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Siesmic Assessment of Ductility and Strength Capacities of Low-Rise
R. C. Buildings

F. Nateghi-A and N. A. Hosseinzadeh
International Institute of Earthquake Engineering and Seismology, Tehran, Iran

Abstract: This paper presents a methodology for the assessment of ductility and strength capacities in low-rise buildings. This
method utilizes the characteristics of force-displacement for the lowest story level or considers the weakest story in any given low-
rise building for its primary analysis. Calculations are based on two levels of earthquake motions, namely; strong earthquakes
(PGA=0.3 g), and very strong earthquakes (PGA=0.45). Failure mechanism for the structure is established based on three criteria
which are: a) bending mode, b) shear mode, and c) shear-bending mode. Evaluation is then performed using a five step procedure
starting with a: modeling the building, b) developing the non-linear properties of the model, c) strength calculations, d) ductility
calculations, and finally, e) assessing the safety of the building under consideration. All these evaluations are performed based on
a matrix format, which simplifies the whole procedure. Developed equations and step-by-step procedure are presented and
described in this paper Satisfactory results are obtained from the use of the method developed.

Keywords: Strength, Ductility, Failure mechanism, Low-Rise R. C. Buildings

\J;'de)eui.?l:—** Sl = *

00 YYA« Ju.iwl LY ;)L«wﬁ: LY' JL\.« LJ‘)&E.L.«:\



=0l Gl 213 3 0L (Sl b e U
o5 el 4yl gley (aj\ia lea Ll s o 4 g0 lgplansle
Ly s ol 50l8 okl ol o a5 S Jai 3 [4] o
23 el atln el Ol G g g3 e S
leleslw glp x5 )l el 0l els OLES Ol g
s DSl Ly Ty ol 015 ) ol ks 5

5l a5 b g gl L glglentla 1y 1 O 015 e

=l bl P, Y
2l (@bl d gl -V =Y

J—ds dbaosln el Lol Sl SR el
et S, Os o Lel il gdman ot o Sl
— S S, ke 5D by slesle slasl s Allas
C3s 4 Olg el 1y e oy ) S = Slasiin 5 (o3l
S,y Cushad pe wax S L S ool 4 e S gl
Sl Sl Ol om0 A5 Dlasiin 5 baosla les )
38 o3lial 5 ek o3bu 5 pme on

s gazes S Sl eadlie ol 5o edld Ol slesle S50
Shoad o s ol oo el sl LSS Mgt sleelS
sl Slp e pa s Dlale Sl 5 OLs B el
sl ol Sl el b s gd e e o3le hakas
Lyl o8 ol e glebastla 5 aws do gamme
23bi RISl e B 5 o ) 50

ol sl (Slalm man s, SO oLl O s
Lol il ol alr = L dasidn > o sl 5o ol
Sealind Lo 3 pd oo oS (o 8 S 4 b ins
#?Q@M@o)bélo})@gwwl
Sl o et ol b 5 el Casle sl L
A 53 L e A s 4 el 50y IS8 L5
03,5 st 1 sl oS 5l pe 50 ol 35
o= > 2l bl e T e e o3l il a3l
wstlsy alae LT JolS 5% o 45 [A] ool dlons LG oS

\Y’/\' Ju.iwl LY ;)LA...: LY' JL\.»: cdm.u\

dsdas —)

b S s e b o lglen b Sl g sledey SlusS
RN i Py U OH WO RPN ] 1Y WP 2 OO i8S gladas
Ll gs Lo ses 48 Wlodd axlu 5 >1 b 305 slaasli s
e a oM a IS ol el 1) (350l sl
3 Shos gl l ol ooie 5 ctla (550 555 Cind
sl C}_]m bl Jlg S Ol g w55 50 slglantla
el il Sl Dsine 5 ilaie hss GBIl b
i 3 5 5o slglantlo 5 (S5 desame slos ) 6 n
oSl 5 Obrbo sl o o e 5 558 glad )5 e
blod as iy o Shas s 6l oo 5 Glazt L
Sl i Sl 5 e S0l Oy o s

Sl ol am (pliws 5L 5 ¢ b 50 Sl a5 L
53OSt gn b 5 il sledig) s ge 4l b))
Ly o=l IAV] ol e ;Le;_:ﬁjc,lm@sfﬂlﬂ
ﬁﬂf@wsauulﬁﬁy%saﬁgﬂg-’%ﬁj\i‘ﬁ
Do 33 3 S bosas galgiyg sledsy o5 S o 5555 5
2L s 5l AS Gl s e 1B s S8 gl |
Onlby Lo Sl Sl oS sledis 5 pml 238 S
odlial Jole hgy Asla) o s S 5ok Ay e
Lo Gl e g als I8 e ) B 50 8 5l e
o552 e S B S Sl el sl sl e
£ ol al a1 503l o gl Ao 51 sy ol
S leletlu Wl o aalsl el Ll iy 5 o
e 00 Al eSS el 1 sl e laslns Lol 55
Lo ol a8 3 alsol 3pse (g i S35 L (g
L 02,5 Jlo e aend Jsinn sl o sy 65180
3 s e garme (Lol oS 5 i) Jlow 3l eslizu
53 SlakeNe B3 b io 5 03s oo JU Gl
Db Jole Slilows g sa 5 235

ol Gl ot s, Ul Al e ST Wi ol
e L gLl o5 5 ol S mhos o slgilosle gl oS

07



xﬁwwc:.u)wﬁ)lﬁw)fb))ﬁwu

St (gl pE —Y-YY

Gloslo i JS2 i = L lasiin o8 ol
et B et s B s 53 (Sl 0 e
Slos A gl sl e S 2r Joe (izmen 350 0
S et — 5L Sl e ol (] 55 e i
Calde 5 (g Saslie (S (S S5 sl
£ il ol ol alone ik ol e
Sl in pwlouly canss T Cloail S
Bl 5 53 i > o 81 e st U i
lie b gd e Sl OF il Il B sl iy
Cwglds 5 Cyyy e 2l e glie Cyy =g &L@_} Cos gls
g kP e Doe 4 oy (et O3 ol
Sphie S JSE 4 Cn S
eSS (V)

