2023 4F 111
Baats oM

Journal of Zhengzhou University ( Engineering Science )

XEHS1671-6833(2023)06-0105-07
BT HA U i B 4 99 17 3k 30 by B 32 AR 1B Tl

Exd, WAL, BREMA, BTH
(N2 AR5 28 Sl 24 Be , Il g AR 450001)

H B ARSERSEOEBT R ARG REER A TAAGEBT RSB S AR 42 H
— P #7 69 F ] AL A A REER, A, RARMEER A oA A CH G BMNAZ &40 8 a8 B EER,
HER AREAMERAFRARKAERZ A GAK AR B3 SIBNE2LHERNZ MERAOKRE, T ELY
MAAEREFRARKEER SR EEENFRAELEMTERAENRREER , RE L EMEITH R AR
AR R SR AR & R AR RS T 10.40.70.100 a F 4B B B T £ 5 F, st L4544
HhARES MR ERBITREGHBERATERESN EREAN RSB B P4 P-P BA Q-Q AHA LA EF

M K 2 (T %) Nov. 2023
Vol. 44 No. 6

RAFOI &M B TRKFHHBLNENETRAKFHERES SUHERLERNA Z2RBEFEL AL 54
Bty GP A7 % G, 3 3E WA LAY 5k 45 AR AT 3b A e TR 5% BR AR R T 89 2 4 T SRR ARAE
KER AMMEER; Bl E,; RALRMAEL, £MTK,; AL E

B4 E . U441+.2;0448.22 XEkRERD A

B v ) B 2 T A 2 v 0 S 0 A ol PR
R JE A g5 5 A A0 0T B4 A e L TE R S
o, 5 B4R A 2 B A R B Rz s 4
M EE R R Dk, S o B H A 2 A 2
07 R B ol Ry T A% B A SR 235 ) 22 A P VTl ]
FEREWRIT A O T AE ) o AR, A 2R 2 B &
PR 2R 1952 el 5AT B BIL A D | IR 78 1 o A R L, 3
LA 8 L B I Ay A B R B e
A S B R A A A A 2 R B (L T A Y
— H R SR T A S E A

Xia %2 Gumbel 43 i 48, 2 48 % %8¢ % i ] P
10 57 B A AR 2R (L, O T AU 2 A ok HE BT I 40
B4 far 25 550 B W% {H ; Obrien L L0 B ok 52 o 22 4 1o 4% L
A AR AR BEDL A 4R 5, BE 1R T3 B2 7T LA o3 fige A
TGRS 2, 7R H GEV (generalised extreme
value distributions ) 73 £ i He #E A7 0L 4, 9F 1 45 21 52
1% 2 505 Ay 28 1) S8 7 W (A 78 5 Zhou 4570 7 AT 2 4
i 48,32 25 Tl DR 3R 52 Wl TG AS Bl A2 20 ST [m) 20 A i B2 0
R W {7 ) GPD ( generalised pareto distribu-
tion ) 5% 7 R TN A 9 ey 8 R0 0 A AL, A B o A

I 75 B #9:2023-05-11;1&1T H #§:2023-06-12

doi: 10. 13705/j. issn. 1671-6833. 2023. 03. 020

£ B TR 45 5L R 2 5 AT A3 TR A I vk
AR ME R, ik DR TR A Al S P ARG B | R LA
L Z BB IE B

GEV A5 71 1 K 478 36 $ Ihf — A~ X 21 HUBCH e R
{6, A BEAR b i A TR 20 A R ) E A 1R S HEAR
BARFIH AR 435, GPD BEAL R B8 75 4 M FI 4K
P A R R E R BB A 55 i )£ L R AR
PG B B AR R L BT, AR SO 2 A
Y25 5 Lok S 57— b SN A 5 S92 B A 8 £ 4 280
AR B ABE S5 B RL DA B BV A7 K LA B 19 iz
Lk,

