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                     This paper presents an application of Logistic Regression Analysis to determine 

the factors affecting the construction quality of jet grouting technique. The analysed data were 

obtained from totally 110 data sets collected from actual construction projects of which the 

response variables were dichotomous. The results showed that the machine controller and the 

construction supervisor were considerably significant factors effected to the quality of jet 

grouting at the p-value of 0.033 and 0.007 respectively. The goodness-of-fits test by 

Pearson’s method is 0.231. Then, the obtained data shall be analyzed by using cause and 

result chart to determine the appropriate solution which finally found that training for workers 

and supervisors is the best solution. Finally the training established the working standard of jet 

grouting operation as well as the satisfaction evaluation of operators and supervisors and 

project owner representatives shown at highly satisfaction level.  

                     Finally, the results show that the training could reduce the chance of loss, the 

loss was equal to 18.18% and 1.61% prior and after training respectively, which was 

approximately decrease 16.57% 
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 1.Jet Grouting
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Jet Grouted Piles 

Jet Grouting Method
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200-400 kg/m
3

             3.  (Water Content)
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Rotary Drill Head  0  30 
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11. Jet Grouting

Jet Grouting (

Jet Grouting  2549) 
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 2. Soil Cement Column Jet grouting

 3.

 1. Jet grouting

Pull-out  Coring

 2.

Mix design Data record

Jet grouting

 3. Soil cement column

Jet grouting technic Coring

Unconfined Compressive Strange Lab

 4. Cut-off wall

 5.  Static load test

12.

 (2550) 

 3  (sensitivity) (stability)

(consistent)

(discrimination)  “10  1’’ 

R  4 

Xbar Xbar

 ( r )  

( S/N ) (classitication ratio)

(number of  distinct  categories, ndc) 

ndc  5 



23

(ndc)

(classification ratio) (ndc)

     
r

ndc r

GRSR

p

1

22

                   

 Xbar

 Xbar

(Part – to – part variation;dp)

(dGR&R)  ( signal – to-noise ratio ; 

S/N)

S/N =
GRSR

p

                                                                                         _ 

   

2

2

d

xR
p

AVEVGRSR

22

(Transformation function)

(Intraclass correlation coefficient)



24

 (r)   =  (d
2

p)

                     (d
 2

TV)

   pGRSRTV

22

(r)  45 

(tighter clusters)

13.

  (2549) 

. . 2547   

 9 

2547

 4.68%  3.48 

 (2545) 

 5.21% 



25

 3 

 9 

 3 

 7 

 19 

Waste 1.0 

 420  28,424 

 1.48 % 

 (2539) 

1.

2.



26

3.

-

.

-

 2 (

,  :  2542) 

Jet Grouting

 7  17-18  2544 (

 2544 : GTE-1 GTE-7)

Jet

Grout  2 

1. Diameter Control Jet Grout Pile

Coring

2. Strength Control Unconfined Compressive Strength 

Jet Grout Pile Coring  2 

 45 mm.

 (2542)  Jet Grouting

Jet Grout

Jet Grout 

Pergau Dam Jet Grout

Cutoff Granite Jet Grout Cutoff

Coffer dams Ertam (SEMBENELLI, 1999)



27

 3 

 5 

1.

 12  (

)

2.

1.

 110  ( )

2.

3.

3.

 2 

1. (Primary  data)

                                 1.1 

                                 1.2 (Jet Grouting)

                                 1.3 

2. (Secondary  data)

                                 2.1 (Jet Grouting)



28

4.
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                           1.1 NL BAVOID 

HOUSTION TEXAS MADE IN U.S.A  1.00-

2.80    g / ml 

1.2  Jet Grouted Pile

(Rotary DrillingRig ) Tripple Tube Core 

Barrel Surface Set Diamond Bit  Multistep Crown Profile
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 ( Core Run ) Core Recovery

 Core Recovery 
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1.2.1 (Unconfined Compression Test)
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Coring

Coring

Coring Coring

Coring



29

(Undrained) Coring

 C  = Su = qu / 2 

C    = (Cohesion)

qu   = (Unconfined Compressive Strength)

Coring (Undrained Shear Strenght, Suc)

ASM D 2166-85

1.3 (Standard Penetration Test, SPT)

(SPT)

1.3.1 (Split Barrel-Spoon)  ( ID) 1 

3/8” (1½”)  (  OD) 2” 18

1.3.2  140  63.5 .  30” 

 76 .

