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Summary

In general, bridges are repaired, strengthened or replaced because of
an increase in traffic load and deterioration. In practice, however, repair
and strengthening are conducted mainly with financial and time
limitations.

This study uses the reliability analysis method to evaluates the safety of
reinforced concrete slab bridges damaged but repaired with CFRP(Carbon
Fiber Reinforced Polymer) sheet.

The reinforced concrete slab bridges are designed through modification in
span, slab thickness, and the number of CFRP sheet according to the
AASHTO LRFD bridge design specifications, and are analyzed based on
those modified factors as variables, for the safety evaluation.

Rackwitz-Fiessler algorithm used in this study is known that it analyzes
reliability more precisely than other reliability methods even on non-linear
limit states.

The results of the study show that the safety increases as slab
thickness and reinforcement increase, but that over-reinforcement rather raises
the possibility of failure of the structure. Therefore, the reinforcement ratio

needs to be controlled appropriately.
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»‘6 _ g(Xl ) XZ/; ) XS) (2.43)
g
g
2 243)9A o= A 2449k o] vEhd 4 Qa AEE AAME
2 (2.45)9F 2.
c_ %o 0g N2
dg_\/ 2 (Hx, X,(’i) (2.44)
Xi= X,- ( ),802
i i X, | .77 Y 2
x \/ ;1( aXi‘X*Gi) (2.45)
el AL X=X, 7F D WAA wEse] A
19 25 = Rackwitz-Fiessler o] TaiHS A3 AozA o] =&l
24 a0

AAR NN Hde 20

Qe o
AgE TxEe A
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tangent to Fg at

tangent to Fr at

Fig 25 Rackwitz-Fiessler procedure
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M g4% AAFA 98 T4

3.1 YA=H

Ao A= AASHTO LRFD A A 715 (AASHTO,1998a)l 2] A 3}of
FRP(Fiber Reinforced Polymer)® B9 <#@lB e thalla] A=A xS

Ayl
W ool A ANE SAnas Bl Ud Wk ge) vewe] 498 ndls
k.

weFe] Agbdel W wEL 27 3
N Z7A B MG AeE westdn 2 27ke) Azl e 2740
sgste Atel dal wES Agsged s Bg nelstel 108mE 7t

35}
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XI2E9m ~ 18m

ong
oot —

a) Elevation of bridge

‘ 0.6m ‘_%_351.5517 XHd 3.5m ‘ Xt 3.5m
i T T T

T
[

1.5m 0.6m
|

b) Cross section of bridge

Fig 3.1 Bridge model for structural analysis
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B duFAs AAVIEAA aTsks AL FAE Axtsla o7l F
S5ecm# 10cm7HAl S 7FA A 37kA1 8] A5l thel] @l A st Aot

A geEe wPl AesHE AR, 34 B9, B4 B9FL nedy

=
o
ax
i)
_O|L
oy
Lo,
o,

% LRFD HL-93 3}5(AASHTO,19982)S A3+

7 e ZmE HAe AZAE f,=4000kg/cm’ o} ZAYE BF=
foo= 280kg/cm® & AHEEATL B =¥o] #-83 CFRP(Carbon Fiber Reinfo
-rced Polymer):= SKAFolA A &3k SK-N200(SK, http://www.skchemicals.co
m)o.2A A eAdASTe A AWy

& 747t E,= 2.35x10%kg/cm® |

B
;= 0.0151olck. 1 & AAe] AAle gk A4%= 1A axds =

N7 es FZ2ALE AAEE
3.2 gHEHE

321 Atets

w4 s

oA o)A AlstEe wEke] AEy wEe] AXEHE Wk

Rl
ol
o
kel

O
-

I ATk AbekFe AVl wEe] Am 2 Ao & AAGHA Hed 4 AR
o] AT HS o8l g FHS S+ F 9k B AfoA = LRFDAA
717 FAAASHTO,1998a)¢] wel ZATE Sere A$ HE ZIE B9

