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Experimental study on prestress loss of hight-speed railway bridges
based on scaled model
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Abstract: To better evaluate the prestress loss of in-service prestressed concrete bridge structures, this article
takes the 32m 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 calculation specifications
at home and abroad. 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 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 calculation results of (TB 10002-2017) are the most consistent with the measured data in
this experiment for long-term losses. The research results can provide reference for the calculation of prestress
loss of prestressed beams in practical engineering.
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Fig.1 Cross section dimension diagram of test beam (uint: mm)
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Tab.1 Concrete design mix ratio

Content of each component /(kg m3)

Water-cement

ratio Water

wic Cement Mineral powder Fine aggregate Coarse aggregate Water reducing
agent

0.3 380 100 710 1111 144 144

x®2 WEIMRIERE

Tab.2 Properties of reinforcement materials

Specifications Cross-sectional area Yield strength Ultimate Strength Elongation Elastic modulus
P fmm? IMPa IMPa 1% IMPa
D6 28.3 370 565 30 2.1X10°
D14 153.9 470 570 20 2.0X10°
©°15.2 140 1840 1945 4 1.95X10°
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Fig.4 Stranded wire strain gauge layout

2 WRIEERKEDH
2.1 FREEHRS

TRE 7457 2 A JHE e A A 2K (1) B ) W] 43 Sy
I 407 2R AR S 47 2R P A 4 124, G e B A 2k o
BFE: PR, WESA . RG] R R
&, TREE L IRYE RAR R . AR SCR N JE kI
H—Wsk$ise e,  #oalse ok bk 72 5 i 182 7 45
P A R R on HHEE R on.

Ji 5K IE TR R TIURE 77 555 ) HE A R R FE — A b
9N 3 AN B AR as by ¢ BrER), Hdoa
B BOARERTR BB B, b B BOARGREE R B, ¢ BB
DU 25 R E 2% i 1) g s [T A B B

B T a BB TN, 34k E 2R on, )
WL LR W s Py AT AL R BE R AR o' () BT
N, Hh E ARG IR E, o) RRINE
2RI BRI BT AE Py s AR ) N AR AR 4R

01, = (0 —E&l )(i=1~5) (1)

b BYBITRN JJ 3k E B o, MURNSL I

T A Py A A 2 ) BEHR R AR 2k o' T A (2) %
i, H ey RERMKLLHOEKETE Pi AR N AR AR
b
ol, = E (e~ £1)(i=1-5) @
c MrE, FETCAN IR R G HL T RS 7 A st
(o'1s) FI TR 458 L US4 1 72 (o) A 453 2R A0 AT 30 (3)
N, HH g ARRNG LR AR S4B BLE Py s A
(1) N AEAE A, -
o5 + 015 = E (&l — 5 )(i =1-5) 3)
TE TS 77 503 B 5K i it Lk R2 rp, B RTE R
SN EPVAE L | P GBS il il R VAL £ 1A
T35 A R I RS o AR I8 TN 7 A S B i
KEHE L 3, FEAKEMITERII6% LA,
Br 1. 17, 26 SHKAERA, 2. 4 5 520005 1) fif
KAGMw /DN, AT R B T 2R RN, s
AR BN, HoAd A e84 26 [0l 46 A7 — i 22
Al Fe 2 T OIS TN 7 55 A A A E AE AR R Y
W



HIRATIER 254
Journal of East China Jiaotong University

HARGRRL N AR N 3, N 0 Ik
FLIEHINL T ocons I NARBINANLIL E 5 A il
RSB, HA econ A eo 4R IL BHK B

PRI AT 7 OB TN W2 1 5 R
SIS, AL NREA .

®3 WRLMAKERBIRTHRK

Tab. 3 Strand elongation and instantaneous loss

Test piece AL/mm goon/ 106 20/10°9 ou/MPa o1/MPa o12/MPa
number
1 191 6 100 4599 113 293 406
2 12.9 6 169 4521 99 321 420
3 14.9 6 153 4746 102 274 376
4 13.4 6211 4971 01 242 333
5 141 6 036 4734 125 254 379
6 145 6 080 4808 116 248 364
7 153 6 249 4721 83 208 381
8 13.9 5971 4718 138 244 382
9 14.9 6223 4840 89 270 359
10 145 6112 4725 110 270 380
11 14.4 6178 4698 97 289 386
12 143 6 090 4606 114 289 403
13 146 6155 4541 102 315 417
14 14.4 6 106 4586 111 206 407
15 14.8 6213 4735 90 288 378
16 14.6 6 159 4780 101 269 370
17 212 6 250 4688 83 305 388
18 137 5 540 4292 222 243 465
19 152 6294 4699 75 311 386
20 143 6 140 4613 105 208 403
21 15.0 6217 4816 90 273 363
22 14.4 6121 4535 108 309 417
23 14.8 6 246 5041 84 235 319
24 14.1 6 104 4605 112 292 404
25 147 6 168 4677 99 201 390
2 215 6 257 4778 82 288 370

Mean value 14.92 6 136 4695 105 281 386
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Tab.4 Strand strain change and summary of various losses

Test piece A /10% ois+is/MPa oiv2/MPa Total loss /MPa
number

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
7 740 144.3 381 525.3
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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Tab. 5 Prestress calculation formula

