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Abstract

Seismic Performance Evaluation of Frame Structures
Considering Reinforced Concrete Column using

High Performance Fiber Composites

Kim, Hoyeon
Advisor : Prof. Cho Chang Geun, Ph,D
Department of Architectural Engineering,

Graduate School of Chosun University

The shortcoming of brittleness of concrete could be improved by
applying fibers mixed into the cement mortar which was called the
High Performance Fiber Composites(HPFC). Applying the HPFC on the
flexural critical region, reinforced concrete columns could be
seismically improved in flexural and shear strength as well as
deformation capacities. In this study, a procedure of seismic
per formance based design for reinforced concrete columns applying the
HPFC is introduced basically with the concept of Direct Displacement
Based Design(DDBD). Seismic performance evaluation methods for Single
Degree of Freedom(SDOF) and Multi Degree of Freedom(MDOF) systems
considering developed columns are compared with three methods,
Capacity Spectrum Method(CSM), Direct Displacement Based Design(DDBD)
and Displacement Coefficient Method(DCM), in order to predict
rational seismic performances of the systems. In examples about SDOF
and MOOF systems, frame structures considering reinforced concrete
columns using HPFC are good results in the improvement of shear and
flexural strength as well as displacement capacities.
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NoId A=A the=2 /ol & AR0UA S 28 EUZ, MUE=
ME22o 50| 0|5t HAMECZ NHEset 1 & B ZEHE AHES
ArESIH M, KS L 52012 A& &gst =U SAF ME2 Atgstth. 1 gstS
I L 22N EM2 [E 2-1]D [E 2-2]9t 20¥

[E 2-1] AlHIE 38t XM
Ststd X4
Si02 | Al203 | Fe203 | Ca0 MgO Na20 K20 S03 lg.loss | total
21.24 | 5.97 | 3.34 |62.72 | 2.36 | 0.13 | 0.81 1.97 1.46 100.0
[E 2-2] ANIHIE Se|& X4
=cl&8 §4
ac | zac | MO | Setting Time (min) A=2T (MPa)
Residue
(g/cm3) | (cm2/q) (%) Initial Set. | Final Set. | 3days | 7days | 28days
3.14 3,200 12.5 240 370 22.5 | 30.0 39.5
Lt &=

Do A=l e fol B2 LF0| & 130wl =W SAISl RAIE &2
ME AISoIRA2H AAS 22ld 422 [HE 2-3]d 20 23c2E UHAMe &R
=& S42 20Ustot)| ®otH =2 =MeE AFE0tA 2= St



=cld 54

[E 2-3] FAS)
=5 A
ol (g/om) 2 .60
B3O (um) 130
Ct. E3M
DO AS=EH HIEAl, L8t 2I2/E0 HIsH HYREL AIRE = AIME D}
e oEO0| YUQACH
MEE= AME 22 =2 AII DA Z210|0HAIQ D230 0222 =522
MNESIOZM AIME HHME ANGIYOH, AARS Z20l0AIQ D222 02w
o EMe 12 [E 2-3] ¥ [E 2-4]9 2Ct
[Z 2-4] Z20I04AIS] E4
KS L 5405 &
=53t
1= o=
O AHBFA A (%) 450] At 450] At 50.5
A2 (%) 1.0015t 1.0015t 0.3
2401 2H2¢ (%) 3.00] 5t 5.00| 5} 3.04
9 & (g/or) 1.950] At 1.950] &t 2.16
Do 45T H &S 1001 5t 400! 5t -
s HIE & = (om/g) 4,5000] At 3,0000] &t 3,645
Z22HH| (%) 1050] At 950] At 101
_ e 282 900] At 800| At 92
AT X2 (%)
WERCIE] 1000] A 900| At 102




[HE 2-5] D2&cf DI2Le 4
KS L 5405 =&
=5
15 25 33
2.800| &t 2.800( &t 2.800] &t 2.94
8,000~ 6,000~ 4,000~
4,310
10,000 8,000 6,000
950 &t 750| &t 550] At 88
o 1050( &t 950] At 750] & 109
& 1050] &t 1050( &t 950] At 112
E 2201 (%) 950] At 950] At 950] & 106
FSFOF WIS (MQ0) (%) 10.00( ot 10.001| 5t 10.00]| ot 5.62
4.00| 6t 4.00|5t 4.00]| 6t 0.23
3.00/5t 3.00]| 6l 3.00|5t 0.64
oS 01=2(%) 0.020| ot 0.020! ol 0.020| ot 0.002
et. E5HAl
NoIH HKRE28HHo HIE S Rdl AIHE Ss4d2 SaAI1D] fotH 224K
DEs 22=M(PCSP), A, ZCI0I0iAlI, D2&eH0 D2, 88 & ME 22| 24X
E 2ol AE2AH =22IMZHHPMC) Y EH DRI 2018 XES st A9
A Ml (Defoamer ) S ESMZ AIZ20IUCH. EHMC B2 E42 [E 2-6]2 &0
[E 2-6] EStHIC 22l E4
PCSP HPMC Defoamer
0.37 0.60 0.26
brownish powder white powder white powder
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Ductility
ratio
4.0
4.1
6.5
6.6

(%)

Load

Variation
disp.
+63.7 | +16.4
+48.5 | 422.9

(%)

Load
(kN)
78.5
79.5
92.5
97.7

Max .
values

disp.
(mm)
72.4
68.6
112.3
101.9

Load

(kN)
65.7
56.8
75.2
73.5

Yielding
of bar

disp.
(mm)
18.2
16.6
17.4
15.4

Load

(kN)
37.1
36.7
23.0
37.0

Initial
crack

disp.
(mm)
5.9
6.1
4.8
5.2

Specimen
Name
RC-C1
RC-C2
PCHPFR-N
PCHPFR-S
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m Hal 2 X=20 &2

2. 7 ABEZ (Demand spectrum)

HH S AHEZ (Design response spectrum)S 5%2 ZAMHIE JI& XX s &
H SEHAHEZHOZAN It S (Acceleration), S, ,-FJI(Period), 7, 2HE JtXIH [
& 4-3(a)]dt 20| BSECH

3 =

Period [sec] Displacement
(a) EHEHAHEHA (b) 27 AHEH
(Design response spectrum) (Demand spectrum)
[0 4-3] EHESgABEHY) @7 AHEZO )

EAHSYAHEZS IixL,s, ,-FI|, 7,282 IJtES(Acceleration), s, ,~H<
(Displacement), s, ,2HE JIX= B4 @7 AHEZ(Elastic demand spectrum) 2
Mol & # o [OZ 4-3(b)] 20l ESLMH, 0] & =& 2HE=E OUS [£=4
4210 =HE 5= RUCH.

