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Table 1 Parameters of the parent distributions

parent distribution P, P, Py parameters of (D parameters of 2 parameters of 3
1) 0.6 025 0.15 uy = 26, oy = 0.8 uy =30, 0y =4 uy =40, 0y = 6
2) 0.75 0.5 0.1 w. =3, 0, =02 iy =28, 0y =25 my =35, 0y =5
3) 07 02 01 oy =5, 8y = 1.2, my =32 py =37, 0y =15 py =40, 0y =4

4) 0.75 0.1 0.15 oy =45, &y = L3, uy =20 puy =20, 0y =1 uy =23, 0y =15
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Fig. 1  Strain peaks induced by vehicle load (2015-12-27)
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Table 2 Thresholds estimated with the 4 common methods

sampling period ¢ /d

method

30 180 360 3 600 18 000

mean excess function 39.6 40.5 41.0 42.4 42.9
Hill estimator 40.64 40.69 41.22 42.20 45.06
kurtosis method 45.12 45.15 45.15 45.15 45.15
minimum MSE method 42.50 42.50 43.00 44.00 44.50

R3 HPEAEALL

Table 3 The numbers of exceedances

threshold u

sampling period ¢ /d

44 46 48 50 52
1 3.49 1.55 0.58 0.20 0.05
30 99.87 39.45 13.67 4 1.04
180 593.32 239.41 80.78 24.15 6.35
360 1187 471.58 162.30 50.14 13.12
3 600 11 827 4 748.55 1 637.62 495.10 133.26
18 000 59 132 23 651.63 8 219.55 2 481.29 672.26

1.2 BEEBRES TR
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Table 4  Fitting goodnesses of different samples fitted by the GPD models

threshold u

sampling period ¢ /d

44 46 48 50 52

30 0.026 3 0.037 7 0.066 0 0.159 3 -

180 0.018 7 0.018 2 0.025 0 0.045 3 -
360 0.017 9 0.015 4 0.018 6 0.029 7 0.062 2
3 600 0.017 7 0.013 7 0.010 8 0.011 5 0.018 4
18 000 0.017 6 0.013 6 0.009 7 0.006 5 0.009 2

x5 WEMITER(HEEME: E = 62.82)

Table 5 Results of extreme value estimation ( theoretical value; E = 62.82)

threshold u
sampling period ¢ /d

44 46 48 50 52

(m,0) (70.01,7.77) (68.69,4.81) (65.61,5.76) (63.34,6.29) -

% 95% C1 (65.53,74.63) (61.77,71.26) (57.50,73.79) (52.29,74.23) -

(m,0) (69.25,6.50) (66.99,4.40) (65.25,3.05) (63.43,2.89) -

180 95% C1 (67.41,70.79) (64.71,69.61) (61.24,68.74) (58.91,69.01) -
(m,0) (69.21,6.42) (66.56,3.83) (65.38,2.66) (64.25,2.63) (63.42,3.10)
360 95% C1 (68.11,70.20) (65.22,68.07) (62.70,68.45) (60.19,68.04) (58.20,69.03)
(m,0) (69.16,6.34) (66.62,3.81) (64.78,2.00) (63.82,1.25) (63.32,1.14)
360 95% CI (68.77,69.57) (66.19,67.13) (63.96,65.43) (62.62,65.66) (61.68,65.04)
(m,0) (69.16,6.34) (66.50,3.78) (64.83,2.02) (63.60,0.97) (63.38,0.84)
18000 95% CI (68.98,69.34) (66.38,66.82) (64.50,65.20) (63.25,64.23) (62.31,64.48)

M5 T LUE H B AT 45 R 5 e 25 5 07 25, 305 L AR/ NI O 18 25 1 U )
W e 1 5 11
Fye =bias’(E — ) +var(E), (3)
L E FoR TR S AE  u FORAE TR AE IR (8, bias(E - w) AHRAEM T 22,
var(E) FRWAEA TR 25 i 2 FR0 F o e/ BE R fe A i AR5 TR 92 b Ho
Z+10% iR 2 , B HHEAE] 56.54,69.10 | JE N N o] LAIEZ.
IYMTEE 3~5 T, GPD AR (EAN 45 SR A PRI A 2 A D R BE T 1 R B A T
ZEBEUERA P (AR (B A3 AT 2 A AT B, o] A A 5 20 5 SR 1 A T B8 th TSk AR A SAR I



