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Finite Element Simulation of Prestress Loss of a Prestressed
Concrete Simply Supported Beam

GAO Jie, HUANG Ying
( Fujian Chuanzheng Communications College, Fuzhou, Fujian 350007, China)

Abstract: A finite element simulation model of a post tensioned prestressed concrete beam which has served 20 years was
developed by ANSYS software. The spring unit Combin 39 was adopted to simulate the bond slip effect between pre-
stressed steel and concrete, through adjusting the spring element stiffness to control the degree of bonding between pre-
stressed steel and concrete. The model considers instantaneous loss and the long-term loss, which makes the finite ele-
ment simulation of prestressed concrete structure more accurate. The procedure can predict the responses of post-tensioned
concrete structures throughout the service load history, such as elastic and plastic deformation, cracking and damage pat-
terns. Numerical examples of beams model are presented. The comparison of computed results with experimental ones
shows good agreement, demonstrating the efficiency of the proposed model, which provided certain reference for precise
modeling of prestressed structure.

Keywords: extant pre-stressed simply-supported beam; finite element analysis; bonding slip; prestress loss

I BRIC o T X BN iR B L4ttty 9%, B8 T A U AR LAk LA S BN T4 2k R B L
KA AT RLALL, A R0 R TN, TR BE L2854 WA TR AL st i IR 85O0, R T T MR 52 0 4
(UL SI A TP — BRI AR RS A BGER i FRAMHT Kawakami 45 3 F ADINA BPF8EST TR
M = THORBEE THRMBOR AR, BV iR BER AR AR A BROTRE R, BERLR F LY A
BETZ AR R A IRIT/r i 2] T T 2 IRAMBE SESECF N BTk AR BE 1, =45 ST
G XTI NG HEATARIT MR T 20 28 REHUN AT, 5 & T ARG AE R AU LA AR 2ot
80 4L, Kang Y J 21U A1 Van Greunen J 2512043 Bi %t W FI T ANSYS BfFd Sr 1 0 0 HE B 45 4 1
TSR EE L AEIRES A AT T ARG FRoT et A FROTHEEY 25 18 T AN AR BE - RS AE T, R

s B # :2016-11-27 &% B #:2017-01-10

BHEWE: EFE A RPAEFEILSTH (51108092) ; A 2 F TR H (JA15664)
EERN:E A0966—), B AEE TR, BB, 2R A MRS F T TAE, E-mail: 52845185@qq. com




66 KA S 25 T RE2ER

H15 %

Utk a7 2 4 B AT AR LR PR T 2 Mo Meng
Chan Zhou 2557 | F§ MIDAS/Civil #57 —4H 32 m £
BT SZAE R TN, ) TR e+ A PR TR, E 81T
i T B i oM o SO0 T A TR g R S
I = AR N Pk B e B 2 () Y
Hrep B ST TS AL R ) TR - 1R S A IR
i

AR —RE L MR 20 4559 6 1 1R 5+
{4 SR R BT > W 4 SR ST ANSYS R4 1k
YA BT TS A RO CAS TSERE |-, % T
IO 3B 114524 I S A8 2 R S 9k 7 e S oy
RUGEAT N2k, ARAS IS AR TR | 2448 % e 2 AR PR R
B 4 Ao R M

1 FSE IR SR 4R TBaR

1.1 BTN

TREE T FROTHAR S8 2800\ RS TR
G, T2 e =2 AN AR EE 1, T DL R T
SURIERE, 0 1 (a) R, BARTHA A X 2 W SCHk
(8] 3 4K 7 5.7 AT AR FH AR € AR [ A9 R 0T
BB E R AATE , U8 o R P i B A]
DLZW 38 5 SR =0 S — e S o0, SR EE
JCHAETE DR 58— , BT AL A 1(D) .