T 2
‘9115’ = (_) ‘9(15’ [#jll 4_2]
-4 27T L€



OIIM, S, : &8 SEAHEZ(Elastic response spectrum)flA 2l JtE%

S, - EHY SYAHE™(Elastic response spectrum)liA 2l B<

=S AIAEONAMS OlF4E otE-8e Z2AHE IiXle HIEE SGUsE AIAE

& (Inelastic acceleration spectrum),s,
Hel SYAHEEZ (Inelastic displacement spectrum),s,,2 [#=4 4-3] & [£4]
4-4100 23t F=HE = UL

S — SI{% [¢A| 4_3]
a Rp, -
w TV T\
= A Al —
Sd R/t Sde R/t (27_‘_) Sae :u( 27T) Sa [_I_ﬂ 4 4]
OIIM, S, @ BIEtY SEAEE- (Inelastic response spectrum) ALl It
, - 22 ==(Reduction factor)
p oo 27 A&l (Demand ductility)
[0E 4-4(a)]= B AHEHY ALH0 GE A= R, E HSOIA2OH T
S [+ 4-5]0 2lot0f AFFECH

R,=(p—1)7+1 for T'< T,

R, =pu for T> T,

[08 4-4(a)]l= 222 o4l OE It

 —
Displacement Response Spectrum, ADRS)S LIEHH AL,



Reduction factor

Period [sec]

53]
x2

(a) B AHEZHNAN ALHI0 OHE ZaH

Acceleration [g]

Displacement

[=5]
=]

Im

(b) H4H0 HE RTAH

(D2 4-4] JISE-B19 SYAHE

(Acceleration Displacement Response Spectrum, ADRS)



(2) IS Push-over HAZUERH &t=(Force), 7,-219 (Displacement), D, 2
HOIAM IS (Acceleration), s,-H <l (displacement), s,, ZH2 =2 AHE
& (Capacity spectrum)2=2 BI26IH, ATREZ22 SSTHUAML IHEE
(Acceleration at the yield point),s,,, & &&ESICH.  GIIM, M2 U 2

a

229 HZO0IC.
(3) Jt= % (Acceleration), s, ,—3J|(Period), 7,2 H 2 SEAH E & (Response
spectrum)ES It % (Acceleration),s,, - <l (Displacement), s, , 2H2 R+

AT E 2 (Demand spectrum) 22 HESHCE.
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(D& 4-5] AT EZHAYH (Capacity Spectrum Method, CSM)



H2&E ZEBEHAD|BEH Y

(Direct Displacement Based Design, DDBD)

AHHALD|BLE H I (Direct Displacement Based Design, 0DDBD)2 Shibata and
Sozen(1976)*, Moehle(1992)*, Kowalsky, Priestley, and MacRae(1994)*0f <2|&}0

JBHEAEEN 2= WAEH O 2= 82 €400 U0 gel®8 g

ISt HEE RPXAS0 ds 280 LA e HIES SR T AIAEC
LHE HR/IE F=Holl, SXNS=(Single Degree of Freedom, SDOF) = UASE

(Multi Degree of Freedom, MDOF)=

SOl YALSHH % HASSEIIE B0

M A

Kowalsky(1995)“500f ol MItEl XFHI|BILAHHES SESEANH L0 o) =
NRE XS HIHENSS S=siottl, SIS T AIAHN e A4S HEH
2 UEHHOL XITOl THEt SE SHHANEE =S £+ AET= = L-oICH 1 0=
o, #2232I1E 2X20| et LHASESEH JI¥ = Chopra and Goel (2001)%"52):59)
Ol MIQtE MEHIBIENYHS HIEY HHAMEY LU HHEY SI5-H 2AHE
SOIHAEAIAROR D6t 2E29 WANSHEH L WIAHSEHIIZ 6HQc

OI2&E ot=-H9 2AHE = UARE AMAEO ds2 EOo)| |IctH St
RS AIAES Ol&s RXEZ DSttt St HURE AIAHS HIEE HsS
ZOtotdl fIotH R&8It 262 (Secant Stiffness)0l 218t SIHEEAABCZ
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Lt ARt 2 (b) SotRSZAHI2 ALHI

il
X

[D8 4-7] 2dHI2 =3

SHEEAAES SHLZ4HI(Total viscous damping ratio), ¢, .= [==4 4-9]

9 20| SHESAHAUOIA OlBSSALS L2, (2 SHELL

o g0IC.

3. Newmark and Hall & AHAHEZ

PRS0 MFYHLI|IBIAHYES K5I 2IcH Newmark and Hall(1982)50| Hiotst

[y

-/ —/
N-H 8 SAHAHEY 2 N-H HIEE dHABEZHE OUS [O8 4-8]0 2Lt



Pseudo-velocity (log seale)

33Hz

8Hz

Elastic design spectrum c

o,

Peak ground acceleration,
velocity, and displacement

10 sec 33 sec
1/10Hz 1/33Hz

Pseudo-velocity (log seale)

33H:z

Natural vibration period (log scale)

(a) N-H Elastic design spectrum

SHz

Elastic design spectrum c

U,

Inelastic design spectrum

Dig

10 sec 33 sec
1/10Hz 1/33Hz

Natural vibration peried (log scale)

(b) N-H Inelastic design spectrum

[0 4-8] Newmark and Hall HHABEH
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oy =4.38—1.04In¢
y=3.38—0.67In¢ [2=A! 4-10]
ap=2.73—0.45In¢

Jbatol D& A H AT EH (Pseudo-acceleration design spectrum)=S D46 B4
IIBLEAH B0l ERZ ot Jtalel BEAHAEE S (Pseudo-displacement design
spectrum) [O8 4-9]2 20| HEEEMH, WAESEHE 5t HS0 Jt8s SH

H e HALHABERNA ALY 240 HE SHDRFIIES

—

u, [cm]

Il Il
005 01 02 05 e 3 510 20
T, [sec]

50

[22 4-9] Newmark and Hall Et& 9 SHABE
(N-H elastic displacement design spectrum)
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Newmark and Hall(1982)0] HIOtst AAH AHE WAL IJISZ BHRAANOIS 2t
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OIIM, D : N-HEH AAHABEHNAL H
A N-HEH SEHAHESHNWASL It
JHAO| DS HH AT ES (Pseudo—acceleration design spectrum)S Dedol] B

OBt H B0 ERZ ol= Jtato HIEtY HASLHABEZ (Inelastic displacement
design spectrum)2 [O& 4-10]1 20| B8, HAEsSEHE fdotH XS0l Ot

Hel L N-H BHALHAHEHNAM AABS Hel ALE0 [HE DRFIIE

40

u, [cm]

T, [se;]

[02 4-10] Newmark and Hall HIEtA B SHATES
(N-H inelastic displacement design spectrum)

