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Dynamic Behavior of Pretensioned Concrete Member during Detensioning
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Abstract

The purpose of this paper is to investigate the effect of the important parameters on the transfer length during the dynamic
flame cutting of tendon experimentally. The considered parameters were strand diameter, concrete cover thickness, stirrup, deb-
onding strand and release method. Ten pretensioned concete beam specimens were cast and tested. Time history curves for the
axia strain of tendon were measured by electrical resistance strain gauges mounted on the strands. Experimental results indi-
cated that large dynamic shock effects occurred near cut-end during the sudden release. The prestressing forces are dependent
on the parameters above considered. The ratio of residua prestressing forces of 12.7 mm strands is greater than 15.2 mm

strands. Using debonding strand and gradual release are more efficient for applying prestressing forces.
Keywords : pretension, prestressing force, dynamic measurement, transfer length
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Table 1. Test specimens
Strain Cover Compression
Type diﬁ\rnnr%a ﬁiﬁfg e rrfolinodan ent thl[cr:TI:rrT]]?s l;g?ﬁ??nﬁ] str[mg[;]* Comments
2F-N-1 12.7 flame cutting x 75 0 41.6 mesurement of transfer length
2F-N-2 12.7 flame cutting X 75 0 38.7 long term measurement
2F-S 12.7 flame cutting O 75 0 38.7
5F-N-1 15.2 flame cutting X 75 0 41.6 mesurement of transfer length
5F-N-2 15.2 flame cutting X 75 0 387 long term measurement
5F-W 15.2 flame cutting X 100 0 38.7
5F-D 15.2 flame cutting X 75 200 387
5F-SD 15.2 flame cutting O 75 200 38.7
5G-N 15.2 gradua release X 75 0 387
5G-D 15.2 gradua release x 75 200 38.7
*The strength was measured just before the test
— 748 - K ARG



2F-S
5G-D
2F-N-1
L Member No.
Characteristic N : Normal Member
W : Wide Member
S : Stirrup
D : Debonded
Release Type F : Sudden release
—I: by Flame Cutting
G : Gradual release
Strand Diameter 2:12.7 mm
5:15.2 mm
Fig. 1 Design of naming system
e % AwE ST, A8 AH8E A 7
749¢]l SWPC 7BN(KS D 7002 : 2002)2 AH&31SItt.

2 A 113 Ale A7, a3 I8 FA, 4
oI HRE 2] f, 3E =Y S HEE S
om, ¥l wet F 107le] AFA ] tiste] AES AA
3tk 2 AEA) 8 W= Table 19 Yehflon, 29
Ao WAL Fig. 19 Z3el Wtk

s7] f1siA 217l 7)9] A7) A W
AoAE FAEl gAY MPES S43aL, W

wshFow e wsts gRlsiat. Aol T2k
HEE AloIAE & FAl T Al AHel F2819.0H, FA)

Zeel Rl 148e =918 we] 54 AFS 2l
1 mm
-

Strain gauge
Dead-end

= L I
|

Strain gauge [mm]

300 | 1700 | 2000 200, 452, | 200,
I 5F-N-1

2F-N-1 5F-N-2 SF-W
2F-N-2 5G-N

:b{-Q—H—D— 751@ 12.7
4ﬁ 2@100 1760 1700 300 200 p_;‘
2F-S

%—D—D—D—%@- E 152
200, 300 1500 1800 200,200 SE-D
5G-D

StH—————tH=—  [@} =

| 240 2@100 1560 1500 300 200,200, 5F-SD
[ (g i [ T T

Fig. 2 Location of electrical resistance strain gauges

Strain Gauge

Strain Gauge

Waterproof Coating

— —  — 1

PC tendon

Waterproof Coating PC tendon Strain Gauge

Cable

Fig. 3 Attachment of electrical resistance strain gauges

(E28% H5AYE - 2008F 9A

o] FZHe}b oF EdollA 300 mm Wil BAEItHFig.
2). JAZ ARESE 7 A T A T e
UAg A 5 2~37he] Aol Alo|AE Raksle] gk

