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Table 1 Properties of steel materials

Reinforcement Thigkness or 9y E Ou
section area | (MPa) | (GPa) | (MPa)
Rebar D100 OO 71mn? | 400 172 568
Hoop 370 00 11 mn? | 558 190 606
PC bar 5400023 mm? | O 206 | 1102
Steel plate | [ 3.2mm 277 206 337

Notes : Oy = yeild strength, E=modulus of elasticity,
@ = ultimate strength
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Table 2 Details of column specimens

Specimen | R04S-P6SAD | RO04S-P65AW | R04S-P65ADI1 | RO4S-P65AWI R04S-P65 R04S-P65S
Elevation — — E
(mm) — = E = =
250
Cross 0
Section
(mm) T E
<« |Loading direction <— B - -« -~
St‘/’e;ljl?egle Steel angle (L-50% 50% 6-@65) o 405;63171’01*}}63.2)
Prestress 500MPa (2450)
o8 24MPa | 26MPa
Common |Longitudinal reinforcement : 12-D10 (p,= 1.36%), Transverse reinforcement : 3.7@-@105 (pw = 0.08%)
details PC bar: 5.4¢-@65, M/(VD) = 1.0, N/(bDO)=0.2
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Fig. 3 Observed cracking patterns after roading test
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Fig. 4 Measured strain of steel anglesand PC bars

-297-




obooooon

gooooboobooboob bOobooobooboobooobbooboobobod

ubb40000000000000OFg. 400 PpPCOOOODOO0ODOOODODOOOOO

gooooon
goooobog

gooboboboboooog 4. boboo
gooobobbooooobobb grCcOoobOobOOObDODOOOODOOOO

U 0O R04S-P65ADI1 0 R04S-P65SAW1 O 0O R04S- 0000000200 0000020000000
pesAWID OO OODOOODOODOO(Fig.2U0 D) OO0OO0OOODOOOOOOODOODOOOOO

00000 Fig

4A0000000D00DO0ODOObO0 (Hoooooooobo,,cObCO0O0bDOOODO

OO000OMRKMS-PSAWID ODO0ODOOODOOOO OOOO0@4S0)OD00D00OODODOODODOODOD

oooogoog
goooooo
googoooo

obooboogopepcObgobogon ODOobObODbObORCOOODOODODOODOO
U00000OR04S-P6SADIO OO 0OOUOOOOOOOOLOOOOODOOOOODOOO0
googobooooboooobodg oboobobobobboboobobbooboo

OO0O0O00O0D0O0OO0R04S-P65O RO4S-P6SSOOLO OOUOOOOManderDOODOOODODOke?D OO
gobooopecodbboonoboooboog oooooo

oo ooo ecOd @QOHUooobooooooecO0bOoboOoO
Table 3 Calculation detailsfor transver se confinement and sear reinforcement
R04S-P65AD RO4S-P65AW | R04S-P65AD1 | R04S-P65AW1 R0O4S-P65 R04S-P65S
O Steel angle = i - § PC-bar Comer block Steel-plate
O 155 e oo CF o
SR I S e L]::[
O
[ > <G = a —> < ~ | —p <+
: S T
—3 : Pre-tension force through corner blocks ==> : Pre-tension force through steel angles
""" D : Friction force through steel angles ~¢—> : Loading direction
ooooao

(CO0Ooooo)
Ot :4.1(5rgke

P

b3

(0ooooon)
f'= g+

c,. =

i
55
m]

Oct: 000000

pke: 00 0O0O0O0O0ODODOOO(DOOOOO(OOO)ODODOOODODOOOD
obodd4se ,00000001s5° ,00030° 000000000 00DODOO
COmmO0000000C0003Bmm00000000O000000C0D

ke . 00 O0O0O0O0ODOOCOODD

b:00 ,s:PCO0O0ODO0O ,oy:PCOO00O0O0OOOO0O ,ou:PCOOO0OO0OOO
o:dO0(pCcODOO0D0OD0O0ODODODODOOO,0DO00OPCOODDUODODOD
ﬁ:DDDDDDDDDDD(PCDDDDDDDDDDDD(Gu-GpSD 800MPa) J O O O
coooooo0oooooooog@oooo4tnoD

Eﬁﬁ%memMDDDDDDDDDDDDDDD,m%DDDDDDDDDDDD
0e:000000000000000(00000
cccBDcDE1.254+2.254 /1+7'94f1'—2f"Errom noooooooooooon
oo oo 0,:00000000000(000000000)
O00000O0(00O00000000000000000000)
2, |P:0000000000000000000®C000000000d(0,-0,00
oww =5 |0800MPa)000000000,000,PCO00000000000000000
00000000000000000)
=1-32_-% |A:0DOOOOODOODOEOOOOOOOD00O0O00DD00O000D00O0
2D 4D \gpgQgoo,A0000D D:0000b:00 ,s:PCOO0D0ODO

