PR AN EE3)
20053 & steurEs =&23

PSC Beam2| H{2% HZ Al 0]XIgHS st &E| Y54

A Reliability Analysis considering the Second Composite Effect in
the To-Box Reinforcement of Deteriorated PSC Beam Bridge
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ABSTRACT

The reinforcing effect of modified structure of PSC beams is analyzed in this study. The PSC beams
are closed by precast half panels embeding PS tendons at the bottom flange of I-beam. The stiffness of
box structure i1s larger and the PS force at half panels makes a time-dependent upward camber of
superstructures. The superstructure becomes a second composite structure among 3 elements-PSC
beam, RC slab, PSC panel. The time-dependent creep and shrinkage effect at PSC panels and structural
behavior is verified considering construction sequences. The optimal range of to-box reinforcing method
is surveyed through reliability analysis.
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(a) Reinforced a n enr PSC beams (b) Reinforced at exterior PSC beams

Fig. 1 Reinforcing method to closed box structure
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Fig. 3 Various scheme of anchor block
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Table. 1 Characteristics of the PSC Beam bridge
5 PSC Beam (67371 = Beam (350 kgf/cm ?)
g B4 RC Slab (6737} 2AERE Slab (240 kgf] cm 2)
T2 A L=252m (¥ : 223m) n E B : 154m
A2 432 257 DBIST, DLI8T
R 3 -
| = | g | = a1y
ft ”m i
623“11 = F7 77 71T
126.000 @100C0= 000 633.000=138.000 F10{000=30.000 _167.000
a2l (g2l ewaa)  (Cae-2) 8% =2l frod o82.200m13.200 L1,

(a) Arrangement

{b) Cross section
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Table. 2 Procedure of analys is by construction stage

R TEAE A
Sige 1| @ DG T s o0 = PSC & AX(IATAZA) | 54 F4 + 60
Stage 2| O Slab 2 7121 g43F Slab, 7}EH = s}Fo g 2L 79
@ a= 9 AzxrE sta F2A7E oby.

Slab 2 7l2R A% Slab, 7t2RE FAFZZ FE

Sge3| B S 5 s NelCESD LY 0
AT D Iz 5 ZWE YATEE 2
Stage 4| D LIEAREER 2 I @DBIBAS ) Skb AR WATSE AT 1 am0uaon)
}_ 51 ==

Stage 5| B ERTAHUE BT wAEades 45029 4% | 59 4 + 0%

BAZINE AF @ AF AHE RWRAZAYETL AR TFRER
Stage 6 % ia]_l_i_ %?]Z-]‘}_-T——G—% T J J' E] Z_}_g?]’? o:f" = 7%]
Stage 7| O DB24 ® 2= ¢ Azx5= BREaes) 24T ZERE AL | 36509(10)

194 PSC BE Azl Agsls 59 728 SA45 0, JAEHOE BE AXsHe Ao
t} 28 AlE 7t2Re uleERg g QAR o] F FRAE 27] Aoz dFozw PSCR Astd
t} 3YAlE 7t2He £YBrt A B3l v bgd PRIV 1IAFATRE SHT g7
AL dAstd AFE A 49AE 3 L IS AXE 2 DBISsE o2 1047 F83ks dAloth
S5AAE 1038 € F n35Fo] DBIRA DBUZ $7A= o] Watde 1/3 AFA717] YailA B3 AN
st @Alolth olu RATIANEE 7|E uHFH AV HA oA dFo=w ALsh= dAloth 694
v RAEaEV & nFn A Ho 2484722 2HEske aAlolth o] @AldlN 7t ZYrE
22 29 ¢ £ Jn 2AEAYEE AZTaHr ST TdAE B 98 F DBU4EFe] T8
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Faze9 BEAL gAY UM BEF t21, 27 29 138G Azt g &A% T9ANA 18
Fh[14-15] AlFeAE A BFe RE FRAAM dAHE $Zo] dAV|E FRE 458 HAE
BEE=rLE AESY AT whad W 7 ZerEH2Y RAYAE FAE.
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{e) Scheme 5 : central 3 girders
Fig. 5 Various reinforcing schemes in PSC bridge
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Table. 3 Result of modeling(solid, layer) [cm]

T2 Gl G2 G3 G4

. Solid 2.068 2,041 2027 2022
e Layer 2.020 1992 1975 1.970
Ratio (%) 2.321 2401 2565 2572
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Table. 4 Rehabilitation scheme Table. 5 Result of Final Stresses [kgf/cm?]
B Y7} -+ & o g;g G2 G30 G4
3 Fa | -109957] -105.278] -101.015] 100691
e | avEan uz = = 2 gl
H g 3 32 T2 ¥ Sra | o] 43502 36304] 3563
E / T |42 | -108006] -103.354] -99.101] -98.769
Scheme 1| (qase g | GLGT | G2~Go B % [ea| 45201 34450 27.004] 26070
—~ Scherme 1 | 32| 107.855] 110,639 ~111561] 112.304
G0 @6 | cheme " [sa | 4994] 5329]  5076] 5612
Scheme 2| (g} a2, 141 230 | G5~G7 G4 ehome g |8 | 108.440] 106 434 -107.268] -108.758
sa | 12945 12508 11.375] 774
Seheme 3| GL~G2, G6~G7 | G1~Gz, Sehome 3 |82 | 104063 103 850 ~102.293] 101665
cheme S| (ABA uAd | G6~GT cheme 3 a1 1a841]  19694] 22801 23410
GI~G3, G5~G7 | Gl G3, el | -105.179] ~107.827] -106.187] 104622
Scheme 4| a3 ua) | 61 | B Scheme 4 [ T o 0071 8006 13.773]  15.3%
G3~G5 a1 | -98607] -102.381] -105.246] -10683%
Scheme 5| pz3p gy | B ® ¢ Scheme 5 I T oasaz|  22617] 17281 1L187
® EAHeY £ = 0. 40fck = -1400 kgf/em?® 340289 £, = 1.6Vf, = 299 kgf/em?
(RE &40 gt 3
324 8 220 HE NBTAA
2 aTod Ad way nAFEe 7229 2 A% o) F340 gone A 4B guoz
B G+ QE wE A3He Hol AYHE 47 FUo] RANY ReAo Hedd YA
“Jra}’ﬂ F Bkl gt AFaAHS A7 AR L2 Fo] $2d HEHE HEsle] FEE o
2 A% 542 BHsYT olu oA gudEsl 2 Agshe FIRE uF

