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A development of modification program for steel fiber reinforced shotcrete
during design and construction stages
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SYNOPSIS : The quality control of tunnel support construction is very important to maintain a long term
stability of tunnel. Especially, steel fiber reinforced shotcrete should be necessary to investigate practically the
condition of quality control in the construction site. In order to perform this study, the design criteria and
specifications relevant to steel fiber reinforced shotcrete are reviewed. And the comparison is made between
the bearing capacity of the several shotcrete layers, based on the equivalence of the bending moments. Eight
tunnel construction sites are also investigated carefully to examine and analyse the characteristics of steel fiber
reinforced shotcrete especially including strength and mixing condition of steel fiber. Based on the results, it
is founded the items to be improved in the future. In addition, the modification program for the specifications

of steel fiber reinforced shotcrete is suggested.

Keyword : specification, tunnel support, steel fiber reinforced shotcrete, steel fiber mix
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£ 2 799 kA ES FFPE 27

Age of Shotcrete Compressive Reference Source
strength
8 hours 5 Wood
1 day 5 Japan Tunnelling Assoc
7 Austria
& AFTES(1992), Great Britain
9 Austria
10 EFNARC(1992)
3 day 20 Wood(1992)
7 day 17+ AFTES(1992)
25 EFNARC(1992)
30 Morgan(1991), Wood(1992)
28 day 18 Japan tunnelling Assoc.(1991)
25%% AFTES(1992)
30 JCI(1991),EFNARC(1992)
35 Great Britain, Stockholm city streets and Traffic Admin.(1990)
35wk Maidl(1992)
38 Austria(JT 7]15)
40%* Maidl(1992)
40 Austria, Morgan(1991)
45 Swedish Railroad Dept.(1991)
35 EFNARC(1992)
*Arithmetic mean, **Characteristic strength, #***Single value, JCI: Japan Concrete Institute
EFNARC: European Specification for Sprayed Concrete, AFTES: French Tunnelling Association

2.2.1 KEE8&7I=(EFNARC)

EFNARCY 4%, AdF127%

Lag e oAl thair H(beam)AlFol 23 HFAE=THIY =
g o]E Aol gt YA FFeHoE SISt A At IFAE SES HUEeH7] Ag A
o] A £ E B dd2RE 1719 (h)dA =AIS Y 75X 125X600mm A7) B
Adesich AAA 878 A9 B ARV AWl & £ ULEE RAEIY AlY AA SIS
AN T AP Fo SY-w9 T4 o] wet a9 19 (a)ek Zol 7 [FRAE sEoeE
et AR B £AYES FJAAEVLE TR K 33 Zo] AREETh
E " ~— Class 4
2 \\\ TOP OF BEAM
= .
Classo\
% : i ] : : 12 12 12
Beam deflection (mm)
(a) AFAE SHF1Y (b) Ho] A3k

a9 1 #HY A 2 SHE
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Deformation Beam Residual Stress(MPa) for Strength Class
Class Deflection(mm) 1 2 3 4
0.5 15 25 35 45
Low 1 1.3 2.3 33 4.3
Normal 2 1.0 2.0 3.0 4.0
High 4 0.5 15 25 35
2.2.2 ASTM 7|&

ASTMS] T4 A4S ZAES] dap dFo] AT 7= gAdduiA e FHAFE AT
24 F71E AU A9 H(Toughness indices)E At&3sl= Ao|th. o1 A3 AAXFE o] &3lo] o
AFNA Y AFAE AFE AHAst=d AA A SFRSe #2& HUbste WHe=zA z7d4d3)
OV\*X]-’F, AFAEAFE A AASE F 49 #o] 4GA R EFH performance levelo] #-&3kc}.

=

I 52 ASTM C1018¢] ¢j& ArA =
A2 ¥ 3 (ITA)S] SFRSY 57

[€)
|5 AF83Fe 19851 Morgan©] A|kgt

¥4 BEAFRE 23YE ¥ £33 E Performance Level AlW7]&
Performance Is 110
Level Specified Value Test Result Specified Value Test Result
I 2.7 3.0 54 6.0
il 3.6 4.0 7.2 8.0
m 45 5.0 9.0 10.0
I\% 54 6.0 10.8 12.0
¥ 5. Morgan® SFRS 53 %
3= 53 110 130 R30/10
I Marginal <4 <12 <40
I Fair 4 12 40
I Good 6 18 60
I\% Excellent 8 24 80
2.2.3 URE=SI3|(JSCE) 7=
AR £av e FEHE 4 T AR JSCE-SF4el AT S7HAA=()MEe=zA 57t
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(1) dut =a9E 44

2% 3. Design of plain shotcrete layer

fu d?
M, = s b 6

Mp- bending moment(Nm/m), f,= plain shotcrete flexural strength(N/mm?),

(3

s= safety factor, b= width of loaded area(mm), d= total shotcrete layer thickness(mm)

(2) 1¥l+] BAsadE A7

M,, =09« —¢A oo, 4)

m.u 2 S

Mun..= ultimate bending moment(Nm/m), d= total layer thickness(mm),
As= steel wire mesh cross section(mmz/m), 0su= ultimate tensile strength of mesh steel

wires(N/mm?®)
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(3) 2vl+] WA=adE A7

19 5. Design of the 2 mesh reinforced layer

MZm.u =09« h- As * Osu (5)

Mom,= ultimate bending moment(Nm/m), h= d-a(mm), d= shotcrete layer thickness(mm),
a= shotcrete cover of wire mesh(mm), As= steel wire mesh cross Section(mmz/m),
0s.= ultimate tensile strength of steel mesh wire(N/mm?®)

(4) A B E A7

19 6. Design of steel fibr reinforced shotcrete layer

d2

MD»p:fe.b. 6

(6)

Mpp= M,= bending moment(Nm/m), f.= equivalent flexural strength of Dramix shotcrete(N/mm?),
b=width of loaded area(mm), d = total layer thickness(mm)
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