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Sensors Recording Truck Weights
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Typical Weigh-In-Motion (WIM) Record
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W2641975972060040300040604017 20211231 306000000000000000000000000¢
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== Real Time Simulation




Muliple Presence Factor (MPF) in Design Codes

_

Edition| 1 2 3 4 5 6 7 8
Specifications Year | lane |lanes |lanes | lanes | lanes | lanes | lanes | lanes

AASHTO Standard

Speicifcations for 17th

Highway Bridges 2002 | 1.00 | 1.00 | 0.90 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75
AASHTO LRFD

Bridge Design 5th

Specifications 2010 | 1.20 | 1.00 | 0.85 | 0.65| 0.65 | 0.65 | 0.65 | 0.65
Australia AS5100.7

Bridge Design 2004 | 1.00 | 090 | 0.80 | 0.70 | 0.60 | 0.55 | 0.55 | 0.55
Canadian

Highway Bridge 10th

Design Code 2006 | 1.00 | 0.90 | 0.80 | 0.70 | 0.60 | 0.55 | 0.55 | 0.55
Chinese General Code for

Design of Highway Bridge

and Culverts JTG D60 2004 |[1.00~| 1.00 | 0.78 | 0.67 | 0.60 | 0.55 | 0.52 | 0.50
Eurocode

BS EN1991-2 2003 | 1.00 | 0.83 | 0.67 | 0.5* |0.40*%|0.33%|0.29% | 0.25%
Japanese

Specifications for
Roadway Bridge 2002 | 1.00 | 1.00 | 0.83 | 0.75 |0.60* |0.50* | 0.43* | 0.38*




There has not been documentation for
derivation of these MPFs, except for the
AASHTO code.

The AASHTO code derivation was based
on assumptions while no WIM data were
available.

MPF should be a function of span length,
truck traffic volume, and number of lanes
avalilable.



== A New Approach to Deriving MPF

Use WIM data, simulating real load effect
superimposed from different lanes.

N-Lane Load Eftect in Component 1 LE

1

MPF — — total
One-Lane Load Effect m Component N LE

onelane

Use the obtained real MPF values from
different states and locations to derive
MPF formulas for design and evaluation
codes.

N



WIM data used:

California, Oregon, Michigan, and New
York (only states with data of 0.01sec
resolution).

18,100,000 trucks, 161 months, 17 sites for
2-lane spans;

22,200,000 trucks, 137 months, 13 sites for
3-lane spans;

27,400,000 trucks, 138 months. 13 sites for
4-lane spans.
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MPF
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MPF
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MPF
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=< Conclusions

Current MPF In bridge design and evaluation
codes are over-conservative and extremely
over-conservative for shorter spans.

Proposed MPF to AASHTO based on span
length, ADTT, and number of lanes
available is more realistic and can save
significant costs for strengthening existing

bridge spans.
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== An Important Issue in Calibration

Extreme/Future Load
Projection/Prediction

27
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Proposed Method:

@ Use more data for deriving f1(x) as an

f'ﬁb =
R -
L
T
. r
— »
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B D
[

extreme value distribution

Analytically derive fN (X) as another
extreme value distribution
In(x) = NF; YN x) f1(x)

My = Txﬁv (x)dx

O_Nz = I(x_ﬂiv)z.ﬁv(x)dx
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Henan Provinece Station
Loadeffect - Projection
length 10m | 15m | 20m | 25m | 30m | 40m | 30m | T0m
Shear(mean)- 1 month 393 | T43 | B10 [ 842 | B33 [ 860|861 850
Shear (mean)- 3 months 586 | T19 | 782 | 819 | 838 | 848|852 |853
Moment (mean)- 1 month 5319 | 363 | 634 [ 728 | 771 818|841 (8356
Moment (mean) - 3 months 520 | 550 | 577 (664 | T1B ([ 782|813 (837
Shear (std)- 1 month 428 | 674 (635 | 603 [ 680 | 744|733 (805
Shear (std) - 3 months 501 | 698 | 750 [ 777 | TET (891|771 (B4
Moment (std)- 1 month 244 | 237 [314 | 235 [ 353 | 422|679 (458
Moment (std) - 3 months 307 | 285 413 | 313 | 380 (427|710 | 563

