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ABSTRACT

This study deals with literature review, developing a predicting equation for the ultimate stress of internal and
external prestressing steel, and an experimental test with the parameters affecting the ultimate stress of prestressing
steel in prestressed concrete beams strengthened by external prestressing tendons. The proposed predicting equation
takes rationally the effect of internal and external prestressing steels into consideration as a function of prestressing
steel depth to neutral depth ratio. In the experimental study, prestressed concrete beams strengthened using external
steel tendons are tested with the test parameters having a large effect on the ultimate stress of internal and external
prestressing steel. The test parameters include internal and external prestressing steel reinforcement ratio, 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 internal and external prestressing steel. This research shows that the results
obtained by the proposed equation for predicting the ultimate stress agreed very well with the test results.
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Table 1 Parameters and variables of test beams

r Ext. steel
Para- | Beam Internal PS steel External PS depth
meter | LD steel (

mm)
2x412.7, £;=0.71,, j dy
Control| PCL | 4 ' 197.42 mm? 190
1x812.7, £;=0.7/
PC21 4, =98.71 mm?
1x¢15.2, £,=0.7/,,
Internal | PC3 | 4 1387 mm? | 2x305.20, d
s e 8127, F= 017, | a 0T 190
steel PC4 0N e Ape=127.42mn
ratio Aps: 197.42 mm?
2%¢15.2, £;=0.7F,,
PC5 | 4, =217.4 mm?
2x394.35,
PCo f}=0~6fpu
Aps=89.17mer
Externa 2x3@5.20, d
1PS | PC4 |2%012.7, ;=010 | £=0.6fpu 190
steel Ay =197.42 mm* | Ap=127.4200
raio 2x3p12.7,
PC7 fi70.6fou
Aps=197.42mnt
PC8 210
Length/| PC4 | 9. 419 7 £,—0.77,, 2;3325,0 | 190
depth | PCO | 4 —197.42 mm? | Ap-127.40m | 170
ratio | pclQ 150

Table 2 Test results of tensile strength of reinforcement

Type Diameter Yield stress | Ultimate stress
(mm) (MPa) (MPa)
HI13 4479 676.7
Re-bar H10 4059 648.2
PS steel $5.20(915.2) 1,798.8 2,026.8
$4.35(912.7) 1,835.9 2,069.3
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Table 3 Summary of test results — fL M.de
. Ultimate strain of | Ultimate stress of o = M 0 % = 066
Beamn | Ultimate | Ciimate prestressing Drestressing um M LM "
ID | loadkn) | deflection | steel(x10°) steel(MPa)
o {mm) 0,=0,0U,, =044
Internal | External | Internal | External u ud um
PC1 | 165.0 26.96 3.93 - 786 -
PC2| 1573 | 3584 | 366 | 309 | 732 | 618 Table 4= W& 3 AR Ze| 2B ZA9] 4 4
PC3| 1900 | 3087 | 306 | 28 | 612 | 576 & SEUES vk glon Figs. 4 5 o83 #%
PCA | 2260 | 2860 | 317 | 218 | 634 | 436 % d,/c,S FraoR =R velo] Agtd &
PCo | 2363 25.75 2,08 1.95 416 390 Eﬁlcﬂé/;]g] Z}]—E]/H_O— :9‘}0]3]__-17_ /;_ltaéy/]‘il?qlzi _%__'_’_;(é
PC6 | 2009 28.25 2.82 2.51 564 502 74]:": aub) ubE O}Mq.
PC7 | 265.0 26.90 3.06 212 612 424 Flg 401‘}\_] E‘.O]H}Qr Q‘O] Zﬂo 9 LHE_ _1?‘;—5} ;_T_,‘ﬂ/x Eﬂ
PC8 | 2504 34.87 3.14 3.07 628 614 }\] 71’1]].4 o E‘ﬂoﬂz/\] ( %azﬁxéﬁ]_,’\_ ab7} 0180 Bb
PCO | 216.0 28.68 2.68 2.16 536 432 7]_ 3450& TIH }\lz LHlfl EE]_/_\_EEH/E] 701'1}}9] 23 8 E‘_ﬂl =
PC10| 209.3 2777 257 1.65 514 330 -
e ——— el 3RS A4 & ERAFL ok 2N B b
eriection a € maximum uitimate loa - —
#* Increased strain from the effective stress based on the 9]’ % l-o] LH“?‘ “‘EV\ EE]/‘O] %LZH-OJ %EL%@I'\% LH‘]?‘ iﬂi‘-
assumption of linear elasticity EgA 7H) 9} 2% Zon|y} Z/14E 2713 ),
A 9% melaedy AAe 3B o2 o
T U 1 T ‘ T LI L) ‘ T T T T ‘ T T T T l T T T ¥
(7, 9= A YERE o3t 2tk t ]
1000~ a A
4, : g ]
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= 600 -~
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Table 4 Ultimate stress of internal and external prestressing steel

