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Calculation models of stress increment of prestressing tendons
using the deformation of externally prestressed beams
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Abstract: Based on structural deformation analysis, we developed calculation models of externally prestressing

tendon stresses increments for simply supported beams on service loads. The Windows program SICPEM for

calculating stress increments, based on energy principle, was programmed using the object-oriented method. Six

beams results, tested by Tan, and the free length of externally straight tendons were recomputed by the program.

The ratio of computed results to test results is 0. 895, and the standard deviation is 0. 013. Furthermore, the free

length of externally straight tendons, for which the second-order effect can be ignored safely, is ten times beam

depth. This coincides with the reference literature.

Key words: external prestressing force; externally prestressed tendons; stress increment; deformation

PRGN 3 A I 39— R A A T g T B
L S5 A R R AR 2 2 B S I
BN AT SCHRLS JHE ST T A A1 T 3 e 25 4 v A
SRR AR LA M B L, SCRRE6 20 A 1o TR AR
IS T3 KPR S 0 DR 2R SCRRE7 D20 M 17 T A6 i 7 i 1
BINTIUNE 3 00 [ SR AT B R R R R SR8 T S T A
PRONRBER A IROTAE R . SCHR L9 TR 57 T 1R A 151 i

A% B 27 :2008-03-12

T3 B HE T A BREICIE 1 25 I8 A RE R LA 45 4 1% 1) %X
(EL 70 AT AT 5 ) 1 6 4% ) e 1 2 80 PR A 00, g 3
L JEE S R RO R RN F AT T . B2
5 AL AE TR ) 1 R A G 5 L
PO PESF IR B [ g LTE 4 . (HX ST ik — i)k
AR TR 1 S T A R A 2 IR A S
A1 T 5 R DR R R B 1 SR R 1 3 b

KA B ERTEZEIH OREFF 2006 55 42 5) ;TR A ARF %34 % B3 H (2006BB0170)
Y WA RIEM (19755 5 B PR K2 2E N ARSI S BR Fn s £ TR 7 M F 5 (Ted) 6511123

(E-mail) zwyjjs@cqu. edu. cn,

http://gks.cqu.edu.cn



1274

TR KFFR

%314

PRANUN ) 5 55 BRI B AT 7 A Ay 9 I S 45
AN R REH RS 4 E 5 (R 2L AT AR B AT — i 1 3
T - 7 LR S8 T O ikt AN BE 6 N 45 44 2 g B B
B A (AN TR g A3 L ) G R AR R S B AR
BN, T A3 ) AS T8 R A2 i A R AR TR Y R T i 12
L AN 16 2 B A MR A TR A S B AR A Al A A
F1 B RE T 32 3l PR S0 S0 T A3 45 1R 5 - A T =2 [R] B
ARTE AN ORI LI 5 Wi 25 44 22 T8 14 TR 3% A 2 52 i
PRGNS A5 B0 00 0 g ko TR BN R R TR
Br . A4 AT RE A 5L BE AT & 45 4 3 ) BB L RE 68 1
O 45 Fob A [a] 175 T 19 44 S0 TR 3 YR o6 - 245 # i T S 7
5 WARAS L fift YR A S T 73 483 107 77 728 A 4 ] AL

SCRRL2 148 1 — A ] i JC Ak 245 R A7 iy 1 A
FIR R g 3 B30 IR ) 25 A [ 0 e 9 80 AL B A AR
B R RERIAN B 1 BT o A T AR BRAR 25 A
TR A RE A R R 285 T K 45 TR 0 A L T AR AR i T B
TRV PR A 2 RS — L T R T PR
Ty S A 5 R L5 T SCHRES TR 6 AR A
SN, T 45 5 o (H L2 SR BAE L 3 A D A Ak
V7 77 8 SR S TR 205 TR T /9 73 52 AH 38 B g
TR A AR K Y

SCHRL2 T3 7 p R R o i 7 1 2 AT il 1Y o el T
RS A A (S A R A A 5P S 2 BIAR K
Fiy R ) T 2350 Ty B 1 (L A ) i A A
15 2% i1 P R Ll B R A Y S L R R
[l A e XA R G — W A XA EeE M. A

L L2 L L2 .