(i <

YetATHFig. 4). 173 = Al 17 zZHle] AlgkdE A
o= Qlal A FAloll Zhgske el wet 717 o)
Qs S 5 Ao 1HERE P 1

ke Ao] uigAlsltt. ARk 713 S4S I8l 1A
o} YT Y ZEAS AREShs 212 Hlgo] vy =
om Hlg&Holc), ool B Ao 9 =F 1A
e WHEE BYS o83t 11y 4 W (dadtic drain
recovery : ESR)C.Z2 71428 =43t}

A9} 2 ZHAlE dlso] A88PH Fig. 5x19 2ol
HEo] vy o R 7l At AT sla-S A A
W 73] g Al e 72 VIE B HEE B0
s 278 T9 Al 70789 A6 AEske HIES
Z WP Eo] ofe}t ¥ WFET e "t B AT
odlMe TAY 1188S AASI Zjkld FAjo] 1%
He ks 1S AFE sl 1A HEE HilE

a

Fig. 4 Testing members and prestressing frame

(0] Loading /

J

&
s
=/ [ E
5

E

0 ¥
’ ) Sle N S
Residual  Elastic
strain recovery

Fig. 5 Stress-strain diagrams illustrating elastic strain recovery

- 749 -



AReM Al ZF AAE 73] wiako] S4lsa 9A
&1 erom WyE WHelRke UXE oA Sgsieg 2
(Dol 2J3kd (Machida and Durdli, 1973; Chen and Wissawa
pasd, 2001) H¥E WslFo 2 e A 285k 1%

e T3l
G fo_ ANA 1 @

& fh Ahcosz(,b’)N/Ah cos’(f)

7)ol A f=12°, E=200 GPaz 7FY3laith. w3, 2% 7
Ak WHAE e A7 Ael (@37 AbelE 0.1 mmE
7Hdataact.

233 54 ol =4

2132 Tokyo-Sokki AF9] 52 H|o]EJ274, DRA-101C}
DRA-107AS BAldl| ARSI 52 348 3lom, AME:
7¥53r Ads= 2t 1031gR¥ oz & 0ot} HlolH

2000

-2000 —

-4000 —

Strain [10-6]
o
| L ) |
Strain [10-6]
(=)
) L | I P

-6000

20 40 60 80
Time [sec]

(a) 2F-N-1

(=]

2000

0 —

-2000 —

-4000 —
4 —

-6000 . . . ; . r . r .
4 6 8 10
Time [sec]

(c) 2F-S

Strain [10-6]

(=}
)

2000

0 —
-2000 —
-4000 —

-6000

Strain [10-6]

T T T T T T
4 6 8 10
Time [sec]

(e) SF-N-2

(=]
)

2000

O —
-2000 —

-4000 —

Strain [10-6]

-6000 . T : I . . . . .
4 6 8 10
Time [sec]

(g) SF-D

(=}
[N

sk ad F Hoi 496,00070¢] H
T der, 4 AR E FTle ol FaE
] "p2lol] wet A7go] HTE ot A A9
£ Add o dueiols g ARE B2t 53
o] dliddrt. oF Hulgt ggks] 73] 9
olHe] 4 F7I7} #al 3 =4 ol 4t
CwEb B AdoME 01x10° seco) =4 F
=3 10000714 HlolHE 43It XA A 54
- o] A8 EQlEER 53 gt Ao v
U] ke 7A4 o7 oaEct uehd =3 F7)1= 18x103s%c
23 Hlo|HE ¢F 5o/l Fo4A] A3

‘0 o Y,

N Q
o~ o B
= [

Ao b e ok
N 2 o o%%

o
2
rr
=

Bolo 3

o
;1

w
>
oo
iy
1]

Tt

\ w
[N
off
1
Fol
|}

G

TR
=
il
ﬁ -
:uol'_',
K
i)
iz
2
-z
2
2
P~
o
n
H
e
>
N
ol

-5000 —

-10000 —

-15000 —

-20000 —

-25000

T T T
[0 4 8 12

Time [sec]
(b) 2F-N-2
2000
0
g
=
= -2000
g
7]
-4000 —
-6000 r : : : -
9] 20 40 60 80
Time [sec]
(d) 5F-N-1

2000

-2000 —

-4000 —

Strain [10-6]
o
! L n | !

