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Application and Comparison of Extreme Value Analysis
Methods in Vehicle Load Assessment
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Abstract: In accordance with the existing problems, that current analysis methods for vehicle
loads using an approximate distribution obtained by fitting as a base distribution of extreme value
estimation, which might cause a significant error for extreme values, new methods for extreme
value statistics were introduced, including threshold model, order statistic measurement model
and point process model. In order to obtain the probability distribution tail and the maximum
value distribution of heavy truck loads, these new models were respectively adopted to analyze
the samples of type 5 vehicle weight on Guangzhou North-ring Expressway. The comparisons
between results from the new extreme value statistic models and those from the current method
were carried out. The results show that the estimations from the threshold model and the point
process model are more consistent with the measured samples, whereas the results from the
current method show errors. Moreover, to a certain extent, the value of estimation load from the
current method undervalues the extreme value of vehicle loads.
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Multimodal Normal Distribution

40r
T ‘%
© ST T N~
0_
20 25 50 55 60 65 70
ul/t
() REZHMEHEG
0.3
0.1} {»
m 9~ ~ // E =
T
03 25 50 55 60 65 70

(b) %ﬁ;tﬁuaﬁ%é
3 GPHHESHMEITTRIEEK 95%ERFXE
Fig.3 Parameter Estimations of GP Distribution and Its
Corresponding 95% Confidence Interval

WARSE T 6.6 SHIME « B R, R
15 32 BB A4 S U o RO 3 4 (L T LA AR AR R 2
R DL/l T A T 25 . L B(E B R Y
GP oA BT AR Z RO PR AL OB fEL w=51. 68 ¢,
HIPE 3 AT LA % B A AL RE Al 3T 4k 5.6 A8 Mk
BEIN o ELIC I Aty 38 A /N A it 22

XIREAS 1) B (B H AU GP 20 A IR Bl S 8
AAtTE DL 3. X HULE A9 o0 A i B ek g . 19 21 p (6

x3 BHEGP oHMSE MG
Tab.3 Parameter Estimations of GP Distribution of

Vehicle Weight Excess

28 o £ FEAEL Nyn~! p1i
fEE 11.5 0.003 4
— 208 0.15 0.998
PR TR 2 1.1 0.068 0

0. 998, [N LA AS i AN TR A GP a3 A
AR 2 (7)o B A2 A2 T 28 P MR R 20 A1 e RO

F(x) —1—0.15(1 + g2 0168, 4
o

x> 51.68 (15)

XF /N R /Y FB 43, vT LA 28 55 43 A0 bR AR
B A ila A SRE AT,
4.3 BIE#HBESHITHEHILE

Vo B (BT 5 AT T VA AR B0 1 E R A R 40 A R
BRI B bR T WS B A, B F (o) =
1—=F(2),2>51.68, W] 22 5| 57 2] . B0 (& 4D, i ]
A ] DL . B (R A A 2 19 4 A SR AS SR B
— 305 DU TE 2 A 5 RO X B0 IE 2 40 A TE 4 T A
KT 90 t 5 B Wi B AR A, HLOX 2 Fh4r A i B L
B A AU AR B (1 GP 43 A ] 4360y A W S P,
DL AT 50 SR FHBRAT 5 45 B 1 22 06 M 2% 4 7 X 42
S R A EAT AT 45 RN TS bR /N T A
[ {ELASE U452 1) GP 20 A X AR AE 9 A 1

1g[1—F(x)]

140

B4 FREBMESHHEBILER
Fig.4 Tail Comparisons of Probability
Distributions of Vehicle Weights

5 RERITERE

B 1383 4> 5 B AR AR A L $7 BE R 20 4L B
FEALBYRT r A e KA AT O R AR A ORI T M
B2 SB U /AY /A K P DK S e 2 o4 s A A T [
U B H 2 5 BRI A2 00 2 613 i, R
WG R R A 1 d B9 42 50 i R fE 20 A1 . 46
R 4,538 4.5 AR5 B o X B2 5pl 3
ERPRERZE . B 5 AR r W R B 3K P2
WilEl , i &5 0] LA Y, = 1O R A5 Y %o B A 114 81 75



