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Abstract Studies have been made on performance evaluation of expansion joint systems for an ordinary
highway or road bridge. However little study has been made for runway connection bridges at airports.
A study on performance evaluated from computer code analysis and shrinkage, extension, and
compression repetition tests based on KS F 4425 is conducted to a newly developed expansion joint
system which has been installed in a runway connection bridge at Incheon Airport Extension 2
Construction Site. The MIDAS computer code is used to analyze the performance before the manufacture
of the mock-up of expansion joint system on the basis of design requirements. Tests based on the KS
F 4425 of 2001 year-version are conducted for the mock-up. Domestic codes and standards to validate
the performance of the expansion joint system in a connection bridge have been developed for a
vehicle. However the expansion joint system tested in this study is installed in a runway connection
bridge for an aircraft. Conservatively the heaviest one among airplanes departing and landing at Incheon
Airport is assumed level-F 468.4kN/m? and adopted for the tests and analyses in this study. KS F 4425
method is selected for the shrinkage, extension, and compression repetition tests. No remarkable
problem was observed for the 2,500-cycle shrinkage and extension and two million-cycle repeatition
load tests. The results of this study are expected to contribute to establishment of code and standard
for the performance validation of an expansion joint system installed in a runway connection bridge for
an aircraft by providing performance test results and computer analysis results based on finite element methods.
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Table 1. Repeated load regulation

design Gudeline for the
Code .
Impact design Inchoen
for . . .
load . of korea highway | Airport
highway »
bridge corporation
design Gudeline
Fatigue Cfoodre AA fc(i)ersitl’lne AA Inchoen
load inion high SH of kogrea SH Airport
TO . TO | standerd
way highway
bridge corporation
Load
amplitude 109 94 167 144 468.4
(kN)

(b)
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Fig. 1. Field drawings plan
(a) Location on the Site (b) Floor Plan
(C) Floor Plan

Fig. 2. Steel monocell expansion joint installed on the
site
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Fig. 3. Frame modeling of expansion joint
(a) Steel Monocell modeling

(b) Lower load
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Fig. 4. Maximum deflection under F-class load
Maximum deflection : 4.38mm
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7122 Table. 29} Zo] UERAATH[2

Table 2. Design code for highway bridges in Korea

(DB-24)
Division Content
Total Load Total Load 43.2tonf
Min Load Front wheel load 2.4tonf (22.54kN)
Max Load Rear wheel load 9.6tonf (116.62kN)

FEHSI5(DB-24)2] A¥L =2 WA 7]E0]A
AAE 2 Zo159] A9t Zof gt 8 I3 Fig.
58} o] ZAISFATE.[2]

Specifications 1420

hoall it

Fig. 5. Axial load of vehicle on highway bridges
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6,000kN F&3} A380-800F & 3279 thst A
Table. 39} Ztt. [4]

Table 3. Comparison between F-class and A380-800F

Type 6,0000kN F Class A380-800F
Main width 68.5m 79.8m
Linear content 76.3m 72.7m
Height 19.4m 24.5m
Maximum amount 1,322,7731b 1,300,0001b
of landing (600,000kg) (590,000kg)
Gear load (kN) 1,1253 1,425
Gear load (kN/m) 277.0 468.4

6,000kN F& 32
2] 4 FEE ¥|wdl

3t AL Fig. 63

719} A380-800F2] #|Q17]01<] ¢

Zrt[4]

Type 6,0000kN F Class

A380-800F

Main gear
Type

Fig. 6. Comparison of main gear type between
6,000kN F-Class and A380-800F
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Table 4. 500kN shrinkage test actuator
Content Remark
Stroke +100mm Error+1%
Maximum
Output 500kN
Control Load control,
method Displacement control
Test cycle ' Depending on the
displacement of the test
(Hz) K
specimen
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Table 5. Shrinkage & Extension Test KS F 4425
. Move Num Test
Distance ment
Test Start . ber cy
. travelled velocity
item From )] [y of cle
. Tests [Hz]
min)
Exten Mix I]);igr? 2
sion Exten . 100 0.03
rest <ion sion 00 Cycle
1/3
Shrin Mix Design
kage Shrin Shrin
test kage kage 1/3