Cpyl <Cset <Cqu
Coel <Cgui <Cpy
S = LS

Ll o) glasl 51 ja s o o Jue s
ot sl oS 5N IS lbee Hlps b s
5Kp 250 a8 S SR 50 g Do 4 Sh s sRe
Ll a0 S o Kbl IS5 0l 00 o5 w0 Ky
S GE el s e S eas = DLl sed
SO 1S gilas Olastlu ot 5 Ll Jie o
b ;a3 Ghlse ssb i Ay e g S S
S ) Dol et pae e Sl Kpe 580 Jol

dbuﬁffww}istej(Wduﬂd)bﬁ

Cscl < bel < Csul

S = e e e Sl (o e 8 (5l S )

ysﬂjwdupéﬂ#;w;uﬁwp
AT e s (/K =1 ke +17 kg ) idsbas 51 (Il

sl Caslie (i Sees S5 Cuslie s Gl

LQJ_ACASj&vilfp‘jwb:ﬁﬂcd;vCﬂﬂju.Acuﬂif

ov

RV PES

ol (2Ll Hlae —Y-Y

e Ay Sl e 5 Sl Dol i e
Slaselo bl L5 o o pmmmn b5l SRy S sla bl
o pla b el 5 035 o shaals ool slad 5 s
Ges 5o ke s dA s s, VS sled s e
U35 5 (PGA=03 g) 555 i35 lmes silous 1l 5l
ol 5 s end oylast 83 5dmes 5 (PGA=0.45g) s
23 b e Sl Ol 4 (V) Jodr Gillae 53558 05k
= a bl sl Sl G e 485 L0
oy 5 e (D s (B R 1Sl S
53 Oletles Sl 0 018G (s CnSs Sl s o
b Ol 5 ol |5 Lael i oS
33 S @:j\_Q‘d.iﬂ CeSS DI sl 4y S
s 35,0 Olemtla 5 LSis Laasl by conSs
LS 5 et — oy S s ol 5y K0
g 3 oSl LS Ll Al e s alasl s LS
RSV O
sl ) Sl g Y

Sl sl o e 5l R ol 48 Ol S sk Oles
33 sb w0 Sl 4 A e eslinad baojle o]

el 3 e s ek esls OLES (1) S8 SL o s sed

Slostw g3t c\f \ vy
Sl S 550 g5 Glosle Jia G SlRSIL 2
3 Sleibw el o 5 B L WS leatins
Slasiie o b Slawbwe bald oy b & L odd
Sl az§ LS e e e w3l s as S
ol 3 53 bl o8 S s o3l (3l
el s Solg Ll o8 ol 10 58 e s Sl
S oy A S sl Jie S s 5158

\Y’/\' Ju.iwl LY ;)LA...: LY' JL\.»: cdm.u\



c\“.ﬁ&bd\@\mblw 6‘0}}' w‘ C)j\—é.; 6‘,3)\:# w;lﬁ—\ d}b

(0.45 g) s 435

(0.38) 58 435

‘d}‘j i

Sros R Ok ool

omoel A s

£l S S (W) sl S8 e
Yo, . s "
oSS Al e Sl LS

VQJ.\::&)[;-&?JA

Y S S (W) sy S s

S St S A

S St S A

(ol JK2) st o 30
(o) L;;fwrﬁ&a

S o g S8 5l

e D

{

Sk S el = S b 4l 00s b 2wl -
_ -3 . L E - . N N T N B ..
(Yu=4x10 rad);yénw;jlz.):&w_.d&ﬁgu;ﬁa)b_mal}f&i\):fﬂh}ﬁ.aﬁ -Y

b S s et g Y Gk S8 o b bl L i el e cnl 53 ol s Y

e

il 5, ol
e o

w

{

G ey bl

LRIV

o e

Y

ot D [ st

wedgls 3

\YA- Ju.iwl LY ;)L«wﬁ: LY' JL\.« LJM&\

V] 2ot Jlpm s Sldas GL o Sloged - IS5

oA




s oLl

ﬁej),é.pol.w' ; —YJ@

A
CSU .
Coel
} - I >
)
Y 1/26U BU
s Ol
C
K
ﬂ 1 1 6’

Q 1

1 1
j\,\/\ﬁ/\,\/\t —_
K KBE KSE

ejl.w J:lz.’i JJ.A -Y JS.&

S M o3 ) g e sl e Sl A ool i
axrs L dies Db sliasn g pli Adb o) ) glas! IS
Lalss 5 s Canslie 5 e 555 o i Tay 451 &
N Sa i Saslie 5 S 58 el M ezl i
S 53 i il Ty G35 3550 Sl Ll 5 L st
o3 aem ol (8) JSs mlhas Slestlo ot
Te i (S5 S 5 Saslie 4 sle el ST s5l5
Slewl Sole g opl S e o8 O du

Qi =1 xA; ®
et SIS Sl sae el i Sl B oS 53 S|
013 A3l (IELL A gl wlr 5 Lasl ol wls

04

.bla.\..:: Wﬁ.’\_.r‘ ﬂ.) CJ..:: L] L;-Lf;: Q\I:Lu

(Cuei) 5y 3555 S 5 Canglio =) -Y-1-Y
r&ﬁjbu)\ﬁéjl.é.!)f_w‘fav W:ljg_)’:'_';b):"}f\
Z_L;-f):‘;i,bd;ﬂu}m‘upuiﬂd;ﬂ;gj@ﬁ