12 EHAFE TRFR

2011 %

x4 TEArHSBEFEIINERERKEDN
GEV 53 (X4 4H)
Tab.4 GEYV Distributions of Maximum Weight of Type 5
Vehicles in 1 d with Different r (Grouped by Day)

x5 AEArHSBEFEFIINERERKEDN
GEV % (32 /NBH 53 4H)
Tab.5 GEYV Distributions of Maximum Weight of Type 5
Vehicles in 1 d with Different r (Grouped by Hour)

r 10 30 50 70 r 1 2 5

" 93.8(4.80) | 94.9(3.90) | 94.9(3.10) | 95.2(2.97) " 58.3(1.7) 60.5(1. 1) 64.7(1. D)

o 13.2(4.20) | 11.4(2.30) | 9.9(1.39) 9.6(1.23) o 15.5(1.2) 15.4(0. 8) 16.7(0.5)

. 0.187 3 —0.0115 —0.094 1 —0.115 6 —0.133 4 —0.171 7 —0.094 1

: (0.179 3) (0.074 4) (0.045 6) (0.038 6) : (0.049 5) (0.0337) (0. 045 6)
x0.95/t 146. 2 128.3 120. 6 119.4 20,95/t 96. 33 96. 31 99.19
V0, 0 B BEEN 95 Y0 ERIE H0 4 BEAC R AT

3000 95%HE {5 [X 7]
— B KP A HE
250F O ERERA
& 200t
%
= L
o 150
100 -
50 e —
= 0 1 2 3
1g(T,/4E)
(a) r=10
170
_ lasf
G
120 F
R
]
95+
705
1g(T/4F)
(b) r=30
1500 .. 95%E = X |
— BIKPEHE
ok O ERBREA
% 110}
R
]
90 -
70 ‘ : : ;
ke 0 1 2 ’
1g(T,/4E)
(c) r=50
150
_ 13or
¥
¥ 110}
R
]
90 -
70
—1
1g(T,/4E)
(d) »=70

BS5 AErH&EENEHRKTESEE
Fig.5 Return Level Plots of Models with Different r

A WERELY L GEV S0 AT A T - 11k
WCRA B 50 1) U . BE S AN R B 23 4L X GEV
IR AT LA BRI L AN BOR IR Y 52
TR A B i A AEEAT A T

6 mIERE

1 I 1 A T A ] F) B AEL S B w=51. 68 t.%
PR FERERL L Af 31 100 498 5 Y 42 7 o it e R (EL 1Y
GEV 73413 s -85 B ARG B 19 5 Y4 4 it i A
AR5 1. 450 (D33 100 85 5 7 %2 742 5 B fie
KAEW GEV 40 ;s “H B ERLH TR 6. i
K6 rTLIA .2 ZMREE AL T Ea. [, 2
Fof e 7R T A5 45 2R — B

0.04
0.03 |
il
ﬁo.oz
8
0.01}
0 : : : .
60 80 100 120 140 160
10055 R 26 1y B K ZE o &/t

Bo6 10WHESBENGAERERXZESH
Fig. 6 Probability Density Distributions of Maximum
Weight of 100 Type 5 Vehicles

7 EREHEXEMGITHIER

6 NRMITIEREIR 5 B4 1 d 4R
KRAEA AR, 3R 6 AT LLE H . AT 7 15 5
45 /N T OB IR T R R B 25 2R . IR E 2
WA T 25 73 A1 #9298 A A Sl K A R A
PR E MR R 0 A R SR AR a0 (K
4) o AE LSRR L A5 ) AR AR 0 R S R S B 1) o
ARAEL o I A o e A TR A5 B B e R (R A S B



R F AL AT R F AR R T A R A S AR 13

Fo6 BWMAENREMGITERDILER
Tab. 6 Comparisons of Extreme Value

Estimations with Different Methods

VRS BRI | AR I3 Ai S 20,95/t
Py I F 2% 118.7
BAT 5 ikt AL Xof 156, 0
BiE 25 o
58 {10 A 7Y i GP 156. 1
WP g it w i - 2=94.9,
B
T (F R 4341, o GEV 6=9.9, 146. 2
r=10) E=—0.094 1
F'j(fﬁ /1:121.29
h:a
ST R TR ;‘Mﬁ GEV s=11.7, 156. 2
£=—0.003 4