1 REERRRBEERE

1.1 JTYRESHERARKEEE

o7 5 AR A FRIS SRl R M T B Y
/%Mn=max(Xl,X2,-~-,Xn) JX L XL, X, HhSE
7] 53 A I BE ML AR 5, Z3 AT pR B F () o WRAFAE R
A {a,>00 Fib, |, n—oo Bf, ffif5
M, -b

n

limPr(

n— oo

sx)=H<x>,x cR, (1)

a

n

ELWB . FEAARR SIS EIIHE (51878623) ;i B4 & 45 ¢ K & A BT % B35 B (20B560019)
TEE R A5 (1981— ), Lo, TR FE A, B R U, 18 - 3 20 DA SR 3% 45 M0 it 52 AW 0 % 5 44 22 4 18 1A F

5% , E-mail: jilaomj@ zzu. edu. cn,

SIRAS AR, A BRERFE, S TR 0 % 05 A 8 B A R T [ )] S R 2 4R ( T4 ) L, 2023,
44(6) :105-111. (JIAO M J, HAO J M, CHEN L D,et al. Time-variant extreme value prediction of vehicle load
effect based on long-term monitoring[ J]. Journal of Zhengzhou University (Engineering Science) ,2023,44(6) :105—

111.)



106 LN s | S QU )

2023 4F

WST, FC H () ARS8 b 1 50 15 B, 51 A S
B B E SR o, TR S — 9 F kB

{H(x;,u,(f,f) = exp[‘ (1 +e” ;M) ]/fJ (2)

1 +&(x—u)/o >0,
Xp e Ro>0;H R URAE S i ;€ HIEIRS
B, M £=00F H EA Gumbel 2045, 4 £>0 0, H
FIR Fréchet 234, 24 £<0 I, X} Weibull 234

FRAE L 1B A R ARSI FE 0 A5 A B 1
e KAENR I GEV F3 i, FL) FH 30 45 {8 500408 44 2t
X 4 o KA AR
1.2 "X Pareto n G S5 EHEEE

W BEHLAS B X 1955 A R AN

x —,u) e
o T (3)
1 +&(x—u)/o >0,
MFR X IR X Pareto 4347, Hoep meR A ES
Bo>0 AREZH ¢ e R WIERSH RIIER
S8 E WA, T S Pareto 3 il A 3 F R n B K.
Pareto 1 %Y 1T 40 T 78 73 Afi
TERE AR B BN BN Be 4% R al A R 43 i Be
JEIS ST 38 A B RO (LA B A I T
JEBR A B AR KA (FR o BEL) B9 B A3 28k, OF A1 ]
oK SRR AT AT R (AR

2 XABEHEKE

2.1 HRBRNRHMEL

X 2H 8 B (R AR b3k 2 PR RIAR 25 & R &
FEEE ST UL 7 51 (1 R B (AR R S AR S GP 43 S 8K
358 GEV 404 S50, R 5 i P A R B B K ek
B30 2502 0] 1) 6 22 52 BAS [R) ek B I oy 2 &%
N7 F5e FARL B A0 A T, 33X 5 DA ) A R e A A T
AT BT X2 ] (A TR0 5 4 ) R AR AL R
2.2 HE®ERE

R v ) PR R P R0 5 R s A7 e ) i A A
B A9 OGS w B R/ LB U e A A RURE AR B 8 i
AR T4 30 4 5 A L, 6 TR T — A S E
wy MBI w, FEAS 208 i REIOE: u 1261 pREL,
B LAF AR

{(u,nlui(xi—u);u <x)}o (4)

o, 0 BME v B UKL, P 2R A% 73 i 18] L
TRt NI, 35 B — B R w, LLR R A 77
AP BE AR TS A | I I A A58 AT DU g — A
FH Y 118

cummfhl—@+§

2.3 HERR
SRR PR M T KT T L A

3 I PR AE L4 1 GP 4345 B
COBERE, XE TR R X, 5 B u, it

B D/ K T HE I 08 H Ry <y <o <

¥+ 0 B R Sy AT OO R T 3 S
{9 IR R A IR (SURR P-P D)
[G/(k+ 1) H(y))3i= 1,2, ko (5)

