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Notation

Apy = F2 ZR2EA2E BAA S 9@, om’
Aps(u) = E]J"ZILZ‘IL -\:‘—L—E]-/—\—E-Eﬂ-/—\—é E-7O]—ZH94 %?:J_Z_—l]y Cm2

c = FEAGNA FHZ7IA ] A, cm
dy = 4= A T2 BAAY =A7AY A8, cm

fos) = ERFE WA BF ZYrEYAE B 9788, kef/em’
fosw = EFZE LHA HEF ZPreEYAE BN 133, kef/em’
fon = ZA2EHAY DA HAAZE AFAE, kegl/em®

foy = TP2EAA 7184 AA7IE FERE, kagf/em’

M, = ©He] 33 FZWE % tonf:m

M, = @¥He] AFEWE, tonf - m

PC = Prestressed Concrete

RC = Reinforced Concrete

0= SYFAATE A9 52 Botel FANOR Ta: AR, TAUY
b= SdFAASE 4 52 Boke] BAMOE Taht A%, FAAY

_Vi_



Summary

This thesis is external prestressing one of the repair and reinforcement
method. What is external prestressing, in a word, external prestressing steel
was installed reinforced method by outside members. But we look into KCI
Code equations, evaluate overestimation or underestimation the unbonded
prestressing tendon because we can not consider internal bonded tendon. In
the experimemtal study, steel reinforced concrete beams(RC 12 beams, PC 12
beams) strengthened using external prestressing steel are tested with the test
parameters having a large effect on the ultimate stress of prestressing steel.
The test parameters includes reinforcing bar(PC beam : internal prestressing
steel reinforcement ratios) and external prestressing steel reinforcement ratios,
and span to depth ratio. Ultimately, we proposed prestressing steel stress
predicting equation in RC and PC beam by external unbonded tendons.

The proposed predicting equation takes rationally the effect of internal
reinforcing bars into consideration as a function of prestressing steel depth to
neutral depth ratio. The test results are analyzed to confirm the applicability
the proposed equation for predicting the stress of external prestressing

tendon.
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Table 1.1 Experiment parameter

Reinforced with External Unbonded Tendon
RCbear% T p—— :_PC_beam
Re-bar ratio(g) Internal PS steel ratio(g)
External PS steel ratio(gpex) External PS steel ratio(ghex)
Length/depth ratio(L/d,) Length/depth ratio(L/d,)
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Table 3.1 Parameter for RC Beam

Beam . . PS steel
Parameter Reinforcing bar External PS steel
No. depth
2H22, A, = 7.74cm”
Control RCO - -
Pused = 0.51fFmax
2H16, A, = 3.97cm’
RC1 T
rused = 0~26|'-:max
2H19, A = 5.73cm”
RC2 T
Re-bar Pused = 0.38max f2X3%562fO d 190
ratio 9H22, A, = 7.74cm’ Sl et
RC3 P : Aps = 127.42mm
Pused = 0.51fFmax
2H25, A, = 10.1cm”
RC4 T
Fused = O~66E=max
2x3114.35
RCH f; = 0.6fp,
Aps = 89.17mm’
External 5 2x3ip5.20
2H22, As = 1.74
PS steel | RC6 e o f; = 06f | dy = 190mm
ratio Fused = Dotfimas | 0 2197 42mm”
2xih12.7
RC7 f; = 0.6fp
Ape =197.42mm’
RC8 dp = 210mm
Length/ | RC9 OH22. A. = 7 7dem? 2x31h5.20 dp, = 190mm
depth - j051'_ fi = 0.6fp
ratio | RC10 Fused = Dotfimas | A 2 197 42mm? | dp = 170mm
RC11 dp, = 150mm
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Table 3.2 Parameter for PC Beam

Beam . . PS steel
Parameter Reinforcing bar External PS steel
No. depth
1xth15.2, £;=0.7fp,
Control PCO “plo.2, 1 ) - -
Ap=138.7/mm
1xip12.7, £;=0.71,,
PC1 .
Aps=98.71mm”
PCY 2x145.20, ffO.?fIzu S
Re-bar Ap=127.42mm’ -
) £;=0.6fp, dp = 190mm
ratio e 1152, £=0.7fpu | A,.~127.42mm’
Ape=138.7mm”
2xhl12.7, £=0.71
PCA xihil2.7, £=0.7 p2)u
Ap=197.42mm
2x4.35
PC5 £=0.6fpy
Aps=89.17mm”
Ext 1 2xi15.20
xterna 1x15.2, £=0.7f, 0
PS steel PC6 9 £;=0.6fpu dp = 190mm
) Aps=138.mm 5
ratio Aps=127.42mm
2xthl2.7
PC7 fj :O-Gfpu
Aps=197.42mm’
PC8 dp, = 210mm
Lgngil/ PCO | 1xt15.2, 0.7 fngéfo dy = 190mm
€p 2 j=Y.0lpu
Ap=138.7 =
ratio | D10 pe 00 Ap=127.42mm? | G = 170mm
PC11 dp, = 150mm
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Table 3.3 Concrete specification
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Table 3.4 Test results of tensile strength of reinforcement

Type Diameter(mm) Yield stress fy(kg/cm)

H10 4,059

H13 4,479

Re-bar H16 4,664
(SD40) H19 4,729
H22 4,276

H25 4,615

PS steel $4.35 18,359
(SWPC 7B) $5.20 17,988

Fig 3.3 Jacking instrument
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Table 3.5 Strain gauge specification

