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Seismic Capacity Assessment of Reinforced Concrete Structures

— A Study on Nonlinear Pushover Analysis
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National Chiao Tung University

Abstract

Statistics from 1999 Ji-Ji earthquake indicated that elementary and high school building
structures were among the most seismically vulnerable of all, and the failure mechanism was
found to be of a shear-type failure along the corridor without exception. This is a systematic
problem of reinforced concrete structures worthwhile exploring. Conducting seismic capacity
assessment on the existing RC structures and accordingly, selecting the cost-effective retrofit
solutions is the policy currently adopted by the Construction and Planning Agency, Ministry
of the Interior. Nevertheless, the current seismic capacity assessment methods are not
providing reliable assessment. Therefore, the objective of this study is to explore the seismic
behavior of typical RC structures for elementary schools using ATENA 2D. The results will
be compared with those obtained by ETABS. ATENA 2D is based on the nonlinear
stress-strain relationship (constitutive law) established from the fracture mechanics of
reinforced concrete, it is more sound and reliable than ETABS, in which the inelastic
behavior of the reinforced concrete is considered only by pre-defined plastic hinges at a
certain localized positions. Simulation results indicate that the short-column effects caused
by window stages lead to a shear-type failure and reduction of ductility of the reinforced
concrete structures, as exactly revealed from many damaged elementary or high schools in
Ji-Ji earthquake. The parametric study also indicates that the longitudinal reinforcement,
either area-wise or size-wise, of a RC column affects both the ultimate shear capacity and

ductility. In addition, the axial force in the RC column affects its nonlinear behavior and

il



should not be ignored in the assessment. It is found that the short-column effect reduces
ductility of the reinforced concrete structures while increasing its ultimate lateral strength.
The existence of short columns is not necessarily detrimental to the overall seismic strength
of the structures. This observation contradicts to what we used to recognize about short
columns before. The results by ATENA in terms of the seismic capacity curves imply more
conservative estimates of the ultimate strength and ductility of the RC structures than those
by ETABS. The industry should be more cautious when using the ETABS-based pushover
version of the “Seismic Capacity Assessment Method of RC Structures” for analysis to avoid
overestimation on the seismic capacity of the structures and miss the chance for seismic

retrofit.

Keywords : reinforced concrete structure, pushover analysis, nonlinear

stress-strain relationship, fracture mechanics, seismic capacity curve
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11
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Drift Ratio (%)
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(DRC 415 2 $ B2 St 4 5 B

AT YTH 2 S A2 e R MR AR REEBERR

e T L

. h a ce(h h
M —(0.85fcab{5—5)+ Asfs(z—d ]+ Af. (d _Ej @.1)

bo

Mn=®85ﬂm%g—%)+AJS@—d) 2.2)
2P o C="v MihT RS 5 oh % R R 2 e

fo=/mud %k A o kgf /em® ;

fo=i sz 4 "5 tk3p B - kgf /em?

fo=d $52 R4 % k3 B 5 kgf /em? ;

A= g2 8T A

A =34 52 EFE A
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h=1tr2 %6 R
d=24 4 8 &0 3052 Bofh 2R P2 BEHE
d =/&4 45 F o TR B R P2 FER o

Btz F b B A Y A D BT A R ER R

(M2 ferg ride k> RIF R PEpfprz 20T 4 R4

2¢{(0.85 f, ab{g - ;) +Af, (d-d )}

v, =¢ﬂ'”j= ; 23)

(QRCH 2 3%+ T 4 5 &

N, =2V, (2.4)

He oV, b ey hies b 2R354 0 g=1rR B r 0.75) ¢

Voo R 2 F A maRE2 T4 ng o 7
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Vn :VC +VS (2.5)

B o VoRE 2P RFHA VAT SRR T HE T A

P .
e g b (2.6)
f..d
V, :AStTyt .

Ag =74 SRETG ff > B R EE(S)N 2T 4 S ETG A

foo=+ w42 % ks B > kgf /em?

yt =

s:;’fﬁéii ¥ E o
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222RC {12 $h4 R Rk

<,

SR AP 2 Bt KPR P, P FAE T PGP, R
PPy s = P0.85)[0.85F (A A+ T AT (414 3%) (2:8)
19 it (R 0.7) -

P max = #(0.80) [0.85 T (Ag — A)+ F AT (B 4 51) (2.9)

Ho s =3 B * 0.65) -

Rz @Y o ARPETRARAGEP AR & RC LA G R
FAFRZRES WA TRELe RS FLERAS B2 4RI B
Rt 2 RH < XTREHZ B RS- K B4 H 2 RS

30 Bkl g [17] 2 R8T

® iTjh S22 BEAE po A (RN S

Ay ) fe
py =045 1125 (2.10)
h yt
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¥ZF RCHE2Z2MPEG G At

d gricr [10~13] 4k E 5 [15] £ < 275 %% > B ATENA 2D
BB ITE T RSP YT & RC B2 A1) 5 627 2
Z1E O RAFIRBEMSERARML I RREAHT AR AL HE -
RCHfptLtmpi=+ FoiFfFd s RepreizdiiGs o
ME G S FRl SRS RS o b AR E M RC 12 48R
A5 h b0 443 ATENA 2D #c88 2 Ju* fi- RBP4 5 o J5d RCH# 2
AP A (FREAFEART L) B 200 BRELE R

RC s (75 2 B [iMa £ 4 s i a2 7 RC S RS 192 A

@o

3.1 ATENA 2D #ic#8 i 4

FEXa ek EFFEBPFTE R i F E > IR

|~

*

AR A F RN il ok £ehd AR ST HH -

=3
4

1NN

#m B
A7 &F L% 245 ATENA 2D ~ ANSYS » ABAQUS + MARC ~ ASKA -
COSMOS:--- 5% 75 % gt kg -t U4 ~ 47 ATENA2D 7 d 3 _

7. CERVENKA CONSULTING = & *+ 2002 & #7#7 8 112 % * gcff > M i

i

RO * chde B0 AL ABARS 5 0 0 M8 T G RS B SRS

S CRE SRR FE T LR B R A
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P }Jé&%f#ﬁ BAtr o 2 AV d AR R E W #(seismic capacity curve)fs f#
BEod Vi Id B4 REREFERES 22 B - ATENA
EHE B TR R A HEAFEHAYLETE > Em fa RC
WA RERY 2R, IV EFART LA AP R EE 2

