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ABSTRACT  This study deals with literature review, developing a predicting equation for the ultimate stress of prestressing (PS)
CFRP, and experimental test with the parameters affecting the ultimate stress of prestressing CFRP in prestressed concrete beams
strengthened by external prestressing. The ACI (American Concrete Institute) predicting equation for the ultimate stress of
unbonded prestressing CFRP is analyzed to develop a new integrated predicting equation. The proposed predicting equation takes
rationally the effect of internal PS steel into consideration as a function of prestressing tendon depth to neutral depth ratio. In the
experimental study, prestressed concrete beams strengthened using external prestressing CFRP are tested with the test parameters
having a large effect on the ultimate stress of prestressing CFRP. The test parameters includes internal prestressing steel and exter-
nal prestressing CFRP tendon reinforcement ratios, and span to depth ratio. The test results are analyzed to confirm the rationality
and applicability of the proposed equation for predicting the ultimate stress of external prestressing CFRP.
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Table 1 Parameter and variables of test beam

Parameters of type Beam D Internal PS steel External PS CFRP Extemal CFRP depth
o | an ST -
E2P1d19 lxj;zjg’;; ST
Internal PS steel ratio AE2P2d19 lle 5:21’3?7:;111711;1” 2Xiijj ’lg;?;inu d,=190
E2P3d19 29127, F;=0.7Fy,

Ap=197. 2o’

2x$10.5, F=04F,,

EOP2d19
Ixg15.2, 2:;17152 51 1;4:(])121?
External PS CFRP ratio E2P2d19 F;=0.F,, ol d,=190
. Ay =152 mm
A, =1387 mm 5 ¢i’52 T 04F,
X ;=
E5P2dI DO Rrte
Sp2d19 A,y =2272 mn’
E2P2d16 1x4152, - dp= 160
Span/depth ratio E2P2d19 F=0.7F,, 2Xilzf ’ g;n?n"i & d,=190
E2P2d22 4,,=138.7 mm’ 7 d,=220

738 | 8222z E5E =2F 193 M6z (2007)
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Table 2 Test results of tensile strength of reinforcement A CFRP 7174712 Sahed d=4e b Yehia o
Diameter Yield stress |Ultimate stress o9 7
Type (mm) (MPa) (MPa) =3 2
Re-bar H10 405.9 648.2 B,= Oy D,,=0.445(38 BE3 AF)
(HD40) H13 4479 676.7 :
5.2(15.2 1835.9 2026.8 d, xL)/SL;
pS steel  |—02U32) o, =% LEHLID L
$4.35(12.7) 1798.8 2069.3 “od, d,

* Elastic modules : 210(GPa)

Table 3 Standard specifications of CFCC

Type Area (mm’) | Breaking load (kN) | Tensile strength (GPa) | Tensile modulus (GPa) | Elongation at break (%)
CFCC 1x7,10.5¢ 55.7 104 1.87 137 1.5
CFCC 1x7,12.5¢ 76.0 142 1.87 137 1.5
CFCC 1x7,15.2¢ 113.6 199 1.75 137 1.5

Table 4 Summary of test results

Parameter Beam ID Ultimate load Ultimate deflection | Ultimate strain og Ext. PS | Ultimate stress of Ext. PS
(kN) (mm)* CFRP (x10°)** CFRP (MPa)**
Control CBP2 154.4 4110 - -

E2P1d19 2547 4792 5.97 817.89
Int. Z:ioswel E2P2d19 2740 38.82 471 64527
E2P3d19 2919 35.99 4.06 556.22
EOP2d19 282 5027 588 805.56
Ext fasﬁ()CFRP E2P2d19 2740 38.82 471 64527
E5P2d19 202.4 3849 428 586.36
F2P2d16 23238 53.44 416 569.92
Spa;/t?:pﬂl E2P2d19 2740 38.82 471 64527
E2P2d22 2872 4136 524 717.88

* Deflection at the maximum ultimate load.
** Increased strain from the effective strain and increased stress from the effective stress

9=t CFRP Z2|AEd Aoz HZtE PSC 20lA CFRP HIHS|

=S8 | 739



Table 5 Ultimate stress of external prestressing CFRP

Beam Jpe Of |fpe of PS Opstay | Ppst) | g Measured ACL | Af, in | Afin| fpin Measured | Calculated
D PS steel| CFRP of PS | of PS c_p Afs Afs | Ea(7) | Eq(®) | Ea(®) M (N | M (kN.m)
(MPa) | (MPa) CFRP | steel u (MPa) | (MPa) | (MPa) | (MPa) | (MPa)

E2P1d19] 1187681 59420 | 1105 | 0.11 | 008 | 526 | 817.89 | 201.25 | 778.59 | 745.01 }1339.21| 89.13 68.37
E2P2d19| 1170.96 | 649.68 | 11.05 | 0.11 | 0.12 | 4.32 | 64527 | 201.25 | 606.59 | 624.61 | 1274.29| 95.91 79.39
E2P3d19]1270.29| 62033 | 11.05 | 0.11 | 0.17 | 3.53 | 556.22 | 201.25 | 462.50 | 523.75 | 1144.09| 102.15 92.03
EOP2d19|1301.37 | 690.66 | 11.05 | 0.08 | 0.12 | 4.84 | 712.40 | 249.08 | 702.01 | 691.40 |1382.06| 79.87 73.40
E2P2d19] 1170.96 | 649.68 | 11.05 | 0.11 | 0.12 | 432 | 64527 | 201.25 | 606.59 | 624.61 | 127429} 95.9] 79.39
E5P2d19| 1114.26 | 701.38 | 11.05 | 0.16 | 0.12 | 3.53 | 586.36 | 157.81 | 463.22 | 524.26 | 1225.64| 102.34 91.72
E2P2d16|1284.44| 671.97 | 13.13 | 0.14 | 0.12 | 3.77 | 569.92 | 180.53 | 506.48 | 554.53 {1226.50| 81.49 72.85
E2P2d19{ 1170.96 | 649.68 | 11.05 | 0.11 | 0.12 | 432 | 64527 | 201.25 | 606.59 | 624.61 | 127429| 9551 79.39
E2P2d22| 1126.00 | 612.43 | 9.55 0.10 | 0.12 | 4.86 | 717.88 | 221.97 | 705.95 | 694.16 | 1306.59 | 100.52 85.95
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Fig. 8 Increased ultimate stress of external PS tendon and
reinforcing index of external PS tendon
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Fig. 9 Load-deflection curves with different external PS tendon
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Fig. 10 Deflection-strain curves of external PS CFRP tendon
With different external PS tendon ratio
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Fig. 11 Increased ultimate stress of external PS tendon and
span/depth ratio
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Fig. 12 Load-deflection curves with different span/depth ratio
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Fig. 13 Deflection-strain curves of external PS CFRP tendon
with defferent span/depth ratio
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