(Blow Count,N)

 30 .  0-

15 .  15 .

/ (Blows/ft.)

/30 .  1.5 .

 (N) 

 ( )

1.4

(Coefficient of Permeability , k) Open borehole test Constant 

Head 
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 1.55 x 10-5  ./

( Permeability Test )

 1.4.1  (Permeability Test)

 3 

) Open-End Test

Open-End Test

 1  10 USBR Earth Mannual  Designation

E-18

K = 
Q

5 .5  R H
c

 K        =      ( ./ )

Q        = ( . ./ )

R        =      ( .)

Hc       =      Differential Head of Water ( .)

) Length Test

Hock E & Bray J.W. (1981)

Constant Head

(Isotropic  Soil)  

cHF

Q
K

R

L

L
F

ln

2
 L>10R    
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 K =         ( ./ )

Q =        ( . ./ )

F =        Shape Factor ( .)

Hc =        Differential Head of Water ( .)

L =         ( .)

R =         ( .)

)

Lugeon Test A.C. HOULSBY (1976)  3 

 3  5  10 

  0.4P, 0.7P, 1.0P, 0.7P  0.4P  P 

 P 

1   0.23 / (1   1 PSI)  

Lugeon A.C. HOULSBY (1976) 

 3

 3  Lugeon 
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Lugeon Constant Head

Lugeon  1 Lugeon  10
-5

./  4

 Lugeon  1 Lugeon 

 1  1 

 1  10 ./ . .

Lu = 
10Q

PL
     

 Lu =  (Lugeon) 

Q =  ( / )

L =  ( )

P =  ( ./ . .)

-

 4

 4 

1.5

1.5.1  Minitab R 14 

1.5.2  4 
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1.

2.

3.

4.
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1.

 110  ( )

 ( .)

 ( )  5 (SPT)

 ( )    

(Compression Test)  Coring

Minitab ( )  5 

 5 p-value

0.007  0.033  0.05 



36

65.551 p-value  0.231 

 11 

 5 

 Z P-value S/N

 -17.74 30.48 0.58 0.561  

 -0.2388 0.3357 -0.71 0.477  

( SPT ) -0.00058 0.02809 -0.02 0.984 29.70

 13.03 21.26 0.61 0.540     7.07 

Compression Test -0.05408 0.03196 -1.69 0.091 53.03

 1.7865 0.6646 2.69 0.007 

 -1.2748 0.5988 -2.13 0.033 
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 2. 

(Cause and Effect Diagram) 

 11  12 

Number of Distinct Categories (ndc)

ndc S/N 

Ratio  ( )

 6
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 6 

 6 

(A)
(B)

(A B)

1  3 3 9 

2  3 2 6 

3  3 3 9 

4  3 2 6 

5  3 3 9 

6  3 3 9 

7  3 3 9 

8  3 3 9 

9  3 2 6 

10  3 1 3 

11  3 1 3 

12  3 2 6 

13  1 1 1 

14  1 1 1 

15  2 1 2 

      

:

1.  3 

1.1
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X SD
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2.2 0.42 73.33 

-

6)
2.7 0.48 90 

 9 

 90.00 
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X SD
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 Minitab 

Binary Logistic Regression: 
Link Function:  Logit 

Response Information 

Variable  Value       Count 

C13       1              20  (Event) 

          0              90 

          Total         110 

Logistic Regression Table 

                                                   Odds        95% CI 

Predictor        Coef    SE Coef       Z     P     Ratio    Lower    Upper 

                  -17.74     30.48      -0.58   0.561 

        -0.2388    0.3357     -0.71   0.477    0.79    0.41     1.52 

-0.00058   0.02809    -0.02   0.984    1.00    0.95     1.06 

    13.03    21.26       0.61   0.540  4.57E+05  0.00   5.74E+23 

        -0.05408   0.03196   -1.69   0.091     0.95    0.89     1.01 

       1.7865    0.6646     2.69   0.007     5.97    1.62     21.96 

       -1.2748    0.5988    -2.13   0.033     0.28    0.09     0.90 

Log-Likelihood = -45.175 

Test that all slopes are zero: G = 13.961, DF = 6, P-Value = 0.030 

Goodness-of-Fit Tests 

Method                Chi-Square    DF      P 

Pearson                   65.551    58  0.231 

Supervisor Operator p-value

 0.007  0.033 

 65.551 p-value = 0.231 
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