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Load Carrying Capacity Assessment of Bridges

with Elastic Supports Application

*
Yang, Seung Hyun”
" Director, Wooyoung Engineering & Construction, Gwangju, 502-832, Korea

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.

KEYWORDS : elastic support, load test, load carrying capacity, stress modification factor
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Fig. 1 Member Force and Joint Displacement of Beam Efement
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Fig. 2 Beam Element with Elastic Supports
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Fig. 3 Test Specimen
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Fig. 4 Load - Displacement Relationship
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Table 1. Response Ratio(400kN)

Node Ocal Omea 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
7 -2.50 -0.30 8.33
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Table 3. Reaction Force of Elastic Supports(kN)
Node [ il I
(400kN) | R, | Re1 | Res | Rs: | Rso | Rus
1 - - - -28 - -
10 - 200 - - - -
14 281 - - - 252 -
18 - - 200 - - -
27 - - - - - -28

Node I I m
(400kN) Ri Ro-1 Ros Rs-- Rs2 Rss

10 - 225 - - - -
14 316 - - - 301 -
18 - - 225 - - -

Table 2. Response Ratio(450kN)

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

Node Ocat Opmea Response Ratio Node I I m
1 281 0.52 5.40 (40?‘1\” K| Koy | Koo 912@004 Koo | Kos
10 3.83 3.47 1.01 T B v R m e
14 4.69 3.96 118 TR - s |-
18 3.83 3.39 1.13 18 - - 4.669 _ _ _
27 -2.81 -0.54 5.20 27 - - - - - 82,133

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

Node I I m
(400KN) K Ko Koo K5 Ks» Kss
1 - - - 48583 - -
10 - 6.095 - - - -
14 12,421 - - - 11,831 -
18 - - 7.625 - - -
27 - - - - - 4637
P/2 P/2
1 JAN 10 37 18 JAN 27
K
(a) Ky
P/2 P/2

3] JAN lu) 37 lzs N 7
%KH %Ks-z Kss

(c) Kag1, Kso . Kas
Fig. 5 Elastic Supports

Fig. 59} 20| 7} sjelde A=A+ E 287 T2t
< A3l Fig. 69 (b)~(d)9h 22 AABSS Fe
°ol& (a)9] 71 ARZES A7} Slu ALFE AAE A
A Al ATEAGT RS et 53], AHdel
BATFE g Sold AAZ Aol (d)elMe vind ArstH
A vehlle A2 398 5 A0 2 AldAlE 5704l o
g AFE ol8dNeY B B2 HAeN & dod
AA ATEEE Bdsker ds Z94Y Aoz Addn

(a) Current Methods

598 s=z7=xss =27 MAuH 55(E

(b) K1

(©) K1, Koo

(d) Kz1, Kao , Kz3

Fig. 6 Deflection Pattern based on Elastic Spring Supports
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Table b. Response Ratio with Elastic Supports

400KN 450N
I i m I i m

Node

1 841 88 3.22 467 48 256

10 093 0.98 067 0% 0.9 076

14 1.00 1.06 0.72 1.00 106 0.80

18 0.98 1.02 071 0.98 1.01 078

27 757 790 3.07 430 467 250

1205) 20124 109

(a) Node 1 (b) Node 10 (¢) Node 14
e ™
(d) Node 18 (e) Node 27

Fig. 7 Deflection Respondent-Ratio according to Analysis Method
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Table 6. Load Carrying Capacity using Conventional Method

BRI Mol e nke| WstHgr}

400kN 450kN

Node 14
I I m I il m

M;(kN-m)| 0.483 | 0.483 | 0.483 | 0.433 | 0.483 | 0.483
M(kN - m){129.97 |142.85 | 90.22 |135.49 (151.12 |{105.42

fo(MPa) | 041| 041| 041| 041| 041| 041

f(MPa) |109.22 (120.04 | 75.82 |113.86 |127.00 | 88.59

400kN 450kN f,(MPa) | 190 | 190 | 190| 190 | 190 | 190
10 14 18 10 14 18 RF 134 121 1.92| 1.28| 1.15| 1.65
M (kN -m)| 0.364 | 0.483 | 0.364 | 0.364 | 0.483 | 0.364 K, 100 106! 0721 1.00| 1.06| 080
M(&N-m) 150 | 150 | 130 | 169 | 169 | 169 P |1.34Pr |1.28Pr |1.38Pr |1.28Pr |1.22Pr |1.32Pr
f,(MP2) | 0.31 | 0.41 | 0.31 | 0.31 | 0.41 | 0.31
f,(MPa) | 126.05 | 126.05 | 126.05 | 142.02 | 142.02 | 142.02 Node 18 400KN 450kN
f,(MPa) | 190 | 190 | 190 | 190 | 190 | 190 [ il m I I m
RF 116 | 1.16 | 1.16 | 1.03 | 1.03 | 1.03 M,(kN-m)| 0.364 | 0.364 | 0.364 | 0.364 | 0.483 | 0.483
K, 1.02 | 112 | 1.08 | 1.10 | 118 | 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, £,0MPa) | 031 031] 031 041] 041| 0.41
o e . f,(MPa) [116.70 |118.50 | 81.16 |113.86 |127.00 | 88.59
= A A2 & S 3
xq;j é;i}ij];; ;io}g ;Viqjo}] ;Ei A f,0MPa) | 190 | 190| 190| 190| 190| 190
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Table 7. Load Carrying Capacity using Elastic Supports

