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Mechanical Behavior and Cracking Characteristics of Tunnel Lining
by Model Experiment

Dae-Hyuk Lee, Young-Geun Kim and Hi-Keun Lee

ABSTRACT Considering the mechanical cracking in the concrete lining of tunnels occurring in
relatively short period of time after the construction, there is a need for the study on the mechanical
behavior and the cracking characteristics of double lining support system (shotcrete and concrete lining).
For the proposed study, downscaled lining models of Kyung-Bu High Speed Railway tunnels were tested.
Most longitudinal cracks at about 93 percentage developed within 30 arch degree from the vault.
Cracking load was about 30 percentage of the failure load and the deflection under the cracking load
was 10 percentage of the deflection under the failure load. The overbreak around the vault contributed
to the reduction of the capacity for cracking and failure by the percentage greater than the reduced
effective depth. Of several rock block types considered in this research, the triangular block was the
most critical, and the right triangular block under eccentric load was secondly critical for the stability of
the tunnel lining system. The dimensionless support reaction curves were derived from the
experimental results for single and double lining. The general equation to compute the designed flexural
moment was modified.
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- Longitudinal cracks : 42%

- Arch cross sectional cracks : 11%

- Construction joint cracks : 17%

- Side wall cross-sectional cracks : 30%

Table 1. Category of cracks occurring in the concrete trnnel lining

Category Appearance Possible reasons
- -0 i 1 ith t 1 longitudinal axi .

Longitudinal tlfrf;]lgllallfc}? ong wi unnet fongitudinal axis on — Carrying ground load to
cracks — Generally large width concrete lining
Arch cross — Occurring with being crossed over a section on
sectional arch surface — Shrinkage cracks and so on
cracks - Generally small width
Construction — Occurring with being crossed over the contact

joint cracks
(cross sectional)

plane between one span and another
~ Generally a number of branches

— Construction blunders

Side wall cross

sectional cracks wall surface

— Generally small width

— Occurring with being crossed over a section on side

— Shrinkage cracks
— Carrying ground load to
concrete lining
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itudinal cracks)
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Table 2. Test specimen concrete and mortar mixes

= 747F HF 3.00% 10° kglem®, 2.5%X 10° kg/em®)
ol 77 50 kglem?, 40 kglem’S B
cwEkA A ES REElE BF s o] ¥
A5 v 7h 108 Bt

ZazlE9 BAAl 5] AReZ Qlle] Akl
o] AFA FARE YA A ¢k& 735 viwdol] F-5o]
A g Qlet. o] golde] FRH FA 15 4
4 dolct o] 7 Auke) 52 A kel Y
352} ¢k b H o g F9 o AfskE Zlojct. whEhA
B AdolA e golyd Al BFo HLE Al
6714 Al Aol thsto] Aol vl HH 30% A=
o] A Zhart whAslAl AAbsisict. ol2lgt A1QAE
2 Table 3¢} shortagedh-=Zoll slidsl= A @A Eolt}

33 4ol EF U W

gk Agel & 9 ol thsted Table 3ol 1}
Ehigich. FollA B el o] AYde) Wge o5
B, Fk27, 9 gold T Wi}, 85 elold,
Aukg vehie sidel el of§, glo]def Zhdwt
B, god Mwke] A HE B3 lolde] v 5
&, ol Auk v A o] v A ] 1071A] W24
ol & wipe] 23g F3tod 24709 AR A7} Al
ch. golrde] ZAany e AR FHHQY ol Fol Fof
sl sellA] Hentst 3to] 6 em A A o

Table 3. Summary of tunnel lining tests

Single lining /| Singts liming i Dauble_tinn,
Shortage| Standard | Shorfage| Rty | Stondard | Shoriage
1

Loading condition

Uniform | H=0
normai p—--
toad K=0.2

- - _ _ S11-22 -z -
SI-2 si-21 Si-2 Si-21 S1-23 bL-2 DL-2v

Uniform | x=p
ccccccc

K035 si-a | sr-41 | sn-« DL—4

Pont | K=0

ted )
ra“u; X=0.5 S1-6 S1-61 Sti-6 bL-6

Yarous
toading
ratio

34 )3
Bl[@] FEE DD DD X!

