Journal of the Korea Concrete Institute
Vol.16, No.3, pp. 293~ 302, June 2004

ZE|BIM pSCRAS| HMHZL0] ol H oS0l 2t A+
uIEt M L QIAILY 2 - QIR Y
VAguste 253
(20039 14¥ 21 9274, 2004'd 59 21 HAIER)

Finite Element Analysis of Transfer Length in
Pretensioned Prestressed Concrete Members
Byung-Hwan Oh ", Si-Nae Lim?, and Young-Cheol Choi®
b Dept. of Civil Engineering, Seoul National University, Seoul, 151-742, Korea
(Received January 21, 2003, Accepted May 21, 2004)

ABSTRACT

The transfer of prestress force in pretensioned prestressed concrete (PSC) members is of great concern because it
affects directly the distribution of stress around the transfer zone. The design provision of current design code on the
transfer length considers only the prestress intensity and the diameter of prestressing steels. However, other factors
such as concrete compressive strength and concrete cover may affect greatly the transfer length. The purpose of the
present paper is to explore the various factors that affect the transfer length in pretensioned PSC members. The
bond stress-slip relation between prestressing steel and concrete was modeled first from experimental data and then
this model was incorporated into the interface element. The interface element was used to perform the finite element
analysis for pretensioned PSC members. The results indicate that the compressive strength and concrete cover are
also very important parameters which affect the transfer length greatly. This means that the current design code,
which considers only the effective prestress and diameter of prestressing steel, must be improved to take into
account the other important variables of compressive strength and concrete cover. The present study allows more
realistic analysis and design of pretensioned PSC members.
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Table 1 The value of K in JSCE

Strand type K
Plain or indented wire 100
Deformed wire or multi-wire strands 65
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Fig. 12 Transfer length of 15.2 mm strand

Table 2 Comparison of transfer length

Transfer length Current
s ‘. Analysis | Experiment | code
“ (mm) (mm) (mm)
N-3cm(35MPa) 747 781
N-4cm(35MPa) 661 669
N-5cm(35MPa) 627 617
12T mm e m(B50MPa) | 669 658 724
H-4cm(50MPa) 596 587
H-5cm(50MPa) 562 533
N-3cm(35MPa) 975 971
N-4em(35MPa) 823 809
N-5cm(35MPa) 779 727
152 mm M s m(soMPa) |__873 872 866
H-4cm(50MPa) 735 722
H-5cm(50MPa) 697 591
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Table 3 Transfer length by strand diameter

Concrete cover Transfer length
30 mm (mm) 1:(dp=15.2)
fa | fo/fos | doe15.2mm | dy=127mm | /(&7127)
0.50 84754 656.25 1.29
0.55 893.13 686.37 1.30
40MPa | 0.60 939.63 716.33 1.31
0.65 979.11 743.03 1.32
0.70 1013.45 774.58 1.31
0.50 790.78 609.53 1.30
0.55 830.92 642.82 1.29
0.60 872.99 669.16 1.30
50MPa 0.65 913.52 694.06 1.32
0.70 951.62 719.33 1.32
0.75 989.72 744.13 1.33
0.50 748.16 572.93 1.31
0.55 7817.46 600.88 1.31
0.60 825.18 628.71 1.31
60MPa ™ 65 860.23 655.71 1.31
0.70 896.76 681.11 1.32
0.75 933.74 703.46 1.33
Average 1.31

298

fou®l 50914 70 %712 WMskete] uhe} Aot s}
dh= AL Yeid Aoltk oo maw fEIZyiEda
390] 50%AX 5%4 F7Hdl mek dedol= ¢ 5
9 HPHor F71ks £ 7 Stk

Fig. 162 faZg|xEgx A7]9 Wsle} Adzo|e}
o AadAE BolFa gtk

Q) F2YE JEFA we dgzdole vt
Fig. 172 Z2E J5FAd 12 ALl €49 ¥
38 Holx sith o] IHAA HXo] A5 C7t

f.;=50MPa, f,.=0.61,,, cover=30mm

Slip (mm)

—0—d = 12.7mm

—t—d = 15.2mm

0 200 400 600 800 1000 1200
Distance (mm)

