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A Study on the Uplift Capacity of Cylindrical Concrete Foundations for
Pipe-Framed Greenhouse
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Kang, Man Ho - Shino Kazuo

Abstract

Recently pipe-framed greenhouses are widely constructed on domestic farm area. These
greenhouses are extremely light-weighted structures and so are easily damaged under strong
wind due to the lack of uplift resistance of foundation piles.

This experiment was carried out by laboratory soil tank to investigate the displacement be-
haviors of cylindrical pile foundations according to the uplift loads. Tested soils were sampled
from two different greenhouse areas. The treatment for each soil type are consisted of 3 dif-
ferent soil moisture conditions, 2 different soil depths, and 3 different soil compaction ratios.
Each test was designed to be repeated 2 times and additional tests were carried out when
needed. The results are summarized as follows :

1. When the soil moisture content are low and/or pile foundations are buried relatively
shallow, ultimate uplift capacity of foundation soil was generated just after begining of uplift
displacement. But under the high moisture conditions and/or deeply buried depth, ultimate up-
lift capacity of foundation soil was generated before the begining of uplift displacement.

2. For the case of soil S, the ultimate uplift capacity of piles depending on moisture con-
tents was found to be highest in optimum moisture condition and in the order of air dryed and
saturated moisture contents. But for the case of soil Sy, the ultimate uplift capacity was found
to be highest in optimum moisture condition and in the order of saturated and air dryed mois-
ture contents.

3. Ultimate uplift capacities are varied depending on the pile foundation soil moisture condi-
tions. Under the conditions of optimum soil moisture contents with 60cm soil depth, the ulti-
mate uplift capacity of pile foundation in compaction ratio of 80%, 85%, and 90% for soil S;
are 76kg, 115kg, and 155kg, respectively, and for soil S; are 36kg, 60kg, and 92kg,

respectively. But considering that typical greenhouse uplift failure be occurred under satura-
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ted soil moisture content which prevails during high wind storm accompanying heavy rain, pile

foundation is required to be designed under the soil condition of saturated moisture content.
4. Approximated safe wind velosities estimated for soil sample S; and S; are 32.92m/s and

26.58m/s respectively under the optimum soil condition of 90% compaction ratio and opti-

mum moisture content. But considering the uplift failure pattern under saturated moisture

contents which are typical situations of high wind accompanying heavy rain, the safe wind

velosities for soil sample S1 and S2 are not any higher than 20.33m/s and 22.69m/s

respectively.

e
ri
rlo
>
o
i
N
»
2
2
lil

Al —2—7}7‘5}Wi =4
4 A 9 717
AF7 &gs A
o il ddist
¥ oie Egay g8 EME 24lo] e B
7

Hi
THE EAED 9P, 19963 ¢ dA
Aol A e Au) HHL oF 45,000hac]H,

T 103 AdEALe 1990de y|Foz vd
=9 597m2Htt WS 5.99m2o 2 ZEU}Eed
a, AAAA A2 FAAe] 7 B et
2 2.

dwtx oz FzES Jxe 4
T& At AHFA AEE + U
A8 g Aok g BE, AAFo]
oA Z Awtr e ue Fx 917
oY AE T iME 28
o]; a’h:]-

UE72E g HAHEY 7

Wl st AbgEa, AHEES A

g A3t o] dury 011]“1 2l
of £ AHHE ¥l A9
Atgol & A4t Qloh A8 B9, Qﬂ%i}
dol ftdE # e AR BAANY AAMA
q dxE Adrize EUME FE gle=
A7) olele) WEI|x7L AMS2E &

a2 EetaE 95 golZ 24&

4
41
o

L
i) r-{n off thu N
o 2 o2 ©, o

1
)

o £
o, ot M
R

m
o ¥
)

N
und

9
Hq
tlo
)
i)

[
[
rq
N

°ﬂ

-{o
M1 T
i lo,
o
NN
B or
Moot 2t o am P

d Vol dFeld F T3 22 AFd
M LFAFFE AF3H EIJ_P’ 53 3¢
e g, oz W EE <
Uz R 24E& Hds 7|2 dF T
Bl B3 FRIFCR JEe FEAFo RN
wel Aul e WA g E P se
N7} 22 WAYFIT} olot e HFHE v
A AMME A7 e AEAFH A
n7Hol A3 g7ETh

gt B A7 e A w2 el BE
g Qi 1-2We FehaE 58 go]x 24
F2 AMgHE 938 257128
AgE g d¥P oz AEFA

aEln AEEAnE FHoE
He ZAste AWt 9% 2
stiL, 7129 A8 AEE A 71&2A
Tt TAlY AAFES o
A A8k

to ki

1% ot
I:I

.3

ni...

