Vol.29 No.3 2007

JoooboRrRCObUOObOOUOOoUoOd

ooooo"oob oo=ooooo=noogo oo

gbooogoRrRCcOoboobooooobobgoRrRCOobooDoobobobDoobooon
gbobooobooboborcOogooooboboboooooboboboooan
gbobobbboobobobgboobobRrcOobooboobooboboobonn
gorpcOdboboboboobobobobboboboooobobobonoo
gmgboobobobgobgobgobuobuobgoboboooboboouooboooogo
gobooobooopooooboboboboooooo
gboboobooobooboboboobopcOoboboobbooobooboboobogRren

1. 0000
gbogbogboogRrcoboogobogoboognoo
gboooboooboobbobboobog
goRrRCcOOnoOoooobooobbooooon
gooooooooooobobbbbboboon
goobooobbooobooooooboooon
goboboouobboobooboobooooon
gobooooobooobboooobboogobn
gboboboouboboobbooooooobn
oo ooogooooo
gboboooboboooobooon
goooooboobobbbbooRrcbobObOOOnO
gooooboooobobommopconnonon
ggogouooooooboboboooobobbn
goRrRCcOgooooooooobooooDon
goo»wiobooopDoooooobooooDoo
gooboboboooooobbboooooobobo
goboRrRCcOooboooooooobooogoon
gboooooobooboooogobooy»g
goooooooooooooobbbbobobn
gooooooo»xoooboboboboon
ggoooooooooooobobbbbobbn
ggooooooooooobooobobobobn
ggoooooooooooobobbbbobbn

gogoooooooooooooooboobbb
ggbbooodbbodod rogRrCOOogn
gooooooooooooooooooon
gmogoobooooboooobobooobboon
gobboobobooobboobboooboo

2. 0000
O0O0O0O0250mmO0000000000
soommO0 0000000 1.00RCOOODOO
O0000O000 Table 1000000000
DI0OOD0D 120 (p,=1.36%) 0000000
3.700 105mm O O (p,=0.08%)0 000000
0000000000000 OTable20 000
54¢0 PCOO0O0CODOOODOOOODOOOOO
00000000000000000000
00000 0ER06S-PO(0 O OER06SO 0 0)0 O
000000000000000000000
0000000000000

0000 PIOPMOPVO O O PCO O (3.80-@2500
00000.035%) 0000000000000
00000000000 (Fig. 1(2)000000
D000 I0OVOOOOOOOOOO0O0000
0oO0O0O0O0OPCOOOOOOOOOOOO
0000000000000 000mIO000

*lubobooboooboobboom™mooon

oobooboobbooboobboobomooboo
ooOohoobooboboooobooooobooboobomoooon
*$O0O00oo0ooooooooooooooooomooboon

-61-



Table 1 Details of column specimens

Specimen ERO6S-PII [ERO6S-PII
Shear
failure test
specimen
PC bar - 3.80-@250
Prestress - 529 MPa |265 MPa Non
(Initial strain)| (=)
Emergency)
retrofitted
specimen
PC bar - 5.40-@65
Prestress - 505 MPa
(tnitial strain)) (- ) (2450 W)
Steel plate - t=3.2 mm
C M/(VD)=1.0, N/(bDoy)=0.2, 6,=28.8MPa,
gnt“?ion Rebar:12-D10 (p,=1.36%), Hoop:3.7¢-
RS 1 @105 (p,=0.08%).
Notes: [[=emergency retrofitted specimen, M/

(VD)=shear span to depth ratio, N/(bDc)=axial force
ratio, op=cylinder strength.

Table 2 Properties of reinforcement

a (mm?®)|c, (MPa)E, (GPa)|c,(MPa)
Rebar | D10 71 335 182 489
Hoop |3 .7¢ 11 643 199 688
3.80 11 1279 216 1359
PC bar
5.4¢| 23 - 206 1103
Steel plate|t=3.2 - 291 205 410

Notes: a =cross section area, 6,=yield strength of steel,
E=Young’s modulus of elasticity, 6,=ultimate strength
of steel.
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(a) Cyclic loading test of shear failure
column under constant axial force ratio
of 0.2.
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(b) Axial compression test of shear
damaged column.
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(c) Axial compression test of
retrofitted column.

e

(d) Cyclic loading test of flexural failure
column under constant axial force ratio
= . of 0.2.

‘|(e) Axial compression test of
retrofitted column after cyclic
loading.

Fig. 1 Procedure of loading test
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Fig. 2 Test setup
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Fig. 3 Measured V-R relationships (shear failure)
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II, 1M, IV: Damage level®, ( ): Max. crack width(depth side).

