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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

-0.02
-0.46
0.34
-0.43
0.18
-0.28
-0.23
-1.02
-0.42
-0.86
-0.38
-0.80
-0.21
-0.68
-0.83
-0.23
-0.45
0.17

-32.32
-34.65
-31.80
-0.34
0.00
-0.54
-0.12
-0.42
0.11
-0.40
0.00
-0.30
-0.27
-0.79
-0.39
-0.68
-0.36
-0.15
-0.65
-0.25
-0.56
-0.67
-0.26
-0.41
0.00

-32.71
-34.26
-32.36
-0.34
-0.12
-0.47
-0.19
-0.39
-0.04
-0.38

2.37
2.27
0.62
2.09
1.40
1.32
0.68
2.22
1.51
1.40
0.25
1.13
0.57
0.53
1.30
0.66
2.21
1.44

149.20
178.22
149.20
1.40
1.43
2.61
2.02
1.97
0.88
1.87
1.40
1.34
0.92
1.94
1.47
1.40
0.60
0.39
1.25
0.84
0.81
1.34
0.90
1.93
1.43

153.85
173.20
153.85
1.40
1.44
2.18
1.80
1.78
1.05
1.71

6.77
7.15
6.01
7.06
6.30
6.73
5.56
6.69
5.90
6.30
5.67
6.19
5.52
5.99
6.26
5.55
7.12
6.32

153.87
182.86
153.87
6.30
6.31
7.18
6.59
6.86
6.10
6.81
6.30
6.58
5.80
6.55
6.03
6.30
5.85
5.63
6.24
5.77
6.07
6.27
5.79
6.84
6.31

158.52
177.85
158.52
6.30
6.32
6.86
6.48
6.67
6.16
6.64

3.54
3.68
3.86
3.70
3.66
3.83
4.15
4.04
3.95
4.17
4.45
4.22
4.21
4.42
4.17
4.17
3.69
3.66

305.66
281.38
253.32
3.45
3.59
3.54
3.50
3.61
3.72
3.62
3.59
3.71
3.88
3.79
3.74
3.88
4.05
4.07
3.91
3.90
4.05
3.90
3.88
3.61
3.59

286.23
257.26
275.58
3.45
3.54
3.50
3.48
3.55
3.62
3.56

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193

-0.11
-0.31
-0.29
-0.64
-0.37
-0.57
-0.35
-0.22
-0.55
-0.28
-0.49
-0.56
-0.29
-0.39
-0.12
-32.96
-34.00
-32.73
-0.34
-0.19
-0.43
-0.24
-0.38
-0.14
-0.37
-0.19
-0.32
-0.31
-0.54
-0.36
-0.49
-0.35
-0.26
-0.48
-0.30
-0.44
-0.49
-0.31
-0.37
-0.19
-33.14
-33.83
-32.98
-0.34
-0.24
-0.40
-0.27
-0.36
-0.21
-0.36
-0.24
-0.33
-0.32

1.40
1.36
1.08
1.76
1.44
1.40
0.85
0.71
1.31
1.03
1.00
1.36
1.06
1.75
1.43

156.99
169.89
156.99
1.40
1.43
1.91
1.67
1.65
1.17
1.61
1.40
1.37
1.19
1.64
1.43
1.40
1.03
0.93
1.35
1.15
1.13
1.38
1.17
1.63
1.42

159.11
167.70
159.11
1.40
1.42
1.73
1.58
1.57
1.24
1.54
1.40
1.38
1.26

6.30
6.49
5.97
6.46
6.12
6.30
5.99
5.83
6.26
5.94
6.14
6.28
5.96
6.66
6.31

161.65
174.54
161.65
6.30
6.31
6.66
6.42
6.54
6.20
6.52
6.30
6.43
6.08
6.40
6.18
6.30
6.08
5.98
6.28
6.06
6.19
6.29
6.07
6.54
6.31

163.77
172.36
163.77
6.30
6.31
6.54
6.38
6.46
6.24
6.45
6.30
6.38
6.15

3.55
3.62
3.71
3.66
3.63
3.73
3.82
3.84
3.75
3.73
3.84
3.74
3.72
3.56
3.54

287.40
280.27
264.09
3.45
3.51
3.47
3.47
3.51
3.56
3.52
3.51
3.57
3.62
3.58
3.56
3.62
3.69
3.69
3.63
3.63
3.69
3.63
3.63
3.53
3.51

276.43
270.90
288.16
3.45
3.49
3.47
3.46
3.49
3.53
3.50
3.49
3.53
3.56

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246

-0.47
-0.35
-0.44
-0.34
-0.28
-0.44
-0.31
-0.40
-0.44
-0.32
-0.36
-0.24
-33.25
-33.71
-33.15
-0.34
-0.28
-0.38
-0.30
-0.36
-0.25
-0.35
-0.27
-0.33
-0.33
-0.43
-0.35
-0.41
-0.34
-0.30
-0.40
-0.32
-0.38
-0.41
-0.33
-0.35
-0.27
-33.33
-33.63
-33.26
-0.34
-0.30
-0.37
-0.33
-0.40
-0.34
-0.38
-0.31
-0.38
-0.32
-0.36
-0.36
-0.32

1.56
1.42
1.40
1.15
1.08
1.37
1.23
1.22
1.38
1.25
1.56
1.41

160.52
166.26
160.52
1.40
1.42
1.62
1.52
1.51
1.30
1.49
1.40
1.39
1.31
1.51
1.41
1.40
1.23
1.19
1.38
1.29
1.28
1.39
1.30
1.50
1.41

161.47
165.29
161.47
1.40
1.41
1.55
1.56
1.70
1.63
1.63
1.48
1.61
1.55
1.54
1.49
1.50

6.37
6.22
6.30
6.15
6.08
6.29
6.14
6.23
6.29
6.15
6.46
6.31

165.18
170.91
165.18
6.30
6.31
6.46
6.35
6.41
6.26
6.40
6.30
6.36
6.20
6.35
6.25
6.30
6.20
6.15
6.29
6.19
6.25
6.30
6.20
6.40
6.30

166.13
169.95
166.13
6.30
6.30
6.40
6.41
6.51
6.44
6.47
6.37
6.47
6.40
6.44
6.33
6.34

3.53
3.52
3.56
3.60
3.60
3.57
3.56
3.59
3.57
3.56
3.50
3.50

289.51
290.68
272.27
3.45
3.47
3.46
3.46
3.48
3.50
3.49
3.48
3.51
3.52
3.50
3.49
3.53
3.55
3.55
3.52
3.52
3.55
3.53
3.52
3.48
3.48

271.90
288.58
269.32
3.45
3.46
3.45
3.47
3.46
3.46
3.47
3.48
3.48
3.47
3.49
3.44
3.45

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299

-0.39
-0.35
-0.42
-0.36
-0.40
-0.33
-0.40
-0.34
-0.38
-0.38
-0.34
-0.41
-0.37
-0.44
-0.38
-0.42
-0.35
-0.42
-0.36
-0.40
-0.40
-0.36
-0.43
-0.39
-0.46
-0.40
-0.44
-0.37
-0.44
-0.38
-0.42
-0.42
-0.38
-0.45
-0.41
-0.48
-0.42
-0.46
-0.39
-0.46
-0.40
-0.44
-0.44
-0.51
-0.47
-0.43
-0.50
-0.44
-0.48
-0.41
-0.48
-0.42
-0.46

1.64
1.65
1.79
1.72
1.72
1.57
1.70
1.64
1.63
1.58
1.59
1.73
1.74
1.89
1.81
1.81
1.66
1.79
1.73
1.72
1.67
1.68
1.82
1.83
1.98
1.90
1.90
1.74
1.88
1.82
1.81
1.75
1.76
1.91
1.93
2.07
2.00
1.99
1.83
1.98
1.91
1.90
1.84
1.99
2.01
2.03
2.17
2.10
2.09
1.93
2.08
2.01
2.00

6.44
6.45
6.55
6.48
6.51
6.41
6.51
6.44
6.48
6.37
6.38
6.48
6.49
6.59
6.52
6.56
6.45
6.55
6.48
6.51
6.41
6.42
6.52
6.53
6.64
6.56
6.60
6.48
6.59
6.52
6.55
6.45
6.46
6.56
6.57
6.68
6.60
6.64
6.52
6.63
6.56
6.59
6.49
6.60
6.61
6.62
6.73
6.65
6.69
6.57
6.68
6.61
6.64

3.44
3.46
3.44
3.44
3.45
3.47
3.46
3.46
3.47
3.42
3.43
3.42
3.44
3.42
3.43
3.44
3.45
3.44
3.44
3.45
3.41
3.42
3.40
3.42
3.42
3.41
3.43
3.43
3.43
3.43
3.44
3.40
3.40
3.39
3.41
3.40
3.39
3.41
3.42
3.41
3.41
3.42
3.39
3.39
3.38
3.39
3.39
3.38
3.40
3.41
3.40
3.40
3.41

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

-0.46
-0.42
-0.38
-0.45
-0.39
-0.43
-0.36
-0.43
-0.37
-0.41
-0.41
-0.37
-0.33
-0.40
-0.34
-0.38
-0.31
-0.38
-0.32
-0.36
-0.36
-0.32
-0.39
-0.33
-0.29
-0.36
-0.30
-0.34
-0.27
-0.34
-0.28
-0.32
-0.32
-0.28
-0.35
-0.29
-0.25
-0.32
-0.26
-0.30
-0.23
-0.30
-0.24
-0.28
-0.28
-0.24
-0.31
-0.25
-0.21
-0.28
-0.22
-0.26
-0.19

1.94
1.96
1.98
2.12
2.05
2.04
1.88
2.03
1.96
1.95
1.89
1.91
1.93
2.07
2.00
1.99
1.83
1.98
1.91
1.90
1.84
1.86
2.00
1.93
1.95
2.09
2.02
2.01
1.85
2.00
1.93
1.92
1.86
1.88
2.02
1.95
1.97
2.12
2.04
2.03
1.87
2.02
1.95
1.94
1.88
1.90
2.04
1.97
1.99
2.14
2.06
2.06
1.89