(2) S BE P, BE €0, 4 fr B (K
Q-Q ) 1 F 41 5 K A

FCH' i/ (h + 1)) ,y)) i = 1,2, k. (6)

(3) EIACT &, AER LA b, BR T
KT w(T) B R AE T IR P M B ( T)
(97 159 Y 80k 1, I B B OR AR B AT — A 0
07 (B IR S RO R B SRR £ Rl o
(¥ GP 43 i S BEHLAS B X XF B w0 £ 8 B 085 40 A
TEMA AR R xS m DO B4 181K OF 1SR4
EAT n, UL, D) N AE E K SR m o= N, 0
WK, LN AR R E KT N

o
u+—| (Nn £ -1],& #0;
_ +§[( S 1.¢ 7

u + olog(Nn f,),§ =0,

M s | (log m,x,, ) | A4 0B B0 1 R Oy o 91
KFE
2.4 SHEEIT

TEXF (B #E AT 48 T AR I a5l R A A Oy R
(AR B 4 oy e KAE B AU AL 1 5k iR Rk
B, Y n R KH pZiET O, ATLLAHBMEN np 19
AWM ARG HSE 0 F1p W T4 A,
PRI A AT S0 R B R 9 s 2 80 A 1)
b{ER VPRI E=E o8 NP /17 <=4 W 1 W IET R A S I o e o1
BN, IRNIIE R AT WA RS 53 A, BD
PriN, = ki = [(AT)"e™1/kV k= 0,1,2,--, (8)

MOH GP S E o A u B, AT SR AT AH N
] GEV 3 i ZH € o

o=0"\, (9)

,U«=u+cr§*()t§—1)o (10)

2R IE RS € RIFFAE B 3R GEV
3T B s TR]RLEE SRy B ISR 4 SR SR s8] [R] B oy T
() GEV 434 24, i 3K (8) Al AL, AH R B9 YA 44 43 #i
ZHON AT, M AT AR R (9) ~ (10) H iy A REAT

RN EHa] a1 B A T ) GEV 234 i 2 A S50
o, =0 (AT)¢; (11)



% 6

FEIRAY S B T 0 M T ) 4 0 A 28 AT A A T

107

MT=u+‘§[<AT>f—1JO (12)

Kb RS R € PVR BRI AL
3 ZBINA

3.1 IEXGIEN

AR S 32 B TR B 28 8 TR A A 45 A it 5 A
F G0 0 W B R TT o ORHRL (BRI R e A
o b AL E 50 A BN ) L AR AR kA ) AR S
FH B AN A 1] 1 A8 A IR A A 32 15 15 vl 4 T A A
SaE 1 s,

RO

\ SEW3 /SEW2 SEW1
; - R

i ]

|

‘ o S

] - SEW4 SEWS

|

1 BHEEANAONEHEERERS
Figure 1 Layout diagram and number of steel

longitudinal strain sensors in mid-span

3.2 R AL E

A5 X B8 E AT 73 A 00F 58 Z A, 7 BN T
Wl dEAT A B, A AR R RO AR s = ANBEIE
HWOUAF ERGE LT 3 R 0 O A e
TE RO AR R A 25 S O o TE R R
A BN A B S /M OFF AR RER i R B
(R AR B O AR M % I & 1 R IE W i AR
BT — BUBOUE R B 2k o X B AR IE HE OUAR 2 R
Wi Ji 2k B 5¢ AR B9 00 2 AT, R AT A
BT AR SCT SR AN £ o Kb BELIS BOH
3.3 FREHBEATRERR

R DX 2 I A8 2 s A 7 2k | 1 S AR A
SEW2 £ 1 a PR 40 i 20 17 10 722 DAy 491) >R i W
1 TR S A 0y EL AR S A SRS 4 R A S e )
S A g ) R (A R L R O EL BT A B A Tl
AR BRI KN 1 a,