TE 2400 kg/m?®, T B oFAFE T 2300 kg/m* s AHE3H3

Z=Ru AAC Qo] AFetE > At whel A7) % 29X 7F Wehy] uE
of ztztel| el ZF Aaslr) e Brrssth el LRED A7l 7 &2

A AF A FetsEdS AAsta 3tk LRFD A A 7|l A Al Aletar 3l

m>~

fr
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Z RdS HL-938%5(AASHTO,1998a) .24 13 32 ¢ o] zZtzt t&
EY s, AAdE 5 9 AAAA T 2T o] Fo AUt

AAEYS FY] A & vF S F33 uF S A7 43mela F3F vt
A= 5 v =] Ade 43molA 9.0m7bA] WIE e = Hojglu o ul
o) 357ton(=35kN)°] #8353l F3F v 53} 3l vl S = 14.8ton(=145kN)
o] #-8&3kc},

AARE st 45 SAR7F 1.2mel il F3et52 27]7F 11.22ton(=110kN)
5

LRFD stsxde] A AAEHSFY AL 2 dAddss A
Az sEF o] HF=A] FAlo AstE o oF st o] & stFEERS AEsA Ho
At}
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14.8 ton 14.8 ton

3.57 ton
0.95 t/m
4.3 m 4.3 m
E2i g XAEIE
11.2 ton 11.2 ton
0.95 t/m
| 12m |
| \
BHE o XMES

Fig 3.2 AASHTO LRFD design load HL-93 (AASHTO,1998a)

_29_




higo]l FHAIZE AAGE R k] n e o] AA Hed o o
Fo FAPEF £ FHsFolg o AAA = St g F4
dal5o dFS WweA ol shi=dl LRFD AAI7IF9 49 F43%F oA
A5 3 313 Zo] FhEfA o R Ajbetal k. oW HAAEY s AA WS
Fol o3 FAane= F 314 #AE FAsF &AMl wE FIHAAH
of atal AAAbAsSol ok FH g = A &A1V A ¥=TH(AASHTO,1998a)

e M

BE e 4@ @44 75%
wETER Ao o3

EEEECER 2 15%

.the RE WA 4 33%

3.3 LEFD A 17 IS 2§ P84

LRFDAA 7| &2 stsAFASG dA02S 722 4 1D 22 IANH
44< Aerati 9lth(AASHTO,1998a)

727:Q;< OR, (3.1)
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gol Agusoln yoh 0 247 SEARY ARAFEA AetFH 44

%, et wew stwxdol olFoME 45 LRFD AA7EL 4(3.2)

7:01.25Qpc +1.75 ( Q. + Qu)l (3.2)

A7l A, Qpee Aeks, Qe AAEsT, Qe &4

ol o},
B AT e aEsAAse At g6 FAe o sl

m (|

ol
o
ol
=2,
o,
=
o2
o

LRFD AA7|#L AoZagee] 3 A0 g3 FegdrdAs ¢ 2 092
FAE vt wekA CFRP(Carbon Fiber Reinforced Polymer)® H7® &)
Bae] Ho gk FEsAG s 2 (3.3)3 Zoh(ACL2002)

0.588(Afi+ Afr) 0.588(A fi+ Afr)

0.9[A,7.(d— forb )+ A fr (b — = I

> 1.25Mpc+1.75 (M + My (3.3)

7| Age HIEWA,
= CFRPY ©@¥3, dt fazolhs Hel ¥o] b= @WZEf, = CFRPY <l
%, = FRP 279 4= 2o A&¥E F7HA AR AT EA

ACI HaAdA= 0859 s F330.(ACL2002) M = Abstgoll &gk wl
3 mWE

LRFDAA 7|8 £ 32¢ 2o t} L
AANA Mg ot Hu AHFelFe JFS Wt JEd ol EHE
ael ol A dhol

AEE o7] $IgHolTh

i
:OL_I‘
1%
o
2
A%
Mo
o
o
=
rr
oj
)
e
-
=
-
BN
il
ol
>
]
4>
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Table 3.2 Multiple presence factor(AASHTO,1998a)

