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A Study on the Utilization of BWIM Using Theoretical
Response of Bridge

by
Jung, Min—-Sun

Department of Civil and Environment Engineering
Graduate School of Korea Maritime University

ABSTRACT

Due to increase of traffic and vehicle loading, increase in live load and
fatigue load has a major impact on safety and maintenance in bridge. In
order to determine the exact load, it 1s necessary to clearly understand of
the load evaluation and traffic characteristics.

In this study, response of strain data theoretically acquired from bottom
flange and longitudinal stiffener of plate girder bridge, utilization of Bridge
Weigh-In-Motion(BWIM), which calculate the characteristic and weight of
pass vehicle, are analysed.

Various real vehicle modeling was performed by using the DAP-1 that is
a dynamical program to analysis the time history. From this performing,
vehicle location, speed, wheelbase were analyzed by the time history
analysis based on vehicle characteristics of main girders and vertical
reinforcement. Also the influence line that reflects the dynamic behavior
was drawn. As a result of the influence line, the weight of the vehicle
was analyzed by reversely calculating.

As a result of this study, it is the most suitable that the response time
history of the short members differentiate to detect position and velocity

of the vehicle. In addition, to calculate the weight as a result of Influence



line based on the response of the relatively long material is the most

suitable.
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Calculate Element stiffness, mass and damping matrices and construct the
global matrices by transforming the element matrices into global doodinates

Decompose the matrix by Choleski method into
uppear triangular form

Transform the matrix into tridiagonal form by Householder transformation
and find eigenvalues and eigenvectors by QL algorithm

j Input load properties |

!

Assume initial conditions of the bridge |

!

t=t+At

!

Find wheel locations on bridge and construct load vector by
using Hermitian interpolation function

I

Calculate response at t=t+At by Newmark integration method
using response at previous time as initial conditions

5 Frint results at
specified Interval

Update maxima

T

| Print maxima if required l

l
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5001 ~5500 6 4 43 540
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33 4-3. Case AZR F3A] Azto]H &4

——Girder 1 (G1) ——Girder 1 (G1)
404 —Girder 2 (G2) 40 - ——Girder 2 (G2)
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04 o 0] G4
254 25
Gl G5
2 204 =90
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% 4-4. Case BE FA| AlZlo|&H sl A
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40+ ——Girder 2 (G2) 40+ ——Girder 2 (G2)
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I 4-8. Case AR FHA STHHE
£hel (ZTHKN), 2 1H%)

7= 1= o= 3= z =e
oAt S ar 97.10 124.60 114.80 336.50
iger] 22 105,24 11359 120.73 339.56

<t (8.38) (-8.83) (5.17) 0.91)

rders |22 9875 13673 103.18 338,66

1 <t (170) 9.74) (-10.12) 0.64)
LN e, 99.00 138.00 101.82 33881
f; Girder3 o 5y (196) (10.75) (-11.31) (0.69)
Girderd |22 104.13 120.00 11545 33958

<t 7.24) (-3.69) (0.56) 0.92)

Gigers | B2 103,11 130.50 106.30 339,91

<@t 6.19) @73 (-7.40) (1.01)

crger 22 102.97 130.69 106.22 339.88

<t (6.05) .88 (-7.47) (1.00)

Gigers B2 104.52 118.09 117.01 33961

) <t (7.64) (-5.23) (192) 099
| Grgers |22 99.00 137.95 101.85 33881
o <t (196) (10.72) (-11.28) 0.69)
Gigerd B2 9876 137.32 102.64 338.72

<t 171 (1021) (-10.59) (0.66)

Girders |22 105.19 11298 12134 33951

<t (833) (9.39) (5.69) (0.89)

E 4-9. Case BE A STHHE
£hel (ZTHKN), 2 1H%)

7= 1= o= 3= B

O|x2] 3% AtetSer 97.10 124.60 114.80 336.50
croer |22 102.08 115.62 121.02 33872

<t (5.13) (-7.21) (5.42) 0.66)

rderr B2 96.79 141.00 100.10 337.89

1 = (-0.32) (13.16) (-12.80) 041)
! . =g 96.59 14296 9851 338.06
f; Girder3 ™o 5 (-0.59) (14.73) (-14.19) (0.46)
Girders B2 105.48 100.53 133.04 339.05

