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Abstract

A spray-applied waterproofing membrane which consists of polymers has a relatively
higher constructability and adhesion than the conventional sheet-type waterproofing
materials. Additionally, the spray-applied waterproofing membrane generally shows
a waterproofing ability as a composite structure with shotcrete or concrete lining.
Because its purpose is waterproofing at the structure, structural effects were not well
reported than waterproofing abilities. In this study, structural effects of the
membrane-attached concrete lining were evaluated using 3-point bending test by the
numerical method. From the analysis, a load-displacement behavior of the concrete
lining and fracturing

Journal of Korean Tunnelling and Underground Space Association 551



Chulho Lee - Kicheol Lee - Dongwook Kim - Soon-Wook Choi - Tae-Ho Kang - Soo-Ho Chang

energy after yielding were compared with various conditions. Consequently, concrete lining with spray-applied
waterproofing membrane shows higher flexural strength and fracturing energy than the single-layer concrete lining.

Keywords: Spray-applied waterproofing membrane, Contact behavior, Numerical analysis, Tunnel, Reinforcement
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Fig. 2. Typical example of load-displacement behavior for unreinforced and reinforced shotcrete (a) and TSL
coated and uncoated shotcrete (b) (Mpunzi et al., 2015)
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Fig. 3. Schematics of numerical model
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Fig. 4. Instrumentation plan for the flexural test (Ahn, 2011)
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Fig. 5. Response of concrete to uniaxial loading in tension (a) and compression (b) (ABAQUS, 2011)
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Table 1. Concrete material property (Ahn, 2011; Blazejowski, 2012)

Property Value
Initial tangent elastic modulus 27.8 GPa
Poisson’s ratio 0.2
Density 2,500 kg/m’
Unconfined compressive strength (fc,) 60 MPa
Initial Yield Stress (o y) 20 MPa
Tensile failure stress (0 () 3.3 MPa

-8 R H B |12 W ET P AMIEA F A= S TR 2ol AaaA T F2 5ol &
QS| ohRIRIT). TR, AP0l SRt A== A 30% oVl e KRl Lee etal. (2015)= 2™ A=
2 248 02 5H=TSLO QA AE TSL A= B2 543 S4) RAFe7] 4] Plasticity A& RE-S
285+ vt QIrk(Fig. 6).

— Test result (M)
6 — |- - - - Test result (T)
A Numerical analysis (M)
4| O Numerical analysis (T)

Stress (MPa)

0 I I I I

0 4 8 12 16 20
Strain (%)

Fig. 6. Comparison with test result and numerical analysis (Lee et al., 2015)
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(Lee et al., 2015)] TSL A& F 22 AT E Hol= A=t FARE F3ks Belvh wheba, & A-ollxl=
71 sl ol] AR HE Q= A B 0] 24-S ol Aol 280t siiAlell H-85F2714] Aj-8- vk Wl E 2Rl A=
(A= A2} B)2] 24 7152 7]E d9Lee et al., 2015)5 W= EAIAE WlH Q] A9t B BMAAIE 74
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-8 1S H B RS Fa5o] F85H o AR = Am2A &) 1.0 MPa 9|2 424 qirh &

3], ITAtech(2013)°4= A& 'i ”é Z|o1o] B2EAEE 0.5 MPa o402 4511 QItk(Choi et al.,
2017). Lee et al. (2015)=TSL 2| H2A45-8 mAbsl] $6) 2t mdlv} 4k mel S sl ARgst v Qlck, B o
T 218 11 HlH Q1] 5 mm XJEEC’ A BPE =1 F2H 35S 2 5] RAtsflofstr] wle] 71
ol A1t M melli} &4 WElkS ERFA 0 2 ARSI Fig. 7-2 S5O Fabat &4 mdlof] gt 7H
dreolct. 42t melojA HEHof| A o] 2| -3 (7)ol HE B 2 5k 0ol et £4o] iiyst
7] A2teto] &0l g2 o] A FHASHA| B 252 &) 02 oha)vt iAste] EHo] ebds] BE|E s
JH(Lee et al., 2015).
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o—»
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Fig. 7. Traction-separation relationship of cohesive and damage contact model (Abaqus, 2011)
-8 HS H Q0] =5 EXof whet Heole= A9 E 2lo]d o] AES o] flsf] =1l A
AP A S B W4 ofska Tl 5T 20| uheh sl #elE lolde] ) 2 7
Jofl th2 Helks

H
'A5}S HESIE. Table 24= ShdellA] T2fat 5me] Ha 73
74 BR0] B4 LR Zlolet. Aol As AchBO] 5T S4L T R0 APsiar,

Table 2. Contact property

Property Value
Cobhesive stiffness (MPa) 250 MPa
Maximum nominal stress at damage initiation (MPa) 600 MPa
Fracturing Energy (J) 1,500

Fig. 82 7ol areiet 2o RS LFeRHTY. Fig. 8(a)= 212 E 2fold, Fig. 8(b)= 28 HI5-
BeQlo] ZAEE 2fold 2lHe] Alg e -7, Fig. 8(c)= A8 25 E|Q1o] ZEE 2fold HiFel A
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(a) Concrete lining

(b) Waterproofing membrane attached

(c) Waterproofing membrane inside concrete lining

Fig. 8. Numerical model for the 3-point bending test
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Fig. 9. Load-displacement curve of the 3-point bending test (Ahn, 2011)
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100

- - With Membrane

= No Membrane
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0 0.02 0.04 0.06 0.08
Displacement (m)

Fig. 10. Load-displacement curve for each case in this study
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Fig. 11. Comparison of toughness
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Fig. 12. Load-displacement curve depending on different membrane properties
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