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Research on Risk of Bridge Static Load Test Based
on Probability Analysis

Liang Qianxue

(Guangxi Transportation Science and Technology Group Co., Ltd. ,Nanning 530007, China)

Abstract: In order to assess potential risks bridge static test, the equation which adopts the reliability theory that
based on probability analysis was deduced to calculate the failure risk of the bridge and the static load test of
single beam. The allowable reliability index of the static load test and the risk evaluation method which can be
used for the static load test of new bridges, old bridges, elevated bridges and precast beams is proposed, as is il-
lustrated with examples. This method is used to calculate the allowable values of the attenuation coefficient of
resistance and the lifting coefficient of basic members, and to define the bridge range that should be evaluated
by test. The effects of various influencing factors on the test reliability index were analyzed, and the structural
reliability was compared when different test control load value methods were adopted. The results showed that
the test reliability index of new bridge was directly proportional to the ratio of dead to live .dead (constructed) to
dead (unconstructed). The former was the main factor, and the latter only affected when the ratio of dead to live
was not more than 0.5. The decrease of resistance and the increase of vehicle load effect make the test reliability
index decrease. When the resistance decreases by 30%, the average decrease of test reliability index is 1.4~2.3,
and when the vehicle load effect increases by 50%, the average decrease of test reliability index is 0.7~1.1.

Key words: probability analysis; bridge; static load test; risk assessment

Citation format: LIANG Q X. Research on risk of bridge static load test based on probability analysis|J]. Journal
of East China Jiaotong University,2022,39(1) :67-75.

5 B #:2021-05-27
BEEWE . [H K E G R R (973 311 B H (2015CB057705) 5 B T 1 A1 37 A A % B 51 H (2018-01-04)



68 LS N 1T NI S

2022 4F

i G w5 30 00 J2 T el S A AR AT R VT A K 2 g
1 il AT O S A A [ 26 AN R 22
M EELRZ — AT IS &5 00 ik i
TR & BT IZ N R R R BE 1 T
U A it o 1 X A A PT SE ad  T E K
ANFISE B AR R B2 e ) RO e R B A R bk
FUAR R 2 1, 45 4 16 38 56 A7 78 2% 300nT BE | i 56 Al
IR 2 T 7 o i O = 1 ES A & 270 B 7| 5 WA -
PEAR #3050 22 42 L JTG/T J21-01-2015 {2~ MR 4%
o 288 1 6 AR ) A X 5 Ao R AT W A e
D47 ) TR S5 DU R i 5 T A L A B L DR T i 5
BB 7 248 b 04 A8 Ak RN B A5 5 T 0 & R Ok ) I 4k
SN A 2 ARG I A7 3 R ANOG T R A R Y
B AR ET B Al ) I AR W P RS BRI AE & GG R
32 )1 55 B R BB N RN 3R A R R R
A RE (AR B RE 77 T R ™ EEAT A I 0 KUK . 1
HOOE 2R AU AT PP AL, R b 2 1) 2 A it , A
RUREARRT S5 48 (4 43 5, S A T 0 22 A VP Al 119 32 2
H . i N AT 30 00 2 M AR
W A 45 35 F T 46 B OGS HE T R 2R 00 i PR R O
SR 5 0 UE A7 3K HE K B9 RS, b TR I RK
N7 b B RR 205 Gl KR s2 S R H A S 1 2R R
RN 32 T TE AR 1 B AL DA Ok 0 e A 2
o it i e 2 34 A S A R A A R R
RIFAUHER

AR 353 ) F B B R AR ZS 43 A 5 R AR
R FEAR A | T B P T R A XU T A
AL DL Sy Al HE S B A RN M A 1 2R RAE 3
N3 AR IE 5 A G R0 32 B R 28 %) LR 5 B A 1 A
TEAR A AT 25

1 BEXE K S 7%

e 5% w5 283 00 60 958 RO i 2 0 0 R P R 2
I, 0 X 524 51 ok B 58 TAF 92 A ke e =CA 2 1
U =l WG 5 i 56 R AR B A BRE AL AR
AN [A] G KU 3 BT 7 A AR 25 5, LT B X
A 90 43 ) 00 2 SO 1 BT A 5K
1.1 AHEHEHIRRE

M 22 w5 2 3 56 0 o B for 2K 50Ky 1 BUME
70 DR IE I 30 OR | 4 52 (08 ) T8 ok 46 B A
F 0.85~1.05, KR EAF 0.95~1.05, n #& T
A H A

W&ﬁ@) (L
oSy KB 2 /E T, e — i s m 3 xf
IO (8 T 26k 4 o A8 T P ) s AR 1 e R T RN A
S Ay e il 28 A 14 ) — o 2B s ok 4B T P g A A%
14 B AN R AN TSR s Ry i REL

