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SUMMARY

The flexural concrete members with external unbonded tendon exhibit very
different mechanical behavior compared with internal bonded members.

This study is to predict the ultimate stress of external prestressing steel and
flexural behavior of reinforced concrete beams with external tendon by proposed
nonlinear analysis model. The proposed predicting equation takes rationally the
effect of external prestressing steels into consideration as a function of neutral
depth to prestressing steel depth ratio. It is verified through the comparison
with appropriate test data.

Parametric analysis was performed in order to obtain ultimate tendon stress
and nominal resistance moment' and to examine flexural behavior of
reinforcement concrete beams with external prestressing steels. It includes
external prestressing steel reinforcement ratio, span to depth ratio, tension and
compression reinforcement ratio. It was found that the ultimate stress of
external prestressing steels increment decreases as the amount of unbonded
tendons and reinforcement ratio increases. However, it was concluded that the
compression reinforcement ratio should be reconsidered since their effects may
not be similar with assumption used in current AASHTO code.

This research show that the proposed equation for predicting the ultimate

stress agree very well with the test results.

- vii -
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Table 3.1 Parameters and variables of experimental PRC specimen
Parameter Bf%m Reinforcing bar EXteS?el:} PS digtk?(tren?rll)
_ 2
Control | PRC1 | 2H22 As=17.74, cm 7 d,=190 mm
pusedzo-Glpmax
i 2
PRC2 2H16, A;=3.97 cm
O ysed = 0 3]-pmax
PRC3 2H19, A, 33573 cm? ,
Re-bar O ysed = O max X 3¢520,
- d,= 190 mm
ratio prea | 2H22, A.=T.74 cm® Ap=127.42 mm® b
O ysed — 0 6]-|0max
_ 2
PRC5 2H25, A,=10.10 cm
O ysed — 0 79|0max
2x3¢4.35,
PRC6
A,=189.17 mm?)
External 2
2H22, A;=17.74 cm 2 3¢5.20,
PS steel | PRC4 14%s d, =
l’a?;i(e)e pusedzo-Glpmax A?S: 127.42 WLWL2 ’ 190 e
2x912.7,
PRC7
A, =197.42 mm®
PRCS8 d,= 210 mm
Length/ | PRCA | o122, A,=17.74 om® 2 3¢5.20. dy=190 mm
ratio PRC9 O used = 0. GIPmax A?S: 127.42 WLWL2 dp: 170 mm
PRC10 d,= 150 mm
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Table 3.2 Parameters and variables of experimental SRC specimen

Parameter Bf%m Reinforcing bar Exteslgggi PS dPe)Etf?(tren?rll)
_ 2
Control | Srco | 2H22, A=T.Tdcm -
O ysed = 0-51pmax
_ 2
SRC1 2H16, A= 3.97Tcm
O ysed = 0 . 260 max
_ 2
Re-bar Oused = VU.000 max 2X3¢520
- d,= 190mm
rato | s | 2H22, A =T.7em? | Ap=127.42mm" | 7
O ysed = 0.510 max
_ 2
SRC4 2H25, A,=10.1cm
O ysed = 0 .660 max
2x3¢4.35
SRC5
Ay=89. 17mm?
External 2
2H22, A, =T.74cm 2x3¢5.20
PS steel SRC6 ’ § =
> Stee oo = 0.5lpr | Ap=127.42mm? | G = 190mm
2xPp12.7
SRC7 .
A =197 42mm*
SRC8 d,= 210mm
Length/ | SRCY _ 2 2x3¢5.20 —
donth 2H22, A= 1.T4cm = 0.6f, d, = 190mm
ratio SRC10 O used = 0.5].pmax Aps: 127.427%7%2 dﬁ: 170mm
SRC11 d,= 150mm
% P (Unit : mm)
300
z </ 4 = L L 3
ﬁ«é 90 30 _
> & :
150 700 /00 /00 150 External @) o——
tendon ek
}: 8400 =} 120
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Fig 3.2 Dimensions and loading layout of test beam
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Table 3.3+ AFEE Htol QA

e

A%e sopsrlnt.

