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A Study on the Strength Characteristics and Rebound Ratio with
Respect to Injection Pressure of Shotcrete
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ABSTRACT

Steel Fiber Reinforced Wet-type Shotcrete improves the quality and stabilizes the tunnel by increasing the shear strength of the natural
ground by constructing the concrete which attaches the fresh concrete to the predetermined position from the nozzle. The Steel Fiber
Reinforced Wet-type Shotcrete improves and reinforces the strength and dynamic behavior characteristics of concrete to suppress the
generation and growth of local cracks by increasing the tensile resistance ability. In addition, Steel Fiber Reinforced Wet-type Shotcrete
is a shotcrete that improves tensile strength, bending strength, and crack resistance by dispersing discontinuous short steel fibers evenly
in concrete. In this study, compressive strength test and bending strength test of shotcrete of NATM tunnel were measured and rebound
reduction rate was measured by varying shotcrete putting pressure to 900 RPM, 1,000 RPM, and 1,100 RPM. Therefore, the data that
can be applied to domestic NATM tunnel construction are presented.
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Table 1. Comparison of Dry and Wet Shotcrete
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RockE EPIFRo 2 Bou} 7ol whe $13sk 22 ek
o] & A 5 3ok £2]EY Rock Bolts AReshe
LAE] U He] FEUS Fo 24 Ak EjES FUt
AIZIt}. B3k £==12]E, Rock Bolt, 7] A|BA} 55
Hla2] S 7] 8 13835 Ro 2 AN s Iy
Shgah ARk} A RS gk v W9jRt 4 glon, By
7} Bl ARle] B8t v 7RSS ARt LRRE
HES the 8188te] 2 §8S sdAzlel wet 2k AH 2
Ejgs Pl oA <= SIek(Gyungbu High Speed Railroad,
2001a; Korea Concrete Institute, 2009).
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% | 23T HF) A
3, F0 AR SeEles) Shew Ao ul AR A,
o] & WA 5 Yomw Al Ui AUt Fas

ARt 52 NATM 28-& ofA skt Jrk(Gyungbu High Speed
Railroad, 2001a; Korea Water Resources Corporation, 1993).

2.1.3 A-EALETE|E EMAEH

S]] igke: U5 Se|Ed] thele] SAtEE A

Division Dry System Wet System
- Less rebound (less than 15 %).
- The initial investment is low. - Almost no dust.
- Easy to clean after work. - The capacity of the compressor is low.
Advantage - Easy installation and operation of equipment. - The remote control is not restricted by the operator's work.

- Low water/cement ratio construction
- Possible of abort work

- Good quality shotcrete can be constructed
- Less consumables.
- Less work (2~3 people).

- It is difficult to work with high quality shotcrete.
- We need 7~8 workers.

- There is a lot of rebound (more than 40 %).

- It's dusty.

- A lot of consumable parts are needed.

- Compressor capacity is large.

Disadvantage

- High initial investment

- Careful cleaning after cleaning is necessary.

- Be careful with installation and operation.

- It's hard to stop work.

- Concrete transport is limited.

- There is an operator's work limit in manual work.

116 Journal of the Korean Society of Civil Engineers



Sper] Sluk wjgAANel Slste] AAIE 5+ glow, WAl
A B B e 58 - lort Lo el S
Y& ABSlole) B 5 esRle el g

ol XK Tl 2] S 475 e i} S, 51
semeles) Bk 1) 5-8 % 48] Bt £ )

T uk A8egr]E 9 Mg T8E FulesSe 10~20 %
H 2 AJHEA o) 7Sl A)\Qﬂﬂ(Gyungbu High Speed Railroad,
2001a; Korea Water Resources Corporation, 1993; Kwon,

2000), 7A-&2leaEE v)ashd Table 13 2rh

2.2 EMMZEH|
Sezrele epARE ATARE 4] ARSI Agstol st
g WS § A9E 1S }74*4404%;44 a8

Rlolof 3] Bl s
ol 3koloh ek, ot MRS Sl %‘f% =

tofok ah, Bbd7 Al E2 QIHE7HA] ol 7hsslof sl
FE3 V)5S 23 = glojok K Gyungbu High Speed
Railroad, 2001b; Ministry of Land, Transport and Maritime
Affairs, 2014).

2.2.1 £32|EQ| EpM
ZTa|E 2] A mESHAL AfRe] AT 58S TEs

e Aejslo] Mg o) Wk SEs W) 2]

=5 kL, =59 BRRSe] A2l 0.75~1.25 m Ao,
10 mY ) eukese] vt Hue o] AuE AFgek
ik HAeTE]E] Qe w26 02-05 MPa o]
7h s, B0 uke eluhesg @ wS3he] Ag
mE eplesee Fig 19 2ok Jela 18] azleepd S
5 em oJuje]w, SR EATSS B2 ofgfelx] 1502 S
Sk TollX] ThE & B0 2 &3] ERAALRE Shti(Kwon, 2001;
Lee, Jeon and Kim, 2004; Ministry of Land, Transport and
Maritime Affairs, 2014).

