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An Experimental Study on the Optimum Mix Design and Site
Application Case of Soil Mixing Wall for Trench Stability

Yeong-Ho Kwon"*
YDept. of Architecture and Fire Service Administration, Dong Yang University, Youngju 750-711, Korea

ABSTRACT The purpose of this study is to investigate experimentally the optimum mix design and site application case of soil
mixing wall (SMW) method which is cost-effective technique for construction of walls for cutoff wall and excavation support as well
as for ground improvement before constructing LNG storage tank typed under-ground. Considering native soil condition in site, main
materials are selected ordinary portland cement, bentonite as a binder slurry and also it is applied 1,833 kg/m’ as an unit volume
weight of native soil, Variations for soil mixing wall are as followings ; (1) water-cement ratio 4cases (2) mixing velocity (rpm)
3levels (3) bleeding capacity and ratio, compressive strength in laboratory and site application test. As test results, bleeding capacity
and ratio are decreased in case of decreasing water-cement ratio and increasing mixing velocity. Required compressive strength (1.5
MPa) considering safety factors in site is satisfied with the range of water-cement ratio 150% below, and test results of core strength
are higher than those of specimen strength in the range of 8~23% by actual application of element members including outside and
inside in site construction work. Therefore, optimum mix design of soil mixing wall is proposed in the range of unit cement 280 kg/m”,
unit bentonite 10 kg/m’, water-cement ratio 150% and mixing velocity 90rpm and test results of site application case are satisfied

with the required properties.
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Table 1 Standard SMW mix design for soil type

Material content

Soil condition | Y (kg/m’) Remark
Value -
Cement | Bentonite
Silt+fine sand |10~50 280 10 .
- Fine sand
Sand+gravel |below 250 15 ratio >
(below 35mm)| 50 20%
Sand+gravel |above |[Primary 50|Primary 20|~ NOt use
(above 35mm)| 50 |SMW 250| SMW 15 | Vviscosity
Clay+silt | 0~5 | 300 5 agent
!
Determine and test the properties of soil in
site
!
Select the standard SMW mix design
for soil type in site
!
Laboratory test for SMW mix design factors
Water-cement ratio (4Cases)
e

Mixing velocity (rpm ; 3Levels)

Trial mix test
- Flow, Bleeding test
- Compressive strength

YES J

The optimum SMW mix
design and Mock-up test in
site

!

Fig. 1 Test procedures of mix design for SMW
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Table 2 Physical properties of cement (Type1)

Densi Blaine Sound Setting time Compressive
CNSIY | e/ | Sound- (min) strength (MPa)
(g/em”) ness(%) X
g) Initial | Final | 3d | 7d | 28d

3.15 |3,220| 0.08 233 | 351 | 22.7 [29.4| 40.0

Table 3 Physical properties of bentonite
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Table 4 Equipments and instruments for testing

Type Capacity Remark
. - rpm : 48, 90,
Mixer | Hoper 47 L 160(3Level)
Lab-| Nold | Cylinder |©50x100 mm|COmPressive
strength

Bleeding | Cylinder | 9250285 mm|- KS F 2414

Earth . .
auger Rotary 150Hp Excavating bit
Spiral .. DH658-135M(25
fin Mixing | D550 mmx3 ~ 64rpm)
Agitator | Tank 6 m’ Stabilizing agent
. Mixer Fan |min. 20 m’hr Mixing cement
Site slurry

Silo Vertical | 50 Tonx2 |Cement, bentonite

Grading and

Back-hoe|Hydraulic| 0.6 m’ )
carrying

Water

. 3
tank Vertical 10 m

Water storage

Pump | Delivery | 350 L/min [Slurry pump

- Table 5 Required performance and SMW variations

. Funnel |Swelling| MBA
Moisture . . CEC - - - - -

%) pH | viscosity | volume | (mmol/100 (meq/100g) Design | Excavation Mix design factors Bleeding

(SCC) (ml/ g) g) strength depth Water-cement MXlng ratio

108 |103| 438 13.1 75 83.2 (MPa) (m) ratio (%) |velocity (rpm)| (%)
MBA‘: Methylene blue adsorption, CEC : Cation exchange 10 12.0 130~190 48~160 2 max.
capacity (4Cases) (3Levels)
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Fig. 2 Mixing method and mixing time for SMW