(o T4 XU e 413

ST I B AR ST LA AR R A A BT A
LA ADRE NS AR I TAPAR: ( ia A/

L2

L2

1
L2 | L2 L

]L 0 1 1

A\LA -

C

B

B 1 k(2169 5 A7 AL A

1 RSNTE A RS K F

RS2 A B A AR 25 WU AU eI i A e
S 0 oA UL il [ R A 1 2 B AL 5 R AR TE P
ARSI TR T3 5 I B ST SRS A T R IR . R R T2
P AETE S T AN U 5 HP 1) B B R 31 B3 1A A1 B
S B O S . O T ST S A A R g A 1
Ko AFFT A o0 e 1 7R S iy S0 58 T 2 A Ay L LK R
1] A3 A5 3 2 B2 i) AROSURE [ A if5 4 Bl o0 . A& 2
7R o e ses ARHNTIUNE I3 A5 00 O 00 B L L DRy JL 5
JE 20408 JIREImEE I 0. g R BRI 003 > o D 1A
HNTIUNE 3 3 55 KT o B SR £

* L2 " L2 ¥
TENEARE L | HNEATR

e.g.
| EABIH oo ey |
la_Wstitigs _ ___ C
2,

Tk
(b ) LR [ 45
" L2 L L2 'JI'
e 7 B EASAT R

Tl
(d YPTER T [ 41 B

B2 pAad

L1 H&HH RS
UNIEL 2 Cad 7 Gy LS PRSI B0 A3 e i 4G

AL :AL/\ +AL13 — e Sin 6‘4 +
e sinfy & (01 +0)e, (D

http://gks.cqu.edu.cn



% 114

REM T RIRET I RS TAR S RS E 1275

RN JEHE L 04 AU sin 04 IR ZE 2T
DA 2 1)
1.2 w&REHEGH G

WE 2(D7w, HF A, C AL, Zug T 3
B [ AR T B R W R A TR T3 A Ak 1) AR RN
K 3R .

AL, =— X, o cos a &=—e,0, * cOS a3
ALy =— Xz e cosa—+ Zg » sin a &
—e,0p ¢« cos a+ Zy ¢+ sin a»

A

AL &~ e, (0c —04) » cos a+ e, (@ —0p ) ¢+ cos a+
Z]g e 2sin Ao (2)
RGN AT 8 BT 05<<04 .50 05 A4FF sin 05

sl LAY .

€1

I
YIS

rw%ﬁﬁ//)\

AR N
N

€

lo

a

B3 At e B s

1.3 HEREwH F

WA 2Co) B o A& STV 7 A AL 4% 2 AR AR 1)
A1 AR K- F77 o A 1] A5 S 0 AN 18] 3 7R K P Y B2
R4 NN (N7 = P ]

ALB+ ~0p * e aAL(‘* ~—0c e,

B 4 A ey KT A6 A
M
AL =~ (0, —01) e cos a + e,05(1 — cos a) +

1.4 HAZXEHEOHH
A 2(b) By 7 R 1S
AL = ¢, (0c +04) » cos a+ e, (@ —0Op ) » cos a+
Zp * 2 sin a. 4)

2 RINTRE Ty 3 F A 5

VRN I3 35 B2 3 38t Ao, $2F 5

A%:Eﬁ%g 5)

XA R A% O L SR AR B AL ARABRIAT, Rf E, &
RGNS T 7 ) R
2.1 #ffermpeit i

PAHEASR B 1A A0 T ) i A A UE L B RIS O
A2 55 TR B oy R0 S 1 0 B A G YL X B T A
AR g 45 Ae) R [ B RN ) 252 AL 5 R AR TR R
AORILEE . i % AR A% e R fi) 437 A% 1 T AR L AR TE i
LR IR L, RO RE S R B R 0 AR T i 2R AT
A6 1t R 488 A G 325 D00 SR A5 22 i 1 [ 2B AL 1 5 A R
PR oK ARSI TR g A5 A, DT B HE AR SR R
71155 H 1 F7 4

AT i 2 A B, T AR B A O SR g 8 I sk
FH o A AT g BEAE 5 B AR G AR 1 1B
2.2 WRINTRE A AR S ¥ E eI

FIF BE R AT LUK S v s 2E . 2B
R X B O g T Windows R 3
FE I B I N ) 1w R Ty SICPEM, % #2 )7 &
TP R0 18 7 41, 5 E 7 5, 2 A 2 A 30 20 00
BRI R AR E .