= 30 [28%
&
S 25
= 20%
© 20
(14
°
e 15 12%
3
8 10
[]
r 5
0
0.7 0.8 0.9 1 1.1 1.2

Distance between excavation surface and
nozzle(m)

Fig. 1. Rebound Ratio According to Nozzle Distance
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T2 UPA] w3le 7kx3et)(Jeon et al., 2012; Korea Concrete
Institute, 2009).
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Table 2. General Shotcrete Formulation and Field Mixing

Mix
Item - - - -
Specific mix Field mix
Specified design strength (MPa) 21 21
Max of coarse aggregate (mm) 10 10
Slump (mm) 100 100
Air content (%) 2.0 2.0
Water-Binder Ratio (W/B) 43.7 43.5
Absolute fine aggregate ratio 60 60
(S/a)
Water 192 192
Cement 438 441
Unit quantity
(kg/m’) Sand Wash sand 610 | Wash sand 609
Water sand 416 | Water sand 415
Aggregate 678 677
Steel fiber (kg/m’) - -
Superplasticizer (kg/m’) 4.38 441

Table 3. Steel Fiber Shotcrete Formulations and Field Mixing

Mix
Item
Specific mix Field mix
Specified design strength (MPa) 4.5 4.5
Max of coarse aggregate (mm) 10 10
Slump (mm) 100 100
Air content (%) 2.0 2.0
Water-Binder Ratio (W/B) 41.6 424
Absolute fine aggregate ratio 60 60
(S/a)
Water 200 203
Cement 482 479
Unit quantity
(ke/m?) Sand Wash sand 589 | Wash sand 587
Water sand 401 | Water sand 400
Aggregate 654 652
Steel fiber (kg/m’) 40 37
Superplasticizer (kg/m®) 4.82 4.79
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Table 4. General Shotcrete Compression Strength Test
Specimen 10-21-100 Specimen Size 10 x 20
Site Test No. w/C S/a Slump | aircontent | Ages Strength (MPa)
(%) (%) (mm) (%) (day) Breaking Load Strength AverageStrength

1-1 226000 28.79
1-2 38.0 59.0 90.0 2.6 28 224000 28.54 28.93
1-3 231200 29.45
2-1 198000 25.22

A Site 2-2 43.0 60.0 95.0 29 28 196800 25.07 25.01
2-3 194200 24.74
3-1 165000 21.02
3-2 48.0 61.0 110.0 2.8 28 159400 20.31 20.66
3-3 162200 20.66
1-1 216600 26.75
1-2 38.0 59.0 85 2.1 28 208100 25.70 26.57
1-3 220600 27.25
2-1 193300 23.87

B Site 2-2 43.0 60.0 95 2.0 28 190400 23.52 23.70
2-3 191900 23.70
3-1 176600 21.81
3-2 43.0 61.0 105 1.9 28 178000 21.98 21.91
3-3 177600 21.93
1-1 215200 26.58
1-2 38.0 59.0 80 2.1 28 219100 27.06 26.89
1-3 218800 27.02
2-1 189500 23.40

C Site 2-2 43.0 60.0 100 2.0 28 192000 23.71 23.70
2-3 194200 23.98
3-1 171700 21.21
3-2 48.0 61.0 110 2.0 28 172400 21.29 21.48
3-3 177400 21.93

Vol.39 No.1 February 2019 119



30

frelse) A B3 AR HE ephesg o

25

20

A Site

-+-B Site

Compressive Strength
(MPa)

-#C Site

15
35

Fig. 2. Compressive Strength Curve of General Shotcrete

ks 7] 85 % obde

40

45
W/C (%)

50

LRERHAL Qlom] AR 289 i isd

2 AT AT, BET 9 CE7] 4S5 200 MPa, opE

Table 5. Steel Fiber Shotcrete Bending Strength Test
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ow% Uehfo] 2:ze)e EgtEe] 2w mEsla itk

= plon

01

Specimen 10-4.5-100 Specimen Size 10 x 20
Site Test No. wi/C S/a Slump air content Ages Strength (MPa)
(%) (%) (mm) (%) (day) Breaking Load Strength AverageStrength

1-1 52600 7.01
1-2 39.0 59.0 90 2.7 28 56400 7.52 7.25
1-3 54200 7.23
2-1 44640 5.95

A Site 2-2 44.0 60.0 95 2.1 28 46000 6.13 5.99
2-3 44200 5.89
3-1 34200 4.56
3-2 49.0 61.0 110 2.9 28 34600 4.61 4.60
3-3 34800 4.64
1-1 46500 6.20
1-2 39.0 59.0 90 2.1 28 46600 6.21 6.32
1-3 49100 6.55
2-1 39900 532

B Site 2-2 44.0 60.0 105 1.9 28 41600 5.55 5.45
2-3 41100 5.48
3-1 36900 4.92
3-2 49.0 61.0 110 2.0 28 36900 4.92 4.87
3-3 35800 4.77
1-1 49300 6.57
1-2 39.0 59.0 95 2.1 28 48500 6.47 6.62
1-3 51100 6.81
2-1 39600 5.28

C Site 2-2 44.0 60.0 105 1.9 28 43300 5.77 5.50
2-3 40900 5.45
3-1 34700 4.63
3-2 49.0 61.0 110 22 28 36100 4.81 4.75
3-3 36100 4.81
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Fig. 3. Bending Strength Curve of Steel Fiber Shotcrete

Table 6. Rebound Rate of Steel Fiber Shotcrete
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Fig. 4. Hydraulic and Rebound Curves of Steel Fiber Shotcrete

Mixing ratio
Acceler .
Vol. [Max agg.| Slump | Air W/B S/a W C S1 S2 G Ssl;pc ?lelra f.lf:rl ating wli?gILt
(m’) (mm) (mm) | (%) | (%) ) | keg) | kg | kg | (kg | (ko) ke) | (ke) a(ient (ke)
)
1 10 100 2.0 41.6 60.0 200 482 589 401 654 4.82 40 39 2331
Rebound Ratio
@ Specimen weight (kg) 2331 2331 2331
(@ Rebound weight (kg) 223 251 367.8
@ Rebound Ratio(%) : D/@x*100 9.60 % 10.80 % 15.80 %
@ Injection pressure : 900 RPM 1000 RPM 1100 RPM
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