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Basic Study for Development of NATM Composite Lining Method

a4 ' Ma, Sang-Joon 74 & 7 Kang, Eun-Gu
7 % W’ Kim, Dong-Min Al F ' Shin, Joo-Yul
Abstract

This paper presents the fundamental parameters for designing the NATM Composite Lining to be used in NATM
tunnel construction. Firstly, the concept of NATM Composite Lining behaviour is introduced and reviewed in
construction-performance. For the fundamental study, the optimal mix ratio tests and backfill material property tests to
develop high-quality composite lining (PC panel lining) are fundamentally carried out. And the light-weight foamed
mortar which is used for backfill material is developed. Full-scale loading tests to verify a performance of the NATM
Composite Lining is also performed. From this research, it is clearly found that the NATM Composite Lining is very

applicable method to considerably increase the stability and constructability of tunnel structure.
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et S22 (mm) a2 B}
1 2 3 >180mm
Mix. A 245 235 230 236 Appropriate
Mix. B 198 201 190 198.00 Appropriate
Mix. C 165 160 168 165.00 tnappropriate
E 7. 42X DEEI2 HEIHIF AL
Hj 2t - 1 [ 3 =3
kg S.G. kg S.G. kg S.G.
Mix. A 0.84 0.534 0.93 0.590 0.82 0.521 0.548
Mix. B 1.10 | 0.704 1.05 0.670 1.07 0.683 0.686
Mix. C 1.52 0.974 1.19 0.948 1.51 0.962 0.961
¥ 8 ZVIZREEIE HalE AEZE
AH
7= B & Bt
1 2 3
Mix. A 6.5 6.0 6.5 6.3 = 6.0 Inappropriate
Mix. B 4.0 4.5 4.0 4.2 < 6.0 Appropriate
Mix. C 2.5 35 | 30 3.0 < 6.0 Appropriate
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eh2o A5 Y 2uE dehd Aol A ETHASTM D 4716-04, 2003). w}eba] 2 ¢ipolA

BE7IE BR2EE RS 9Jet APANE F8s}e] £ 71& Al B2 ZE iA|5ke] NATM Composite
H A kel A9 S Ee] X A7 3.0MPa gtold T o] w2 Ago) 7hsdt AT w2
& WHESHA] Fetgl sk AR AR 715 23} EFEE Uil 7)E RAEY B4 v
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Al A7 4 9le Ao R wEen A A2 v Q] Bl Alshe B0 A
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B uigte] AL AEAE, BhAl, E28gh PR A HEge vt glong, B Ao FHES
o At T HE ANFoA HEAE WSSt i AEE Foto] FgrE HEEE29 HpdS Hast
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Iz QR gk 9o T wod FAv) A 2w AR Y ojHF o2 Q| FHPHE AA|
o, Tdol Astile) wiselo) AAHA st @ AT ARE ARSI L Sgkol §44
B9 E34 BEAE 4y} (=42l mg/1)