-6000

T T T T
8 12 16
Time [sec]

(f) SF-W

(=}
IS

2000

-2000 —

-4000 —

Strain [10-6]
o
L L L |
T
AVl

-6000 T T T T
4 6 8 10
Time [sec]

(h) 5F-SD

(=]
N
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Table 2. Prestressing force of all the members

Initial prestressing force Force change )
Type Position Elagtic strain Prestressin Strain decrease | Residual force Resiclual force
g Initial force [%)]
change [x107] force [kN] [x1079] [kN]
Cut-end 3171 51.34 45.6
2F-N-1 Mid-span 5831 112.53 210 108.48 96.4
Dead-end 2629 61.79 549
Cut-end 3781 36.78 335
2F-N-2 Mid-span 5687 109.74 198 105.91 96.5
Dead-end 2058 70.02 63.8
Cut-end 4524 17.63 16.8
2F-S Mid-span 5437 104.92 170 101.64 96.9
Dead-end 2441 57.82 55.1
Cut-end 3560 65.25 39.8
5F-N-1 Mid-span 5017 163.80 305 155.34 94.8
Dead-end 2878 84.13 514
Cut-end 4778 3541 211
5F-N-2 Mid-span 6058 167.68 268 160.25 95.6
Dead-end 2227 106.03 63.2
Cut-end 4713 33.14 20.3
5F-W Mid-span 5011 163.61 149 159.49 97.5
Dead-end 2501 91.89 56.2
Cut-end 2841 82.13 51.1
5F-D Mid-span 5807 160.76 181 155.75 96.9
Dead-end 1693 113.89 70.9
Cut-end 3278 62.45 40.8
5F-SD Mid-span 5534 153.20 241 146.54 95.7
Dead-end 1719 105.61 68.9
Cut-end 2795 73.32 48.7
5G-N Mid-span 5443 150.68 300 142.39 94.5
Dead-end 2577 79.35 52.7
Cut-end 2755 77.83 50.5
5G-D Mid-span 5567 154.10 258 146.94 95.4
Dead-end 2334 89.48 58.1
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to time
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Table 3. Comparison of prestressing force loss with time

Initial prestressing Strain Prestressing Force losg/Initia
force decrease force loss force
[kN] [x1079 [kN] [%]
- Curini 88 1.70 155
2F-N-2 9 109.74
12.7.mm Long term 246 475 433
- Curini 112 3.10 185
SF-N-2 9 167.68
152 mm Long term 279 7.74 4.61
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Table 4. Various proposed equations for transfer length

12.7mm 15.2mm
Source Edtimate formula Prediction data/ Prediction data/
Tran?fntirnl]]en gth Experimental TEmif]er Experimental

data data

data Dead-end - 779 0.85 659 0.65

ACI Code Iy = 0.048f.d 685 0.75 819 0.81
Sudden release| |, _ . i

. (Citend) | 't=157 d-46 529 058 644 0.64
Zia and Mostafa (1977) Gredudl fc'
radual release 4ol

(Deatrend) | '1=137 %23 460 059 560 0.85

Cousins et al. (1990) I,=0 5(5) +1sfps 790 0.86 041 0.93

) =055 )* 7 0 ) )

- I, =0.048f_d |20

Mitchell et al. (1993) t= 0048M,0y 1= 493 0.54 599 059
Cl

Russell and Burns(1997) Iy =0.0725fdy, 1035 1.13 1236 1.22
_ 1 s 13 1

QM8 =(2004) = 795@@ J % (c155°9%) | 51 0.60 697 0.69

It = transfer length
fo = specified compressive strength of concrete at time of initia prestress (41.6 MPa)

f. = specified compressive strength of concrete (45 MPe)
U; = plastic transfer bond stress (0.55,/f;;, MPa)

B bond modulus (81.5x10°° MPa/mm)

dy nominal strand diameter (12.7 mm, 15.2 mm)

Ars = area of prestressing strand (98.71 mm?, 138.7 mn?)

fyi

fse

C

concrete cover (68.65 mm, 67.4 smm)
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initia stress in prestressing strand just after release (1166 MPa, 1183 MPa)
effective stress in strand after losses (1124 MPa, 1122 MPa)
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