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Analytical Study on Structural Behavior of Bolted Connections
in Corrugated Steel Plate Structures
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Abstract

Although corrugated steel plate structures have largely been applied in Korea as well as globally due to their structural efficiency,
the causes of damage occurring at bolted connections should be examined. In this study, detailed finite element models for a bolted
connection were formed, and the stress distribution around the connection was evaluated for various parameters, such as the number
and arrangement of bolts, loads, edge length, and the spacing of bolts, by considering the cross-sectional forces of actual structures.
As a consequence of the analyses, the cracks observed at the plate near a bolt hole can be attributed to very high local stresses
that occur at the contact surface between the bolt head or nut and the curved plate when fastening the bolt. When the cross-sectional
forces induced by external loads are applied to these local stresses, stresses in excess of the yield strength can occur. Furthermore,
larger stresses occurred in an incorrect joint lap than those occurring in a correct joint lap, regardless of the number of bolts,
when subjected to a bending moment. In regard to the edge length and spacing of bolts, the current specifications are appropriate
in terms of the stress level. Several countermeasures to reduce the local stress around a bolt hole during fastening were also discussed,
such as the use of the washers with a curved surface. It is expected that this study can contribute to the extended use of corrugated
steel plate structures by clarifying the causes of damage and proposing possible improvements.

Key words : Corrugated Steel Plate, Bolt, Connection, Finite Element Analysis

2 X
A FEEE FEH LR Qste] Fuislo|A B3 A gHlof fou), BE o|g¥e] &4 Aol the Agl
ol Bag Aol o] AFe|AE BE o] 2R AT FHRE HIL THIT HFXE GRS 15}l
RE 5, BE WY, 533, A9AL, BE 025 28 TR b el o] SRelA MAFE S JejE oS3
uglth 7 A3 BE 7y ul 4wl wde ofn] BE AR wAelM BE we =t UES 3w §abo) Zue] 4E5e
Bool A MAT 2 FL S YROE POET oF FF S0 N5 T Aol v A5 4B FRY=
oe] $YE WA F Ut Ao Uehrith B3 YRUES 48T fol BE 5o BA glo] AMInct Rde
REO A o & So] WASATE BE o5 dAuA 3l RE 1Ae] F9 ¥ £FOE wud v 99 L HPP
Ao JEHT @8 FW 94 AE 5 RE AL A FX $HS APY + i Bl A =5, of
A7 BB TEE £4 90 FHAL AL AAFOA 1 A go] FriHtd T F Y Ao

soE,

HARO| : HE W, BE, o), FEaidH

235, ofFiigtn A A 22¥lF 83 AL A (E-mail: sanghyunii@ajou.ac.kr)
Member, Ph.D Candidate, Department of Civil Systems Engineering, Ajou University
AR 2L, AE Y, ol F st A 2w FE T W(Tel: +82-31-219-2406, Fax: +82-31-219-1613, E-mail: conc@ajou.ac.kr)
Corresponding Author, Member, Professor, Department of Civil Systems Engineering, Ajou University
st 9214 F) AT ERATY FAATY
Chief Researcher, Civil Engineering Research Team, Daewoo Institute of Construction Technology
R W EATY FREATAY FHATY
Research Director, Structure Research Division, Korea Expressway Corporation Research Institute

- 345 -


http://crossmark.crossref.org/dialog/?doi=10.9798/KOSHAM.2018.18.7.345&domain=pdf&date_stamp=2018-12-31

1M 2

3187 corrugated steel plate)> 73S A3 42
TE= ZEF Yt S TR A=A, AT
ZEE AMHE A AIOHUHE 992 AZtE o] Aol A
OlFHE BER AT F o Fo= FARSHA Hck
olu &jFslFol thete] HPFAE AYTEZEE A5t
o, HAl2 A¥k o7 25 ke A5A-g-S F3l
73 Yell= 52 dghiake] qk&do] MAet] 7241

)

T84S =R g Utk o] R FE=L A3
I AlEAdo] ko] =2 Bl FEe B, 4, =,
AE] T 2 At w5 TR el 285
It Fig. 12> E=2wollA s&7dao] R ARE ARIE
HojFal Qi

Fig. 1. Corrugated Steel Plate Tunnel
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Fig. 2. Tearing and Water Leak at Bolted Connection
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Fig. 3. Specifications for Joint Lap of Corrugated Steel
Plates
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Fig. 4. Effect of Bolt Location on Behavior of Joint Lap
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Fig. 5. Example of Previous Analytical Study of Bolted
Connection (Lee, 2012)
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(b) Gasket, Bolt and Nut
Fig. 6. Sample of Corrugated Steel Plate Structure
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Fig. 7. Finite Element Modeling of Corrugated Steel Plate
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Table 1. Variables in Analyses of Bolted Connection

Axial compressive

Bendi t”| Edge length | Spacing of bolt
# Number of bolts Joint lap stress® CHCINg momet £° ‘g pacing o' bots
(kN-m/m) (mm) (mm)
(MPa)
1 Correct
10
2 Incorrect
50
3 Correct
15
4 5 Incorrect
5 Correct
10
6 Incorrect
100
7 Correct 15
8 Incorrect
9 Correct
10
10 Incorrect
50
11 Correct 15
12 Incorrect
3 35 50
13 Correct 10
14 Incorrect
100
15 Correct 15
16 Incorrect
17 Correct
10
18 Incorrect
50
19 Correct 15
20 4 Incorrect
21 Correct 10
22 Incorrect
100
23 Correct 15
24 Incorrect
25 20 50
26 35 50
27 50 50
28 2 Correct 100 15 65 50
29 35 20
30 35 35
31 35 65

“®Applied separately or in a

combined way

Table 2. Modeling of Bolted Connection

Joint lap

Number of bolts

3

Correct

Incorrect

Note: Upper plate is indicated by darker color
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(a) 2 Bolts — Correct Joint Lap

(b) 2 Bolts - Incorrect Joint Lap

(c) 3 Bolts — Correct Joint Lap

(d) 3 Bolts - Incorrect Joint Lap
Fig. 10. Deformed Shape and Stress Distribution
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(e) 4 Bolts — Correct Joint Lap

(f) 4 Bolts — Incorrect Joint Lap
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(c) Bolts Fastening+Bending Moment
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