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Test and Correction of Effective Prestress in Bridges Based on X-Ray Diffraction

ZHANG Liang', ZHOU Xudong’, LI Yanbing’, LI Yi*, LI Pengfei’, HAN Xu"

(1. Humen Bridge Co., Ltd., Guangzhou, Guangdong 510180, China; 2. Bay Area Super Major Bridge Maintenance Technology
Center of Guangdong Highway Construction Co., Ltd., Guangzhou, Guangdong 510199, China;
3. Research Institute of Highway Ministry of Transport, Beijing 100088, China)

Abstract: To further enhance the service performance of bridges and prolong structural service life, it is of
critical importance to effectively detect the prestress of structural steel strands in bridges. Conventional
detection methods have limitations in practical engineering applications, showing substantial variabilities in test
results. The X-ray diffraction (XRD) method, based on the microscopic scale analysis of metallic materials,
derives macroscopic stress distribution through lattice spacing variations, demonstrating theoretical clarity and
testing stability. This study pioneered the application of XRD in the field of effective bridge prestress detection.
Comparative laboratory tension tests were conducted to investigate surface treatment process optimization and
correct effective stress. The results demonstrate that the XRD method exhibits remarkable stability in prestress
detection, with advantages including diverse application scenarios, low result variabilities, and high detection
accuracy. Optimal surface treatment is achieved through grinding with hard abrasive wheels in combination
with two-minute electrolysis in a 15 V lead-acid solution. Both linear and exponential correction formulas for
effective stress grading are proposed. The research outcomes provide references for implementing XRD
technology in bridge prestress detection.
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Figure 1 Testing principle of XRD method
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Figure 2 Stress test process by XRD
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Figure 3 Laboratory calibration for steel strand

stress test via XRD
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Table 1 Stress test results
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60 428.6 421.0 427.5 435.5 437.5 441.0 8.1
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120 857.1 840.5 842.5 852.0 869.0 856.5 11.5
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Figure 4 Analysis of calibration results of stress test
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Table 2 Applicability comparison of commonly used effective prestress detection methods
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Figure 5 Test beam design (unit: mm)
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Table 3 Working condition setting
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1 SL-NaCl-15-2  AI\BI\DI\E1  ®ERT#b4E 5 3708 i Al A 8 i o i i )5 15V, i fig K 2 min
2 SZ-NaCl-15-2 AZ e E R ARHT S A R S B L i L R 15V, HL R I K 2 min
3 DM-NaCl-15-2 A3 TRCRL R B S AT AR AN SRR AR R L A A LR 15V, AL I K 2 min
4 SL-HCIO,-15-2 B2 TR D50 T8 R O BEVA T LA R 15V, FL AR I K 2 min
5 SL-PbSO, 152 B3 B D HC AT B BRI L A LR 15V, AL I K 2 min
6 SL-NaCl-10-1 C1 T 5T R0 ) T W 0 0 P SR W L P PR 10 VL LRI R T min
7 SL-NaCl-10-2 C2 B BT AD 40 AT B LRI SR AL VA W LA L R 10V, HER IR 2 min
8 SL-NaCl-10-3 C4 B DS AT B AR SR AL B AR AR LR 10V, BRI G 3 min
9 SL-NaCl-25-1 C5 T TP 5 Jr T 1 L RSP kv W P A P 25 VL LRI K 1 min
10 SL-NaCl-25-2 C3 B DR AT B AR S AL B VA TR LA PR 25V, LRI G 2 min
11 SL-NaCl-25-3 C6 T TR0 P T B 0 0 S P Sk v TL  F S PR 25 VL LRI K 3 miin
12 SL-NaCl-15-1 D2 B BB AT UL Sk B VA TR A% L 15V, B 1 min
13 SL-NaCl-15-3 D3 T BT 00 %6 T AR RS AR SRV R R R 15 VL B K 3 min
14 NaCl-15-2 E2 AT A A G AL BNV B i B 15V HLE I 2 min
15 NaCl-15-4 E3 ANHTEE A A SEAL BA W R LR 15V, B AR RS 4 min
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Figure 6 Adhesion of end strain gauges
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Table 4 Grinding process comparison test results