Fig. 4 Observed cracking patterns after shear
failure test
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Fig. 5 Residual axial compression capacity (N ) after
shear failure of specimen (without PC bars)
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Fig. 6 Compressive strength of concrete (0) after
shear failure of specimen (without PC bars)
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Table 3 Shear damaged concrete strength

. ER06S-series | ER05S-series”
Specimen
PO | PII |PII PV | PO | P2 | P3| P4
0,(MPa) | 28.8 (0,=14.6) | 25.8 (0,=16.1)
Crack width (mm)| - [0.35/2.0(2.1] - [0.75/3.0]4.0
Damagelevel | - |II || V| - |II | M WV
6, (MPa)  |14.61102/7.0/3.016.117.6| 1.6 1.1
o./0s  0.51]0.35/0.24/0.10/0.62/0.29/0.06/0.04
o,’/0,  |1.00/0.70/0.480.21/1.00/0.47/0.10/0.07

Notes: 6, =compressive strength of damaged concrete,
o,—compressive strength of sound concrete, * =G,.
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Fig. 7 Degradation of shear damaged concrete
strength at different damage level
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Table 4 Estimated values of emergency retrofitted
concrete strength

) ERO06S series ERO3S-P series®
Specimen py | PII | PV [P41SN] P41S
o, (MPa) 28.8 28.3

Crack width (mm) 0.35 | 2.0 | 2.1 | 0.8 | 6.0
Damage level | 11 1 v I* 1%

0,/0, 0.51 0.64

Retrofit type 5.40 - @65 540 - @41

Initial strain (W) 2450 0 2450

c, (MPa) 1.43 0 2.26

£, (MPa) | 26.9 | 23.5 | 16.8 | 18.6 | 26.2

> /o, 0.93 | 0.82 | 0.58 | 0.66 | 0.93

Notes: 6,=uniform lateral confining pressure, f’ . =con-
crete strength of emergency retrofitted specimen be-
fore cyclic loading, *=revised damage level type that
differs from Ref.10).
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Fig. 8 f° . /0} - ©, relationship

0D000000000000RCOOOOOO0O
0000000000000 0O0Orable 40 O (X
000000 (Fig ()00 000000000
000000000000000000000
008000000000 0Fig. 800000
000000000000000000000
00000000 (fJo,) 00 (000000
0000000()0000000000000
000000000000000000000
000000000000000000000
000000000000000000000

gooooobobooooboboooboogon
ErROGSO OO O0OO0MOOOOO00O0o0oon
goooooooo

[\

.Pa

ognoo,= o,000o0oooooo)

b,s

Udb00c,0PCOO0OO0O0OOMOOOPCOD



000O00b0000s0PCOO0O0O Table 4
0000 *00000000000003)00
000000000000000000000
0000000000 PMIPMIERO3S-P41SNO
ER03S-P41S0 000 O ManderD 200000
00000»000000000000000
00000000000 0000000000
000000000000 000000000
00000000 OFig. 80000000RCO
000000000000000000000
0000000000000 00000000
(0.516,00.646,)0 0000000000000
O00Fig. 800 0000000000000
00000000000000000000
00000000000 0000000000
000000000000000000000
Do0ooo0oo

3.4 0000000000
0000000000000 (Fig. 1(d)000
O0O00V-ROOOe-ROOO Fig. 90000
00000 (Fig. (b)J000000O00 Fig.
100000V-ROODO0DOO0OOO0O0DOO0O
00000000000 (Table4)0 0000
0000000000
0000000000000 00000000
000000000000000000000
000000000 (Fig. 100000000 O PII
000000000000000000000
000000000000 000000000
000 (Fig. 9 ¢,-RO 0 )0

OFig. 9000000 PIOPMOOOODOOMO
000000000000000000000
000 (R=1.5%00)00000000000
000000000 000000000000
000000000000 000000000
000000000000000000000
O0O0PVOOOOOODOOOODOOOODOO
000000000000000000000
000330000000000000000
000000000000000000000

Experimental result (shear failure test)
Experimental result (after emergency retrofit)
——— Experimental result (axial compression test)
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Fig. 9 Measured V-R and &,-R relationships before
and after emergency retrofit

ERO06S-PII ERO06S-PII ER06S-PV
Depth | Width | Depth | Width | Depth | Width
, —

L~

\/
s I’

Fig. 10 Observed cracking patterns after axial
compression test
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O :DamagelevelIl, ¢ :1II, A:IV
—— 0.20 p, 0 0.4 (Flexural column)
—a— p, 0 0.2 (Extreme shear failure column)
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Fig. 11 Relationship of residual axial force ratio
(n,) and ductility index (F)
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