Newmark and Hall(1982)0| HIotst EH AHEZHWA B2 HEZN HE H2HEE
AHEZO JIECQ BI2A0I2 2H = [=4 4-12]0 A2 20| &8 = ULt
Tn 2 1 (ZL)Q A Al
um—u(%r) v =H g 5 [24] 4-12]

OIIM, A4, : N-HHIEE EHAHEHUNANS JtEE
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(Displacement Coefficient Method; DCM)
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2 ZlMds g Z3dE 2 1Nold Hx=gX(High Performance Fiber
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HE&H (Capacity Spectrum Method, CSM), EEHD|BFAE A (Direct

Reinforced Concrete) JISEMS WAAEs
O ZEHKD|IBFEH L (Direct Displacement
[e]

= (Single Degree of Freedom, SDOF) =X

A A (Seismic performance

v J
10
ol
1
o
|>

Displacement Based Design, DDBD) % Bi12{HI4=8 (Displacement Coefficient Method,
DCM) Ol CHE SIS REALTHY WAAESEHIE HME HAIGHIC.

e 2He BldE Push-over o= +=2otJl A6t 28 HOA MAIE BI&ES

x
=
He
=
pal
0x
or
0&!
N
i
[=s
op [
|0
W
kJ
o
0x
0x
10
™
]
i)
00
Mt

SEHME 0188 B2Z2232E 2R

on
i
=
10
ra
e
fo
wW
(@)
o
3
3
=
wW
o
o
3
3
o
2
S
oin
10
<
°o o
rr
N
o
o
3
3
o
o
S

mx o

of &%t €& = ot=(Axial force), P, 2 &=+==35t=,P,, 2 10%010{, Wi &S



0.1P, 0.1R, s '

; - o
A section —
= = 1 (c) RC Column [A section]
= j 300 I
” B section __l I
% k o
(a) RC Column (b) HPFRC Column (d) HPFRC Column [B section]
[0 5-1] HAESEHE /s HURE JIISEM

|2t =2t = (Design compressive strength)= 24MPa, 1)
=

ey S A0MPAOIDY, DOIN HRQEBHE bt

1

i

N
oW
Y
=

= O IEHEE(Tension strain),eyppe, 2%
CE HHGG. #29 AAHIEH2 S (Design tension
strength),f,,= 400MPa0I0f, THA& DISEXS MEsS42 [E 5-1]0F 2L,

[H 5-1] HWAESEAE RIE Uy JISREMHA M 4

fo [MPa] f, [WPa] frprc [MPa] enprc 1]

24 400 40 2




Dol 428N 88 =0l &RUED H5te 8 /gHH 2220 2 =
o|2tez RaA0[(Effective depth) D2 2.0l Z&E5IU2H, JI=2 248X
(Plastic hinge)2=0 HE5tL=S ot FME2=Z 0/E5HALE.

A DISSTHOI et HERIASAHZE 2A5t01, Newmark and Hal 1(1982)°V0] ot
HAHATEZ O X|HXIEH} "E( eak Ground Acceleration, PGA)gt0l 0.3g2! &<, Ct

S [H 5-2]2 20l 25 H<el 3Bmoll et 452 =G| /I8 2R E JIs 2

of AYHELAIIELE AN 2t WAESEHUWME +otALE.

0
ol

[E 5-2] SR JIs B9 2E4s
Peak Ground Acceleration (PGA) 0.5g
Target displacement [mm] 33.0

1. 8Asz JISFHE HWEdsEH HAl

Chopra and Goel (2001)°"-%2)-590) oI5 MQtEl XNFFZHAI|LHENYS 0128 X
S JISEM WEEdsEHE ?ch N-H 2HAREHS DHGAH = UXIEHIHS
T 0.502 M, ¢EtEZ2ZICE & Nl dR=EME HEE JISEMA JiEsx
AHEY Y HAE HEEE DHE ¢l AHEHEZ [OY 5-2]2 ZCh

AZHLAIIBEAY S 0188 HARE JISEMY HWALSsEH HEes Us [
5-3]0IM et 220, HEXHCZ WIAsHEH & J182 & 2 &A= [O8 5-3]
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Period [sec]

1. N-H Design spectrum
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Period [sec]

1. N-H Design spectrum
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JISE2MS0 Hotd, & EOoM HAIS BIdE Push-over HA =S aHotA 20 OO
e 2= [ 54102 20
| 300 i
0.1F, 0.1R, = 5
‘ ‘ V| - v w
[ ] [ -
= B o
Lar]
K I )
iy
= 7 2 a 2 (¢) HPFRC Column
~ @ - ) .
= = [A section]
=) o
8 | 300 i
- - B section ——l _ ¥
E E a
Lar]
o
(a) RC Column (b) HPFRC Column (d) HPFRC Column
[PGA=0.3g] [PGA=0.3] [A section]
[08 53] WAIASENH & SXURE JISEAM AA
[E 54] WRAESEAH & U SRS JISEM AA-1
. PVA Fiber Volume _
Specimens _ Rebar stirrup
fraction
RC Column - 8-D19 D10@150
HPFRC Column 1.5 8-016 D10@150




Force [kN]

Force [kN]

160 100
80 —|
120 =t
- === T P ——— —
- = 60—
- = i
80 =i // o i/
5 > i
7 E w0
- o ;
y !
40— P i
/, 20 —!
’ i
-1
J
0 1 I 1 I 1 I 1 0 1 I T I 1 I T I T I 1
0 0.01 0.02 0.03 0.04 0 0.025 0.05 0.075 0.1 0.125 015
Displacement [m] Curvature [1/m]
S ol D e —y
1. &-He 2H 2. BUHE-=E 2]
(a) RC Column
160 160
120 = _
S g
< =
80 =t /’ =
¥ £
4 =3
s =
’
40— ¢
i
J
)
0 1 l 1 l 1 | 1 I T I 1
0 0.01 0.02 0.03 0.04 0 0.025 0.05 0.075 0.1 0.125 015
Displacement [m] Curvature [1/m]
S o ni ;o= 7
1. - 2H 2. BUHE-=E 2

(b) HPFRC Column

[02 5-4] HWRAESEH = SUHRSE JIS2M HI&E Push-over affa 21t

0
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[E 55] WRIHsHENH & SRS JIS2EM HIEE Push-over oAl 2ot

Yield disp. Yield force
[mm] [kN]
RC Column 8.7 102.5
HPFRC Column 8.3 115.5

H2& BHXARE ISR WEEsEIE GlA

FEMA-356(2000) 2 DA™E 0IZ5IACH. =OE X OHKILHIS
S JISEMH IAZFAHESH (Capacity Spectrum Mehtod, CSM), Z&H<L|D|BHA N
H(Direct Displacement Based Design, 00BD) & ©H =8 (Displacement
Coefficient Method, DCM)2 OI&dtH WA SESEHIIE ot 5 SiCt.
ANEHAIBEAEE 0l828t WASEsSEIIE & Mole FEMA-356(2000) 2 D A Off
HAHSYABEZ =0 OfLI2t Newmark and Hall(1982)°"0ll 2lai Miotel A€

d
HEH0H oAM= WRESEIE ot Atetlt.