d,/c, @ 4 Ultimate stress of internal PS steel | Ultimate stress of external PS steel
Beam Ext. i ' Measured i i
LD |Inter. |Exter. | Internal |External L/ d, Ipe I;,/I; a(Sl\lj[r;d ) AZgImE‘;‘, Pi];f:)s‘:d F1e Af s AZgIPSEl; Pi);f;slc:d
(MPa)| s (MPa)) | BaMPa) | MPY | (MPa) | (MPa) | Ea(MPa)
PC1 | 499 | 474 | 0182 - - | 905 786 899 776 - - - -
PC2 | 460 | 437 | 0.091 | 0132 [11.05| 939 732 963 734 705 618 207 635
PC3 | 371 | 352 | 0125 | 0.132 [11.05| 949 612 913 638 755 576 207 541
PC4 | 311§ 295 ) 0182 | 0132 [11.05] 8834 634 893 573 750 436 207 477
PC5 | 1.72| 163 | 0250 | 0132 [11.05| 872 416 853 423 755 390 207 330
PC6 [334) 317 | 0182 | 009 |11.05| 877 564 927 598 701 502 264 502
PC7 | 311] 295 | 0182 | 0208 |[11.05] 864 612 940 573 692 424 158 477
PC8 [310| 326 | 0182 | 0119 |10.00| 916 628 888 572 712 614 221 512
PCY [311) 264 | 0182 | 0148 [12.35| 872 536 932 573 823 432 192 442
PC10 | 311 | 233 | 0182 | 0167 |1400( 936 514 868 573 757 330 178 408
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Fig. 5 Increased ultimate stress of external PS steel

Table 5 Calculated and measured ultimate moment

Bea| fs(MPa) | A, (mm® d | M | M | M

m
LD |Inter. | Ext. | Int. | Ext. | mm [KN+m|KN+m| M,

PC1 | 1681 0 197 0 {200 | 606 | 57.8 | 1.05
PC2) 1673 | 1340 | 99 | 127 | 195 | 598 | 55.1 | 1.09
PC3 | 1587 | 1286 | 139 | 127 | 196 | 68.1 | 665 | 1.02
PC4 | 1457 | 1227 | 197 [ 127 | 197 | 779 | 791 | 0.98
PC5 | 1295 | 1085 | 277 | 127 | 197 | 866 | 827 | 1.05
PC6| 1475 | 1203 | 197 | 89 [ 197 | 708 | 703 | 1.01
PC7 | 1437 | 1175 | 197 | 197 | 196 | 886 | 928 | 0.95
PCB8| 1488 | 1224 [ 197 | 127 | 203 | 81.3 | 876 | 0.93
PCO | 1445 § 1265 | 197 | 127 | 189 | 755 | 756 | 1.00
PC10| 1509 | 1165 | 197 | 127 [ 183 | 733 | 73.3 | 1.00
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Fig. 9 Deflection-strain curves of external tendon
with different internal reinforcement
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