AT AR 2 A T i T e R B A, AW

10 1 75¢
+¥«+0‘8 < 65t
206 @
£ o 55t
Roat =
B &
80, 45
1 L 1 1 J 35 L L 1 )
02 04 06 08 10 45 55 65 75
AL L R EAE/10°
(a) P-PHE (b) Q-QE

EIKF/10°¢

Y\ 1w 1 A8 A R SEW2 119 270 i 289 1) i A% 114 7 4%
F51i B B 95% B AR X [ an & 2 fros, B 2 8w,
Mou=30 I, T34 F 4 A5 o il A A3 A R
AT LA A5 W B /N B B w, =30, dE— XA
(BT A 1 (AR AL R 4T K-S K 56, 15 3 e/ & B
B u,=29, K345t T EEMEf,=P(X>u)
BEBIE w AT 2k, BE S BIH o 093 K, B BE
W%, T R /0N A A S M O,
Uk, R 1 PR TE A Y AT S | A B 8 o 4% X R] ]
H[29,45].

- D N -7
%
= 6 — THE R F
r - = 95%EFXI
H_
4 | N

10 20 30 40 50 60 70
BlfEu

B2 SEW2HMERTHEENFHRKEFGE
Figure 2 MRL plot for vehicle load strain of SEW2

RS /%

0 . . . .
10 20 30 40 50 60 70

B3 BEHEMEE

Figure 3 Probability of exceeding threshold plot

FEUR R w=35 % AH N A 2 49 i 48 07 A8 HE A7
(A, 25 RN 4 BioR ., P-P AT Q-Q K
HA AR 4 L1t 2 AR 4% A5 89 GP
JERBR AR WA, KB BRI AR A
(GEUNESY T O TR T SRR R e W =i
BEARBEH 95% ) B AR X[,

R B2 W 45 T GP o3 A X 22 56 R
W E TR R e R, NI, R GP AR A LG

110p o2y

90t } = 0087\ B
ey

oS muEskE O
- - 95%EfFXE

55 65 75 85
MAE/10°6
(D) MEFKHE

50 1 1 1 1 1 ] ul

0.0010.01 0.1 1 10 100 1000 035 45
EIH/a

(o) HIKFHE

4 SEW2 FiFfrE Tl S EER IS
Figure 4 Diagnostic plots of the GPD model for SEW2



108 I BN

(T % R 2023 4

iR E N AN u=35 BB RO A ESHN,

W, GP MR 43 A BRI K LR AE 10 (€,6) =

(- 0.116,9.420), # W A9 X5 %L 5% o6 50 B A

~22510,& Al & 9P )y 2% 56 ML [ 0.000 1,
-0.001 2,-0.001 2,0.022 3],

e, 74 BEE A e ot At R N 1) A AL IR 2

—— THRERER

A7 A g 2 00 A 0 7 AT (AR R AR AR S
FEFEPEBIH w, BT, 38060 A 5] B0 0 10 Y GP 43
Al AT K-S #5000, weREakE i GP 4 Ai M
G K-S K5 1 5 /N BEAE N u, , 25 0 A28 A5 B g Ak
T 5 A A8 7 1 Y- 35 T A A i K il 3 /N B R 1
mE s s,

_ S — PR REG
o o~ 9SwEfR=R o — 9S%EEN 20 - TR RS Wr —— AT
//‘ o — — 95%B {57 // - — 9S%ERFEM
~
&8 & 7 i & 16 & 16k ,
e # | # d e /
& & ! E ol , *
® ® S ! =3 / =3
pag kY - ! § / "
B4 Lol T \ B g —~ B
= \ N v
| u,=52 %~ o
l 1 1 Il Il I} 1 q 1 Il ] 4 1 Il 1 1 Il ]
10 20 30 40 S0 60 10 20 30 40 50 60 70 10 20 30 40 50 60 70
B0 © B0 © BIE/10 ¢
(a) SEWI (b SEW3 (¢) SEW4 (d) SEWS5