[> Ml

LA ESEIE A8 e HARE ISR SHH2 300mmx300mm0IH, IS8l =
Ol= 1,200mmOICt. IS0 &HEot= &
O] 10%0I1CH. HXRE JISREMA &Ahd= [O8 5-5] & [H 55]% &
HAlE MHEesS4d2 [HE 5-1]0Me 220, 1No4 des8ie AHEBHEE
SGHRULH. HANAESHEIIE 9 c
Bl & Push-over oi&dS +=&3IA20H Ol
A

2Lt HI&d™ Push-over oidE Soll 1old 87 HE FZ22d2lE JIsS

AT



tH B9 Ad= SAl =

ol

E2ZOClE FMEL oF 588
LHC.
et DIS2MO0l ot =HXIBHIISE 0.29 & 0.3 &€ [, MAleH HES

i
ro

2FCC
o T

i

gt
=

Son

RS sSZEIIE 6t StC.
300
P=222 kN P=222 kN |~ =
: IS
i3 . [
g . L
£ " ™
A section o
E = z e = (¢) RC-Column-1
b @ e @ )
S 1 [B section]
a g a | 300
a _ =
B section BW .
g | ] L |
L2}
i
d) HPFRC Column-—1
(a) RC Column-1 (b) HPFRC Column-1 (d)

[B section]

[O8 5-5] WAAESEI e SRS JISEM &A-

[H 5-6] WAAESEI Uy SURE JISSEMH 4A-

PVA Fiber Volume
Specimens . Rebar stirrup
fraction
RC Column-1 - 8-013 D10@100
HPFRC Column—1 1.5 8-013 D10@100




Force [kN]

120

120

160
RC@100 RC@100
12 =
T
2
2w
o 5 —
' E -
4 7
/, 4 = i
ra s
-1 I
= 1]
0
T t T | T I L] 1 l L] l ] | 1]
1] oo 002 003 oo0d o o025 o5 0.075 01
Displacement [m] Curvature [1/m]
= In D= 7
1. &-He 23 2. DHE-2E ZtH
(a) RC Column-1
160
HPFC@100 HPFC@100
T
-3
=,
E
T l L) I L] I L) l L) l ) | L)
[1] oo 002 003 004 0 0025 005 0.075 o1
Displacement [m] Curvature [1/m]
51 n D=
1. &-H 2H 2. RUIE-=E 2t

[j_E‘.I 5 6] [:H/\l' l:

A=

(b) HPFRC Column—1

T JISEM Hl&dE Push-over oA Z -1

[E 57] tHat SHRRE JISSM HI&E Push-over off& 2 b1
Yield disp. Yield force
[mm] [kN]
RC Column-2 7.5 60.0
HPFRC Column-2 6.8 95.0




b, A2 A EZ (Design response spectrum)

HEESZEHIIE Aot AI2E BHSYAHEZ (Design response spectrum)2 0|
BfTH 22| =2 (Federal Emergency Management Agency, FEMA) FEMA-356(2000) % 10 A Ol
8]0l (e} 229 XA L 5% R 24 (Effective viscous damping)

5
ot SHAHEHS AAEGHUH, ZUXIEHIISE 0.2g 2 0.3g0 CHotOd Ded ot
| 13t

[E 5-8] FEMA-356(2000)E DA AHSGYGATE R

1y 7
Sl ‘Ss B 1 Bs El, Er Slfl SI?S
[sec] | [sec]
1.0 2.5 1.0 1.0 1.0 1.0 1.0 2.5 0.4 0.08

KBtE2(Site class) : B

HIIA, 5 - 12D SE HEE0l Uiet DS
S, - ©=0] SE IS0 oist e
B, 1=FJ|0 Uiet 24 A=
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FH

5-9] SAPABERIY-

RC Column—1 HPFRC column—-1
Peak Ground Acceleration, PGA 0.29 0.3g 0.29 0.3¢
Mass, M [ton] 22.90 22.90 22.87 22.87
Yield strength, f, [kN] 60.0 60.0 95.0 95.0
Yield displacement, w, [mm] 7.5 7.5 6.8 6.8
Elastic period, 7 [sec] 0.336 0.336 0.254 0.254

Acceleration at yield point, S, 0.267g 0.2679 0.424¢g 0.424¢g

Response acceleration, 9, 0.5¢9 0.75g 0.5g 0.759
u,, in SDOF [mm] 15.3 23.6 8.7 15.0
Base shear f,, [kN] 60.8 63.0 87.9 9.5
Ouctility, p 2.036 3.148 1.283 2.211

Story drift, 6, 0.013 0.020 0.007 0.013
Tensile strain of bars 0.008 0.013 0.003 0.007

E=C-H ABEZ (Acceleration Displacement Response Spectrum, ADRS)OIA =
ABEZ (Capacity spectrum)t 7 Sddld ME 2F AHEZ(Demand

spectrum)0l WXtotsE HOAS HIEHE @5 H<2(Demand displacement)= [12 5-8]
A
T



1 1
PGA=0.2g PGA=0.3g
0.8 — 0.8 —
g 3
c 06— c 06—
S S
€ B
2 i @
3 04 — 71 ® 04 —
Q s 1 Q
< 4 | <
'
02 =i 1 02 -
1
1 L
0 — T T T 1T 1 71 ° T T T T |
0 0.01 0.02 0.03 0.04 0.05 0.06 0 0.01 0.02 0.03 0.04 0.05 0.08
Displacement [m] Displacement (m)
a. B3 AMEZ-Q7 AMEY BY b BT AUEH-QP AHEY Y
[PGA=0.2g] [PGA=0.3g]
(a) RC Column-1
1 1
PGA=0.2g PGA=0.3g
0.8 — 0.8 —
l
5 B A
£ 06 = c 06 =4 & s
2 2 N ’ 1
H ¥ Ay
g g TNz
8 04 = 8 04— =
Q o 1 -
< < 1 T
02 — 02 = T I e
1
1 1
0 — " 1T 17 1T 717 0 T i - 17 - 1T 717
0 0.01 0.02 0.03 0.04 0.05 0.06 0 0.01 0.02 0.03 0.04 0.05 0.08
Displacement [m] Displacement [m]
a. B3 AMEH-Q7 AMEY BY b BT AUEH-QP AHEY Y
[PGA=0.2g] [PGA=0.3g]

Ct. EHKD|BLE HEH (Direct Displacement Based Design, DDBD)