3 KELEXR

3.1 WANE AR ST
Tan""WHE 1997 AT 6 AR T BUAKRSNT N F1 321
TR0, R s B LR T 2L A S G TR Sk (14 ],

(Zy+Ze) o sina+elfc(cosa—1),  (3) FIF SICPEM DL JSCHiR [ 2 109 28 5K, 28 35 X 3 it 4 ob
K Zy o Ze A RIBAE B.C S 1% 10 48T TN B iR g A R AT T S R R 1

1 #HARBEEZATALSRBERAILEK MPa

ﬁtg{\jéﬁ% oT Aot Aoy Ao o1 o2 o1 /O'T 02 /UT Aoy /AUT AGZ/AO'T
T—0 1 366 69 52 67.7 1 349 1364.7  0.988 0.999 0.754 0.981
T—1 1282 85 60 75.8 1257 1272.8  0.980 0.993 0.706 0.892
T—1A 488 161 122 145.2 449 472.2  0.920 0.968 0.758 0.902
T—1D 426 138 117 120. 3 405 408.3  0.951 0.958 0.848 0.872
T—1B 835 85 71 76. 6 821 826.6  0.983 0.990 0.835 0.901
T—2 1276 94 61 77.3 1243 1259.3  0.974 0.987 0. 649 0.822
S 0.966 0.982 0.758 0.895
PR 22 0.003 0.001 0.029 0.013

T o AR RSN I E - Aoy HIRX GBI 131 01 Aoy S SCRRL 2B 545 R 02 L Ao: O SICPEM Y8458

M T AT LA SR 2 100 O v 31 5 i 4
SNBNE 3 55 IV Ty W S 25 SR 2 L B

0.758 . FrUEZE N 0. 029, MW FEMITELE RS
SN 45 2 B Y E R 0. 895, AR UEZE M 0. 013; 1k

http://gks.cqu.edu.cn



1276

¥R X F

¥ IR % 31 &

HNIRUNE Ty #3043 8N g 5 S ) Z By 0. 982,
PRUEZEDN 0,001, X AALULW] T BF 58 I i 1 11 K
& U BT T A AN TN 7 5 TRk 45 N ) 7 i I
W R A R
3.2 KPRSATRAE AR B EKE

JO7FH 20 1) ) B2 e 2 B BIE ST T S TR ORI LR
Ay EAR SN 1 557 B K B R RE S R S N ) 5
A BN 2Ca) B 0] 38 B AT E 1 AN ) B TE R
H, 2 AN IRTE L/4, 3L /4 4b, 3 43 AE L/4,
L/2,3L/4 bt . R %E 450 S G CL0, ARSI S
AimPERI R 1. 8 X 10° MPa, i 2. 8 em® . {0 BE
12 Cm?ﬁ#ﬁﬁﬁ 50 kN » m™' v*ﬁi%ﬁﬁﬂb@ Svi_I‘ﬁ
iR 2,

50

400

50

100 |50 300 |50| 100
BS5 AABERTTER

K2 RFHRIFARAHEBKRETFRESAH m

. . BERE L
ARE S 3.5 5.0 7.5 10.0
fNfin2E 0.189 —o0.188 —10.962 —32.197
MXRZEY% 1.16 —0.55 —11.25 —18.06
HXfiE 0,221 0.083 —3.529 —6.725
MXFIR2EY 1,35 0.24 —3.62 —3.77
diNiR¥ZE —0.021 —0.044 —2.29 —5.524
MEXTIRZE % —0.13 —0.13 —2.35 —3.10
Jig:/ MPa  16.362  33.966 97.435 178.311

UL DR 22 BT LUy vl TR R R T B K ST 3 A
LES e

M 2 BT LIRS L 25 AR AR BN g 5 K SF B i
JIE 5 781 5 R ) LB A 10 IR HE TR AT DA 4
s 228 W5 RO 158 22 28 XL A B 3. 770600

4 5% B

L5 LT IR MR SN T0RE 3 S 08 g B RS
R 25 TR ) A 2 AN — R 5 28 3 S B A R A A
AU a7 SRR AP g A3 I T A 2 2 I R Y 5 R T
I 12t i LA IO g 49 A R 2 OB 20 ) P P 8 A G
IR A5 R B IR AR E T AT Y R RS ST R A A 32
JIAUBRFN AR SN BN T3 555 08 S AR A DL R %R
P AT RSN 1 K7 B R 10
RV I U AT A2 4 22

(1] RIEFS. 361 /8 &t ik 09 U 40 1L 7 0 7 g B4 31 53 07
PR [D]. K R R 2= 3 5 % E TR, 2005.

