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HAZUSS!| Low-Rise ZiE& &&¢Z=dH |
W1W2 0.004 0.012 0.040 0.100
= 50
High-Code ciL, s2L 0005 | 0010 0.030 0.080 -
RM1URM2L, PC1/PC2L | 0.004 0.008 0.024 0.070 E o
Wiw2 0004 | 0010 0.031 0.075 5
’é’;‘::’a“" CiL, saL 0.005 0.009 0.023 0.060
RM1LRM2L, PC1/PC2L | 0.004 0.007 0.019 0.053 oo
W1/W2 0.004 0.010 0.031 0.075 5
Liwitide CiL, saL 0005 | o008 0.020 0.050
RM1LRM2L, PC1/PC2L | 0.004 0.006 0.016 0.044
URML, C3L, S5L 0.003 0.008 0.015 0.035
W1IW2 0.003 0.008 0.025 0.060
—— CIL, s2L 0004 | 0.006 0.016 0.040 L &
RM1URM2L, PC1/PC2L | 0.003 0.005 0.013 0.035
URML, C3L, S5L 0.002 0.005 0.012 0.028
L3
W 2o PNPSEEES i 2 O] AAIL= =2 FH{2
RAM=m HNESTEH Lowrise ZAES 244Fol e FHLH|
F 7% 5
74 gt Damage level Low-Code Moderate-Code . High-Code
Damage state 1 NO = = : -
. Damage state 2 Slight 0.0050 0.0050 0.0050
Damage state 3 Moderate 0.0080 0.0087 I 0.0100
Damage state 4 Extensive 0.0200 0.0233 0.0300 - ,
: a) drift ratio = 0.005. Slight
Damage state 5 Complete 00500 0.0600 0.0800
HWZIMAE w2zt MExel ZHea| v|m: HAZUS vs AE AT}
T NEER
apaz Low-rise (HAZUS) HeZqn
Low-code Moderate-code ZEDM S Qrphat
NO - - = =
Slight 0.0050 0.0050 0.008 0.005
Moderate 0.0080 0.0087 - 0.01~0.02
Extensive 0.0200 0.0233 - 0.02~0.04
Complete 0.0500 0.0600 0.056 0.06 ‘
Rty 5. < g
c) drift ratio = 0.03~0.04. Extensive
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D10 D13
DC Power T 124 -
& Experi £ 124 -
Supply s xperiments Experiments|
g ] Model 0-3% £ Model 0~3%
+ - £ M ——Model 3-4% &£ 10 —— Model 3-4%
= Model 4~% = & Model 4~%
7 08 Z 084
g 2
& &
H Al E| 2 0.6 Z 0461
T Hl o 3 £
2 04 2 041
- Y
3 S
= 024 E 0.2
Eoogoe
2NN T E o A 20 86 70 35 90 ds 20 0 5 10 15 20 25 30 35 40 45 50
Normalized slip(mm/mm) Normalized slip(mm/mm)
D19 D25
T (s = 124
E 12 Experiments E 12
< —— Model 0-3%| &
& 104 - Model 3~% | & 101
z 2
.8 0.8
o g 0.8 §
L= % 064 Z 0.6
22| 2 T
- =3 =3
2 |UrEsY S 041 Z 04
It 91% 1
= = 024 = 02
7h e g E
5 00— 3 M
Z 770 5 10 15 20 25 30 35 40 45 507 0 5 10 15 20 25 30 35 40 45 50

Normalized slip(mm/mm) Normalized slip(mm/mm)

1.Cyclic Loading branch

=T (;L)“l for S<S, (First cycle/damaged) = = = = = = = = = = = = = 4 2.Unloading
branch
(n)y=1y(1-d*)

___________ A = 1(n)-k(S;-S)
s k= slope of unloading
and reloading branch

=1(n) (%)"’:. for SSS1(2 to 10 times cycle)

7= local bond stress

7,=1" cycle max bond stress

S=slip -
S.=slip of 3.Frictional branch

=slipoft;
. . T, (n)=1,(l-d))
@, «,= experimentally determined value
©n)=n® cycle max bond stress T, (n)=n" cycle frictional resistance

d= damage parameter of stress ” *d = damage parameter of frictional
resistance
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RCAHEST