<t 864) (-19.32) (15.89) 076)

Gigers |22 10774 9244 13938 339,56

2 | (100.96) (-25.81) (21.41) 091)

crgerr 22 107.39 9446 137.66 339.50

<t (10.60) (-24.19) (19.91) (0.89)

rder | EE 105.66 9951 133.90 339,07

) <t 881) (-20.14) (16.64) 076)
4 Gren | 2¥ 96.57 14293 9857 338.06
N © 2 (-0.55) (14.71) (-14.14) 0.46)
Groerd |22 96.80 14155 99,59 337.44

@At (-0.31) (13.61) (-13.25) 043)

Girders B2 101.95 116.00 120.70 338,65

<t (5.00) (-6.90) (5.14) (0.64)




I 4-10. Case CE FTUA| Z2ME

TE 1= 2= o= z s
TH A SE 97.10 124.60 114.80 336.50
Girder] %E_'ol: 88.37 119.90 124.41 332.68
2A (-8.99) (=3.77) 8.37) (-1.14)

Girder2 %E_'ol: 86.00 145.05 102.00 333.06
2* (-11.43) (16.41) (-11.15) (-1.02)

Girder3 %E_'ok 86.29 136.05 110.36 332.70
2A (-11.13) ©.19) (-3.87) (-1.13)

Girderd %E_'ol: 89.96 102.00 140.12 332.08
2* (-7.36) (-18.14) (22.06) (-1.31)

Girder5 %E_'ol: 91.36 81.86 158.13 331.35
2 At (-591) (-34.30) (37.74) (-1.53)

Girder] %E_'ok 91.21 82.87 157.33 331.41
2* (-6.06) (-33.49) (37.05) (-1.51)

Girder? %E_'ol: 89.96 102.24 139.89 332.10
2A (-7.35) (-17.94) (21.86) (-1.31)

Girder3 %E_'ol: 86.30 136.05 110.33 332.69
2* (-11.12) ©.19) (-3.89) (-1.13)

Girder %E_'ol: 85.94 143.56 103.48 332.99
2A (=11.49) (15.22) (-9.86) (-1.04)

Girder5 s 87.94 123.83 120.95 332.72
2 A (-9.44) (-0.62) (5.36) (-1.12)
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I 4-11. Case A9 A&
ch9| (XE*(kN) ZZtAH=2(m))
He = = == =717 a|
P1 P2 P3 P4 L1 L2 L3
A& Rpf 737 74.0 80.8 80.8 1.88 3.02 1.30
2ENE 64.7 106.9 775 74.6 1.50 3.75 1.70
¥ 4-12. Case Be| A&
ch9| ("E*(kN), ZZtAH=2(m))
e am = =gt =717 2]
P1 P2 P3 P4 L1 L2 L3
A& Rpf 64.7 106.9 775 746 1.50 3.75 1.70
2ENE 73.7 74.0 80.8 80.8 1.88 3.02 1.30




I 4-13. Case A9 Zzhd=E
ch2| (& 2HkN), 2 XH%))