6.54
6.55
6.56
6.67
6.59
6.63
6.51
6.62
6.55
6.58
6.48
6.49
6.50
6.61
6.53
6.57
6.45
6.56
6.49
6.52
6.42
6.43
6.54
6.46
6.47
6.58
6.50
6.54
6.42
6.53
6.46
6.49
6.39
6.40
6.51
6.43
6.44
6.55
6.48
6.51
6.39
6.50
6.43
6.46
6.36
6.37
6.48
6.40
6.41
6.52
6.45
6.48
6.36

3.38
3.37
3.39
3.39
3.38
3.40
3.40
3.39
3.39
3.40
3.37
3.37
3.38
3.38
3.37
3.39
3.40
3.39
3.39
3.40
3.36
3.36
3.36
3.35
3.37
3.37
3.36
3.38
3.38
3.37
3.37
3.38
3.34
3.35
3.34
3.34
3.35
3.35
3.35
3.36
3.36
3.36
3.36
3.37
3.32
3.33
3.33
3.32
3.34
3.33
3.33
3.34
3.35

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405

-0.26
-0.20
-0.24
-0.24
-0.20
-0.27
-0.21
-0.25
-0.18
-0.25
-0.19
-0.23
-0.23
-0.30
-0.25
-0.29
-0.24
-0.21
-0.28
-0.23
-0.26
-0.28
-0.23
-0.25
-0.20
-33.38
-33.58
-33.33
-0.24
-0.21
-0.26
-0.22
-0.25
-0.20
-0.25
-0.21
-0.23
-0.23
-0.28
-0.25
-0.27
-0.24
-0.22
-0.27
-0.23
-0.26
-0.27
-0.23
-0.25
-0.21
-31.90
-32.03
-31.87

2.04
1.97
1.96
1.90
1.92
2.07
1.99
1.98
1.82
1.97
1.90
1.89
1.83
1.98
1.91
1.90
1.77
1.74
1.88
1.82
1.80
1.89
1.83
1.98
1.91

162.11
164.65
162.11
1.90
1.91
2.01
1.96
1.96
1.85
1.94
1.90
1.89
1.86
1.95
1.91
1.90
1.81
1.79
1.89
1.84
1.84
1.89
1.85
1.95
1.91

149.70
151.33
149.70

6.47
6.40
6.43
6.33
6.34
6.45
6.38
6.41
6.29
6.40
6.33
6.36
6.26
6.37
6.30
6.33
6.25
6.21
6.32
6.25
6.28
6.33
6.25
6.41
6.33

166.76
169.31
166.76
6.33
6.34
6.41
6.36
6.38
6.30
6.38
6.33
6.35
6.28
6.36
6.31
6.33
6.27
6.25
6.32
6.28
6.30
6.33
6.28
6.38
6.33

154.37
155.99
154.37

3.34
3.34
3.35
3.30
3.31
3.31
3.31
3.32
3.33
3.32
3.32
3.33
3.34
3.34
3.33
3.35
3.36
3.35
3.35
3.35
3.36
3.34
3.35
3.32
3.31

291.47
288.72
289.54
3.30
3.31
3.31
3.30
3.31
3.31
3.32
3.31
3.32
3.32
3.32
3.32
3.33
3.34
3.34
3.34
3.32
3.34
3.33
3.32
3.31
3.31

271.95
273.52
270.89

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458

-0.24
-0.22
-0.25
-0.23
-0.21
-0.24
-0.22
-0.24
-0.20
-0.23
-0.21
-0.23
-0.23
-0.21
-0.19
-0.22
-0.20
-0.22
-0.18
-0.21
-0.19
-0.21
-0.21
-0.24
-0.21
-0.19
-0.22
-0.20
-0.18
-0.21
-0.19
-0.21
-0.17
-0.20
-0.18
-0.20
-0.20
-0.18
-0.16
-0.19
-0.17
-0.19
-0.15
-0.18
-0.16
-0.18
-0.18
-0.21
-0.18
-0.16
-0.14
-0.17
-0.15

1.90
1.91
1.97
1.94
1.95
2.01
1.98
1.98
1.90
1.97
1.94
1.93
1.91
1.92
1.93
1.99
1.96
1.96
1.88
1.95
1.92
1.91
1.89
1.96
1.93
1.94
2.00
1.97
1.98
2.04
2.01
2.01
1.93
2.00
1.97
1.96
1.94
1.95
1.96
2.02
1.99
1.99
1.91
1.98
1.95
1.94
1.92
1.99
1.96
1.97
1.98
2.04
2.01

6.33
6.33
6.38
6.35
6.35
6.40
6.37
6.39
6.33
6.38
6.35
6.36
6.32
6.32
6.32
6.37
6.34
6.36
6.30
6.35
6.32
6.33
6.29
6.34
6.31
6.31
6.36
6.33
6.33
6.39
6.35
6.37
6.31
6.36
6.33
6.34
6.30
6.30
6.30
6.36
6.32
6.34
6.28
6.33
6.30
6.31
6.27
6.32
6.29
6.29
6.29
6.35
6.31

3.30
3.30
3.30
3.30
3.30
3.31
3.30
3.31
3.31
3.31
3.31
3.31
3.30
3.29
3.30
3.30
3.30
3.30
3.31
3.30
3.30
3.31
3.30
3.29
3.28
3.28
3.29
3.28
3.29
3.30
3.29
3.29
3.30
3.29
3.29
3.30
3.28
3.28
3.28
3.29
3.28
3.29
3.29
3.29
3.28
3.29
3.28
3.28
3.27
3.27
3.27
3.28
3.27

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511

-0.17
-0.13
-0.16
-0.14
-0.16
-0.16
-0.19
-0.17
-0.15
-0.18
-0.16
-0.18
-0.14
-0.17
-0.15
-0.17
-0.17
-0.20
-0.17
-0.15
-0.13
-0.16
-0.14
-0.16
-0.12
-0.15
-0.13
-0.15
-0.15
-0.18
-0.15
-0.13
-0.16
-0.14
-0.12
-0.15
-0.13
-0.15
-0.11
-0.14
-0.12
-0.14
-0.14
-0.12
-0.10
-0.13
-0.11
-0.13
-0.09
-0.12
-0.10
-0.12
-0.12

2.01
1.93
2.00
1.97
1.96
1.94
2.01
2.02
2.03
2.10
2.06
2.06
1.98
2.05
2.02
2.01
1.99
2.06
2.03
2.04
2.05
2.12
2.08
2.08
2.00
2.07
2.04
2.03
2.01
2.08
2.05
2.06
2.13
2.09
2.10
2.17
2.13
2.13
2.05
2.12
2.09
2.08
2.06
2.07
2.08
2.15
2.11
2.11
2.03
2.10
2.07
2.06
2.04

6.33
6.27
6.32
6.29
6.30
6.26
6.31
6.31
6.31
6.37
6.33
6.35
6.29
6.34
6.31
6.32
6.28
6.33
6.30
6.30
6.30
6.36
6.32
6.34
6.28
6.33
6.30
6.31
6.27
6.32
6.29
6.29
6.35
6.31
6.31
6.37
6.33
6.35
6.29
6.34
6.31
6.32
6.28
6.28
6.28
6.34
6.30
6.32
6.26
6.31
6.28
6.29
6.25

3.28
3.28
3.28
3.28
3.28
3.27
3.27
3.26
3.26
3.27
3.26
3.27
3.27
3.27
3.27
3.27
3.26
3.26
3.25
3.25
3.25
3.26
3.25
3.26
3.26
3.26
3.26
3.26
3.25
3.25
3.24
3.24
3.25
3.24
3.24
3.25
3.24
3.25
3.25
3.25
3.25
3.25
3.24
3.23
3.23
3.24
3.23
3.24
3.25
3.24
3.24
3.25
3.24

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564

-0.15
-0.12
-0.10
-0.13
-0.11
-0.09
-0.12
-0.10
-0.12
-0.08
-0.11
-0.09
-0.11
-0.11
-0.14
-0.11
-0.09
-0.12
-0.10
-0.08
-0.11
-0.09
-0.11
-0.07
-0.10
-0.08
-0.10
-0.10
-0.08
-0.11
-0.09
-0.07
-0.10
-0.08
-0.10
-0.06
-0.09
-0.07
-0.09
-0.09
-0.12
-0.09
-0.07
-0.10
-0.08
-0.06
-0.09
-0.07
-0.09
-0.05
-0.08
-0.06
-0.08

2.11
2.08
2.09
2.16
2.12
2.13
2.20
2.16
2.16
2.08
2.15
2.12
2.11
2.09
2.16
2.13
2.14
2.21
2.17
2.18
2.25
2.21
2.21
2.13
2.20
2.17
2.16
2.14
2.15
2.22
2.18
2.19
2.26
2.22
2.22
2.14
2.21
2.18
2.17
2.15
2.22
2.19
2.20
2.27
2.23
2.24
2.31
2.27
2.27
2.19
2.26
2.23
2.22

6.30
6.27
6.28
6.33
6.29
6.30
6.35
6.31
6.33
6.27
6.32
6.29
6.30
6.26
6.31
6.28
6.29
6.34
6.30
6.31
6.36
6.32
6.34
6.28
6.33
6.30
6.31
6.27
6.28
6.33
6.29
6.30
6.35
6.31
6.33
6.27
6.32
6.29
6.30
6.26
6.31
6.28
6.29
6.34
6.30
6.31
6.36
6.32
6.34
6.28
6.33
6.30
6.31

3.24
3.23
3.23
3.23
3.22
3.23
3.23
3.22
3.23
3.24
3.23
3.23
3.23
3.22
3.22
3.21
3.22
3.22
3.21
3.22
3.22
3.21
3.22
3.22
3.22
3.22
3.22
3.21
3.21
3.21
3.20
3.22
3.21
3.21
3.21
3.22
3.21
3.21
3.22
3.21
3.21
3.20
3.20
3.20
3.19
3.21
3.20
3.20
3.21
3.21
3.21
3.20
3.21

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617

-0.08
-0.11
-0.08
-0.06
-0.10
-0.07
-0.09
-0.05
-0.08
-0.06
-0.08
-0.08
-0.11
-0.08
-0.10
-0.08
-0.07
-0.10
-0.07
-0.09
-0.10
-0.07
-0.09
-0.06
-31.92
-32.01
-31.90
-0.08
-0.07
-0.06
-0.08
-0.06
-0.07
-0.05
-0.07
-0.06
-0.07
-0.07
-0.09
-0.07
-0.08
-0.07
-0.06
-0.08
-0.07
-0.08
-0.08
-0.07
-0.07
-0.06
-30.18
-30.24
-30.16