Reinforced
Concrete

Analysis in

Finite elements in RCAHEST

’ 2D or 3D Flexibility-based fiber beam-column element

’ 2D or 3D Spring element

’ 4 nodes RC shell element

’ 4 nodes PSC shell element

\ 2D Elasto-plastic plane stress element

|
|
|
|
|
|
|
|
|

Higher
= l RC Plane stress element
Evaluation
System \ Interface element
Technology ’ Lap spliced reinforcing bar element + Considering Aging
’ Joint element
Lap spliced bars
&, fs [
4_\ | N | I || | | 1
| | N || || | || | | |
1 || | | | | | | | 1
o
Slip | I,

Ideal ized bond stress-slip relationship (Hawkins &, 1987)
Bond stress, T,
Tb,max A
B
Ytb,max SRR
D E
Ty D
0 S, S, Slip, S

ss’fs

" [

) Section A-A

Specimen?.1

siAMofd - Hof oiH

o Section A-A

Specimen 4.1

-~ 310mm l }—7310mm‘—(l
] [} T
s T
16mm bars/ Simm \16mm bars/ 51mm
395mm | 5mm
‘350rqm 10mm bars 350mm 13rgm bars @ lap splice (610mm) region
an
srzsmm bars \ Wity 95 bars o 10mm bars @ other region
- [
[ 1 ee  es | 1
) ) T Ay
T T e o gt |

SHMOA - 2of ZA=A A i

EEE

Bennde RO ¢lement -]

Y-mmde Lap sphiced bar 1
element

SiMOA - s Zztel AEHD Hlw

120

80 —

Load (kN)

40 —

120
Specimen?2.1 Specimen 4.1
0% ALY
[ ] ° () [ ]
.
.
° ° 80 —| .
. - %
. L Z %o
° * = °
. ]
. 8 ®
.| .
. 0
40 — L]
.
.
[ ] Experiment *
§ g " .
Analysis ® Expenr‘nent Y
Analysis
.
.
. T T 0 T T T T & T
0 10 20 30 0 10 20 30 40

Deflection (mm)

Deflection (mm)

_67_




YsYI 71E e

AP H A=

AFolg F4 13 HZFILE T siA XA

Corrosion damage at

T AT
Py i

Damaged concrete

!
r_|=:|J i
or o
0F!

\,—.—
ST N0X
"

mlI

lap-spliced region (Sotoud and Aboutaha,
2013)

“ 8 ¢ ¢

Bond-slip response of the corroded reinforcement

(Lundgren, 2005)

— Uncorroded

—-— Unloading branch
— Uncorroded shifted
— Corroded

slip

ME=Y ol oole
Formation Definition
MATEr =, 8 840 SHE = HEHS Y
USERGS AFgH = HERY HS(USER.33 )

7

Solution type (0:Stop when failure criteria, 1:No failure criteria)

& 3 8 o

Adjust coeffcient Adjust coeffcient
369.1 800 1.0 0.6 fc ft
for fc for ft
Minimu Relative
Diamete m rib
Number Area Length
r i Clear area
20 49087 25 6i. of of of Side ] Bottom
. . of Spacing (0.065<R
£718 4353 3973 Longi. Longi . Lap Cover Cover
Longi. ) of g
0071 bars bar splice (Cso) ) (Ch)
bar Longi. <0.14,
(n) (Ab) (Id)
(db) bars mean=
(Csi) 0.0727)
Number
Percentage
of Area Number ¢
o
Transverse of of B
7 O7I256 2 20 corrosion
bars Transverse splitting
i level
crossing bars bars
’ (C) MAX=50
lap splice
Coefficient
for
eult . ) .
K tension stiffening
(ultimate
es fy X model
. ) strain .
(young's (yield ¢ (0.2=wire mesh,
o
modulus strength i : 0.4=deformed
2000000, 4915 reinforcing
of of bar, 0.6=round
. . ) . bar)
reinforcing reinforcing bar,
bar) bar) 2.0=plain concrete)
default
=0.15
default
=20




