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Suggestion for the improvement of the field measurements
on the shotcrete lining

Hak-Joon Kim, Si-Hyun Park, Gyu-Jin Bae

Abstract The field measurements on the shotcrete lining are usually performed during the tunnel construction. However,
the credibility of the measurements is not certain because of the non-stress related strains occurring in the shotcrete,
the uncertainty of the deformation modulus of the shotcrete, and the intrinsic difficulties involved in the strain measure-
ments in the shotcrete. The problem related to the field measurements on the shotcrete is investigated using the review
of the previous studies and the field measurement performed for this study. A method for the correction of stress measu-
rements at the shotcrete lining, considering the non-stress related strains, is suggested using the literature review and
the actual measurements obtained from the non-stress shotcretes. The deformation modulus used for the calculation of

the stress acting on the shotcrete is also suggested.

Keywords: Field measurements, shotcrete lining, non-stress shotcretes, deformation modulus of the shotcrete
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AlZro] B e AQEQEd) oA AR uLEE, A
39 Hy, 5 €Y 64, s a2 5¢Y
o] Aol =2yl WhA FFEd 1Yol AJFo] AAlE]
o] 2&xlof| P& W2 Ao FAETh Mahar et
al(1975)2 <32 E 8 & oF 7-10Y A Foje=
SR ET} FEL QPIEE VXA HEa 50 9
3 4 s A "k slglon of= E 6
o] A& ZHuet dX|Fict

58 20N £3HE ZHE 34T =W 570 H

186 E197)s, M2 e, 20104 38

538 E=

Y&y oM AFE ol AlY Ak 79 49
Zrow IolA &L o+ HFolt) B= 3
719) Agke® Qg Ay eats 2ol7] 9fsle] 1 59
ZHo] 94 cm * 61 cm * 27 cm(7}& * A2 * Eo))9)
27 B2e2 ARsigon AR AgH £IYE §
A= 00A19] AEHA] Ao|XZ REG202DL ALg
3ttt BPARE Ro)udlat HAEE Lol ¢
He ZABHE Ao 3749 £32E SEAS 14
A7 % E A AFslr) lslel BEol A4 a3

=2 gdslgitt 3 49 28 24 A s
Bro] 2okt AxE £3E LHAR2, T2 2
71RE oFEgEe Hollt Bro) ylgxia] ol x|
= Jfel fTnE SHAL QRS S Kol Ao
2 FEgTo| Z2AEQ) 3 fgwlEo)x whyE
2| 9k g Be 248 vbAHiR2)9] 132 kefom
o) T FHZEE 6.1 kgem® 0|l om HAT BHS
(7.0 kg/em®)o] ¥HFHEF HH-22(5.2 kg/em’)o]| ]
3lo] o7k B gkt oleiet @Ak 25 EldEg
Aol 5gdl e gelxg Ane}l Xt 27
of QR8BS Hol= L S5t WiAlo] ofsle] 43
2| Eo] o] wads= Ho) 7|l Ao wrhEh

A 998 A4S eI 24E g
AMgE AolA] @ 24 Wkl webd HAE Bgout
HHZEE 3~8 kglem’ Q] HE HJTE P $31HL
10AZHAEY E)-1247H322 3 g)rtolofn
T oo Egsigln A1 L=l 255C(}EY ¢



E{d £3d|E A ZE9| JHMUO
® 6 23Y £3E WY Y %G D)

AHFRAES B HEE 50% 5% 100% % Uy s FR PREE 4
7 H A R (2) R 2 4 73 ZAE GHA
T HA 2 4 (3H7: 15 em, H A 50 cm)

i ! 15 4 #adE 397
5ol B A 2 25 35 (b 15 em, HA4: 50 cm)
YU HE0)
ne 3 4 4 EawE Sei
aa 2 6 8 (97 25 om, HA: 30 cm)
EiC 2 33 7 #aYE 24
5 H4 1.7 4 6.7 (8F4: 16 cm, FA: 60 cm)
FHE Hd(®) s
R ! 23 73 groly 27
A4 3 2.7 6.7 (BH4: 16 cm, H41: 60 cm)
BH 1.5 2.3 32 £30)E S84
A4 1.2 13 2.8 (97 60 cm, H4: 90 em)
i ! 2 ol &7
A 3 4 4 (N4 30 cm, EA: 90 cm)
AL S H@) — ° a
i ! ! 4 £aAE S
44 1 1.2 3.7 (8t 60 cm, HA: 90 cm)
G ! 2 3 goly g4
eSh 1 2 3 (9+A4: 20 cm, HA: 90 cm)
A2 gu() Elsg 4 55 11 . #32E S8
A 2 2.5 12 (514 27 em, A4l 61 cm)
Eiag 1.8 2.8 5.5
e Rl 1.9 3.0 5.9
T3 1.8 2.9 57
16