)\CA.\A\Q)L\.G ;éjfdj

Qsei :TaviAj ™)
=
Csci = Quei iwj )
j=i

LSJ_?;_l?-fjhr\lujar&jéﬁﬂQsm‘YbQYJl&A)b

O3 Wipli Azl (S3,5 S5 S b Cuai (S0

VWA Ll (Y ;)L«wﬁ: AK JL\.« LJ‘)A.E.L.«:\



! i B,
\3 Qz X
1 L A X,
= YW iQ- 1 u=1
| AMAAA_ i ;
_W Qu m

WS s 5k 5 Sl e —E IS

(Chyi) (siod s glis —F-Y-Y-Y
5 e gl A e G SaS 4 et Sl
3 i o3 Ll Joms 3 (et Joae [ 25 L
Gl el s dane ol (gl 35 oo dalns Lo o
aS s g Lajlyes 6l o SWALL 5 Ll sl , HMECH
s e3,51 (V) 5 (0) sl s LT Sl ls s o
SVslee 5l 0l gl gl S ladal o ol 3[4 5 AT

L o dle )

M, =0.9A f,d @

M, :O.SAtfyD+0.5ND{;];§J ()

C

o) Oy b ol g
N
M, =A f,L+— av)
y gry oL
S am L O sl alle) o 0w O slaslss
(8 5850

L

M, = [f—"j[l - f—OJBLz (V)
2 f,

sl cxlus A0 (ol SIMy YU S V¥sles s

e e d 23S gkl Oad (ol uslie £y i
o) s S N Oy g b O 5i Gos D 5
b sl colis Ay (o dascie Cuglis £l ((Coke

\YA- Ju.iwl LY ;)LA...: LY' JL\-A LJ‘))G.L.«:\

Qi =|(Bik;) Z(ﬁjx )ZQJ (0)
j=i
=1-X; inX inXJ? Q)
=1 j=1

i BiK;
m
DA DBK,
| = j=l ]
(-\) isles 9 J'f°).)J LSL.G.Q\ BL )J:.'o ‘_5]4;- wu )1 (0) Jslee

C,_‘..u>4_.ol_ﬁ:j):..s ka_a.'; e)wu@@Md)@)b)l
abi 5l e el ol Sbx; @sles ol s ol

Te =0sT¢

V)

S5 s o ol b 0 el 00 (5015
o Sl g o e a0 B jsb Ol S
jtkbcbdﬂw\ruﬁé)y):.wuiﬁ&w
2 Il e s dalet ag= ] aal el Ol sew
db;w)ddjﬁc]ﬁ.wdéf&jblﬂdb@éfﬁd@bi}b

ol 0] Lo g Ll 5l oy 55 (25 55 5 5 Lasl

(Cow) ol cwglae —Y-Y-Y-Y
Ssh o dpala 3 dslae 5l S olg Caslis

axC M)

scl

Cou =
LS o Iy A LT Sladlas 4 0l (S 0 oy i e
a:19)l.uﬁc[\')Q]b)w&&%ﬂd}jbﬂ
ﬁgujigu;\aﬁ\w\m e an S b
I s wlasle a5 558 0 ol CB ol e S gla )l g
J)_..::dﬁ JLQM:.“_:L'M. DL o “. ‘)jJu;.A JLJUM .?"’;-...-; J«ét?'



W

Fa

>

Calt FOOT

IRIGB=0?

(b'-:i-l_« n)u

s gl slans

(355 piha nsd b dpunlima) )
o

Call RIGIDZ

—
(55 g1 olaad)

Wiy ot 0 1

Call JMECH
Call STORY

(2 t‘_,ll Maad)

(g e S b e}

(2 gl il slaad)

(Sl slasi)

| i glisl otibys

Y

L tasjles aloli (il o

'

[N HMECH U gL 2 jls e -0 K2

VWA Ll (Y E)LQ.«-Z AK JLA cd Nasw |

(s e 4 28

{052 o a2l 257

(L2 b 420}

(b g Sund e 2 Dl)

(il g le 53 s 5

(J1ﬂcwa;b,;J§j)

{omly 4 e 3 s2lanl sl Lo ps A

(L S
(5 omsi 5 Juaai p3550)

(ol ail b 3 dmloa)

(o ol 4l 25)

(@ ol B 2)



f

Wl Sledld] il

NLIET) Ql&){bl\r)‘?

Y
g S Al

'

i=i+i

o [ TSRO} g R O, P PPy S

al

VWA Ll (Y E)La...z AK JL& cd‘))\j.';ﬁ\

NERUIE S PYE O 5P S TN P TP EN

'

EY RIS S

[NISWALL b 5 b > s 505 = JK&

ay



U e 53 i) ool s Oletle Jyl dibs s oSt
78 S8 Ak 5o S8 STl g e s U
s 1ol ool s 5 sl 55 st Dl 2 )
AL i b 355 Jlesl Ol Sli 53 il

sl cwl osle

n n n
Ci=Qi/ W=D kW [ > W, (10)
=i =i =i

ik 05y W eplj aib e g5 ,8 o o kg YL oles s
Ol o il phankj w355 STololad IS slawin 5 ol
S5 i e L 00 ol e e 4 oS slead
Jsl il 5l |8 Glaib amilor 5 S el A 0 (S35
OOl O om0l B e Sl A
Lo Ss3) ek s () IS Gullae 813U 3 43 e
ot K 4 S a3 (sl Db 055 5 (A

Lol pln b

_ky(n+i)
2n

E~ _&_ n+i
YC; n+l

S5 G Llaie S el Gand Jle s G YU o¥slea o

C, O

V)