Slight

=K

o

> H
\JO_LH;[,'Iol'

v
s 0lre
t 054

mII

Moderate
Extensive

Completet

Moderate

HEXI
Damage Level Fresh 23} Fresh 23}
Slight 75%(F-75%) 75%/K F-80% F-80%*0.85
Moderate 100%(F-100%) F-100%*0.85 F-100% F-100%*0.85
Extensive 125%(F-125%) F-125%%*0.85 F-125% F-125%%*0.85
Complete 150%(F-150%) 150%/K FX 82 10% X8l 10%
75%, 100%, 125%, 150% : H& gt

F-75%, F-100%, F-125%, F-150% : HE 20| S E|+= Force
5

0.85 : =230 oot E3CE ZEX
K: =230 oot EtAgHt

Xl HEX|
[ly=]

F

=HEdS7t
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.:u_l AHkAN = ; B E.N.LIIU » ; ; i fu-, AHkAN il &
20 20k ZiHk A
TLTX T TrEEAHD 1EHAH)
LLE 1 v + (Ll + " woa . "
L 50 (L1 150 20Hp 250 Xk s L1 50 (L1} 154 L1 250 Lt 350 L 50 (L1 150 20Hp 250 Xk s
Shear Sraini®s) _ Shear Sirain] %) Shear Sraini®s)
LE2EY S EAIZ mE Motz WS
950 550 T 6.00
850 £ i [ | 0
s75d E . o450 £ - A
#7350 £ i £ C JF y=1.3801x -34.704
€ 650 £ y=1242x" +4.96x =i 2 r P 4.00
& o il g350 1 =1.1826x +0.7245% v z
2 S50 £ y=1 075 87978 g : y=1 Ailgan EJ
ém E y=59932x +0.2543x §aso f \2465¢ +1.3510x 2 &
S350 £ o+ P 7 r o] o 2.00
8250 £ it 8 150 £
g E & ] [ 1.00
Tiso £ et g [ -6 =2
F : s0
50 + Q70°C L80°C <90°C F 0.00 t t t ; ; ; + t +
E |:J r 070°C 280°C ©90°C 294 292 29 288 286 284 282 28 278 276 274
B B L B A U 100
00 20 40 60 80 100 120 140 160 50 ‘ ‘ f t ‘ ‘ !
Lu(TIME) (houss) 0.0 20 40 . 6.0 S'D. 100 120 140 ] - _
SATRAL) e A2(20C)ollM 2 40%S7t0 A==
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B 434 AL 24H 4

#g ZanE 4R
Case = 25 o] ==
£ z AdEH 489 v E MMy, NJT)
% 'i: None No damage = DI<08
Minor Tension crack €pnerere 20-00017 08=DI<14
g Soft ground € onerete 20.001
- - Moderate Element yield i 1.4=DI<18
Seniog momers 18 e (Vs = 250mys) €,100:°0.002
Bl t € oncrete>0.0033
- Extensive Emen ARETEE 1.8=0I
— = collapse Ezrﬂ;‘,>[) 02
\ No damage - DI< 0.8
Stiff ground Minor Tension crack €qpnerete 20-00017 0.8=DI<0.9
(Vs = 750m/s) Moderate Element yield €102 20.002 09=DI<1.0
(a) Casel (Vs = 250 m/s) (b) Case2 (Vs = 750 m/s) El t
Extensive ler:e;e €,1ee 2002 1.0=DI
32 4.35 P-M A9} Cased 2= =
I 4.3.2 &4PgEIet 244715 (Lee et al., 2016)
Za2g g = EHA
i i = %E EHH =
0 - ets e (NPH) (1)
Shear velocity None 0 DI<10
V.=80mis -~ v, =200 m/s Minor 1<NPH <2 10=DI<12
------ V, =100 mis V, =400 m/s Single box
’ Moderate 2=NPH <3 1.2=DI<20
i Extensive 3=NPH 20=D1
Single
I 4.3.3 2AHEet 244 (Nguyen et al., 2019)
+ X BH=10 = ok
® BH=15 Tunnel Type  Damage State  Number of Plastic Hinges (NPH) DI of Lee et al. [21] Updated DI
T
005 g 02 05y 2 3 oqg € BH=20 None 0 DI<10 DI <10
Free field shear strain (%) Si . Minor 1<NPH<2 10<DI<12 10<Dl<14
ingle box :
Moderate 2<NPH<3 1.2<Dl<2.0 14<DI<23
Extensive 3<NPH 20<DI 232Dl
None 0 DI<10 DI<1.0
@ 1= Yol =/ = A0 " Minor 1<NPH<2 10DI<12 10<Dl<12
3 43.1 7159 8§39 5/%0] Hq O& 24759 vz ?_:f;‘l]f,ehli‘;x Moderate 2<NPH <3 12<DI<20 12<DI<20
B Extensive 3<NPH<5 20<Dl1 20<Dl<35
Collapse 5<NPH N.A 352 DI
& 416 A AE A WSk £BEAG g &PYEY 24A%
1
H Damage state Minor Moderate Major Collapse
40m ~
e 3 Damage index(m) = 0.05 0.05-0.15 0.15-03 0.3 =