5 ERBEMEARNTHFHARNRETE

Figure S MRL plot for vehicle load strain of sensors

R AL B SEW2 [ s AR A5 5] X B — b B 9L
[v) 7 A8 A SRR 1) G A Ar 0 A SR — A 1A Y B E,
mzkE 1 fpimx,
®1 EHEEHETHBHEER

R BT 57 ) GP BEAY | H#E Sy SEW1, SEW3
SEW4 SEWS5 450 fiif 28 9N [n] b 722 (14 455 B 12 W 141, 0
FANE 6~9 Fian, 4 fRE TR Q-Q B . P-P EI#H
AAER RIFR b, BARTE P-P BRI LA HL& R

Table 1 Fitted GPD model parameters A A 0 RS I 2 B LR H 2 33X S B 2k Y S G
%' o u f./% & o W7 ) A8 O A 00 i 280 1 2 o e B A2 T g R 1Y T
SEWL T A 0 072 03039 ey B, ELEAT B B ALY R
SEW?2 29 35 0.66 —0.0685 7.4024 N
SEW3 34 35 0.32  -0.1371 8.909 0 P4 A Y 5 HLE
SEW4 52 52 0.14  0.1693 4.996 0 TER 6 TN 7 45 iy 8 B B b il T T AR
SEWS 2 4 0l 0881 50820 iR s 0B AN TR S £ o fiiit
1.0 80 100 0.16
@08 S 70 S g0 et MO.]Z —
0.6 i T e 8 | \
ﬁ £ 0 5 e Eosfl B
Soa = = o surmicrg ||
®,, 5 ) FMEILATF = 0.04 \.‘
| ) v ]y
02 04 06 o8 10 50 60 w0 s 0%01001 01 1 10 1001000 40 50 60 70 80
PAL T iy HERITHEAE/10 © EIM /2 RiAF/10 ¢
(a) P-PH (b Q-QFE (¢) BHKTHE (d) B EE
B 6 SEW1EHMHNETEREEISHE

Figure 6 Diagnostic plots of the GPD model for SEW1

80 90
S )
i 05 o =20
g B
= % 60
& 50 =y
Ny W 50
0é& 35 ¢ L L 1 40 L L L L L et
02 04 06 08 1.0 50 65 80 0001 001 01 1 10 100 1000 35 50 65 80
SRR TR HAA/10°6 EIH /a RIAF/1076
(a) P-PE (b) Q-QE (o) EIKFHE (d) BEREEE

7 SEW3 ERTHNETEHEERISEHE
Figure 7 Diagnostic plots of the GPD model for SEW3



%6 R, S I T A W0 Y 4 A ey A R A AR L TN 109
o 112 450 , 0.20
= 9 ;s o BREIKF
2 9 . S 3% BMTEAT 0l B
" 9 B - - OS%EMEXME = L 2%
bl © % 250 +§@0.10
& 7 o)
Eﬁ 150 §0,05
0& L L L 526 | | | 50 | o U L1151 R
02 04 06 08 1.0 72 92 112 0.001 001 01 1 10 100 1000 52 72 92 112
LU AR AT HA/10° HILW /a BiAE/10°6
(a) P-PH (b) Q-QE (c) EIAFE (d) WRERE

B 8 SEW4 ZF i3 i 3T B E EE RIS I E
Figure 8 Diagnostic plots of the GPD model for SEW4

130 800 , 0.18
5 £ o BREIKT
& o S 600 TR HLK P / 012
105 £ — — 95%EREXE %‘ |
i 2 400 ¥
& ) 0.06
< 80 & 200 B
0¢ ~ L L L I L | 0 | 0
02 04 0.6 08 1.0 80 105 130  0.001 0.0 01 1 10 100 1000 55 80 105 130
U0 S AR BT SAE/10°0 HIUY /a NEAF/1076
(a) P-PH (b) Q-QE (o) HIUKFHE (d) MEEERE