BRI AL b A 50 04 25 SR e — o Ry gE i R
AT 00 G 25 2R 5 180 (R R R o P B R A 22
P HRE A 52 0 21 I r O IRAR K

8 4 &

CL) X 240 £ 28 HEAT AR A 0 A7 - AN S DR T 26U
SR 0515 RIXE FOR 70 A 2R AT E W5 KA
B PR 5 1 A B AR AOR 4 R R A
A DL o ) BRABE 3 AR /0N By A0 (L U 2 5 R i
TR 22, AT 3 B30C7 90 907 280 (L P AR AV

(2)3 PP EZE ALY o (R 20 15 i A
TS A 10 03 205 SR 0 o S 7 A0 2 PR A (L
Hr R AT IX 2 R B 5 i O S T A L A2 AR AR
I r WS WAER A BUR

S & 3k

References:

[1] GB50009—2001, @ 545 ¥4 17 2% BE L[S,
GB 50009—2001, Load Code for Design of Building
Structures[ S7.

[2] GB/T 50283—1999, 7" & T &5 #4) A & & 301t 458 —
FRUELS]T.

GB/T 50283—1999, Unified Standard for Reliability
Design of Highway Engineering Structures[ S].

N R T A T T O A AL A AT R T A A 2
o) ], A 8% ,1997(3) :8-12.

“The Research of Vehicle Load of Highway and
Bridge” Research Team. The Research of Vehicle
Load of Highway and Bridge[ J]. Highway, 1997 (3):
8-12.

MWL Z8 A MGE SR 2 BT SR A A 200 XU Sy
AT RERAERIL] . T HR R E 244 A ARBE2# IR, 2003, 43
(10):1394-1396,1404.

[3]

[4]

[5]

[6]

[8]

L9]

[10]

[11]

(12]

MEI Gang, QIN Quan,LIN Dao-jin. Bi-modal Proba-
bilistic Model of Highway and Bridge Vehicle Loads
[J]. Journal of Tsinghua University:Science & Tech-
nology»2003,43(10) :1394-1396 , 1404,

MIAO T J,CHAN T H T. Bridge Live Load Models
from WIM Datal J]. Engineering Structures, 2002, 24
(8):1071-1084.

DU R, U RUE B A I B A e A
REAURE G (—)—JE i R 3 X [T ], 2 B sl Rl 8
2010,27(6) :40-45,57.

GONG Jin-xin, LI Wen-jie, ZHAO Jun-li, et al. Re-
search on Probabilistic Model of Highway Bridge Ve-
hicle Loads (1) —Non-controlling Area[ J|. Journal of
Highway and Transportation Research and Develop-
ment,2010,27(6) :40-45,57.

DU SR B IUN BB B S L B B R A S
BT 5% ( Z)——11 T 0 2 3t X3 36 8 i X
(1. AR AR ,2010,27(7) :56-60.

5ONG Jin-xin, LI Wen-jie, ZHAO Jun-li, et al. Re-
search on Probabilistic Model of Highway Bridge Ve-
hicle Loads (2)—Toll-by-weight Area and Overload
Controlling Areal J]. Journal of Highway and Trans-
portation Research and Development,2010,27(7) ;56-
60.

NOWAK A S. Load Model for Highway Bridges[J].
Computer Applications in Technology, 1993,12(2):
17-30.

SE . SR Sy LML K KRR R
A 5 2006.

SHI Dao-ji. Practical Method for Extremal Statistics
[M]. Tianjin: Tianjin Science and Technology Press,
2006.

REPR.OK 45k ARE S I T AT LT .
A T 2A 4 ,2001,16(1) . 72-77.

ZHU Guo-qing, ZHANG Wei, ZHANG Xiao-wei. A
Review on the Process of Applications Research of
the Extreme Value Theory[J]. Journal of Systems
Engineering,2001,16(1) . 72-77.

M VL. BB LR G P R R I AL S 4 B e SR A
BT ARV LD TN < AT B LR 2%, 2008,

DU Jiang. Safety Assessment and Maintenance Deci-
sion in the Bridge Management System[D]. Guang-
zhou:; South China University of Technology,2008.
WOHEE R VL. AR A AR AR S AT O Wk B 5T
(V). #EURE % 5 TR 241, 2008,25(2) :68-71,126.
HAN Da-jian, DU Jiang. Research on Extreme Value
Analysis Method of Actions on Engineering Struc-
tures[ J . Journal of Architecture and Civil Engineer-

ing,2008,25(2) :68-71,126.