Table 3.3 Test results of tensile strength of steel

Type Diameter (mm) | Yield stress (MPa) | Ultimate tress (MPa)
H25 459.4 640.9
H22 427.6 650.3
H19 472.9 685.8
Re-bar H16 466.4 683.2
H13 447.9 676.7
H10 405.9 648.2

Fig 3.7 Menerotto/Pinto(1973)ell 2]l A|otd 71412 ATEDZA 2
3.7 AH&3skSit) Fig 3.7014 1174A12] s ndy) QA HEADE v 54

h s
-HEE FHeE MR & wigas & & du.

fps = Epssps Q+ 2‘_60 Ny 1/N
{1+( k}pys) } 3.7
0= Sfou— Ry
A7, Q= E e kf,

frot ZEZEAY AL Mol e, Ao S

Fp 0 ZE2EHY BAL FEEH, g, 0 ZREHAY FA] F3WY
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Table 34041 AHER e 2Eey A9 QA GARE SoFsslnt.

Table 3.4 Stress-strain characteristics for prestressing strand

Di t E,.
fameter | o) /s

bs € ru
(MPa) (mm/pmm) (MPa) N k

$15.2 1,987 190,000 0.07 1,695 | 7.344 |1.0618
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Fig 4.16 Comparison of ultimate moment by measurement and
analysis (SRC)
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steel by measurement and analysis (SRC)
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Fig 4.19 Increased ultimate stress of external PS steel (PRC)
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ol# o] Table 4.1} Table 4.2%= PRC 23 A9} SRC A3 A2 fX A5 %
2 Yepf At

Table 4.1 Summary of measured and analyzed results (PRC)

B Af s in| Afy in Measured| Calculated | Measured |Calculated
cam ( JZD y | ACL |AASHTO|  4f, Af ys M, M, |MJM,
@\ (MPa) | (MPa) (MPa) (MPa) | (kN - m)| (kN - m)
PRC2 | 845.90 | 206.5 | 530.21 886 811.04 73.82 74.22 0.99
PRC3 | 834.00 | 206.5 | 396.00 730 717.50 84.42 84.22 1.00
PRC4 | 815.00 | 2065 | 334.50 632 561.38 94.22 88.99 1.06
PRC5 | 794.30 | 2065 | 208.27 496 443.50 100.00 | 101.22 | 0.99
PRC6 | 729.60 | 263.7 {| 402.42 736 767.16 86.87 85.17 1.02
PRC7 | 693.30 | 158.1 281.27 432 511.71 100.38 | 91.50 1.10
PRCS | 731.10 | 220.8 | 423.86 784 628.97 102.38 | 92.43 1.11
PRC9 | 789.80 | 192.0 | 267.27 608 554.02 93.77 85.32 1.10
PRC10]| 842.10 | 177.7 197.03 490 504.56 90.48 81.91 1.10
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Table 4.2 Summary of measured and analyzed results (SRC)

Beam ( A’;jga) Af:‘& n| ﬁé"ﬁ in Mei’sied Calzu}ied Meiswu:ed Calcjll}ljted o
(MPa) | (MPa) | (MPa) | (MPa) | (kN-m)| (kN - m)
SRC1 | 810.0 | 212 [ 100578 | 862.49 | 863.96 | 6296 | 7954 | 0.79
SRCZ | 730.3 | 212 779.50 | 816.10 | 83361 | 80.11 | 90.00 | 0.89
SRC3 | 7775 | 212 | 656.64 | 699.72 | 67285 | 9498 | 96.37 | 0.99
SRC4 | 788.0 | 212 | 437774 | 55323 | 439.22 | 9497 | 10866 | 0.87
SRCS | 7944 | 273 76559 | 661.24 | 719.64 | 91.67 | 91.64 1.00
SRC6 | 793.1 212 | 6564.89 | 699.72 | 653.68 | 9498 | 96.49 | 0.98
SRC7 | 817.3 162 | 546.56 | 565.01 | 547.51 | 108.51 | 10542 | 1.03
SRC8 | 7149 | 227 763.48 | 52041 | 71326 | 96.22 | 9743 | 0.99
SRCY | 7186 | 212 | 65752 | 699.72 | 684.85 | 9498 | 95.83 | 0.99
SRC10| 720.2 197 | 56541 | 463.77 | 641.17 | 8379 | 92.00 | 0.97
SRC11| 7286 182 | 48233 | 375.00 | 60840 | 87.16 | 88.31 0.99
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