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Grout Injection Control using AI Methodology

Yun-Young Jeong and Chung-In Lee

Abstract The utilization of Al(Artificial Intelligence) and Database could be considered as an useful access for
the application of underground information from the point of a geotechnical methodology. Its detailed usage has
been recently studied in many fields of geo-sciences. In this paper, the target of usage is on controlling the injection
of grout which more scientific access is needed in the grouting that has been used a major method in many
engineering application. As the proposals for this problem, it is suggested the methodology consisting of a
fuzzy-neural hybrid system and a database. The database was firstly constructed for parameters dynamically varied
according to the conditions of rock mass during the injection of grout. And then, the conceptional model for the
fuzzy-neural hybrid system was investigated for optimally finding the controlling range of the grout valve. The
investigated model applied to four cases, and it is found that the controlling range of the grout valve was reasonably
deduced corresponding to the mechanical phenomena occurred by the injection of grout. Consequently, the algorithm
organizing the fuzzy-neural hybrid system and the database as a system can be considered as a tool for controlling
the injection condition of grout.

KeyWords Fuzzy-neural hybrid system, Database, Fuzzy inference system, Artificial neural network, Fuzzy logic, Fuzzy
set, Membership function, Grout valve
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Table 1. Agent description of Al on the grout injection

Andesite tava
Andeslle auto-brecciated lava
Lapt tuff

&3 Tuff breccia

Fig. 1. Geological conditions of the grouting sites
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3. Fuzzy-neural hybrid system
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The optimal control
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Table 2. Summary on the conditions of each group corresponding six types

Condition
Group .
Rock mass Grouting behavior
- A large size of apertures - A}argf: quantity of flow rate immediately after grout
. . injection
Type 1 - The state of stress in rock mass lower than the injection - Reaching to the limiting pressure at the end of the
pressure grout injection
- A large quantity of flow rate immediately after grout
injection
Type 2 |- New expansion of crack during grout injection - Reaching to the limiting pressure early after the grout
injection, but a rapid drop at a time in the injection
pressure
- The condition similar to type 1, but there is not such -fA'larg.e quantity of flow rate %mmedlately after grout
Type 3 . L . injection, but decreased earlier than type 1
little initial stress in rock mass . . .
- Reaching to the limiting pressure earlier than type 1
- The grout injection is equally invoked in the space
Type 4 |- There are not certain defects in rock mass of the stage
- As an ideal condition
- A large quantity of flow rate immediately after grout
Type 5 - A large size of apertures, but the connection of these| injection, but soon decreased
is not clear - Reaching to the limiting pressure soon after the grout
injection
- A large quantity of flow rate immediately after grout
Type 6 - A small size of apertures, but the connection of these| injection, but decreased earlier than type 5
is not clear - Reaching to the limiting pressure soon after the grout
injection

The decisian of
operator

_{ Opening
N conyrot

+ Al the flow ratg obtained
B that inputted 1o this hybrid systom

o simulation by ANN

Fig. 2. The diagram of the algorithm of the fuzzy-neural
hybrid system
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f;,f, * tansig function, f; : purelin function
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Fig. 3. A structure diagram of network model
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Fig. 4. Composition of the data within each group for
ANN(Artificial Neural Network)

33 MX|SEA|AH

3.3.1 "class” HR|FEA|AY

o N2me] BAS Al v} 2ol U Az}
UEtliE FUARE e FAET 4=l ASE £
A ofo] #aeke Hole 18& AFsRe Holck
29 o] golg 1F& AANte Aolug, &9
29| 1A% (membership function)7} Al&gHo] A
o Al Sugeno §49] ZEuhol asEglct

e thRuit 248 FYATL FYE 18
I FYUYR R F2HS= Table 200 AAE HjojE
$98 BRol 433 6749 2EWER AsgT
X2 28 7k A7) 93 o)H XS defuzzification)=
71X 4 (weighted average method)S ©]-2-3}

piLap

- FHRY 74

HAZZALGONA 212h9] bt 1 ApAle] Aes
el o] dlolgal ofal Ao Hx| M(fuzzy
set) 0.2 FAE, ol 72ES Qs Ha A
252 oY ol HEgEEYA D2 F@ck
£ AR ARG, dguio) et 74 o
o3} 2.

> Q1Y ARdH ol st 2EZe A= o]
BR= “initial”, “rising”, “approach” Z12]1 “reaching”
olgt WHst Wx| Moz LA, T4 THL Fig.
59} 2t} gk 7ho] A3t 0152 Y3l Ao 7]
A3 A X(overlapping zone)= EEX|9) 50%= 3}
ool A2 R A FULHS] 120%71
A7stolch

> 98 : IBPE LulEe] HEE ofnjshs “litle”,
“normal” Z1Z]Z “much”e} HH3 HA] Aoz A

T — T 3 l
;
i
f ]

'
/ 7
R O .
S .
a0 60 50 10

0 120

Degree of membership

0 20
Pressure

Fig. 5. Membership function of pressure
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Fig. 10. Linear regression analysis on Group 1 and Group 2

0 T T T T T T T ] T
2 3 4 5
Target

Fig. 11. Linear regression analysis on Group 3 and Group 4
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Fig. 12. Linear regression analysis on Group 5 and Group 6
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Fig. 13. The input and output of simulation for Case 1.
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Fig. 14. The input and output of simulation for Case 2
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Fig. 15. The input and output of simulation for Case 3.
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Fig. 16. The input and output of simulation about Case 4
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