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Load Carrying Capacity Assessment of Bridges
with Elastic Supports Application
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ABSTRACT : This study applied elastic supports in order to evaluate load carrying capacity using measurement data
obtained from load tests actively and utilizing various evaluation methods. In order to confirm the adequacy of structural
analysis based on elastic supports and to improve the reliability of experiment results, we conducted a deflection test with
flexural beams prepared as overhanging beams and, based on the results, performed precision safety diagnosis for real
bridges under public service for improving the load carrying capacity evaluation method for bridges under public service.
In the results of the bending test, compared to deflection calculated by the existing method, deflection obtained by
applying elastic supports was closer to the actually measured deflection. In the results of evaluating load carrying capacity
for a 3 span continuous steel box girder bridge just after its completion, load carrying capacity by elastic supports was
smaller by up to 39% than that by the existing method. When the load carrying capacity of bridges is evaluated by the
existing method the results vary among engineers due to lack of guidelines for evaluation such as the application of stress
modification factor. This study was conducted as an effort to solve this problem through active research.
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Fig. 1 Member Force and Joint Displacement of Beam Element
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Fig. 2 Beam Element with Elastic Supports
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Table 1. Response Ratio(400kN)

Node Ouut Oinea Response Ratio
1 -2.50 -0.27 9.26
10 3.40 3.33 1.02
14 4.17 3.73 1.12
18 3.40 3.15 1.08
27 -2.50 -0.30 8.33
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Table 3. Reaction Force of Elastic Supports(kN)

Node I il il
(400kN) | R, Ro Ros Rsa Rs2 Rss
1 - - - -28 - -
10 - 200 - - - -
14 281 - - 252 -
18 - 200 - - -
27 - - - - - -28
Node I it I
(400kN) Ry Roa Ros Rs1 Rs2 | Rass
1 - - NN -
10 - 225 - - - -
14 316 | - - ENEE
18 - N - -
27 - - - - - -31

Table 2. Response Ratio(450kN)

Table 4. Spring Stiffness of Elastic Supports(N/mm) (AlZ)

Node Ot Opnea Response Ratio Node I il I
1 2.81 0.52 5.40 mikN) | o1 | Koo 953554 Koz | Koo
10 3.83 3.47 1.01 o Y e
14 4.69 3.96 118 TR T |
18 3.83 3.39 1.13 18 - T aee9 | - -
27 -2.81 -0.54 5.20 27 - - - - - 82,133
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Table 4. Spring Stiffness of Elastic Supports(N/mm)

Node I I m
(400kN) Ki Ko Koo Kz Kso Kss
1 - - - 48583 - -
10 - 6,095 - - - -
14 12,421 - - - 11,831 -
18 - - 7,625 - - -
27 - - - - - 46,375
Plz Plz
7 N “10 37, 78 27
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Fig. 6 Deflection Pattern based on Elastic Spring Supports
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Table 5. Response Ratio with Elastic Supports

400kN 40kN
I I il I I il

Node

1 841 88 3.22 467 48 2.56

10 093 0.98 067 0.5 0.99 0.76

14 1.00 1.06 0.72 1.00 1.06 0.80

18 098 1.02 071 0938 1.01 0.78

27 757 790 3.07 450 467 2.50

Test Lond & Nmber o prings Test Load & Number of Spings Test Load & Numberof Srings

(b) Node 10 (c) Node 14

i of Deps
i of Dsp

Test Load & Number of srngs Test Load . Number o pings

(d) Node 18 (e) Node 27

Fig. 7 Deflection Respondent-Ratio according to Analysis Method
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400kN 450kN
Node 14
Segzte] A AR HAS e R §8-3E4 I il il I il il
W 3 2O 3 I
el fstel Wistel s 27kek A3t Table 6 2] Adisks: M0N-m)| 0483 | 0.483 | 0.483 | 0.483 | 0.483 | 0.483
1 400kN< ™ 1.18~1.30Pr, 450kN< ) 1.13~1.21Pr <1 A (kN -m)|129.97 |142.85 | 90.22 [135.49 |151.12 |105.42
o2 HrhEdct. :
£,(0MPa) | 041| 041| 041| 041] 041| 041
Table 6. Load Carrying Capacity using Conventional Method f,(MPa) [109.22 |120.04 | 75.82 [113.86 |127.00 | 88.59
400kN 450kN f,0MPa) | 190 | 190 | 190 | 190| 190| 190
10 14 18 10 14 18 RF 134 121 1.92| 1.28| 1.15| 165
M;(KN-m)| 0.364 | 0.483 | 0.364 | 0.364 | 0.483 | 0.364 K 100! 106! 072 100! 106! 080
M(KN-m)| 150 | 150 | 150 | 169 | 169 | 169 P [1.34Pr |1.28Pr |1.38Pr [1.28Pr |1.22Pr |1.32Pr
£,(MPa) | 0.31 | 041 | 031 | 031 | 041 | 031
£,(MPa) |126.05|126.05(126.05 | 142.02 | 142.02 | 142.02 Node 18 400kN 450kN
oae
£,(MPa) | 190 | 190 | 190 | 190 | 190 | 190 I il i I il i
RF 116 | 1.16 | 1.16 | 1.03 | 1.03 | 1.03 M,(&N-m)| 0.364 | 0.364 | 0.364 | 0.364 | 0.483 | 0.483
K, 1.02 | 1.12 | 1.08 | 1.10 | 1.18 | 1.13 M(KN - m)[138.87 |141.01 | 96.58 |135.49 |151.12 |105.42
P 1.18 P;|1.30 P,|1.25 P,|1.13 P;|1.21 P,|1.16 P, ,(MPa) 0.31 0.31 0.31 0.41 0.41 0.41
£,(MPa) |116.70 [118.50 | 81.16 [113.86 [127.00 | 88.59
7} e e e RS Agale] AXkE yslEe e
o e n T g f,0MPa) | 190| 190| 190| 190| 190| 190
Mol A F¢ 2 Hed B AFoME A A &
AR RS Bk Yatd S Alxelr] $Jste] 27 S RE 1.25) 1.23] 180] 128]| 115] 165
Ks7} ‘Tl 7M1 Wl 24 die] vslges ﬂﬂé}‘ﬂ K, 0.98| 1.02| 071 1.00| 1.06| 0.80
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Table 7. Load Carrying Capacity using Elastic Supports

