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A New Model for Accurate Nonlinear Analysis
of Prestressed Concrete Members under Torsion
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Abstract

The present study proposes a realistic method to analyze the prestressed concrete members
subjected to torsion, For this end, this study devises a method to realistically take into account
the tensile stiffness of concrete after cracking. The effects of biaxial compressive and tensile
loadings on the compressive and tensile strengths of concrete are also taken into account in the
present model.

The comparison of the present theory with experimental data indicates that the proposed
model dipicts reasonably well the actual behavior of prestressed concrete members subjected to
torsion., The present model can predict not only the service load behavior, but also up to the
behavior of ultimate load stages.

Keywords : torsion, prestressed concrete members, torsional strength, crack of concrete, tensile

stiffness, biaxial compressive and tensile loadings, service load behavior.

« A3, Hgohotil B2 ¥okat i o P el i@ Bl 1904 68 3094 = )
T T B N P e Al 19944 8850l RO} sl gh Al e AT

H 6 A 2% 1994.4. 159



LM B

ARt FAYE FRENM = A sEFL
Z2 3l HEHE B Aot Aoy 1 27
7b Zhop A 7E | A il Al e v A st
T8 UE 0y, WdyeR, A8 AAllegn,
HAwF, A0, AR A 54 2o 12
Eollie A EA7F A A

Bol dell sirdre FIFEH 2 {4} o]

o] &(Skew Bending Theory)o] it}. ojd
Bloll A o] & o] &9] 7]’ o] I W=
A7kA) L A 2] gk epl)
Ritter, M rsch 52 ZItE#
Ao 22 F L3 o
£ 45°2 7PgEtAch weElA o) %
Deg Truss Model'ol&}i1 ®E&t}?  Lampert,
Th liman 5-& @dzto] ¥ £ dvke Hds
o] &9 ‘Variable-Angle Truss Model’ & #) A &}
At Collinse= FE4ES AAs7) st 2y
g Fdid & #94L F4% 389
T s Wl x o] Falzta g vhdoelt. ulet
A o] & ‘gt& o) E(Compression Field The-

of Ee)2 fA} o]&& HE2 A &AW,
Tl A e &GP0 ARBAE AT &
FHEY S e S FAYE Bad g a5
g 39t HERO2 wEHR WEY 2 g8
WE B T AEYAE ZAE hi A
£ skt
2 Ad7ME vEdE we ZYAEYRE
FAYE A9 8|4 ndzr Es FArlolR
mdlg NG FYole

olE 9late] B =gl A

2
i)
o
o
2
&)
X
0
L
o
oo oX
IR o
0_2; O:;. EJ
2w
T |
o % 1o
QL
p4t2
o

2
r"lo
i)
M
3
rr
L
A
oo
il
o
£
2
ol

o
N
—r
N

A dgFoln & o
gl e, ol& 9t o]F
E ZERs 548 34 3

w4y o) hat ol Fol wAlglo] u]UE Ae)shol 4
l

&t

g

3) TAYE 2EHES] Yol ol dd yjr o)
AE3HE P, dEH ol AnE
| A 2oz bk

4) FHA 3 ZagEe) SyAFE ¢
ol ti 3 e Aok gk

5 TRERE YR JubHQ FAIE R
o] @R wue] shgate] R EIse 2
A Fol MEHE g9 nEs Hgsin
2 ool FrkslE vhudH o2 7hg S



HovEd 2B #AYE g o} go] g
": 01]:]_
_ T
S A (1)

Fig. 12 HE
HIYE Bl v
& A \JrE}LL 5
ALE B} & 840 e

,_\‘_
o !
_51
37
m
v
=
oo T
B
o Im
LD
L
o
)
[

Aolth, FRFHol ol F WHL 1-%, 4
o] ol ML t-Fow wsht: 1t
AEA) $HF A% 22 E ol FE FUH LY