B# (kg/om2)

| —e—urWY 23(R1)
1o BMw® 8HM)
—a— A BY SR
- R SEIT2)
| —e— iy SY(RI)
o BHWH BHTY

[ !
16— e —
4 5 10 15 20 25 30 35
B Azt (Days)
39 4 FF 00 g A9 589 £3YE §H&H

23}

U)-32.9°C(Z5d E}H)?—
S22 A3 eE 9 A

ugion Bro) Hurt 2
= g Al o 2 g

<

B

‘31

19 5 £5Y £3¥E A4S
(=3
Lo BrojA] eauEge &4 ZAil oshy

Tunnelling Technology, Vol. 12, No. 2, March 2010 187



alaE 2 o] Ankgent Huglo] L B4
ST webd EdEgel a2 eEy 2
g Bgsto] NskEE A SeiAE ol o
3t WAo] gl=A] Qs

43 £33 38 E 3 HY 9y et

A = BE @RNAY 32 E AZNE A
RiskEat wAglo] T2 EolA] WAYsks HEE o
T HAL 79 o]Rojx|R] a1 Qlom HAo| o]Fo]
Avete 223t WHo] glo] Al=lgo] 9&A) H1
ek =l Bd el £ARE A uAfM A= S
o] tjRgo] Y £3|E9] 5§ F53E(84kg/em’)
of 84 2 wjAs SEo] FHYHEE 73 £3E
of gt SR W] FEAo] 2A At HA
S Qlck T2 B2 HAK] ARS3ks olgisEe) 2
71 FARA SEREES AW8] feiks
gt Ao Ul BaddS feide 3 Wl of
g 3L dasict

ARt PAe] YAHE £38E §He 3
Z|E wigy], BHE WY 22U F Sof whebA 2
AZro] A7t & 4= gouz 7t gd AR JA7;
S Aok stk By Uil 9]_,_01] H)5le] gukE o
2 ST =10 257} We 7o) ol_ﬁ__g f£3ale
el 2 @l o) ojgol oof Poi
Aol glom $EEhe % Aok g 4 ok w
2hA REEA] B Uil 788 BEE HX|sle] 32
< S4sjor @ A% iR & 4= Qo B8
g ARl A AN A8 EE AT} AT
o} APIRE o183t AEA A& FLe Akl &
gstoiok ik

?4%1 RN E 78 £3NE §H SN &

B £3NEE uYgo R S HS AR

J&POI SHELL AIAE FFs] LYt fIste] ¢
B ARto] &8 ERE £IES B 23 Hof
A &8s B9 ok I2u £3EEE mEelA
JQfe R AN AR =7t o go] vhiElo] gt
HEZ o uigte £3EE AF dde] EAbAYI
Al @ I Yke Aeole % Bhd faeiEY}
EAo} g2k 4= ik Ward®} Hills(1976)2) A& 4
o]l efsh HA| B'a ¥of epdEo] £of Sl 423

188 Edriz, M2 HM2E, 20104 38

Es %ﬂ{ HigtE £aeERg o & AEE e
E?—g—’i\— o Parker et al.(1976)-2 AA| @43} Y
st Aol A AlE-E& F3sliof T} FUTL £IE
WESE 48 4 A0S ARSI Tk 78 &
FYE AZAdle =EZ EARle] ARE dojof &
o} = EWe Eg gl £32EE EHdste WY
I A o B8Y Erof £32EE B
of E)=g|| ©]A-L Mahar et al.(1975)2] il_oﬂklgl- z
o] leZo] AJgol| A2 faz|Eeta H2E A

o] AFSHA 32 EE eMdsl &5 Z=gkol El =
A &4E = 7l HEolch

ASCE(1995)= A]?‘ﬂ% 242 E A AR 237
E g AA(HHE, 595 ol dtd EAE AR
2 ufgobA ZlEf’ﬂ/ﬂ Eﬂﬂ go= eHdslAY 22
2 ERE AIgA BT RS ARISIHANT ddA R
AgAdo] "ojrEg Ajdt B3 EEF 7hsdt 70°
oPFo R XA £3E EMS Ttk B Toldit
FARRE BHFES B8 ¢ 9 AR wdEr