Conslie 4 aib sl i Canglis) Cyp s Jlo s s slia |

Cy\—é\ﬂjdz)jdp@dj‘m@jl_hcmt{(dﬂw

S
— n+l
v =CyCyi— e 55
o Y & (\A)
w1 =CyuCy; SIS @i

‘ﬂb S48 p —-0-Y-¥-Y

o 3l Slab sl n of s &S 3 gh o ol

Gbe S 5 g e A-YYY
obsS o lplantle 5o VL glads il aSol w a5
}_Z 22 JJ\ e oSl Yﬁ‘fb L ‘Q—;\f:l-b_ S KU

e SIS S L S ke o e G e 48 S

s

L o) Dl ad Gl s ssmme 4 p e Al L cad O 5
b i caslia iy (REN/BL) s 25 6y (L sk
Usles il N> 0.4bDF] St s s slg B 5 Sl
o=5,8 51,3 5o L 5 (V) dsles o eslinal LB (V1)
e s ol ol sl Szl sVl sla 13 65 s
fy s Y LY 1 fy 58 eslizal £ Jbes 25 51 Ol e Ul
SR

el et B e G 3k B
S osBe Gl 2 o e G S e S
L = e b O hale 5 fade 1S len 550
J—"‘)’L“L;QJL@J);—“‘LAJ;LSWJQC}WWE‘
b i p S e s e (V) S5 Gl L]
Ll s 4y 5 slas S

m

Qj ZZ(TMcj"’BMcj/hi) (Ov)
=1
Ci=Q; iwj (\¢)
=1

VL s S r M qlidiab s QiYL Yolas o
m el iib gL hi O ol 53 S M e
S 1 el ED 2 b Gl 5 s sl
Llolb |8

Mg = PGB e Gl P b Al
L ol s Jslne et Ol e G 51 (M) S5 ol
sl o i dbg (s () 03 5 5d e esliial Lo 4l
Dydp 2 p alas bavy g ssle Ot ol U 5 (g5 e
Slass ol Sl 5o (et Jate LS5 (5 5L s
L oo S (Bl S s Bl L 5 5 e
oYl pled $lm anl fop o lih pli )l 5o s
s 5 sl SVl 3l oslized U (6 e (glglinie Cilisie
LIl B 2 Ol e S L s
Py
Bl b o Ol —E-Y-TY

J=8 o pbal fp o b s G sl

\Y’/\' Ju.iwl LY ;)LA...: LY' JL\.»: cdm.u\



M= Myt M+ Mg
o U
"] s
G i o i b 05 Juaia

A5 B s Koty e 38 -V S

ko 420
© ‘L 0
= ' 4 ya
e— Jslao om My My,
5] t 0 /74
- : é %
: 4+ _)l_s-_’d zMBLY P EMBRY
3]
4 ) Fay
B ‘ B lMBLY A IMBRY
o—1l o —7
: e 0
i Sms g dales OB A IS
k W > Qn C
——»

k, W, > Ql\ E

e G B S G e !

b Caglie ol -4 IS

VYA diwl ¥ 5 ,Ls Y Jle oD

¢



\_.o)o.k_pig_,_w“ JMLSV\_AQLSJJ%\J,&JWlLQWb
O3 bl s el Gy S5 ln ol (e Bl
35 33 bl il arel edal s @ i S15,5 s

8 5AT s dal = (5,0 s J>l e

kb gy b 1 —£YY

el et dds g el (o 8 el b
B e bl cnS g Sa 5 S a5
sl (OF) JSi Gl i st Joo 55 a0 25
ol S e S skt A g e Sl 4SSl 0l
5l Llele e

WP ONCEIF RSN UN RIS SCHIPS P
Cf@&iélﬂvamﬁy}uw)'ww} .
Sl et sl alS et s Bl e

S o S

alas o r S5 s —¥— T
et e alad Gl b dab an Ol S
Al s o3l 0L ) S8 s Jles o 5 ot
ol n o SO s S e Sl ol 25 50
S 5l gl 53 3l Iyl e Jais — 5l Ll le
i e an Olesen j5b 4 Sliblaa b - oo

K¢ =Cqq iwi i(Bu)l Wi (Y+)
i=1 i=1

D et B = S35 S 5 Caaslie Ko YU Asles 5o
oy S35 S 5 Caaslie Cy «Jsloe s SO s
S 2S5l o 2 (Bu)i Olezlo Il A8 5 8
S s gl oy aes ol b 055 Wi 5 ol 42
SVsbas S8 @ st o fly b Sl ol Dol e

Syhe b Olerle Il adb ol als mulia 5

1o

Sl b s IO L s SO L Olib gy e

Coglis el ob))l r\f mE s
Lpolie ansly Bl ol e 2Ll sk«
Sl amlin ot b moly Sl ol by B a8
(et Lot 82 gdome 53 ot ey Sl Jol Gl 2
o 1) b bl Olextle 2,8 )13 (V) IS sullas
2 Al Gl 558 e Gl el D 5o 4 s e S
S ete Sl baib i Olele & ot 0l Sy
) ) e ol o e S5 s K (C)

lJJ bﬁ&wjfjb‘)é(v‘)&

e [i"zlmuxwi] S o o

J_AgLS)W%ﬁ(Bu)I cQQ&j%ﬁCEYLUJbﬁ)b
Sa)QLE.:.IaJSJU_sJHTHWQJJ Wi cr\lwu;ul
Cib 5l Sy il 3 Ll e el Cib i
ﬁbj&wd};_&-a)')j‘u_; %‘ﬁébﬁa:mlwg
J s Vo] asl sl 4 S b s lantla Joee Loyl 2
Qdﬁbwtﬁwdbﬁwbjbb}gb@(\\)p
WM)ﬁﬂTJ&Qw\))J}GJL&A\Q‘}S@)\}:L
) S Pt S K 5 4l e 0SS

w\gﬁubLMoudbj

ol sy K5 a5 8 —i-v-Y
Fly b Sl el b dsl b ol b (’g ABE
B s ) ek 2l e S lie il s e b
plonil (gl Al e s @ (Oleztl st 2 b, 3 S
e S e 5 o el b el il S
Jol ib sy IS0 s 2 e L5 Al sl