VA YA

3

s

=y

@] (0] 7
(a) 56 £ P10 (b) 45060 5 4 76 2
B 1 ByrHEE
U3 B A5 B T AL SR TSR 6] v i i i
G, HARTE A4 TN 7 800 58y B G I 7 19 TR 5 1 G

|

o~ o,

T 2R ALAE BE ) A2 T T 3 5 5 TR - fL B BE
FORIXS (L RS o ASSCIEST IR 25 2% o0 AT LR A
UM AT FIRR B - 2 1] B RG24 % LA b SR8 T 3
FRmE A T, SR FH BB A B IE S 1 2 AR 303 (O 18T [
L) 5 3 AL S (s i o 0 ) LA P SR B, R
2 Je7w AT TIUSE 0 B A3 5 1) ) AR UL T ) 4
i SR BE L ARG A5 AL, B 5 1) SRR DR B
XU 1A B

(a) X3

(b) = Bh 3%
B2 HEBRLRTER

R A, A RS W T N
FHAWIEE ABTCIZBR JU RS, PRI AT L& TAT A
TR ZAb
1.2 MREHEELR

H ATEIR & T 25 AR Ltk oAb E2G PR IR
AN Y AW S1B: =g A W e 1y | W AR A 20
i, KR LT, 2 B 2 GE % L] — o
W IE AR N 3 5 AR R E X pR
KA R R B F R, RV et , 1 ) — L
WRR G MEPRARA Ko AT AR IR BE 11
AHE A 55 Sk [ 10 ] H R 20 i) — B TR BE 10 ) -
NAEE RN 3 (a) BT 75 AW IR L ) — i A8 %
R 0NE 3(b) BR80T 3 EHERCR, R A
P& Z T 1 2 A AL 4 BE A Bk AR, T )
RIS - RS e B TN Be R R &l 3
()R,

2

negy

oy o

'
- - /&

Oy —-
fit "

(a) W& 1

(b) % 3t 1 i

Yo

() T 3 0 7

B3 BTNA-NEXER



2 [

A, 5 R U DR B - A SRR BN 5k i A BROGRELLE 7 67

1.3 BRTHRGPETIESE

7E ANSYS 1, 3% FH Solid 65 # #01E %E + #1 K1,
Solid 65 HAICTEL i 8 17 mi = 4E5F S BT Bl I
BN T X TR BRE - b R I 2 B8R A KN A A
HROT T 71 99530 B OCR R A Link 8 #o51,

TOUNE 3 B A FTER S R M T 2 ) AR X S B
A G ) R [ YD 1] = AN T, AT
R AR ELAE T AR S T AR XX
IO A2 (8] 35 43 S S = AN AR LR 5 Combin 39
BT RAR AU A 17 5 TR - =2 ) = AN T 1 A A B A
FH, BASE A A R A = S SR I B R N 18] 2 (b) i
Do

2 PRI AR TR

2.1 GRREEIRKMITE S TS E R ITEM

PRI kg 90 7 40 5 %) I ) 43 2 5 1 ] TS 5%, Jilr A
FEAT BROGHE L AP E AT IRIAL 0 # , BRI AT 4 S 1
TR ) BEAEIR AR T Ny B He— 23 = 43 R T
AT P I 1T R VR SRR T
2.2 WHESHTEHOHES T EERITEM

FELE A it TR FH o R e, YRBE - U e AR
X AL B AR TE RN ) A ER B2, HRT, 32 %
MRS RIS & LIRS 5 N T &R R
e R A2
2.2.1 REBELTEEHHE

VBl A A2 1oyt ot VEFIRINE
TG E LK Aoy Aoy Ao, Ao, o FIBTE
t, BVZ),7E A, (e, ~ ) BFTEI P E G O, BRIC N
R — SN 1

o = i}Aai (1)

fE (1, ~ 1) BRI R IEEE R 3 )