ASAAS F | EAASAFm)
1 1.2
2 1.0
3 0.85
>3 0.65

331 ARWE FZAA
2 AoA = LRFD AA/ 7|0l gste] F2ALAS Aldg wEFFoa] #z7h4
o7} 12m¢l w o] tia] H RWUE FXAA 3 AL v)Ee At

jai]
=

=RE

a) A=A i A

B ATelA AAF e BEL 2 e 23 deae] AAA AdAxA

S-S 5 339 2

=]
=

Table 3.3 Design parameters
ERR de sdna | A A 2
L (B) 10.8 m A ZHL) 9m ~ 18 m
EEEE . [orrBEuaEY )
- 2,400 kg/m w, 2,300 kg/m
ZadgE =7
Au oW aeE | 3% ke/m [ | 20kg/em?
ck
AT JEE ZIIE SAAF
4,000 kg/cm2 270,241 kg/cm2
Iy E,
A SAAS 2 < 10%kg/cm? | CFRPYH 7 0.111mm
CFRP 9144 A4 2.35 < 10° kg/cm? |CFRP Q14 ¥ 3 & 0.0151
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Ha gdBrFAs Txe AY 2d4S 98 4 349 22 LRFD A A7]

F A o] AN T 5 A

1.2 (L + 3,000) _ 1.2(12,000 + 3,000)

min = 30 = 30 = 600mm (3.4)

st Jed 35 SURuE wAE PAZ AATF UG5S FA%L de

oolg Sla 57E m: fEES WAUY 574EL 144 Alge g A

sle] A2 U e 57HE At dlE Ak BA A S AIGe] o gkol
A= R e R
1234 AskA] 57FE 2 (35)9F 2Tt
E =250 +0.42/L, W, (35)

L& ko] A7+ o] (mm)Z A

min(L, 18,000 ) = min (12,000, 18,000) = 12,000mm
W& 3 #Z(mm) S 2 A

min(W, 9,000) = min(10,800,9,000) = 9,000mmo]t}.
wela] E =250 +0.42,/12,000 - 9,000 = 4,620mmo]t}.

22 Akl SRR A (3.6)3 2
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E=2100+40.12/L, W, < (3.6)

==

L& min(L, 18,000) = min (12,000, 18,000) = 12,000mm
W& min(W, 18,000) = min(10,800,18,000) = 10,800mm
W & AANFZoZ 10,800mmeo] i Np& AA xA4E 20|th

e A,

E=2,100 +0.12,/TZ,000 - 10,800 = 3,466 (mm) < 20200 = 5,400 (mm)

ot
IR 2304 AstA e SAE(E) S wme An 24 AstAle] BA%Q

3466mmE AAls7HEow AA & &

£
i
2,
4
rx
ol
Rl
m ofy
)
2
X
z,
o
ol
Rl
of
_E
i
X
2
rx
ol
oL
ol
o
=
ol
QO
ol
o
s
N
ofN
iy
)
fto
L

Myp=0.85-3.57+3-14.8+ 0.85-14.8 = 60.01 ton - m (3.7a)

Mpy=3-11.22 + 2.4 - 11.22 = 60.59 ton - m (3.7b)
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Myy=0.949 . 3 X212 —17.08ton - m (3.7¢)

te ErRlEs AARsHS

ofr

uebd Hd A7 gsts EWE M & EAAWY

wRlEel ol Ho} 4 (38)7 2t}

My, = Mpy+ Myy= 60.588 + 17.082 = 77.67 ton - m (3.8)
L/4=3
3.57t 14.8t 14.8t
0.85 4.3m 1 4.3m 080
% %
12m

a) HL-93 Design truck load
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L/4=3

949t/m

J R

s
12m
= ™
b) HL-93 Design lane load
L/4=3
2.4
11.22t 1 2m 11.22
| |
,
12m

c¢) HL-93 Design tandem load

Fig 3.3 HL-93 loading for maximum moment at midspan of simple span
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LRFD AA7|&2 f
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ot
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_O‘L
ofy
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oo
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_0|L
&
%0
rr
2,
=51
w
—