TE 1= 2= o= 4= z s
AlE XSS 737 74 80.8 80.8 309.3
Girder] %%CP 103.88 50.58 60.22 100.11 314.78
2 At (40.95) (-31.65) (-25.47) (23.90) (1.77)
Girder2 %%CP 81.70 64.37 101.76 64.70 312.53
: 2 At (10.86) (-13.02) (25.94) (-19.92) (1.04)
2| Girder3 %%CP 84.38 64.66 92.62 71.35 313.00
M 2 At (14.49) (-12.63) (14.63) (-11.70) (1.20)
Girderd %E_'ol: 100.90 58.02 51.27 104.67 314.86
2 At (36.91) (-21.60) (-36.54) (29.55) (1.80)
Girder5 %%CP 100.59 60.71 53.32 100.94 315.56
2 At (36.48) (-17.95) (-34.02) (24.93) 2.02)
Girder] %%CP 100.05 61.51 52.48 101.45 31549
2 At (35.75) (-16.88) (-35.05) (25.56) (2.00)
Girder? %%CP 101.77 56.81 51.33 105.01 314.91
5 2 At (38.08) (-23.23) (-36.48) (29.97) (1.81)
| Girder3 %%CP 84.35 64.65 92.58 71.41 313.00
M 2 At (14.45) (12.63) (14.59) (-11.62) (1.20)
Girder %E_'ol: 81.70 64.42 102.64 63.84 312.60
2 At (10.86) (-12.95) (27.03) (-21.00) (1.07)
Girder5 %E_'ol: 102.95 51.79 59.27 100.66 314.68
2 At (39.69) (=30.01) (-26.65) (24.58) (1.74)
TE 1= 2= = 4= z 2
TH A SE 64.70 106.90 77.50 74.60 323.70
Girder] %E_'ol: 106.12 69.80 66.44 87.26 329.61
2 At (64.01) (=34.70) (-14.28) (16.97) (1.83)
Girder2 %E_'ol: 79.98 84.32 114.31 48.02 326.63
: 2 At (23.62) (-21.13) (47.50) (-35.64) 0.91)
2| Girder %%CP 84.38 64.66 92.62 71.35 313.00
M 2 At (27.21) (-19.96) (33.47) (-34.95) (1.11)
Girderd %%CP 100.81 80.67 54.18 94.10 329.77
2 At (55.82) (-24.53) (-30.09) (26.14) (1.88)
Girder5 %E_'ol: 100.48 83.26 55.04 91.71 330.49
2 At (55.30) (-22.12) (-28.99) (22.94) (2.10)
Girder] %%CP 99.69 84.48 53.70 92.%4 330.43
2 At (54.09) (-20.97) (=30.70) (24.05) (2.08)
Girder2 %%CP 102.05 79.00 54.67 94.09 329.82
5 2 At (57.73) (-26.10) (-29.45) (26.13) (1.89)
| Girder3 %%CP 82.27 85.57 103.44 56.02 327.29
M 2 At (27.15) (-1.95) (33.47) (-24.91) (1.11)
Girderd s 79.97 84.36 111.57 46.84 326.68
2 At (23.51) (-21.09) (49.12) (=34.21) 0.92)
Girder5 %%CP 104.47 72.01 68.98 88.05 329.51
2 At (61.47) (-32.64) (-16.15) (18.03) (1.80)




I 4-14. Case Be| Zzhd=
ch2| (& 2HkN), 2 XH%))