(b)

Fig. 7. Shrinkage and extension, test
(a) Shrinkage test (b) Extension test

Table 7. F Class axis load test method

Table 6. Experimental condition of expansion joint F Class Axis Load
device subject to experiment Load Cary | Number
Min Contact 'ng of times
Test item No.80mm Load Max Load Area speed
Mix Gap 120
1764 | de83ky | 21010
Min Gap 40 mm
Neutral position 40 (17.95ton) (47.7ton) | x 200 mm 200
Design expansion length 80 3Hz m‘ﬂhon
Initial load 17.95ton times
Experiment expansion length 40 Dynamic load
17.95—+47.7-+19.95
Number of Tests 2,500 Cycle ton With Periodic
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Fig. 8. Compression repetition test

SHEASIAIE 2 EE2AA712(2005) 167kN Hot B
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Table 8. Compression repetition test results

Load Bridge design F Class
combination standards axis Load
Load(kN) 167 468.3
AFHAEA] # AL ARERAFHI

20058 =2 W AAYZE, 19969 AASHTO, YEE=Z5}
3l9] =2 TAA, DIN 5o it} Table 9= =2%
AA7122005)3 FF T27] 515 Ast B 2712 v
Wt ot Aok FAHA <Jgk Aol (2][6]

Table 9. Ground area value

Load Load
Ground area . .
Type » generosity generosity
(a) (b)
Design code for | 535 55 5774 23.004
highway bridges in 5
L (cm?) (cm) (cm)
orea
F Class Axis Load 1'9327 35.00 60.00
(cm?) (cm) (cm)
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2500 cycle Shrinkage

Displacement(mm)

(a)

2500 cycle Extension

m)

(b
Fig. 9. Shrinkage and Extension test results(2500
Cycle)
(a) Shrinkage test (b) Extension test
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Table 10. Ratio of displacement to working load

Design Max Maximum displacement/load
Type |build volume| Load |displacement pla a
[mm/kN]
[mm] [kN] [mm]
Steel
Mono 80 488.3 8.09 1.656
Cell

4.2.2 BHEXISIAIE

A% Al No.80 Al%olgAlE WHEAeHAY
Ay} BE0] o] wAE]R] Aottt A Ryl Al
20|27} 4 9 HosiRo|A Alzto] AnshEA
EARA e 7ML ATk Fig. 102 315 9ol izt
Lot

200 million - cycle

Load(ton)
@ oa

2 4 § 8

Displacement (mm)

Fig. 10. Compression repetition test results
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Table 11. Displacement for working load
Load[kN] displacement[mm]
Type
max min max min
Steeé jﬁom 48077 | 17866 | 8640 | 50458

508

6. 28

AHFY 294 TFFA dFuFo] 249 FAY
HwA No.809 H5H7ME s A4iksid 9 AIEE
YTt AAIE AR A HAARA O 71x3to] HAlS)
g et A3t vHE A4 Hdistgol digh #9)7t
4.38mm7t TEE 0] 200149 KS F 4425 71&0 ZA3}t
of A%« 5 9 WREASHAES o3t

KS F 4425 71&0] &Aste] 2,5003] AV« $5A4]
AT AF9] Wygolut Afo| I gop AP =
1A No.80 AlZo] 3 A= 8 4154 9 ol54S
gHsto] 97 EE 4571ES HSAIZITA g,

SHEEASIAIE Y] B2 oA HE2E 57| Faot
%17.95tond} FH5E 47.7tonolA L 3HEE
2 2009k3] §HE =35t o] AlF HA] KS F 4425
710l SASt AlFe] HEolu Aol A=A Uk
A9t 2o A oA o] M7t 8.640mm7t LFstAct.
ol =21 Aol AlEF] wEt M AFY
H7F oF 2~3mmO] HI7F B2} vl sk oF2Hf o]
‘gol At 7] FoleE 1EoleE W FES WA
= gHsto] aEE 4571
tt.

