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Abstract: [Objective] To better evaluate the prestress loss of in-service prestressed concrete bridge structures,
[Method ] this article takes the 32 m prestressed concrete box girder, which is widely used in domestic high-
speed railways, as the research object. 26 test model beams using C50 concrete were produced by converting the
box girder into a T-shaped section at a scale of 1:16. The strain and elongation of the prestressed steel strand in
the experimental beam were continuously and continuously monitored to determine the actual value of prestress
loss, which was then compared and analyzed with the values calculated by commonly used prestress loss calcula-
tion specifications at home and abroad. [ Result] The findings demonstrate that prestress loss mainly occurs in
the early stage, which is instantaneous loss, accounting for about 70% of the total loss. 84.6% of the anchoring

losses of the experimental beam account for over 70% of the total instantaneous losses, with a maximum of
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80.57%. The long-term loss of the experimental beam fluctuates dramatically in the first 10 days after anchoring

and gradually stabilizes in the later stage. Comparing the calculation results of the five specifications with the

measured values in the experiment, the data shows that the measured data is most consistent with the calculation re-
sults of the "Code for Design of Railway Bridges and Culverts" (TB 10002—2017). [ Conclusion ] The research re-
sults can provide reference for the calculation of prestress loss of prestressed beams in practical engineering.

Key words: prestressed concrete beam; prestress loss; reduced scale model; standardized comparison; strain

monitoring

Citation format: XU K C, HUANG L J, LI P Q, et al. Experimental study on prestress loss of hight-speed
railway bridges based on scaled model[J]. Journal of East China Jiaotong University, 2024, 41(2): 48-55.

(BFF 58 78 S 00 g TR 5 o A7 % PR HAT
RDURMEREIE K PR @y il T A AF PR, 7
e [ iy R e R TP A B DR T AR T AR T B
LR R RAS A BRAYSE N, TN Aot R ¢+
WA AR S TR BRSBTS el )N A
45k BLIREE LT ORETT TR G TR — R
IR, BE Al RE G A il I, AR A B
R AR PN, 3 AR TR T340 R 0 Sk

(BFoEHE R | El N AN ARZ 27 0T e TV 24 %
TN 7R - R TS S0 SRS DT TR L [
WA TV OR o ok SCAEMLAFRIE 28
AT N A , XoF EE A3 AT 1 BN ) 203 SR
SRR U T4 & I SUE I I i G o Sl e
AU R 1 K B A B, BRS04
T 3 RS SE PR AR RIS BE B U, A4 R
BTk . IR LIS bR R A T ) R B
HELEAA TN ARG XA G AR TN, 134T T
I , 5 R A B T2 B L PP S5 A T
PRI AT AR S S (A & o
Sheng 55" FH RS S LT A FiA% JCl (LFBG) 1%
SRS SN N, R IR 5 SRR A R S B B T
I S35 5% o Guo S AT BROCHAU 1 HAT I 4S
THUNE 74 A5 ) TR 5 b SRR B[R] A2 AR BT, TR
TR T HATTOREEE N R g TN TR E
T AP SR B R A T R . 25 L, AT LA
B HHENINEZRM T 2RI R
TN TR AR, IX B T7 VL2 LI A T AR

(BB Rr & VAR AR5 [ P8 ) 40 2 53
T R R A RERl b B e 1 26 R T A i
IORERIGE 3 26 ARBEARVEAT 1 IR M0, e 124R

PR A5 o [ S 588 RIS ] 3o e X 22 T i
JIRALEER VAR A R 4 M 0 A 2 T g 48 2K A 5
PRAEL, I L SE PR (B R FE AR 3 At
SAEEA TR LT, A5 AT Tk Tl 4 X,
FERCEERL 25 T TN Ty 45 i) — 2Bt i, Oy
SR TR T U S BTN 4 R R S

1 KIEHER

1.1 Rt

TR [ i K 350 km %32 4 28 BRI TCAE LB
Ji 5K VR TN T TRE A 18T S AR 32 mal i oy R AT
O 3 AE AL B D R A 4 RGBT, 5 240 R EL B
e Sk 1:16, BRI B T A [ A e R~ A 7
AR 26 M, SZ P12 B 35 R A% 14 mm
1Y) HRB400 %2 23 4K fif7 , 4iii ffi % F EL 42 9 6 mm 11
HPB300 SR , G P9 in X 4 A 1 #E 100 mm,
28 DA 5 DX 40 A D BE 80 mm ., XLk R HLAR N
15.2 mm 4 17 86 17 B 1860 ZefIRARN it X 284k
TEAN R T KA AN &l 1 iR o 1~26 527 J 1 W
IR L R BT TR, Sy ik, o 15~26 5 2P e T
WA 2 2 KHATRN F1 2%
1.2 RIGRFHIME