Newmark and Hall(1982)01 2JoH MIQt=l HAHAHEZ[& 5-9]1F FEMA-356(2000) &
DA [E EHSHEHAZREHS NHOIRCH =UXEDIISE 0.2g 2F 0.3 @1, CH
A HTSE JISEMU st HWAASEHIIE o, ZEBHI|IBHEAHYHE o|Est

)= )]t

A ot 2t= [E 5-10(a
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il

—
-

0||'
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08 —

06 =

04— |

Spectrum Acceleration [g]
-

0.2 =

PGA=0.2¢9

Spectrum Acceleration [g]

Period [sec]

(a) ZIHXIEHIIEE [PGA=0.2g]

08 —
| \

1'!-1—|

02—t

PGA=0.3g

Period [sec]

(b) ZICIXIBIIIEE [PGA=0.39]

[0& 5-9] Newmark and Hall EHAZE 21

[H 5-10(a)] HEHIIEHY (N-H Design spectrum)-1
RC Column—1 HPFRC Column-1
Peak Ground Acceleration, PGA 0.29 0.30 0.29 0.30
Natural period, 7, [sec] 0.336 0.336 0.254 0.254
Yield strength, f, [kN] 60.00 60.00 95.00 95.00
Elastic stiffness, k, [KN/mm] 8.00 8.00 13.97 13.97
Min. Yield strength, f, [kN] 121.5 182.4 121.4 182.1
Reduction factor, R, 2.025 3.040 1.277 1.927
u,, in SDOF [mm] 19.1 38.4 9.0 15.9
Base shear f,, [kN] 62.1 60.3 89.4 96.6
Ductility, u 2.551 5.120 1.316 2.338
Story drift, 6, 0.016 0.032 0.008 0.013
Tensile strain of bars 0.010 0.021 0.003 0.008




[E 5-10(b)] ZEHLID|BH H B (FEMA-356)-1

RC Column—1 HPFRC Column—-1

Peak Ground Acceleration, PGA 0.29 0.3g 0.2¢9 0.3g
Natural period, 7, [sec] 0.336 0.336 0.254 0.254
Yield strength, f, [kN] 60.00 60.00 95.00 95.00
Elastic stiffness, k, [KN/mm] 8.00 8.00 13.97 13.97
Min. Yield strength, f, [kN] 112.3 168.5 122.2 168.2
Reduction factor, R, 1.872 2.808 1.181 1.771

u,, in SDOF [mm] 16.7 25.1 8.1 141

Base shear f,, [kN] 61.0 63.0 86.2 96.5
Ouctility, p 2.227 3.341 1.197 2.068
Story drift, 6, 0.014 0.021 0.007 0.012
Tensile strain of bars 0.008 0.015 0.002 0.007

Newmark and Hall(1982)01 2loi Hietel AHAHEHS NdoidE 3=,
FEMA-356(2000) 2 D A0l (HE ZHSEAHEZN Hlol =2 27E? 80l AFEC}.
S O SEEAAHEZH0 ot S8 UXEDIEEY i, 18 R =
Mg H2ZICE JIsRMe L F22ACIE JISEMEL & 7E e K2 e
S QTCHH ZEFA &4 47% B =2 ZTE LIRS0, 0l DH dRSHE
HEE H223CIE JISREMIt S8 XA O 22 &428 L= A2 20
XICH



HAH = (Displacement Coefficient Method, DCM)
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2
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2
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gj
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[
n
:Q
[wl

2ddt F232E ¥ 104 ARsSEMdE g2 E2232E HARE JISEM
LHAAEASEHIIE ot X229 HIHdYE H=2 =6t |ol 2 =20 MM M AIS
A& Push-over oi& = +=HOIGULH LHAESHIIIE /o SHAHEHYH, AHHAL D]
BEAJYH L HAH B2 0|8 HANRE AIAES WRAsEHI WH-1 ol Cie Z
= OsS [E 5-12]2 20! delstth
[E 5-12] WRAHSEI}F 21
RC Column-1 HPFRC Column—1
Peak Ground Acceleration, PGA 0.29 0.3g 0.2¢9 0.3g
. Yield disp.
Nonlinear 7.5 7.5 6.8 6.8
Push-over [rm]
Yield strength
[kN]
i u,, in SDOF
Capacity 15.3 23.6 8.7 15.0
Spectrum Lm]
P Base Shear f,,
Method 60.8 63.0 87.9 96.5
[kN]
. u,, in SDOF
Direct 16.7 25.1 8.1 14 .1
Displacement [m]
P Base Shear f,,
Based Design 61.0 63.0 86.2 9.5
[kN]
. u,, in SDOF
Displacement (o] 14.0 21.0 8.0 12.0
. mm
Coefficient Base Shear f.
Method K] 61.0 62.5 86.5 94.2




2. SASEAIAES WEAESEIHHA-2

HEESHIIE <8 e SHARE JIS2M SHE2 300mmx300mmOIH, JI1S2 =
Ol= 1,200mmOICH. JIS0l XZote LA = Gt=(Axial force), P, & &+FotE, P,
O 10%0I1CH. WAL sSEHIIE 28t AM-10l e et JISEMt dHE29 2tAS
M2 SALL 2 MM E MSHE29 22439 200mm2tH oz AFSIUCH SHAts
T IISEMY dAMe [0 5-10] ¥ [E 5-13]2 220, JISEM0 HE MES
2 [H 5-1]0lMet 220, D4 dRsele UAHEHEE 2% DHGHUCH. WA
HsZIlE s Uy dURE JIsS=2EMo oistodd, 28 HOAM HAIst HIdE
Push-over &g +=3otA20 Ol0 2 Zote [O 5-11] L [E 5-14] % 2L,

BI&S Push-over &S Sol U4d &R=HM H8 E2232E JIsFEFMH=s &
BHE2ZICE PMECL & 55%E8E =2 ZEE L36HH He A8&E JAl =9 L
EbHCH

et DISS MOl CHGHO ZICHRIEHOFS S 0.3g & 0.45g & [, HMAISH ZES Sol
WA S SHIIE ot Xt &ttt



P=222 kN P=222 kKN |
[ 1 0
= & [
= b 4
= 4 it
A section i
2 =] 2 o) ] (c) RC Column—2
a a a a
h S - S‘ [B section]
- 2 . | 300
B section —L—l .
= | b 4
oy
=
(a) RC Column-2 (b) HPFRC Column-2 (d) HPFRC Column—2
[PGA=0.3g,0.45¢g] [PGA=0.3g,0.45¢] [B section]
[0 5-10] LHAESEI & SRRE JIISEM AA-2
[Z 5-13] LHHAAESEI A SXURE JISEM AA-2
_ PVA Fiber Volume )
Specimens . Rebar stirrup
fraction
RC Column-2 - 8-D13 010@200
HPFRC Column-2 1.5 8-D13 D10@200