TE 1= 2= o= 4= z s
AlE XSS 64.70 106.90 77.50 74.60 323.70
Girder] %%CP 81.26 90.08 82.04 73.98 327.37
2 At (25.60) (-15.73) (5.86) (-0.83) (1.13)
Girder2 %%CP 80.19 7991 119.35 46.13 325.58
: 2 At (23.94) (-25.25) (54.00) (-38.16) (0.58)
2| Girder3 %%CP 78.65 83.96 111.95 51.41 325.96
M 2 At (21.56) (-21.46) (44.45) (-31.09) (0.70)
Girderd %%CP 76.63 100.70 65.84 84.30 327.46
2 At (18.44) (-5.80) (-15.05) (13.00) (1.16)
Girder5 %%CP 76.53 103.06 60.65 87.67 327.91
2 At (18.28) (-3.59) (-21.74) (17.52) (1.30)
Girdert %%CP 75.89 103.87 60.33 87.80 327.90
2 At (17.29) (-2.84) (-22.15) (17.70) (1.30)
Girder2 %%CP 77.35 99.73 66.02 84.39 327.49
5 2 At (19.56) (=6.71) (-14.81) (13.12) (1.17)
| Girder3 %%CP 78.68 83.88 112.05 51.34 325.95
M 2 At (21.61) (-21.53) (44.58) (-31.19) (0.70)
Girderd %%CP 80.34 79.54 120.51 45.22 32561
2 At (24.17) (-25.59) (55.49) (-39.39) (0.59)
Girder5 %E_'ok 79.84 92.18 80.64 74.64 327.30
2 At (23.31) (=13.79) (4.05) 0.11) (1.10)
TE 1= 2= = 4= e
TH A SE 737 74 80.8 80.8 309.3
Girdert %E_'ok 85.11 65.42 97.37 64.93 312.83
2 At (15.48) (-11.59) (20.51) (-19.64) (1.14)
Girder2 %%CP 81.48 61.99 124.46 43.64 311.57
: 2 At (10.55) (-16.23) (54.04) (-45.99) 0.73)
2| Girder %%CP 81.54 63.41 119.82 47.06 311.82
M 2 At (10.63) (-14.31) (48.29) (-41.76) 0.81)
Girderd %E_'ok 82.51 73.26 81.88 75.21 312.86
2 At (11.95) (-0.99) (1.34) (-6.92) (1.15)
Girder5 %E_'ok 82.50 7526 77.25 78.25 313.25
2 At (11.94) (1.70) (-4.39) (-3.16) (1.28)
Girdert %E_'ok 82.16 75.64 77.18 78.25 31324
2 At (11.49) 2.21) (-4.48) (-3.15) (1.27)
Girder2 %E_'ok 82.98 72.58 81.85 7547 312.88
5 2 At (12.60) (-1.91) (1.30) (-6.60) (1.16)
| Girder3 %%CP 81.55 63.36 119.87 47.02 311.81
M 2 At (10.65) (-14.38) (48.36) (-41.80) 0.81)
Girderd s 81.68 61.65 125.09 43.20 311.62
2 At (10.83) (-16.69) (54.82) (-46.54) 0.75)
Girder5 %E_'ok 84.22 66.73 96.70 65.11 312.76
2 At (14.27) (-9.83) (19.68) (-19.41) (1.12)
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shoqlele) Faawel 9147k Weldss Foat AA ot
[e2]

Aa & JAT ook wAdsHAl 45 diall A&sklar s 4-18% 1% 4-10

of Yetdglct o] FolA = Girder 1914 Al@At&Fo] Case At Case 19 +3
& HEAs dnAs e FEasit,
HE 4-15. 35 A @AZFo| IWF oA FHFH L
(a) Girder 1 9|A¢ SFH|
@49 (FFKN), 23 (%))

T 1= 2% 3= s =Ek

Al & ALt 76 120 120 316

Case A %E_'ol: 81.93 110.87 125.24 318.04

2xt (7.80) (-7.61) (4.37) (0.65)

Case B %E_'ok 82.02 110.62 12542 318.06

2xt (7.93) (-7.82) (4.51) (0.65)

Case C %E_'ok 82.18 110.09 125.81 318.07

AL 8.13) (-8.26) (4.84) (0.66)

Case D %E_'ok 82.25 109.90 125.93 318.08

Girder Xt 8.23) (-8.42) (4.94) (0.66)
1 Case E %E_'ok 82.40 109.42 126.29 318.10
2xt (8.42) (-8.82) (5.24) (0.67)

Case F %E_'ok 82.40 109.60 126.11 318.10

2xt (8.42) (-8.67) (5.09) (0.66)

Case G %E_'ok 82.51 109.26 126.34 318.11

2xt (8.56) (-8.95) (5.29) (0.67)

Case H %E_'ok 82.59 109.01 126.52 318.13

2xt (8.67) (-9.15) (5.44) (0.67)

Case | ey 81.93 110.87 125.24 318.04

22Xt (7.80) (-7.61) (4.37) (0.65)




(b) Girder 2914 ¢ FH|

@9 (FF(KN), 23 (%))

= 15 2= 3= = =&t
A& Rt2f 76 120 120 316
Case A %E_'ok 80.23 114.64 122.85 317.72
2xt (5.57) (-4.47) (2.37) (0.54)

Case B %E_'ok 80.23 114.57 122.93 317.73
2xt (5.57) (-4.53) (2.44) (0.55)

Case G %E_'ok 80.23 114.60 122.89 317.73
2xt (5.57) (-4.50) (2.41) (0.55)

Case D %E_'ok 80.24 11454 122.96 317.73
Girder 2xt (5.58) (-4.55) (2.47) (0.55)
o Case E %E_'ok 80.24 11454 122.95 317.73
2xt (5.58) (-4.55) (2.46) (0.55)

