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ABSTRACT

This study deals with literature review, developing a predicting equation for the ultimate stress of prestressing
steel, and experimental test with the parameters affecting the ultimate stress of prestressing steel in reinforced
concrete beams strengthened by external prestressing. The ACI predicting equation for the ultimate stress of
unbonded prestressing steel is analyzed to develop a new integrated predicting equation. 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. In the experimental study, steel reinforced concrete 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 and external prestressing steel 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 steel.
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Table 1 Parameters and variables of test beams

. PS steel
Parameter Beam Reinforcing bar Extemal PS depth
mm)
IH22,A=7.74 e’ B -
Control | RCL D061 e dp =190
2H16,A=3.97 e’
RC2 0used=0.310max

_ P
R | ZHI9 A= T3 e

pused:0.45p,mx 9%365.20, f:OGf
Re-b _-yj-Qud:lgO
I?ati(?r 2H22,As=7.74 et Aps=127.42 mm D
RC4
pLsedZO.Glp,mx
2H25A=10.10 e’
RS DPused=0. 7P e
RC6 2x304.35, f;70.80p

Ap=89.17 mm

External _ 2 | 2x395.20, fi~0.6fp. _
PS steel | R4 | 2HZ2ACT I e A= 12742t | % 710

raio
2x312.7, f=0.6f5
e Aps:lg74é mmﬁ
o om0
Length/ RC4 ~ 2| 2%305.20, £=0.6f0 =190
2H22,As—774 CI - y JI g | <P Y
(Iifllglt(l;l RCY pused:o.6lp,mxm Ap9712742 mm dp: 170

RC10 dp=150
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99 9% Tel2EYY Al SWPC 7B A% 520 33 AEHD 2 24
mm®t 435 mme] 7 3719 AF 127mme] 794E A
281995} o} Table 20141 ALgE Az @ zariE oy T sEgA Aoz uY ATEAE Ko
A A QG FAFHE 20kt AAZITable & AJME ZAEHL 29 $Hd
249 A&ap) flstd F4E 9F ZerEHA F
Table 2 Test results of tensile strength of Aol &8 PSS F-Z oo d4(d,/c, )R
reinforcement
. , . NS SEFAAS o9 B Tolo] AlgkE Lk
Type D1(e;;nne$er Yle(llc\l/[ 1gétllr)ess Ultlrr(lﬁ/t[% as)tress oz JeIT AjokE gr mareyA B 28
H25 459.4 640.9 £8 43298 A Ve g 2,
g?; ji;g 2222 fDS( w = fpe+ Afps( w = fﬁe+ B+ a¢uEbs€cu( c 1)]
Re-bar H16 466.4 683.2 w3k B AR EgEsAe = O, = 0445
Hi3 4479 676.7 L L
HI0 4059 645.2 o — Jy dunts O
ps | 95.20(915.2) 1,798.8 2,026.3 “ Ld, 70667, “un M 0667
steel | 94.35(612.7) 1,8359 2,069.3 Table 4= SEEA 2+ AFA 9 off Ze]rEd
4 AR 54 2 dE S EUERRE wwsia
Table 3 Summary of test results sk Fig. 3& PoAAe 8= dﬁ /ch] ERE s
, , Ao A Y 434 9 LYHFAAT a7t
) Ultimate Ultimate Ultimate . —
Beam | Ultimate deflection| Strain of stress of 085, B7}t 2,(X)O%] o AZE 9 PSHAlY] F33E 5
POl )| TR | S 71Re A% 1 2 BadEn Quv PSS 3
RC1| 1857 | 4072 - - A9 Zoldf w7t SRR o ZEAEHY A
RC2| 2109 | 5131 443 886 o S%HEHo] F7HdTh
RC3| 2412 | 4452 365 730 g 7]Ee ACIY SEluel AL o ZgiE
RC4 | 2692 40.75 3.16 632 A Ao Zekedel AekS & Jelhla 9 2k
RC5 285.9 34.65 248 496 ol 712 AlHbAlo] W ELA Ze] oEke el 9gA &
RC6 | 2482 | 40.82 363 736 o B Zolo] wWE PAjzle] wslel FEuE M3l
RC7 | 2868 | 2974 2.16 432 g% FyHo ;s 9A Hapr] yEolh 1w
RC8 | 2025 | 39.24 3.92 784 1} AASHTO AHale 7Alsh 2% zlolule) alz
RCY | 2679 | 4121 3.04 608 FdaT 9ol AT 2E A Hol} Axghy) &
RC10| 2585 38.04 2.45 490 ol7h glod ZlredA Ao F3eHe T
# Deflecton at the maximum ultimate load JANE FUES PEslel wue WYRAL BER
#* Increased strain from the effective strain and increased stress . - s
from the effective stress W 7bA] AABH O R Altetoiol sl B o] gt
Table 4 Ultimate stress of external prestressing steel
Beam| f,, | Measured | Af, iy | Afyin | Do| @ off @p of| Jd | A5 in Ba| AFps in Ba| Fps in | Measured | Calculated
LD | (MPa)| 4 ps(MPa)| Eq.(1) (MPa) | Eq.(2) (MPa) | €. |re-bar |PS steel| " “?| (8) (MPa) | (©) (MPa) | (9) (MP2) | M (RNwm)| M., (KN#m)
RC2 | 8459 86 2065 6107 409 0101 | 0132 | 1105 7638 L2 17471 7382 7036
RC3 | 8340 730 265 4568 318 | 0148 | 0132 | 1106 3BL3 648 15288 3442 03
RCA | 8150 632 2065 3027 270181 | 0132 | 1105 4671 5972 1412.2 422 .83
RC5 | 794.3 4% 265 2338 164|024 ] 0132 | 1® 1700 3462 11395 100.00 10111
RC6 | 7296 736 2637 4568 32110181 | 00% | 1106 5914 7016 1431.2 86.87 7956
RC7| 6933 432 1381 3205 16410181 | 0208 | 1106 1696 5.2 10385 100.38 027
RC8| 7311 84 2208 4774 30410181 | 0119 | 1000 5444 6630 139%4.1 102.38 0.07
RCY | 7898 608 1920 304.6 246 | 0181 | 0148 | 123H 3899 5313 13211 9377 8148
RC10| 842.1 490 1777 2263 217| 0181 | 0167 | 1400 3126 465 13076 9048 7830
ol mR|AEAOR H2E RC 2N 2T o HISZI0l] M Zalasay Zrje) J3S 589
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