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Fig. 3: Heat of hydration within 24 hours 

4. This SA in wet-mix process and physical 
properties of shotcrete 

As previously mentioned, shotcreting methods 
can be broadly divided into dry-mix and wet­
mix processes. Until several years ago, dry-mix 
processes were more often adopted in tunneling 
work. As advantages of dry-mix process, 
whereas the following may be cited. 

1. Mechanical apparatus is of small size (for ea­
se of addition of shotcrete admixture). 

2. Operation is easy. 
3. The distance of pressurized conveying of 

shotcrete may be made langer. 

But on the other hand, there were shortcom­
ings such as 
1. The quality of concrete (adjustment of water­

cement ratio) is govemed by the skill of the 
nozzleman. 

2. Dust and rebound are of comparatively !arge 
quantity. 

3. Placing capacity is small. 

As the use of the NA TM spread, there was an 
increase in !arge cross-section tunnel projects 
and wet-mix processes have come to be mostly 
used for reasons such as 
1. Placement in larger volumes is possible with 

wet-mix proccsses. 
2. Quality control of concrete is easier. 
3. Less dust and rebound occur compared with 

dry-mix processes. 

Table 3 shows the transitions in methods used 
in NATM tunnel projects in 1987 and 1988. The 
data are the results of surveys made by authors' 
company and do not covcr all tunnels, but it is 
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considered that the trend can be recognized. 

Year 1987 1988 

Method Number Ratio Number Ratio 

[%] [%] 

Wet-mix 98 56 146 77 

processes 

Dry-mix 78 44 44 23 

processes 

Table 3: Transitions in method used in NATM 
tunnel projects 

Whereas in 1987 wet-mix and dry-mix process 
projects were roughly equal in number, in 1988, 
wet-mix processes made up three fourths and 
dry-mix processes one fourth, showing an 
increase in wet-mix processes. The transitions in 
NATM tunnel procets according to owners are 
shown in Table 4. 

Year 1987 1988 

Method Number Ratio Number Ratio 

(%] [%] 

Japan Highway Public 63 38 97 33 

Corp. 

The Ministry of Constr. 20 12 81 27 

A local self-govern. body 39 23 55 19 

Japan Railways 25 15 6 2 

Electric power 14 8 23 8 

companies 

The others 6 4 32 11 

Table 4: Transitions in NATM tunnel projects 
according to owners 

Compared with relatively small cross-section 
railway tunnel and power generation headrace 
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tunnel projects there has been a marked increase 
in highway tunnel projects, and this is thought to 
have led to the increase in wet-mix processes. 

The tunneling wo rk by wet-mix processes has 
increased greatly in Japan due to development of 
this SA and development of delivery apparatus 
for powdered shotcrete admixture for wet-mix 
processes besides the beforementioned features. 
In addition of liquid shotcrete admixtures, 
pumptype apparatus are used, and controlling 
the dosage is easy for a high level of constant 
feed. However, in case of wet-mix shotcreting 
with powdered shotcrete acmixtures, systems of 
forcibly delivering the shotcrete admixture into 
hose by pneumatic pressure were adopted, but 
there were problems about constant quantity 
and continuity. Therefore, in order to eliminate 
these problems, a powdered shotcrete admixture 
delivery apparatus was developed. This 
apparatus consists of a section for delivery from 
a pressure tank and an air dryer for removing 
drains from compressed air containing maisture 
fv.· delivery by compressed air of high pressure. 

The amount of delivery of shotcrete admixture 
is adjusted by the number of revolutions of a 
rotary disk at the bottarn of the pressure tank. 
Therefore, the rotary disk was set in vertical 
form so that its rotation would not fluctuate 
according to the weight of the shotcrete 
admixture in the tank, thus improving the con­
stant feed property. The specifications of 
apparatus are given in Table 5. 

ltem Contents 

Capacity of the tank [I] 150 

Pressure [kgf/cm2) 2-5 

The amount of delivery [kg/min] 1-5 

The number of revolution [rpm] 1,2-7,7 

Electric motor (KW] 0,2 

Weight [kg] 650 

Table 5: The specifications of apparatus 

Next, shotcrete by the wet-mix process with 
addition of this SA will be described. lt is stated 
in the Standard Specification for Tunnels that 
"the strength of shotcrete is generally based on 
28-day compressive strength, but in case of shot­
crete development the early strength is of impor­
tance from the Standpoint of design." Further­
more, the Standard Specification for Concrete 
clearly state that initial strength is "strength 
within 24 hours of application." 