Case F %E_'ok 80.25 114.46 123.04 317.74
2xt (5.59) (-4.62) (2.53) (0.55)

Case G %E_'ok 80.25 11448 123.00 317.73
2xt (5.59) (-4.60) (2.50) (0.55)

Case H %E_'ok 80.26 114.45 123.03 317.74
2xt (5.60) (-4.63) (2.53) (0.55)

Case | %E_'ok 80.27 114.32 123.16 317.75
2 Xt (5.61) (-4.73) (2.63) (0.55)

(c) Girder 39149 Fu|w
@9 (FF(KN), 23 %))

= 1= 2= 3= = =&t
A& Rt2f /6 120 120 316
Case A ey 80.19 116.34 121.30 317.83
2xt (5.52) (-3.05) (1.09) (0.58)

Case B =k 80.20 116.16 121.48 317.84
2 X} (5.52) (-3.20) (1.24) (0.58)

Case C ey 80.19 116.15 121.48 317.83
2xt (5.51) (-3.21) (1.24) (0.58)

Case D %E_'ok 80.19 116.10 121.53 317.82
Girder 2xt (5.51) (-3.25) (1.27) (0.58)
3 Case E %E_'ok 80.20 115.95 121.67 317.82
2xt (5.52) (-3.37) (1.39) (0.57)

Case F %E_'ok 80.21 115.79 121.82 317.82
2xt (5.53) (-3.51) (1.52) (0.57)

Case G %E_'ok 80.21 115.79 121.81 317.81
2xt (5.53) (-3.51) (1.51) (0.57)

Case H %E_'ok 80.22 11558 122.01 317.81
2xt (5.55) (-3.68) (1.68) (0.57)

Case | %E_'ok 80.23 11544 122.15 317.81
2 Xt (5.56) (-3.80) (1.79) (0.57)




(d) Girder 4914 ¢ Fu|n
39 (FZ(kN), 23 %))

= 15 2= 3= = =&t
A& Rt2f 76 120 120 316
Case A %E_'ok 84.65 103.51 130.20 318.35
2xt (11.38) (-13.74) (8.50) (0.75)

Case B %E_'ok 84.73 102.98 130.66 318.36
2xt (11.48) (-14.19) (8.89) (0.75)

Case C %E_'ok 84.65 103.21 130.49 318.35
2xt (11.38) (-13.99) (8.74) (0.74)

Case D %E_'ok 84.59 103.40 130.34 318.34
Girder 2xt (11.31) (-13.83) (8.62) (0.74)
414 Case E %E_'ok 84.43 104.09 129.80 318.32
2xt (11.09) (-13.26) (8.16) (0.73)

Case F %E_'ok 84.52 103.45 130.36 318.33
2xt (11.22) (-13.79) (8.63) (0.74)

Case G %E_'ok 84.39 103.96 129.96 318.31
2xt (11.05) (-13.36) (8.30) (0.73)

Case H %E_'ok 84.23 104.63 129.42 318.29
2xt (10.83) (-12.81) (7.85) (0.72)

Case | %E_'ok 84.30 104.15 129.86 318.30
2i | (1092 13.21) 821) 073)

(e) Girder 5949 Fu|m
@9 (FF(KN), 23 %))

= 1% 2= 3= = =&t
A& Rt2f 76 120 120 316
Case A %E_'ok 85.89 102.19 130.67 318.75
2xt (13.02) (-14.85) (8.89) (0.87)

Case B %E_'ok 85.86 102.27 130.61 318.74
2xt (12.97) (-14.78) (8.84) (0.87)

Case C %E_'ok 85.80 102.45 130.48 318.72
2xt (12.89) (-14.63) (8.73) (0.86)

Case D %E_'ok 85.76 102.50 130.46 318.72
Girder 2xt (12.84) (-14.58) (8.72) (0.86)
5 Case E %E_'ok 85.78 102.15 130.80 318.72
2xt (12.87) (-14.88) (9.00) (0.86)

Case F %E_'ok 85.62 102.88 130.19 318.69
2 X} (12.66) (-14.26) (8.49) (0.85)