T Pb Cu As crtt CN 2710 Cd TCE PCE Hg
SEY - 0.005 - - - - 0.001 - - -
7|1E 3.0 3.0 1.5 1.5 1.0 1.0 0.3 0.3 0.1 0.005
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A= NEEE NS AgZEn
A = (denier) 4.53 QIEHLE (MPa) 37.9
F2(o/m’) 308.3 OIEFA &= (%) 60 ~ 100
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-T—ZHi AES = AoE BAEH] b, o 7lellAl = | i P=03 <= P=0§ —#—Foamed Conc.
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2 I8l HAE = R 2] FANIE WAkstaA), K =
Hzof 7peiRl= 32 0, 0.075, 0.15, 0.3, 0.6kg/em’ E
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sheart. 2ol § U] e WRs] e AR
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AF 2BIA|7) T ALgStlth T AlRe] Eaks time(min)
- o o (@) £ REKi=5)
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H_:_ ASTM D 4716(2004)01] /\]% H}—Q]— z_:]._o] _1?_31] T 0 100 200 ( .’)300 400 500
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it S =1=Tl=| = ST
£ 1. AU siEAist 4 AlRA W
1 5 3
o ka/m?) =)
(el g =R H
W C S G AD mm
1
dxg F2 2old 51.3 47.0 178 347 823 961" 1.74 24MPa 300
PC m'3 2o)d 34.2 38.4 142 415 692 11272 4.25 45MPa 150
1) Gmax 1 25mm 2) Grmax © 20mm
04 0.0002
—~@— Strain-L90
T —&— Strainl.75
021 | Divergent o —g— Sirain-L.60
: 0.0001 —9— StrainLd5
A - Strain-L30
. 00¢ ST —fH Strain-L15
E ™ BT = —O— Strain-0
[ N . b4 @ Strain-R15
= PR Q -4
T 024y W T B o0 —&— Strain-R30
g Convergent - > T : g ~&v— Strain-R45
@ - A ; —~@— Strain-R60
e 04 o.. Ny, N M~ £ y
a ° =~ Aat, & 00001 -~ SrainR75
o g *~\.,\ // v 3 —O— Strain-R90
B o6+ - Ty
—8——  LVDT-L60 - F
Qi LVDTAL30 ° -0.0002
0814 —————- LVDTRIO o
—-—g—-~  LVDT-RED
10 — . , ; , i fJ -0.0003 S aum I S
0 4 P 12 6 20 24 28 32 5 0 2 4 6 8 101214 1616202224 26 28 30 32 34 7 2
LOAD(ton) LOAD(ton)
{a) YHE =2 2jold
3 0.0008 -
— @ — LVDT-Back_L60 . g:'a!”"*go
Qe | 0.0006 4 —@— Strain-L75
2 o] LVDT-L60 v —@— Strain-L60
——ye = LVDT-L30 N ~g— Strain-L45
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E 5 00002 4 ~O— Strain-0
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< 5 - Strain-RG0
2 9 .0.0004
o
initiate 1st visible i—* o -0.0006 «4
crack of L40 and L50 it S
3 ‘ ; 2nd visible )
|| Crackof Ra0 and Re0 -0.0008 1
-4 T T v T et - - + - + -0.0010 T r———r— v —— u
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1 z7)Fgo] LA 251515 19ton(186.2kN)ol| A]
YA F gold Y] My A d=HF-2 0.00012,
PC g ZHo]'d- 0.00024Z 281E Yehle],
A @H 9} FA 2po7} 280w B A=) Zjol7} m)h
3t Ao 2 123hH Hooke’s Laws TH&Esl= Ak

Borok

6.22 A5 AFslE Ast
9 12 ARAEF %5 ABAQ) ol AEA A
FEAE Vel Aojck dAE £ ghojde] H$ 3

o33 16.2ton(158.8kN) & wf R30° X HAEH &
Z ool HefiES) 0.61mmE 7] 55t w3
7b sl AL, ARl AP o] FF o e
A= gEHF o] UrhgEd], 2o HE2-2 0.00016
02 Akl oFx o7 45~60° ARl A wAlElgITh

PC gfj\d 2ho|'gd ¢ --olli= A3}s150] 6.5ton(63.7KN)
o o L15° @ RI5° X[ FfA 27] FHo] HAIsIA,
7.8ton(76 4kN)2 T} 1.90° L R90° Ao A 2%} F&o]
sttt o] & R 3kEHEo| 8.5ton(83.3kN)Y o U}
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02 4 b e e e e i
T 00 el =
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= o
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£ 02 v Oy >
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o 04 . ¥y Qg - @«
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" T—
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g E
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— & —  LOADWLWDEQ L} -
20 ——0—— toAmwuLDTR2S . L
—-—@——  LOADVSLVDT-RS) 2nd vi ﬁ!«:nk
——0—— oADw TR I ofL90, RS0 1
B . —
0 1 2 3 4 5 6 7 8 9 8 7 6 5 4
LOAD(ton)

7} eAE ey, A i anE d44U AsS
HolHA FfURHLAE YA T2 Fold 2l 3087}
Y 2immE Yl 4RSS 5k Aeo= Al
HE HER L2olA ol LH% XI?MJM Elg!]
SFHA] R45° A ofA 2o G5AFE 0.000455 715
atqiet.