Ground
maodel
casting |

e

Coarse aggregates(kg) Fine sand(kg) Cement(kg) Water(kg) AE(g) Water : cement ratio
Concrete* 48.85 38 20.45 8.8 40.9 0.43
Mortar** - 38 13 7 - 0.53

* 1 batch : 0.05 m® (116 kg), ** 1 batch : 0.027 m® (58 kg)
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Fig. 3. Strain and stress distribution in plane concrete
beam
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Table 4. Strength characteristics of the linings with th variation of loading shape

Test Loading shape K ?racking Failure Nc.)rmalized .Normalized Criti'cal
oad(ton) load(ton) cracking load(ton) failure load(ton) section
SI-2 Unif‘l’g::lizgmal 015 181 65 181 6.5 160 Rs0)
SS1  Triangular loading 012 145 181 1.48 1.85 (LG\;‘?“%;E,)
sS2 Re"e’fga;ri‘;f‘;gular 015 173 473 1.69 463 (R5IIJ,1%55)
sS3 Righfo';gﬁ:ggular 015 147 2.6 1.50 2.66 (L621;’1§ 5
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Fig. 7. Relationship between convergence and ap-
plied load of the shotcrete in DL-2 (SLOO
symbol of the legend indicates left arch an-
gle from the shotcrete vault)
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Table 5. Strength characteristics of the linings with the variation of thickness

Tt lowig e Kb P ot Sl e o
(6810‘31) Unif‘l’;’jﬁggmal 0.2 181 6.50 1.81 6.5 (LE?(I)?UIJ;GO)
(gljnl) Unif‘l’;’(’hg‘;mal 02 27 5.48 2.41* 487" (LSY)?UIJ;SO)
(?jnl) U“if‘l’;;‘(‘ﬁggmal 02 218 6.09 2.18 6.0 (Lgff“gm)
(8911;1) U“if‘l’(fzﬁﬁ;’mal 0.2 315 13.72 2.95% 12.86** (ng‘;‘“gm)
(68{3_1111) U"if‘l’;’:hﬁ;““al 035 118 118 118 118 (]ﬁig)
(glg;ﬁ) U“if‘l’(‘)”:hﬁ‘g’rmal 035  2.04 2.59 1.70%%x 2,16+ (iggz g’;g)
(?;21) Point loading 0.5  0.83 0.83 0.83 0.83 (L:X:‘“g%)
(S;Icil) Point loading 05  1.90 1.90 1.94%%%x 1.94%%+% (L:('f“};tw)

* Rk sk dkkk normalized base on SI-2, SI-21, SI-4, SI-6 respectively
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f.( =cracking load) o< At( thickness)
f( =failure load) oc 4 X (At)
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Fig. 8. Flexural moment distribution of model SlI-2
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Applied load(cracking load) : 3.12 ton

Fig. 9. Flexural moment distribution of model SlI-23
(With reinforcement)
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Table 6. Strength characteristics of the linings surrounded by the casting of the ground concrete models

Tt Lowing e % Cooing Pl Nomalied  Nomaled G
SI-1 Unif‘l’z:(‘iiﬁfg’mal 0 113 113 (L(:;?u}l%tm)
SI-2 U“iﬁl’(’);’(‘ﬁggmal 0.2 181 6.50 1.81 6.50 (Lg{;‘“&o)
SG-1 Unif‘l’(’;:(‘ﬁﬁgmal - 5.16 29.62 6.88* 39.49* (L:';:‘“Il;w)
SG-2 U“if‘l’(';;‘iiggmal - 1505 32.30 18.52* 39.75% (LX)"’“II{ZO)

* : normalized base on SI-2
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Fig. 10. Crack map of model SH-23
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Cracking Pattern of Model DL-2
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*Figures in deploying map and side view map represent the order of cracking

Fig. 11. Crack map of model DL-2
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