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ABSTRACT

The purpose of this paper was to investigate the relations Jetween the unbonded tendon stress and the
influential parameters which were bonded reinforcement ratio, span/depth ratio, and loading type. To this end, first,
the influence of parameters were examined with twenty eight test results obtained from references. Then, an
experimental study was carried out with 21 test specimens. The investigation with previous and cuwrrent tests
revealed the followings; (1) The bonded reinforcement ratio and prestressing ratio were proved to be an important
variables on the unbonded tendon stress. (2) The ratio of span to depth and type of loading affected partially the
unbonded tendon stress although their effects varied depending on sonded reinforcement ratio. (3) AASHTO LRFD
Code and Moon/Lim’s design equation predicted the test results well with some safety margins.
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Fig. 2 Span/depth ratio L/dp vs. dfps
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fou = 1860 MPa Grade
fse =0.6 fpn  (Jacking force : 0.7 fpu)
fe' =23.5 MPa
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Fig.5 Typical specimen

Table 1 Specimen lists

b X h Loading Aps As ASI L

Spec. (cm) type (pp) {p) | (p’) [cm) L/dp
. 2-06
J-l (0.00074)
12 200 x 351 1-point | oo 7% 15
) 6-06 |
J3 (0.00223) (20 &1433
J-4 200 x 35.1 15
15334 x 225, | 4-06 25
J-6 [46.8 x 17.2/ PO 1 (0.00148) 35
J-7 1600 x 14.1 45
2-06
K-1 (0.00074)
. | 4-06
K-2120.0 x 35.1| 1-point (0.00148) 15
6-06
K-3 4-D13|2-D10
(0.00223) 0.008) (0.002) 400
K-4[20.0 x 35.1 15
K-5334 x 225,_ . | 4-06 25
K-6[468 x 17.2|“ P (0.00148) 35
K-7160.0 x 14.1 45
] 2-06
L1 (0.00074)
) | 406
L-2120.0 x 35.1| 1-point (0.00148) 15
6-06
L-3 6-D13
(0.00223) | -
L-4 200 x 35.1 15
L5334 x 225, . .| 4-06 %
L-6 468 x 17.2/“ 7P 1(0.00148) 35
L-7 1600 x 14.1 45

* Note :

Straight tendon profile

fou = 1860 MPa Grade

06 = 0.1982 cm® (3-wire mono-strand)
feo = 0.6

fy = 420 MPa Grade

D10 = 0.71 cm’ (Deformed bar)

D13 = 127 cm® (Deformed bar)