400kN 450kN
Node 10
I il m I I m

M;(kN -m)| 0.364 | 0.364 | 0.364 | 0.364 | 0.364 | 0.364
M (kN - m)|138.87 [144.68 | 95.29 [150.27 |151.98 [116.35
fi(MPa) | 0.31| 0.31| 031| 0.31| 0.31| 0.31
f,(MPa) |116.70 [121.58 | 80.08 |126.28 |127.71 | 97.77
f,(MPa) 190 190 190 190 190 190

RF 125 120 1.82| 1.16| 1.14| 1.49

K, 093 0.98| 067 095| 0.99| 0.76

P 1.16Pr 1.18Pr |1.22Pr {1.10Pr [1.18Pr [1.13Pr
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(a) Node 10

(b) Node 14
Fig. 8 Load Carrying Capacity according to Analysis Method
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Fig. 9 Test Bridge State

Fig. 10 Load Case
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Table 8. Static Loading Test Results(mm)

Load Case Gr Ge Gs
LCy 7.12 5.39 3.58
LCs 5.12 5.73 5.13
LCs 3.48 5.41 7.03
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Fig. 11 Analysis Model

Table 9. Deflection Response Ratio

Load Case Gi Ge Gs
LGy 1.266 1.212 1.211
LCq 1.222 1.285 1.220
LCs 1.245 1.208 1.282
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Table 10. Load Carrying Capacity using Conventional Method

R G Ge Gs
f.(MPa) 190 190 190
M, (N m) 19,310 | 19,271 | 19,310
f,(MPa) 9.6 96.4 96.6
M,(N ) 7,625 7,643 6,632
f,(MPa) 38.1 38.2 33.2
RF 2.117 2.116 2.429
bt/ e 1.266 1.285 1.282
(I4i,,) /(+i,,,) | 0.925 0.925 0.925
K, =G0 1.171 1.189 1.186
Rating Factor 2.48 2.52 2.88

600 s=zazsts =28 HuA 53(EF 1203) 20124 10¥
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Table 11. Reaction Force of Elastic Supports
Load Case Gi Ge Gs
LCy 422.54 147.84 4.15
LCq 16.83 540.87 16.83
LCs 4.15 147.84 422.54
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Table 12. Spring Stiffness of Elastic Supports(N/m)

Load Case

G
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Km = 4,805

Ks =
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Table 13. Response Ratio of Elastic Supports

Load Case G Ge Gs
LCy 0.974 0.930 0.919
Ki LCs 0.908 1.060 1.028
LCs 0.897 1.011 1.154
LC: 1.054 0.905 0.824
Kig LCs 0.913 0.968 0.912
LCs 0.847 0.902 1.068
LCy 1.138 1.011 0.864
Kis LC2 1.028 1.056 0.898
LCs 0.940 0.920 0.977
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ble 14} 2ol Ak et
?HOV\W"H 40}04 dolzl SAHlolel= Alsteix| kel A
gl MR P59 AFSAY dFEo|ER ol Hug
astofol & Zolrh, a2BE Wl kS flsto] ARE-
AR o= AAlste o3 A FRMET} BAst=
735<] SRS ARSIt G119 AUl I EHE= Table 14
o] G1-Kis-DBgellA #AeI o mz X7 594 = Table 13
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Table 14. Bending Moment(kN-m)

Load Case Gi Ge Gs
DB 4,387 3,51 2,204
Ki DBy 5,306 5,243 3,860
DBs 5,897 6.452 5,942
DB, 4,800 3,276 1,970
Ki DBy 5,740 4,766 3,445
DB;3 6,315 5,805 5,359
DB, 5174 3,396 2,045
Kis DB 6,238 5,379 3,368
DBs 6,880 6,480 5,025
DL 19,310 19,271 19,310

T % Gi Co Cs
f.(MPa) 190 190 190
M, (kN m) 19.310 | 19.271 | 19,310
f,(MPa) 96.6 96.4 96.6
M, (kN m) 6,880 6,480 5,942
f(MPa) 34.4 32.4 29.7
RF 2.345 2.495 2.716
i/ Grea 1.035 0.996 1.034
(+i,) /(+i,,,) | 0.925 0.925 0.925
K, === | 0.957 0.921 0.956
Rating Factor 2.24 2.30 2.60
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