Henan Province Station

Load effect - Projection length lm | 153m | 20m | 23m | 30m | 40m | 30m | T0m

Shear(mean)- 1 month 11 (34 )36 |67 | 72737779

Shear(mean)- 3 months 02 )12 (31|46 | 33|59 | 63|67

Moment (mean) - 1 month 22107 [ 41 ) 60| 67 | T3 | 77| B0

Moment (mean) - 3 months 02 )02 (09| 23| 33 48| 33|62

Shear(std)- 1 month 140108 | 134174141110 102 &7

Shear(std)- 3 months 41 (95 | 04 | 85| 87| 34| 93 ) 48

Moment (std) - 1 month 28091123 121139 74 |126] 93 (162

Moment (std) - 3 months 148 80 | 42| 90| 30 122 61 | &3




Errors (NCHRP 12-76 vs. Proposed)

Jiangxi Province Station

Load effect - Projection

length 10m | 15m | 20m | 25m | 30m | 40m | 30m | 70m
Shear (mean)- 1 month 236 | 876 (247 | 830 | B20 | 810|805 | 79.7
Shear(mean)-3 months 834 | B89 | 852 | 84 | 835 [s82.8|825 823
MMoment (mean)- 1 month T26 | 7435 [ 817 | 831 | 823 | 814|805 | 798
MMoment (mean)- 3 months T06 | T48 [864 | 866 | 843 | 823|825 | 820
Shear(std)- 1 month 692 | 637 | 622 5332 | 487 | 508 (308 | 386
Shear (std)- 3 months 739 | 800 681 | 652 | 620 | 886|803 | 702
MMoment (std)- 1 month 303 | 651 [ 787 | 740 | 650 | 644|378 | 477
Moment (5td)- 3 months 604 | 760 | 828 [ 378 | 773 | 918|721 | 887

Jiangzi Province Station

Load effect - Projectionlength 10m | 15m | 20m | 253m | 30m | 40m | 50m | T0m

Shear(mean)- 1 month 19| 1.7 1618 17|16 | 13|09

Shear(mean)- 3 months 1519 | 16| 19| 22 | 23 | 25| 2.7

Moment (mmean)- 1 month 0511 22 (10 (07|00 ) 0404

Moment (rmean) - 3 months 04112 |03 (0402051217

Shear (std)- 1 month 10411753 1311453165123 | 126 6.6

Shear(std)- 3 months 40| 93 | 99 | 87 | 90 | 94 | 46| 02

IMoment (std)- 1 month 03| 94 | 61 | 112136 70 | 120157

Moment (std)- 3 months 67 34 | 4041 | T | T3 | 41| 7T
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HeNan Province Data - Moment
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JiangXi Province Data - Moment
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California State Data - Shear

0.03 +

0.02 +

0.m t

Wihd Diata
= = =Propozed Method

Span=1am

------- MCHRP 12-76 Method

1]
300

400 S00 G0
Shear (KM

0.02
_ Il Diata
::'; = = = Propozed Method
- 2 BEELEL MCHREP 12-76 Method
0.01 Span=85m -
|:| 1 P |
o0 Ga0 a0 1000 1200
Shear (KM
CA

37



New York State Data - Shear

0.03 - 0.02

P Wilhd Diata WM Data

-1 == =Proposed Method . == =Proposed Method

: A MCHRP 12-76 Method e RMCHRE 1 2-TE Methiod
oozt It ' o

- - Span=15m T - Span=85m |
ool b DG ] S i

|:| |- 1 |:| 1 e, L e -
300 00 Too o 400 a00 1200
Shear (KR =hear (KM)
Ny

38



HeNan Province Data - Shear
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JiangXi Province Data - Shear
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== Evaluation by User

(Integration by Monte Carlo simulation)

In N

@,

) S (x)dx

E(u) = | (u, +

In(N)