A0m

10m

im

(b) e 34 23

a8 419 tj® AMH, 29 od

(a) & A 23

upo

4% (HE

B 417 §99 A A WAst= WA L SASES] AHstFo] oigh &

£ %ol3 U

Damage state Minor Moderate Severe
Damage index
0.02H 0.05H 0.1H
(=EHY, B9m)
Damage index
@3}, orelim) 0.05 0.15 03
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[1-4] st (SS7|&) - EY, AlH, 3o LFZE 2E XMHAE EI} 7|8
ol T et
— =
A AT AIRE
— ir
B, AtH, 389 X|XlFE 2lo|E2{2| DB #+5
=] MBO_20001_00(median).csv
; - ZXA| Y i Y = FHAHA] Ei ar
Mined/Bored Tunnel T AHA B E Cut-and-cover structure= 7§ &4 E{ '3 WIEE 3000111t mediar sy
MBC_20001_12(median).csv
M B O 0 1000 00 MBO_20001_13(median).csv
S L‘__“A S =g - MBS_20002_00(median).csv
eSS =l [ = -
2R NIJWN'ZIHEE:I%T EFEY Ve 53| rEc MB0_20002_11 (median).csv
MBO_20002_12(median).csv
MBO_20002_13(median).csv
2 MBO_20003_00(median).csv
= 0: Shear strain 0001:250~350 00: LT 12x x g B
Mined/Bored 0 1-PGV 0002:350~450 11: t=50 years MBO_20003_11(median).csv
2:PGA g%i;;gg"ggg 12: t=75 years MBO_20003_12(median).csv Micrasoft
C_ut-and-cover 1z 3:PGV/Vs30 SodE 2o ook 13: t=100 years B0 200031 3(median) csv ez
single box -
==k - MBO_20004_00(median).csv
3000C V5 T 4 n
Cut-and-cover 2: MBO_20004_11(median).csv
MBO_20004_12(median).csv
Or Triple box MED_20004_13({median).csv Microsof
2| MBO_200035_00(median).csv Micra
Ne, EWER [ "= ge iz gy | E3 Vs H%l(m/s) | k% Difiyears) | nEy MBO_20005_11 (median) csv
TE] 3015 - A80 (0001 = = ;
; ;:”5 z"’"f“ j:g ’;‘3 = L:EEEJ? MB0_20005_12(median).csv Microsoft £
4 sl £oes = PRI, MEO_20005_13(median).cov Micigss
3 2HEY Strain 0-350 75 M80.00001_12 s
L i FaEE Straln 290-3%) 100 MB0_00001_13 s MEC AR0DR R mesiap e
H = 5 FuEy Sirgin 350-450 : Ma0_00002_00 MBQ._ 20000 11 (medtar)
A ) & e Strain 8045 0 MBOLO0002_11 £15) MB0O_20006_12(median) csv
<2H O|
o 1
= =
2| == EE i - ! = : 5 A
oeisr | EEERGscvs =29 99, Y. 39 AH%E 37 X oA ST
x| OkC= - i s — Extensive e by ES 3]
A T _‘kz" 321 BAEME £2% BY QNG B S = Samt I R T
4ot 7|l= > = 441 B9 E5 NVAGE U4 DB
(1) B2e) REF YT B7} e ™ N N . . .
E B 2 BoAAE HEE T07H(Vso B TR < EY W 7HEe) A RYE 107H) SAEEL
E AOIAE Hde ANNLE WM 2] %) Seswe Ve & Ay 2 O P o RAEO] TR AUHYE BHE TEokS & 4413 E 4.4.20] FYSHALL DATAE
Z2 T3 ABAQUSE ARESHY 7] Ve WO TS AU WY EY WS 0.01 ~ 0.5%7F 0 3 == 0 = > s i [ ZT TEE ARD $EY AUNAE Ao mADHYU FU(Median)d CJREFWA
| ®EHE Zof Mgttt AAELeIM SUspA 25rE20] the) EUROCODES (2004)9) : Bl ! e S (g)”“ v ! (Lognormal standard deviation}& | 7% £4r4e}(Minor, Moderate, Extensive)ol cist