3ol A ESHFH AA WERFS FAAA AWS A FASHF

s

A at ol 93 RHE M,S 33% S7HAA At

AEA7IA et webd 4 detg ERE M2 A (393 2ol A

o) B9EY B3E muE

AASIFE] 3466m ol B WEF 44 FaF: wale(M,,)sh BE

5

ax

a5 EUE (My,)< 2 (31007 2t}

[¢]
-

M,, = T7.67 /3.466 = 22.41 ton - m/m

My, = 19.994 /3.466 = 5.77 ton - m/m

Fe
o
e
()
ofs
o
o
S
Il
N
w
X
<
o
co
I
(e}
—_
o
g
N
Sl\’?

A% A BT (w,)
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(3.10a)

(3.10b)

o EYHEFA7F 60cms!

$5(w,) 2 AR 2 U



P (0.4 4+ 0.45)2>< 0.25 x2.4 _ 0.225¢/m

w7k - 0.1t/m

w,= (0.225+0.1)/10.8 = 0.03t/m?

Wal A WY AleE RAE (Myo)E 4 GIDH Bol AE F ok

AN

v et wtw,) - (1.44+0.184+0.03) - 12
DC —

3 3 =29.77ton - m/m

(3.11)

0.588(A.f.+ A f) 0.588(A.f.+ AL
0.9[A,f.(d— ) )+ A fr (b — ferb )]
> 1.25 (Mpe) + 1.75 (M, + Mpy,) (3.3)
ACI R34 (ACL2002)°] ]3] A AE FRPE ®7Z%E Ho IRE 314 =5
o3 CFRP2 WA o w2 A, 5& A4 3 & ok ZF=sAAe A4 At
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Table 3.4 Environmental-reduction factor Cg(ACIL2002)

&z FRP & ¥ AR 2A5 Cg
Carbon/epoxy 0.95

Y5 =5 Glass/epoxy 0.75
Aramid/epoxy 0.85
Carbon/epoxy 0.85

e Glass/epoxy 0.65
Aramid/epoxy 0.75

e
)
El
o
o
5
O
>y
=
gv)
_O,
(1
u
rlet
o
)
B
)

2 oolgel HgH TaEBe] 9ol =
_/_l':

T Cp=08% & Ath. wekA CERPOL 3134 E 2 53 HgdE2 4

(3.12)ell o3 ALt = QT

fru= Cpfs =0.85 - [z, €= Cpes=0.85 - ¢, (3.12)
Atz ole 271MEE ¢, % CFRPY Ha¥IE o= 4GB130l <
Are = JEd cv= A9 oz 7P s 483y
My-(h—z
€y = DCI( T ) (3.13a)
h—c¢
Ef(, = 0003( )_ebi < ﬁmefu (313b)




go], o #dud 23 wyE B 2asEe BdAS, o
= oo FEATA FAFAA Y A= BAALATE TG T8 0

el
=
3

rlo
o
=2
Lo
ot
4z
8.0
1o
i
X
&
o
v

FRPE: 33885 (e,)0 £2apd 99 f3ad w9 £,& FRPe| 07

A& 0.9¢]3ke] & 7hxITh
Ko nEftf—OJ gholl whel 2] (3.14)9F #o] At 4 Atk

D nEt < 183673.5 (3.142)
_ 1 . nEg
K= o 1 3mai=] < 0.9 (3.14b)
i) nEt, > 183673.5 (3.14c)
1 - 91836.75
= oo 1= g ] = 09 (3.14d)

Ao WY E 6= A (3153 o] ALE 5 Uth

d—
€s = (6fe + ebi)(hTz

) (3.15)

webr Bzl BB E f,e CFRPY AZAE fr, = 2 (316)0] &) Axg

P
T 3

fs = Eses < fy (3168)

ffe = EfEfeg Ef%mefu (316b)
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o] FEPLo RHEAFQ kK,o72 ATAA FRPe uehy ojgbs WA 8