Y= EFS] =FF #1139 1&(2001)
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Fig. 6(a) Reinforcing ratio vs. dfys Fig. 6(b) Reinforcing ratio vs. 4fy
Table 2. Test results 1000
X o J series
: fie | fos | dfos| Per | Pmax | Pmax | O max| Le 800 : X # K series
Speciment 4\ | (kN) | (6N | (kN) | (KN) | / Pee |(mm)|(mm) x o L serics
w i X X * ref. 1 &ref 2
N, 600 + B % ., .
J-1 22.12(37.23115.11(22.38|54.08 | 2.42 | 97.2 | 164 = X 3 x x—-" -
-2 | 2205|3487 |1282(3062| 71.85 | 2.35 | 940 | 167 £ 400
J-3 122.17|30.21 | 8.04 [36.28]73.03| 2.01 | 432 | 141 200 & X @y
X
J-4 [22.1313393|11.81|24.12| 9754 4.04 | 59.2 | 203 0 .x‘ X X. X X . '
J-5 [2219(35.76|1357|29.81|56.73 | 1.90 |123.4| 224 0.000 0.001 0.002 0.003 0.004 0.005
J-6 |2213]34.46112.33|12.06|33.86 | 2.81 |168.4| 238 P
J-7 2211|3570 |1359|12.55( 27.67| 2.20 |194.4| 265 Fig. 7(a) Prestressing ratio vs. fps
K-1 |22.16|3557|1341|24.12| 79.41 | 3.29 | 74.8 | 241
K-2 |2213|3465/1253]2081| 92.95| 3.12 | 906 | 224 0T - ;—_—_-ge;;es'*
K-3 122.18(30.037.85(38.54|10257| 2.66 | 39.8 | 179 800 + ... ‘- fseﬁeg
-®-- series '
K-4 2216|3478 [12.62|46.28| 1349 | 291 | 594 | 242 E 600 L ’ -------- 8. "
K-5 [22.12133.72 11.60{17.65| 79.16 | 4.48 | 98.2 | 259 = o ' ey,
Lao4+ - - R Ligy-
K-6 |22.14|34.15|12.00/13.14|49.76| 3.79 {150.2| 280 <
K-7 122.13|34.19|12.06|16.87|41.71 | 2.47 |185.2| 214 200 +
L-1 |2213|34.74]1261|32.85(103.94| 3.16 | 710 | 264 0 , . ; e
L-2 |2211(30.70| 860 |35.01(110.81} 3.17 | 47.0 | 262 0.000 0.001 0.001 0.002 0.002 0.003
L-3 [26.88|34.78| 7.89 |39.221129.66| 3.31 | 40.0 | 267 P
L4 |2210]3033]823 [4550(162.05| 356 | 42.0| 312 Fig.7(b) Prestressing ratio vs. Jfe
L-5 [2213]3099|885 (22759462 | 4.16 | 69.2 | 278 40 ZVER okl o5t st
L-6 [2214|26.38|4.23(13.24/58.69 | 443 | 56.2 | 280 . 0.5
‘—— 1A [¢) 2 H|H.Zx ]z]- o] o
L7 |22152629| 415 |1383]45.24| 327 | 612| 273 Fig. 7@)w 134 do W Hpa 2gAe S5
= L Bsto] e el o7l 13 kil
* se . ective prestress /lea w
fos : Ultimate tendon stress /lea _o/] % <7 ]'E‘:"']"’] “4'7417 ]' E]'—/‘\— A}E’]"—: L% E%E}
Afy ¢ Tendon stress increase /lea o)AL e o]gd AN S| 1WAA I ollo} t}
Pmax  © Maximum load a el B O °
Per : Initial cracking load & ¥gEol HRHoR X3l 7] HEos AR g,
Omax - Maximum deflection E}E}H Fig. 7(b)9+ % Lo] E]‘ \__}r—l:é% Bﬂxﬂd’ "164
Lc . Plastic hinge length 31,],% /g-jq E Z_]_ ;g-ZH oo\—_o] ___7} g*i 7 ;Q”ZH _,] gn’iﬂ]% ]-
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k=100(L/d, < 35)
k=2300(L/d,> 35)

d L
fre=fet QuEpsecu(—cp - I)Tl

£, < 0.94f,,
W=, / d (1 —point loading)

2,= m— (2 — point or uniform loading)

1 (ASI_As)fy

fre =70 +0.8f + IR A,

ds £ 1 dp
+e.5J @ o Cr T &) G

foo +70 < <f,

foo=fet 8?00 (dp_cy)[1+( zy )2]
P
£t 70 <fp <t,,
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&= alBlfc,bw

1000
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800
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[
Z 600
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Fig. 10(a) ACI 318-99 Code

1000
- Hy = 0.6779x - 51.943
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< 800 R = 0.8054
&
I 600
a
<3}
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= 400
o
=
& 200
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0

0 200 400 600 300 1000
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Fig. 10(b) AASHTO LRFD code
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1000

y =0.5293x + 15.99
R =0.724

o
<
(=1

Moon/LimAfps (MPa)

0 200 400 600 800 1000
experiment Afps (MPa)

Fig. 10(c) Moon/Lim’s equation

1000
= y = 0.1783x + 200.46
= ‘
e 800 R =0.422
b3
g 600
=
L 4
B 400 :3’ . .
S ‘ %’ & .
3 " 0 * .
2 200 + % *% - -
< f 4 o T o
0