Force [kN]

Force [kN]

130
RC@200 RC@200
120) =
i) — .E. i
2
=== % 80—
-7 & " —
40 — Y 5 ] 4
4 4
¢ 0— .
7, !
-/ !
i =t
o L] I L I L] I L] o L I Ll I L I 1
o o001 0.02 003 0.04 0 0.025 0.05 0.075 0.1
Displacement [m] Curvature [1/m]
1. &-82 24 2. BRHE-=28 2]
(a) RC column-2
120 160
HPFC@200 HPFC@200
- o =
80 = M E s
b £
e ’ =
I @
’ Z
-/
!
]
- |I
0 Ll E Ll I L I L) | L] l L] 1 L
0 001 0.02 003 004 0 0025 005 0,075 04
Displacement [m] Curvature [1/m]
1. 8- 2 2. BUE-ZE 2]
(b) HPFRC Column-2
Z -2

[0 5-11] Hah S USE JISEM HI&EE Push-over oA

[H 5-14] & SHR=E JIS2EM HIAE Push-over oA Z1t-2

Yield disp. Yield force
[mm] [kN]
RC column-2 8.3 62.1
HPFRC Column-2 7.2 96.7




b, A2 A EZ (Design response spectrum)

HEESZEHIIE Aot AI2E BHSYAHEZ (Design response spectrum)2 0|
B LH2te| =2 (Federal Emergency Management Agency, FEMA) FEMA-356(2000)= 10 A 0f
et [E 5-8]0 ek 2ol =24 2 5%2 R824 (Effective viscous damping)
E I SHAHEHZ MMHolUM, AUABIIESE 0.3g 2F 0.45g01 CHotd e
ol¥oen [OE 5-12]9F 20t

E 1 - E 1—-|

£ g

g i

0 T T T T T T T T T 0 T T T T T T T T T
Period [sec] .Ferlod [sec]
(a) ZIHXIEDISE (b) ZIHKIBIIISE
(Peak ground acceleration, PGA) (Peak ground acceleration, PGA)
[0.3¢] [0.45¢]

[OE 5-12] FEMA-356 EHEEAHEH-2

Lt SZFABESH (Capacity Spectrum Method, CSM)

28t 2acE € 1od SRS 38 E2232E HAs: JISFMl tHot
O HI&E Push-over &S &5t 21, e ISR =2 L HAM st
gt F8 € = Ut

e 8RS JISEME BlHdE Push-over oS Set ots & BHP 2H =42
s Y Bl 2AHo B2 AWEYOoZ HESHLH FEMA-356(2000) 20 M0 HE &
HELAHEHN CHGHO ZHXIBIISE 0.3g 2+ 0.45g2 W[OS 5-12]01 CHEH &
SHAHEHSE HdotH 5k & B0 2Hote 27 AHEHOZ HESH}

S5 AHEHN 7 AHEHSE 0|8ot HHAHEHYE 0188 HART JIS



SFMHe HWaldsEIt RO, ot 2nt= [H 5-15]% 201 el .

i
ol

[H 5-15] SHAHEHH-2D

RC column-2 HPFRC Column-2
Peak Ground Acceleration, PGA 0.3g 0.45¢g 0.3¢g 0.45¢g
Mass, A [ton] 22.90 22.90 22.87 22.87

Yield strength, f, [kN] 62.1 62.1 96.7 96.7
Yield displacement, w, [mm] 8.3 8.3 7.2 7.2
Elastic period, 7 [sec] 0.348 0.348 0.259 0.259
Acceleration at yield point, S, 0.277 0.277 0.431 0.431
Response acceleration, S, 0.75 1.125 0.75 1.125
u,, in SDOF [mm] 24.6 37.6 15.0 25.1

Base shear f,, [kN] 63.0 63.0 96.5 97.0
Ouctility, p 2.969 4.529 2.139 3.481

Story drift, 6, 0.021 0.031 0.013 0.021
Tensile strain of bars 0.013 0.019 0.007 0.013

IIEE-HY ABER (Acceleration Displacement Response Spectrum, ADRS)OIA =
2 ABEZ(Capacity spectrum)t 7 HAAHHIW O F AHEZH(Demand
spectrum HOAS HESY 27 B2 (Demand displacement)= [

5-13]0IIA &olE = UCH.
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PGA=0.3g

PGA=0.45g

Acceleration [g]
Acceleration [g]

0.02
Displacement [m]

003 0.04 0.06

002 003

a. B AHEE-R7 ANESY BY b B2 ANSH-R7 AHEH B
[PGA=0.3g] [PGA=0.45¢]
(a) RC column-2
15 15
PGA=0.3g PGA=0.45g
5 1
5
g
K] sl
3 « // |
< 05— = ‘__'
[
I ““‘-"—-_
0 — 1 T - 1T 1 17
0 0.01 0.02 003 0.04 0.05 0.06 0 0.01 0.02 003 0.04 005 006
Displacement [m] Displacement [m]
a. B AHEZ-R7 AHESY BY b B2 ANSH-@7 AHEH B
[PGA=0.3g] [PGA=0.45¢g]
(b) HPFRC column-2
(0% 5-13] HPABERH-D

Ch. 2EHDIBIE A Y (Direct Displacement Based Method, DDBD)
Newmark and Hall(1982)01l 2loi HMotEl HHAHEH[ D 5-14] 10 FEMA-356(2000)
SOAMH OE HSEHAHEHES Dol ZUAEDIISSE 0.3g 2F 0.45g2 [,
A SXUSE JISEMU e WAAEsSEHIIE oI, AEBEHI|BIEHEHE 0|28
WXIEsSEI Z0t= [H 5-16(a)] ¥ [HE 5-16(b)] 2 20l Hel&t.



Spectrum Acceleration [g]

05—/
|

PGA=0.3g

Spectrum Acceleration [g]

Period [sec]

(a) ZHXIEHIISE [PGA=0.3g]

[0& 5-14] Newmark and Hall &H A

05 =

PGA=0.45g

Period [sec]

(b) EICHXIEHIIESE [PGA=0.45¢]

HEg-p

-/

[H 5-16(a)] HEHSAIIEHY (N-H Design spectrum)-2

RC column-2 HPFRC Column-2
Peak Ground Acceleration, PGA 0.3g 0.45g 0.3g 0.459
Natural period, 7, [sec] 0.348 0.348 0.259 0.259
Yield strength, f, [KN] 62. 1 62. 1 9.7 96.7
Elastic stiffness, k, [KN/mm] 7.48 7.48 13.43 13.43
Min. Yield strength, f, [kN] 182.4 274.0 182.1 273.7
Reduction factor, R, 2.938 4.407 1.884 2.826

u,, in SDOF [mm] 40.0 69.9 16.4 32.4

Base shear f,, [kN] 63.0 63.0 9.8 97.0
Ouctility, pu 4.816 8.421 2.275 4.493
Story drift, 6, 0.033 0.058 0.014 0.027
Tensile strain of bars 0.022 0.036 0.008 0.016