V) = [ L+ — EQu)T fi(x)dx

1

By = [ (G e

Vo) = [(—=)* — E(o, )T f,(x)dx

N
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span length 15m | 25m | 30m | 40m | S0m | 70m | Average
1 month MU N (N=¢] ~ |Error (%) 186 | 013 | 158 | 022 | 261 | 182 | 137
Error Upper Bound (%) | 573 | 413 | 432 | 482 | 435 | 369 | 450
1 month SIGMA_NIN=4]  |Error (%] 1883 | 1702 | 1751 | 1768 | 1834 | 1781 | 1787
Error Upper Bound (%) | 3056 | 2668 | 2579 | 2381 | 1910 | 19.24 | 2421
S month MU N (N=20)  |Error (%) 118 | 087 | 224 | 187 | 250 | 158 | 187
Error Upper Bound (%) | 771 | 560 | 748 | 863 | 710 | 819 | 745
5 month SIGMA_NIN=20] |Error (%] 4083 | 657 | 1195 | 552 | 1424 | 146l | 1582
Error Upper Bound (%) | 23.20 | 17.74 | 2230 | 26.18 | 2307 | 2446 | 2283
12 month MU_N(N=48)  |Error (%] 348 | 269 | 247 | 275 | 368 | 335 | al7
Error Upper Bound (%) | 977 | 588 | 485 | 849 | 677 | 807 | 747
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span |ength 15m  |25m  |30m  |[40m  |SOm |7Om | Average
I month MU N(N=t)  |Error (% 152| 111| 167| 181 1g0| 135 151
Error Upper Bound (%) 372| 385 352 3A9| 2B6| 353 353
1 month SIGMA NN=4)  |Error (%) 1613 1725 1671 1776 1778 1716 1713
Error Upper Bound (%) | 2038| 2107 1897| 2166 1921| 23.27| 12076
S month MU_N(N=20]  |Error (% 18| 158 170 268| 172| 158| 185
Error Upper Bound (%) 476| 557 537 GSe4| 637| 633 A7
5 month SIGMA_NIN=20) {Error (%) 2189 1303 2121 2085| 1437| 2066| 1870
Error Upper Bound (%] | 2158| 2251| 1901 2271 2378 2422| 2230
12 month MU_N(N=48]  |Error (%) 309 378 328 307 308 3| ¥
Error Upper Bound (%) 739 604 765 708 664| 654 689
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JiangXi Province Data - Moment

span length 5m |5m  PB0m [0m  50m [70m | Average
Lrnonth MU N {N=8)  [Error %) T E R N 191 N 11 I 1 N R B
Error Upper Bound (%) 5431 454 585 48| 73l 437 55
Lmonth SIGMA_N{N=4) |Eror {%) 1941 1937 2008 2182 2315) 2266 2L0S
Error Upper Bound {%) 17300 1519 1754} leed| 1791 1581 1674
Smonth MU_N {N=20)  (Error (%) Loy 234 Lalp 083 L3 L8| L&
Error Upper Bound (%) 131|626 594 492 1L29|  73l] 1D
Smonth SIGMA_N{N=20} |Error {%) 2505 2488 2244) K43 539 B3| 2480
Error Upper Bound {%) 1737 2009 1775 17.07) 2L4L| 1751 1853
12 month MU_N{N=48}  |Error {%) 3,30 341 3.29 3.80 3.60 335 353
Error Upper Bound (%) 841 679 69| 430 1L26| 806  7.63




span length Bm o |5m PB0m |[40m |50m |70m Average
Lmonth MU N (N=1)  |Error (%) 19| 199 216 146 266 201 190
Error Upper Bound {%) 660 632 658 6d0| 600) 57| 627
Lmonth SIGMA_N{N=4) |Error {%) 24100 1594 12le) 1584 1412] 1443 lald
Error Upper Bound {%) 1879 1878 2089 leed| 2057 2008 19.46
s month MU N (N=20)  |Error (%) 23| 291 280 204 398 29| 267
Error Upper Bound {%) 7910 7470 666 793 655 766 736
Smonth SIGMA_N{N=20} |Error {%) 2429 1442 14970 1826 1690 1o.48| 1755
Error Upper Bound {%) 2002 1879 2208 1a99 2082 2189 2023
12 month MU_N{N=48)  |Error (%) 454 3.83 3.47 4.65 4.2 4.09 414
Error Upper Bound {%) 9100 752 868 849 743 173 | Al
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