AT AR R WA I A R A ) 1 2 B 509

(EAGTT A TTE5 R iR 225 10% , 107 I S0 B 25 SRAR X et s SRR R 6 AN F | B
48 IF B AE ARG THE SRAE PTHZ I R N SRAEI KO 1 4R IR 46 ~ 52 I, A THE5 R B L4
HIARL B 48 S L 5 oRFEMHR D 10 4F 5k 50 4, BI{EHRX 46 ~ 52 I A THE R I35 X 52 #x
0.2 BELIC 44 BF AN TR A B A T4 SR FEAR — B, Ml 25 5 07 25 R BEK, 95 %0 A5 IX W] 452
78 s WA BRI O, i 22 -5 07 22 el N | LUl N 0 3 2 i o {04 K I8 2% , 95.9% LA X 1] 58
JEHE I AR S0 TR (L, i 22 S M0l , T D7 22 1B R 959 AR DX RN E78 5, Al 145 2R
KAATEE N LR 4 53 5 Al A1, GPD B G RCR Fe i ik i) B (R AS 2 TARAEAS TSR ALt
4 1 B AR 3 AR 20 A1 S T R R Al A0 B 2 i LR 5 L L RS ).

P 2 538 5 nTRIE R A BRI HIll 3% 3907 18R 25 e/ INME Al T B (R
B B AR E | T E 1Al A B EL U ANAZ S R B TR A0 1) Al 4) ATt B -5 fRe A
BI{EAHZEAR K.

X LT 4 AR BT E TN R (R Y GPD AU THA AR A5 , B Xt 22
AR DAL | AR SR ) — o i T 1 (- i 30 B O 2% oy 2k PR 9 (LR BTy 06 LA
ABR D EST BE S A TR AR (100 4FP9) ST ER A 5C A8 i 2 18T, LS A T A (R Bl I (R 224k, ()
AEARCR BN RVEEE (A O, (D BE Rl 2 i), ELAS AR B BE B /N (B8 T A8 E
(RPRAXHELE AR T 0.5) , fERUEH B EREAREB LA TH T GPD BRI S B AT 52 T OBAR
SRR BRI S B R ) BE U AT BER Y B {8 ; (i) AP AR A B B 22 | RIVRECE B (L0 O, 1
{EIT ARG el ]y , LB TR E (RERGEXE/N T 0.5) , 20 HOB AR IHT B AR A2 Jim Xof 1o 1) 1 fEL AR
M, 73 SN PR UEE B {EREAS B /N T 50,

8.0x10”
=5 ..
o 1-5%10 °F 0.2 [l cvpirical PDF B
= mean value: 3.992x10
£ 7.0x107" ___ estimated PDF .
° ;_\ expectation: 4.092x10
5 6.5x10° o
5 0.1
8 =5
6.0x10 -
5.5x10°
‘ 0
34 36 38 40 42 44 3x107 4x107 5x10™ 6x107 7x107 8x107°
threshold u strain peak ¢
5 AR R A B6 Al BB (405 15 S (A K 7 )
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Table 6 Estimated thresholds of measured samples

method mean excess function Hill estimator kurtosis method minimum MSE method
estimated threshold 39.06 39.05 32.95 39.87
+ >\
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Threshold Selection for the Extreme Value Estimation
of Bridge Strain Under Vehicle Load
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Abstract: The selection of a reasonable threshold is critical to estimate the extreme strain un-
der vehicle load on bridges with the peak-over-threshold method. Little information can be used
if the threshold is too high, while the bias of parameters of the general Pareto distribution will
be large if the threshold is too low. Common threshold selection methods are not suitable to be
applied in estimation of the extreme strain under vehicle load. Based on 1-year strain data of the
Taiping Lake Bridge, 3 types of mixed distributions for the strain peaks induced by vehicle load
were chosen to generate a large number of samples with the Monte-Carlo method. The esti-
mated extreme values of the samples based on the generalized Pareto distributions with differ-
ent thresholds were compared and analyzed. Then, an empirical threshold selection method was
proposed for the strain data induced by vehicle load. Finally, the Taiping Lake Bridge was cho-
sen as the case verification. It is demonstrated that the estimated weekly extreme strain based
on the threshold selected with the proposed method is more close to the measured results than

those with the common methods.

Key words: bridge health monitoring; threshold selection method; extreme strain; generalized
Pareto distribution
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