FA L EAR A B2 ) I F 7 1 >
Aei*! = Zn)(Aai/D)Asﬁ(tj,ti) (2)

b D IR EE L AW ARG 5 AS (1, 1) DN
WM o GRS RN o B IR EE R R

B Aett AERPIN A, THEAE FAESS M 45 05
ARl g B (2) AR, SE R o Ak 1
A DLFRIR N
AR, = JBTDAs’é”dU = .[BTDZH: (A, /D)AS (¢,

n .

to)dv = EEJ BTAaiduASﬁ(tJ-,ti)] (3)

i=0

AGL- = D(AEi - A€0i> <4>
Hor s Ae; &S m b I 2 %) 1 A8 1 (B4 H i
ARAY it TR WO AR AR SRR N AR 7 AE ) s BY R R
SRR

JBTAaidU = JBTDAeidU - JBTDAeOidU = AR, +
AR, = ARS (5)
Hrp
AR, = [BTDAeidU = [BTDBdUAaf = [K]°ASS
ARiZ = — JBTDA€OL'C1U

A ARy S AL RS MG SRS AT i 77 3
ARy FH Aeg; 5 E Y[ 5 g 4
e (5) RA(3) w75

ARGy = DARSH(4.1,) (6)
FFFFRHAE Bt Py g R A R

.
A¢<tj,ti) = ¢0,8C(tj - ti) (7)
BAK(T) AR (6) 1531
ARG, = iAR#oBc(tJ - ;) (8)

LA ARG 8 ORI N i3, B HE
FARAE 5 AR — 020 [ 3 77113 il A K (8) ik
A DRI S TC IR AT o P AE AR 3 58 AR SRt
WA G| R SRS 2T
2.2.2 REIKHRETIE

TR BE = MO8 g 25 X6 254 1) 5 i . ] A R
AR (] AL EAR W4 I AR 3 R B R FeR 45
%2[14] .

e (1) = e (o)1 -e) (9)
Horie (oo ) SRt AR BR 5 P A4 oy AR 38 K R

K HTCIRBE L 1R AN TR, B e e T )

AR ], SR L AR A N <, 00

Aemt = e (t,,, - T - elt, - 7)) =
es(w)[e—p(t,;ro> —e Pl -7 ] = es(w)efp(t"—ro)(l
- e %) (10)

I WA 5 | AR 8 45 AT 28N
AR, = JBTDAe’S”ldU (11)

Ko S5 T A4 BT, LG A XEL N
AN = EAAe™! (12)



68 PRI RS ES I

H15 %

IESHE AT R
AFs,, =[-AN 0 0 AN 0 0]" (13)
D) E WA 7 | R 1 BTG B AR o A R A
ARG = - AFS, (14)
2.2.3 K%Lk EBK AR FRTBL
FIFH ANSYS i R BE 13 A28 Rl R A i 7R 43
Pkt 3 i At e s ) i 0 8 B A8 £ K 4
W A AR — PG 1 SR B R, TR LG 1 B B
AT T] AR T AR Xt 55 R B 2 2ok R B .
T = (InT, = InT,)/n (15)
InT;,; = InT; + T, (16)
e 7, ABFRER HEOE0) 5 T hilatrAs it
LTI, d; TR ORI 21, ds n iz B A
BFEIEEG Ty T 200N § D+ 1 25N
Z1(i =0,1,2,3,-°n)
Hrp w25 1 B — R E S s 7 A F 8D
B AR EE PR L SCHk [ 13 ], RE B R BR G H) J i:
SEPL T TRSEE L IR R AT
2.3 MERMAITES T SHRTE
TN S N AERE S IR R, B st s e
FIF I1] P4 A2 AT RAEARR , 3 B B AER 14 102 7 B Sy 1500 77 4
TN GRS IAAE L E
Magural'®! $2 H 3 13 B9 B kA T A = -

o.(1) = o[l - l—ogl%(;—m ~0.55)],

o, = 0.55f, (17)
Ko, WG /NS ERIRIIN ST 50, FBILGN T
Soy NRIRSRIE 5 ¢ R FT 2 PRyt a] A HdE T
IO T3 R R B 100 5 AR SOOI, 7 4 A s st 1 3 A
K H kang #H eIt KA BB Y T IR A
BT, RN ZAT DAL R 75 s o R T ARG 4
T ) A -