E dF= FUHolAE A7t gle 87 2L
AAE 2xA No.80 A0S gt 7}
gt ATE AAE A A AAGA ALY HAataA
o] 83t Y7t AE AF & ARl HLat7]of
A AR B B AA @8 FARH] ZARE 3
Aol S Be AeE7l gt dE 7I&si
A, B A7 E fARE AR B A9 He87
of glo] R8¢t Akl Axt & AYAE A=rE AF
o ZOoE 7|gHch

2 UEARIGA wekE

= o

2
353
d

B 9 HO o

-

References

[1] J. W. Lee, J. W. Kwark, E. S. Choi, "Bridge Expansion
Joint for Vibration & Noise Test" Korean Society of
Civil Engineers, pp.1976-1979, 2004.

Korea Highway Traffic Association, Road bridge
design standard, pp.2-2~3, Korea Highway Traffic
Association, 2010.

Korea Agency for Technology and Standards, KS F
4425 Standard test method for bridge expansion joint,
pp.2-5, Korea Agency for Technology and Standards,
2001.



AR BiA AF0l33A] 45 A+

[4] Incheon International Airport Corporation
Consttuction Specification and Special Specification ol M A . o
for Expansion Joint, 2013. 2 ‘d #(Sung-Sooon Yhim) [Ha|y]

[5] Y. H Kim Experimental Study on Serviceability of
Hybrid Expansion Joint, Master's thesis, university of
seoul Graduate School of Science and Technology ,

pp.38-45, 2012.

AASHTO LRFD Bridge Design Specifications, 14.5.1.4
Materials, 2010.

9

[71 S. W. Yoo "An Experiment of Structural Performance
of Expansion Joint with Rotation Finger', Journal of
the Korea Institute for Structural Maintenance and
Inspection, Vol. 22, No. 6, pp.170-175, November
2018.

DOI: htt

doi.org/10.11112/iksmi.2018.22.6.170

[8] Mark R, Kaczinski, Robert J, Conner, Fatigue Design
of Moduler Bridge Expansion Joint, ACI National
Cooperative Highway Research Program, pp30~33,

1997.

Burke Jr, M P, Bridge Deck Joint, Synthesis of Highway
Practice, ppl4l, National Cooperative Highway
Research Program, 1989.

J. S. Na, T. Lee, E. S. Han, W. K. Sung, J. S. Lee,
“Fatigue  Durability ~ Evaluation of Refraction
Expansion Joinf’, Journal of the korea Institure for
Structural Maintenance and Inspection, Vol. 21, No.
6, pp.010-015, November 2017.

DOI: htt doi.org/10.11112/iksmi.2017.21.6.010

M. S. Yoo, D. G. An, Y. K. Chang, "Reliability Lite
Improvement of The Metallic Saw Bridge Expansion
Joint" Journal of the Korea Institute of Bridge and
Structural Engineers, Vol.1 November 2017.

9]

[10]

(11]

71
S

Z(Yong—-Hoon Kim)

[

20124 84 : AEAIgte e
7|sdietd BB} (T34
D

20199 34 : ASAEdEL
St BRI (ARHY)
20129 1€ ~ @4 : (HEIA
stolgl/(F)RtdAA Yo" qix
o]A}

o

509

19874 89 : ALrfetin ekl
E2ZI} (FAD

19939 19 ~ 19999 3¥ : A&
A =gl 23
19994 42 ~ 20044 89 : A%
Ayt =SEl R
20049 99 ~ B4 1 ALAY
S ESFS 14

.