Table 6 SMW mix proportions for water cement ratio

w/C | Unit material weight (kg/m")
No. o - - Remark
(%) |Cement|Bentonite| Soil | Water
WC-130| 130 | 280 10 1,833 | 364
WC-150| 150 | 280 10 1,833 | 420
WC-170| 170 | 280 10 1,833 | 476

WC-190 | 190 | 280 10 1,833 532

90rpm

Fig. 3 Hopper type mixer for SMW mixing
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Fig. 6 Bleeding capacity-W/C for elapsed time

Table 7 Compressive strength-W/C for test ages

\Testing ages (Days)| Compressive strength (MPa)| Remarks

W/C Series No. 7 14 28 [(D7/D28)
W/C-130 1.21 1.55 1.81 66.9%
W/C-150 0.84 1.09 1.49 56.4%
W/C-170 0.56 0.78 1.03 54.4%
W/C-190 0.42 0.61 0.81 51.9%
25

—+—WIC-130 —o—-WiIC-130
—*—W/CA70  ---#----WIC-150

Compres sive strength (MF a)

Testing ages (Days)

Fig. 7 Compressive strength-W/C for test ages
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Table 8 SMW mix proportions for mixing velocity(rpm)

W/C | Unit material weight (kg/m*)| Remark
No. o - .

(%) |Cement|Bentonite| Soil |Water| (rpm)
H-160-130 280 10 1,833| 364 | High-160
M-90-130| 130 | 280 10 1,833| 364 |Medium-90
L-48-130 280 10 1,833| 364 | Low-48
H-160-150 280 10 1,833 | 420 | High-160
M-90-150 | 150 | 280 10 1,833 | 420 | Midium-90
L-48-150 280 10 1,833| 420 | Low-48
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Fig. 8 SMW flow results for mixing velocity
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Fig. 9 Bleeding capacity for mixing velocity(rpm)

3.2.3 SNl HIZST0I ME =28
1A iR e B-ARE
Eod® A4 Fig 9 Zoh

Ao wigETel wE SMWE EEHRRE EoA
Enle] @AY AA= dA, WISt ST

Aol
vl 1

30% 2 150%2]

3AIZE 9 HE EEEE2 AF, WIC 130%°114] 0.97~
1.41% % 0.83~1.27%=, W/C 150%°14] 1.45~1.83% 2
1.15~1.53%%= LR ot #HE]7]F(max 2%)= W
k= 2o vETh

3.2.4 BUMO| HIZSTON M2 =T AZt

g g Spm)ol] e SMW 4EFH T
A= Fig. 103 2t

A, E-AEH O #AGlo] HA L wiFEE
%7}3"“E AgE dFLE7F SV TS B3
tl, ol SRS AWE Aol migdage] weE 4
o s ALRHETEY vgEE 90 ippme 7] S E 160 rpm
2 4~9.6%2] =7} S71eE v, 48 rpm 7~16.8%2)
AEAE7F vEbsteh Eeh ARE iy uEe =

3
“

>

N
-

rr

OO

424 | =232 ESte| ==& M27H M4= (2015)

25
— —+— H-160-120
E — 0 — M-90-130
= 20 +{ -—--=----L-48-130
z
§1.5 S—
5
[11]
=10
oy
o
[=%
£ 05
[=]
O
0.0 + + +
7 14 23
Testing ages (Days)
(a) W/IC=130%
25
—_ —— H-160-150
& — -0 —-}-50-150
=20 H s L-43-150
=
=]
5 15
™
41
=10
w
z
£ 05
[=]
5]
0.0 } } }

7 14 28
Testingages (Days)

(b) W/C=150%

Fig. 10 Compressive strength for mixing velocity(rpm)

Table 9 Optimum mix proportions of SMW in Lab

W/C| Unit material weight (kg/m®)
No. o - - Remark
(%) | Cement | Bentonite | Soil | Water
WC-150| 150 | 280 10 1,833 | 420 | 90rpm
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Fig. 11 SMW mixing test for soil excavation in site
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Table 10 SMW construction size and material contents

Material
contents (ton)

Circle radius | Element numbers
(m) (Set) SMW

3
m
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39.165|41.455| 547 | 579 |260 | 1,132 41 7,656
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