2.20
2.27
2.24
2.25
2.32
2.28
2.28
2.20
2.27
2.24
2.23
2.21
2.28
2.25
2.24
2.18
2.16
2.23
2.20
2.19
2.23
2.20
2.28
2.25

149.97
151.06
149.97
2.24
2.25
2.26
2.30
2.28
2.28
2.22
2.27
2.25
2.24
2.23
2.28
2.26
2.25
2.21
2.20
2.24
2.22
2.22
2.25
2.23
2.27
2.25

135.91
136.60
135.91

6.27
6.32
6.29
6.30
6.35
6.32
6.33
6.27
6.32
6.29
6.30
6.26
6.31
6.28
6.29
6.25
6.23
6.28
6.25
6.26
6.29
6.25
6.33
6.29

154.64
155.72
154.64
6.29
6.29
6.29
6.33
6.31
6.32
6.28
6.31
6.29
6.30
6.27
6.30
6.28
6.29
6.26
6.25
6.29
6.26
6.27
6.29
6.27
6.31
6.29

140.59
141.28
140.59

3.19
3.20
3.18
3.20
3.19
3.19
3.19
3.20
3.19
3.19
3.19
3.20
3.20
3.19
3.20
3.21
3.21
3.21
3.20
3.21
3.20
3.20
3.19
3.19

258.90
256.83
275.18
3.18
3.18
3.18
3.19
3.19
3.19
3.20
3.19
3.19
3.19
3.19
3.19
3.19
3.18
3.19
3.19
3.18
3.19
3.20
3.18
3.19
3.19
3.19

249.90
236.94
255.74

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

618 -0.07 2.25 6.29 3.18 ACCEPTABLE
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Name : Profile and assignment Stage : 1
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Cantilever wall analysis

Input data

Project

Task
Descript.
Author
Date

:
:
:
:

04.07.2019
ქ თბილისში. უნივერსიტეტის ქუჩისა და ბაგების დამაკავშირებელი საავტომობილო ხიდური გადასასვლელის მოწყობა
ქვედა საყრდენი კედელი მh-5.1
01.06.2017

Settings

Standard - safety factors (5)
Materials and standards

Concrete structures :
Coefficients EN 1992-1-1 :
SNiP - input coefficients according to SNIP standards

EN 1992-1-1 (EC2)
Poland

Coefficients according to SNiP

Combination coefficient :
Coefficient of action conditions :
Coefficient of importance of structure :

k =
c =
n =

1.00
0.90
1.10

[–]
[–]
[–]

Wall analysis

Active earth pressure calculation :
Passive earth pressure calculation :
Earthquake analysis :
Shape of earth wedge :
Base key :
Verification methodology :

Coulomb
Caquot-Kerisel
Mononobe-Okabe
Consider always vertical
The base key is considered as inclined footing bottom
Safety factors (ASD)

Safety factors

Seismic design situation

Safety factor for overturning :
Safety factor for sliding resistance :
Safety factor for bearing capacity :

SFo =
SFs =
SFb =

1.00
1.00
1.00

[–]
[–]
[–]

Material of structure

Unit weight  = 23.56 kN/m3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete : C 20/25
Cylinder compressive strength
Tensile strength

fck
fct

=
=

20.00
2.20

MPa
MPa

Longitudinal steel : B420
Yield strength fyk = 420.00 MPa

Geometry of structure

No.
Coordinate

X [m]

Depth

Z [m]

1
2
3
4
5
6
7

0.00
0.42
2.30
2.30

-1.10
-1.10
-0.40

0.00
4.20
4.20
5.10
5.10
4.20
4.20
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No.
Coordinate

X [m]

Depth

Z [m]

8 -0.40 0.00
The origin [0,0] is located at the most upper right point of the wall.
Wall section area = 5.62 m2.
 
Basic soil parameters

No. Name Pattern
ef

[°]

cef

[kPa]


[kN/m3]

su

[kN/m3]


[°]

1 თიხნარი ყავისფერი ღორღისა და ხვინჭის
ჩანართებით მყარი კონსისტენციის

20.00 61.80 19.20 9.20 10.00

Soil parameters to compute pressure at rest

No. Name Pattern
Type

calculation

ef

[°]


[–]

OCR

[–]

Kr

[–]

1 თიხნარი ყავისფერი ღორღისა და ხვინჭის
ჩანართებით მყარი კონსისტენციის

cohesive - 0.35 - -

Soil parameters

თიხნარი ყავისფერი ღორღისა და ხვინჭის ჩანართებით მყარი კონსისტენციის
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Angle of friction struc.-soil :
Soil :
Poisson's ratio :
Saturated unit weight :


effective
ef
cef

cohesive

sat

=

=
=
=

=
=

19.20

20.00
61.80
10.00

0.35
19.20

kN/m3

°
kPa
°

kN/m3

 
Geological profile and assigned soils

No.
Layer

[m]
Assigned soil Pattern

1

2

20.00

-

თიხნარი ყავისფერი ღორღისა და ხვინჭის ჩანართებით მყარი კონსისტენციის

თიხნარი ყავისფერი ღორღისა და ხვინჭის ჩანართებით მყარი კონსისტენციის

Terrain profile

Terrain behind the structure is flat.
 
Water influence

Ground water table is located below the structure.
 
Input surface surcharges

No.
Surcharge

new change
Action

Mag.1

[kN/m2]

Mag.2

[kN/m2]

Ord.x

x [m]

Length

l [m]

Depth

z [m]

1
2

YES
YES

variable
variable

196.00
196.00

3.20
5.00

0.80
0.80

on terrain
on terrain

No. Name

1 HK80
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Resistance on front face of the structure

Resistance on front face of the structure: passive
Soil on front face of the structure - თიხნარი ყავისფერი ღორღისა და ხვინჭის ჩანართებით მყარი კონსისტენციის
Angle of friction struc.-soil
Soil thickness in front of structure


h

=
=

11.00
1.00

°
m

Terrain in front of structure is flat.
 
Earthquake

Horizontal seismic coefficient
Vertical seismic coefficient
Coeff. to compute point of application

kh
kv
k.H

=
=
=

0.0800
0.2000

0.66
Water below the GWT is restricted.
 
Settings of the stage of construction

Design situation : seismic
The wall is free to move. Active earth pressure is therefore assumed.
 
Verification No. 1

Passive pressure on front face of the structure - partial results

Layer

No.

Thickness

[m]


[°]

d

[°]

cd

[kPa]


[kN/m3]

d

[°]

Kp Comment

1
2
3

0.10
0.00
0.90

0.00
89.89(20.00)

0.00

20.00
20.00
20.00

61.80
61.80
61.80

19.20
19.20
19.20

-11.00
-11.00
-11.00

2.654
1.878
2.654

MODIFIED

Passive pressure distribution on front face of the structure

Layer

No.

Start [m]

End [m]

Z

[kPa]

W

[kPa]

Pressure

[kPa]

Hor. comp.

[kPa]

Vert. comp.

[kPa]

1

2

3

0.00
0.10
0.10
0.10
0.10
1.00

0.00
1.92
1.92
1.95
1.95

19.20

0.00
0.00
0.00
0.00
0.00
0.00

201.36
206.46
172.99
173.04
206.53
252.32

197.66
202.66
33.34
33.35

202.73
247.68

-38.42
-39.39
169.75
169.80
-39.41
-48.14

Earthquake effects (passive earth pressure) - partial results

Layer

No.

Thickness

[m]

d

[°]


[°]


[°]

Kp Kpe Kpe-Kp Comment

1
2
3

0.10
0.00
0.90

20.00
20.00
20.00

0.00
0.00
0.00

5.71
5.71
5.71

2.040
1.895
2.040

1.888
1.837
1.888

-0.151
-0.058
-0.151

Earthquake effects (passive earth pressure)

Layer

No.

Start [m]

End [m]

Z

[kPa]

D

[kPa]

Pressure

[kPa]

Hor. comp.

[kPa]

Vertical comp.

[kPa]

1

2

3

0.00
0.10
0.10
0.10
0.10
1.00

0.00
1.54
1.54
1.56
1.56

15.36

15.36
13.82
13.82
13.80
13.80
0.00

-2.32
-2.09
-0.80
-0.80
-2.09
0.00

-2.28
-2.05
-0.16
-0.15
-2.05
0.00

0.44
0.40

-0.79
-0.79
0.40
0.00
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Active pressure behind the structure - partial results

Layer

No.

Thickness

[m]


[°]

d

[°]

cd

[kPa]


[kN/m3]

d

[°]

Ka Comment

1
2

4.20
0.90

0.00
0.00

20.00
20.00

61.80
61.80

19.20
19.20

20.00
10.00

0.427
0.447

Active pressure distribution behind the structure (without surcharge)

Layer

No.

Start [m]

End [m]

Z

[kPa]

W

[kPa]

Pressure

[kPa]

Hor. comp.

[kPa]

Vert. comp.

[kPa]

1

2

0.00
4.20
4.20
5.10

0.00
80.64
80.64
97.92

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

Earthquake effects (active earth pressure) - partial results

Layer

No.

Thickness

[m]

d

[°]


[°]


[°]

Ka Kae Kae-Ka Comment

1
2

4.20
0.90

20.00
20.00

0.00
0.00

5.71
5.71

0.427
0.447

0.520
0.532

0.093
0.085

Earthquake effects (active earth pressure)

Layer

No.

Start [m]

End [m]

Z

[kPa]

D

[kPa]

Pressure

[kPa]

Hor. comp.

[kPa]

Vertical comp.

[kPa]

1

2

0.00
4.20
4.20
5.10

0.00
64.51
64.51
78.34

78.34
13.82
13.82
0.00

7.27
1.28
1.17
0.00

6.84
1.21
1.15
0.00

2.49
0.44
0.20
0.00

Pressure profile due to surcharge - HK80

Point

No.

Depth

[m]

Hor. comp.

[kPa]

Vert. comp.

[kPa]

1
2
3
4
5
6
7
8

0.00
0.00
0.33
0.33
2.58
2.58
4.20
5.10

0.00
0.00
0.00

62.32
19.17
0.00
0.00
0.00

0.00
0.00
0.00

22.68
6.98
0.00
0.00
0.00

Pressure profile due to surcharge - Surch.2 - strip

Point

No.

Depth

[m]

Hor. comp.