ds (18)

prix

St g R REB I B Bl

) AR B TG AL T 5 0 A2
ARIRL O 2K, H A B R 2 5 L it
PR 5 A D 2 P AR TR
TR AT B O 0 A 40 4 e 40
BBy, 11285 (17)$55 HY B R — AR 6] 25 5 g
O L SR ) , FERLAR 24 58 (18) 6 e o P
FFEE TSR 15 ) i3 o 5 BB ) 4
s b 0 T

A]erx == J‘B'prlﬁAo‘

3 ABROCESU L IAGEE5 R e o Br

A FRICHE ST BRI A B [ — ARG SR — it
YIEI BT AR JLAT FUR RS 8000 I Sk (7], 1
AR LR 5(a) o I ASE Y (TR o — R
S EE FEE A5 B R (L £ 4 BRI PR AR S PR B
{EL, UTRON 4N A3 545 T RE I BEHE R 8K 0 M 0.15,
T B K Ry T i 22 X JEE 48 11 5% ) R 4L & L 0..0015
rad/mo WAl 4 FT 7, 12 5% 50 50 Hp 8] 90 ) 49 7 0
N13, WA A T 7 4K A5 oA N16, TR BE A i 2 i 3 i
28 d, W AR TR AR 2T B 2B B 21 5 /9 20 a(7 300
d), LA 2 a VB KBt a1 W02 75 0 1) A 3 F 8 ek ) 25 4
29, BRICHARI AL TR T

90

—
]
e

16 m |

4 BAITARMAEETE (0% om)

(1) THER AR o SR AL 30 107 g 8 A5 5 hL -5 il [
VB , R SR FH ()2 TR 445 TN, 5 A3 BA0C , 26 TR
I ZEvN N = 565 kN 5k F1, SR JG#E 7 a1 il N 1)
6% ,BIUENEI TR o TR BT R SRR T AR TE
EIAnIE 5 (b) i s, b By 52 4K 76 55 ) F0 00 g 4
T, 1.946 mm,

ELEMENTS

(a) VI AT A (b) 9 i 25
s s o
OF %37 (d) TR I3 40 A5 1.

5 ARTRBEZANERTEE

(2) SKARLTERUR , X TS 3 B0l BEATHE K, LIS
RE TN 3 B 357 1 BRG 45 BT, TR &5 T B BT
FItidil

(3) #5180 2.2.2.3 Frid Jr i BV A A4 it IR
e AR SR A BROCM T R SR BE



2 [

A, 5 R U DR B - A SRR BN 5k i A BROGRELLE 7 69

AN 28 d, VL 2 a fE R — N EZE K, B KR
20 a, WAL T, = 10,

(4) FEZE AR 20 a TN J1TR8E + 2 1A B
JUBLRIFERE I, 44 B T A5 gk, FRAgHm &
IR B 5Ce) s, 3705 1/4.1/2.3/4 =K
1 2R S5 e IR, Q&L 6 FT /i 5 3 AR JBL i i 197
FIAR N ST B A T TR o

301
—a— 7 BRCTHSE

Sl S

1/448 1 ¢ 5 /mm

10 12 14 15 17 20 21
it 0 A i 3/t
(a) /441 o7 2 b6 1 il 2k

0 2 4 6 8

60
sl —— 7 WG SA
—— K KA
£ 40 F
£
230 |
2
= 20}
g
=10t
=% 4 6 8 10 12 14 15 17 20 21
-0t it Ak %/t
(b) 1/24tk 1t a7 4% P i il 2k
60
—— {7 R G S
o R i
§40»
i
R 30
=
gﬁzo-
10
0 1 1 1 1 1 1 1 1 1 1 1 J
0 2 4 6 8 10 12 14 15 17 20 21
il I A A R/t
() 3/448k 1 far %5 B B il 28
Eo HEHMETH-HREMLK
:I:: »
4 g5 i