588 £37E Bt A4 % «39E 447
FAREloF gEo] 58l Z1E HisssHAl AEE 4= QL
oug AR eAEE LB FAS} FYS =
ol ZH= BE=E AMGSfof ditk 259l A2
Zoli= F83] Aoksh=t] o2 % A=A ] e
s £37E7 Y S0 Yo U3 A
g WA o o] Fuol] wiRele Beo Rl
7 3o 420 olat g2l 3Pt A 4 gloms
2E0) 2717} Aok s YR A= BEE Tt
ofYAnE Hget 2718 Agslof w.

49 gmel e 9RAEE SR 99 8
co 3v)8 AT AYsA st oS AlY
Beo) st el RS SAT 4 US AR
ZH3 & AeE AZEHSIUZ) WEolrh Geblero}t
Schutz(1992)= YRt o=z ZI=|Eo] tigh YF7=
Aol A7 6R1A(152 mm), ZAo] 12912305 mm)<]
AR SAE AN FHEER £a0E RIS
o5t AJ8 TP Hol= 30 x 3091XK(762 x 762 mm)]
37]12 9hE Z& AE3HITE Morgan(1992)-& <32
E9 27T E AJES] ¢5ke] 450 x 450 x 100 mm
9] 7|2 ARME HdE FAoE AlY w2 AEolA
23 EE b3 &, 27 75 mm, Z¢] 100 mm 2}

-k

l"



BiY %321 AZ0| Tt

ol AlgE AFTIe 2t AR HE F RN ARE
A3 Gebler(1992)= 22 1149) sl Ide
ol-g3te] AlslR o e AEE 27 50 mm,
ol 100 mm?2} Foj A5E AFsto] S3siqrt
ASCE(1995)= wjde] #2& Alge] FAAS 4]
St RE AYE AIRE @7l FRE xR Aok
Sh=tl| 2 g o] Zol7} 90 emoliel Aol
E0h= Shold el FAer YAsjor s 2 em(3/4912))
FAC] BA= A e Ageiden 24 AlF
el mvi= ok 18 x 18 x 39UX[46 x 46 x 8cm)o]
golojof ghtta f1AsHIrh ShaE d38t3)(2009) 2]
Y EZAA ] oJahd YFHAEAIFR] AR £
AYE ool RFFAL 150 x 150 x 530 mme]
=5 ARgste] Bzt 4 iHEﬁ T0°H = ZAALA]
Agt & Fof Eol dojdl MRS AT A sk
Ut 788 2o epdE é’%ﬂal.‘éi ol-gs)A Z+F
Al 3T Aol oft| 22 ASCE(1995)0)l4] WAt
3k Ho] 90 em oY Ha = girk E 69 571
Folre] 758 eoe|E A fUlle] BRRAE
53 YSAEAR] EuE 2HES o 2 om F9] &
=2 460 x 460 mmo] FZ0 EEE F% £g2E
A FAR AR EE9 40| FET Fe=z #
ek aeu 588 EEols SEAL AR ojok
SHHE ol T#5lo] 600 x 600 mm o] 1A B
AF%?&E}% Ao /S FAISHHA detolge
EMEE a0 AR AHe) £adE AluE &
& AT AoE At
AEACE B3 £34E B5=2 am FA9 B
A= 600 x 600 mm o] TFAOE ARG T 70° oo
= Al AeiofAl B ebdA] Wt 90°7-E &
Alstal 5 elolidol A EE ePdshs W 5
1517 ZAbsbd @ etoldit FAKE Aee] £33
E ARE 9& 5 & AoE gggc

gl r[r

offt

o Brol 24 £avE WYRS S¥ow
k] SN s WIASES Z4E WEE
of Faholof Ak Fl B B A g B

HA
Eoie] $212E SEANNE 338 Qi
2 32 GEFEole] 4TUAE ol§3t £aeE W

GATE AL glom g2 ARollM £ EE A
%XH?} U %‘%ﬂl—’? & ARS8l Sl B
ARgE 0042 E o4l e] 7328 44t