\Y’/\' Ju.iwl LY ;)LA...: LY' JL\.»: cdm.u\



0.3g 04d3g
CBY “““ b aainininie v— """" ‘7' -
=l p=2 o p=d 0%7?%‘
Cuc Csc L’l;l
et ps T s b e p
&@bwby ol Cwglae gL, -V JS.«
g A
a ]
+ 35¢g:
]
1
]
]
1
!
]
1.0g4 :
' PGA=1.0g 7
I >
0.5 s
4 QA A A A
Qu=1.9Q | K, B
- ] K,=0
- S K,
Qe L A4 A oK,
K K, , K
H - Pt o f t -
8(- IOBC i ‘§C” 6y max 6bc 65:

i ,‘uKz
P
(S-S5 TYPE}

(B-B TYPE)

bl 7l bl B da e} St Ak

gé.l;iuijd.\nﬁjw—\\’p

WJliab ol wlr Slu> gy «(Sous S5 e
BHI «oloe o SO i ol ol 2SI Sinag
Sy S8 e e Db 6l S e
Sl sl s (m.f) 5 Jslss o > S s
Dl eslanad 5550 (gde CS L (o ad (ML) Al

VWA Ll (Y ;)L«wﬁ: AK JL\.« cd‘)&.s.';.u\

(S-B TYPE)
B0 =(Bu) 8, (")
BOmax = (M.E)(Bu); 6 pax (YY)
gl =(mf)pu, (Y)

S, ads e s dslaial oL alr g8 YL OVslee s

)Jd:l_xav_nﬁk_i_?r-o—w ~ ‘_5-.[[9'44[9'6c ‘L;:’)'.‘L;:));.'

"



(Bu); = ¢ 1t gon Sl s

oo gl

(M.F) = bt aal s e JS8 2ol

f -
R

max

MJ&%CM|%RJJJW@£$W—\VJSJ

i Sy S5 i e S 0S (l A e
A Al g
ol gl S 5 pl8 oYY

Sl C ST s Glarexr S ) e el b
3L s Ol o sl 2L sl
CS § g5 (g Aadb —\-0-¥-Y

v

bl B el s e IS (Ko 085S
S5 e 4 Olojen Slamtle Slib ples S1OY) S5«
2,8 s (mA)=1 Ol5 e (g 5) iy S
S5 ade e w0 Slib Sl S Ol Jsl ik ST J s
A sl sy dalpt (MD>1 o g 5) Aoy (S5
L2l g slams () 5 (Gl g0 Oletlw S5 ol ol
el

(Bu)top

I< (Il’lf) < —(B—ur
1

(Y¢)

VWA Ll (Y ;)L«wﬁ: AK JL\.« cd‘)ks.';.u\



n n
Ccr = Z(Bu)iwi ZWi OLokg V)
i=l i=1

5 gt et b 5l ol ol s 00 YL SWsles o
el Ol Jol i ous ol cwslin Bl Co
3 et = o g Slelela gl e Dlla>dle
=l Saslie Oy b s s 4 S B0 s A
QHJQ&OASgAJJ'Jj)JJM—L;ZﬂC}QW}Lﬂ
Canglie o)l b (Sa)00 S5 Caeslie 4 phast e lie
s i 25 (RS Ozl 655 ol sl Gl (22
Sl s G D0 0 5,0 (10) IS a5 L ol by
OV NPT B B ST AV P
V=Y e sl 4 (10) IS0 55 Slabl (linl s 3 5 asloes
Sl Cop K2 cpl 53 ol ol a3 T 3 VY=Y Lax
el (I8N Je) 0.45g )5 sl Sl s 55 Caslia
el VP g Sl (e O ks OF 55 S

Padi a8 B s L (Sanp S5Ok

el s 0 S g ol b —E-0-YY

4wy 0452 503g sladdds gl p gl Ll 65
ool oy L3y it (V1) K5 Gilas adlaie
llas el gl 0s S 5 alssl b e (Sl 3 sl
B A bl s w3l slglatle 5,8 e ol (V) Jsr
4 s e e bl aul clwglie esl U5l 3D 5 C
ailate 53 Bl slglentle Lpd o gy b 1oy S Ul
oy L e atld el s udy IS0 sl oLl S E
L o gk b 1T o5 3 Ol e

by i35G HF Ghle glplatle sl g x5 L
gl dy s e a g S o el 1,0.45g 50.3g 6305 4
oS o 53 s e sy adb T o5 S Ol o Ll
sl o5, ids L5l G s g A e lez L
Sl sleles b dils S5 alb 5l 550 3 T 1
53 5ol g aib IV oy S Olgie 4 5T 5 H Gblw 3

\Y’/\' Ju.iwl LY ;)LA...: LY' JL\.»: cdm.u\

,;ijasgmg(\i)p&w\)wu)m
ot S Sl diee B S o 4 a4 | OF las
Al eaSs sy et = Ly et g8 eSS
Cuoslis sl 5 (et = L 8 S g e
Ol ol b by (Sayss S5 Calie 5 ias

e Ceglae oyl b gagag —Y-0-Y-Y
Slesle L 0.45 g 50.3g slaadsls ol el 4L
(Vo) Ji_; 53 (F=Y=Y ) asl Cwglian L5 @l:\_.v
C““Li o oo Cp IS5l s il sl esls LS
4S das o QLA ey 5 Hgile bl Jsl Ak b

el Gy JSo plol b gy gy YooY

o=l Gy IS oLl s Sl ekl b el U
S5 rl o3 il e R (010) IS il (YT 1)
So i o s eslanal Coslie Dlants 4ol s 4
Jol il o5Y sl il Sl b oS
53 Ol el ol il 2SI gl rﬂ Cao gl
dlons BB o o oy b Sl e 52y IS o
S g ol Sl Cuslie &S S glie Blus cpl
5 il bt b IS i — 5L Sl e 4 Loges
Gyl 3l Ss o 5 e Slos ) O > Slasiis
et g Sl o JSd rb 35 3L L Gl
A Sph e el b e S gl (muf) MJK.JCBLA
il cow e oSS L Ol e K s Jle Ol g
5ol ool e 6l I8 o 1 ST 0.3g
R O N e TR S o s pe=2/(m.f)
S 6l (Ka) o SO s O (51 glie
Gl tlee LG Sl (6 00y JS3 51 2l ol x5