AR A BT ANSYS #2857 BEA B ) IR
Bk AR T =T BROCEEL , R F 5 S FR T DL I3
IO 7 B AR - 2 TR ORGS0 7, e 7 B
PTG RSN 1 RG2S PR A AR BE [ A 33
IO 3 R R A S R A A FROGHRE Y o, )
PRI TR I A R, T RRERUE B e
RAAIGE R T R L AT A A R 258

1300
| ._.\-\'\'\'_'\_\-
<
E ‘—‘—\M
S 1oor
1000 —m—iK$7 )5
—a— il ] )55
—— A AR A S
900 . . . : . . . .
0 2 4 6 8 10 12 14 16
B i 7 9 B 25 /m
(a) N13(*1 1)
1300
1200}
£ 1100}
2
=
= 1000+
—a— KPS
900F —a i il i
—— s IR
800 . . . . . . , .
0 2 4 6 8 10 12 14 16
B K 7 I 25 /m
(b) N16(F 1)

B 7 TR SRAR R S5

(1) PNZEBATT =/ S B A for % — $ 2 2l
DL A7 BRI B AR 06 (R e R Ak s 22 F1 By
BOEAW) G, AN SBYE R BLIG , 8 AH [R) A0 oy 280055 150
T, A BRI AT B R b B B N T I,
X AT BE AR TR0 R AR 2 BT AR DR e v
PRI 338 B o

(2) TR 7 5K A5 5K B 8 [ I 1 7 AR A AN K i
W3 T g N 7 45 5 AE 14 % 22 A5, T 3l 5 4 A A
it R EE IS AR AR BT RS, R SR B
RSy, A B N13 F I I 89 55 9 1008 7 45 2k R
23% , AN N16 T3 3 4K 553 1 T T3 45155 R 33% o

(3) A BR T 1158 Ak 56 1 A9 % EE 4 #7 ol
ML PIE BBV B ek T BROCEE R R A
BV, 2D BB A SO s 18 % A 1 T TR o
SEFAE BROTALEL 73 A1 ik 1 & B A m] L L Oy
WEA TN TR BE - S5 AE IAE A A5, T 1 43 B Atk
—EMS%,

S

[1] Kang Y J, Scordelis A C. Nonlinear analysis of prestressed
concrete frames| J|. Journal of the Structural Division, AS-
CE, 1980,106(ST2) :445-462.

[2]  Greunen J V, Scordelis A C. Nonlinear analysis of pre-
stressed concrete slabs[ J]. Journal of Structural Engineering,

ASCE, 1983,109(7) : 1742-1760.



70 KA S 25 T RE2ER

H15 %

[3] Kawakami M, Tto T. Nonlinear finite element analysis of pre-
stressed concrete members usingADINA [J]. Computers &
Structures, 2003,81(8/11) :727-73.

(4] #  #r TN IR BE L 254 0 =2 BROT /i SR
(D] B #2005

[5] Zhou M C, Liu Q Y, Su J. The nonlinear finite element
analysis of prestressed concrete box girder[ J]. Applied Me-
chanics and Materials, 2013,361/363:1384-1388.

(6] W& AN, E B EEA TN S5k BUAE BN ) A
W5 [J] KA S-S TR 41, 2015, 13(6) : 183-187.

(7] B 0,5 T O MRA& 20 4 TN ) 45 4 B A7 TN )
MIREFFE L] ie R DA K g 240, 2014, 35(10)
1201-1205.

(8] VL UL, B BT AL 2 2 IR BE - 45 A A FRIT /0 A [ M. 2
R AT AR iR, 2013

(9]  FEHHLE . ANSYS T RS M BH A Hr [ M]. dbst: A
RS Rk, 2013.