Case G %E_'ok 8557 103.01 130.11 318.68
2 X} (12.59) (-14.16) (8.42) (0.85)

Case H i 85.51 103.10 130.07 318.68
2xt (12.51) (-14.08) (8.39) (0.85)

Case | ey 85.45 103.20 130.02 318.67
2 Xt (12.44) (-=14.00) (8.35) (0.84)
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X 4-16. 45 AN @AZFo| IAF oA FHFH L
(a) Girder 1 9|A¢ SFH|
39 (FF(kN), 22H%))
T 1= 2= 3= 4= 5 =&
Al & ALt 73.7 74 80.8 80.8 309.3
Case A %E_'ok 102.55 51.17 63.36 97.56 31464
2xt (39.14) (-30.85) (-21.58) (20.74) (1.73)
Case B %E_'ok 102.97 50.94 62.43 98.35 31468
2xt (39.71) (-31.17) (-22.73) (21.72) (1.74)
Case C %E_'ok 103.28 50.80 61.72 98.91 314.71
2xt (40.14) (-31.34) (-23.62) (22.41) (1.75)
Case D %E_'ok 103.58 50.70 60.95 99.51 314.75
Girder A | (4055 | (-3148) | (-2457) | (2316) | (1.76)
{4 Case E %E_'ok 103.88 50.58 60.22 100.11 314.78
- 2xt (40.95) (-31.65) (-25.47) (23.90) (1.77)
Case E %E_'ok 104.08 50.56 59.65 100.52 314.81
2xt (41.23) (-31.68) (-26.18) (24.40) (1.78)
Case G %E_'ok 104.34 50.45 58.90 101.15 314.85
2xt (41.58) (-31.82) (-27.10) (25.18) (1.79)
Case H ey 104.48 50.50 58.38 101.51 31487
2xt (41.76) (-31.75) (-27.75) (25.63) (1.80)
Case | BN 104.54 50.62 58.02 101.70 314.88
2 At (41.85) (-31.60) (=28.19) (25.86) (1.80)
(b) Girder 29|A 9] F=Fr]|un
39 (FF(kN), 22H%))
T 1= 2= 3= 4= 5 =&
Al & ALt 73.7 74 80.8 80.8 309.3
Case A BN 81.20 64.67 102.67 63.92 31245
2xt (10.17) (-12.61) (27.07) (-20.89) (1.02)
Case B %E_'ok 81.31 64.60 102.45 64.11 31247
2xt (10.33) (-12.71) (26.80) (-20.66) (1.03)
Case C %E_'ok 81.43 64.54 102.21 64.32 31249
2xt (10.49) (-12.79) (26.50) (-20.40) (1.03)
Case D %E_'ok 8157 64.44 102.04 64.45 31251
Girder 2xt (10.68) (-12.92) (26.29) (-20.23) (1.04)
ol Case E %E_'ok 81.70 64.37 101.76 64.70 31253
2xt (10.86) (-13.02) (25.94) (-19.92) (1.04)
Case E %E_'ok 81.86 64.25 101.59 64.84 31254
2xt (11.07) (-13.17) (25.73) (-19.75) (1.05)
Case G %E_'ok 82.02 64.14 10142 64.97 312.56
2xt (11.29) (-13.32) (25.52) (-19.59) (1.05)
Case H %E_'ol: 8217 64.04 101.10 65.28 31259
2xt (11.50) (-13.46) (25.12) (-19.21) (1.06)
Case | %E_'ol: 82.35 63.90 100.87 65.48 312.61
2 Xt (11.74) (-13.64) (24.84) (-18.96) (1.07)




(¢) Girder 3914¢] Zu|m

@9 (FFEN), 22H%))

TE 1= 2= 3= 4= = &2
A& Rt2f 73.7 74 80.8 80.8 309.3
Case A %E_'ol: 85.64 64.43 89.06 74.04 313.17
2xt (16.20) (-12.93) (10.22) (-8.37) (1.25)

Case B %E_'ok 85.29 64.49 89.93 7343 313.14
2xt (15.73) (-12.85) (11.30) (-9.13) (1.24)