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

M;(N-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
f(MPa) | 0.31] 0.31| 0.31] 0.31] 031 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 1.20| 1.82| 1.16| 1.14| 149

K, 093 098 | 067 09| 0.99| 0.76

P 1.16Pr |1.18Pr (1.22Pr |1.10Pr (1.13Pr |1.13Pr

RF 125 1.23| 180| 1.28| 1.15| 1.6

K, 098 | 1.02| 071| 1.00| 1.06| 0.80

P [1.23Pr [1.25Pr | 1.28P; (1.28Pr | 1.22P; | 1.32P;

(a) Node 10 (b) Node 14 (c) Node 18
Fig. 8 Load Carrying Capacity according to Analysis Method
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Fig. 9 Test Bridge State

Lc, LC, LC,

n" vYy A A 4 vYy A\ 2 4 vy Vr‘l

- - o

Fig. 10 Load Case

A BelM = AAETF 15t BZES 2tfof a5}
7t AL BEAE AAsl] 35 28t AslT o AHES)
gom, AATE AT AFsl] A o2HE 22m
oA AR FZERY FEE AAANA A AL S
B3l Table 87 2o] A A< At

Table 8. Static Loading Test Results(mm)

Load Case G Ge Gs
LG 7.12 5.39 3.58
LCo 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 G Go Gs
LG 1.266 1.212 1.211
LC: 1.222 1.285 1.220
LCs 1.245 1.208 1.282

Fig. 113% 0] 724 2098 $8 724 A8
sied Al 1 208~1.285% AsIslen B¢
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Ujshgo] 2.48~2.88% HrlEge, 00

Table 10. Load Carrying Capacity using Conventional Method

+ B Gy Ge Gs
f.(MPa) 190 190 190
M, (kN-m) 19,310 19.271 19,310
f4(MPa) 96.6 96.4 96.6
M;(kN-m) 7.625 7.643 6.632
£ (MPa) 38.1 38.2 33.2
RF 2.117 2.116 2.429
Ouat / Omea 1.266 1.285 1.282
(1+iy,) /(1 +4,,,) 0.925 0.925 0.925
K, =00 1171 1.189 1.186
Rating Factor 2.48 2.52 2.88
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Table 11. Reaction Force of Elastic Supports

Load Case G Ge G3
LG 422.54 147.84 4.15
LCe 16.83 540.87 16.83
LGCs 4.15 147.84 422.54
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Table 12. Spring Stiffness of Elastic Supports(N/m)

Load Case G Ge G3
LG Kn = 12,464| Ko = 4,805| Ks1 = 202
LGy Kiz = 598 | Koo = 20,944| Kz = 592
LCs Kig = 235 | K3 = 4,704 Kss = 13,224
AsHPEE 2 290 e ey 2zt AN
g G2e) FEANDH 299 A Y 2ZDAE
g 2 @YARCE RN A 2 FREE 9

e} geIE 2 :aam WS B o 5F A
A% @ el SRl PRPoR Us] WP
Aol YA gepE BT Aeldelz v

=21
9 AR W3}, ARZAY wsteh 2 Tk Al 719
e Ae 2AR & o BE Asslks tisted Table 133
2o) ANE Wy 2TYASE A83te] seblE T
Table 13. Response Ratio of Elastic Supports
Load Case G Ge Gs
LG 0.974 0.930 0.919
Kin LGz 0.908 1.060 1.028
LCs 0.897 1.011 1.154
LG 1.054 0.905 0.824
Kio LCe 0.913 0.968 0.912
LCs 0.847 0.902 1.068
LGy 1.138 1.011 0.864
Kis LCs 1.028 1.056 0.898
LCs 0.940 0.920 0.977

BRI Mol e nke| WstHgr}
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Table 14. Bending Moment(kN-m)

Load Case G Ge Gs
DB 4,387 3,551 2,204
Kin DBy 5,306 5,243 3,860
DBs 5,897 6,452 5,942
DBy 4,800 3.276 1,970
K DB: 5,740 4,766 3,445
DBs 6,315 5,805 5.359
DB: 5,174 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

EARE ol F&stE e Eal58Y fio] FAsd
Z1EuUEHEel F7Ke v AR SERE fraste] SEHE A
7t g met Wakgo] 224~2600% 7]
ulshe 248~2u8ch &4 FrhEglon, 3
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Table 15. Load Carrying Capacity using Elastic Supports

F % e} Ge Gs
f,(MPa) 190 190 190
M,(kN-m) 19.310 | 19.271 19,310
f.(MPa) 9.6 96.4 9.6
M;(kN-m) 6.880 6.480 5,942
f,(MPa) 34.4 32.4 29.7
RF 2.345 2.495 2.716

8t/ Oy 1.035 0.996 1.034
(1+iy,) /(1+i,,,) 0.925 0.925 0.925
K, =G0 | 0.957 0.921 0.956
Rating Factor 2.24 2.30 2.60

Zrzsts =27 M4H 53(57 1208) 20124 102 601
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