A AL ZHMATE 2 F A o PR BN E A RC b4 BTG

32 4SRRI 2 2bmp 4 FHT
321 REI 2 o4 ERH AN RS —REM A

% ATENA #c#8 ¢ - Rt d #4202 SBETA ~ % Xk #i4% - SBETA =~

2w
ol

o M T aNR Y A BE L

1. RBpFe 78 i 2 git 2 2L 7 % (non-linear behavior in

compression, including hardening and softening) o

2. RPFpE2 ZEm B A 7 5 (fracture of concrete in tension based on the

nonlinear fracture mechanics) °

3. b 4 B P (biaxial strength failure criterion) e

4. B A 182 B4 5 R 41 (reduction of compressive strength after
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cracking) o
5. 3 4 4¢3 (tension stiffening effect) o
6. B4 is2 7+ R 47 (reduction of the shear stiffness after cracking) °

7. BAHN @ 4 F A WS v (fixed crack direction)$? Se i 4 442

(rotated crack direction) °

Eih 4 AL E R % d Kupfer et al.(1969) [18]) *74& &1 » # ¢ ;2%

4=

MR zZZ2RMEEFI(RAY —RBEM )RR I EE MBS — RN
(equivalent uniaxial stress-strain law) & @& o H ¥ » R E 3 el Bf gL 2
Zw fAREA AR A B E o Kupfer et al. 3% 31 2. i/ 4 B3k S Biche )
321 %577 0 ik R0 4 L P RS 2 F kR A (FT)R G i

2o B (F)T A s 2 E 4T
(i) Compression — Compression Stress s f& (o, <0,0,, <0) :

+a
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fooimpd 2 HphbR B A o
(ii) Tension — Tension Stress j# f& (o, >0,0,, >0):
fo = f, (3.2)

B f RS PR

O-cl‘>‘o-c2‘) :

£ :(1— . UC?JfC' (3.3)
fC

Gc1‘>‘5c2‘) :

(ill) Compression —Tension Stress ;% i (o, <0,0,, >0,

(iv) Tension — Compression Stress j ik (o, >0,0,, <0,

fef ={ 1453282 [f) ;s ## 09<-C° <1.0 3.4
Cc f C
C

B 322 #*t7 2 % EH R+ — B %4 R (equivalent uniaxial
stress-strain curve)® > ¥ EFR N0 T o BIEE (D)X A AZ R A2 W

Q)RS BR2 5 Q)< Ba Ad R B2 %2 ()L BRad} %

X&JK

ARt o B AL EEEMER(T) RBERSRRE T

Rt 2 f oot (of ) E s

ef 2 2 2
O, = \/Gcl +0¢ +0;— 2V(O‘C10'02 +0 0t O-czacB) (35)
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H¥ » v 5 Poisson’sratio ; T EF#E A KET 0 0,=0 -

EIPRL Y — UM B R AT

(DRFEL RPn PRI ABARER > REL 24 B 75 R Ayl

%]ﬁ]a'}‘]ﬂ»b ’

ef _ ef . 'ef ‘ef

oo By R REE M2 A et ke

(3.6)

Q) aiRE 2 BAG > 2 4 Hordijk(1991) [19] 3 141% B 2% pl

(crack-opening law) ¥ B 2 i £ (fracture energy) X 5 it it » & # (0,.)& A

MER(W,)Z B hdeT

3
Tre _ {1+[3 b J }exp[—é.% e j— LOW, e xp(-6.93)
ft WCr WCr W

cr

~

He o f7d 2GB2)R((3.3)E 2

G
wcr:5.14f,eff (M) 3+ Btz HAT R

t

G, =0.000025f (MN/m) %&£ [20]) -
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G)RpEd e Ba AdF seduRE A (S5 2 s 2 RS Rl

CEB-FIP Model Code 90 (CEB 1993) [21] 2 223k 2 {40

E, (geq ]Z
ef — f'ef Ec &
e
2 -
&

s

295 fd XG0 E 2

o (3.8)

E, ~ E.1 % g 20 T &K A-W3.2.27 & o
(4R L RFIEF aduBag B(FS) e 2 B g » 2 x 3% Van Mier(1986)
[22) 223k > BB SR AN G PEIBRER s 7 d #EiE
Fiow, 1 EERARER Ly

W
g =&, +— (3.9)

d
# ¢ 5 Van Mier(1986) 235 % H 0 AL R 2 ®EL > w,
¥ BEFS-05mm ; BRI K4 fiE2mES o wy mq%]%]ﬂ'] #-7.5mm
Fl-4.5mm 2. F > & 45 pF Wy i F B~-6mm o

FGBD~AB9)Y F MRRS HR r S A AER T E e~ f, 2 G



2 A T

f.=0.85f, (MN/m?) (3.10)

Eo = (6000 —15.5] oy )/ fou| (MN/m?) (3.11)
f

g =174 (3.12)
0

f, =—0.24/f,["” (MN/m?) (3.13)

G, =0.000025f.* (MN/m ) (3.14)

2P f (MN/m?) % B =2 = §2 8% 3 18" U5UR 55 & (the cube strength

of concrete) °

ve

322 S FERITE 2L ER

Y

ATENA 22345 "L~ Z et ? > 3dcdw 5% ~ 4 (discrete reinforcement
element) % ;]mw 85 7 % (smeared reinforcement element)¥=+¥ * 3™ fickidp 5 - H
PR A AT RO E 2 RCHZ B e (T4 a8 ALETa S5 R R
FORCERE B2 R ()N AR T RS ER S
(Bond-Slip) »x & o 4% 4% 52 2. . K — 7 #% B (2 2 & =45 CEB-FIP Model