M F JTG/T J21-01-2015 (2N #7532 ff 4832 56
FARRY AR BB E S ANl A, 76 1H 3 B A7 e il
15 kA7 DAVR A AT BN AR HE (L S' A%
RO TR B AL R B Z5 A0 T R A LS,
PR O AL b J7 58 0 0 YR far 4RO AR A, 52X
(1)K

n=% 2)

55 BT K 50 T A G I B AL A A
P H1 R FVIEZBUN Se, FAR R B sR 05 3K fo(r)
1 fs, (So) HRUEME SR 5 ROFL S, o R FI S R AH A
M7 R BEALAS B A AT B =1, BE I Y 254
e RN

Z:R —SG—ST:R —SG—SQk (3 )
1E (3) G IATH RN L p=So /S, Ja 22 A
Z=R-S:pS,, (4)

P () R SRR 12 B3 H Hh RSO 5 2 10 25
(PN € SN W

P= J ngdﬂxr)fg(sc)drdSG:

SctpSo,

[] A s, ()

A (5) A0 KU TS A AT A X SR i
ARG R, TR B3R AU 5 0 1
SRAFUT MR o ASSCR R B AR JC 33 %
7 158 5 C A FE AR e e S R A
FORMSER . R A S BIGETH 2 Ktk SCRR13].[14175
LR RN S I b JTG 33622018 (23 i 44
R BRE - e TN S TR e T B RO RLE ) BT R
T FCHU bR v AN 80N (Y 6 2 T R

Ri=yayr(¥eSe, +¥0Sy,) (6)

Aoy, JAFREH I T ZE M R Ay AP IR

By Ry G353 1 8RR 2 i 80500 43 T 2R
12 BEHIALIKE

LG i g T U R AAUR 2 A B A



51

TEVE LT TR BT AT L i R KU BT 5 69

BRI % R AR | BT T A K E T Ay e
RO, R g T S

":sgﬁso 7
St S, S T I 4 1 A\ 5 4 2

RAOE R HEAH

JSH i T G TE BN bR HEAEL S, AR T 1E 2K
RUNLARHEAEL S, FN U 52 9 BN bR HE(E S, Z AT,
B S¢=Se, +S¢, ; A SCHRPIH Z HE W RN L po,
B pe=Sc, /S¢, o W =1, (7 FH S, 5 S, BKHR
XN

S1=S, +So = (14p)petp 1S, (8)

55 5 R 2 5 n] S R G Y BE AL S B A A
LI R T ZE B ERN S, oR Fl Se, A AH FAM ST 1
BEMLAE 5, 4514 D) RE sRECH

Z=R-S;,-S=R-S¢, - [ ( 14+p)pctp }Sc“ 9)

2 (9) FISCHR[6] 216 #E Hh 5 22 i 2k il 00 1 245
PR € R /N W

o So+[(14p)petp1Ss,
Jo J

foDfs (Se)drdSe, (10)
R (o)W S ML R S, R RS
VSRR S S S M,

FE MR I TR A T 2 B HLAS R S,
B So. H pe=0, 38 (10)iRAE 5K (5). MEREIR%
R A8 6 SR 06 U 1 6 P 0 B — Rl
BRI

2 HESREFFHOINE KK S

B R B L, U AR R, &
K (6)iHE . JTG D60-2015 (2 B 8 4% 3 F L
)R 73 09 2 BT IR R T S KR e R s
F—2, AL EE = UGN B /N, AR S
U 5% % 42 55 0 R — A B B 3 KUR: , =X (6)
GEM TR EANE BBy BU 11, R AR R 56 )
I (5) F1(10) TR R A5 P, 4 Bk R H
AR AR B RIS T SR, g R A
B=0"'(1-P) (11)
A @) bR EIEZS PR SRR AR,
AR 2 AN [) 6 AR K4 1 53K 7 1 3 56 ] 5 4R

b B, 5T 3T HEBF 3% AAT A B A AN [ 35 i 2 07 e
p FETELN G p B 356 2R RORURS B o He b s
P il g A 8 A0 32 R o 2 h 2 R 2
JEFIAZ BT 5 F LA 1 | 20 A 30 (AL 46 2 45
MZ 8y 2 HHAM M,

1 F R G B R A I (AR 1 (a) R
1(b) 435151t pe=0 Fl pe=0.5 W 3 5 2500 L p 53
WAl SR bR B M OC R i, B 1 RIS prIA
0 T 2 B | 2% A 1 1) 3 06 T S 4 B O
RUSE HE B N T B K p=2.5 &% p=0.1 W} 25 54 hn 0.4~
1.0, VL] p Xt B 52 ma W] &, — RO 0 N M 0 fE AL
7 L5 B 4 R L, F AT R R B AR AR R
ORI B3 /NS R T 18, 5 AR 7 v ) S 1 IR
F R 50 P SR P bR AR 4230, Bl 2 PE 2 K
A ) ) 5 Ry EE A B B KR 2E(E 204 0.1, Jfiatk
WEIRA LRI B H JEPE W SR A K, il 32 i AL 12 B
BRFH B, 5 5 IR A 295 0.5, i
S PR Ay M P R RS 2 0 T B AT S 3 A K T S
B IR A 190 AR (1456 P S 4 b Bt K,