T A Fh

oed AL A @ AAE qx wRee Adad
St Aata BEL ol gate] 4 (3IDT ol AAUHRUE(HM,)E A4
& 5 9y

e /)

M, = 0.9[Af,(d— =) + 0.85 A4, (h

> 1.25(29.77) + 1.75(22.41 +5.77) (3.17)

I et ol AgpEon 2 i

AN
o,
o%
)
i
o

ofr

LRFD AA7]&2 422

H
EENERTE RIS

WA - ¢/d < 0.42
i%ﬂ%ﬂ] = Pmin — 0.03 (fck/fy)

o] 714 Axtd g2 CFRPE F-#ahAl & 49, 1 ply #23 49, 2 plies
25k A5, 3 plies 23 Bg-o sl Absts v dats 27)eF A7hd A
AIH s Yebd Aolth 7F X HAEHE FA o A6 (ps)E
vl sl CFRPE H#s8h#] & 29 086% ~ 096%=2 Jedz 9, 1
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ply H#&& Ao 0.70%~ 091%, 2 plies 23 Ao 055% ~0.86%, 3
plies &3k 2o 045% ~ 0.82%E e AL gtk

Table 3.5 Results of structural calculation

n=0 n=1 n=2 n=3
h| d M/

(em)|(em)|{ Mpe | A pe | A pe | A pe | A Py

48 | 43 [1.175|37.22|0.0087|30.05| 0.0070|23.57|0.0055|19.15|0.0045

9m | 53 | 48 |1.080| 33.8 |0.0070|26.72| 0.0056 |19.63|0.0041|13.43(0.0028

58 | 53 [1.000(31.13]0.0059|24.12|0.0046 |17.11{0.0032| 10.1 |0.0019

60 | 55 [0.753|47.09(0.0086|40.61|0.0074|35.14/0.0064|30.82|0.0056

12m| 65 | 60 |0.702|44.02|0.0073(37.22| 0.0062|30.28/0.0050|25.23|0.0042

70 | 65 |0.657]41.51|0.0064(34.74|0.0053|27.85(0.0043|20.96 |0.0032

72 | 67 |0.563|60.88|0.0091(55.78]0.0083 |51.14{0.0076|47.21|0.0070

16m| 77 | 72 |0.530(57.86|0.0080|51.69|0.0072 |46.29|0.0064|41.87|0.0058

82 | 77 10.501|55.31(0.0072|48.76| 0.0063 |41.96|0.0054|37.15|0.0048

84 | 79 10.435| 75.9 [0.0096|71.76|0.0091 |67.88|0.0086|64.48|0.0082

18m| 89 | 84 |0.413|72.95|0.0087(67.99|0.0081 [63.47|0.0076|59.58|0.0071

94 | 89 |0.393|70.41|0.0079|64.61|0.0073(59.47|0.0067|55.12|0.0062
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Rl i Sy,
- |= =e= =h=48cm
0.0020 [ | =B =H=53cm
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0.0000 HI——r=0eml
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CFRP Al E(n)

Fig 3.5a Steel ratios per CFRP sheets(L=9m)

0.0120
L=12m
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» *-.
G 0.0080 [~ ...
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- |- -& - h=60cm Tt — =
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CFRP A[E(n)

Fig 3.5b Steel ratios per CFRP sheets(L=12m)
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Fig 3.5d Steel ratios per CFRP sheets(L=18m)




V. 87Fxd dig A=A 4
4.1 M=

2 Ao A= AASHTO LRFD AA|7]d ol&] AA® CFRPZ R74®d H*

=
ZadEe sdEaed g A= s FRAT A= AAE

9]
A A E AHAF pE E@sed o WHYAFF FREY AT v}
Bl A %ol

o=t A siMel AFgE AlEAd o] &2 Rackwitz-Fiessler ©]&0]
t}.(Rackwitz and Fiessler, 1978)
o] o2& FEWMEFIV} HAJFEEES o|FA &l lognormal® ¥ Extreme Type
[ 59 HATEEES o|FAL ATt H A g
t}. Rackwitz-Fiessler Wi el A= HAGFX2E T7Fe Aitd
.