Code 1990(CEB 1993)2_ 12 % » 4- B 3.2.3 ##7 « 2 R s # (7)& F # =45 (sr)

Z2_f HdeT
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r=r1,. (55/8)"", 0<s, <5, (3.15)

T=T,., 5SSz <S, (3.16)
SR ~ S

T=Tpax = (Tonax = 7)), S SSR <S5 (3.17)
S3— 35,

T=7¢, Sg >S; (3.18)

e or s B ERRES
Ty R ABREREA
S & HE B ERES PO B
S, 5 ¥ IFERES A RRBOF S B
S, R FE RS ERRES BB -

B E Y e RdiE 2 Pt iR d 2 [f] & 42 & (confinement) 1 &
¥ % i% ©* (bond condition) » 4r& 3.1 #1777 o &% {55 M RC 42 L8
LA E AP o B BRES 2 PB4 L2 % &4k 5 (ribbed bars)2. 5 & —

L
B

#

\—-\

B2 B ok 317 2 LT 4

\\Xy

¥
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3.3 ATENA 2D z_#-3|:& = & 45 42

2 Al ATENA A 7425 R P ¥ A 2o add2 87 {8 iJJ2 b BIkis » H

0 & AR e

3.3.1 # 22 (Pre-Processing)

WRAEILI TN F e R TR DB ISR A e B R

SRR S BT R 3R I Y T w JZ(Pre-Processing)

FEAECY > fkPRE * /i m 2_ access tree d @ ’f:}%ﬁ%ﬁ\»}%i’g—ﬁ » 4 fR) 3.3.1

BT o kSE-" ﬁ;fupa N LI

® 54l 7 3 (General data) © A 47 % b2 it ~ & £ 00 2 K e 55 K Kk

\\ﬁr

EEHALD o LA AR Sl

® T_3 14l %‘r (Materials) :
PIAciR D S e ()8 @S I AR L P AR F Sk -

£ 2 A B2 (Geometry) * 1 * A iE = & Zh(Joints) > &0 Bhi 2 5 A

B (Line) » MEE 24 = % (Area) °

® fic & 4 55 = % (Bar reinforcement) @ f1| % Ak % SLfe B 4k 53 2B - 4 5

fE % EKE o

® i % i 14 (Macro-clements) : 353 £ 5 ®EHALLF IFER ~ JE

ERFAUMesh) ~ x| o AR > BRI LS Fwo TR LF
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ié‘f}] v R AT E 2 PERT S ,@‘E’ °

® j=¢ % & -k(Loads and Supports) : FE£ &2 8¢ 4 ~ oG4 ~TERA

(Pre-stressing) ~ p & (Body force) %¢ 4g(Shrinkage) ~ & A& (Temperature)

5 A RRIE & A2 i 0% # (Boundary Conditions) «
® 524 (Moment lines) : & 4 ¥ d ?*fﬁﬁ%} BB RE 2 A

MUA- TR A2 B4R 4 (internal forces)Hk fi 0 @ 4% %% 4E(Moment)
i # (Normal forces)# 3" 4 (Shear forces) =4 i i o hr% & * 4 A
i gL SRR P Als @:.(Post-Processing)l‘%bﬁifj&ﬁ EEIPAF

i e

® &1 (Run Mesh Generation) @ 34 {74 479 Fr2 7 » & Jf L3 7 4

4 3] (mesh)# (% o
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3.3.2 14 22 (Post-Processing)

{8 B 2 %»g%_é_.r;si’@?]:'z/w\%fr:%%iimr‘aé#ﬁﬁ%’@“f B Aw oSBT

i‘?’f’?}» 19/’{‘@;67’}'3—’\"'&?@332”’1"]‘0?*}" ﬁl‘ﬁ’*?r}ﬁ_‘“'lF7§§:m F‘—

Jrml.
¥

3

Bz > &% Text Printout #-F 3 ﬁi;*]“' 7 SV B LB e A

N

A &2 EF AT
® EHHI(Step)  F TRNEH Y ERBGEB2HA -

@ T ERBEEHBL O VINTARY JELAATEE > AL
(Cracks) ~ = #% (displacements) ~ %*+=(Moment) ~ ¥ 4 (Shear force)

w 4 (Normal force) ~ J& # (Stress) % J& % (Strain)--- % -
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3.4 ﬁfﬁ_%f}d

AR RC 2 jocfig R VRS2 AR AT R %22
Boopboh s IR S RC ALz 4 B 7L o
341RC H 2 a5 & 47

ARy 2B %P aifl* ATENA 2D #8887 RC S 2 2L i i
AAT o NIRRT P ERE 2@ RTS o 58— 7 3 ATENA2D 2 (7%
PRAEH LM A A R R e G R A AT AT T A
RERY AP P Y ARSI NE2 18 3 RCHZpE - BAE N
2BRAC e e pF o JRd ARG 7 ZAET 5k ATENA 2D jisE
DRI R S AT R

3.4.11 %633

AbIF M RC Bz 4 B4 17 0 BRG] e L B o kA

B s

A TR Y PRCHzZ % m 355 35cmx40cm s 4 53 * 8 13 6 54k 55 »

(1) L=1.5m;

(2) L=1.8m;
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(3) L=2.0m;
(4) L=2.8m;
(5) L=3.6m -

pe b R AR AR 54 RC 44 B F L2 B o iy ke ff
F € i 35cmx40cm o L% A W G 3.6m 2 2.8m > fi iy R 3EL S T

2. & fA AT
(1) +% L=3.6m> i 4% 843 6 554w & (4 5 % 6 # A=22.92cm?) ;
(2) +# L=3.6m> 3 &4 * 1242 6 B4k 55 (A=34.38cm?) ;
(3) % L=3.6m> i ##* 842 8 54k 55 (A=40.53cm?) ;
(4) 4B L=3.6m> 2 % 1242 8 B4 52 (A=60.8cm?) ;
(5) 4% L=2.8m> i 3% 842 6 B4k 5(A=22.92cm?) ;
(6) % L=2.8m> & 33 1242 6 24k 55 (A=34.38cm?) ;
(7) 4% L=2.8m> i $#* 842 8 54k 55 (A=40.53cm?) ;