[kPa]

Vert. comp.

[kPa]

1
2
3
4
5
6
7
8

0.00
0.00
0.33
0.98
0.98
2.58
4.20
4.20

0.00
0.00
0.00
0.00

37.56
25.50
13.20
14.86

0.00
0.00
0.00
0.00

13.67
9.28
4.80
2.62
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Point

No.

Depth

[m]

Hor. comp.

[kPa]

Vert. comp.

[kPa]

9 5.10 7.06 1.24

Forces acting on construction

Name Fhor

[kN/m]

App.Pt.

z [m]

Fvert

[kN/m]

App.Pt.

x [m]

Design

coefficient

Weight - wall
Earthq.- constr.
FF resistance
Earthq.- face
Weight - earth wedge
Earthquake - soil wedge
Active pressure
Earthq.- act.pressure
HK80
Surch.2 - strip

0.00
10.60

-222.44
0.00
0.00

13.48
0.00

17.41
0.00

21.21

-1.50
-1.50
-0.48
-1.00
-3.07
-3.07
-5.10
-3.37
-5.10
-3.62

132.47
-26.49
-43.00

0.22
168.54
-33.71

0.00
6.24

33.34
31.46

1.39
1.39
0.06
0.70
2.35
2.35
3.40
3.40
3.40
3.40

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Verification of complete wall

Check for overturning stability
Resisting moment
Overturning moment

Mres
Movr

=
=

575.41
85.74

kNm/m
kNm/m

Safety factor = 6.71 > 1.00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force
Active horizontal force

Hres
Hact

=
=

252.04
-159.74

kN/m
kN/m

Safety factor = 1000.00 > 1.00
Wall for slip is SATISFACTORY

Forces acting at the centre of footing bottom
Overall moment
Normal force
Shear force

M
N
Q

=
=
=

-160.13
269.07

-159.74

kNm/m
kN/m
kN/m

Overall check - WALL is SATISFACTORY
 
Bearing capacity of foundation soil

Forces acting at the centre of the footing bottom

No.
Moment

[kNm/m]

Norm. force

[kN/m]

Shear Force

[kN/m]

Eccentricity

[m]

Stress

[kPa]

1 -160.13 269.07 -159.74 0.00 79.14

Bearing capacity of foundation soil check

Eccentricity verification
Max. eccentricity of normal force
Maximum allowable eccentricity

e
ealw

=
=

0.0
1122.0

mm
mm

Eccentricity of the normal force is SATISFACTORY

Footing bottom bearing capacity verification
Max. stress at footing bottom  = 79.14 kPa
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Bearing capacity of foundation soil Rd = 98.00 kPa

Safety factor = 1.24 > 1.00
Bearing capacity of foundation soil is SATISFACTORY

Overall verification - bearing capacity of found. soil is SATISFACTORY
 
Dimensioning No. 1

Pressure at rest behind the structure - partial results

Layer

No.

Thickness

[m]


[°]

d

[°]

cd

[kPa]


[kN/m3]

Kr Comment

1 4.20 5.71 20.00 61.80 19.20 0.538

Pressure at rest distribution behind the structure (without surcharge)

Layer

No.

Start [m]

End [m]

Z

[kPa]

W

[kPa]

Pressure

[kPa]

Hor. comp.

[kPa]

Vert. comp.

[kPa]

1
0.00
4.20

0.00
80.62

0.00
0.00

0.00
43.93

0.00
43.19

0.00
8.02

Forces acting on construction

Name Fhor

[kN/m]

App.Pt.

z [m]

Fvert

[kN/m]

App.Pt.

x [m]

Design

coefficient

Weight - wall
Earthq.- constr.
FF resistance
Earthq.- face
Pressure at rest
Earthquake - pressure at rest
HK80
Surch.2 - strip

0.00
4.83

-19.77
0.00

90.68
21.66
30.48
19.94

-1.86
-1.86
-0.05
-0.10
-1.40
-2.10
-1.91
-1.67

60.34
-12.07
-3.84
0.00

16.84
0.00

10.51
6.88

0.32
0.32
0.00
0.00
0.68
0.40
0.63
0.65

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Wall stem check

Reinforcement and dimensions of the cross-section
Bar diameter
Number of bars
Reinforcement cover
Cross-section width
Cross-section depth

=
=
=
=
=

20.0
5

50.0
1.00
0.82

mm

mm
m
m

Reinforcement ratio
Position of neutral axis
Ultimate shear force
Ultimate moment


x
VRd
MRd

=
=
=
=

0.21
0.05

240.50
424.41

%
m
kN
kNm

>
<
>
>

0.14
0.50

147.82
266.22

%
m
kN
kNm

=
=
=
=

min
xmax
VEd
MEd

Cross-section is SATISFACTORY.

 
Slope stability analysis

Input data

Project

Settings

Standard - safety factors (5)
Materials and standards

SNiP - input coefficients according to SNIP standards
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Coefficients according to SNiP

Combination coefficient :
Coefficient of action conditions :
Coefficient of importance of structure :

k =
c =
n =

1.00
0.90
1.10

[–]
[–]
[–]

Stability analysis

Verification methodology : Safety factors (ASD)

Safety factors

Seismic design situation

Safety factor : SFs = 1.00 [–]

Interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

3

4

5

-12.75
-0.40

0.00
2.30

-12.75
-0.40

-1.10

-12.75

-4.10
0.00

0.00
-5.10

-5.10
-4.20

-5.10

-20.00

-1.10
0.00

0.42
15.30

-1.10
-0.40

2.30

0.00

-4.10
0.00

-4.20
-5.10

-5.10
-4.10

-5.10

-20.00

-0.40
15.30

2.30

-1.10

15.30

-4.10
0.00

-4.20

-4.20

-20.00
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Name : Interface Stage : 1

Soil parameters - effective stress state

No. Name Pattern
ef

[°]

cef

[kPa]



[kN/m3]

1 თიხნარი ყავისფერი ღორღისა და ხვინჭის ჩანართებით მყარი
კონსისტენციის

20.00 61.80 19.20

Soil parameters - uplift

No. Name Pattern
sat

[kN/m3]

s

[kN/m3]

n

[–]

1 თიხნარი ყავისფერი ღორღისა და ხვინჭის ჩანართებით მყარი
კონსისტენციის

19.20

Soil parameters

თიხნარი ყავისფერი ღორღისა და ხვინჭის ჩანართებით მყარი კონსისტენციის



ქვედა საყრდენი კედელი მh-5.1
04.07.2019

9
[GeoStructural Analysis - Cantilever Wall | version 5.17.13.0 | Copyright © 2014 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]

Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :


effective
ef
cef
sat

=

=
=
=

19.20

20.00
61.80
19.20

kN/m3

°
kPa
kN/m3

 
Rigid bodies

No. Name Sample


[kN/m3]

1 Wall material 23.56

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]

x z x z

Assigned

soil

1

2

3

2.30
0.42

-0.40
-0.40
-1.10

0.42
2.30

15.30

-1.10
-0.40
-1.10

-12.75

-5.10
-4.20
0.00

-4.20
-5.10

-4.20
-5.10
0.00

-5.10
-4.20
-4.10
-5.10

2.30
0.00

-0.40
-1.10

2.30
15.30
0.00

-1.10
-0.40

-12.75

-4.20
0.00

-4.10
-4.20

-4.20
-5.10
0.00

-4.20
-4.10
-4.10

Wall material

თიხნარი ყავისფერი ღორღისა და
ხვინჭის ჩანართებით მყარი
კონსისტენციის

თიხნარი ყავისფერი ღორღისა და
ხვინჭის ჩანართებით მყარი
კონსისტენციის
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No. Surface position
Coordinates of surface points [m]

x z x z

Assigned

soil

4

5

0.00
15.30
-1.10

-12.75

0.00
-12.75
15.30

-20.00
-5.10
-5.10

-20.00

-20.00
-25.00
-20.00

15.30
2.30

-12.75

-12.75
15.30

-20.00
-5.10
-5.10

-20.00
-25.00

თიხნარი ყავისფერი ღორღისა და
ხვინჭის ჩანართებით მყარი
კონსისტენციის

თიხნარი ყავისფერი ღორღისა და
ხვინჭის ჩანართებით მყარი
კონსისტენციის

Surcharge

No. Type Type of action
Location

z [m]

Origin

x [m]

Length

l [m]

Width

b [m]

Slope

 [°]

Magnitude

q, q1, f, F q2 unit

1
2

strip
strip

variable
variable

on terrain
on terrain

x = 3.20
x = 5.00

l = 0.80
l = 0.80

0.00
0.00

196.00
196.00

kN/m2

kN/m2

Surcharges

No. Name

1 HK80

Water

Water type : No water
Tensile crack

Tensile crack not inputted.
Earthquake

Horizontal seismic coefficient :
Vertical seismic coefficient :

Kh =
Kv =

0.08
0.20

Settings of the stage of construction

Design situation : seismic

Results (Stage of construction 1)

Analysis 1

Circular slip surface

Slip surface parameters

Center :

Radius :

x =
z =
R =

-0.17
0.39
6.01

[m]
[m]
[m]

Angles :
1 =
2 =

-41.66
86.28

[°]
[°]

The slip surface after optimization.
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Slope stability verification (Bishop)
Sum of active forces :
Sum of passive forces :

Sliding moment :
Resisting moment :

Fa =
Fp =

Ma =
Mp =

418.75
1161.42

2516.70
6980.11

kN/m
kN/m

kNm/m
kNm/m

Factor of safety = 2.77 > 1.00
Slope stability ACCEPTABLE
Optimization of circular slip surface (Bishop)

No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

-1.62
-1.62
-3.11
-2.26
3.91
-6.39
-3.23
-90.06
-1.62
-16.84
-7.57
-2.74
-2.15
2.07
-6.65
-7.23
-5.31
-2.73
-53.47
-82.15
-49.79
-1.62
-5.42
-1.63
-2.43
0.39
-7.05
-3.19
-3.25
-2.77
0.03
-1.90
-6.55
-4.26
-4.89
-3.98
-4.53
-1.66
-3.12
-0.03
-57.63
-76.97
-55.18
-2.43
-0.78

0.06
0.06
10.26
5.59
0.06
1.97
10.92

378.25
0.06
71.22
26.92
6.54
3.84
0.06
3.80
4.24
0.06
6.51
93.77

304.37
93.77
0.06
16.12
6.94
4.21
2.76
30.05
17.04
10.34
7.84
4.21
3.36
10.85
7.43
4.21
0.59
2.79
0.18
9.67
4.44

