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An Experimental Study on the Waterproofing Performance of
Expansion Equipment for Underground Structures

Young-Ho Lee"”

!Structural Engineering Research Division, Korea Institute of Construction Technology
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Abstract Underground structures without the expansion joint in the settled intervals, the underground structures
may suffer from structural crack and the water leakage thereby resulting in the occurance of the efflorescence.
In this study, the performance of new expansion joint used in underground structures were verified. The spacing
of expansion joint was defined by the finite element analysis. Expansion length, resistance and waterproofing
performance of developed expansion joint were confirmed by experiment.
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(a) Water leak (b) Crack and efflorescence
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[Fig. 1] Failure case of underground load
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[Fig. 2] Analysis outline
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[Fig. 3] Heat transfer analysis model

(2 1] 99 Hof- 24 F7]-2(A&, 1981~2010)
[Table 1] Average temperature(Seoul, 1981~2010)

Month Average temperature
January -2.4
August 25.7

(7 2] A=A

[Table 2] Material properties

Properties |concrete

ground

Properties  |concrete|ground|

Elastic Specific heat

coefficient| 24,500 | 150 (ll)<cal/k oy | 025 | 02

(MPa) 8

Densit Convective

(kN/mg) 2500 | 17.00|  coefficient 2 | 12
(kcal/m2-hr-C)

Poisson’s Heat conductivity|

e | 0167 | 030 [ ey | 23| 17
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[Table 3] Results of heat transfer analysis

Month

Upper Slab (C)

Bottom Slab
(©)

Side Wall ()

Upper

Bottom

Upper

Bpttom

Outside | Inside

-0.8

-2.0

-2.0

-0.7

-0.7 -2.0

243

24.8

242

20.8

20.6 242

[# 4] AR A S
[Table 4] Coefficient of subgrade reaction

Position Subgrade reaction coefficient
Upper ground K= 3350.1kN/m?
Lower ground K = 11725.2kN/ m?
Side ground K,= 9424.9kN/m?
T T1+12 _n-12_
2 2
= +

T1+12 T1-T2
T2 2 2

[O8 4] 728 At 2HEshs 2EiE
[Fig. 4] Temperature distribution of members

[# 5] 593 Ad-H4 2%
[Table 5] Temperatures of axial direction

Upper Bottom Side |Conversion temperature
Month| Slab 51;) (()°c) Wall | of drying Shrinkage
(0 (0 Q)
1 -1.4 -1.35 -1.35 -15
8 24.55 22,5 22.4 -15

2.2.2 siMZqt

(1) Box Type sf4lZx}

A|BIA}E Box Type F-7to] tjsto] Al&olS
20 m ~ 30 m 7FA] 5 m ©|Z HSFA7|HA 372
of thate] &35 afAS AAsHTE 17 5= &
A& AFolS7t o] 30 m of ek FQIE-E

A5 Aol WASHS HTpAsle ek E 8
& B8R, A1%0l87 €ol7k 30 m Q1 Ho] WAk 3
Bl 8o Soluhs Lol7h oF 3.7 mm, 19e]= o
24 mm 7} FojSo], & WSS o 61 mm = ety

o
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[O23 5] Fo1A-38 B3 of|(30m, Box Type, 8%)
[Fig. 5] Principal tensile stress(30m, Box Type, August)

[E 6] 21332 3427 Box Type)
[Table 6] Principal tensile stress(Box Type)

Length between expansion equipments
Classification
20 m 25 m 30 m
Stress | August 2.983 3.093 3.137
(MPa) | January 3.089 3.164 3.198
Allowable stress 3.274

(& 7] Hdde-82 a4 22K Box Type)
[Table 7] Masium shear stress(Box Type)

Length between expansion equipments
Classification
20 m 25 m 30 m
Stress | August 1.766 1.822 1.846
(MPa) | January 1.719 1.744 1.787
Allowable stress 1.923

[& 8] Zd|HE sl AxKBox Type)
[Table 8] Maximum displacement(Box Type)

Length between expansion equipments
Classification
20 m 25 m 30 m
Displacement | August 2.439 3.104 3.712
(mm) January | 1.647 2.044 2.436
Total displacement 4878 5.148 6.148
(mm)

(2) U Type 344}

ABRAHE U Type F-7kol| tfate] Al&o]37t Holg
20 m ~ 30 m 7H4] 5 m 9|2 t&i}ﬂl?]f&ﬁ 37FA] Zo]
of tigte] B-53 4 HAlEch 1Y 62 34 Ex)
A& Al&o]&7t Zo] 30 m °ﬂ gk F-e REE
et glow, & 9 ~ & 119 F4ATHE aokste
)tk
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i
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L]-E} Z A& 9F 98 mm HEZ Box
IBH 3.7 mm, ¢F 60 % F7}sh= AR e

[38 6] #1483 == (30m, U Type, 8¢)
[Fig. 6] Principal tensile stress(30m, U Type, August)

[ 9] 432 a4 Z4IHU Type)
[Table 9] Principal tensile stress(U Type)

Length between expansion equipments
Classification
20 m 25 m 30 m
Stress | August 2.399 2.659 3.095
(MPa) |January 1.516 1.873 2.292
Allowable stress 3.274

[® 10] hdeh-32 s ZIHU Type)
[Table 10] Maximum shear stress(U Type)

Length between expansion equipments
Classification
20 m 25 m 30 m
Stress | August 1.199 1.329 1.547
(MPa) |January 0.758 0.937 1.146
Allowable stress 1.923

[E 11] Y |4 ZIHU Type)
[Table 11] Maximum displacement

Length between expansion
Classification equipments
20 m 25 m 30 m
Displacement | August | 2.816 3757 4917
(mm) January | 2.793 3.715 4.856
Total ‘ii;‘::l‘;cemem 5.609 7.472 9.773
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[Fig. 8] View of tensile test

[ 7] JFAE Al
[Fig. 7] Tensile test specimen
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(b) Side view
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[Fig. 9] Failure shape
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Load(kN)
N

—Test1

—-Test 3

o 2 4 6 8 10 12 14 16 18 20
displacement(mm)

[O8 10] s=-¥9 34
[Fig. 10] Load-displacement curve

[ 12] IS Axt
[Table 12] Results of tensile test

Specimens Max. load(kN)
Test 1 7.30
Test 2 6.36
Test 3 7.01
Ave. 6.89

Failure displacement(mm)
15.03
15.01
15.02
15.02
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[Fig. 11] Specimen dimensions
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(b) Cross section
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(% 13] =548 A4
[Table 13] Result of expansion and contraction test

Design range Test range Result

+6.6 mm No appearance change

1%
o

K I
il
o
op

of
o
£
:lr

).
N
ih)

z

of

3HP g2 517}
7 4 AES AN
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[Table 14] Summaries of waterproof specimens

Specimens Test variables
A After repeat test (KS F 4425)
B Before repeat test

[O8 13] H=AE A4
[Fig. 13] View of waterproof test
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(a) Water leak (b) Crack(Specimen B)
(33 14] A8 &894

[Fig. 14] Failure shape of Waterproof test

(@) AEA A

(@) Specimen A

[O3 15] a2y}
[Fig. 15] Results of waterproof test

(b) A3A B
(b) Specimen B
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