(8) L@ L=2.8m» i $3* 1242 8 554 4 (A=60.8cm?) -
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3.4.1.2 =4 (Modeling)

A RGIEN S N TR R AT o BAE 2 2 AP B
W FP e
(D) $-8c2 T &

ML EaE e F6a ()8 ~RR2 88 o A0|P B2
1 H 9B~ 206,000MPa > 5 k35 B 280MPa; R BB A f' Y B 5
20.6MPa > H 4§ < ##cE 5 27,690 MPa > & >t (Poisson’s ratio) | % 0.2 °

7ML AL

\\Xr

Bk TAoB] 3.4.1~3.4.10 #755 o
OF LS EF SRty

2

EHASEIAE RSO T RFEZ AT HEA o F A% d access tree

W
A

¢ JI* & Bh(Joints)iE IE E 2 ATHE B T iR AR S ) B S
P& gL o A1 SE (Line) i 51 - L 4p AR E BLi B A B 0 o

34.11~3.4.12 #7751 -

ML B i s AR A A BB LT B R
PR R PR G SR R Sz T PR access tree 2
Macro-elements £ 38 ® 2 & o i3] ¥ & 5 v ¥ 35(Quadrilateral)

A (Triangular) ™2 2 38 & 3| (Mixed) » & 2 45 % 62 854 2 E* v § 75
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(Quadrilateral) o 45 % | i %52 2] 2 55 » 2 B4R | » A 45 5 % AR R
BEARES S G R T RE LR o F s AER AR P T

HABEIRPEL ERIR DA FIH N S GEEER o 4

HEH P EB L E < d lem I Secm? E oL E A Z R E T SIE L R
Foffed Rtz 2d RERL I K> 4oFl 3.4.1-13~3.4.1-14 *77F o

A 85 2_fie B B d access tree ® 2. Bar reinforcement i 38 #7iE 2 0 F A F
ROTECFE B AN S 2 B R A S R T P > 4o 3.4.15~3.4.18 F1oF o

v AR

‘\“’.“l\-

EE S AR SR S R R P

RRIF > #TrLA ] a2 2 AP 0 2 2R H RC F 2 3R s o i R

L

FAMHBIR DR R A SRR S Ar R LR

m

Rk d T2 R E

SHEAZHETEZSE  BRFTTALGRERE A fgite gt
# FR¥ & access tree ® 2 Loads and Supports i 7 ¥ 2 Load Cases i& {7 %

# o jx'/}'J/”\%frﬁtﬂJ'}'ff,ﬁ fﬁlfu— i+ 2 o) 4 4\:§\wfg_;\ H T
® AxGIH HHEE L WAL BB o
® df i T RNA L KT (XA V)2 ]

@ju G AR ed g 3 NF2d 4 Egrd] oA A1 B kir
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%3.1 % &4k 55 (ribbed bars)#F & — i # M 2 S8 [14]

confinement Unconfined * Confined **
Bond conditions Good other cases Good
S 0.6mm 0.6mm 1.0mm
S, 0.6mm 0.6mm 3.0mm
S, 1.0mm 2.5mm Clear rib spacing
e 201 | 108 2.5\, 1.5,

T O‘ISTmax 0.4r

max

* Failure by splitting of the concrete

** Failure by shearing of the concrete between the ribs
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Equivalent Uniaxial Stress-strain Curve
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B13.2.3 #% % — i # ;% pl(Bond-Slip law)(CEB-FIP Model Code 1990) [14]

File Edit Input Calculations

O

Assigh Delete selected

Active LC: (o selection) -

shorbColumn_3.6m.cc2

B General data

B Materials

W Topology
= Joints
# Line
@ Macro-elerments
£¥ Openings
s~ Bar reinforcerment
B Contact ambiguity,

J: Loads and supports
BR Load cases

< >

Minirnized window

E

W

Options  Windows  Help

5@ @ EHEoE | -,

A

¢ (4o o pre-processing

B=1%]

e | Active load case

B
!l |‘§l |'ﬁ Coordinate Mesh refinement
Murnber ¥ [rn] ¥ [ overh,
* 6 -0.5750 -0.4000
7 N.9=250 =M. 40nn




File Edit Calculations Options  Windows Help

D E BB B8 ®aiaql ¢ B

[Z, Resulis 1 Go to PDST-PIDCemngb

BEX

Cracks ] Bar reinf. ] Interfaces ]
Springs ] Forces MM
Scalars ]Vectu:rs | Tersors |
Scalars

|I:r‘ID graphics)
|l{hide Cuts)

|Elasic material

|in nodes

|Displacements
(1)

||:nD labels)

4 4 [ [ [

4

«-2,733E-07;5.000E-03 > [m]

Moment lines
show and label
in nodes
Show M
«-3,172E-02; 3. 644E-02 =[MNm]

Step: |Step 1 Rl = SEPGEEEE Y = IZ]

B3.3.2 & /i@ A o

[ Materials

EEE Material name Hurnber
Kumber references

Items: O

B3.4.1 A7 4L
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New material

Material type

SBeta Material

SBeta Material

Microplaned Material

30 BiLinear Steel Yon Mises
{20 Interface

Reinfarcernent

Cycling Reinforcement
Srmeared Reinforcement
Spring

F13.42 HA A

New material Eeinforcement

Marme: |Reir'|ﬁ:|r|:emer‘|t

Basic lMisceIIaneuus ]

Type |Elilinear ﬂ
Elastic modulus E 206000,000  [MPa]
Ty 220,000 [MPal

Material #: 1 <= Previous

& Firish

X Cancel

B]3.4.3 4k 55 Bk T
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-

SBeta Material

Material properties generation

Cubic £, : 24,235 [MPa]

= Previols | == Ment X Cancel |

B13.4.4 R AL FUR S R K T

New material SBeta Material

MHame: ||:|:|n|:rete

Basic lIenziIe ] Compressive ] Shear ] Miscellaneous ]

Elastic maodulus E : 2. 780E+04  [MPa]
Poisson's ratio . : 0.200 “[-]