(2001)0] #A
o] olatH %% 5(210 kgfem®)o}e] AAAAE &
& A4k 220,000 kgfem’E £AE SGAASE 714
atod oF 11 kg/cm 9] §&o] Zxpiat Rrsle]
gh dAsE Aog Asksidct

# 69 U 57 Eldollx] FSHA A B
of 7}l MBS WIS SA5E Aol 2laty

Hat ok 6 AT & 100%01 HEEo] whAyslt A4
a&ETel HFEdo] B¢ Z42F 9t 129 100%
o] Wy go| LA oL OIE B oA £72E9)
Z7)| o)A iR Mgo] AR glch wheka
529 2rore] £aE SEAol: £32E X
BT o 27] Aol £as|s HE AT ARRE
ofok Bit} Bortz, et al.(1973)0] &A1 6-7A1ZF ZHa} %
o} ealE HEHISs T Soalel Zof 40,000-70,000
kg/cm’o]th. JohnT} Mattle(2003)-2 £ 8|EQ] 27
4 SISAEE st 27] AR a2 B9 HIPH
$E 67 ITHOE AXEGed FE) smEls
10,000-30,000 kg/em’, 41427} 423 8]E= 40,000-
60,000 kg/em’ 9] WS ®Qlth 27T 7 H 7}
B9 HYPAG7} T olg= AR Bk &2
2| BV} A3bels &erh BRI; g2 B vlste]
w=7] wf ol

738 BEoA9] £38E 38 AllAs 9 1

o] auE WPAeE AEohe o] HAER=T
avrd oz g ed @l Bl AAEEA U
Mozt £ Ao 50,000 kg/om’ S AL
s 2 oAt ¢lg Aog HRErch SufollAE olu]
ST Z0007) U SRS S(2008)0)|4]9} o) ofrfo]
2R3 AYER] kS soft =3 E)] tisiA] 50,000
kg/em’E faE WEAGE du) AMgsta gk 9
o5 B(2004)2 52,000 kg/cm‘g soft Sexig|Eo] ¥
AR ARESIo] ]S astgTh
5. £32|E X|&x] 33 1Py

|

B =R AXE BE £3TE AZ A48T
A faRE AEAA F4E HFE 100,000

Tunnelling Technology, Vol. 12, No. 2, March 2010 189



kg/em’] £32|E HYPASE Folo] £32E S
F3 & o8 Brod 4% ME S 50,000 kefem’
o] 32| HPALS Fato] AXE S
A5 o3t a2|E R4 S AP 4= gl
T o] We £3E A RAQ] HFE 5 Al
£ o) 2X] YRR 24 270l AEAY} Be
2 ZuoA Ago] 2oz thE £38E WAL
2 AMg3ks BAEO] itk £3RE ARAA 24
= HEEIN Y A 243 BeY B WEE
# 3 100,000 kg/em’2] 32| E HMEASE o]g
o} £32|E 38S Falshd o]e} e BAHE 3
3 4= Qi) AEAe} B8 Broxe] 2717k &
AE e F 2347 Aloje] Fa X7t &Hstn
£32E B4 T oF 10971AE AR BruoA &
Aol Ao} s=s=lojof sttt e BEQl fa7E
ol XutsiEa WAlo] AR Sele Ura o
17l S 32 E B SR BooA A&
3 350,000 kg/em® o] £T)E HHARE AL
sbd s gEe 1E 4 9ok

ok o

o

i)

£ Aol 29l f3e)= AZo) A% B4 9

uil
o3
X
A
e

o]
i
of
Ol
*
N

N
b
i
A
{m
b
I
1o
ﬂg
=

L
b00>

zo AW acphy chewt Pk

. 23elE eoldelile] 2717 ERA7lE £32)E
o ot HRARE A4 TRst] £AE B
F oF 23412 Ao} AP AO2 Beieln] 37
HIEE S B ANl wek Sele ool A
A Aok B o] ofste] dpo) groz
AARE A5 RN HEIE W7
SIehHE, ASAEL 2] Azt Hoj= 3Dl
% B9l vt 2} Wt Hgof f32)= S
24 sk 2o nigksicy.