(L AR, DRIROA 0L 4 23 A5 SC P A b BR A, 5 S

9 SEWS FHEHETEEEERISH
Figure 9 Diagnostic plots of the GPD model for SEW5

PRI 22 SR (B B 0 T R T 4 0 £ 480 1 728 114 e

JK T P A, 7 7 3 i T A BRAA, T L) K COF
Mkt s T GP ALY & B . I AR 42 4 i
AN 1 AR 1 A o A AR S E AL T 2 IE
(B, DU IO 19 2 A1 S 4 1 1 S JE R e KO- il 2k
W IZ AT IE55 K, & 8 FnEl 9 o () E1 # K
PR E K 58 AR S AN A HR DR A 4 i 28
AR JZ RN T R JC PR B K, B e W OR L GP R
LT AMIEFER AT AR AR SCEE G FIn i 8 AT 2 (R Bl
FHAERR AMES] 100 a BT BLKF, ), 4 08 & W
WML S 2% T A RIEYE

WA GP A i Z A THE IR 1 s, i)
i 1B B HAT LUAR 5 18 b 75 1) 42 4 e 28 4 1) 07 AR

KA Fréchet 73, TS AR 2% 490 £ 48 07 22 1Y e K
ERA Weibull 534

A (11) ~(12) G THIEIKE N T B GEV
ATSH R 2 AR R RE D A B HARA R 2 4
23 ORI AT A T R R TP A A 480 A e K
{H/ GEV 73 4 2 %, #5 rb 0T 4% 50 A7 2800 72 7
100 a N A e KA 0 A1 B ME 25 %85 32 % 28 A 2o 7 n [
10 Fi7R

R2 EWEARNEFEEAESHTSH
Table 2 Distribution parameters of annual maximum

for vehicle load strain

Gis A é o w
S SRR TR . - H R 34 b
B 182 2 EE BB, B P 4 TR 6~ 9 4 B 7 ] o s 0 r o072
E]/‘J ?%%:&,E Fé—] © SEW2 29 35 0. 66 -0.068 5
. B | ¥ R
*E*Eit(g) (10>’7T:JﬁH%% 1 Fﬁ’”ﬁjﬁﬂﬂﬂ_‘k SEW3 34 35 0.32 -0.137 1
ZH. N R = ya =K A
4 B — s AR
ZEH LR 2 %‘%Zﬁm,ﬁiﬂii%ﬁﬁm/y\mkﬁ SEWS 52 4 0 11 0.188 1
BRI IR AR S HUN T 0, MR AR B IR S 8OKF 0,
027 027r  _u . 027 % 1a
—A—10a —A-10a
——40a —0-40a
" 0.18 F 0.18 —X—70a —K—70a
{%ﬁ % 100 a 100 a
£ .09 2 009
060 70 80 90 100 110 120 060 70 90" 100 110 7-12'0 60 - 90 t100 110 120
IR RIAR/10 ¢ IR/ 100 ZEIERT R S 3R/10 6
(a) SEWI (b) SEW2 (¢) SEW3



110 MK 2E R (T %% W) 2023 4
0.024 0024
—%—1la ~—1la
—A—10a —A—10a
1 0016 ——40a 1 0016 | —o—40a
& A 702 e —¥-70a
- 100 a | 100 a
% | 5
2 0008 2 0008 ‘
L 7= e - 0 i &\
80 160 240 320 400 480 560 80 160 240 320 400 480 560
IR EREE/10 ¢ TR R RAE/10 ¢
(d) SEW4 (e) SEWS

10 FRTAFEBEENEHORERTE

Figure 10 Probability density of vehicle load strain in T years

H1 I 10 A] R, Bl A 1000 AF BR T8 K, 2 40 e
A3 AR Frr KBS A 1) A7 A% 2y, (EL A (] B[] 1) B P
o 2l B0y i B2 AR /0N | o T AR E , IX AR A B
(9, R JCIE G AR FRAT 22 K, A 0 2800 22 A ]
AE G PR ] 3t 38 K