Tersile strength f, : 2010E+00 - [MPa]
Compraessive strength f, : -2.060E+01  [MPa]

Matetial #: | 4 f ru- = 2.424E+01 [MPa] <= PrevioLs

W Firish

X Cancel

B3.4.5 Rt #3

\\?’;y

#k T_—Basic
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New material SBeta Material

Marme; ||:|:|n|:rete

Basic  Tensie lg:umprezﬁive ] Shear ] MiSu:eIIanecuLJSI

Type of tension softening: Exponential j
Specific fracture energy G 5.025E-05 [MM/m]

Crack model: |FiKEd j

Material #: | 4 f_u- = 2.424E+01 [MPa] <= Previous ‘ & FEinish X Cancel

B3.4.6 % TR &3 3 48— Tensile

-

New material SBeta Material

MHame: ||:|:|r'u:rete

Basic ] Tensile Compressive lShear ] Eizn:ellanen:uuz]

' i i Peal compressive stram
_Cl:nmr:lress_we_ strain at cn:_umr:urESSWE Istrength 1 4EBE-EIS| [] } :
in the uniaxial compressive test =,

Reduction of compressive strength Ii _
dug to cracks: 0.800 [-]

Type of compression softening: |Cru5h Band j
Critical compressive displacement wy | -5.0000E-04 [m]

Material #: 4 f_cu- = 2.424E+01 [MPa] <= Previous ‘ " Finish X Cancel

?{r

B]3.4.7 & TR 53 4L % Hc— Compressive

N
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New material SBeta Material

Marme: ||:|:|r‘u:rete

Basic ] Tensile ] Compressive  Shear lﬁiscellaneuus]

Shear retention factor Aariable

=

Tersion-cormpression interaction: |H‘IDEF*I'D|~3 &

Wariable shear retention

Material #: 4 f cu- = 2.424E401 [MPa]

<= Previous ‘ " Eirish X Cancel

®3.4.8 X TR

New material SBeta Material

582 14 %% — Shear

Mare:; |C|:|r'u:rete

Basic ] Tersile ] Compressive | Shear  Miscelaneous l

Specific material weight p .

2, 300E-02 (MM, ]

Coefficient of thermal expansion o 1.200E-05 [1/K]
Material #: 2  f cu- = 2.080E+01 [MPa]

<= Preyious

& Finish X Cancel

F13.4.9 % 2R 2 HE

/)
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New material Smeared Eeinforcement

Marne: |5meared Reinforcernent
Basic lMisceIIaneuuz]
T : Bilinear - it cefamas ® -
we: | =] Stress-strain law
Elastic modulus E : 206000,000  [MPa] =
oy ! 280.000 [MPa] T
_ 000510 L] Reinforcernent direction
Ratio : ' 3 1.0000 [lTI]
Y 0.0000 [m]
Material #: 3 = Previous | & Einish X Cancel
F13.4.10 3% Tja 5 HH S8
New joints.
Topology Springs
¥-coordinate: 0.0000 [m] m o] Direction Matetial |
Y-coordinate; 0.00008  [m]
Mesh refinerment
Refinement type: ]ND refinement ﬂ
= add | |
Joint # < =+ Add | X End |

B13.4.11 £ = &8t
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File Edit Input Calculations Options Windows Help

D B |2E 38| aaia e b s 5@ Bk |+«
I B R !
| #% | Active load case -
Assigh Delete selected

active LT, |(no selection) -

ShorbColumn_3 . 6m.cc2

B} General data

B Materials

¥ Topology

* Joints

2 Line

= Macro-elements
3 Openings

s Bar reinforcerent
B Contact ambiguity
Loads and supports
B Load cases

g

L

3

<

Minimized window ] Macro-elements

CIEIE

Murnbes

Line list

Thickress

[m]

B13.4.12 &2 ~

M2 T

Macro-element # 1.

Topology

Boundary list: |1-2J29J38

FE rmesh
Mesh type:

|

|Quadrilaterals
Elerment size | 0.0400 [rmn]
v Smooth element shapes

Properties

Material : |chcrete

|

Thickness:| 0.4000 [m]

Duadrilateral elements: |CCISDQuad

|

v Geormetrically nonlinear

Macro-element # @ |

Layers of smeared reinforcerment

Layer

Mareial of reinforcernent lay

Srmeared Reinforcement =
(no reinforcerment)

-

Mo. of smeared reinf. layers should be
entered within general data.

o OK K cancel

=

B13.4.13 = 3

7
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Fle Edit Input Calculations Opfions Windows Help

e BEB &&E 59 @aQQ 4 Holq |k

[ C T R e o

+

oF

Ch La I I - : Input 1

l=/o/ed

| H | Active load case -
Assign Delete selected

Active LC:  |(no selection) -

*  loints ~

# Line

 Macro-elernernts

¥ Openings

s Bar reinforcernent

B Contact ambiguity
JL Loads and supports

EH Load cases

g Joink

S‘F’ Lire

& Macra-element

ke Bar reinforcement

B Contact ambiguity [

<l 3 =)
Minirnized windowe HEIE Line list Thickness =
Humber [m] c
1 1-2,29,38 0.4000
2 12,34,37-40 0.4000
¥ 3 |7,27-29,32-33 0.4000

-

Bond for Beinforcement

JEE G )

Generation of material properties

Gereratar: |§CEEI-FIF' Model Code 1990

Cubic f,,:| 2.424E+01 [MPa] [ 0.0000E+000

Reinfarcernent type:|rihhed reinf,

Concrete cl:unﬁneme|l:l:|nﬁr‘|ed

Bond quality: |r:u:u:|r

<} Previols | == et

X Cancel |

B3.4.15 T &4 S HER S8
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Edit reinforcement bar number 1.