Hl AR R 0B 28 BN A S AR PR S
LB 757 8 11 5 A AAEE PN, I FH 20 mm YR £ e
WA . TN 7 A P A 7577, S 7 e AL
TN, TR 4 SR U SO AR R TN ) e i e fL
T8, AT BSOS AL 0 5 A i T
AR 1 E PERRAR I, 28 T I U8 I 2 b R R A
WL, B 1 YREE 10 A o T it T MR8 6 753 9 Lk = )R
TNz B SRR o ARAR PN BRI DAL 3 PVC



50 IR Al R E R 20244F
o
)
=
Q) e
[ [—i ]
95 192 1506 192 95
2 080
S
<
- 75165(65(65(100 | 100|100 | 100|100 | 100| 100|100 | 100 | 100| 100|100 | 100| 100 | 100 |65]|65|65| 75
| o] Sy
saim &
S 4 J,
Q ll 2I
Section diagram of p beam
270

8| |L 3 S

= 20055 =

5 %T 5

20,, 120 ,,20

11

2-2

B1 REREmER~TE (B4 mm)

Fig. 1 Cross section dimension diagram of test beam (Unit: mm)
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Fig.2 Stranded wire strain gauge layout
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Tab.1 Strand elongation and instantaneous loss

Test piece AL/ Em &, on/ on/ onn/
number mm (x10°) (x10°) MPa MPa MPa
1 19.1 6100 4599 113 293 406
2 12.9 6169 4521 99 321 420
3 149 6153 4746 102 274 376
4 13.4 6211 4971 91 242 333
5 14.1 6036 4734 125 254 379
6 145 6080 4808 116 248 364
7 15.3 6249 4721 83 298 381
8 139 5971 4718 138 244 382
9 149 6223 4840 89 270 359
10 14.5 6112 4725 110 270 380
11 144 6178 4698 97 289 386
12 14.3 6090 4606 114 289 403
13 146 6155 4541 102 315 417
14 144 6106 4586 111 296 407
15 148 6213 4735 90 288 378
16 146 6159 4780 101 269 370
17 21.2 6250 4688 83 305 388
18 13.7 5540 4292 222 243 465
19 15.2 6294 4699 75 311 386
20 14.3 6140 4613 105 298 403
21 150 6217 4816 90 273 363
22 14.4 6121 4535 108 309 417
23 148 6246 5041 84 235 319
24 14.1 6104 4605 112 292 404
25 147 6168 4677 99 291 390

26 21,5 6257 4778 82 288 370
Mean value 15.13 6136 4695 105 281 386
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Tab.2 Strand strain change and summary

of various losses

Test piece Ag‘] O'/5+15/ O'/]+[z/ Total
number (x107) MPa MPa loss/MPa
1 808 157.56 406 563.56
2 926 180.57 420 600.57
3 855 166.73 376 542.73
4 839 163.61 333 496.61
5 1032 201.24 379 580.24
6 1131 220.55 364 584.55
7 740 144.30 381 525.30
8 928 180.96 382 562.96
9 694 135.33 359 494,33
10 926 180.57 380 560.57
11 848 165.36 386 551.36
12 630 122.85 403 525.85
Mean value 863 168.30 380.75 549.05
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Fig. 3 Change curve of prestress loss within 30 d
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Tab.3 Prestress calculation formula

Prestress loss JTG 3362—2018

GB 50010—2010 TB 10002—2017

R —(ub+ kx)
Friction loss o, =om[1 -e }

_ ~(u0+ k) _ ~(u0+ k)
op= Ucon|:1 -¢ } oy = Ucun|:1 -¢ }

Instantaneous
loss AL _a AL
Anchorage loss 0,= Zf E, on=TE, o, = ZT E,
Relaxation loss o 0
of prestressed 0= I//C(O.52 fpe - 0.26}6,)‘, 0,=0. 125(ﬂ - O.SJUCM o,=C0,,
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L . 0.8n Ao,p, +E ¢,
088 Concrete 0.9[E,e.(6,1,) + s, 0(8,1,)] 55+3007% e
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creep loss PP s 1+15p 2 JfaPa
Prestress loss AASHTOI3 ENI199213
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Instantaneous
loss AL _0OL
Anchorage loss Af = ZT E, 0= E,
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Tab.4 Comparison of five standard calculated values and measured values

Design specification

Friction Relative Anchorage Relative Instantaneous Relative Long-term Relative Total loss/ Relative

loss/MPa error/% loss/MPa error/% loss /MPa  error/% loss /MPa error/%  MPa  error/%
JTG 3362—2018 84.6 19.4 267.1 4.9 351.7 8.9 149.6 11.1 501.3 9.4
GB 50010—2010 84.6 19.4 267.1 4.9 351.7 8.9 150.8 10.4 502.5 9.2
TB 10002—2017 97.9 6.7 307.2 9.3 405.1 4.9 185.7 10.3 590.8 6.8
AASHTOI3 66.8 36.3 234.4 16.6 301.2 21.9 159.2 5.4 460.4 16.8
EN199213 65.6 37.5 234.4 16.6 300.0 222 119.2 29.2 420.4 24.0
Actual measured mean  105.0 0 281.0 0 386.0 0 168.3 0 5533 0
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