FRHER Y8l T2 Sie class BIM DI E TESl) 22E wASIECE Hde AR A
AR SOl o e4uEsh WA%E Wl HEEM ATRT4% R Wprobabilisti
$uEE wRsa 7|
To NAHFE Frh A ABHEE Vsu Belo) HAEHE SN Y RN

Veso E9H(750 ~ 950 m/s)E F7ItAT. £ PN E T4 Vo BH0IA 7H89] At &

seismic demand model; PSDM)}2 7|8t0.2 2} X R3HE0] ot 27

(a) ZZE'2(YJE 2, PGA=0.388g)

(b) ZHZE] 2 (U LAL2E2, PGA=0.351g)

39 32 Baew= s2qe 2 2 AFE0 O NAALE B7

2 3.2.1 A7 AY2| g majg FaE39 2HTE(Vew = 250 ~ 350 m/s, 49 127))

A 10744 dgst] & 70789) Bdo) thgt XA A% BIHE A PGA (g) Minor Moderate Extensive
0388 38x10™ 24x107 1.1x107
(2) H2EHE 22 539 XAF YT B7}+
0382 3.6x107 22x107 1.x107
ZAE'Ee HL dIE'do|A PGAZ} 0.388g2 7hg 2A 4F
= - -
£ 900 m/so|th. E|2EHE E2Y P9 Vs 71E 0306 15x10 B.6x10 3.7x10
Ve HOELH 37] W20 ATEoR 24 3 0.297 1.3x102 7.4x107 32¢107*
2 BEELE Vew - 250 ~ 350 m/s B0l of 7 0292 1.2x10% 68x107 2.9%10°
e Utk Veso - 250 ~ 350 m/s 9o fa MIFGE THo| AW PGAZ X 5 z =
A e Ve m/s Welo] ozt A3 A o 0281 10x10° 57x107 24x10°
28 79 244E7F Minordl 282 3.82%, Moderated 8L 2.37%, ivedl 28
a 3 3
2 1I5%E LIEPITHIY 3.2.1a). 7RAIEEe] He QR RALZEE0]N PGA7} 0.351g2 7} 0:250 590 32410 1.3x10
& 37 ARE U0, T £AY Ve 740 m/s0|Th. Site class Cofl gt AFF%E = 0235 443107 23x107 8.9x10*
Mol AVEE PGAZ ABY W SNt Minord #FL 204%, Moderatedl EFL 0226 365107 19x10° 7110
15.43%, Extensiveql &2 9.55%2 LIEPITHIY 3.2.1b). & 3.2.12 Vex = 250 ~ 350 = 5 =
IR S R b = 0211 25x10°% 13x107 47%10°*
m/s Wl AUHGE THE ALgte] BALAM WY THse A @ (inor,
= - -
Moderate, Extensive)o] Cf3t &AM81BEc] 2|zt Uehjeion, & 3.2.2% Site class B amm 1910 #8x10 35x10
o Cojl thal ZHAFE oI 37hA] &ATFER chet &4EHES LER 0173 82x107 3.9x10* 13x10™

o 747k E 4.433 E 4.4.40) Bajstgct. 7k TEBL 10422 TE0 glon, R MY
o A WA ARlE REES Ushbe A2, FXEwe