36 Axially loaded
Axially tensile
5ol Flexural
«Q 4.8
441
Large eccentric compression
Shear
1 1 1 1
4'00 0.5 1.0 1.5 2.0 2.5
p
(a) pe=0 (Bridge static load test)
5.6
521
Q48
441 Flexural
Shear
4.0 1 1 1 1
0 0.5 1.0 1.5 2.0 25

p
(b) pc=0.5 (Single—beam static load test)

B1 FEEYIEZESABAEERXRELE
Fig.1 Relation curve between the load effect ratio of dead
to live and the test reliability index



70 e

P/ N TR NI S

2022 4F

TR A (Y I O RO R A
J1 0B AT Ty B 2 ALF T G g i 2
M2 BT R 1 ) TELAE RN L pe 5 U8 W] SE AR AR B

5.2

p=0.10 p=0.25 p=0.50
p=1.00 p=1.50 p=2.50
48]
Q
4.4
4.0 ! L !
0 0.5 1.0 1.5 2.0
Pc
(a) Flexural members
E 2

Q

KA, 18] 2 F W50 AT 5E 15 s Bl 118 A% 0 LE Y
BRI R ABTE pe<1 WS IRE 8., 2 )5 72 i
%, H B W3R p UL,

52

p=0.10 p=0.25 p=0.50
p=1.00 p=1.50 p=2.50

5.0

4.8

4.6

4.4

4.2 I ! |

0 0.5 1.0 1.5 2.0

Pc
(b) Shear members

EE ML ST RIERXRHBL

Fig.2 Relation curve between the load effect ratio of dead(constructed) to dead(unconstructed) and the test reliability index
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Tab.1 Changes in the reliability index of components with different load effect ratio of dead to live

Force—bearing type &
0.10 0.25 0.50 1.00 1.50 2.50
Bo 4.06 4.22 4.42 4.65 4.79 4.94
Flexural B 4.21 4.35 4.52 4.72 4.84 4.97
AB 0.16 0.13 0.10 0.07 0.05 0.03
Bo 4.41 4.50 4.60 4.73 4.80 4.88
Shear Bi 4.48 4.55 4.64 4.75 4.82 4.89
AB 0.07 0.05 0.04 0.03 0.02 0.01
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Fig.3 Relation curve between the load effect ratio of resistance attenuation and the test reliability index
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Tab.2 The reliability index of included and not included vy, for new bridges static load test

Not included y,,p

Included yq,p

Force—bearing type

0.10 025 050 100 150 250 0.10 025 050 1.00 150 250
Axially loaded 458 473 492 513 526 540 437 426 414 398 388 3.78
Axial tensile 4.08 426 447 473 487 504 383 371 357 338 327 3.15
Flexural 406 422 442 465 479 494 382 371 357 339 329 317
Large eccentric compression 405 421 440 463 477 491 382 371 357 340 330 3.18
Shear 441 450 460 473 480 488 428 421 413 402 396 3.89
x3 BRAMREBHBBRBITRARBRHY
Tab.3 Allowable value of coefficient of resistance attenuation of static load test for old bridges
p
Force—bearing type

0.10 0.25 0.50 1.00 1.50 2.50

Axially loaded 0.942 0.920 0.895 0.866 0.850 0.832

Axial tensile 0.950 0.928 0.902 0.873 0.856 0.839

Flexural 0.950 0.928 0.903 0.874 0.857 0.840

Large eccentric compression 0.950 0.928 0.903 0.874 0.858 0.840

Shear 0.948 0.927 0.903 0.875 0.859 0.842
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Tab.4 Allowable value of coefficient of load-lifting of elevated bridges static load test

Force—bearing type ’
0.10 0.25 0.50 1.00 1.50 2.50
Axially loaded 1.701 1.448 1.361 1.315 1.298 1.284
Axial tensile 1.601 1.402 1.333 1.296 1.283 1.271
Flexural 1.596 1.399 1.330 1.294 1.280 1.269
Large eccentric compression 1.597 1.398 1.330 1.293 1.280 1.268
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Tab.5 Risk assessment results of static load test

Grade Il vehicle load

Grade | vehicle load

Item
B =[] B =[]
Control load not included vy, 442 Yes 3.79 Yes
or=1.0
Control load included vy, 3.67 No 2.89 No
Control load not included vy, 3.86 Yes 3.23 No
©x=0.92
Control load included vy, 3.11 No 2.33 No
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