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Abstract. In order to expand facility agriculture and reduce greenhouse construction costs in reclaimed land, a
greenhouse foundation method that satisfies economic feasibility and structural safety at the same time is required. As
an alternative, the allowable bearing capacity and settlement were reviewed when the DCM(Deep cement mixing)
method was applied among the soft ground reinforcement methods. To examine the applicability of the greenhouse
foundation, the allowable bearing capacity and settlement were calculated by applying the theory of Terzaghi,
Meyerhof, Hansen, and Schmertmann. In case of the diameter of 800mm and the width and length of the foundation
of 4m, the allowable bearing capacity was 179kN/m” and the settlement was 7.25mm, which satisfies the required
bearing capacity and settlement standards. The calculation results were verified through FEM(Finite element method)
analysis using the Mohr-Coulomb material model. The allowable bearing capacity was 169kN/m” and the settlement
was 2.52mm. The bearing capacity showed an error of 5.6% compared to calculated value, and the settlement showed
and error of 65.4%. Through theoretical calculations and FEM analysis, it was confirmed that the allowable bearing
capacity and settlement satisfies the design criteria as a greenhouse foundation when the width and length of the
foundation were 4m. Based on the verified design values, it is expected to be able to present the foundation design
criteria for greenhouses through empirical tests such as bearing capacity tests and long-term settlement monitoring.

Additional key words : bearing capacity, deep cement mixing, reclaimed land, soft ground
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(a) Cross section view (b) Layout of DCM piles

Fig. 1. Cross section and layout of DCM method.
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Fig. 2. Test procedure of SPT and LLT test method.
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Qu=a-CNe + y»Dy Ny + ByrB-N; @)
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a=exp{(0.75m-¢/2)tang) 4)
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Table 1. Physical properties of reclaimed soil and reinforcement (Kim -5, 2016).

Allowable compressive strength ~ Specific weight Cohesion Modulus of elasticity — Internal friction angle
(kN/r’) (kN/m’) (N/m’) (kN/m’) ©
Reclaimed soil - 16.0 32 7,800 26.1
Reinforcement 400 19.0 30 300,000 35.0
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Table 2. Results of geological layer and standard penetration test (unit: penetration No./cm).

Depth (m) BH-1 BH-2 BH-3 BH-4 BH-5 Soil stratum
1 14/30 9/30 9/30 20/30 15/30
2 14/30 9/30 13/30 26/30 20/30
3 13/30 7/30 10/30 29/30 27/30
4 25/30 7/30 26/30 22/30 36/30 Buried layer
5 32/30 7/30 34/30 20/30 40/30 (Silty sand)
6 34/30 7/30 35/30 15/30 43/30
7 28/30 17/30 35/30 20/30 39/30
8 12/30 26/30 25/30 22/30 32/30
9 7/30 34/30 6/30 18/30 25/30
10 7/30 21/30 13/30 27/30 28/30
11 12/30 12/30 18/30 29/30 27/30
12 17/30 12/30 20/30 36/30 27/30 Deposit layer
13 25/30 11/30 29/30 29/30 26/30 (Silty sand)
14 27/30 13/30 34/30 42/30 27/30
15 32/30 14/30 36/30 46/30 21/30
16 50/10 17/30 35/30 33/30 21/30
17 19/30 36/30 16/30 14/30
18 23/30 32/30 23/30 11/30
19 25/30 24/30 24/30 12/30
20 31/30 14/30 32/30 29/30
21 39/30 11/30 38/30 50/21
22 37/30 12/30 35/30 36/30
23 35/30 17/30 35/30 50/19 Weathered soil layer
24 37/30 16/30 40/30 50/10 (Silty sand)
25 35/30 25/30 40/30 50/6
26 37/30 32/30 42/30 50/3
27 50/8 50/30 42/30 50/3 Weathered rock layer
28 50/27 43/30 50/2 (Granite gneiss)
29 50/28 44/30 50/2
30 50/10 39/30
31 50/5 41/30
32 50/4 50/28
33 50/2 50/20
34 50/11
35 50/7

27} 3m¢17-% 22.77mm, 4m¢173-%- 16.95mm, 7m<S173-%- T2 T Ao 23t 7| AR o] Dasich Al A &

£ 7.24mm ] S BT 3t o]7bsm, 6mel el kA Swol A AEE 3m o)Ak Habdol=3 — 4m wsle]
A T B8 AR 2 S RSk Bh Hsle 712 054mm EAEE B97)E Alge] 4ET Slow melth F7b4e
2 2uohe A0S Hoth EFALTR X 2ol = 4 XNFHEo] 10%ol(Han 5, 2016)9] H& mefste] 11
24 LM% AHIS AUE 4 el WA AT A AR ARk Leh] $18) 3, o) 3—dm s
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Table 3. Calculation result of allowable bearing capacity and settlement of DCM foundation method.

Depth B L

Allowable Bearing Capacity (kN/m’)

Settlement (mm)  Replacementratio

Case Evaluation
(m) (m)  (m) (Terzaghi) (Meyerhof) (Hansen) (Schmertmann) (%)
A-1 3 3m  3m 337 390 273 11.39 224 OK
A2 3 4m  4m 233 267 179 22.77 12.6 OK
A3 3 5S5m  S5m 194 221 144 34.92 8.1 N.G
A4 3 6m  6m 178 203 128 4722 5.6 N.G
B-1 4 3m  3m 337 390 273 6.74 224 OK
B-2 4 4m  4m 233 267 179 16.95 12.6 OK
B-3 4 5S5m  S5m 194 221 144 28.77 8.1 N.G
B-4 4 6m  6m 178 203 128 41.15 5.6 N.G
C-1 7 3m  3m 337 390 273 3.95 224 OK
C2 7 4m  4m 233 267 179 7.24 12.6 OK
C3 7 5S5m  S5m 194 221 144 15.99 8.1 OK
C4 7 6m  6m 178 203 128 2721 5.6 N.G

Table 4. Analysis results of bearing capacity and settlement of DCM method.

Allowable Bearing Capacity (KN/m) Settlement (mm)

A2 2277 (100%)
Calculation B2 179 (100%) 16.95 (100%)
c2 7.250 (100%)

. _ A2 4.829 (21.2%)
(I\;L]‘;n]\;)mal analysis B2 169 (94.4%) 4.827 (28.5%)
c2 2732 (37.7%)

180

=
[+
By
v |
)
160 2
=
w
v
[}
&
140 a
S
=
0 8
120 o
100
80
60
40

Fig. 4. Bearing capacity of DCM method.
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