[E 5-16(b)] ZEHLID| B HI S (FEMA-356)-2

RC column-2 HPFRC Column-2

Peak Ground Acceleration, PGA 0.3g 0.45¢g 0.3¢g 0.45¢g
Natural period, 7, [sec] 0.348 0.348 0.259 0.259
Yield strength, f, [kN] 62.1 62.1 96.7 96.7
Elastic stiffness, k, [kN/mm] 7.48 7.48 13.43 13.43
Min. Yield strength, f, [kN] 168.463 | 252.695 168.225 | 252.338
Reduction factor, R, 2.714 4.070 1.740 2.610

u,, in SDOF [mm] 25.9 38.9 14.5 28.1

Base shear f,, [kN] 63.0 63.0 96.5 97.0
Ductility, u 3.122 4.683 2.013 3.907

Story drift, 6, 0.021 0.032 0.012 0.023
Tensile strain of bars 0.015 0.021 0.007 0.014

Newmark and Hall(1982)0l <2loff HMotE &EAHABEHZ NHGI™US
FEMA-356(2000) 2 D M0l HE HAAHSHABEZHN Hiol =2 RS 201 A4FELCH.
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HAH =S (Displacement Coefficient Method, DCM)
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O @X=2E AIAES WHEHE

2Bt ZJLE ¥ 1No4 dR=SgME HEs 2223
LHAESEIE ot X282 HIdE HAsS M=o 2
S Push-over i S +=MGIAULL. WERESHIIE SIoH
BEE Y L HR(AHsEE 0186t dARE AIAECS LY
= O3 [E 5-18]2 20| Helsttt

[E 5-18] WAESEI 212

=20l A KAl 8l
E

RC column-2 HPFRC Column-2
Peak Ground Acceleration, PGA 0.3g 0.45¢ 0.3g 0.45¢g
. Yield disp.
Nonlinear 8.3 7.2 8.3 7.2
Push-over )
Yield strength 62. 1 96.7 62. 1 96.7
Analysis [KN] . . . .
. u,, in SDOF
Capacity 24.6 37.6 15.0 25.1
Spectrum Lm]
Base Shear f,,
Method 63.0 63.0 96.5 97.0
[kN]
) u,, in SDOF
Direct 25.9 38.9 14.5 28.1
Displacement Lm]
P Base Shear f,,
Based Design kN 63.0 63.0 9.5 97.0
. u,, in SDOF
Displacement (o] 22.5 33.8 12.5 18.8
o mm
Coefficient Base Shear f.
Method o 62.7 63.0 93.7 97.3
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3365

400

e

2EL.5
350

286.5
350

¥ le | fe———
|« »| 350 350
300
(a) Girder (b) RC Column (c) HPFRC Column
[0 5-15] & 2x X2 2g 20
[E 5-19] WRIASEI (& 2X XS =2 21
Members Size [mm] Rebar Stirrup
Girder 300*400 C-3022/T-5D22 D10@110
Column 350*350 8-022 D10@140
[ 520] LHAAESZEI Y 2 X2 82 JIS2EM &A
PVA Fiber Volume
Specimens , Rebar stirrup
fraction
RC Column-2 - 8-022 D10@140
HPFRC Column-2 1.5 8-022 D10@140




Roof 37.27kN/m? 37 27kN/m?

=
4th | 44 13kN/m? 44 13kN/m?
=]
3rd 44 136N/ 44 13kN/m2
EEZERTRETE EREETRRRTRN
A
=
2nd 46.09N/m?
=
[an1
A e =3
1st | ]| lst HPFRC columns
(a) RC Frame structure (b) RC Frame structure

15Y HPFRC Columns
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[peu] 22004
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400 =

INx] 22104

200 —

025

02
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Cisplacement [m]

Displacement [m]

(b) RC Frame structure
1%Y HPFRC Columns

(a) RC Frame structure
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[0 5-17] & OIS E 83X X2 HIHE Push-over

Hed 2t
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[E 5-21] & OIS E 22X 2XE2 H|&E Push-over

Yield force
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RC Frame structure
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SAGtACH, ZUKIEIIEE

Ctet [E 5-6]01 et 2f2fe] &2 & 5%2
£ It SEAHEHSE &
Rem [1E 5-18] 2T
125
PGA=0.3g
!
E-‘J?-:—
i
g o5
0325 —
! — T ® r ¥ 1T T T °

PﬁliOd[NC]‘
(a) EIXIEIISE
(Peak ground acceleration, PGA)
[0.3g]

[0 5-18] FEMA-356

Je

E 2 (Design response spectrum)

E 2 (Design response spectrum)2 0
= (Federal Emergency Management Agency, FEMA) FEMA-356(2000)% 10 A 0f
6]

SedE 24 (Effective viscous damping)

0.3g 2 0.4g0 CHOHM

edot

.l.

Aceeleration [g]

025 =

PGA=0.4g

— T v I 71 rrr1re°
0 1 2 3 4
Period [sec]

(b) EHXIEIISE
(Peak ground acceleration, PGA)
[0.45¢]

E2HSE

w
I~

g
Im
o
o

SoEE=

2ot Z42E & 1Y SxIgME AEs E22d2E HARE JISEM
CHot BIHE Push-over oS =88t Z1, U JISREME =2 & BH2A
et gt =8 & = UL

e OARE S22 HIHE Push-over HAlS S8t ot ¥ BRI 2HH =4
£ JIEE 2 Bl 29 2= AHEZHOo=Z HESHH. FEMA-356(2000) 2 M0 (HE
BASYAHEHN ot ZIUXIEDISE 0.3g @ 0.492 [H[OE 5-19]01 Chet &
HSEAMEHS HHolH Itk & HAN 2Hote K+ AHEZ2Z HESU.
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a0 AHEHEH) @F AHEHZ 0|20l FHABEHHZ 0|8 AT =%
PEEO WHAESHIIE oIYCH, Ol 2= [E 5-22]2 20| Hel=C}.
[H 5-22] S AHEHYH-3
RC Frame structure
RC Frame structure
15' HPFRC Columns
Peak Ground Acceleration, PGA 0.3g 0.4¢g 0.3¢g 0.4¢g
Mass, M [ton] 194.3 194.3 194.3 194 .3
Yield strength, f, [kN] 410 410 460 460
Yield displacement, w, [mm] 78 78 68 68
Elastic period, 7 [sec] 1.208 1.208 1.065 1.065
Acceleration at yield point, S, 0.215 0.215 0.242 0.242
Response acceleration, S, 0.248 0.331 0.282 0.376
u,, in ESDOF [mm] 90.0 120.0 79.3 105.7
u,, in MDOF [mm] 122.6 163.5 108. 1 144 1
Base shear f,, [kN] 413.0 422 .1 464 . 1 482.0
Ductility, p 1.153 1.538 1.166 1.555
Story drift, 5mM 0.010 0.013 0.009 0.011
S2st ZHAIBOISEY [, Do ER=EMd &8 E2232E JIsElMe ¢
Bt E223CE JISEMEL AMNES2UA & BT E2 HPAE 2F6HH 2=
Al 2 53% A =2 TS LI st
ItEE-HP ABER (Acceleration Displacement Response Spectrum, ADRS)OIA =
2 ABEZH(Capacity spectrum)t 7 AU WOE2 F AHEZ(Demand