Case C %E_'ol: 84.95 64.57 90.88 72.69 313.09
2xt (15.27) (-12.75) (12.48) (-10.04) (1.23)

Case D %E_'ol: 84.66 64.61 91.76 72.03 313.05
Girder 2xt (14.86) (-12.69) (13.56) (-10.86) (1.21)
3 Case E %E_'ol: 84.38 64.66 92.62 71.35 313.00
2xt (14.49) (-12.63) (14.63) (-11.70) (1.20)

Case F %E_'ok 84.12 64.70 93.41 70.74 31296
2xt (14.14) (-12.57) (15.61) (-12.45) (1.18)

Case G %E_'ol: 83.89 64.71 94.09 70.24 31293
2xt (13.83) (-12.55) (16.45) (-13.07) (1.17)

Case H %E_'ol: 83.68 64.74 94.71 69.77 312.89
2xt (13.54) (-12.52) (17.22) (-13.65) (1.16)

Case | %E_'ol: 83.48 64.75 95.24 69.39 31287
2 At (13.27) (=12.50) (17.88) (=14.12) (1.15)

(d) Girder 49|~ 9] F=H|u

@9 (FF(KN), 23 (%))

TE 1= 2= 3= 4= = &2
A& Rt2f 73.7 74 80.8 80.8 309.3
Case A %E_'ol: 100.98 58.19 51.23 104.52 31491
2xt (37.01) (-21.37) (-36.60) (29.36) (1.81)

Case B %E_'ol: 101.06 58.01 50.96 104.89 314.92
2xt (37.13) (-21.60) (-36.93) (29.81) (1.82)

Case C %E_'ok 101.00 58.02 51.12 104.76 31490
2xt (37.04) (-21.59) (-36.73) (29.65) (1.81)

Case D %E_'ol: 101.00 57.96 51.08 104.85 314.89
Girder 2xt (37.05) (-21.68) (-36.78) (29.76) (1.81)
414 Case E %E_'ok 100.90 58.02 5127 104.67 314.86
2xt (36.91) (-21.60) (-36.54) (29.55) (1.80)

Case E %E_'ol: 100.95 57.87 51.16 104.89 314.87
2xt (36.98) (-21.80) (-36.68) (29.81) (1.80)

Case G %E_'ol: 100.77 58.04 51.54 104.48 31483
2xt (36.73) (-21.57) (-36.21) (29.30) (1.79)

Case H %E_'ol: 100.75 57.99 51.54 104.54 314.82
2xt (36.70) (-21.63) (-36.22) (29.39) (1.78)
Case | =k 100.73 57.94 51.58 104.56 314.81
2 Xt (36.67) (=21.70) (-36.16) (29.41) (1.78)




(e) Girder 5914 ¢] FH|n
&+ (2% KN), 2XH%))

TE 1= 2= I= 4= z s
Al B A2 73.7 74 80.8 80.8 309.3
Case A %E_'ok 100.20 61.38 53.00 101.02 315.61
2A (35.96) (-17.05) (-34.41) (25.03) (2.04)
Case B %E_'ol: 100.31 61.19 53.03 101.06 315.60
2* (36.11) (-17.31) (-34.37) (25.08) (2.04)
Case C %E_'ol: 100.38 61.07 53.21 100.92 315.58
2A (36.21) (-17.48) (-34.15) (24.90) (2.03)
Case D %E_'ok 100.52 60.84 53.17 101.04 315.58
Girder 2* (36.39) (-17.78) (-34.19) (25.06) (2.03)
5 Case E %E_'ol: 100.59 60.71 53.32 100.94 315.56
2A (36.48) (-17.95) (-34.02) (24.93) (2.02)
Case F %E_'ol: 100.71 60.49 53.21 101.15 315.56
2* (36.65) (-18.25) (-34.14) (25.18) (2.03)
Case G %E_'ol: 100.78 60.36 53.38 101.02 315.54
2A (36.75) (-18.43) (-33.93) (25.02) (2.02)
Case H %E_'ol: 100.87 60.19 5345 101.03 315.54
2* (36.87) (-18.66) (-33.85) (25.03) (2.02)
Case | %E_'ol: 101.00 59.96 53.35 101.22 315.54
2 A (37.05) (-18.97) (-33.97) (25.27) (2.02)