Type Concrete Re-bar & PS Steel
Gauge Type FLA-5-11 PL-60-11
Gauge Factor 2.13+1% 2.13+1%
Adhesive P-2 P-2
Coefficient of'Thermal 118x10°/°C 11.8x10°/°C
Expansion
Other Tokyo Sokki Kenkyujo Co., Ltd.

s 44 At o® A7k 1/3 AF F Xl shwol 282 5 AeF A

tonf vheh A& EAS] sk dolEe] FHe FHNGE 24718

=
= doly £8S 9% 7]7] 2 strain gauge YIS YE I T}



Fig.3.4 Real view of test beam

P (Load cen)
; Strain gage on concrete

Strain gage on external tendon
/Strain gage on reinforcing bar
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Z

deflection

Fig.3.5 Arrangement for data acquisition
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Table 4.1 Summary of ultimated Load and deflection(RC Beam)
Ultimated Load Ultimate deflection
Parameter Beam No.
(tonf) (mm)
Control RCO 21.74 36.30
RC1 17.98 42.06
Re-bar RC2 22.88 42.33
ratio RC3 27.33 33.87
RC4 27.13 29.56
RC5 26.19 33.43
External
PS steel RC6 26.08 29.76
ratio
RC7 31.00 35.14
RC8 27.49 26.52
Length/ RC9 27.13 41.50
depth
ratio RC10 25.36 32.21
RC11 24.92 29.09

FadeEAE 289 d=FE= AFA 318kg/err & 2 e, Aok (17)&

A R LR T3 23, g,/c,® EASC] SESAAS o, g8 Tt
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Fig.4.1 Incresed ultimate stress of external PS steel and
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Fig.4.4 Deflection-strain of external PS steel curves

with different re-bar ratio
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Table 4.2 Summary result of experiment(RC Beam)

- £, %XIJ%E%‘ A?Iél Xﬂ?llél 17| At A17| =4 | A4t Mo/M,
A& A | dy/cu (ke/ar) Af s Af s Af s fos My M, .
c
& (kg/cnt) |(kg/cm)| (kg/em) | (kg/cnf) | tf - m |tf - m

RC1 | 3.06| 8100 7100 2123 6675 14775 | 6.293 | 642 | 0.98

RC2 | 254 | 7303 5960 2123 5495 12798 | 8.008 |7.356 | 1.09

RC3 | 226 | 7775 5060 2123 4860 12635 | 9566 [8.185| 1.17

RC4 |1.82] 7880 4020 2123 3861 11741 9.496 [9.672| 098

RC5 | 256 | 7944 5640 2733 5540 13484 | 9.167 | 7.648 | 1.20

RC6 |2.26 | 7931 5120 2123 4860 12791 9.128 [8212| 1.11

RC7 |1.83| 8173 4020 1618 3884 12057 10.85 19501 | 1.14

RC8 | 25 | 7149 5200 2272 5404 12553 | 9.622 [8.493| 1.13

RCY |2.26| 7186 5030 2123 4860 12046 | 9496 |8.088 | 1.17
RC10 | 2.03| 7202 4440 1973 4338 11540 | 8876 | 7.71 | 1.15
RC11 | 1.79| 7286 3560 1823 3793 11079 | 8722 |7.362 | 1.18
Hatd E Y

2 doMe= AES PstHA v 2tonf vt #ES FAISI = A9 7
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Table 4.3 Summary of ultimated Load and deflection(PC Beam)
Ultimated Load Ultimate deflection
Parameter Beam No.
(tonf) (mm)
Control PCO 13.52 24.70
PC1 17.44 51.57
Internal
PS steel PC3 17.96 27.62
ratio
PC4 2591 38.58
PC5 16.84 32.91
External
PS steel PC6 19.17 40.04
ratio
PC7 22.02 35.13
PC8 20.29 29.63
Length/ PC9 19.22 32.97
depth
ratio PC10 15.29 31.17
PC11 14.78 38.85

ZABEAT 289 h5A e @A 3%kg/af & & VEFR AL, A (A7)
A g e e 23, )¢, B SHEAAG o, g8 Tokol

Ak & e AT
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Fig.4.14 Incresed ultimate stress of external PS steel and
reinforcing index of internal PS steel
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Table 4.4 Summary result of experiment(PC Beam)
3l

2 ACIY] | A2 17| A kA 17 A | Ak
£ : CL4 | b | <t g | Mo/M,
(ke/er) Afps Afps Af s s My M,

(kg/cr) |(kg/cnt)| (kg/cr) | (kg/cm) | tf - m | tf - m

5\
oo
5\

Al A |dy/cu

PC1 |4.34| 4287 9320 2981 9580 13867 | 6.104 | 5.146 | 1.19

PC3 |3.31| 4805 7520 2323 7243 12048 | 6.283 | 6.546 | 0.96

PC4 | 2.15| 4439 5100 1840 4610 9049 | 9.065 | 9.673 | 0.94

PC5 |3.76 | 4882 8020 2323 8264 13146 | 5.891 | 6.191 | 0.95

PC6 |3.33| 4009 7600 2323 7288 11297 | 6.685 | 6.347 | 1.05

PC7 | 25 | 5623 5720 2323 5404 11027 | 7.704 | 7.657 | 1.01

PC8 | 3.53 | 3912 8040 2494 7742 11654 | 6.402 | 7.021 | 0.91

PCY |3.26 | 5150 7520 2323 7129 12279 | 6.724 | 6.706 | 1.00

PC10 | 2.92 | 3961 6580 2152 6357 10318 | 5.352 | 6.033 | 0.89

PC11 | 254 | 4133 5820 1982 5495 9628 5.17 | 5798 | 0.89
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