0 200 400 600 800 1000
experiment Afps (MPa)

Fig. 10(d) Allouche et al.’s equation

6.8 £

1

o,

o

1) it B 52
HAE L ‘f’]‘:} ey 23R gl ¥
) 274 036819 S Bole TR
Foll o 53 “H-u:"ﬂ gurEe] ol mE 7Y
SHAl VERsiTE
2) 747}/,7401 e BAH)7E Hd 23] 03660 <A
39S Aol 21AY SEFTFF FFe A
o= L]'EP}T)\LE}' wpeba, Ay/Fol Hel g HEE 21
A9 Sewisle BN Bste] 1eske Aol ulEE
o]—‘i}'ﬂ A}EQE}
) 2859 Fele BAZE AS Zfeltt vlp
ZJ%WH SN FFE VAT Aoz HEH,
4) mEa 3R] S¢S WAk AAY TN
AASHTO LRFD ﬁ 27 Moon/Lim®] AAAS T 4
Aol Hjste] v 714A9] S E vl HHst

A 7k gl Ao etk

N ot T
'_'rEO

S
lo

0, 2

=

x
£

l

Al A AR 2F 67



1. Naaman A. E, and Alkhaii F. M, “Stress at
Ultimate in Unbonded Post - Tensioning Tendons.
Part II: Proposed methodology”, ACI Structural
Journal, Vol.83 No.6, 191, pp683~692.

2. Allouche E. N,, Campbell T. I, Green M. F,, and
Soudkik K. A, “Tendon Stress in Continuous
Unbonded Prestressed Concrete Members - Part 2 :
Parametric Study”, PCI Journal, Vol.44, No.l, 1999,
pp.60~73.

3. ACT Conmittee 318, “Building Code Requirements for
Strudurdl Concrete (ACI 318-99) and Comentary

(LCI 3I8R-9)", American Concrete Institute,
Farmington Hills, MI, 1999, p.365.

CE, B3, olld, “HEE 0349 S o

& A Fadsd dig AFd7, d=Fad
Egs] =4, A 119 135, 199, pp.209~219.

.ol FE, YAF, £A3, AAA, ER AFAERE

ZIXEHLE EZIIE BN 1174 S T
P, d=Z3gEe 83 =53, Alld 48, 199,
pp.73~8l.

. Lee L. H, Moon J. H, and Lim J. H, “Proposed

Methodology for Computing of Unbonded Tendon
Stress at Flexural Failure”, ACI Structurdl Journdl,
Vol96, No6, 1999, pp.1040~1048.

. Harajli M. H, and Kanj M. Y., “Ultimate Flexural

Strength of Concrete Members Prestressed with
Unbonded Tendons”, ACI Structural Journal, Vol.83,
No.6, 1991, pp.663~673.

AASHTO, “AASHTO LRFD Bridge Design

Seedfiaation”, SI unit 1st Ed, American Association

of State Highway and Transfortation Officials, 1994.

H AgFE= 8 Bz Ao L8 W3 FEEY F7rdo
il T Yo [“haal =2
59 W 0z A

%, B3] v, AeT Pl
F3ol #ate] o] Fo Huh

AgAs, QT 93 14A e N ARAe $9 vsl GBS MAE F4F Wrdl Aoz tehgor], A
/0] Hlst Agalge] Wehe YuHEae ol me TR WA A S wsle] FFS AT WERA TS

she Aoz vehkth A¥A3= Moo/Lime) AA 4 ACT 7

“
4,

AASHTO LRFD T+&4, Allouche 59} A4 23}

o] 4% wlwEgle). 7 23}, AASHTO LRFD #&2417 Moon/Lim¢] A Ao AAsH vlF-a 71349 &8& Brtsta gl

PR A, 2], F4sF FE, A3/ v

68

A EFY =4 A13dW 132(200D)