10% 10%

500 - 500 -
o Case A
Case B -10% -10%
4L CaseC 100
40049 Case D 1
g Case E z2
‘E’ 4 CaseF é
B0 b CaseG B %0+
9 0 CaseH g
..;_ # Case I %
° °
5 200 g 200
£ £
UwJ 100 4 m 100 4
0 T T T T 1 0 ) T T T 1
0 100 200 300 400 500 0 100 200 300 400 500
Weight(kN) Weigtht(kN)
(a) Girder 1 (b) Girder 2
10% 10%
-10% -10%
z 3
< <
£ £
2 2
° °
S S
s s
5 20+ § 2004
© ©
£ £
kil k7l
w100 w100 [
0 T T T T 1 0 L T T T T 1
0 100 200 300 400 500 0 100 200 300 400 500
Weigtht(kN) Weigtht(kN)
(c) Girder 3 (d) Girder 3
10%
-10%
z
<
=
2
]
S
s
S 200 4
T
£
ki
w100
0 T T T T 1
0 100 200 300 400 500

Weigtht(kN)
(e) Girder 5
I9 4-8. 4F A garFo] e o]lFA AU



¥ 4-17. Girder 104 3% F3xako] FHIgF o|FA| FHH| L
(a) AN 8x1 Case A F8 A
+Y (FFKN), 23H%))

= 1= 2= 3= = =8k
Tl Xtk 97.10 124.60 114.80 336.50
Case A %E_'ok 101.03 120.72 116.86 338.61
2Kt (4.05) (-3.11) (1.79) (0.63)
Case B = E_'ol: 102.52 108.29 125.82 336.62
2Kt (5.58) (-13.09) (9.60) (0.04)
Case C = E_'ol: 106.38 74.74 149.66 330.78
2Kt (9.55) (-40.01) (30.37) (-1.70)
o Case D = E_'ol: 105.21 85.22 142.29 332.71
Al & Atk 2Kt (8.35) (-31.61) (23.94) (-1.13)
Case A Case E = 103.91 96.44 134.31 334.65
= 2Kt (7.01) (-22.60) (16.99) (-0.55)
Case F = E_'ol: 107.46 64.83 156.60 328.88
2Kt (10.67) (-47.97) (36.41) (-2.26)
Case G = E_'ol: 107.46 64.83 156.60 328.88
2Kt (10.67) (-47.97) (36.41) (-2.26)
Case H = E_'ol: 107.46 64.83 156.60 328.88
2Kt (10.67) (-47.97) (36.41) (-2.26)
Case | = E_'ol: 110.08 38.96 174.26 323.30
2Kt (13.36) (-68.73) (51.80) (-3.92)
(b) Al8AF Case I T3 A
@9 (FF(kN), 2XH%))
= 15 2= 3= = =&
Tl Xtk 97.10 124.60 114.80 336.50
Case A %E_'ok 101.03 120.72 116.86 338.61
2Kt (4.05) (-3.11) (1.79) (0.63)
Case B = E_'ol: 102.52 108.29 125.82 336.62
2Kt (5.58) (-13.09) (9.60) (0.04)
Case C = E_'ol: 106.38 74.74 149.66 330.78
2Kt (9.55) (-40.01) (30.37) (-1.70)
Case D = E_'ol: 105.21 85.22 142.29 332.71
Al & Atk 2Kt (8.35) (-31.61) (23.94) (-1.13)
Case | Case E s 103.91 96.44 134.31 334.65
= 2Kt (7.01) (-22.60) (16.99) (-0.55)
Case E = E_'ol: 107.46 64.83 156.60 328.88
2Kt (10.67) (-47.97) (36.41) (-2.26)
Case G s 107.46 64.83 156.60 328.88
2Kt (10.67) (-47.97) (36.41) (-2.26)
Case H = 107.46 64.83 156.60 328.88
2Kt (10.67) (-47.97) (36.41) (-2.26)
Case | s 110.08 38.96 174.26 323.30
2Kt (13.36) (-68.73) (51.80) (-3.92)
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