K :ang (Yo)

A



14

A
g
C . j.qu
scl . . f
.:W" ty i ,
7 )
-
-
-
-
-
-
-
-
-
-
- . .
e - o ’C'J‘
-
- C
-\ rav =2
P
- 13 \ C:sul
bel
S Cy S Zyu -\¢ JS.J‘»
Q
o -3 2
']’!
: ) Uss.._s[ C.AJLL:)
_1; / Ce
G CCR
— Sl .
= @ e | ; >
=3 =) ! -
s s Chy1 g g Cou1
¢ frg s 8 < e '
VAT ;".ns;t & g '/Togd}bdi;:
ool Gpdy K5 5 cuglie gl Vo K
T&’, A
O
Ce(0.45g)—+
]
Ce(0.3g) -1
Cer(0.459) 7
- -~ ¥ ' I >
P (Y
if 3 8 Coy1
S 5 %

S = glie s gl gy adkate -V ISS

\Y’/\' Js.d.wl cY E)Lq.«.: cY' JLA cd )/u"‘..ﬂ\



ol s hos S g byl 5 ges - Jga

) (PGA=0.45g) s 435 (PGA=0.3g) 5 U35 o )
GjJS . P R : — N - § - Cf ale
Sk W e glie Sk W Ces gls

J“:" ;f“i‘ J“‘.’.\ J“‘.’.\ 6‘:""" A
. Mol o o o s S b B
Mol N e e s C
| . U | | P 5L . D

o= B o o ST oo A AE S
II ool - ! Senal e E
. o - el Oemal e = s b A F
el - ool - v G
el - - - e = i b H

ool - - - e

el a5 S L [VE]VAAY il s ACT sl ol
—dhd G o3l ol s icul el esls DL

el Juke o8 -Y-Y

Sl Blsd as i Say S5 Caslie et 6l
el e 5 pade o Lls (Lo 5nn) e, slasl
=10 b e sloml ol pde 53 S S el 5 e
Cooslie a8 Wlosls QLS axd S sladl 5 & 25 358 0 o
\/g 3d 3 agr e glplentle S (So, xS
ol ol kglem® s
Ty = Olg T :\/E:M:M.S kg/cm? (YV)

HMECH il 5l olid st Conglio dslons (51
b5 blis lasiiio g a5 b sl ol ol s ealiz
e L g alows | Lol des Caplie b b g st
5o L e b La s s Sty ke LS025 (gl
AT &S o il |y Slib il Conglie b b s

\Y’/\' Juatwl LY ;)LA.«.: LY' JL\.»: cd‘))u.';.u\

S3Ae Jles =¥

P s p 3 Ao SlelS b o se s o

Sl iludas clf -\-v

o)l et plad OB K candlas 3 5o Olaztle
0L (V) S s olatlon ol sl Slasiein .
D 03y S5k a5 5 3l Lo e Sl 0l 03l
S e SAS Y 5N S ek s e e slaly
eSS Y Ly S Sl 5 2 bl e
el ¥l Ly b Olebl 8 5 e el
e lass s s 5 ae 5 ple,l DS (5ol sl
s fi= 0.21t/ cm? 2l o aasiie Cuglis £,=2.4t/cm’
sl ol a4 § L

ol e 5 B0 L e S e el
A5 el ol bl glos ) 18k g o o g



(o Bl = oF o ) Sl 25 o o 5 SIIELL Y Jgu

C; F; H; Wi (i) 4l
Yy Yo/ov \XE 14 ¢
Y VA/VO Yoo V4 ¥
ANY ARFANY Y. AER Y
/e £/vo Y\ Ve q \
© ?D ® ® ® © 9 ®
2 2 7 1 Ho———b}20 4 1 1 1 o
I
I ] 1 l
i e ! I l
_,g_ * j "; 5% T 8 .8: 11 £ ]
O c, c, c, ‘::2 O— = = —
il 0_:3:
O TR Ot W
; SN LS A
@— sl —-45 ( : —t— B3 [N
C, c, C,
@ = & ' m: G—== EB; Ex —
S8 oy Dby Sib ) 5 o
| Jol 5 [ b ) Dl s s | EETEp
COLUMN Wldth Len h IWldth Length H Wldth Leng‘lh Hi’hdlh Leng{h] BEAM I Width- HE]GHT Widlh- HEIGHT—‘ Width- HEIGHT l
| 1 35xa5 [ 30xa0_ ]I 30xa0 ][ 30x40 | [ Bl 40x35 [ 3530 [ 3530 ]
[ c2 | 355 [ 30x40 [ 30xa0 ][ —w 1Nl B2 TL 3035 [ 3530 [ 3530 |
[ €3 | 350 ][ 30<35 [ 30x35 [ —w N [ B3 [ eo35 [ 4030 ][ 4030 ]
LG4 J[ 405 J[35a0 [ 35a0 [ —— )1 [ B4 1T 4535 4030 [ a0x30 |
[ s [ w0 [ 3535 [ s [ —— ]| [ B-3 I 435 3 aox30 [ 400 |
| B-6  |[ a0x33 [ 3530 | 3300
| B-7 [T 4m3s [ 40x30 ][ 40x30
| B-3 [ 35x35 [ 3sx30__ I 3530 |
I B9 1 3k J[__sox30_ [ 3000 |
[ B-10 __40x35 | 35x30 ][ a0 |
LBt [ 3535 [ sox36 [ o0 ]
| B-12 L 3sx3s 3 “30x30 [ 300 ]

adllas 3550 Dbzl glojle Slasete -V K3

VWA Ll (Y E)Lo...: AK JL\.« cd‘))\j.';.u\



5 A s e s Slo s i 5T
Lgd o S ab g e S ol 1 aS ks OUS ()
o S e Gy JSE 8 S 5l DL O

Ll e Sz s Dsles 1 dsles

6max _ SDKg

5y, (¥Y)
y g 2
[(W]TZ : y]