2. SR EGk AolAe] 7o) ¢ vEuw S8l
Az 7K K7t e AolAE olgahe Aol
sk stck §EA) Aol At Aol Az

190 E{27|&, 123 HM23, 201014 38

Apoll 2Jato] AN & ol g3fof 3 olE $siAl
£ A Sl 7l A7 AelAl AT 4ReE
EZ3RE A=A 7ol et

3. 249 HIES S o= T ) ALE WA
= 758 Erof eMdE R £a3ES} B A

wHao] eldE fea3a|E0] Ao, 717} 50,000 kg/cm’
2} 100,000 kgfem’E AMESVE 24 o8 A &
A 5 g oz FgFch 4 5y Al 7t
Z el ARSI Qe AEERRE ] SHbAE
ol g3 B £IAT|E MFA 4= AMSHR] Tolof
gk

4. @ £aE 3L ZFT Aol F8H BE=E
el Uire] ARt £-88 BAgE sfEolof gtk
nog Bvl ) cm H/9 EXZ 600 x 600 mm
o] ;149 BEEE A% &A= E e FAR ARt}
A Age #A4E FAshEA d% gtoldol B
H L3 Eel JARRE Y] £32E XNRE €S
£ JE AoE PoEth £32E M2 739
BEE 70° oo R A9 B2 Aol glolde
EMSHE ol ojate] EY mlo|dof £agE
< epdshe W FUsHA epddch

5. B dgoA AAgE W) olste] At £-38 &
ZE Y Yo A3 3, SeaeE BEA A &
e HYBolA £33 E= HIES W T 100,000
kg/em’9] £ E HPAGE o83 aTE
S B AAET & 248 A EY
J2 Aoz goidEch

»

¢

i

AL A}

2 A= 20099 AAwFRIE SRS k=ldn
716 7RI flEF AJest AdE A IEARI
“UT 9 ANPE E-83t F4 g3t el daldrierid
(FAHZ: 09CHUD-B050408-05-000000)” A-7AH
9] Uo7 E|giom At 2ol FAR=HUTH

L 2N, SXIM (2009), “EiERrRor BobyIY L ot
e



ElY £3e|= A9 Mot

10.

11.

12.

13.

14.

15.

16.

17.

, BIRE(EREE| =27, MIIH, HIS, pp. 1122

NI

| SR, W 2008), “EYY ZISBA WHE AHO|XIQ)

LOC 1 O

MElE A” AT, XIEBE, gk ESes =27,
H183, M23, pp. 153-158.

- 2E= (2001), “O2tRE 2ol 2F HE 2told of

5 o, Zalfst, E2Tata, MASII=E, pp. 88,

HIOIE QS AU, UK (2004), “RIY Stofl U

= TR X6HES2l X2 AlAH0]| 25t S+, BEut
Xlstszt S=ARZES|X|, M147, MRS, pp. 154-166.

. OIOJAUAERME (2009), “O|O|AQIAEERHE QIE

Ul E00|X]| MIZ FICIR22”, www.aceinstrument.com/
datasheet/028k.pdf.

- wE=, 0|2E, WAHE (2007), “H'22) HIH otyY

WIS I8t 230 2YY WY Hln AB0| B
A, BV (%, et2EE3sE =2, Mo, M23,
pp. 99-107.

- OlYE, 2T (2000), “AlZt2lE2dS DTt 2R
ni

ot £32|E9| HSEESHS Ber O, S=EXEE
Sta|X|, M373, HM5S, pp. 350-361.

CE3TE, el XEAL i (2009), “HUEAE

ofgt Z7|xE £32|E atoldel HE b, 20094
= CiEtE=sts] M7|sa0hsl =2, pp. 1019-1022,

. SlElS, A, AMAE, AHAL (2008), “O|xt +X|5H

Ao oIt X2 M58 1nedEt £32|E 2ol B
= ot e, HEr|s, stEE3dstE =23, Jl
103, M3S, pp. 269-282.

SRLRIBBAF (1989), “BFY ASK2ES 013 A
SENQRH: 4L, YU, WH W 222 FMo

27, SlRpAFESA BN

BREILZEE| (007), “HEDER MY ELAAT|
>, Mlotole!, pp. 138.