< 444

X
>
i)
LT
30,

Y2 HFA7|=d od BHgow g BIEE VA=

(A
i
o
2

>

(3

B oG Al A ALE SeruE 2 (33)7 Zo] LRFD AA 7] F9

A= AAdrHor AA A,

0.588(Af+ Asfz) 0.588(Afi+ Asfz)
ferb farb

> 1.25(Mpe) + 1.75 (M + M) (3.3)

9[A8fb(d7 )+¢Afffe(h7 )]

ol AA Al it FALH T A 4D 2
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glx) = [Af(d—

0.588(Afi+ Afr)

)+ Asfr(h —

0.588(A fi+ Asfr)

)]

fckb f(,‘kb
- (MDC + MLL + MIM)
(4.1)
4.2 MEgET
3 A A Ao A #AdE VEWHSE dAX S Ao A%
=, ZAYE A%, CFRP Z% Toltl £ AFd A8dH AWy FAAE
413 2ol 1Ee) AFARES EdE g
Table 4.1 Statistics of design variables
BEHEYE T3k Hi gk | HS5AT | A AF
fck
normal 230 238 0.85 0.18
(kg/cm?)
fy
lognormal 4000 4500 1.125 0.098
(kg/cm?)
h (cm) normal h h 1.0 0.0152/h
il
| d (em) normal d d 1.0 0.0152/d
2] 5
b (cm) normal 100 100 1.0 0.01/b
A ] _
normal T A%k TA gk 1.0 0.03
(em?)
Efc lognormal 0.0151 0.0179 1.185 -
CFRP
Efc lognormal | 2.35 % 10° [2.57 x< 10° 1.094 0.245
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4.3 SraEs

4.3.1 Atstsr s

3t W T AbetT e ESAFEe F2ES] ARSI Fe O A7y $1A7L
7ol WskA ot Zetg o BTl ve vad Fes] FAHL 5 9o &

& =} & o] t}h.(Nowak,1993)

Table 4.2 Statistics of dead load(Nowak,1993)

it AEA 5 WA L
Dy 1.03 0.08

D, 1.05 0.10 normal
Dy 1.00 0.25 distribution
D, 1.03 ~ 1.05 0.08 ~ 0.10

AN, D& I AZA B Dy dAFoA gAdd A, Dy o2

E 5 24, D= d3, 7t2S 59 el 23d

B AFeNE b9 AEtE B 5 dFed FadE SHnd sgEs
2wA el SAARE A&

webr @AEd ZagE &YHe] st Rl FEEEE AR Eol
Tkl i ko] vl AFAFW7F 105013 WEAF(V)E 0.10] T
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galgel G A7k Aol ARTA, Fa1F, F1t A, wF A e 9

3 .
2 AFoAE el Ul AEE Nowak(Nowak,1993)2] A5 E A-&3H3 &
d] o] A& Ontario Ministry of Transfortationol] 28 1975 a¥ ==z
Abel Axt2 FA AT

o] Al TAES TAS®E 1000009 EF] dE ot 3t AYes

ml

ZApstglon, ol 9250t & dRste] Zhzhe] ERfo] wigh agre] A HE
MES Aaes Axdstdnh. 2AME 1000009 E2 27U wEFE o
w3t Zhgetdon Aol 759 wEHFe EHXAARE EWE RIEk
FAstit

e 7)ztell sl LRFD EHlEo] o3k Ft o 4
A1el oz A & g Qdvh A7 Zhze] i HoiEWEE P 75d 2l

Eg
A =2 wuled gd WEASVE 29 42 o 2tk 19 425 A7k
L

gkl W TR Bgel vE deEhd= Aol #FAFAH LRFD
<ol W Gyt Ho 75d st dFe wiek v weEkd LRFD