119.43
259.83
119.43
4.21
4.15

6.47
6.47
16.94
13.82
6.47
8.33
17.45

391.36
6.47
75.60
31.37
13.03
11.35
6.47
8.69
9.40
6.47
13.02

108.52
317.59
108.52
6.47
20.54
11.31
10.61
9.77
34.43
21.40
16.62
14.79
10.61
12.14
15.74
11.76
10.61
8.85
9.79
6.51
16.11
10.76

133.66
273.16
133.66
10.61
10.57

3.80
3.80
4.42
4.26

133.15
169.20
4.47
93.45
3.80

114.96
34.20
3.87
3.84
5.17

314.07
320.71
289.50
3.87

747.32
108.36
54.75
3.80
31.74
51.33
3.46
4.59
46.41
63.75
4.34
4.18
4.50
4.22
41.81
39.98
54.59
4.65
42.42
10.19
4.30
4.49

363.57
133.32
60.54
3.46
3.79

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

-4.63
-2.32
-3.00
0.00
-2.68
-0.79
-2.03
-1.97
-5.07
-3.29
-4.07
-3.55
-1.73
0.13
-3.48
-1.22
-2.26
-2.03
-0.09
-1.50
-4.09
-2.22
-3.37
-3.20
-2.21
-0.10
-82.85
-96.94
-81.21
-1.73
-0.60
-2.76
-1.30
-2.10
-1.95
-0.64
-1.56
-3.30
-2.00
-2.82
-2.72
-2.06
-0.66
-69.92
-78.92
-68.83
-1.73
-1.02
-0.31
-1.67
-0.71
-1.28
-1.18

15.99
10.32
8.20
1.04
6.67
4.21
3.56
1.48
8.18
5.68
4.21
2.13
0.71
0.01
8.36
4.32
3.52
2.61
0.71
0.49
2.99
1.18
0.71
0.17
3.32
0.73

288.92
422.75
288.92
0.71
0.58
5.02
2.83
2.55
2.00
0.71
0.55
2.24
0.97
0.71
0.40
2.38
0.79

197.91
269.24
197.91
0.71
0.76
0.81
3.39
2.09
1.98
1.63

20.98
15.28
14.49
9.00
13.40
10.61
11.54
7.78
13.50
10.60
10.61
9.46
7.43
7.17
13.64
9.56
10.19
9.70
7.43
8.82
8.65
6.35
7.43
7.23
10.08
7.44

302.18
435.81
302.18
7.43
7.38
10.76
8.54
9.22
8.94
7.43
8.34
8.19
6.65
7.43
7.31
9.13
7.46

211.47
282.54
211.47
7.43
7.45
7.47
9.42
8.10
8.62
8.46

72.75
106.46
4.06
4.13
3.97
3.79
3.98
6.11
49.18
51.79
37.05
3.52
3.22
3.62
84.50
55.94
3.46
3.50
3.44
3.78
70.62
85.93
42.53
27.99
3.47
3.44

194.51
133.07
142.08
3.22
3.28
40.11
14.58
3.30
3.34
3.25
3.53
57.32
59.33
23.54
12.94
3.31
3.24
76.14

151.86
47.21
3.22
3.16
3.35
3.26
3.19
3.32
3.36

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

-0.29
-0.90
-2.07
-1.19
-1.75
-1.60
-1.69
-1.24
-0.32
-71.39
-77.39
-70.66
-1.02
-0.56
-1.44
-0.80
-1.19
-0.32
-1.13
-0.53
-0.93
-0.88
-0.41
-1.30
-0.87
-1.79
-1.14
-1.49
-0.57
-1.40
-0.81
-1.18
-1.17
-0.73
-1.66
-1.00
-1.37
-0.44
-1.28
-0.68
-1.06
-1.03
-1.90
-1.31
-1.66
-1.54
-0.95
-1.35
-1.60
-1.00
-1.33
-0.72
-71.65

0.76
0.64
1.79
0.92
0.76
0.30
0.57
1.85
0.85

208.97
256.52
208.97
0.76
0.85
2.41
1.61
1.56
0.07
1.35
0.76
0.68
0.15
0.21
1.68
1.86
3.62
2.70
2.62
0.90
2.31
1.68
1.54
1.02
1.17
2.83
1.96
1.90
0.29
1.61
1.02
0.91
0.40
1.75
1.16
1.02
0.68
0.19
0.12
0.87
0.32
1.78
1.12

216.49

7.45
8.04
7.94
6.91
7.45
7.27
7.37
8.56
7.49

222.47
269.86
222.47
7.45
7.49
8.66
7.84
8.22
7.19
8.12
7.45
7.84
6.79
6.81
7.88
7.97
9.40
8.46
8.78
7.51
8.60
7.88
8.21
7.16
7.23
8.54
7.66
8.00
6.85
7.85
7.16
7.51
6.48
7.54
6.84
7.16
7.00
6.39
6.78
7.09
6.44
7.94
7.21

229.96

3.36
3.51
13.43
6.09
3.22
3.31
3.25
3.34
3.35

193.96
160.54
156.82
3.16
3.27
3.20
3.16
3.27
3.43
3.29
3.29
3.39
3.10
3.15
3.05
3.14
18.42
7.99
3.19
3.26
3.21
3.16
3.27
2.93
2.99
22.51
11.54
3.03
3.13
3.06
3.01
3.13
3.20
32.84
29.24
11.00
3.29
3.25
3.42
4.98
3.22
3.04
2.99

157.62

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204

-75.65
-71.16
-1.17
-0.89
-1.49
-1.05
-1.30
-0.68
-1.25
-0.85
-1.09
-1.08
-1.66
-1.26
-1.49
-1.08
-0.88
-1.42
-1.03
-1.29
-1.46
-1.06
-1.28
-0.87
-67.91
-70.52
-67.58
-1.17
-0.99
-1.38
-1.09
-0.91
-1.31
-1.02
-1.19
-0.76
-1.14
-0.87
-1.03
-1.04
-1.42
-1.16
-1.31
-1.02
-0.88
-1.25
-0.99
-0.81
-1.21
-0.92
-1.09
-0.66
-1.04

248.18
216.49
1.02
1.14
2.17
1.63
1.60
0.53
1.42
1.02
0.94
0.61
1.51
1.11
1.02
0.22
0.04
0.81
0.46
0.41
0.93
0.55
1.52
1.09

192.03
211.60
192.03
1.02
1.11
1.77
1.42
1.53
2.22
1.85
1.84
1.07
1.69
1.42
1.35
1.14
1.77
1.49
1.42
0.83
0.70
1.27
1.02
1.12
1.78
1.43
1.41
0.69
1.28

261.54
229.96
7.16
7.22
8.03
7.47
7.71
6.94
7.62
7.16
7.39
6.70
7.41
6.94
7.16
6.68
6.47
7.06
6.64
6.89
7.12
6.67
7.67
7.20

205.62
225.09
205.62
7.16
7.20
7.72
7.36
7.42
7.98
7.60
7.75
7.19
7.68
7.36
7.50
7.04
7.55
7.23
7.36
6.98
6.83
7.28
6.98
7.03
7.55
7.19
7.35
6.82
7.29

140.25
132.12
2.93
2.97
12.18
5.94
3.00
3.06
3.01
2.98
3.07
3.07
20.63
16.45
6.04
3.20
3.21
3.12
3.10
3.21
3.10
3.09
3.00
2.97
47.91

139.21
43.45
2.93
2.95
8.46
2.92
2.94
13.59
9.05
4.39
2.99
2.98
2.95
3.01
5.74
17.51
15.82
7.27
2.93
2.93
4.25
2.87
2.90
13.23
9.46
2.92
2.96
2.93

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257

-0.77
-0.93
-0.93
-1.32
-1.05
-1.21
-0.92
-0.78
-1.16
-0.89
-1.05
-1.18
-0.91
-1.06
-0.79
-68.34
-70.08
-68.12
-0.99
-0.87
-1.13
-0.94
-1.05
-0.77
-1.02
-0.85
-0.95
-0.95
-0.83
-0.71
-0.98
-0.78
-0.90
-0.61
-0.87
-0.69
-0.79
-0.79
-0.67
-0.55
-0.82
-0.62
-0.74
-0.45
-0.71
-0.53
-0.63
-0.63
-0.51
-0.39
-0.66
-0.46
-0.58

1.02
0.96
0.75
1.35
1.08
1.02
0.47
0.34
0.88
0.64
0.59
0.95
0.70
1.35
1.08

195.22
208.27
195.22
1.02
1.09
1.52
1.29
1.28
0.80
1.20
1.02
0.98
0.84
0.91
0.98
1.40
1.17
1.17
0.69
1.08
0.91
0.87
0.73
0.80
0.87
1.29
1.06
1.06
0.59
0.97
0.80
0.76
0.62
0.69
0.76
1.17
0.95
0.95

6.98
7.13
6.67
7.15
6.84
6.98
6.64
6.49
6.91
6.62
6.78
6.95
6.65
7.32
7.01

208.79
221.77
208.79
6.98
7.02
7.35
7.12
7.23
6.87
7.18
6.98
7.08
6.78
6.81
6.85
7.18
6.94
7.06
6.71
7.01
6.81
6.91
6.61
6.64
6.68
7.00
6.77
6.88
6.54
6.84
6.64
6.74
6.44
6.47
6.51
6.83
6.60
6.71

2.91
2.97
2.92
17.79
12.77
7.40
3.00
3.00
2.96
2.94
3.00
6.00
2.92
2.92
2.91
46.37

139.67
43.82
2.87
2.89
8.74
7.22
2.90
2.93
2.91
2.90
2.94
2.86
2.85
2.88
10.03
5.74
2.88
2.92
2.89
2.88
2.92
2.84
2.84
2.86
10.00
5.44
2.86
2.90
2.87
2.87
2.91
2.83
2.82
2.84
9.63
6.91
2.84