Reinfarcement]r\lurmal ﬂ
Topolagy | Properties |
Segment type: JPDIvline of straight segmentsan L]
W o|@| Segment Paint Center Radius Dir
Seq. # type ® [m] Y [m] X [m] Y [m] Rs [m]
* 1 |Origin -0.5000 -0.1000
2 |Line -0.5000 -0.3500
3 JLine 0.0500 -0.3500
4 fLine 0.0300 1.8500
5 JLine -0.5000 1.8500
T -0.5000 1.6000 Items: &
B13.4.16 fe ¥ 4% 5 ¥
Reinfﬂrcement|NDrmal j
Topology  Properties ]
Basic parameters - = > | rReinforcement bond
Ji : = Connection to the : =
Material : |Remﬁ:nrcement __J o T |bDnd model _J
Area; 1.146E-03  [m2] alculate section are: | | Bar perimeter: 2.4002E-01 [m]

v Geometrically nonlinear

Bond material: |Eand for Reinforcerment LJ

1 .
Calculate reinforcement area -\Ing

0.0191 [m] MNurnber of bar: 4

X Cancel ‘

Bar reinforcement
Bar diarmeter

I—l o OK | X cancel |

Reinforcernent bar

B13.4.17 = &4k 5 E IS8 HicE
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File Edit Input Calculations Options  Windows Help

L pa 52 o Input 1 E]@

O %% | active load case -
Azsign Delete selected

Active LC: | (no selection) -

®  loints s
" Line

@ Macro-elerments

£3 Openings

B Contact ambiguity
J. Loads and supports

EE Load cases

g, Joint

2° Line

& Macro-element

&+ Bar reinforcement

B Contact ambiguity [

<l N LE X
WMinimizad windoww L | g |@ Bar reinforcement type Geametry Murnber
Murmber intervals
# 1 |Normal Segment line 5]
2 |Mormal Segrnent line 5
3 |Mormnal Seqrnent line 3
4 |Maormal Segrnent line il IE% L _
B3.4.18 4 5 fie & = = [
New load case @
Load case
LC name: |L|:|ad case number 7
LC Code: |Forces x|
Body force
LC coeff.: Eetlleies 10000 |[-
Facas T 4 t
Supports
Prescribed deformation
Temperature
Shrinkage
Pre-stressing
LC number : | 7 == Add | X End |

B]3.4.19 = = Load Cases
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T ; Input 1 E]@1

2 | Active load case -

-

5. Input 1 E]@

M| Active load case -

B13.421 F3RRCE 2 g X > w4 1 L F] T %5 4 ] 245
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=

Zolobion Parameters

Specified analysis steps

12
Murnber |Anakyze Save results State
Yes Yes ]
Yes es
b= Yes
s fes
es es
Yes Yes
hi= Yes -

Set result saving |

Initial data for LD-diagrarm

X: |(5tepfiteratiu:|n]|
¥: ||{undeﬁned)

Ledle

X Cancel

B13.423 77 A~ Z A 47
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File Edit Calculations Options  Windows  Help

== = H=E a4 BDED

[, Results 1 [Z]@
Step: | (undefined) I | B ] 4 -

fundefined) ...~
Cracks g:gp é
Spiriciep 5
Scalardstap 4
Step 5
Step 6

Step 7

I ] K K K | R

§13.4.24 1 a5 iE J B2

L

IR

§13.4.25 % 5]
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4. 302E-07

4 318E-02 # 4

-4 208ED2

Ik

B3.4.26 % +=(Moment) -~ % # (Shear force) ~ it # # (Normal force)

B13.427 Xe =# € (H >:m)
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F3.428 Yo =#4E (= m)

B3.4.29 1 54 B (¥ =: MPa)
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I -

B13.4.30 G (4% 5718 2 2 fre 4 A 5 (8 i=: MPa)

I -

B13.4.31 e =8 9rid S 2 RS E
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S

Coefficient

Displacement rmultiplie

S.0E+00 [-]

[

X cCancel |

{& Atena 2D - output document

=%

®3.4.33 ﬁi%l d

cererate [ | EH & B viewonly || T || — J| 4]
[ Input data A [Input data Ead
OGeneral data
O materials Moment line
O Joints Topology of MHQ center lines
Oure  E | e
O macro-slemerits | ! ---------------------------------------
O 5meared reinforcement | Mumber Topology - seguentz [m]
O cperings o e T T T O B < N\~ IR
Ogar reinfarcement - |mm s
OLoad cases 1 L{0.1750, -0.4000); Sg(0.1750, 4.0000)
O &nalysis steps 3 L{3.3750, -0.4000); Sg(3.3750, 4.0000] |
DMDI"IitDI’ng points 5 L{6.5750, -0.4000); 3g(6.5750, 4.0000)
DSDMtiDH Paramaters 6 L{9.7750, -0.4000); 3g(92.7750, 4.0000)
IE"ILI;trSnent lire Other parameters of MH) center lines
A Resuits S\
O Manitaring paints at each iteration Number Act. Diwvision[m]
O Monitoring points after load step Calculation over
* DL':'ad step 1 macroelements
+[JLoad step 2 reinf. bars
+-Oloadstep3a e
H-Oload stepd e
+-[JLoad step 5 1 Yes 0.5000 (all)
--[FlLoad step 6 tall)
= FModes 3 Yes 0.5000 (all)
Displacements {all]
O rartial Internal Forces 5 Yes 0.5000 (all)
Oirternal Forces {all)
Orartial External Forces & Yes 0.5000 (all)
O External Farces (all)
a F‘artlall Reactions Results
Oreactions —_—
FAn-eti=l OAcical Crwmme )
£ > Analysis step 6 Ey

I

*

»lrlé

W

R
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—m— (L=3.6m)
—A— (L=2.8m)
12 — —*— (L=2.0m)
4 ‘x* —o—(L=1.8m)
1049 & » o\* (L=1.5m)
g N
VERANN
/ %

~A
I I I I I I I 1
1 2 3 4 5 6 7 8
displacement (cm)
Bl3.434 RCHMREZ B ¥ K2 1L
V V
ot 3R 3 IR
Vot --
k
Vol—3
A
(a2) y (b)
A

®3.4.35 RCHL=Z fApLR s (B ~ T 2 ¥4 2R) [7]
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N BAHNEEE

3 Amim

B13.436 RCH i B A 4918 2 B s 22 2 s 5 & (L=1.5m)