s 8 ugelnz NS 4gssrh A

Table. 6 Rehabilitation scheme(L/2)

o g ﬂ%“:‘l =9e
T

51_701»13}0}-% HEod

Table. 7 Result of Final Stresses [kgf/cm?]

g2 ¥ 7o YetAATh

BER YRR T Gl G2 G3 G4
2 Fuzax vy : T o 28] -100057] 105278 -101015]  -100691
T i ¥ TR Al s oo s 5o
E / T |34 | -18006] -103354] -99101] -98769
Scheme G1~G7 L BT 45.201 34450 27.204 26.170
, Gl, GT | G2~G6 s : :
-1 (A 7Y 22 Scheme | 39 | -107561]  -110602]  -109668] 110210
Scheme | G1~G2, G3~G5, G6~GT | GI~G3, | 4 1 jelel|  9513] 69  4173] 4363
2-1 | (&0, WE3A B | G5~G7 Scheme | 29| -106514] -105739] -105254] -107650
2-1 Eail 14.262 15925 10570 7561
1~G2, G6~ 1~G2
Tl s oGt Scheme | 3@ | -107.163] -107622] -100656] -1005%
3-1 34 17501 23.097 23844 26411
Scheme G(ggg;,f;;g G163 G5 o, a6 Scheme | 99 | -10609] -109011] -104815] -101.079
- 4-1 i) 11.700 10.406 13.367 14918
Scheme G3~G5 Scheme | A9 | -106541f -102.880| -105977] -107.222
5-1 (W&E370 B 63, 65 G4 5-1 & 44.489 21493 . 14921 10.849
* 3 EUEEY £, = 0.40 fp = -1400 kgf/em® FEAFEH £, = 1.6Vf, 299 kef/cm?
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42.1 BZuyolo] ot NANHY B
SAPRIRAL o83kl Aol I A BASKE AT FIR FA0l disie] nrpger
AIHAAE St nFAER Bl ¢ PALAFSA-REDY BT, AT BIA, %
#3282 Schemeol weh AFAsY Aol NHYAF L s FEL T8~ LA,

Table. 8 Reliability index and failure probability by full reinforcement
7 3 E/T®% Scheme 1 Scheme 2 Scheme 3 Scheme 4 Scheme 5
= | p 3 P, 8 P, 3 P, 8 P, 8 P, 8
Girder 1 | 4233 | 1154E-5| 5428 [284E-8| 4687 | 1.384E-6| 4609 | 2019E-6 | 4780 |8777E-7] 3866 |5525E-5
Girder 2 | 4515 |3173E-6| 5362 |4126E-8| 4673 | 1487E-6| 4456 |41708-6| 529 |5905E-8| 3905 | 4712E-5
Girder 3 { 4701 | 1.293E-6 | 5381 |[3.69E-8| 4702 | 1.291E-6| 3903 |4.747E-5| 4634 [ 1.70E-6| 4524 | 3035E-6
Girder 4 | 4728 | 1.134E-6 | 5372 | 3.887E-8| 5312 |5422E-8| 3890 |5006E-5| 4142 [ 1.720E-5| 5202 | 9835E-8

Table. 9 Reliability index and failure probability by flexure reinforcement
2 E/TR7 Scheme 1-1 Scheme 2-1 Scheme 3-1 Scheme 4-1 Scheme 5-1
- P, a P, 8 P, 8 P, 3 P, 3 P, 8
Girder 1 | 4233 | 1.1M4E-5| 538 |3625E-8| 4685 |1397E-6| 4586 | 2263E-6| 4.760 | 9.667E-7| 3230 | 6.185E-4
Girder 2 | 4515 | 3173E-6 | 5390 |3527E-8| 4626 |[1865E-6| 4409 |518E-6| 5302 | 5742E-8 | 3.758 [ 8580E-5
Girder 3 | 4701 | 1.293E-6 | 5472 | 2.225E-8 | 4.782 | 8678E-7 | 3.864 | 5586E-6| 4696 | 1.326E-6| 4644 | L.7OTE-6
Girder 4 | 4728 | 1.134E-6 | 5474 | 2.196E-8 | 5382 |3675E-8| 3.778 | 7918E-5| 4162 | 1574E-5| 5281 | 6437E-8
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