SHEE{LE SIS (2009), “BESHUR MY EHLRE Al
SEA”, M[OLO[Y, pp. 135.

EUS, ME4, EEY, (19%6), “ZIRIEZ=H Y
o LIt st 71N A7, SIS =8
Z, M2, ™75, pp. 229-236.

ABNT (1980), “Projeto e execucao de obras de concreto
armado. NBR-6118”, Associacao Brasileira de Normas
Tecnicas.

ACI (1971), “ACI Standard building code requirement
for reinforced concrete”. ACI 318-63, American Concrete
Institute, pp. 143.

ACI (1992), “Building code requirements for reinforced
concrete (ACI 318-89) and commentary -ACI 318R-89”,
American Concrete Institute, pp. 347.

ASA (2009). “www.shotcrete.org”, Homepage of the Ame-
rican Shotcrete Association.

. ASCE (1995), “Standard practice for shotcrete”, Technical

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Engineering and Design Guides as adapted from the US
Army Corps of Engineers, No. 11, American Society of
Civil Engineers Press, pp. 66.

. Barrett, S. V. L. and McCreath, D. R. (1995), “Shotcrete

support design in blocky ground: Towards a deterministic
approach”, Tunnelling and Underground Space Technology,
Vol. 10, No. 1, pp. 79-89.

Bemnard, E. S. (2008), “Early-age load resistance of fibre
reinforced shotcrete linings”, Tunnelling and Underground
Space Technology, Vol. 23, pp. 451-460.

Blanck, J. A. (1974), “Shotcrete durability and strength
- A practical viewpoint”, Use of Shotcrete for Undergro-
und Strength Support, ASCE and ACI SP-45, pp. 320-329.
Bortz, S. A., Aleshin, E., Wade, T. B. and Chugh, Y. P.
(1973), “Evaluation of present shotcrete technology for
improved coal mine ground controi”, IIT Research Insti-
tute, Bu. Mines Report OFR-54-73, pp. 219.
Brameshuber, W. and Kottas, R. (1987), “Ein Verfahren
zur Bestimmung der Fruhfestigkeitsentwicklung von Spri-
tzbeton”, Beton und Stahlbetonbau, No. 10, pp. 270-273.
Brietley, G. S. (1975), “The performance during const-
ruction of the liner for a large, shallow underground ope-
ning in rock”, Ph.D. Thesis, University of Illinois at Urbana-
Champaign, pp. 318.

CEB-FIP (1978), “Model code for concrete structures”,
Comite Euro-international du Beton, Paris.

Clayton, C.R. I, van der Berg, J. P., Heymann, G., Bica,
A. V. D. and Hope, V. S. (2002), “The performance of
pressure cells for sprayed concrete mmnel linings”, Geo-
technique, Vol. 52, No. 3, pp. 245-255.

Corps of Engineers (1974), “Shotcrete for multipurpose
tunnel, New Melones Lake, Stanislaus River, California”,
Corps of Engineers, U. S. Army, Sacramento District,
Sacramento, California, pp. 87.

Dunnicliff, J. (1988), “Geotechnical instrumentation for
monitoring field performance”, John Wiley & Sons, pp. 577.
Fernandez-Delgado, G., Mahar, J., and Cording, E. (1975),
“Shotcrete, Structural testing of thin liners”, Report for
Department of Transportation, Federal Railroad Adminis-
tration, Washington, D. C., pp. 219.

Gebler, S. H. (1992), “Durability of dry-mix shotcrete
containing regulated-set cement”, Shotcrete, American
Concrete Institute, Compilation 18, pp. 44-46.

Gebler, S. H. and Schutz, R. (1992), “Is 0.85fc’ valid for
shotcrete”, Shotcrete, American Concrete Institute, Com-
pilation 18, pp. 3-5.

Geokon (2009), “Products catalogue”, www.geokon.com/
products/datasheets/4200.pdf.

Tunnelling Technology, Vol. 12, No, 2, March 2010 191



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Golser, J., Schubert, P. and Rabensteiner, K. (1989), “A
new concept for evaluation of loading in shotcrete linings”,
Proceedings, International Congress on Progress and In-
novation in Tunnelling, Edited by K. Y. Lo, Toronto,
Sept., pp. 79-85.