Fig. 13 Influence of strand diameter on slip

o0 | 1t 040447
R’ =098%4

450 500 550 600 650 700 750 800
Transfer Length: &,(12.70mm)

Fig. 14 Influence of strand diameter on L:

3
Ix Idb=1 2.7mm, fci=40MPa, cover=30mm
25 X -
‘}.‘b.x'
2 :'D"h.h-:'x'
g o8 wX, o fe0dfu  —a— He=045pu
E 15 \ :H:x | —o—fpe=0.5Hu  —%— fpe=0.55fu
= 0.8 oo fpe=0.6fu o fpe=0.65fpu
1 - fpe=0.7fpu <X fpe=0.75fpu
0.5
0 ok

4] 200 400 600 800 1000
Distance (mm)

Fig. 15 Influence of effective prestress on slip

eE 32| EYS| =2 Mi6w 35(2004)



Fig. 16 Influence of effective prestress on L:
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Table 4 Transfer length by different effective
prestress

Concrete Transfer length (mm)
cover 30mm

d b fci fDJfDLl fpﬁ/fpu fDG/fDu fpf/fpu fpe/fpu
0.50 0.55 0.60 0.65 0.70
40MPa| 84754 | 893.13 | 939.63 | 979.11 [1013.45
50MPa; 790.78 | 830.92 | 872.99 | 913.52 | 951.62
60MPa| 748.16 | 78746 | 825.18 | 860.23 | 896.76
Average 1.00 1.05 1.10 1.15 1.20
40MPa| 656.25 | 686.37 | 716.33 | 743.03 | 774.58
50MPa| 609.53 | 642.82 | 669.16 | 694.06 | 719.33
60MPal| 572.93 | 600.88 | 628.71 | 655.71 | 681.11
Average 1.00 1.05 1.10 1.14 1.18

152

mm

12.7

mm

Table 5 Transfer length by concrete cover size
f = 50MPa

Transfer length (mm)

d " Cover | Cover | Cover | Cover |Current
b |foe/for] 30mm | 40mm | 50mm | 60mm | code

050 ] 790.78 | 661.22 | 621.21 | 596.06 | 721.71
055 | 83092 | 696.21 | 656.81 | 636.34 | 793.88
152 1060 | 87299 | 73456 | 69656 | 674.91 | 866.05
mm | 065 | 91352 | 77119 | 73455 | 715.72 | 93822
0.70 | 951.62 | 806.85 | 77046 | 753.40 | 101040
075 ] 989.72 | 843.07 | 805.24 | 788.76 | 108257
Average 1.00 0.84 0.80 0.78 ~
050 | 609.53 | 542.04 | 50750 | 480.73 | 603.01
055 | 642.82 | 573.63 | 538.79 | 515.10 | 663.31
12.7 1060 | 669.16 | 596.22 | 562.83 | 537.88 | 72361
mm | 065 | 694.06 | 617.83 | 585.43 | 562.59 | 78391
070 | 71933 | 64090 | 609.63 | 587.28 | 84421
075 | 744.13 | 664.35 | 63363 | 611.34 | 904.51
Average | 1.00 0.89 0.84 0.80 -
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Table 6 Transfer length by concrete strength

Concrete
cover 30mm Transfer length (mm)
dv | fpe/fou fei fei fai fa  |Current

35MPa | 40MPa | 50MPa | 60MPa | code
050 | 884.77 | 84754 | 790.78 | 74816 | 721.71
152mm| 0.55 | 930.84 | 893.13 | 830.92 | 787.46 | 793.88
0.60 | 975.88 | 939.63 | 872.99 | 825.18 | 866.05
Average 1.00 0.96 0.89 0.85 -
0.50 | 683.33 | 656.25 | 609.53 | 572.93 | 603.01
055 | 71491 | 686.37 | 642.82 | 600.88 | 663.31
0.60 | 747.46 | 716.33 | 669.16 | 628.71 | 72361
0.65 | 77790 | 743.03 | 694.06 | 655.71 | 783.91
Average 1.00 0.96 0.89 0.84 -
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Fig. 21 Relationship between transfer length and
end-slip
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Fig. 22 Analysis results vs. predicted values
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