That is, in actual construction, considerable 
weight is placed on initial strength and for con­
trol of initial strength, the Japan Society of Civil 
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Engineers "Quality Standard for Shotcrete Ad­
mixtures (Draft), JSCE-1986" are adopted as ta­
ble tests, but since conditions differ from actual 
shotcrete, there is a necessity nevertheless for 
control to be exercised with actual shotcrete 
samples from the jobsite. As the method of test­
ing initial strength of shotcrete, the Japan Society 
of Engineers Standard Specifications prescribe 
1. Initial Strength Tests of Shotcrete by the Pull­

aut Method 
2. Initial Strength Tests of Shotcrete using Be­

ams. 

200 

100 

camp. strength a (kgf/crf12] 

10 20 30 40 

a = 4,191:-7,79 

y = 0,997 

50 60 
pull-out strengttrt [kgf/an2) 

Ocomp. and pull-out strength of ordi1181Y concrete 

Acomp. and pull-out strength of core shotcrete 

70 

Fig. 4: Compressive strength and pull-out 
strengtlz of concrete 

In (1), however, compressive strength is not 
directly determined, but is estimated from shear 
s trength and when the calibration coefficient is 
sought there is a correlation as shuwn in 
Figure 4. 

The Japan Highway Public Corporation con­
trols initial compressive strength of shotcrete on 
basis of 

0 =4"t 

where, a = compressive strength 
1: = shear strength. 

(1) 

The results of compressive strength tests of 
shotcrete using this SA, and shotcrete admix­
tures of Type B and D are shown in Figure 5. 

The mix proportians of the shotcretes were as 
given in Table 6, these being standard-type mix 
proportians for the wet-mix process. Application 
was done using a sprayer of rotary type from 
among air delivery system. Compressive 
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strength were obtained up to 3-day age through 
calculations by the abovementioned Eq. (1) ba­
sed on the results of pull-aut tests. 

~-------------------------------

Fig. 5: The results of compressive strength lest 
of shotcrete 

Gmax [mm] 13 

W/C [%] 60 

S/a [%] 60 

Slump [cm] 8±2 

Water 216 

Weight [kg/m3] Cement 360 

Fine agg. 1026 

Coarse agg. 689 

Table 6: The mix proportians of shotcretes (wet­
mix process) 

Shotcrete using this SA has rapid strength gain 
up to the age of 1 hour, and even at portians of 
thick application, the increase in band strength 
of the shotcrete is greater than its dead weight, 
so that it is possible for application to be clone in 
thick coats. By the same token, this strength gain 
makes possible application at water-springing 
locations. Furthermore, there is less reduction in 
compressive strength at long-term age than shot­
cretes using shotcrete admixtures of B and D 
types, and it may be said that this SA is a shot­
crete admixture which is stable even at Iang­
term ages. 

Data according to type of shotcrete admixture 
used in NATM tunnel projects in 1987 and 1988 
are shown in table 7. In NATM tunnel projccts 
in Japan the features of the previously men­
tioned calcium-aluminate shotcrete admixture 
have won high regard so that it is being used at 
practically all tunnel jobsites. This has been or is 
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being used in primary lining shotcrete of high­
way tunnel projects of the north-south and late­
ral expressways of the Japan Highway Public 
Corporation making up the truck highway net­
work of Japan, railway tunnel projects of Japane­
se Railways Supplementary Shinkansen lines, 
underground powerhause and headrace tunnel 
projects of hydroelectric power stations, and 
construction projects of the three fuel strage ba­
ses of Kuji, Kikuma, and Kushikino of Japan Un­
derground Oil Storage. 

Year 1987 1988 

Shotcrete admixture Number Ratio Number Ratio 

[%] [%] 

ThisSA 122 92 201 84 

The other CA-SA 0 0 9 4 

lnorganic salt-type 11 8 28 12 

Table 7: Data according to type of shotcrete 
admixture 

5. Conclusions 

The matters that can be concluded based on 
properlies of this SA and features with the use of 
this SA in wet-mix processes are as follows: 
1. This SA has a self-hardening property itself 

so that quick-setting power becomes strong 
in proportion to dosage. 

2. This SA has a self-hardening property itself 
so that reduction in long-term strength is 
small compared with no addition of shotcrete 
admixture. 

3. Development of delivery apparatus for pow­
dered shotcrete admixture with contraHing 
constant feed has increased the tunneling 
works by wet-mix processes. 

4. Shotcrete used this SA has rapid strength 
gain for self-hardening property itself, so that 
it is possible for application to be clone in 
thick coats and at water-springing locations. 
Furthermore, there is less reduction in com­
pressive strength at long-term age, and it 
may be said that this SA is a good admixture 
which is stable even at long-term ages. 
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