4 g

(DGP s MIER S RESHMEES
GEV /i B AR S8 R S BUR B S 500t —
A T Y AR 55 UOIA A A R ARG o TR S R A Bk

(2) 854 TR S 1 AR Bl , % 4 20 1) g A
1L % 3% SEW1 SEW2 SEW3 SEW4 Hl SEWS5 1E 1 a
DA 140 24 5 i 2R O 1) 17 78 R AT DX (A AR A A
IF RIS EAT B0 IE | 45 S 3% WY RS 70U 1 0% 0 A5 4l o6 26
PG UE B TR £ R

(3) 2R FH X 4148 b 45 700 5t 43 A O A ol ¢
TR AN AR AR T RE TC IR I K, I, RN REH H 4b
R B 0 KT o AR AR SR AR R, A
SCAMET 10,4070, 100 a G 58 4 25 1% A% (9 HE R 2%
i, R B Rz W 2 Ak Bon] SRR DR AL BRI T —
SE AR B

S UMk

[1] & 7J9uE, XI4%, MOHAMMAD N. =38 ffre i K Tk
B A R S AR AN P AT (D], AR J1 %, 2018, 35
(7): 159-166.

LUN W, LIU Y, MOHAMMAD N. Extrapolation of
time-variant extreme effect on long-span bridge consider-
ing steadily growing traffic volume[ J]. Engineering Me-
chanics, 2018, 35(7) : 159-166.

rhAe IR 3 R [ 2 A . 2 B U TR BT T R
. JTG D60—2015 [ S]. db xT. A K x5l iR
¥k, 2015.

[2]

Ministry of Transport of the People’s Republic of China

General specifications for design of highway bridges and

[6]

[7]

[8]

[9]

[10]

[11]

culverts: JTG D60—2015[ S]. Beijing: China Communi-
cations Press, 2015.

GU Y M, LISL, LI H, et al. A novel Bayesian extreme
value distribution model of vehicle loads incorporating de-
correlated tail fitting: theory and application to the Nan-
jing 3rd Yangtze River Bridge [ J].
tures, 2014, 59. 386-392.
OBRIEN E J, ENRIGHT B, GETACHEW A. Importance

Engineering Struc-

of the tail in truck weight modeling for bridge assessment
[J]. Journal of Bridge Engineering, 2010, 15(2) : 210-
213.

XIA M, CAI C S, PAN F, et al. Estimation of extreme
structural response distributions for mean recurrence inter-
vals based on short-term monitoring [ J ].
Structures, 2016, 126 121-132.

OBRIEN E J, BORDALLO-RUIZ A, ENRIGHT B. Life-

Engineering

time maximum load effects on short-span bridges subject
to growing traffic volumes[ J]. Structural Safety, 2014,
50 113-122.

ZHOU X Y, SCHMIDT F, TOUTLEMONDE F, et al. A
mixture peaks over threshold approach for predicting ex-
treme bridge traffic load effects [ J]. Probabilistic Engi-
neering Mechanics, 2016, 43. 121-131.

JFER, AEK, BUk. 2300 R G 5w AT 54
10 BN A A B [ 1], /R I ol K2 4R,
2018, 50(9): 11-18.

ZHOU J Y, SHI X F, RUAN X. Composite extrema pre-
diction of multi-event driven bridge traffic load effects
[J]. Journal of Harbin Institute of Technology, 2018, 50
(9): 11-18.

LEAHY C, OBRIEN E, O'CONNOR A. The effect of
traffic growth on characteristic bridge load effects [ J].
Transportation Research Procedia, 2016, 14. 3990
-3999.

OBRIEN E J, SCHMIDT F, HAJIALIZADEH D, et al.
A review of probabilistic methods of assessment of load
effects in bridges [ J]. Structural Safety, 2015, 53. 44
-56.