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310

-0.29
-0.55
-0.37
-0.47
-0.47
-0.35
-0.24
-0.51
-0.31
-0.42
-0.12
-0.39
-0.21
-0.31
-0.31
-0.58
-0.40
-0.49
-0.29
-0.20
-0.46
-0.28
-0.38
-0.48
-0.30
-0.18
-0.07
-0.34
-0.14
-0.25
0.05
-0.22
-0.04
-0.14
-0.14
-0.02
-0.30
-0.10
-0.21
-0.10
-0.37
-0.17
-0.28
0.02
-0.25
-0.07
-0.17
-0.17
-0.44
-0.26
-0.35
-0.15
-0.06

0.48
0.86
0.69
0.65
0.52
0.59
0.66
1.07
0.85
0.85
0.38
0.76
0.59
0.55
0.42
0.80
0.63
0.59
0.23
0.15
0.50
0.34
0.31
0.55
0.38
0.45
0.52
0.92
0.70
0.70
0.24
0.61
0.45
0.41
0.28
0.35
0.74
0.53
0.52
0.60
1.00
0.78
0.77
0.31
0.69
0.52
0.48
0.35
0.73
0.56
0.52
0.16
0.08

6.37
6.67
6.47
6.57
6.27
6.30
6.34
6.66
6.43
6.54
6.20
6.50
6.30
6.40
6.10
6.40
6.21
6.30
6.08
5.98
6.26
6.07
6.17
6.28
6.09
6.12
6.15
6.47
6.24
6.36
6.03
6.31
6.12
6.22
5.93
5.96
6.27
6.05
6.16
6.20
6.52
6.29
6.40
6.06
6.36
6.16
6.26
5.96
6.26
6.07
6.16
5.94
5.84

2.89
2.86
2.85
2.90
2.81
2.81
2.83
10.83
7.68
2.82
2.88
2.84
2.84
2.88
4.17
14.26
11.96
5.28
2.85
2.86
2.81
2.81
2.85
5.54
2.81
2.80
2.82
9.44
6.79
2.82
2.89
2.83
2.83
2.88
2.80
2.80
11.78
7.92
2.79
2.81
12.09
9.37
4.19
2.87
2.82
2.82
2.86
5.39
14.85
12.84
6.56
2.84
2.85

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE

ACCEPTABLE
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No.
Center

x [m] z [m]

Radius

R [m]
FS Verification

311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363

-0.32
-0.14
-0.24
-0.34
-0.15
-0.04
-0.31
-0.11
-0.22
0.08
-0.19
-0.01
-0.11
-0.11
-0.38
-0.20
-0.29
-0.26
-0.08
-0.18
-0.28
-0.09
-0.21
-0.02
-66.42
-67.56
-66.27
-0.15
-0.07
-0.25
-0.12
-0.20
0.00
-0.18
-0.05
-0.12
-0.12
-0.30
-0.18
-0.25
-0.11
-0.05
-0.22
-0.10
-0.17
-0.23
-0.11
-0.19
-0.06
-58.39
-59.11
-58.29
-0.15

0.43
0.27
0.24
0.48
0.31
0.38
0.77
0.56
0.56
0.11
0.47
0.31
0.27
0.14
0.51
0.35
0.31
0.22
0.07
0.04
0.27
0.11
0.52
0.35

184.38
192.76
184.38
0.31
0.36
0.61
0.47
0.47
0.18
0.42
0.31
0.29
0.20
0.44
0.34
0.31
0.07
0.02
0.25
0.15
0.13
0.28
0.18
0.45
0.34

139.95
144.72
139.95
0.31

6.12
5.93
6.03
6.14
5.95
5.98
6.29
6.07
6.18
5.86
6.14
5.95
6.05
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No.
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x [m] z [m]

Radius

R [m]
FS Verification

364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
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381
382
383
384
385
386
387
388
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392
393
394
395
396
397
398
399
400
401
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404
405
406
407
408
409
410
411
412
413
414
415
416

-0.10
-0.22
-0.13
-0.18
-0.13
-0.25
-0.16
-0.21
-0.08
-0.20
-0.12
-0.16
-0.16
-0.28
-0.20
-0.24
-0.15
-0.11
-0.23
-0.15
-0.19
-0.24
-0.16
-0.20
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0.42
0.42
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6.09
6.12
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5.98
5.95
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6.04
5.99
6.11
6.06
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2.79
2.80
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2.79
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2.79
2.79
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417
418
419
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422
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426
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434
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437
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439
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441
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444
445
446
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448
449
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453
454
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457
458
459
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463
464
465
466
467
468
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-0.18
-0.16
-0.21
-0.17
-0.19
-0.14
-0.19
-0.15
-0.17
-0.17
-0.15
-0.20
-0.16
-0.18
-0.13
-0.18
-0.14
-0.16
-0.16
-0.21
-0.18
-0.20
-0.16
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39.76
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2.77
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3.97
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4.09
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No.
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R [m]
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470
471
472
473
474
475
476

-0.16
-0.18
-0.15
-58.91
-59.05
-58.89
-0.17

0.36
0.42
0.40

143.25
144.19
143.25
0.39

5.98
6.04
6.01

157.19
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4.09
40.11
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2.77
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  10.4.1 Zalvebi 204 

  10.4.2 simtkicis, bzarmedegobis da mdgradobis gaangariSeba 205 

   10.4.2.1 kveTi 1 gaangariSeba (fila daWimulia) 206 

   10.4.2.2 kveTi 2 gaangariSeba (fila daWimulia) 207 

   10.4.2.3 kveTi 3 (fila SekumSulia) 208 

11. gaangariSebebi seismuri zemoqmedebisTvis  210 

 11.1 amosavali monacemebi 210 

 11.2 datvirTvebis SeTavseba seismuri zemoqmedebis 
gaTvaliswinebiT 213 

 11.3 inerciuli Zalebis gaangariSeba 215 

  11.3.1 gaangariSeba EN mixedviT 216 

  11.3.2 gaangariSeba СП 14.13330.2011 mixedviT 217 

  11.3.3  gaangariSeba ДБН  В.1.1-12.2006 mixedviT 217 

 11.4 gaangariSebaTa Sedegebi 218 

12. gaangariSebebi qaris zemoqmedebaze  219 

 12.1 amosavali monacemebi qaris dawolis gaangariSebisTvis 219 

13. datvirTva wvimisagan. niaRvruli Camonadenis 
gaangariSeba  223 

14. WanWikebiT Sepirapirebis gaangariSebebi  224 

 14.1 WanWikkontaqtis mzidunarianobis Sefaseba 224 

 14.2 qveda sartyelis ganivi koWebis Sepirapirebis 
gaangariSeba 225 

 14.3 grZivi waxnagebis, kveTiT 200x20, Sepirapirebis 
gaangariSeba 225 
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1. zogadi debulebebi 
1.1    proeqtirebis normebi      

 

xidis foladis konstruqciebis da rkinabetonis sayrdenebis pirveli 

da meore jgufebis mixedviT zRvruli mdgomareobis gaangariSeba 

Sesrulebulia evrokodebis Tavebis Sesabamisad. 

 

saangariSo datvirTvebis erToblioba Sesrulebulia: 

EN 1990:2002 Eurocode-Basis of structural desing. (proeqtirebis safuZvlebi) 

Sesabamisad. 

 

xidis elementebis datvirTvebi miRebulia: 

EN 1991-1-1:2002  Eurocode 1:AActions on structures – Part 1-1: General actions – Densities, self-

weight, imposed loads for buildings. (konstruqciebze zemoqmedeba. nawili 1-1: zogadi 

zemoqmedeba-simkvrive, sakuTari wona, datvirTvebi nagebobebze).  

EN 1991-2:2003 Eurocode 1:AActions on structures – Part 2: Traffic loads bridges. 

(konstruqciebze zemoqmedeba. nawili 2: transportis datvirTvebi xidebze)  

Sesabamisad. 

 

rkinabetonis konstruqciebis simtkicis da bzarmedegobis gaangariSeba 

Sesrulebulia: 

EN 1992-1-1: 2004 Eurocode 2:ADesing of concrete structures – Part 1-1: General rules and rules 

for buildings. (betonis konstruqciebis proeqtireba. nawili 1-1: saerTo wesebi 

da wesebi nagebobebisTvis).  

EN 1992-2 Desing of concrete structures. Part 2 - bridges. Воздействия на конструкции. Часть 2: 

Транспортные нагрузки на мости. (konstruqciebze zemoqmedeba. nawili 2: xidebi)  

Sesabamisad. 

  

foladis konstruqciebis simtkicis, mdgradobis da gamZleobis 

gaangariSeba Sesrulebulia: 
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EN 1993-1-1: 2005 Eurocode 3:ADesing of steel structures – Part 1-1: General rules and rules for 

buildings. (foladis konstruqciebis proeqtireba. nawili 1-1: saerTo wesebi 

da wesebi nagebobebisTvis).  

EN 1993-1-5: 2005 Eurocode 3:ADesing of steel structures – Part 1-5: Plated structural elements. 

(foladis konstruqciebis proeqtireba. nawili 1-5: filovani 

konstruqciebi).  

EN 1993-1-8: 2005 Eurocode 3:ADesing of steel structures – Part 1-8: Desing of joints. (foladis 

konstruqciebis proeqtireba. nawili 1-8: Sepirapirebebis proeqtireba).  

EN 1993-1-9: 2005 Eurocode 3:ADesing of steel structures – Part 1-9: Fatigue strenght of steel 

structures. (foladis konstruqciebis proeqtireba. nawili 1-9: gamZleobis 

gaangariSeba).  

 EN 1993-2 Desing of steel structures. Part 2 - bridges. (foladis konstruqciebis 

proeqtireba. nawili 2: xidebi) Sesabamisad. 

 

foladrkinabetonis konstruqciebis datvirTvebis nakrebi, simtkicis 

da bzarmedegobis gaangariSeba Sesrulebulia: 

EN 1994-1-1: Eurocode 4:ADesing of composite steel and concrete structures. – Part 1-1: General 

rules and rules for buildings. (foladrkinabetonis konstruqciebis proeqtireba. 

nawili 1-1: saerTo wesebi da wesebi nagebobebisTvis).  

EN 1994-2: 2005 Eurocode 4:ADesing of composite steel and concrete structures. Part 2 - General 

rules and rules for bridges. (foladrkinabetonis konstruqciebis proeqtireba. 

nawili 2: saerTo wesebi da wesebi xidebisTvis)  Sesabamisad. 

 

     seismuri zemoqmedeba gansazRvrulia meTodikiT: 

          EN 1998-1: 2011 seismomedegi konstruqciebis proeqtireba. nawili 1. 

saerTo wesebi, seismuri zemoqmedeba da wesebi nagebobebisTvis).  