’ NErmpas
1 Adimum

B13.437 RCH i B A 4918 2 B s 22 2 s % & (L=1.8m)
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Necneas

1 Tinn

b

B13.4.38 RCH i B A 4916 2 ) s 22 ) s 5 A& (L=2.0m)

N
BAMRER

1 Siman

¢ fER

i

B13.439 RCH i B A 4918 2 B s 22 2 s 5 A& (L=2.8m)
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1 Ziman

LLdewd

L

B13.4.40 RCH et B A 4718 2 ) 5 22 2 5 % A& (L=3.6m)
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14 -

i —=&— ( 8 #6 bar)
12 —A— (12 #6 bar)
—*— ( 8#8 bar)
1 —0— (12 #8 bar)
10
E 89
> 4
6 -
4 -
2 -
0 T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7

displacement (cm)

B3.441 RCiLr fife s 52T 2 @t 2% £ o 50 1 (L=3.6m)

14 -
—&— ( 8 #6 bar)
—A— (12 #6 bar)
12 —*— ( 8 #8 bar)
—o— (12 #8 bar)
10
E 87
>
6 -
4 -
24
0 T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7

displacement (cm)

B3.442 RCiim fife 56527 2 At 2% £ ¢ 500 #2(L=2.8m)



——— RC Column 1.5m

] 1
increment=5mm
v (tf) 107 ( )
8 2
6 —
2 3
2
/"”7
T T T T T T Y T LI T T T T T 1
-4 -3 2 W 2 3 4
7 displacement (cm)
-6 -
-8
10
1o
B13.4.43 RCH AR A 472 &% @ B(L=1.5m)
12 —— RC Column 1.8m
1 (increment=5mm)
V (tf) 104
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V,» T2 iRk > 7d Q582 5 A DRI 2 L (L) -

c= min(Aa , 0.04j (5.6)

He o A frd 85538 o

T A WAL S > Disp./Dge P 2. A B2 B B- R 5 FEK E(0)
e Fmi g cd S¥ciE > 7 ETABS #ct8> 2 & T 4 Bk S8 &pF

iR AB B2 A% L 14 0 hoBl 5.2.5(a) % o

ZAFT R4 S522 %4 Wt BT A ETABS 2 V2 ¥ 4a(E4# B> » 4
YoRla V3% 2> F g2 41T 4 Lopld 1€ —BFREF =B
BT RF XL P AFLFER L TR C D E RO
LI E e B SPE S o AW A ETABS 4B Ao 45¢ 24
BEF4 2RV B E B2 AEERL S DB 10383208 - 35 E

LGS AR GRF AT L R

B. # EAWFP&R2KE
A E RS AR A s R [29] BB B DI S Ar 2

2B A ATHCR] L AR ? XA AR 2 PR AR

FE2 B8 B A BRRA AR E Y CHIT L AT R A LT
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Bise B oo d SRR R T R b S (T pEE G ORA A ] T K
Fagh by BPFZ (FRHCR G S E R BRAS Bl e AP

FEARN R (E L R ERMAY) T N E B RAY K R

(@M 2 EAFITR
el 5.2.6 “F 0 ARSI KT A ViEr G AL 8 AR RS A

Wiz o R AT Py A7 &

Pa = v (5.7)

cos @

: . ne
Cp=RBH A RS RT L kh > VAT L g=tan l[w—bj ;

Hy=r1% & ;

W, =FHH A& -

ETIRS

W4 B2 dhd BB G e 27 &7

PL
Ag =% (5.8)
EqAy
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52

E, =% E A2 8¢ ik o

PRBLLTE T bs — B2 RY— BN G E D P

KT oA (V) RT = (A2 B %0 4o 384 7

-
A= (§+§vjwb +(2+zv)i+[2+év)i v
2 4 )W, 2

47 2 JH, : W, JET,
_ .
£ A= (§+§vj%+(2+zv)i+(2+éij—g
\4 2 JH, 4 )W, 2 )Wy,
T A=1 v
EdTb
A9 5 05<b <00, wi/w? 0.5 % » 11053 ;
W
b b
%’i"\ 2.0 BF o R 2.0 3
Wb

y=g > HiEZRiE- 5 0.15;
T, =Mz ER -

Pycos’ ¢
EdTb

7L Ay =Acosg=1 v cosp=A

d'b
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4 55(5.8)2(5.12)7 @ :

_ Lol (5.13)

W, = A (5.14)
T, Acos ¢
(byfs 2 Rl% € — =4 ¥ M

EAS SR O L R R A e 1 E — Y e

Bl 5.2.7 #7514 5 38 3¢ A SR B R U BR A 2 SUEL

() = & Bl LA

v _ (A]_{Aj +£AJ (5.15)
VU AU AU AU

Vv A AY
o ey e

FH AR b R F AT % 0 2 ETABS 2 A 44

%

A RBEEURE SRR KB L2 A AR A SR

g
I

RO PE - EHY R D RPE AN R WK TARRED
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B2 MEL(W) 528 T )k L&k o TAEMBOR S PE - HY R 2
FAREAG 2 U R(V) BB (A)E RERR(V)EFZE - H
B 2 RP il o

(C)@fh 2 &'k R

ECESE NS (R0 E I o B S O - - € I RESe=g)
BB AP AR T LR R R BRI R
%iﬁﬁ&P’iﬁﬁ'&%é &@ #WP\’J('IB”"?&}%’%_%Q\;\"T’}TJL

B R R AIE R AT AR A
(i) = B &
tan@ > (H, /W, ) -
V, =T,W,z, +0.45f , H, ) (5.17)

tan@ < (H, /W, )i -

V, =T, |W,z; +0.45f  H, + (Hb — Hl)(o’452 Pt +0.45 Ty )} (5.18)
(i) =R &
V, =T,W,z; +0.45f . H,) (5.19)
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(iil) & RIF B & — Rl om maf 2
V, =T, W,z ) (5.20)
(v) o BAg—FE TR T A A AR E 2 A
V, =T,(0.77,W, +0.45f  H, ) (5.21)
#7 > Hy =min(H,.W,) :
H, =W, tan@
H,=05W,tan6 <H, ;
T =R R G 2 B R (kg /em?) ;
fooe = = A2 ) % 65 2 B A 5 B (kof /em?) ;
fo, = mErE 5% & (kgf /cm?)