Bmax 3 1.0g 335 6l ib ol als Sp Y sles
wngfowuéﬂgpj}}ﬁ@g Solewsles
MQLLE rL&J ASL;LKDUT )\ el 0 wy\;— (o>d‘j.l;- BL)

Mo =

g L A e 00 (ol A e Ol jen 5k
C,LML,' J..:.Jl_id ijL;O )}.E.'w (mf):20 l}ui\ DL S J)l} )\J';

..L.v\a.LAT Cewd 4 &L;J‘j)} Lv JL:E

2l 245l oS 5 P8 -0
Ozt 48 355 o il (o Yo sl 31
o s pd IS8 5 caplie gl p5Y Lol s anlllas 5 5
Olsme ol ool 3T Akt s olaztli ol S ol
Ol o 5 ol a5 e s 4ib IV 65 S
Sh Jmlm 5o andllas 4 3L 50 3ol el 50

RGBS

IDARC Jos b o LS eyl -8
le 3 b anlas 3550 630 ol 1 50,5 b5l s
Sl aab ol Y] cd sl o 5 (s5ludde IDARC
Sleletlo Dolest o b ol 5 G b Selis
ol 3 ol ol s 2 35 e S 4 s
3 ol /YA Sl e b aslie 53 48 sl /Y0 Ll aeli

Ww(ﬂ&‘ww‘djiﬂ°ﬁﬁ‘)‘&))
wohtﬂﬁwﬂw@p;@%m%ujuﬁ

\Y’/\' Ju.iwl LY ;)LA...: LY' JL\.»: cdm.u\

(8) dodr 53 s = e S 03 i Do
i Saslde 3 g0 o ala=Ne S gb Olas .ol ol 431
g;_wi.;@;%;;);.wldiplu)m;l,mﬁa@
p3 idb 50 LSS Oy oDl Ll e Olazrls
sles 315 258 Dol Gl o o Ll o Wl e S

Lol 2 o2l OA)

4+1
4+2

Chyl =0.29%0.66x———=0.16 (YA)

CAJLE.& u.'.o.l‘ g;.’b.j)‘ c\f -Y-y
OS5 pr 23 L 35 (e b ey i

SRS
(Bu); =0.431, (Bu), =0.809, (Bu); =1.091
(Bu), =1.214 (Y4)
Cp =0.886S, =0.93 03g ¢l ()
1o 0.45g 435 &

Wl 05 al e slie 3l Olestles el 4 das e

Sady S sl o)) o8 ¥
Ky :C’by1/0.886:0.18 V)
Sy S5 el (o o ol b 4wl e L -
d.k_ﬁm)t_w<£5_n;ﬂ.>->w@4_>-ﬁb§jﬂ2@dlij)‘
pode a s e Ol skals st an o tees
w\,sg\ﬂlduu;juk}f@g%kosﬁwﬁm
Glle EW wdlge) s V40Y )y ot & sl ib
bl D] osde a8 L s Jle Olge o (VA) IS
sla byl 5 el Jlo 5 gu]‘S\J}ﬁQJ&:dl)sKg

VY



(o= o g ) Slab by o pd i p (e 5 (o p Saplle —§ gl

C; Cyi

Q byi

Csci Qsci

DA dwp | () b

A /A

\/¢ +/¥1
\/Y (VAR

\/» AR

LViVAS
L RYAN
a\wa%

\YY

Y/Yo Yéo

\VARS Yéo
+/Vo Yéo

Ve YYY

V140 V4

V240 YA
V240 Yyv

Y/VY AN \

(Cm)QL«'&L&JJ‘@JJ:Nwﬁ&%dz%ﬁ;&};?g—é Jj.,\;

BHo B6max

MO

)

Ky /Ke

max

Ky

>v1 >

>EA >\Y

>\Y

>V¢

>Yo Vat

>Yo 43

A

A

v T
1000 fm  TAFT {EW) .
E amos 950 gal{Kge 1)
[ 7.:/21 n:002
. s00 s
- {77
AN SN e
L] /
¢+ 200 7
) - — 4~
—3; 00 [
r
: L st
B 7
2.0 & —
i 5 5
10 - —_
—— Kz 025K Kyr05K,
- 03025 Kg Kyt QTS Kg
0.5 b -ms Kk 08K, K ilOK, —
Fo—o= KgiO5Kg Ky:i8Kg
F — LINEsA
o2
o1 oz 05 1.0 20
T, {sec)
(a)
N a
20.0
x
8§ oo
= * Ko 20.5Kg
3. E° [ a #y 210K
5.0 T,=lZ Y
-+ - x n =a02
e ¢ - 4 *Bmar /8y
I -]
- s .
—3; 2.0 ] - s
v o eff "
1 LA
~ °E 5 5
\3; = e lo 4 HACHINOHE (EW)
0.5 — © HACHINOHE [NS)
= " %1 « EL CENTRO (NS)
r o | R TAFT {(EW)
- g
g2l Loninlesn] o
3] 0.2 0.5 10 20
T, (sec)
(a)
(ll 5.0 | Ke30.5Kg
3 E* Ky2i8Kg
- AR AN
A ~ h =002
2.0 — v B Bmax /8y
% T
= H & : * *r ,/'
1 10 Ke |#Fx
1 veg i7"
3 r °ix 8 a B 5y
> 05
= e . o 2 HACHINOHE {EW)
~ F ' x |© HACHINOHE (NS)
C 2 |+ EL CENTRO {NS)
02Dt i X TAFT (EW}
ot 02 o5 Lo 2o
T, (sec)
(c)