COLES S. An introduction to statistical modeling of ex-



%5 6 ] FEIRAY S B T 0 M T ) 4 0 A 28 AT A A T 111

treme values[ M]. London: Springer Press, 2001. extremes in the upper Uriimgi River with the generalized
[12] HU P, ZHOU X, ZHOU Z Y. On the modelling of maxi- Pareto distribution [ J]. Environmental Earth Sciences,
mum field distribution within reverberation chamber using 2015, 74(6) . 4885-4895.
the generalized extreme value theory [ C ] /2020 IEEE [18] HOSSAIN I, IMTEAZ M, KHASTAGIR A. Study of vari-
MTT-S International Conference on Numerical Electro- ous techniques for estimating the generalised extreme value
magnetic and Multiphysics Modeling and Optimization distribution parameters[ J]. IOP Conference Series: Mate-
(NEMO). Piscataway:IEEE, 2021. 1-4. rials Science and Engineering, 2021, 1067(1) : 012065.
[13] XIA HW, NIY Q, WONG K Y, et al. Reliability-based [19] #BLE, LR, HSRE, & ERNHERE L TE
condition assessment of in-service bridges using mixture PR AR IR GE S RO B AL A R [ T]. AN K22 224
distribution models[ J]. Computers & Structures, 2012, (T2RR), 2017, 38(4) . 88-93.
1067107, 204-213. ZHAI K W, DU C W, ZHENG F X, et al. Load bearing
[14] LIU M, FRANGOPOL D M, KIM S. Bridge safety evalu- capacity of existing highway RC T beam bridge based on
ation based on monitored live load effects[ J]. Journal of fuzzy stochastic comprehensive evaluation[ J]. Journal of
Bridge Engineering, 2009, 14(4) . 257-269. Zhengzhou University ( Engineering Science ), 2017, 38
[15] VAN DE VYVER H. A multiscaling-based intensity-du- (4). 88-93.
ration-frequency model for extreme precipitation [ J]. [20] B2, skwfin, EW =, 5. £ 05 % 22 32N i 1
Hydrological Processes, 2018, 32(11) : 1635-1647. Gy T [ J]. HIN R =M (T2 M), 2023, 44
[16] SHAO Y H, WU J M, LI M. Study on quantile estimates (1):96-102.
of extreme precipitation and their spatiotemporal consis- LIANG Y, ZHANG Z H, BAN Y Y, et al. Seismic fra-
tency adjustment over the Huaihe River Basin[ J]. Theo- gility analysis of multi-span continuous girder-rigid frame
retical and Applied Climatology, 2017, 127 (1): 495 bridges[ J]. Journal of Zhengzhou University ( Engineer-
-511. ing Science) , 2023, 44(1) . 96-102.

[17] LIUY C, HUO X L, LIU Y, et al. Analyzing streamflow

Time-variant Extreme Value Prediction of Vehicle Load

Effect Based on Long-term Monitoring

JIAO Meiju, HAO Jianming, CHEN Ludan, ZHENG Yuanxun

(School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China)

Abstract: In order to establish an accurate and reasonable probability model for extreme value of vehicle load
(VL) effect, based on the existing extreme value theories and models of VL effect, a novel prediction model named
block over-threshold model was proposed. Firstly, the over-threshold model was established by making full use of
the existing monitoring information according to POT method; and then the parameter correlation between the over-
threshold model and the block maximum model was studied. A bridge was constructed for their conversion through
a point process,afterward the block maximum model was derived from established GPD model. Thus the maximum
distribution of VL effect in any T period was predicted. Finally, the established block over-threshold model was
tested, and the probability density of VL strain in 10, 40, 70 and 100 a was exirapolated by using the model in
combination with bridge design service life. The data collected by five steel longitudinal sensors in mid-span section
of a cable-stayed bridge were analyzed and modeled. The results showed that the P-P diagram and Q-Q diagram in
the model diagnostic plots all had very good linearity, the points described by the empirical recurrence level were
within the 95% confidence interval of the recurrence level, and the empirical probability density histogram also fit-
ted perfectly with the corresponding GP distribution. They all proved that the model could well simulate and predict
the extreme value of VL effect with actual traffic flow.

Keywords: extreme value theory; monitoring information; block over-threshold model; vehicle load ; model verifi-

cation