- N\ 21l .
My s f % f @A B3t gde™

7. =0.0337(f,.)"* +(0.654+0.0005047 f . )oy, (5.22)

fo=1.079(f )" (5.23)

f =0.22f, (5.24)
v =2 43 w4 (kgf /cm?) ;
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oo =#) 2 B ph3uR 5 & - 7 & ONS B Rdh 2 2% (kgf /om”) ;
fo.='cmz H ghiiBRap & > 7 & CNS B 73882 2 (kgf /cm?) o
(g2 &A=

ZPR(OQ) N A KT 4 BB T EI ARSI g a5

He T

n (5.25)

#He T, =gz ER
E, = F i iE 5 P 2L 2. 3] A i o

R 1 1B B 2 B SUCH(E, )7 %k [30~32) e sk 2 sk o 5

P E AT o
E, =61.297,7, 27 f 23 (5.26)
He ooy AAERIE BT Gl 7, =1.67-0.64(H, /W,) ;
N, & AR BB T Al BRI E T S ABEEE 0367 ¢ i H
. PEB~ 0.556

()2 AR R
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5.3 ETABS 4 #7 -3

M2 gp Al &Y B2 B TG B4 47% 6> > ETABS #iag ¥ 22
= HATHCA] 0 B Eoerib 2 S 20t RC R 2 R EAS YR E B

d2oRCHLZ %~ 2 e st K B 4@ 5.3.1 #7ror » T B & 242 = 40k 5.5
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£5.1 RCH$EH 422 4 8(M3 Type) [7]

Point Mome% . Rotatio% _
A 0 0
B 1 0
C | a
D 0 b
E 0 10b

452 RCHET # #4x2. 2 8(V2 Type) [7]

Point |:0r(%/5F Dis% _
A 0 0
B 1 0
C 0 C
D 0 10c
E 0 10c
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53 S A RA 1 4 2 8(P Type) [7]

. P A
Point ASF /ASF
A 0 0
B 1 0
C V. /V, 1
5 ey 0.02H,
L1k A, cos¢
. Yy 0.02H,
/7 A, cos¢
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%54 FEH LAY S

) B8 potR 5 & (kaf /cm?) 224.4

‘o E dhFUR 55 B (kgf /cm?) 156.06
LRER RN b 2 BFE 56 B (kgf /em?) | 2.04
#) 3R i (ko /cm?) 22.44

‘A EE B 55 B (kgf /om?) 34.33

A 1 L BE P 2 2] S dic(kgf /em?) | 4004.4

A R R (cm) FBH5 % & (cm)

EEAH 4 (cm)

246 & 320 120

33 x33

i % )] 320 240

45 x 45
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Frame Hinge Property Data for C3H1 - M3

Paint MamentdSF FatationSF
E- 02z -0.035
b- 0z 0,02 ——
C- 1.1 -0.02 EEEE|
B- - 0. ===
& 0. 0.
B 1, i} -
C 1.1 0.02
0] 0z 0.02
E 0.2 0.035 o

¥ Symmetric
— Sraling for Moment and Ratation
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[T Use'ield Moment  MomentSF | |
[T Use'ield Bctation,  Baokation 5F| I
Acceptarce Criteria [Plastic Fatation/5F)]
Puositive MHegalive

Immedizte Occupancy I

Life Safety |

Collapze Prevention |

s 0K |
Cance! I

B15.2.1 ETABS#% %% 4 % #c(M3)

Q

GEE

ol f—2a——

O
m

T
c
]

-

HorA

B15.2.2 FEMA2733% 7% 4 32 %8 [26]

129



TRFREEK O S EET LY

"4
N

B5.2.3 RCHz #4x+% 7 3 B

M N )
M e 4
] B S — < |

| |

| |

| |

| |

| | .
Ay A, A A

|
|
I
|
|
a

D.E
b [b

Ratation! Rep
(a) B2 T 4x S dcd R (b) i £ F — gt A

B15.2.4 $B% frflicd R ple P £ — =48 @ [7]

130



Force A VoA
Ver

/

min(A,,0.04H) ﬁh

(a) T4 2 %42 ded A (b) Blw o E — =5

B15.2.5 T4 Péaddied R ple £ — =44 5 [7]

Hb

(a) % @A (b) #3FM %

B5.2.6 M2 & E A [7])
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|
AN
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Rectangular Section

Section Name |COLUMMI
— Properties Property Modifiers —— I aterial
Sechon Properties... I ’7 ’7 C20 r
— Dimenzionz
P
Depth [t3] [35. -
width [£2] 40 F*
i
— Concrete | |
Reint L.
einfarcemen I Display Color
(1] I Cancel I

B5.3.1(a) RCHz ¢ <% HpE% 3

E

Reinfo A ey

— Deszign Type
f* Colurnn £ Beam

— Configuration of Reinfarcement

f* Rectangular " Circular

— Lateral Reinforcement
+ Ties {~ Spiral

— Rectangular Reinforcement

Cover to Rebar Center |4.
Humber of Bars in 3-dir |4
Mumber of Barz in 2-dir |2

Bar Size HE -

— Check/Dezign
{~ Reinforcement to be Checked

f* Reinforcement to be Designed

Ok, I Cancel

B15.3.1(b) RCHz fiz 3% %
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B15.3.2(a) ¥ 4ck B (£ &)

®5.3.2(b) ETABS# = 2 H & RCH % #-3 (£ &4 4 4)
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B15.3.3(a) F4& E (1274 L 41)

®15.3.3(b) ETABS# = 2 ¥ & RCH 2 #5031 (12724 & 1)
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B15.3.4(a) ®4xzk ¥ (2374 44

®5.3.4(b) ETABS:E * 2 ¥ RCH % H-3] (2324 & 41)
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