E92 Cut & Cover 1: single box (CCL)# Cut & Cover 2: double box or triple box
(CC2)z FRstech W) WA At AUHLE B2 ETUYE 2 ROE WUUEF
2 0, PGVE L PGAE 2, PGV/Vswl 322 FEHGL:. X HA| A2LE ofF ¥R At
Y7HRE ES9 Ven ¥YE UERRE 302 250 ~ 350 m/sk 0001, 350 ~ 450 m/st
0002, 450 ~ 550 m/s& 0003, 550 ~ 650 m/s& 0004, 650 ~ 750 m/st 0005, 750 ~
850 m/st 0006, 850 ~ 950 m/st 00072 FE3UCH EZ9 Vex HYE AWSIo=z

Mined & Bored 0 (MBO)o| L 743}

UetE 3¢ Site class BE 000B, Site class C& 000C, Site class D 000DE F#3t%
ok OY £ ARl ©EE T3 ¥T UehlE ROE 3RS

50 £E 11, 759 S& 12, 1009 £ 1302 TESIUCH

1243tR] 2L F¢ 00,

# 441 2HEIY AWHGE J7F 23 2=%

ARHE T o] Vo B9 |o55 2

ve emen | VR | Mwa e | e

1 2aEy PGV 250 ~ 350 0 MBO_10001_00
2 | 2mEg PGV 250 ~ 350 50 MBO_10001_11
3 | Buse PGV 250 ~ 350 75 MBO_10001_12
4 | B PGV 250 ~ 350 100 MBO_10001_13
5 | s PGV 350 ~ 450 0 MBO_10002_00
6 | 2uEd PGV 350 ~ 450 50 MBO_10002_11
7 | 2xea PGV 350 ~ 450 75 MBO_10002_12
8 | Bueg PGV 350 ~ 450 100 MBO_10002_13
9 | Buey PGV 450 - 550 0 MBO_10003_00
10 | 2w PGV 450 ~ 550 50 MBO_10003_11
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y=0 0000007x2 — 0.0011x
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o 1
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= Major conditions considering the existing RC column

- In the analysis model, transverse reinforcements exists in the RC column by the Existing Column Conditions
construction manual. However, it is assumed that there is no internal lateral
confining effect due to insufficient ratio of them. Longitudinal Reinforcement

- maximum compressive strength of concrate : D29 @ 40EA

' co=f_ce=f ck, anis!
Transverse Reinforcement Tranverde
reinfercements

- Strain at ultimate strength of concrete is parameterized.
:D13 @ 10EA

E(C=E cu=0.004 ~ 0.0025 (changes with 0.0005)

- In this case, transverse reinforcement conditions
" . y were not satisfied by the codes
- Strain at yield strength of conerete is assumed to be 70% of ultimate strain of it. ¥

ey = 0.7 cc th et of concrete of existing

Longitudinal
rveinforcements

- Strain at spalling of cover concrete is assumed to PRE weapping
transverse

/ reinforcement

£.5p 5 Ecc + 0.002

FRP Retrofitting conditio

= Considerations for FRP-wrapping =Major pensuiertions 1o FRP-tetiofitting P longitudinal
: Specifications for FRP matenials E:_IG_;::MM!

- Structural analysis program : Opensees
i i |

elastic itimate Rupturs srain S i | by
RRE preperttas -
Purpase. 20503790 12 i .

