damper|reduction(%)| Floor |w/o damper|w/ damper [reduction(%)
SE 0.23 0.06 75 SE 0.33 0.09 73
AF 0.19 0.06 69 AF 0.27 0.09 67
3F 0.17 0.04 73 3F 0.24 0.07 72
2F 0.17 0.04 75 2F 0.24 0.06 73
1F 0.12 0.04 68 1F 0.18 0.06 66
PGA=0.232¢ PGA=0.548g
Floor Jw/o damper|w/ damper|reduction(%)] Floor fw/o damper|w/ damper|reduction(%)
SE 0.46 0.15 68 SE 1.10 0.26 76
4F 0.38 0.14 62 AF 0.91 0.25 73
3F 0.34 0.11 68 3F 0.81 0.20 75
2F 0.34 0.10 69 2F 0.80 0.06 92
1F 0.25 0.09 61 1F 0.58 0.06 90
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% 5.9 WA A IF2 Frolf F e Lot (Hachinohe earthquake)

Input = Hachinohe Earthquake

PGA=0.115¢ PGA=(0.166g

Mode | Fre.(Hz) [Damping Ratio(%)| Mode | Fre.(Hz) | Damping Ratio(%)
1 1.68 12.70 1 1.56 10.20
2 6.50 13.15 2 5.87 15.39
3 11.47 9.65 3 10.01 18.15
PGA=0.232¢ PGA=(0.548g

Mode | Fre.(Hz) | Damping Ratio(%)] Mode | Fre.(Hz) |Damping Ratio(%)
1 1.55 10.50 1 1.62 15.10
2 5.42 13.16 2 5.64 16.22
3 9.03 11.04 3 9.44 11.09

J1 4

# 5.10 & HAGFZ & =

=

(Hachinohe earthquake)

Input = Hachinohe Earthquake
B~ 4 (kgf) PGA=0.115g|PGA=0.166g| PGA=0.323g [ PGA=0.548g
4w 253.68 403.10 873.83 2200.08
& A -116.71 -132.33 -127.20 -109.63

66




% 5,11 & 4 2 F % & #(Kobe earthquake)

Input = Kobe Earthquake

PGA=0.133g PGA=0.192¢g
Floor |w/o damper]jw/ damper|reduction(%)] Floor |w/o damper{w/ damperreduction(%)
SF 0.59 0.31 47 SE 0.85 0.39 54
AF 0.41 0.27 35 4F 0.59 0.38 35
3F 0.40 0.23 42 3F 0.57 0.28 51
2F 0.46 0.22 53 2F 0.67 0.31 54
1F 0.35 0.19 45 1F 0.50 0.25 51
PGA=0.412¢g PGA=0.699¢
Floor |w/o damper|w/ damper|reduction(%)| Floor fw/o damper|w/ damper |reduction(%)
SE 1.82 1.01 44 SF 3.08 2.50 19
AF 1.28 (0.84 34 4F 2.17 2.03 6
3F 1.23 0.59 52 3F 2.08 1.46 30
2F 1.44 0.59 59 2F 2.44 1.41 42
1F 1.07 0.67 37 1E 1.82 1.33 27
% 5.12 & R 4ead & 397 194 2 (Kobe earthquake)
Input = Kobe Earthquake
PGA=0.133¢g PGA=0.192¢g
Floor [w/o damper|w/ damper|reduction(%)] Floor |w/o damper|w/ damper|reduction(%)
SE 0.19 0.04 77 SE 0.27 0.06 78
4F 0.15 0.04 71 4F 0.22 0.06 74
3F 0.14 0.03 75 3F 0.20 0.04 78
2F 0.14 0.03 78 2F 0.20 0.04 80
1F 0.11 0.03 74 1F 0.15 0.04 75
PGA=0.412¢g PGA=0.699¢
Floor [w/o damper|w/ damper|reduction(%)] Floor |w/o damper|w/ damper|reduction(%)
SE 0.58 0.10 83 SE 0.99 0.14 86
AF 0.47 0.09 80 4F 0.80 0.13 83
3F 0.42 0.07 83 3F 0.71 0.10 86
2F 0.44 0.07 84 2F 0.74 0.04 95
1F 0.33 0.07 79 1F 0.56 0.04 93
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% 5. 13 WA Ay F 00 e vt (Kobe earthquake)

Input = Kobe Earthquake

PGA=0.133¢ PGA=0.192¢
Mode | Fre.(Hz) [Damping Ratio(%)| Mode | Fre.(Hz) | Damping Ratio(%)
1 1.71 7.60 1 1.65 9.50
2 6.26 20.54 2 5.95 14.30
3 11.34 11.92 3 11.30 12.92
PGA=0.412¢ PGA=0.699g
Mode | Fre.(Hz) | Damping Ratio(%)] Mode | Fre.(Hz) | Damping Ratio(%)
1 1.57 10.07 1 1.59 11.79
2 5.63 10.88 2 5.59 10.16
3 9.03 16.87 3 9.34 14.83
% 5. 14 s 2. 5 = 214 (Kobe earthquake)
Input = Kobe Earthquake
B~ 44 (kgf) PGA=0.133g|PGA=0.192g|PGA=0.412g|PGA=0.699g
4w 254.714 353.20 TT7.47 1545.42
R4 -111.25 -118.99 -124.20 -117.76
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(c) Fixed-fixed column

(d) Fixed-pinned column

(a) Pinned-pinned column (b) Fixed-free column
w2 El mEl 4 El 2.046 w2 EI
Pa="2 Pa="1r3 B Fa=="73
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K=1 k=2 K=05 k=069
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