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Development of a Weatherized Greenhouse Structure with Earth Embedding Method

Satoru Kawaguchi, Kaoru Ooshita, Kaoru Ueshin

Synopsis :

We have established a type of structural design for ZAM-steel pipe structure which requires no concrete foundations to transfer external
loads into the ground. The structural design has been certified as a low-cost weatherized greenhouse, that bears with wind velocity up to
50m/s and snow load up to 490N/m? by Japan Greenhouse Horticulture Association.

Instead of foundations, this structure has columns driven into the ground to the depth of 80cm (increased from 70cm in our experi-
ments to decease deflection of columns) from ground level by using electric-powered rock drilling machine and anchors dug into the
ground to conduct the loads from superstructures to the ground sufficiently.

Vertical position of rigid supporting point in the ground has been estimated by experiments using full scale structures under verti-
cal and horizontal loads. Also soil resistances against column’s bending moment have been specified through the horizontal pulling
test on pipes embedded vertically in the ground and a formula of Japan Electric Association. These values enables us to calculate
deflection of structure and to estimate existing stresses of structural members under specified loads, also to design the structural

members properly.

Table1 A low-cost weatherized greenhouse’s recognition con-
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Fig.1  Structural model of supporting point.
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Table 2 Size of test structure
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Fig.2 Full scale pressing experiment.
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Fig.4 Horizontal pressing experiment.
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Fig.5 Deflection of ridge in normal ground.
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Fig. 7 Deflection of ridge in soft ground.
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Fig. 6 Deflection of eaves in normal ground.
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Fig. 8 Deflection of eaves in soft ground.
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Fig.9 Reinforcement method.
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Fig.14 Load-deflection curve in normal sandy soil.
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Fig.15 Load-deflection curve in normal cohesive soil.
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Fig.16 Load-deflection curve in soft loamy soil.
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Table 3  Calculation of vertical position

®3 FEERAE AhDTE

K% w1 P(5)=—001528 °+11.02 6 +2.0 | K%L &2 P(J)=—004952 62+12.28 § +225 | Wi P(6)=-0.03516 6*+11.02 6 +5.6
Ah | hiem)= |d (mm)=| h/608 | Ah | AhEE| Ah | hem)= |6 (mm)=| h/608F | Ah | 4hiE| Ah | hiem)= |6 (mm)=| /60K | Ah | AWKE
fisE 150+ 4h| h/60 | OPN) | FHEAE | - FEME| AE 150+ 4k h/60 | OPNN) | FHELE | - FHEAE 0E [150+4h| h/60 | OPNN) | AL | - FHEE
40 190 | 317 | 3356 | 255 | 145 40 190 | 317 | 3617 | 212 | 188 | 40 190 | 31.7 | 3193 | 285 | 115
39 189 | 315 | 3340 | 255 | 135 39 189 | 315 | 3602 | 21.1 179 39 189 | 315 | 3178 | 284 | 106
38 188 | 31.3 | 3323 | 255 | 125 38 188 | 313 | 3587 | 211 16.9 38 188 | 313 | 3164 | 284 9.6
37 187 | 312 | 3306 | 255 | 115 37 187 | 312 | 3571 | 210 | 160 37 187 | 31.2 | 3149 | 283 87
36 186 | 31.0 | 3289 | 255 | 105 36 186 | 310 | 3556 | 21.0 | 150 36 186 | 31.0 | 3134 | 283 77
35 185 | 308 | 3273 | 254 9.6 35 185 | 308 | 354.1 | 209 | 141 35 185 | 308 | 3120 | 283 6.7
34 184 | 30.7 | 3256 | 254 8.6 34 184 | 30.7 | 3525 | 208 | 132 34 184 | 30.7 | 3105 | 282 58
33 183 | 305 | 3239 | 254 7.6 33 183 | 305 | 351.0 | 208 | 122 33 183 | 305 | 3090 | 282 48
32 182 | 303 | 3222 | 254 6.6 32 182 | 303 | 3494 | 207 | 113 32 182 | 303 | 3075 | 281 39
31 181 | 302 | 3205 | 254 5.6 31 181 | 302 | 3479 | 207 | 103 31 181 | 30.2 | 3060 | 28.1 29
30 180 | 300 | 3188 | 254 4.6 30 180 | 300 | 3463 | 20.6 94 30 180 | 300 | 3046 | 28.1 19
29 179 | 298 | 3172 | 253 37 29 179 | 298 | 3448 | 205 85 29 179 | 298 | 303.1 | 280 1.0
28 178 | 29.7 | 3155 | 253 27 28 178 | 29.7 | 3432 | 205 75 | 28 178 | 29.7 | 301.6 | 28.0 0.0
27 177 | 295 | 3138 | 253 17 27 177 | 295 | 3417 | 204 6.6 27 177 | 295 | 300.1 | 279 | —09
26 176 | 293 | 3121 | 253 0.7 26 176 | 293 | 340.1 | 203 5.7 26 176 | 293 | 2986 | 279 | —19
25 175 | 29.2 ({3104 | 25.3 |—0.3 25 175 29.2 | 3385 | 203 47 25 175 292 | 2971 | 279 | —29
24 174 | 290 | 3087 | 253 | —13 24 174 | 290 | 3370 | 202 38 24 174 | 290 | 2956 | 278 | —38
23 173 | 288 | 3070 | 252 | —22 23 173 | 288 | 3354 | 20.2 28 23 173 | 288 | 2941 | 278 | —438
22 172 | 287 | 3053 | 252 | —32 22 172 | 287 | 3338 | 20.1 19 22 172 | 287 | 2926 | 27.7 | =57
21 171 | 285 | 3037 | 252 | —42 21 171 | 285 | 3323 | 200 10 | 21 171 | 285 | 2911 | 27.7 | =67
20 170 | 283 | 3020 | 252 | =52 20 170 | 28.3 | 330.7 | 20.0 0.0 20 170 | 283 | 2896 | 27.7 | =77
19 169 | 282 | 3003 | 252 | —6.2 19 169 | 282 | 3291 | 199 | —09 19 169 | 282 | 2881 | 276 | —86
18 168 | 280 | 2986 | 252 | —72 18 168 | 280 | 3275 | 198 | —18 18 168 | 280 | 2866 | 276 | —9.6
Table 4 Vertical position of supporting point
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Fig.17 Induction of soil coefficient formula.
Table 5 Design of soil coefficient
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