\4

(1) i IS oo o0

(D) s JS8 e

TAFT (EW}
amas > 280 gol {Kg=1}
T,:2T, 22002

/

4

T TTTT]

i

r B By
—— KO 23Kg Ky10.5Kg

K20 25Ky Ky 10T5Ky

0.5 — Ro2O8Kg Kyt 1OKg
E Ke=0aKg Myt 13Kg
F +— Linean
I N T T
01 o2 05 10 20
T, {sec)
(b)
10,0
5.0 :
-1 Ke =0.3%5
" o Ky 21.0Kg
= 2T
2.0 2 2 N s0.02
1} &+ Bmar /By
r a
L0 e &[T
£ LT,
: g ° Ky - z
0.5 & X_o Be By
£ °
. N a HACHINOHE (EwW)
: o & | o HACHINOHE (NS)
0.2 X ® EL CENTRO (NS)
. o | A TAFT (Ew)
[ =]
o vl el
01 o0z 05 10 20
T {sec)
(b)
5.0 =
r Kg0.5Ky
2.0 xy = 1L5Kg
o ez
F1 n 2002
ol P 28 max /By
- o = K| Ty
0.8 |- ° x|
-S P— 3175
= Boxla 5 3,
= - 2 HACHINOHE (EW)
Q.2 2 3 3 HE (NS
H * EL CENTRQ (NS}
x TAFT (EW)
ol I NENETI SRS}
0.1 0.2 0.5 1.9 2.0
T, (sec)
(d)

A5 ks b gy b A K2
[\V] <5 VoY

\YAY el (Y ;)L«wﬁ: AK JL\.M ‘LJ Nasw |



Sl 0l G b5 sl s 5l Sl oS 4 5
Olea S 4S8 flaw 51 2y ol ol ¢\>.;sl JB sl
SoS Lo g Sl Ol 51 Gl slgriils
Sl osla oy SVl (Sl sidamy SVsles S S
ooy e IS e slgin boslw 65 cpl el 2L
o O o s YU Ce ol B 5l S ail ann g

Sy KIS
ahlie paasd — o b aneS Il olem Sl akens s
e aeS = s glaY A 5 5l A0 ks
5 GOl Sl 558 15 ernd SLOL S rals

.Jujdo Jos o Sls,08

1. origin-oriented

1. Aoyama, H., “A Method for Evaluation of the
Seismic Capacity of Existing Reinforced Concrete
Buildings in Japan,” Bulletin of the N. Z. National
Society for Earthquake Eng., Vol. 14, No. 3, 1981.

2. Murakami, M., and Penzien, J., “Nonlinear
Response for Probablistic Seismic Design and
Damage Assessment of Reinforced Concrete
Structures,” EERC 75-38, 1975.

3. “Limiting Design of R. C. Buildings,” Structural
Research Series, No. 516, Univ. of Illinois, 1984.

4. Aoyama, H., et. Al, “A Study on the Earthquake
Resistant Design of Reinforced Concrete School
Buildings,” U. S.- Japan Seminar on Earthquake
Engineering, Berkeley, California 1973.

5. Umemura, et. Al., “Earthquake Resistant Design of
Reinforced Concrete Buildings, Accounting for the
Dynamic Effects of Earthquakes,” Giho-do, Tokyo,
1973.

o i 5y SLED o) L oma ) ol o o] o slao il

\Y’/\' Ju.iwl LY ;)LA...: LY' JL\.»: cdm.u\

2. degrading-trilinear

oo L apd e sdalin 2s) 53 8 55 s Slib w
A:M.»:l ol 43\)‘ ‘)Lﬂ:?'\ (_}:Jb “ IDARC

SHenorr —0
— P S (Gl aS ol Glon s G ol dlie
sl i dd sl 5l il ol s b ablis e
5 Ceaslin sl 3ol shte 4 gy Ry Sl
53 ) oS 5 oS s o sl gy IS0
S AV PP S LRGP E S USSP PRt
Syl o el 6 pdy a3 WSl Vslas s )
sd—zeo 5l OLAS (OVsles Lo Ls Jl A o s il ol
23 aS a8 Olea SIS el ) sl Clles 05 s

d_::%bv.:.g_ﬁjé)bjlw._;c&io%:dﬂbk&b&\{.j)l

4l ojb

3. modified degrading trilinear

&l
Aoedo AV ATVY ole go VY181
Soeles o sl U peles o sleilazsLe
B Q_\AL&U‘A) u_udl O ali&..ﬁj}l Q‘)LJ...T.;\ ‘Lfé;-ﬁ&
s YYE YWY WA E 5158 sl g

6l°)JJ w\ gf’l-.’.).)l Lﬁ\ﬂ @j—""' U;j)’, 4&46@}5\ A
) 28 Db 0L el S s o2 slglazs L
ol B8l Oy Al — eSS e 548051
.ebbw

J CA}L& L}.JLJJJ/QCQ ca}b' wﬂ.&- 9 ) ‘déj‘ L;-LLD O‘
e DL ol el 0 sleilaile (e S

\4



(Sl Cs H3) camin WWE ATVA Clgas)

10. Okada, T., “A Proposal for the Principle of
Preliminary  Earthquake Resistant Design of
Reinforced Concrete Buildings,” U. S. — Japan
Seminar on Earthquake Engineering, Berkeley,
California, 1973.

11. Umemura, H., “Earthquake Resistant Design of
Structures From Wooden Frame to High-Rise,”
Kozai Kurabu, Tokyo, Japan, 1972.

12. Park. Y. J., Reinhorn A. M., and Kunnath, S. K.,
“IDARC: Inelastic Damage Analysis of Reinforced
Concrete Frame-Shear-Wall Stractures.” Technical
Report NCEER-870008, 1987.

Vo

PAs e splllecsl = 35 ol s lilaislr = b aoli Y
5 Olel Q\_E.:bdjjf J o=l cu//._“;/Lf}/j

14. ACI, “Building Code Requirements for Reinforced
Concrete  (ACI-318-83),” Detroit, Michigan,
November 1983.

—SL (RS,u S e Addllas” O el N O
S =2 sbms slglalo e ) S il 53 03l
el o8 ia 535 (g 1S3 4oLl 015 e
S S glealy an )y pedigs 5 uld s

(ol cws H3) 4l bl

\Y’/\' Ju.iwl LY ;)LA...: LY' JL\.»: cdm.u\