S r— %08 PASE d-rHFEAS Y4, F
SHOZHE HALHE g geo] 8 5 3
t},

7, = (a4 — 6,)sina cosa (2)

A7 oy = FUFEH
o, — FAE3H

x = FYESE ] LAF T Ak

Fig. 1 Equivalent thin-walled section of a prestressed
concrete member subjected to torsion

H 6 A 25 1994.4.

oy8in°a+a,c08%

g, )sinx cosx

> (0~

—_—
04C0s°a+a,sin‘y

JRUSSVSRSE, N

Fig. 2 Stresses in concrete element A
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Fig. 4 Tensile stress-strain curve of concrete
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Table 2 Details of the test beams

Longitudinal bar Transverse I
', fs, X, 37 P.S. Non-P.S. reinforcement foe
Beam | ~° | % | 1 7 b ~ - . . .
Size £y Size f, Size f, S
MPa MPa mm mm in. MPa No. MPa No. MPa mm MPa
PAIR | 436 | 472 | 222 222 1/4 | 1633 3 435 2 310 65 1109
PA2 | 456 | 5.01 216 216 | 5/16 . 1663 4 483 2 310 35 1098
PA3 | 418 | 459 | 219 | 219 | 3/8 | 1744 5 | 389 3 435 | 80 1168
PA4 | 422 | 481 | 219 | 219 | 7/16 | 1709 6 | 19 | 3 435 | 55 1152
PBl | 458 | 473 | 146 324 1/4 | 1638 3| 435 2 310 | 65 1099
PB2 | 458 | 522 140 318 | 5/16 | 1663 4 | 483 2 310 35 | 1096
PB3 | 455 | 4.95 | 143 321 | 3/8 | 174 5 389 3 4% 85 1168
PB4 | 455 | 431 143 321 | 7/16 | 1709 6 419 3 I 435 60 1150
PCl | 422 | 525 | 114 | 406 | 1/4 1638 3 35 | 2 | 310 75 1103
PC2 | 451 | 461 108 | 400 | 5/16 | 1663 4 o483 | 2 | 310 40 | 109
PC3 | 413 | 430 | 111 403 | 3/8 | 1744 5 | 389 3 | 4% 95 1162
PC4 | 421 | 447 | 11 | 403 [ 7/16 | 1709 | 6 | 419 | 3 | 435 | 65 | 1149
Table 3 Details of the test beams ‘BRI’ & ‘STV’
Specimen X cm ! ycm f'. kg /em? | f, kg /em?® | fy, kg /em? | f,, kg /em? | f,, kg /cm7 Effective
‘ P Y ’ 44 prestress
BR1 8 | 1 ers | 302 | 15000 2290 17230 ] 0.5,
STI 0 | w0 348 28 | 330 3380 14200 | 0.6f,
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Fig. 7 Torque-twist curves of beam PA3
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Table 4 Summary of the analysis resuits

1

Beam | (e Tenmeors | Torneon | Ty Tushony | Tutheons
(kN-m) ! {kN—m!) wp [(kKN=m) {tkN~m) T\M[,

PAIR | 1857 | 1938 | 1o | 2175 %

CPA? | B 218 % 23

SEENE T

PAL | o | ke | @ | wa

CPBL | I8 | 12 | L8 | w7 oo

PB2 | 188 | 1046 | LB3 | m54 30z

CPB3 | L8 | 071 | %5 sl |l

CPBi L ol0 | e | XH0 | 3T

PCI | 13% [ 1537 | Lo 1974 | 19

PC2 L rm | a2 | L0l m | o

PC3 1848 | 1849 | Lo | w7 | 22 | &
PCY 2L61 | b | 9 | MR | R 8
CBRL LS | 1642 LG5 189 | L%3 L0
CSTL L 509 | 85 | 165 | 853 W9 109
Mean | Lot 1001
S | 0036 0.8
cov a6 8.1%
oA gAe vt A3 zEz) 1.0004, 1.0012]
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