mlo 4 Ao

I A& YUY
1. A=

£ A7 AMgE AEAA e 7= Fig
2} QE} LA FA Lo Fx
AFA(@), HEEZR(®), 4¥LHWD) T
2 g + Utk

fr
o

2 A i

e
A
=2
rO
i3
18
tle
N
N
o
rir
0)4

—110—




® | U=

@ jack head @ support 3 proving ring @ magnetic base
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Fig. 1. Schematics of experimental apparatus
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Table 1. Experimental design

Degree of Moisture Embedded pile
compaction (%) conditions depth (cm)

40

Air dryed
60
40

80 Opti

ptimum %0
40

Saturated
aturate 50
40

Air dryed
ir drye 50
40

85 Optimum
60
40

Saturated
aturate %0
40

Air dryed
ir drye 50
40

90 Opti

ptimum 60
40

Saturated
aturate 50
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Fig. 2. Grain size distribution curve

Table 2. Physical properties of sample soil ex-

perimented
Sample soil Sy S
Specific gravity (Gs) 2.64 2.58
Liquid limit (LL) (%) | N.P. 36.0
Plastic limit (PL.) (%) | N.P. 28.8
Plastic index (Ir) (%)| NP. 7.2

>4.76mm 0 20.47
4.76~0.074mm | 59.00 | 30.53
0.074~0.005mm | 35.00 | 37.00

Grain |Gravel
size | Sand
percent| Silt

(%) | Clay <0.005mm 6.00 12.00
Unified soil classification system| SM SM
Grain |Gravel <2.0mm 0 21.98

2.0~0.05mm 68.53 | 36.00
0.05~0.002mm | 30.47 | 40.43

size | Sand
percent! Silt

(%) | Clay <0.002mm 1.00 1.59
Triangular soil classification Sandy Gsr:::;uy
chart system loam Y
loam
Maxi dry densit;
aximum dry density (Yamax) \ 159 L61
(g/cm?)
Opti 1st tent
ptimum moisture conten (Woopt) 990 | 21.25
(%)
Field wet density (y¢) 1.54~ [1.54~

(g/em®)| 158 1.60
Field moisture content (ws) (%) 20.40 | 19.31

Field degree of compation (D)
(%)

83~85 | 79.82
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Table 3. Cohesion and internal friction angle of soil S

] Degree of Cohesion Cohesion between soil . Internal
Moisture . . . Ratio o
diti compaction of soil and pile surface (Ce/Ca) friction angle
c s
condition (%) (Csyy kg/em?) (Cey, kg/cm?) )
80 0.05 0.023 0.45 16.6
Air dryed 85 0.06 0.028 0.46 16.7
90 0.08 0.036 0.45 16.9
80 0.06 0.029 0.48 19.2
Optimum 85 0.08 0.034 0.42 19.3
90 0.10 0.045 0.45 19.5
80 0.03 0.010 0.35 13.7
Saturated 85 0.04 0.014 0.36 14.0
90 0.04 0.015 0.37 144
Table 4. Cohesion and internal friction angle of soil Sz
i Degree of Cohesion Cohesion between soil } Internal
Moisture . . . Ratio .
dition compaction of soil and pile surface (Ces/Cs2) friction angle
con (%) (Cez, kg/cm?) (Cez, kg/cm?) e )
30 0.01 0.002 0.24 21.0
Air dryed 85 0.02 0.006 0.30 21.3
90 0.03 0.014 0.47 21.6
80 0.03 0.012 0.41 22.8
Optimum 85 0.05 0.022 0.44 23.0
90 0.06 0.029 0.48 23.5
80 0.03 0.012 0.40 14.6
Saturated 85 0.04 0.016 0.40 14.6
90 0.04 0.019 0.47 14.6
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Table 5. Safe wind velocity for various soil conditions

Moisture | "B Ip bedded pile Vltimate uphft capacity Safe wind velocity (m/s)
.. compaction +concrete foundation weight (tf)
condition (%) depth (em) SoilS; | Sals, Soil S, Soil S,
% 40 0069 | 0.030 20.33 13.40
60 0.085 0.039 22.56 15.28
A dryed N 40 0.079 0.037 2175 14.88
60 0.100 0.046 24.47 16.60
% 40 0.093 0.053 23.60 17.81
60 0.123 0.066 27.14 10.88
% 40 0.081 0.051 22.02 17.48
60 0.102 0.062 2471 19.27
. 40 0.089 0.069 23.08 20.33
Optimum 85
60 0.142 0.086 29.16 22.69
40 0.104 0.085 24.96 22.56
%0 60 0.181 0.118 32.92 26.58
% 40 0.044 0.050 16.23 17.30
60 0.060 0.061 18.95 19.11
40 0.048 0.056 16.95 18.31
Saturated 85 60 0.064 0.072 19.58 20.76
40 0.053 0.062 17.81 19.27
%0 60 0.069 0.086 20.33 22.69
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