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Analysis of Moment Effect of Bridge Design Live Load KL-510 by
Statistical Analysis of WIM Data of Expressway

Paik, Inyeol'*, Jeong, Kilhwan?

'Professor, Department of Civil and Environmental Engineering, Gachon University, Gyeonggi-Do, 13120 Korea
*Master student, Department of Civil and Environmental Engineering, Gachon University, Gyeonggi-Do, 13120 Korea

Abstract - The live load effect of KL-510 of the current Korean bridge design code is examined by comparing with that of the
multiple trucks of which the weights are statistically estimated from measured traffic data as well as with those of the related live
load models. The truck weight data measured on the expressway before and after overweight enforcement are used to obtain the
truck weights following the same procedures in deciding the live load model of the design codes and the results are compared
with the load effect of KL-510. KL-510 yields a very uniform loading effect compared with the multiple truck effects when the
weights are estimated from the data which contains some of the heavy trucks over the operational weight limit. KL-510 yields
consistent results with the live load of AASHTO LRFD and shows less variation than the past load model DB-24 over the span
lengths considered in this study. As a result of this research, the actual truck combinations equivalent to the notional KL-510 load
model are constructed and it can be applied to the evaluation of the existing bridge and the calibration of the load factor of the
permit vehicle.
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Fig. 1. Average number of daily truck traffic of class 7 and 12
over the legal restriction weight of 40tonf (392.4kN) by
month

Table 1. Average dimension and axle weight distribution of
class 7 and class 12 truck
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Fig. 2. Estimation of maximum weight of (a) CL 7 truck (b)

CL 12 truck
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Table 2. Maximum measured weight in 2weeks and estimated

weight for 100years (kN)

CL 7 CL 12
Data Measured | Estimated | Measured | Estimated
Max. Max. Max. Max.
P-1 528 592 648 834
P-2 504 550 527 612
P-3 468 504 524 588
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Fig. 3. Moment ratio of a single truck with maximum estimated
weight to KL-510
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Table 3. Probability of back-to-back traffic

No correlation | Full correlation
Nowak 0.02 0.002
Hwang 0.02 0.004
P-1 0.01 0.004
WIM Data*
P-2, P-3 0.01 0.002

Note: Assuming traffic jam situation

Table 4. Estimation of 100years maximum weight of two serial

trucks (kN)
T&7 7&12
No cor. | Full cor. | No cor. Full cor.
Nowak 519 442 | 501 501 | 519 469 501 547
Hwang 519 442 | 507 507 | 519 469 506 553
Data 512 442 | 499 499 | 512 469 -
12&7 12&12
No cor. | Full cor. | No cor. Full cor.
Nowak | 570 442 | 547 501 | 570 469 546 546
Hwang | 570 442 | 553 506 | 570 469 553 553
Data 561 442 | 543 499 | 561 469 543 543
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Table 5. Estimation of 100years maximum weight of three serial

CL7 trucks (kN)
N & N cor. N & F cor. F & F cor.
Nowak 442 482 442 | 442 464 464 | 447 447 447
Hwang 442 482 442 | 442 470 470 | 457 457 457
Data 442 468 442 | 442 455 455 | 444 444 444
1.4
1.2
o IR e
- N -~
Cos R
- —
% 0.6 T
=
5 -
=04
0.2 ---Single-Tr —2Tr.(5m)
o — -3Tr.(15m)
0 20 40 60 80 100 120

Span length(m)

Fig. 6. Maximum moment effect by a single, two and three serial
trucks estimated by P-2 data

Table 6. Truck combinations governing moment effect per span

lengths
span (m)| 5~10 15~25 30~55 60~75 | 80~120
Truck | _. 7812, 12&7, | 7&7&7
Combo. | P8¢ 7 1e7 rc "% FC g7 k| N
weicht 442&
(ié) 550 501 & 501% 483&
442

Note: As the difference in value is not large, CL7 vehicles
are shown, representatively.
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Table 7. Multilane presence factors
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Fig. 9. Envelop of maximum moment effect in each period as
well as by the legal restriction weight of 40tonf (392.4

kN) truck
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Fig. 10. Selective live load model (a) KL-510 of KHBDC-LSD
(75% of truck weight considered) (b) DB-24 of KHBDC
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Fig. 11. Moment ratio of KL-510 and HL-93 to DB24

4= Tables 7 9 8o YEP| ST}, ol 59, HLI3SHSS
12k2 Akl Aol E}iﬁﬁl# 1.25 #3faL, Fig,
VoA E-elEolls 5 AA5S 1,335 |3,

Fig. 11> KHBDC 343" 3} 7+o] KL-5107} HL-930] 2]
3t mH EES DB-249} | w3t 1ot} o] 1YL R AL
ot SAAG 4 DolsAlT7 B A8EA] 92 Aol

O] Fig, 90ll4 P-2 At 9| T EY Wl g E-jo R
olst RHIEE DB-24 4 HL-93¢] th3l H]&-L Fata
KL-5100] o3t vl-&2} A Fig, 12¢] =A|5kIT,

Fig. 125 E¥ = WIM glojgof| T2 HHE= nl=
HL-93 &sl5of Hlgto] 2kom Hit 0,830[ch 7|& =y
25l DB—240] H]a A= A7k 20m o] Fol|A] ulj-9- 2,
o= 2t o] AdYst= Aol siFetH ols A|zhollAl=
DB-240]| H]3}o] B4 1. 254 At} E3F KL-5107F HL-93
2 AA| Akl tiske] BlaA F AR H]ES HofF=al §lo

ST 2ers =2 A298 A6T(EA A151%) 20179 129 473



UEER WIM Hlojeo] FARAS F3 uw A"

1.6
1.4
212 S e
e o
-
/‘\
£ 1 NS
£ Lemmmm—n
E 0.8 S P A T e dsstimiomeee= s T -
0.6
... P-2/DB-24 —P-2/KL-510
04 ——P-2/HL-93
0 20 40 60 80 100 120

span length(m)

Fig. 12. Ratio of moment by estimated truck effect to KL-510,
HL-93 and DB24 loaded in one lane
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Table 9. Probability of side-by-side

Degrees of correlation

No correlation Full correlation

Nowak & Hwang 1/15 1/15/30

Table 10. Estimation of 100-years maximum weight of two trucks
in parallel (kN)

1&7 12&12
No cor. [Full cor.| No cor. | Full cor.
parallel | lane 1 529 502 583 547
trucks | lane 2 | 442 502 469 547
vi‘;?;t eosf“;ni‘::fk 550 | ss0 | 612 612

Table 11. Moment ratio of the parallel single trucks to the max.
single truck on two lanes

7&7 12&12

No cor. Full cor. No cor. Full cor.

0.88 0.91 0.86 0.90
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MF. = -
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moment by 2 serial trucks on 2 lanes

MF. = moment by 2 serial trucks on 1 lane * 2 @
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Fig. 13. Estimation of maximum moment ratio of two serial
trucks on two lane loading

Table 12. Maximum moment ratio of two serial trucks on two
lane loading
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Fig. 14. Ratio of moment by the estimated two serial trucks on
two lane loading to KL-510, HL-93 and DB24 loaded
in two lanes

Table 13. Live load factor applied to truck model

7&7 0.86 | 0.86 | 0.86 | 0.86 | 0.86 0.86
12&12 | 0.75 | 0.74 | 0.74 | 0.74 | 0.74 0.74
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Fig. 15. Ratio of the factored moment of KL-510 compared to
DB24 and HL-93 loaded in two lanes
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