- Design specification : ACl Committee 440 manual (ACI440.2R-17)

220-240 (ACI 440.2R-17)
- Material models of FRP-confined concrete : BGL maodel “igh Strength. 2020 TH-L520 12
. i : : Carbon | Urrehighrengn | 22020 205200 13 CFRP - General Purpase,
_'I:_EAI g % - It is assumed that FRP wrapping is applied through the entire height of the S P & :S;z:j;e;_g;n " *retrofitting o \
-9-| columns ey e = 7 ngl‘_m"‘fdulus o height “external x
L‘H NI - According to the ACI manual, layers of FRPs is restricted to prevent crushing F e Lol e i Seiaa '_"él_;:;:’gh'mod“!“ PR wrapping
2 () T of inner concrete due to excessive lateral confining pressure. Safes i I u =4 AFRP — Gen=ral Purpose
7C,L g_ I:é‘l | GenemtPurpoee 53 3u104140 25 - High-performance i
n i o B\ o | rpertormene | 10122 0210 3 + AFRP
2Zlo| = 22| s =t 150+ 120 ( T . GFRP
= N (with respoct to
?':'T : wrapping thickness (n-ply} tokal height)

o mar < Eopy <001

: Retrefiting height : 25%, 37.5%, 50%, 75%, 100%

Moment — curvature analysis Opensees

* Constituting pristine & deteriorated RC columns

— Corrosion of reinforcements

Momest-cunturs rabyi:

Pristine Deteriorated (corrosion rate : 10%6)
Geometrical Remforcement arrangement reinforcement arrangement
it - longitudinal - D29 @ 40 EA (28.6 mm) (ps; = 0.015) - longitudinal - D29 @ 40 EA (22 88 mm) (o) = 0.012)
- transverse - D13 @ 40 EA (12.7 mm) (p,, = 0.0013) - transverse : D13 @ 40 EA (10.16 mm) (p,, = 0.00106173)
““imﬂ'ﬂ; £ou = 0.004+ @ ultiniate steain of | ou = 0-004+ Gancorr
strain of — 0,004+ 1.&m’m=m " — 0.004 4 2¥Psn corr*fsheorr*Esucorr
concrete fle Flecorr
() =0.006870148 (Betuzorr) =0.005606522
) fo compressive r
compressive ccorr
ri 9 strength of e .
Cotiorety| STenetfiof (125842258 1473 L0 ) confined (125042254 14 ZH1om  Pieom |
confined § & fa P, VT Tawrr o
= concrete (f'ec) | =2527MPa I ) =16.4894.832 MPa
cecorr
Material compressive the residual A
condition strength of strength of Mo
s uncenfined foxr=24MPa ‘unconfined 0.52219%24
conerete concrete 46MPa
Jeo(= o) feoicorr
yield yield g
300 MP: 285 MP;
strength(fy) ° strength(fy,com) e
ultimate ultimate "
Steel 450 MPa 427.5MPa h
srmgﬂ](ﬁ‘) Skmglh(fu.ra”) 0 4001 e a0 o0 T
fracture fracture 9
2. 2 e
strain(e,) 0.125 stramn(Eey, corr) 0.0625 Retrofitting height : 75%

Retrofitting height : 100%

Retrofitting height : 50%

Energy ratio with respect to the pristine-condition
PR specen P g o 1T

ex) Energy ductility enhancement
of CFRP-ultra high modulus(n-7)