AF 23 PC ofid eto|d el A9 FA TR
A5315o] o3t Aol dAY T golde v
Sk 50%ALE S0 R 7FASAXT Hojd A
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5510 ok ol ol AXel ofg A2 wHoR
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0.0002
~@ Strain-L90
—@— Shraini75
. ~xr— Sitrain-1.60
| —e— Strain-L45
06.0001 4 .| —@— Strain-L30
{8~ Strain-L15
| = Stain-0
4~ Strain-R15
—4— Strain-R30
] ~de Strain-RA5
0.0000 ~@— Strain-R60
~@— Strain-R75
—O— Strain-R0
-0.0601
-0.0002 T r — T
0 2 4 6 8 10 12 14 16
LOAD(ton)
= 2lold
—@— Strain-1.90
0.0004 - ~@— Strain-L75
—v— Strain-L60
—%~ Strain-145
—~8— Strain-1.30
0.0002 ~&— Stain-L15
~— Strain-G
~&— Strain-R15
& Slrain-R30
0.0000 —A~ SfrainRAS
~@~ Strain-R60
.| ~® Strain-R75
-0.0002 4 | ~@— Strain-RO0
-0.0004 W
s
-0.0008 T v v . T T ™ r T u
0 1 2 3 4 5 6 7 8 9 1
LOAD(ton)
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66 BHRABIZEE|=SY

K27 Hheg



0.0002
@ Strain-L8Q
—@— Srain-L75
~—g— Strain-L60
—— Strain-L45
0.0001 .| —B— Strain-L30
— —@— Strain-1.15
£ = —O~ Strain-0
5 3 ~—8— Strain-R15
g g: —a&— Strain-R30
& § —&~— Strain-R45
£ 2 0.0000 —@— Strain-R60
._'-; s g~ Strain-R75
o = —©O— Strain-R90
) @
(=}
BT Ls0 o | -0.0001 4
Qe LVDT-L30 J)
159  ~w-gew~ LVDT-R30 |
g LVDT-R60 |
2.0 T T T r . -0.0002 Y T r T r g v T r
0 1 2 3 4 5 & 7 8 9.1 4] 1 2 3 4 5 8 7 8 9 3
LOAD(ton) LOAD(ton)
[o]]] L
(a) x'" S ‘rl_ E}'Ol |
20 ‘ 00010 -
initiate 1st visible! ___ A —— \D - g:::::t?g
o crack of R0 | ¢ . ~¥— Strain-L60
J 0.0005 4 —¥— Strain-L45
—&—~ Strain-L30
= G- Strain-L.15
E o ) tension —O— Strain-0
E § 0.000C 4 2 oF —— Stra%n-R15
g H —&— Strain-R30
5 104 o —&— Strain-R45
8 % Compression —&— Strain-R60
o N ; i —@— Strain-R75
» @ (OADVSLUDTBACK (60 ] ~ % = -0.0005
O 204 Qe LOonvamm *‘F 1 @ ] —O- Strain-RS0
g LOAD v LVDT.L50 | L
oo —es LOAD vsLVOTA25 \ - Wl
— % —  LOADWLVDTD s - 15
30 ——0O—— Lomwworres v -0.0010 4
—_——— LOAD vs LVDT-R50 .
eymans LOAD v8 LVDT-R0 L_. 2ndvigibe 1
. P R LOAD vs LVDT-Back_R6g! crack of L15 and L45
-40 T T T 4 T T T T T ¥ T T
o 1 2 3 4 5 & 7 8 7 & 5 06018 6 1 2 3 4 5 8 7 8 1
LOAD(ton) LOAD(ton)
(b} PC md 2lold
J& 13, 45 HYSHES K5t Al 2ioid AlRH HESL

skatglr] WEe] 2Ry 22 goldel A9 L30° A
ofl A Z|tfsiE 9.1ton(89.2kN) o m ZthH 9] 1.39mm
S 7\83kn w7} wASGITh ARLEA] Ast A] Bt
S ARAZ ASE Al 9 5Ee] 0.5 FEol Xt
2y WRHAE 29 oo RA, oF SHEIL &
23| F4Eo] 9l EE Al Foldo] FRrHo=E
HAo] Fokek B4

AR
22 of7hsio] 5

2 A 5 A ET
Aol 4% 2 o

F

ol
NO_L.

o] AFFHOZ 2l L45° LU R60°
o] Az WAE o] Hegt
v A E AsS UEhlsith

PC g o]y o] Aol A5}5HE0] 3.7ton(36.3kN)
A o HAHEE WiERl RO Ftofl A 27|wtgo) W
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