           EN 1998-2: 2011 seismomedegi konstruqciebis proeqtireba. nawili 2. 

xidebi).  
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1.2    masalebis da nakeTobebis standartebi      

 

standartebi da masalebi, nakeTobani da teqnologiuri operaciebiar 

unda ewinaaRmdegebodes saqarTvelos regionuli ganviTarebisa da 

infrastruqturis saministros miTiTebebsa da dadgenilebebs. winamdebare 

proeqti efuZneba ZiriTad evropul standartebs, amasTanave sxva 

standartebsac, romlebic ar ewinaaRmdegebian EN da ISO standartebis 

moTxovnebs da saqarTvelos saxelmZRvanelo standartebs. 

 

foladis naglini 

EN 10025-1:2004 cxladWeduri nakeTobebi konstruqciuli foladisagan. 

nawili 1. miwodebis zogadi teqnikuri pirobebi; 

EN 10025-2:2004 cxladWeduri nakeTobebi konstruqciuli foladisagan. 

nawili 2. aralegirebuli konstruqciuli foladis miwodebis teqnikuri 

pirobebi; 

EN 10025-3:2004 cxladWeduri nakeTobebi konstruqciuli foladisagan. 

nawili 3. normalizebuli naglini wvrilmarcvlovani saSemduReblo 

konstruqciuli foladis miwodebis teqnikuri pirobebi; 

EN 10025-4:2004 cxladWeduri nakeTobebi konstruqciuli foladisagan. 

nawili 3. Termomeqanikuri naglini wvrilmarcvlovani saSemduReblo 

konstruqciuli foladis miwodebis teqnikuri pirobebi; 

ISO 1035.4:2001 «naglini foladis cxladnaglini. nawili 4. daSveba    

(ISO 1035/4:1982, IDT)»; 

           ГОСТ 380:2005 naxSirbadovani foladi Cveulebrivi xarisxis; 

           ДБН В.2.3-26:2010 xidebi da milebi. foladis konstruqciebi. 

proeqtirebis wesebi. danarTi Г; 

           ГОСТ 535-2005 naglini sortuli da fasonuri Cveulebrivi xarisxis 

naxSirbadovani foladisagan. saerTo teqnikuri pirobebi; 

           ГОСТ 6713-91 naglini daballegirebuli konstruqciuli xidebis 

mSeneblobisTvis. teqnikuri pirobebi; 
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           ГОСТ 19281-89 naglini maRali simtkicis foladisagan. saerTo 

teqnikuri pirobebi. 

 

saSemduRlebo masalebi 

ISO 2560:2009 «saSemduReblo masalebi. xeliT rkaluri SeduRebis 

masaliT dafaruli eleqtrodebi aralegirebuli da wvrilmarcvlovani 

foladisagan. klasifikacia»; 

ISO 14341:2012 «saSemduReblo masalebi. eleqtroduli mavTuli da 

dasaduRebeli metali rkaluri SeduRebisTvis, dnobadi eleqtrodiT 

damcav gazSi, aralegirebuli da wvrilmarcvlovani foladisagan. 

klasifikacia»; 

ISO 14174:2010 «fliusi rkaluri SeduRebisTvis»; 

         ГОСТ 2246-70* saSemduReblo foladis mavTuli; 

         ГОСТ 9467-75* eleqtrodebi dafaruli garsacmiT, foladisa da 

daduRebis xeliT rkaluri SeduRebisTvis; 

         ГОСТ 9087-69. fliusebi saSemduReblo; 

         ГОСТ 8713-79*. SeduReba fliusSi; 

         ГОСТ 5264-80. xeliT rkaluri SeduReba; 

         ГОСТ 11534-75*. xeliT rkaluri SeduReba. SeerTeba SeduRebiT maxvili 

da blagvi kuTxeebiT; 

         ГОСТ 14771-76. rkaluri SeduReba damcav gazSi. SeerTeba SeduRebiT; 

         ГОСТ 6996-66*. SeerTeba SeduRebiT. meqanikuri Tvisebebis gansazRvris 

meTodebi; 

         ГОСТ 3242-79. SeerTeba SeduRebiT. xarisxis kontrolis meTodebi; 

         ГОСТ 14782-86. kontroli daSlis gareSe. SeerTeba SeduRebiT. 

ultrabgeris gamoyenebiT meTodebi; 

         ГОСТ 22974. 0...13-85. fliusebi saSemduReblo mdnari. analizis meTodebi; 

         ГОСТ 4463-76. ftoriani natriumi. teqnikuri pirobebi; 

         ОСТ 32100-87. xidebis, lokomotivebis da vagonebis SeduRebiT SeerTebis 

nakerebis kontroli ultrabgeriT; 
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         ВСН 188-78. xidebis foladis konstruqciebSi SeduRebiT SeerTebebis 

meqanikuri damuSavebis instruqcia; 

СТО-ГК «transmSeni»-012-2007 xidebis foladis konstruqciebi. qarxnuli 

damzadebiT. М.2007; 

СТО-ГК «transmSeni»-005-2007 xidebis foladis konstruqciebi. samontaJo 

SeduRebis teqnologia. М.2007; 

 

foladis sxmulebi da Wedva 

         ГОСТ 977-88. foladis sxmulebi. saerTo teqnikuri pirobebi; 

         ГОСТ 53464-2009. sxmulebi metalisa da Senadnobebisagan. zomebis 

daSvebadoba, masebi da nametis meqanikuri damuSaveba; 

         ГОСТ 8479-70. Weduri konstruqciuli naxSirbadovani da legirebuli 

foladisagan. saerTo teqnikuri pirobebi; 

ISO 4993:2018 «foladisa da Tujis sxmulebi. radiografuli 

kontroli»; 

 

maRali simtkicis WanWikebi 

         ГОСТ  Р 53664:2009. «cilindruli da konusuri maRali simtkicis 

WanWikebi xidebis mSeneblobisTvis. qanCebi da sayelurebi»; 

         ГОСТ  22353-77. maRali simtkicis WanWikebi simtkicis klasiT В. 

konstruqcia da zomebi; 

         ГОСТ  22354-77. maRali simtkicis qanCebi simtkicis klasiT В. 

konstruqcia da zomebi; 

         ГОСТ  22355-77. sayelurebi simtkicis klasiT С maRali simtkicis 

WanWikebisTvis. konstruqcia da zomebi; 

         ГОСТ  22356-77. WanWikebi da qanCebi maRali simtkicis sayelurebi. 

saerTo teqnikuri pirobebi; 

 

drekadi sabrjenebi 

ISO 13918:2008 “Studs and ceramic ferrules for stud welding”  sarWebi da 

keramikuli milisebi miduRebisTvis; 
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saankero WanWikebi 

ISO 898-1:2003 «naxSirbadovani da legirebuli foladis samagri 

nakeTobebis meqanikuri Tvisebebi»; 

 

 

Cveulebrivi WanWikebi 

ISO 1014:2013 «eqvswaxnaganaTaviani WanWikebi. sizustis klasi A da B»; 

ISO 898-1:2003 «naxSirbadovani da legirebuli foladis samagri 

nakeTobebis meqanikuri Tvisebebi»; 

 

sayrdeni nawilebi 

         ISO 6446:2016 «Rubber products. Bridge bearings. Specification for rubber materials, IDT». 

«rezinoteqnikuri nakeTobebi. xidis sakisarebi. specifikacia rezinovani 

masalebisTvis, IDT»; 

 

deformaciuli nakerebi 

         ISO 6446 «xarisxis menejmentis sistemebi. moTxovnebi»; 

 

armatura da betoni 

         EN 1992-1-1:2004  rkinabetonis konstruqciebis proeqtireba. nawili 1-1. 

saerTo wesebi da wesebi konstruqciisTvis; 

         EN 1992-2:2004  rkinabetonis konstruqciebis proeqtireba. nawili 2. 

rkinabetonis xidebi. proeqtirebis wesebi; 

         EN 206-1 betoni - nawili 1: saerTo teqnologiuri moTxovnebi, warmoeba 

da xarisxis kontroli; 

         ГОСТ  5781-82. cxladnaglini foladi rkinabetonis konstruqciebis 

armirebisTvis. teqnikuri pirobebi. Hot-rolled steel for reinforcement of ferroconcrete 

structures. Specifications; 
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         ГОСТ  26633-2015. mZiome da wvrilmarcvlovani betonebi. teqnikuri 

pirobebi. Heavy-weight and sand concretes. Specifications; 

 

 

koroziisgan dacva 

         ISO 12944:1998  lakebi da saRebavebi. foladis konstruqciebis dacva 

koroziisagan safaris dacvis sistemebiT; 

         ISO 4628  nawili 1. saerTo Sesavali da aRniSvnaTa sistema. /Part 1: General 

introduction and designation system; 

 

xidis vakisi 

         EN 1317-2:1998 Road	 restraint	 systems	 Part	 2:	 Performance	 classes,	 impact	 test	

acceptance	 criteria	 and	 test	 methods	 for	 safety	 barriers	 / sagzao Semofargvlis 

sistemebi nawili 2. usafrTxoebis barierebi, klasifikacia samuSao 

maxasiaTeblebis mixedviT, dajaxebaze gamocdis miReba da gamocdis 

meTodebi. 
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2. xidis konstruqciebi 
2.1    masalebi da nakeTobebi      

2.1.1   foladis konstruqciebi. masalebi da maxasiaTeblebi 

 

koWis mzidi konstruqciebis masalad gamoyenebulia S 420 N/NL 

daballegirebuli foladi   EN 10025-3 mixedviT, an  S 420 M/ML foladi            

EN 10025-4 mixedviT, rac Seesabameba EN 1993-1-1 moTxovnebs da xidebisTvis 

wayenebul EN 1993-2 moTxovnebs. 

qvemoijaradesTan SeTanxmebis safuZvelze SesaZlebelia EN 10025 

foladis Secvla C390 klasis simtkicis daballegirebul foladze, 

normalizebul an Termogaumjobesebul mdgomareobaSi ГОСТ  6713-91 

Sesabamisad, magaliTad 10ХСНД-2.  