-298-



O0000000ORichertD DD OO0%00000
oobodooooboooooooooooog
GHuuoooooobooooo,pcooon
Udbdebbbubbbbe 00OOOOOON
DDDDDDDSOOMPaDDDDDD(OU—OPSD
OOMP2)POPCODOODODODOODODOOOO
oobooooobooooboboooboooo
goobooooooooooobooon
@GOHUooboooooo,.bo?Pooobooon
oo@Esox 25omm)J 000000 (ODOODOO
goobob:=e)unoooono
G)oooooboomoobooooobooboo
oobooooooooropcoooooooooo
DDDDDDD(GU—OPS)DDDDDDDDDDD
000ooo0oOooobooooooooggec
gbooboboobobooobobooboo
goboooboboobooobooobbooo
oboooobobooobuooobuooooo o
oooooooooeooboo400DODnOO
00DbO0o0OO0oDoOo0oboOooOADOODODOODO
oooog ,pcO000bDooooon
(eypcobbbbboboofd(o,-c 000U,
gooooooogoo,@3ouooooobog
G)oooooooooooooooobo
ooobooobooooobooepcoboonon
oooooboooboooboooooobooon
000000 ,.000000gOononTable3O0 OO
000000000 ,.0oobooooooon
gobooobbooobobuooboobbooo
gooooonoo Fegsoogd

¢ 3(MPa)

40 |Confined(PC bar) FCOnﬁned (PC bar+Steel
35+ \Nc’uif__
300 opes T TTTTeeee
25 +

20,/
15 |

10 /

5 Unconfined (24MPa)

0¥ ! I !

0 04 0.8 2

Fig. 5 Stress-strain relationships
of concrete by Mander

- Confined (PC bar+angle)/{
A . Confined (PC bar+2angles)

12 1.6 (%)

00000000000000000000(@
0000)I0000000000 (0w/os)0 0
AUDDO000D00O0D000®00000000
0Dv.000000000000 V000000
0000 (VoVHO Fig.60 0000000000
000000000000000ADOOOO0
000000000000 0000Fig 70000
000MO00000000000000000
0000000000000 00000000
0000000000000000000000
0D00000000000000000000
0D000O00o020000000000

OFig.600000000000000000C
000000000 RO4S-P65AD, R04S-P65AD1
0000000000000000000MmM0
000000000000 000 OR04S-P65SAD
0000000000000MO0O000000
00000000000000000PCOO0O
0000000000000000000000
00000000000000000000 ™
0000@MO0000000000000o0ono
0000000000000000000000
D000O000OFg 700000000000
000000000 00000000000
0000000000000000000000
00000MO00000000000000
00000000000 O0O00000ooono
0D00000000000000000

[ R04S-P65AW, R04S-P65AW 10 R04S-P650 0 O
OD0O0PCOOOODOOOCOOOOOOOOOO
00000000000000000Fig 700

1.2

11" — AT
—"—“—\3—\—‘—‘/45 00000 Vovr
09 [l
08 [ 0

0.7

P6SAD PGSAW P6SADI PGSAWI P65 P65S
Fig. 6 cacs/og and V /V, of specimens

-299-



ugoobooobooooooobobbooo
uboboobooboobbooboobobood
gobooboobboobooboooobog
gbooboboobobooboooobooobogooo
ros01.120000000000300040 RO4S-
posOO0O0OOO0OOOOO0DOOOOOOOOO
uoooboobobooooooobobobooo
gboboooobooboooobooooooog
gobooboobbooboboooobobobg
gbooboooobooooooon

ORO4S-posSsO PCOOODOODOODOOOOODO

‘ ----- Before retrofit —— After retrofit ‘
V(kN) ZFlexural strength
200
100 \ Shear strength
0 — :
Vi) [RosS-PosAV |
200[[} Mo
100 =l
0 ‘
V(kN)| R04S-P65ADI1
200 ] o T o
100
0 —
VN RO4S-P65AW1
200 i-’u ~ ]
IOO] T
0 ‘ ‘
NN —
200 i
100+
0 = ‘
VNI
200 [] / —1
100 ===
0 | ‘ —

_ 1 2 3 4 5 R(%)
Fig. 7Comparison between experimental

000 andcalculated results

ubobooboboobooooboobooooog
uboboobOdrg 70000 000000000
gobooboobboobooobboobog
goboooboooboobooooooobooon
gboooobgooboobooobooboooboon
ubbooboobboobooobboooogd
gbobooboglisgbobooob 4200
oo

5. 00
noooooooooboooooobooooo
ugbooboooboboboobobonooono
gboobooboobooboooooooo
20000 0o0bo0booboooogoboog
gbooooobobooooboboobobo
gboooobgooboboooboboooboon
goboobooobooboooboooobooon
ubogboobobooooboboboobobd
ugboooo ,gbooboboooboboboonog
gboobooboobooboooooooo

oooon
I000000oooboboo0oogoooooboo
gooopcO00DODODOOOODODORCOOO
oobooboooooooooooooooog
0 0O O [No. 526, pp. 141-145, 1999.12

20 OO0O0O ,0000,00000 ,000000
pCcO000O0O0OOODODODOOOOOODODO
000000 Vel2s, No2, pp.1513-1518, 2003
300000000oD0oooooooooooon
goooobooooooooonoooooon
pp. 52-5701154-155011999.11

4[Mander, J. B., Priestley, M. J. N. and Park, R.: Theoretical Stress-
Strain Model for Confined Concrete, J. of Structural Engineering,
ASCE, Vol. 114, No. 8, pp. 1804-1826, Aug. 1988

S)Richart, F. E. et al. : A Study of the Failure of Concrete under
Combined Compressive Stress, University of Tllinois, Engineer-
ing Experimental Station, Bulletin, No. 185 , 1928.
6000000ooooooooooooDooooDD
O00oooddUdpp.174-176,1996.2
NOODODODO0DOOO0O0DDOOoOoboooobooooDo
oo0o0oo0oooooooooooDoooooog
O0OD0O0O0OVol.48B,pp-231-236,2002.3
POOO0OU00OoooooObooooobobDboboo
0000000000 000o0oo0oognpp.142-
16200175-192011999.8

-300-