[10] Darwin D, Pecknold D A. Analysis of RC shear panels un-

[11]

[14]

der cyclic 1oading[J]. Journal of the Structural Division,
ASCE, 1976,102(2) :355-369.

Hhie N R SE AR . 2 B 5 A9 Y 46 - % LV g 7R
BEHAFIRBT G : JTG D62 — 2004 S]. Jb3T: ARAE
i A, 2004

HAATS A BRI R RN (M . 65 - K F e g
A, 1979.

WO m AN BN R EE L A A S AR A R
IS AT 5 A BROTE ST [J] . P01 38T 2 e 2
HCASREFRD) ,2016,29(3) :75-80.

Neville A M, Dilger W H, Brooks J J. Creep of Plain and
Structural Concrete [ M ]. London:
1983.

B VT . TN, I AR e 5 6 T (M .2 i b
o AR Tl A, 2014

Magura D D, Sozen M A, Siess C P. A Study of Stress Re-
PCI Journal,

Construction Press,

laxation in Prestressing Reinforcement [ J].

1964,9(2) :13-57.

(L% 20 W)

(4) SICH AL, K- RIBE Koo 14 fELFE S £
SRR AE R BB FUE N BA BRI Z 2 F

Z

S 3k
(1] JAARE B . RS AL D8RR 42 i [ M) b5t 7% Hh AL,
1997.

(2] TR, SRR, B AR AR b )= 5 R )2 B R o
[J]. TREHUE S5 mE s ,2004(5) :23-28.

(3] FALR,ZFER XN, % 2 ERA MR RS
FElaroE ()] KRS 850 T A2 254, 2012, 10(4) £ 102-
105.

(4] TALRE, B HESRSSF 2 8] A I 45 Fa I sk
A3HTLT] . K F S HEAR T AR 244, 2012, 10(5) : 30-33.

(5] BBz W8T, 5 A DRRERES I E 2T
TR sh Sy s M [T] . K F S5 85 TR 244, 2015,
13(3):95-99.

(6] XIBBZ REZE, VFIFH . R 512 0] b 2 45 A P ok
ARBSE [T KA S5 @50 TR, 2011,9(2) : 152-154.

(7] e N RN E A B S 4 2 R3S hU R T
7 :GB50011 - 2016 [ S]. At 5T v B g 571 Tollr i WAt
2016.

(8] SV . B 2 () 19 576 45 14 158 i) B 7K SF- b 7% 1) o 43 H7
[J]KFI 5 30 TR 2E4R , 2012, 10(2) :32-35.

(9] ™ & FEAEE ARG ST s A5 5 08 A5

[10]

[11]

[12]

[15]

[J]. 25 1] 4544, 1995, 1(2) :33-40.

BERPE, ORBCNI, o 9%, A5 op [ ) 454 = AR
BRI R RS R[], Tolk#5,2013,43(6) : 105-
116.

J%oT, 8 A%, G IEN]LF RCES R/C AR
B e R GE KW RE R 8L ] Akl TR 2441, 1999, 12
(2):157-165.

XISOE, AR R, 27 3, 55 AL i B 52 e JZ AR B E g
FERE T [J]). R TS TR 5, 1999, 19
(3):121-126.

Ravari A K, Othman I B, Ibrahim Z B, et al. Variations of
horizontal stiffness of laminated rubber bearings using new
boundary conditions[ J]. Scientific Re — search and Essays,
2011,6(14) :3065-3071.

Ravari A K, Othman I B, Ibrahim Z B, et al. P—- A and
end rotation effects on the influence of mechanical properties
of elastomeric isolation bearings[]]. Journal of Structure
Engineering, 2012, 138(6) :669-675.

i TR AR S TR R & 828K
R R AR AR : CECS126:2001[S] . At 50 : [ H AL
ANE],2001.

Elastomeric Seismic-protection Isolators — Part 1: Test Meth-
ods: IS0 22672 — 1: 2005[S]. Switzerland, [s.1]:[s.n],
2005.