(4.2)

o714 M(75)% Hyt AW 7539 mWE, M(LRFD)+= LRFD HL-93 35l
°jg RulEo|t},



Table 4.3 Live load bias factors(M75/M(LRFD))

t
2
o
&)
ofN

M(LRFD) M(75) M(75)/
2] ZHm)
(ton - m) (ton - m) M(LRFD)
3 88 132 1.50
6 217 302 1.39
9 397 537 1.35
12 578 783 1.35
15 826 1099 1.33
18 1093 1444 1.32
21 1376 1804 1.31
24 1675 2202 1.31
27 1990 2608 1.31
30 2322 3048 1.31
33 2670 3492 1.31
36 3033 3917 1.29
39 3413 4333 1.27
42 3809 4710 1.24
45 4220 5185 1.23
48 4648 5757 1.24
51 5092 6323 1.24
54 H5552 6906 1.24
57 6028 7486 1.24
60 6520 8036 1.23
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de et 75d HAd 4 Zeee Bd Hd AA gstsol
DLF(Dynamic Load Factor)& w#3tel ++3  d+=dl EZ sido djgh F4
DLF+= 015013 E¥ % dio] tig g DLF= 010019 ztzhe] s A+= 0.8
ot}

Table 4.4 Statistics of Dynamic load

A3 E & o 4= DLF 3t s A5
1 0.15 015 T, 0.8
2 0.10 0.10 T 0.8
2.4 2|4 sl
E AFo A H&3 CFRPZ RAH FIZIYE S B o gk g7

e A A4DH Zoh

o
Bu)
o

20 = [Af(d— 0.588(Af + Asfz) Y+ Afo(h — 0.588(Af,+ Adfe) )
fckb fc/eb

— (Mpc + M+ My

(4.1

2 (4D2 A dolm® Taylor S AR&Ste] AAHA dia) A¥
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A (43904 (e 2AHES e
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2 (4.13)9] A2 AARS ol&ste thAl Aitstd AR AR jrt FHEs
A He=, ArrS drEske] U o] AN EI g AR AR S B "ok

4.5 LA sfAd 3 o TR

451 24 s 47

2 A s B AFoA] ALE3 st 2 A HEEe] FAARES

Rackwitz-Fissler®] 4l Ado]&& o] &3to] ALtg zh7te] AxE 7|3ttt

46 2 1Y 438 CFRP A|EE Al
o7lol AFAF 9= 09(AASHTO,1998a) = #8391, ¢ & 0.85(ACL2
002)8 A &3ttt

Table 4.5 Reliability indices per CFRP sheets(Minimum slab thickness)

n=0 n=1 n=2 n=3
X2k m)| 3 Ps 3 Ps 3 Ps 3 Ps
9 3.702 (0.0087| 4.328 |0.0070 4.380 |0.0055| 4.267 |0.0045
12 3.686 |0.0086| 4.272 |0.0074| 4.420 |0.0064 | 4.415 |0.0056
15 3.709 |0.0091| 4.177 |0.0083| 4.376 |0.0076 | 4.459 |0.0070
18 3.666 |0.0096| 4.004 |0.0091| 4.193 |0.0086| 4.306 |0.0082
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Fig 4.4 Steel ratios per CFRP sheets
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2 449
Table 4.6 Reliability indices per slab thickness
w=0.85
x|zt h d
n=0 n=1 n=2 n=3
48 43 3.702 4.328 4.380 4.267
9m 53 48 3.722 4.379 4.359 4.078
58 53 3.735 4.415 4.333 3.922
60 55 3.686 4.272 4.420 4.415
12m 65 60 3.694 4.324 4.439 4.352
70 65 3.697 4.349 4.439 4.252
72 67 3.709 4177 4.376 4.459
15m 77 72 3.709 4.255 4.441 4.486
82 77 3.705 4.289 4.475 4.472
84 79 3.666 4.004 4.193 4.306
18m 89 84 3.661 4.059 4.260 4.365
94 89 3.653 4.108 4.312 4.400
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Fig 4.5b Reliability indices per slab thickness(L=12m)
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Fig 4.7a Reliability indices per spans(n=1)
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