_78_




[1-6] shcistu (ZS7|H) - TRAME9 YrESFHZ 3Y zZlo|Egz| 75
of 7| et
— =
- AT AR R
AL
— ir
Wzt AEL SHE Fe Yl dsaa ot "ot
B 4.5 FRP B7H(F3PH) Zan
e | B TY 45 WY 8T | WU 45 TY EY
T2 | LgEY A9 Hat A9
Ap mm) | £(mm) | EM(mm) | EM(mm) | EAH(mm)
WALSTIE B33 DB e
50 2.179 3.000 0.000 0.000
11 CErRETR — Carbon| 100 6.329 7.000 0.081 1.000
£ d7e YT EEEe okEE AAY TES AE == 7% AdEY wWEdss 31 P— , HM 150 10.479 11.000 0.294 1.000
AR e BpuYA G Solusiel A2 Suo2, 29 UDYSTL A 42 g L omuu 200 14.628 15.000 0.294 1.000
=4 HAYIZO] 9HY B2 2ySA SAEse] UE YIHL TADR UY 2 B7TH ;
T mem E] Tastied K0 USRS SR ALAY el S B Bl | 50 6.790 7.000 0.000 0.000
= g Lt Carbon| 100 19.721 20.000 0.053 1.000
s
e sug e ; UHM | 150 32.651 33.000 0.192 1.000
au = uviz b 200 45581 46.000 0.192 1.000
P i |
g4 48 g2 ' 50 0.224 3.000 0.000 0.000
H5 BT 208 A AL A BALT 2 s 42 AU 58 AT LT :
% PEaae) i gstel AHEClH ATH 28 U §80] H5SHES Sk Ag 85O o ' Glass | 100 0.650 3.000 0.399 1.000
= 5o -E 150 1.077 3.000 1.448 2.000
F8 I3 E 2708 FRP ¥ mjE7Te] aAfel AlEe ZAtel AR 5442 24D, B ¥ . s w2t
‘; A% 22e) YsFias 2ag :M :hy Fuiel u\: Energy ratio with respect to the pristine condition 200 1.503 3.000 1.448 2.000
£ BNsiEen, dAT BHe B EUEE A8 279 45 E - FRP specimen : CFRP-ultra-high-modulus_n=7 50 0.101 3.000 0.000 0.000
S Bee DASID FAET ME0UC| o BHS AW, HAMTEY A% 27 Gl 100 0.293 3.000 0.320 1.000
TEAM o AYH H53A 2u H2 Yoid, T m2EY AREe UIYST 8 2 By 2o
B BEe Hoeel BdEas e 52 S 150 0.485 3.000 1.162 2.000
9| a3l skl 718 320 242 Yelgd e B2l Yy NS 70 e o4 43 ——
I_H x| _/'\_E Zte| 3HE-ZE 3 H-\ EHHG Acgg}naq B O0-pristine 200 0.677 3.000 1.162 2.000
& g
2 2F = = D0-cor 50 0.218 3.000 0.000 0.000
2toj =z Aramid| 100 0.633 3.000 0.399 1.000
T GP 150 1.048 3.000 1.448 2.000
50 0.341 3.000 0.000 0.000
75.00%  80.00%  B500%  9000%  95.00% 10000% Aramid 100 0.989 3.000 0.250 1.000
) HP 150 1.637 3.000 0.908 1.000
Energy ratio
200 2.286 3.000 0.908 1.000
T A A A AR g A
B 3.7 FRP 87 w7} oA oji o7 A4 2 54 Case AR A FIIH (FA1& 10%)
LREE : : 22 ujA] 23 A
Elastic Ultimate Rupture sl -zuksF A2 D29@40EA -Zuksr A3 D29@40EA
e | Modulus Strength Strain Case 715t =A (D=28.6mm) (D=25.74mm)
[GPa] [MPa] (min, [%]) -k A2 D13@300mm -3urst A2 D13@300mm
General Purpose 220-240 2050-3790 1.2 c-gp-n (D=12.7mm) (D=11.43mm)
High-modulus 340-520 1720-3100 0.5 c-hm-n =235t HYE (Ecy 0.002451 =3t HYE (€ cycom) 0.002347
—hiah- - - - - A I 3alE A F3J3lE
CFRP Ultra_ high-modulus 520-690 1380-2400 0.2 c-uhm-n 23 OP;ﬂ.__E]‘; 25 08297MPa 01—7\} —,314 24 8318MPa
ng h-strength 220-240 3790-4820 1.4 c-hs-n ‘-_q E 3 (f cc) \:171‘ OE(f cc,corr)
Ultra-high-strength | 220-240 | 4820-6200 15 c-uhs-n A =33E 94MPa 23 E AAZE 24MPa
GFRP E-glass 69-72 1860-2680 45 g-e-n =27 BAZE (feo) feo.corr)
S-glass 86-90 3440-4140 5.4 g-s-n L= () 300MPa FEL=E (fy.corr) 285MPa
AFRP General purplose 69-83 3440-4140 25 a-gp-n AL S E (fa) 450MPa 2= (fsucorr) 427.5MPa
High-performance 110-124 | 3440-4140 1.6 a-hp-n F3HFE (Ew) 0.125 FIHFE (€ sucorr) 0.0625
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