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Effect of Overburden Stress on Bulb Shapes of Horizontal Compaction Grout
in Loose Sand: 2D-scaled Experimental Study

F 4 ¥ Joo, Hyun-Woo w5 F Baek, Seung-Hun

A " Kwon, Tae-Hyuk & A g Han, Jin-Tae

o] F F Lee, Ju-Hyung + & F Yoo, Wan-Kyu
Abstract

The compaction grouting technique is widely used to improve the liquefaction resistance of loose sands that are
liquefaction-prone. Particularly, the horizontal injection of compaction grout is proposed for the liquefiable ground with
an overlying structure as it does not allow the vertical compaction grouting. However, there has been limited number
of researches on the horizontal compaction grouting. Therefore, this study explores the grout bulb shape and expansion
direction in loose sand. A series of scaled two-dimensional experiments on the horizontal compaction grouting was
conducted varying the overburden stress. The results show that the grout bulb grows in an elliptical shape though its
directivity of major axis changes with the overburden effective stress and relative density. The grout bulb expands faster
in a horizontal direction under a low overburden stress with a small relative density. The higher overburden stress and
the greater relative density cause the more circular shape with the faster expansion in a vertical direction. The presented

finding is expected to contribute to accurate and efficient design of the horizontal compaction grouting method.
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Fig. 1. A benchmark model of horizontal compaction grouting
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Table 1. Mixing ratio and slump of the low mobility grout

Mixing ratio anq slump Value

(mass ratio)

Silica sand 130 g
Bentonite Total 20 g
Cement 253 g 28 g

Water 75 g

Water/solid 42.1%

Water/cement 268%

Cement/soil 18.7%

Soil 86.7% silica sand
13.3% bentonite
Slump 5.3 cm
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(b) Schematic diagram of front view of saturated sand plate
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Fig. 3. (a) A schematic diagram, (b) schematic diagram of front
view of saturated sand plate, and (c) a digital photograph
of the 2D test setup
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Fig. 4. Definition of grout shape parameters: (a) fitting of an elliptic grout shape and (b) definition of geometric parameters. The grout

in (a) shows the test result of 616Q29

[==— AIE o
oF S0 =8 22

|J
jat
H0
om
4
ru
0gh
0%
2
[=}
=1
rr
08
0%
no
_>'|_|
o
I
B>
o
09l
>
0g
K%
4J
—



5 16
3
S 1.5
o E
—_ o
53_ 5 1.4
5 p
=2} = i
E §13
© 27 S
é .E'].z_
o
Ly —a T1.14
—b E
IS
0 ; . ; . . ; 10 ; . . ’ ; ;

0 10 20 30 40 50 60 70 10 20 30 40 50 60 70
Injected grout volume (mL) Injected grout volume (mL)

(@) The semi-major axis length a and the semi-minor axis length 4  (b) The ratio between semi-major and minor axis lengths a/b

o

90.0 0.15
<
®© 67.5 ~
= 50.10
(= =
© (0]
X 45.01 =
s @
g & 0.05
o
E 22.5 5 error = (Apu-Aeiipse) Apuib
O]
n
0.0 0.00 T r T T T T
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Injected grout volume (mL) Injected grout volume (mL)

(c) The angle of the semi-major axis from the vertical axis 6 (d) The ellipse fitting error in terms of the cross-section area

Fig. 5. An example of geometric analysis result for the test of c16Q27: (a) the semi-major axis length a and the semi-minor axis length
b, (b) the ratio between semi-major and minor axis lengths a/b, (c) the angle of the semi-major axis from the vertical axis 6,
and (d) the ellipse fitting error in terms of the cross-section area

Table 2. Test conditions and results of whole experiments

Stress Test Flow rate ) O . . .Centroid Avgrage centroid
(kPa) name (mL/min) e D N alb | albag | 0 (°) ©) Direction | displacement| displacement
(cm) (cm)

s00Q16 16.0 0.635 | 55.9 5.3 1.054 43.1 Diagonal (0.08,0.22)
c00Q31 31.4 0.647 | 49.0 4.1 1.085 40.9 Diagonal (0.01,0.67)

0 1.100 64.8 - (0.02,0.49)
s00Q70 70.0 0.647 | 49.0 4.1 1.070 86.0 Horizontal | (0.00,0.56)
s00Q62 61.9 0.646 | 49.5 4.2 1.192 89.1 Horizontal | (0.00,0.51)
c04Q14 13.7 0.626 | 61.0 6.7 1.105 2.4 Vertical (0.10,1.17)
504Q29 28.9 0.632 | 57.7 6.0 1.073 45.2 Diagonal (0.12,1.01)

4 1.125 25.4 - (0.09,1.17)
c04Q57 57.3 0.636 | 55.5 5.5 1.074 29.3 Diagonal (0.15,1.28)
604Q56 56.2 0.624 | 62.4 7.0 1.247 24.9 Diagonal (0.00,1.22)
s08Q13 131 0.620 | 64.9 8.0 1.042 38.7 Diagonal (0.09,0.71)
c08Q28 28.3 0.619 | 65.4 8.1 1.090 36.0 Diagonal (0.11,0.92)

8 508Q29 28.9 0.619 | 65.2 8.1 1.066 | 1.080 | 33.1 | 37.5 Diagonal (0.23,1.27) (0.01,1.04)
508Q62 61.8 0.627 | 60.4 6.9 1.038 42.3 Diagonal (0.50,1.23)
c08Q67 66.8 0.621 | 64.2 7.8 1.163 37.2 Diagonal (0.31,1.05)
c16Q14 14.2 0.620 | 64.7 8.8 1.084 2.7 Vertical (0.25,1.14)
616Q27 26.6 0.602 | 75.1 11.8 1.082 5.0 Vertical (0.35,0.81)

16 616Q29 29.2 0.617 | 66.7 9.3 1.042 | 1.051 8.9 4.8 Vertical (0.07,1.43) (0.09,1.07)
516Q61 61.3 0.594 | 79.8 13.3 | 1.026 0.5 Vertical (0.07,0.96)
616Q62 61.7 0.602 | 75.1 11.8 | 1.020 6.8 Vertical (0.13,1.00)
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| o08QI3 o08Q28  o08Q29  o08Q62  o08Q67

616Q61 616Q62

Fig. 6. Images of the grout bulb. These images were captured at the point when the grout area was 68 cm? The title indicates the vertical
stress condition and the flow rate. Test c04Q14 represents the test with the vertical stress of 4 kPa and the flow rate 14 mL/min
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Table 3. Design example of CGS spacing based on ellipsoidal grout bulb shape

Design factors c16Q14 s00Q16
Bulb expansion direction Vertical Horizontal
Volume calculation (200 L) V= §Wb3(a/b) V= %Tme(a/b)
Semi—major/semi—minor axis length, a/b 1.084 1.192
Semi—major axis length, a (mm) 383 384.5
Semi—minor axis length, 6 (mm) 353 322.5
Vertical radius, 7, (mm) 383(=a) 322.5(=p)
Horizontal radius, 7, (mm) 353(=p) 384.5(=a)
Vertical injection _ _
Bulb spacing (mm) 2r, = 766 2r, = 645
Horizontal injection _ _
Bulb spacing (mm) 2 = 706 20 = 769
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AT 600Q16 2719) Aol 200L9] 1eHpES 9
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