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Abstract. The demand for large-scale horticultural complexes utilizing reclaimed lands is increasing, and one of the
pending issues for the construction of large-scale facilities is to establish foundation design criteria. In this paper, we
tried to review previous studies on the method of reinforcing the foundation of soft ground. Target construction methods
are spiral piles, wood piles, crushed stone piles and PF (point foundation) method. In order to evaluate the performance
according to the basic construction method, pull-out resistance, bearing capacity, and settlement amount were measured.
At the same diameter, pull-out resistance increased with increasing penetration depth. Simplified comparison is difficult
due to the difference in reinforcement method, diameter, and penetration depth, but it showed high bearing capacity in
the order of crushed stone pile, PF method, and wood pile foundation. In the case of wood piles, the increase in uplift
resistance was different depending on the slenderness ratio. Wood, crushed stone pile and PF construction methods,
which are foundation reinforcement works with a bearing capacity of 105 kN/m? to 826 kN/m?, are considered sufficient
methods to be applied to the greenhouse foundation. There was a limitation in grasping the consistent trend of each
foundation reinforcement method through existing studies. If these data are supplemented through additional empirical
tests, it is judged that a basic design guideline that can satisfy the structure and economic efficiency of the greenhouse

can be presented.
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Table 1. Foundation method for the soft ground reinforcement (Lee -5, 2015; Lee -5, 2015a).

Ground reinforcement

Foundation types Substructure

Classifications

Materials and methods

Foundation slab, and

foofi
Spread footing strip foundation

Unreinforced -

Shallow mixing treatment

Improvement of soft ground

Spread footing

Deep mixing treatment

+ Foundation slab, and
Ground foundation (strip or mat)
reinforcement

Small caliber pile

Steel pipe pile
Spiral pile
Wood pile

Substitution

GCP (gravel compaction pile)

Pile foundation Pile cap

RC (reinforced concrete), PHC, PF
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Fig. 1. Cross-sectional view of In-situ Top-Base construction method (Shin2} Ahn, 2011).

(a) Pile foundation (PHC) (b) Substitution (c) Point foundation (PF) 3
Structure
footing .
%
Surface
Head | (g 3~2m)

(2D~3D)

Tail
(N value :20~30}

Fig. 2. Cross-sectional view of point foundation method (Kim 5, 2016).

442 Protected Horticulture and Plant Factory, Vol. 29, No. 4, 2020



P, = (xxDxL)/F.S x t (1)
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Table 2. Results of the load test of spiral piles (Yum 5, 2017).

H ol digh a

22 erhgic ub v dhe] QlabAael e Tsmm 47
FAA Ui Bl L}EM: Ao = Bl HelAe, A
AH2) Aol AH FolE Mol m glek 9] A
ssso]d 7|25 A 3)e] Qe Wtk S

skerel 3974 Akie] B Ego] aElo] e Sl
A 57k Ade] aEl= Atolck

2. LS opeE

Table 3-2 LI 6 AIE AakE HofFal
AT} 2] Zlolof wk= QA3 e =4 W A E Z]dto]|
gt QA 3l o= o] 221 o method(Tomlinson, 1979)&
g3t Al Akl A==E HESIITHYun 5, 2015;
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Uplift capacity under criteria of ultimate

load (kN)

Size Depth Slenderness Contact area

Uplift resistance Uplift resistance
according to slenderness according to contract

ratio (L/D) (em®)

(Diameter, mm)  (mm)

Tested value Calculated value ratio (N/ratio) area (N/area)
50 400 8 628 0.8 (100%) (100%) 100.0 1.28
75 850 11.33 2,002 2.0 (250%) (319%) 176.5 1.00
100 1,000 10.00 3,140 5.0 (625%) (500%0) 500.0 1.60

Table 3. Results of the load test of wood piles (Kang 5, 2014; Yu 5

, 2014; Yun 5, 2015).

Size Depth  Slenderness ratio Contact area Ultimate uplift capacity Ultimate uplift capacity Uplift resistance Uplift resistance
(Diameter, mm)  (mm) (/D) (cm®) (Tested value, kN)  (Calculated value, kN) (N/ratio) (N/area)
250 10.0 196.3 0.33 (100%) 0.40 33.00 1.68
25 390 15.6 306.3 0.43 (130%) 0.62 27.56 1.40
500 20.0 392.7 0.77 (233%) 0.79 38.50 1.96
240 7.27 248.8 0.37 (100%) 0.50 50.89 1.49
33 400 12.1 414.7 0.99 (268%) 0.84 81.63 2.39
480 14.6 497.6 1.07 (289%) 1.01 73.54 2.15
230 5.75 289.0 0.52 (100%) 0.58 90.43 1.80
40 340 8.50 4273 1.00 (192%) 0.86 117.6 2.34
450 113 565.2 1.11 (213%) 1.14 98.67 1.96
150 10,000 66.7 47,100 30.6 (100%) 82.7 459.7 0.65
1,000 4.00 7,850 13.3 (100%) 159 3,325 1.69
250 3,000 12.0 23,550 46.6 (350%) 47.7 3,383 1.98
5,000 20.0 39,250 93.8 (705%) 79.5 4,690 2.39
1,000 333 9,420 27.3 (100%) 19.1 8,198 2.90
300 3,000 10.0 28,260 62.3 (228%) 57.2 6,230 2.20
5,000 16.7 47,100 105.6 (387%) 95.4 6,323 224
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Fig. 3. Uplift resistance in the range of slenderness ratio 10 to 12.1
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Fig. 4. Uplift resistance in the range of slenderness ratio 14.6 to 16.7
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Table 4. Results of loading test result of wood pile (Lee, 2015).
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. Bearing load  Final settlement Bearing capacity of foundations Allowable bearing capacity
Types Region Remark
Pe g (KN) (mm) (KN/m?) (KN/i?)
A 5.09 41
B 30.30 1054
. D=150mm,
Wood Pile C 210 7.99 50 6 L=10m
D 12.23 1054
E 11.10 90
Table 5. Results of loading test result of top-base pile (Shin&} Ahn, 2011).
. Bearing load  Final settlement Bearing capacity of Allowable bearing
T k
Ipes Region (KN) (mm) foundations(kN/m?) capacity(kN/m?) Remar
A 225 10.1 75.0
B 900 21.75 303 D=300 mm
Top-base 450
C 1699 10.8 566
D 1240 23.28 826 Imx1Im
Al Aol-AS TR, H297 M4S 20204 445
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