Prestress loss JTG3362-2018 GB 50010-2010 TB 10002-2017
Friction loss 0= 1€ ] 01,7 O 1€ ™ ] O =0 1€ ]
Instantaneous
Loss Anchorage AL a AL
O-|2:Z ‘B, on=""E O-|z:Z ="
loss | | I
Relaxation
O
loss of o=y -¢| 0527 -0.26 |o,, ,,=0.125| 2= 05 |o 6.=C 0,
prestressed f o ok
Long-term  reinforcement
Loss
Concrete o} 0.8n Ac.p, +E ¢,
0.9| E & (t,ty) + aepo, (1.t 55+300—* =—Ff == P2
shrinkage and o= |: P cs(lo)ls e e o):| . £ O 1+(1+& o
creep loss PP, " 1+15p 2 )R
(£:)
Prestress loss AASHTOI3I23] ENI99213[24
Friction loss Af e =1, [(1— e‘("‘“K”)] AGC, (X) = Oy [(1— e "x))}
Instantaneous
Loss Anchorage - > AL _oL
loss A pA_IihEp Tost T
Relaxation
loss of
Af.,=138—0.3Af _ —0.4Af . —0.2(Af o, + Af
prestressed PR2 pF PES ( PSR PCR) t 0.75(17“)
reinforcement Ao, ;= 0.66p100e9'1“[%) x107°
Concrete
Long-term shrinkage Afpg = (93_ 0.85H)
Loss loss
E e, +08A0, + 0, o(Lt;)
pgcs . O-pr 7UC,QP¢ 1t
Creep loss of Afpen =12, —7.0Af, AGyecns = Ean
concrete 1+ Ap[nf*sz](u 0.80(t,t,))

®6 MNAHBEARFSEN

Tab. 6 Explanation of symbols for prestressed calculation formula

Specification ~ Symbol Interpretation of symbols Unit
Ocon Tensioning control stress under prestressed steel anchor
fok
Standard value of tensile strength of prestressed steel bars
o MPa
£ Cube compressive strength of concrete during tensioning of prestressed
o tendons
Ep Elastic modulus of prestressed reinforcement
JTG3362-2018
GB 50010-2010 0 The sum of the included angles from the tensioning end to the tangent of the rad
TB 10002-2017 calculated section curve pipeline section
| Effective length of prestressed reinforcement
Z Al The sum of anchor deformation, reinforcement retraction, and joint mm
compression values
The length of the pipeline from the tensioning end to the calculated section
m

can be approximated as the projected length of the pipeline on the
longitudinal axis of the component
7 Friction coefficient between prestressed steel bars and pipeline walls
Coefficient of influence of local deviation per meter of pipeline on friction
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The ratio of the elastic modulus of prestressed steel bars to the elastic
modulus of concrete
The normal stress of concrete generated by pre-stressing (deducting the
stress loss at the corresponding stage) at the center of gravity of all stressed
steel bars on the calculated section during the relaxation of reinforcement for
pre-tensioned prestressed components or anchoring of steel bars for post
tensioned prestressed components in the tensile and compressive areas of the
components. The influence of component gravity is considered based on the
tensile stress situation.
Tensioning coefficient, during one tensioning, w = 1.0. When overtensioning,
w=0.9
Reinforcement relaxation coefficient, Grade | relaxation (ordinary
relaxation),
¢=1.0. Level Il relaxation (low relaxation), {=0.3
Reinforcement stress during force transfer anchoring
The prestress loss value caused by concrete shrinkage and creep at the center
of gravity of all stressed reinforcement in the tensile and compressive areas
of the component
The reinforcement ratio of all longitudinal reinforcement in the tensile and
compressive areas of the component
The ratio of the elastic modulus of prestressed reinforcement to the elastic
modulus of concrete

Final value of shrinkage strain starting from concrete age to

The length of prestressed reinforcement from the tensioning end to any point mm
under consideration
Rolling friction coefficient mm-t
Curvature coefficient 1/rad
The sum of the absolute values of the angle changes of the prestressed
reinforcement along the way from the tensioning end, or if both ends are rad
equally tensioned, from the nearest tensioning end to the investigation point
Stress in prestressed steel during tensioning

Loss caused by elastic compression
Losses caused by concrete shrinkage
Loss caused by elastic creep
Concrete stress at the center of gravity of prestressed reinforcement during
force transmission
Change in concrete stress caused by permanent load at the center of gravity
of prestressed reinforcement
Average annual environmental relative humidity
The loss value caused by the relaxation of prestressed reinforcement within %
1000 hours of tensioning at an average temperature of 20 °C
The stress generated at the center of gravity of the prestressed steel due to
self weight, permanent load, and initial prestress
Relaxation stress of prestressed reinforcement
The cross-sectional area of prestressed reinforcement

MPa

. mm?
Concrete cross-sectional area
The distance from the center of gravity of the reinforcement to the center of
gravity of the beam
The most controlled stress for the tensioning of prestressed reinforcement
. . MPa
Secant modulus at time t of concrete force transmission

Anchor slip mm

The ratio of the standard value of prestressed and tensile strength of
prestressed reinforcement after anchoring
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Tab. 7 Comparison of five standard calculated values and measured values
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specification  loss/MPa  error/%  loss/IMPa  error/% Loss /MPa error/% Loss error/% IMPa error/%
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JT(230313:2_ 84.6 194 267.1 4.9 351.7 8.9 149.6 111 501.3 9.4
682%3%10_ 84.6 194 267.1 4.9 351.7 8.9 150.8 104 502.5 9.2
TthOl(;OZ_ 97.9 6.7 307.2 9.3 405.1 4.9 185.7 10.3 590.8 6.8
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