L2 ] kit AE R VG hr. JE 25 40 28 T2 18 JC Kb 45 100 0 7 #3 I )
AR L)) AR TR R, 2003, 36 (8):12-19.
DU JING-SHENG, LIU XI-LA. Research on the

variations of unbonded prestressed tendon stresses
based upon the structural deformation [J]. China Civil
Engineering Journal, 2003, 36 (8):12-19.

(3] T, X5, AR 8. 1 A0 TR J) 78 K 85 3% 2 W 44 Bt BY %

ey B LT 0. I U R 2 2 4. B SR BR 2% ML, 2007,
35(11):1455-1459.
XU DONG, ZHAO YU, ZHU JUN. Application of
external prestressing technique in shear-resistance
design of large-span continuous rigid frame bridges [J].
Journal of Tongji University; Natural Science, 2007,
35(11):1455-1459.

[ 4] S0r. QM. B B0k S0 3000 J 5 A KR 0. g 358 07 1 1Y

PN S ], A, 2007(12) :45-50.
HUANG QIAO, GUAN YAN-CHAO. Evaluation and
analysis of calculating method of ultimate stress in
external prestressing tendons of bridges[]J]. Highway,
2007(12) :45-50.

[5]WUXH, LU X L. Tendon model for nonlinear analysis
of externally prestressed concrete structures|J]. Journal of
Structural Engineering, 2003, 129(1): 96-104.

[ 6 1] GHALLAB A, BEEBY A W. Factors affecting the
external prestressing stress in externally strengthened
prestressed concrete beams[J]. Cement &. Concrete
Composites. 2005, 27(9):945-957.

[ 7] PARK Y H, PARK C, PARK Y G. The behavior of
an in-service plate girder bridge strengthened with
external prestressing tendons [ J ].
Structures, 2005, 27 (3):379-386.

[8]1LOU T J, XIANG Y Q. Finite element modeling of
concrete beams prestressed with external tendons[]J].
Engineering Structures,2006(28) :1919-1926.

C 90 i, it vh. oK S T50R ) VR 6 - 3% K 48 4 3ok 2 43 1T
BRI, VG e 3 R A% 24, 2007,42(6) « 732-738.
XU XUN, QIANG SHI-ZHONG. New model for full

of bearing behavior of externally

Engineering

process analysis
prestressed concrete beams[ ] ]. Journal of Southwest
Jiaotong University.2007,42(6); 732-738.

[10] ACI Committee. ACI 318-89 Building code requirements for
reinforced concrete. [ S]. Detroit: American Concrete
Institute, 1992.

[11] AASHTO. AASHTO1994 LRFD bridge design specifica-
tions [ S]. WashingtonDC: American Association of State
Highway and Transportation Officials, 1994.

[12] ALKKAIRI F M, NAAMAN A E. Analysis of beams
prestressed with unbounded internal or external
tendons[J]. Journal of Structural Engineering, 1993,
119(9) :2680-2700.

[13] BILAL E A. Stiffness of reinforced concrete beams
with external tendons [ J]. Engineering Structures,
2004(26) :2047-2051.

[14] TAN K H, NG C K. Effects of deviators and tendon
configuration on behavior of externally prestressed
beams[J]. ACI Structural Journal,1997,94(1):13-22.

C15] XUAR M, R IEH. g sm 1R 3840 408 1 F T M R 51 )
0 K L] Uk PH A AR A A B AR RE R
2006,3(22) :402-405.

LIU DONG-YAN , ZHU ZHENG-WEIL To calculate
the stress increment of externally prestressed tendon for
girder bridges using energy method under uniform
loadings[ J]. Journal of Shenyang Jianzhu University:

Natural Science. 2006,3(22) :402-405.

(m3E & D
http://gks.cqu.edu.cn



	自科0811-1273
	自科0811-1274
	自科0811-1275
	自科0811-1276