spectrum)0l wXtote ZHOAMS HIEHS 27 H2(Demand displacement)= [
1910l A oI 4= UCH.
1.25 125
PGA=0.3g PGA=0.4g
] — 1 —
C G
= 075 — c 075 —]
2 29 L
i 7 ki
2 L kb
3 05 \ 8 05—
< . <
N
\\
0.25 = ™ 0.25 =
o 1 1 . | L LI L L = 0
0 005 0.1 0.15 02 025 03 035 0 0.05 01 0.15 02 025 03 0.35
Displacement [m] Displacement [m]
a. B2 AMER-Q7 AMER BH b 2 AHMER-QF AHEY Y
[PGA=0.3g] [PGA=0.4g]
(a) RC Frame structure
1.25 125
PGA=0.3g PGA=0.4g
] — 1 —
G B \\
£ 075 = c 075 =4\
S S S M
® * ® 5
3 3 3 )
3 05— k. 3 05— Y
< . 2 N
% X >
~ S
0.25 = = = 025 = L=l
-_-"-______ " TSy
0 ] T | L LI L L - 0 1 1 |I 1T v 1 1 %7171
0 005 01 015 02 025 03 035 0 005 01 015 02 025 03 035
Displacement [m] Displacement [m]
a. B2 AHER-Q7 AHER B b B2 AHE-Q7 AHEY B

[PGA=0.3g]

[PGA=0.4g]

(b) RC Frame structure
1%Y HPFRC Columns
(08 5-19]

O:lE,I:AE E _3
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Ct. ZHAHAAD IS HH (Direct Displacement Based Method, DDBD)

ZIHAIBIISE 0.3g @F 0.492 148 Newmark and Hal 1(1982) 0l Clal HMIet=l A H|

AWESH[DE 5-20]1 FEMA-356(2000) 2D M0l 2 EHSYAZBEZHN M2t Ofat
OARE X XSS 0438 SHHAFZAIABCZ N6 WAEASEHIIE
otACH, 2= [E 5-23(a)] ¥ [E 5-23(b)]2t 20l Hel=Ct.
Newmark and Hall(1982)0 2l HIetE AHAHEHES DNHGIRE Z=2,
FEMA-356(2000) 2 D MOl (HE EHSYABEZN Hliol =2 R7HS 201 AFEICH.
FEMA-356(2000) 2 D MOl EHSEATEHS Nefole &2, SHANEY gy
st @F s 20| AFEULH. Ol DHE dHSEAHBEHNWML 2X22 =
JI0E JISE0 Ses &= d9s 2ou S20 S¢S 2= 90 A =201 CF
S 20| sgs 2 20l M UCH
125 1.25
PGA=0.3g PGA=0.4g
1 — | —
g G
50.75— 50.75—
g g
é 05 —f é 0.5 —
< <
0.25 = 0.25 =
a T T T T T T T T T 0 T T T T T T T T T
0 1 2 3 4 1] 1 2 3 4
Period [sec] Period [sec]
(a) ZIUIXIEIISS [PGA=0.3g] (b) ZICHRIBDIS S [PGA=0.4]

[0 5-20] Newmark and Hal| AHATEZ-3
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[E 5-23(a)] EHSIDIIBFAE HIY (N-H Design spectrum)-3

RC Frame structure

RC Frame structure
1Y HPFRC Columns

Peak Ground Acceleration, PGA 0.3g 0.4q 0.3g 0.4q
Natural period, 7, [sec] 1.208 1.208 1.065 1.065
Yield strength, f, [kN] 410 410 460 460

Elastic stiffness, k, [kN/mm] 5.26 5.26 6.77 6.77

Min. Yield strength, f, [kN] 849.4 1133 953.9 1285

Reduction factor, R, 2.072 2.764 2.074 2.79%4
u,, in ESDOF [mm] 161.6 215.6 141.0 190.0
u,, in MDOF [mm] 220.2 293.8 192.2 253.8

Base shear f,, [kN] 422 .1 422 .1 502.0 504.0
Ductility, u 2.072 2.764 2.074 2.79%
Story drift, 4, 0.010 0.013 0.009 0.011

- 103 —



B 2101 8HE HIE (FEMA-356)-3

RC Frame structure

RC Frame structure
1Y HPFRC Columns

Peak Ground Acceleration, PGA 0.3g 0.4q 0.3g 0.4q
Natural period, 7, [sec] 1.208 1.208 1.065 1.065
Yield strength, f, [kN] 410 410 460 460

Elastic stiffness, k, [kN/mm] 5.26 5.26 6.77 6.77

Min. Yield strength, f, [kN] 476.9 630.6 536.5 715.3

Reduction factor, R, 1.153 1.538 1.166 1.555
u,, in ESDOF [mm] 90.0 120.0 79.3 105.73
u,, in MDOF [mm] 122.6 163.5 108.1 144 1

Base shear f,, [kN] 413.0 422 .1 464 . 1 482.0
Ductility, u 1.153 1.538 1.166 1.555
Story drift, ¢, 0.010 0.013 0.009 0.011

M foof
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HAH =S (Displacement Coefficient Method, DCM)
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[ 5-25] WA SEIF 203
RC column-2 HPFRC Column-2
ZCHXIEDIS S
(Peak ground Acceleration, PGA) 0.3¢g 0.45g 0.3¢g 0.45g
[g]
. Yield disp.
Nonl inear (] 78 75 78 75
mm
ushover Yield strength 410 430 410 430
Analysis [KN]
u,, in MDOF
. 122.6 163.5 108. 1 144 .1
Capacity [mm]
Base Shear f,,
Spectrum Method 413.0 422 1 4641 482.0
[kN]
) u,, in MOOF
Direct 122.6 163.5 108. 1 144 1
Displacement Lrm]
Base Shear f,,
Based Design ] 413.0 422 .1 464 .1 482.0
) u,, in MDOF
Displacement (o] 122.6 163.5 108. 1 144 .1
o mm
coefficient Base Shear f.
Method [N 413.0 422 .1 464 .1 482.0
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