T B WY BRI X i
R IESR/MPa 5 /MPa 453 /MPa
SL-NaCl-15-2 Al 819.7
SZ-NaCl-152 A2 987.1 886.1 744.8
DM-NaCl-152 A3 779.9
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Table 5 Coupling comparative test results of polishing

voltage and energization time

TEE s W3R gy AR Rl X5 4 it (ﬂﬂﬁtﬁ%
L5 /MPa 458 /MPa  Z55/MPa  J¥/%

SL-NaCl-10-1 C1 987.1 854.0 655.9  76.80
SL-NaCl-10-2  C2 987.1 854.0 701.0  82.08
SL-NaCl-10-3 C4 987.1 854.0 7133 83.52
SL-NaCl-15-1 D2 987.1 899.8 7246 80.53
SL-NaCl-15-2 D1 987.1 899.8 7743 86.05
SL-NaCl-15-3 D3 987.1 899.8 779.1  86.59
SL-NaCl-25-1 C5 987.1 854.0 766.1  89.71
SL-NaCl-25-2 C3 987.1 854.0 5417  63.43
SL-NaCl-25-3 C6 987.1 854.0 208.7  24.44

26 5] Al .

(1) TG ] ol Hy BF 1], 15V 3 % TR R R A8 Fy
It 25 S A 0 30KG B 2 v T 10 VDG L R A5 R 3R
WISk 10V F F HL A 200 28 O A1, L AR B — 8 19 4%
PR R OCR R L H AR R BN 52 4, HOR A A7 1
FIBE ML W A7, B0 Z5 S 22 5 . i 25 Vil
JEF , B8R SL-NaCl-25-1 B9 320 B 7 423 11 523K
e el o = (ER T A S N e S 1 I N =
B, ) AR g AR P R B, A e B BT
Uikt R P RE S R B, DU A SR R
B o S50 G iz 25 0 2 i ot B 0 K5 2 3k
T FRT R A ok e, DT AR B X R T T 5 A
b 7= 4 ) B 2 2k T 1 45 R, I 4 R T A R
W2, A ERE 15 VIO B E AR S Ik 2
SR Fe 30 AR R R g1

(2) X 7] — 3 56 o BT 1) 38 L B () R AT 40, %
JE R R R FESR 25 VIR H R 0 05 4 AR
1 2 5 Al AL, A Rl B R, TR BE LR B /MK
YK HL AR 3 min . B 2 min FEAE T min, B0 aOKS
47 I A P e D) P 5 o g B o T AL A B TD 2 min
B0 3 min, JL 000K BE 42 R E A B ARt
IR 2 TS0 328 B iR B 1] 2 oin B AT S 80 00 8 25k 2% )
RS 2R

233 HUARWEARL by

I K BT 3 A AN [R] B H S 2 AL AT 4L 43
531 Ry R SR BN TR R R £ RN S R L
B TR L T, 6 IO 1 T 4 5 43 51 i SL-NaCl-15-2,
SL-HCIO,-15-2 fil SL-H,SO,-15-2., B A #F 55 %
B R B IR AT % o 1.10~1.28 g/em’ii}
B H AR R BE R AR TR SR/ NME, Y AR IR

R AN, 5 Y 1) Fi BEL 3 2 3 35 34 n 32 17 55 i R B 45K
R i L ARG AT IR IBE TR LUV g -

Vi=1.28:1,

H A B K 2 0 2 min, B R L R34 O 15V, IR
ZiRIC R TR 60 o0 B b O AZ B A7 R
B AE S X L AR, LA 20 A X5 2 ik 9 e 0 v it U

%ELJAO

F6 BBREBIMLXEER

Table 6 Electrolyte type comparison test results

—_— B MR R I X
ML R /MPa 453 /MPa 455 /MPa
SL-NaCl-15-2 Bl 788.8
SL-HCIO, 152 B2 987.1 854.2 861.1
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Table 7 Treatment process comparison test results
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Table 8 XRD test results and comparison for

different stress levels

maEk Wt WO MER XSE ARG IREAUS

GO/ BCRAE/ SR U/ WKkES Ao 'K
% kN Jj/MPa  MPa R/MPa #2/% #%/%
1 8.6 61.3 94.6  189.6 —18.31 0.11
2 201 143.9 1654 2711  —13.15 —1.19
3 33.8  241.7 287.2  440.2  —5.51 0.07
4 448 320.1 360.7  479.7  —3.15 —0.48
5 60.9  434.8 488.7  520.0 2.95 1.04
6 73.0  521.2 561.8  580.2 3.36  —0.42
7 93.5  668.0 688.4 6841  —0.62 —0.62
8  103.6  739.8 7417 7209  —2.80 —2.80
9 117.9 8419 810.7 7857  —3.08 —3.08
10 127.3  909.2 851.8  822.3  —3.46  —3.46
11 1351  965.1 892.3  849.7  —477  —4.77
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Figure 7 Comparison of stress grading tests
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