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Mechanical Properties of the Ground Improved by High Pressure Jet-Grouting and
Analysis of Deformation of Propped Retaining Walls
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Abstract

Recently, the construction method of high pressure jet-grouting is in wide-use, for the
purpose of structure foundation ground, reinforcing of ground behind propped retaining
walls and cut-off in order to perform safe construction of underground excavation work.

This study was performed a serious of tests of field permeability and unconfined
compressive strength upon ground improved established on the ground behind propped
retaining walls and examined proper jet mechanism by changing the construction
parameter value of high pressure jet-grouting. In addition. we got the conclusion like the
followings as a result of inspecting the condition of earth pressure distribution and
deformation, using elasto-plastic method and FEM.

1. In that characteristics of strength of ground improved, with the same condition of
construction parameter, unconfined compressive strength of sand gravel is shown bigger
than that of silty sand by about 1.6 times and cut-off effect is shown to have effect of
reducing the permeability of original ground by about 10%~10"%cm/s.

2. As a result of analysis of figures of horizontal displacing quantity of propped retaining
walls materials regarding before and after High pressure jet-grouting through FEM, the
reducing quantity of 0.1~0.3mm in maximum horizontal displacement is shown.
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Table 1. Design parameters of high pressure jet-grouting method

Clay Sand Sand
Comparison Boulder
N=0~2 | N=3~5 | N=0~4 | N=5~15 | N=16~30 | gravel
Effective diameter{m) 1.0 08 1.2 1.0 08 08 0.8
Rod pull-out velocity (min/m) 70 80 70 8.0 90 9.0 9.0
Unit jet amount( / /min) 60 60 60 60 60 60 60
Jet amount( ! /m) 462 528 462 528 594 594 594
Cement amount(kgf/m) 351 401 351 401 451 451 451
Space construction(m) 08~09 | 06~07 | 1.0~11 | 08~09 06~07 | 06~0.7 | 06~07
Compressive strength(kgf/cm®) 20~40 40~150 100~200

(1) 2=9%4 %= (min/m):100cm +2.5cm (%2 pitch) =403], 403) x 122 (A4 €3 A F) =4802 =8min/m
(2) BAZ(!/m) GHEAISEXxZEAYET =60 { /min X 8min/m =480/ /m, 480 { /mx1.] (&=

10%) =528 1 /m

(3) NAIEF(kg/m) EAEFX0TH(AHNEYE 3158 2HE AHE FX]), 528x0.76=401kg
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Table 2. Subsoil profiles and their parameters

7 c
Case Stratum | Depth (m) | N YN )
Sitty sand | 00 ~ 18 | 21 18 10 | 33
Case A [Sand gravel{ 18 ~ 130[{30~46] 19 - 35
Soft rock |130 ~ 156] - 25 50 | 40
Silty sand | 00 ~ 58 [15~30( 18 10 |3
Case B | Sand gravel| 58 ~ 138|30~46( 19 - 3
Soft rock |138 ~ 156 - 25 50 | 40
. | Sand gravel{ 00 ~ 80 [30~40| 19 - 3
Case C
Soft rock | 80 ~ 108 - 25 50 | 40
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Fig. 1. Typical section of braced excavation wall
(Case A,B,C)
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Table 3. Unconfined compressive strength and permeability test (Case A,B,C)

. Original " . Permeability
Failure |Improved ground ground Depth Perrr_leablhty coefficient Depth | coefficient of original
Case load strength th () of improved Ground
(kg) | (kgf/emd | Sweneth ) (m (cm/s) (m) ground
(kgf/cm®) (cm/s)
2,550 .115 6.0 2.46x10°
55 9.38x10°
Case A| 2250 102 94 9.0 283x%10°
3,200 145 125 1.32x10° 120 2.35%x10°
1,870 35
1,600 72 , 55 152x10° 6.0 338x10°
Case B3 00 141 0
2,450 111 125 1.98x10° 9.0 328x107°
2,030 92
- 45 140x10° 40 434x107
Case C| 2070 94 83
2470 112 7.0 420x10° 7.0 265%10°
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Table 4. Construction process and output by high pressure jet-grouting

Parameter Test construction Type 1 Type I
Jet pressure (kgf/cm?) 200 400
Rod pull-out velocity (min/m) 9~99 45~495
Air pressure (kgf/cm®) 7 -
Inpregnation nozzle 1 2
Unit jet amount ( ! /min) 60 120
Jet amount ( ! /m) 594 594
Cement amount (kgf/m) 451 451
Water (1) 451 451
53.0 55.0 61.0 720
Unconfined compressive strength (kgf/em?) 58.0 63.0 63.0 69.0
59.0 56.0 63.0 77.0
Ground improved diameter (m) 0.84~1.14 0.87~142
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Table 5. Relationship of displacement and observation
value by case

Maximum displacement in last excavation depth (mm)

FEM
Before After | SUNEX |EXCAV
construction | construction

Case | Observation
value

Case A 16.0 22 20 84 | 298
Case B 113 26 2.3 55 | 170
Case C 43 0.7 06 29 59
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Table 6. Relationship of excavation depth and earth
pressure by case program

) Earth pressure by depth of excavation
Case Excavation (t/md)
depth(m) B
FEM |SUNEX| EXCAV | Terzaghi-Peck
5.1 62/2{ 24 51 22
76 94/2{ 35 72 33
Case A
101 120721 46 94 44
126 141721 57 116 55
58 76/2) 27 57 25
83 110/2] 38 78 36
Case B
108 137/2| 49 100 47
133 166/2] 6.0 12.2 58
50 55/21 24 50 22
Case C 75 82/21 35 75 32
100 148/2) 48 92 43
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Fig. 2. Relationship of displacement and earth pres-
sure (Case A, B, C)
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