John, M. and Mattle, B. (2003), “Factors of shotcrete li-
ning design”, Tunnels and Tunnelling International, Vol.
35, No. 10, pp. 42-44.

Jones, B. D. (2007), “Stresses in sprayed concrete tunnel
junctions”, Thesis for the Degree of Engineering Docto-
rate, School of Civil Engineering and the Environment,
University of Southampton, UK.

Kusterle, W. and Lukas, W. (1990), “High-grade shotcrete
for the single permanent shotcrete lining method”, Shotc-
rete for Underground Support, Proceedings of the Engi-
neering Foundation Conference, Uppsala, Sweden, Ame-
rican Society of Civil Engineers, pp. 27-51.
Kuwajima, F. M. (1991), “Behavior of shotcrete in shal-
low tunnels”, Ph. D. Thesis, University of Alberta, Ed-
monton, Canada, pp. 511.

Litvin, A. and Shideler, J. J. (1966), “Laboratory study
of shotcrete”, ACI SP-14, Shotcreting, pp. 165-184.
Mabhar, J. W., Gau, F. L. and Cording, E. J. (1972),
“Observations during construction of rock tunnels for the
Washington, D. C. Subway”, Proceedings, North Ameri-
can Rapid Excavation and Tunneling Conference, Lane
and Garfield, ed., American Institute of Mining, Metallu-
rgical and Petroleum Engineers.

Mabhar, J. W., Parker, H. W. and Wuellner, W. W.
(1975), “Shotcrete practice in underground construction”,
Final Report Prepared for Department of Transportation,
Federal Railroad Administration, Washington, D. C., pp. 503.
Morgan, D. R. (1992), “High early strength blended-cement
wet-mix shotcrete”, Shotcrete, American Concrete Insti-
tute, Compilation 18, pp. 23-27.

Negro, A. Jr. (1988), “Design of shallow tunnels in soft
ground”, Ph. D. Thesis, Department of Civil Engineering,
University of Alberta, Edmonton, pp. 1480.

192 E{d7|&, AM23 A3, 201044 3¥

43,

45.

46.

47.

48.

49.

50.

SL

Parker, H. W., Fernandez, G. and Lorig, L. J. (1975),
“Field-oriented investigation of conventional and experi-
mental shotcrete”, Report for Department of Transporta-
tion, Federal Railroad Administration.

. Parker, H. W., Fernandez, G. and Lorig, L. J. (1976), “A

practical new approach to shotcrete rebound losses”, ACI
SP-54, Shotcrete for ground support, Eaton, Maryland,
Oct., pp. 149-187.

Pauw, A. (1960), “Static modulus of elasticity of concre-
te as affected by density”, Title No. 57-32, Journal of
the American Concrete Institute, Vol. 57, pp. 679-687.
Pihlajavaara, S. E. (1982), “Estimation of drying of con-
crete at different relative humidities and temperatures of
ambient air with special discussion about fundamental
features of drying and shrinkage”, In Creep and Shrin-
kage in Concrete Structures Edited by Bazant, Z. P. &
Wittmann, F. H., John Wiley & Sons, pp. 87-108.
Selig, E. T. (1964), “A review of stress and strain mea-
surement in soil”, Proceedings of the Symposium on Soil-
Structure Interaction, University of Arizona, Tucson, AZ,
pp. 172-186.

Ward, W. H. (1978), “Ground supports for tunnels in weak
rocks”. Geotechnique, Vol. 28, No. 2, pp. 133-171.
Ward, W. H. and Hills, D. L. (1976), “Sprayed concrete:
tunnel support requirements and the dry mix process”,
ACI, Publication SP-54: Shotcrete for ground support,
Eaton, Maryland, Oct., pp. 475-532.

Ward, W. H. and Pender, M. J. (1981), “Tunnelling in
soft ground - General Report”, Proceedings of the Tenth
International Conference on Soil Mechanics and Founda-
tion Engineering, Stockholm, Vol. 4, pp. 261-275.
Yang, C. Y., Xu, M. X. and Chen, W. F. (2007),
“Reliability analysis of shotcrete lining during tunnel con-
struction”, Journal of Construction Engineering and
Management, ASCE, Vol. 133, No. 12, pp. 975-981.

H22(2010.2.17), +E2(2010.3.3), A& L(2010.3.10)