denadobis zRvris  da droebiTi winaRobis  nominaluri mniSvnelobebi 

foladis naglinisTvis miRebulia: 

a) an: 	da 	 , uSualod naglinis standartis mixedviT: 

b) an 3.1 cxrilis mixedviT 

												 	‐		denadobis medegoba naglinis standartis mixedviT 

											 	‐			droebiTi medegobis saSualo mniSvneloba naglinis  

           standartis mixedviT. 

cxrili 3.1 EN 1993-1-1 denadobis zRvris nominaluri mniSvneloba  da 

droebiTi winaRoba  foladis naglinis gaWimvaze 

                                                             cxrili 2.1 

standarti da 
simtkicis 
klasi 

naglinis sisqis nominaluri mniSvneloba, mm 

t 40	mm 40  t 80	mm 

yf [Н/mm2]	 uf [Н/mm2]	 yf [Н/mm	2]	 uf [Н/mm	2]	

EN	10025‐2	naxSirbadovani foladebi 

S	235	 235	 360	 215	 360	
S	275	 275	 430	 255	 410	
S	355	 355	 510	 335	 470	
S	450	 440	 550	 410	 550	

EN	10025‐3	daballegirebuli normalizebuli foladi wvrili 
marcvlebiT 

S	275	N/NL	 275	 390	 255	 370	
S	355	N/NL	 355	 490	 335	 470	
S	420	N/NL	 420	 520	 390	 520	
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S	460	N/NL	 460	 540	 430	 540	
EN	10025‐4	daballegirebuli Termogaumjobesebuli SeduRebadi foladi 
wvrili marcvlebiT	

S	275	M/ML	 275	 370	 255	 360	
S	355	M/ML	 355	 470	 335	 450	
S	420	M/ML	 420	 520	 390	 500	
S	460	M/ML	 460	 540	 430	 530	

EN	10025‐5	atmosferomedegi foladi

S	275	W	 235	 360	 215	 340	
S	355	W	 355	 510	 335	 490	

EN	10025‐6	maRali simtkicis foladis furclovani naglini gamowrTobiT 
da gaSvebiT	
S460Q/QL/QL1	 460	 570	 440	 550	

 

 EN 10025 standartebSi miRebulia Semdegi aRniSvnebi 

aRniSvnebi EN 10025-2-dan: 
S  konstruqciuli foladi;  
275  denadobis minimaluri zRvari mpa-Si 16 mm sisqisas; 
+AR  foladis naglinis miwodebis pirobebi; 
+N  normalizebuli da normalizebuli nagliniT 
            miwodebis pirobebi; 
С  Sesabamisi klasi civi formirebisTvis; 
Z  gaumjobesebulTvisebebiani naglinis klasi. 
dartymiTi denadobis mniSvneloba gamoiyeneba cxr. 2.1 EN 1993-1-10 
naglinis sisqis gansazRvrisTvis, damokidebuls temperaturasa da 
daZabulobaze.  
aRniSvnebi EN 10025 –Si, romlebic Seexeba dartymiT denadobas 
 

                                                             cxrili 2.2 

evrokodi aRniSvnebi 

dartymiTi 
denadoba 
aranakleb,	
jouli/sm2	

gamocdis 
temperatura,	оС	

EN	10025‐2	

JR	 27	 20	
JO	 27	 0	
J2	 27	 ‐20	
К2	 40	 ‐20	

EN	10025‐3	
N	 27	 ‐20	
NL	 40	 ‐50	

EN	10025‐4	
M	 27	 ‐20	
ML	 40	 ‐50	

 
 

  alternativad SeiZleba gamoyenebul iqnas sxva foladebi - С390 simtkicis 
klasis da 10ХСНД-2 markis,  ГОСТ 6713-91 «konstuqciuli daballegirebuli 
naglini xidebisaTvis. teqnikuri pirobebi»  mixedviT. 
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2.1.1.1 saimedoobis koeficientebi 

EN 1993-2 mixedviT koeficientebi   aris ara marto masalis 
saimedoobis koeficientebi, amasTanave iTvaliswineben sxva SesaZlo 
gadaxrebsac. 

 

                                                             cxrili 2.3 

gaangariSebaTa saxeobebi 
saimedoobis 
koeficienti 

kveTis medegoba plastiur deformaciaze (adgilobrivi 
mdgradobis danakargis CaTvliT) 

 

mdgradobis danakargze medegoba (adgilobrivis 
gamoricxviT) 

  

daWimuli elementebis medegoba daSlaze  =1.25   
WanWikebis medegoba 

 

wkirebis (Rerebi) medegoba 
SeduRebis nakerebis medegoba 
daWmuWvnaze medegoba 

SepirapirebaTa wacurebaze medegoba ВПБ-ze 
simtkicis zRvruli mdgomareoba (wacureba  kategoria С) 
eqsploataciis zRvruli mdgomareoba (wacureba, Wra da 
daWmuWvna  kategoria В) 

 

wkirebis (Rerebi) medegoba eqsploataciis mdgomareobaSi 

daZabuli WanWikebis winaswardaZabva 
betonis medegoba sm. EN1992 

 

saangariSo medegobis mniSvneloba adgilobrivi mdgradobis da 

simtkicis gasaangariSeblad   mpa (amosavali simtkicis klasi 

С390). imis gamo, rom ГОСТ 6713 mixedviT foladis variaciis koeficienti ar 

aRemateba , yvela zemoTmoyvanili koeficientebi SeiZleba 
gavavrceloT foladze ГОСТ 6713 mixedviT. 

 
 

2.1.2 rkinabetonis konstruqciebi 

 

      filis betonis masalad miRebulia betoni В35. uaxloesi analogia  

С30/37 klasis betoni EN 1992-1-1 mixedviT, rac Seesabameba В37 klass       

СНиП 2.05.03-84* mixedviT. betonis saangariSo maxasiaTeblebi EN 1992-1-1:2004 

mixedviT mocemulia cxrilSi. 
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         cxrili 3.1 EN 1992-1-1:2004, С20/25÷С50/60 klasis betonebisTvis 

                                                             cxrili 2.4 

betonis klasi EN 1992-1-1 mixedviT С20/25 С25/30 С30/37 С35/45 С40/50 

 
(prizmuli simtkice СНиП  

mixedviT) 
20 25 30 35 40 

betonis klasi СНиП    
mixedviT 

25 30 37 45 50 

 28 33 38 43 48 
 или  по СНиП 13.3 16.7 20 23.3 26.7 

 filebisTvis СТБ an 
СниП mixedviT 

10.6 13.4 16.0 18.6 21.4 

  11.3 14.2 17 19.8 22.7 
 по СНиП     12 15 18 21 24 

 2.2 2.6 2.9 3.2 3.5 

 30000 31000 33 000 34000 35000 
 

betonis momzadebisa da saangariSo maxasiaTeblebis kontrolis 

SesaZleblobis mizniT aRebulia В35 klasis betonis maxasiaTeblebi.      

EN 1992-1-1 mixedviT betonisa da В35 klasis betonis maxasiaTeblebis 

Sedarebis cxrili mocemulia nawilSi «filis betonis gaangariSeba».  

 

 

2.1.3   «nelsonis» sabrjenebi 

filis betonis masalis analogad miRebulia С30/37 klasis betoni    

EN 1992 mixedviT.  

«nelsonis» drekadi ankerebi ISO 13918:2008 mixedviT da EN 10025-2 

mixedviT S235J2+C450 konstruqciuli foladisagan. aRniSvnebi miuTiTeben 

foladis Semdeg meqanikur Tvisebebze:  

S235  denadobis minimaluri zRvari,  mpa; 

J2  dartymiTi siblante 27 jouli/sm2 -20оС dros; 

C450  droebiTi medegoba,  mpa. 

35-45 betonebis mzidunarianoba EN 1994  mixedviT mocemulia cxrilebSi 2.5, 

2.6-Si.  
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                                                             cxrili 2.5 

kriteriumebi EN	1994	2:2005, p.6.6.3.1	

iSleba betoni  
					 		 		dros		

					 			  dros	 	 	

iSleba foladi 	
                                                             cxrili 2.6 

dasaxeleba aRniSvna mniSvneloba 
sabrjenis diametri, sm 2	
foladis zRvruli simtkice, mpa 450	
betonis klasi	(Tanaxm. СНиП) 	 В35	 В40	 В45	
betonis deformaciis moduli, mpa 32300	 33350	 34300	
betonis kumSvaze medegobis 
maxasiaTebeli, mpa 

	 28	 32	 36	

saimedoobis koeficienti 1.25	 1.25	 1.25	
zRvruli Zalva «betonze», t 8.83	 9.59	 10.31	
zRvruli Zalva «foladze», t 9.05	

 

 

2.1.4   maRali simtkicis WanWikebi 

 

WanWikebiT SeerTebis gaangariSeba Sesrulebulia  EN 1993-1-8 mixedviT. 

EN Tanaxmad xidebis friqciuli SeerTebisTvis gamoiyeneba maRali 

simtkicis WanWikebi 10.9 klasis simtkiciT, ИСО 898-1:2009 «naxSirbadovani da 

legirebuli foladis SeerTebebis meqanikuri Tvisebebi nawili 1: WanWikebi, 

xraxnebi da sarWebi specialuri TvisebebiT, didi da mcire kuTxvilebiT» 

mixedviT. ISO 898-1 mixedviT maRali simtkicis WanWikebis meqanikuri 

Tvisebebis Sedareba ГОСТ Р 53664 «cilindruli da konusuri maRali 

simtkicis WanWikebi xidebisTvis. qanCebi da sayelurebi maTTvis. teqnikuri 

pirobebi» mixedviT WanWikebTan mocemulia cxrilSi.  

 

                                                             cxrili 2.7 

meqanikuri Tvisebebi 
ГОСТ	Р	
53664	

ИСО 898-1
klasi 10.9	

simtkicis zRvari nominaluri,	 ,	mpa 1100	 1000	
simtkicis zRvari minimaluri,	 ,	mpa 1100	 1040	
fardobiTi dagrZeleba gawyvetis Semdeg, % 8	 9	
fardobiTi Seviwroeba, %	 35	 	
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simagre 	 388	 380	
dartymiTi siblante, 		‐20оС dros,	jouli ‐	 27	
dartymiTi siblante,	 	‐40оСdros,	jouli 49	 	
miRebuli gamosacdeli datvirTva 
WanWikebisTvis М22,	kn 

	 315	

miRebuli gamosacdeli datvirTva 
WanWikebisTvis		М24,	kn 

	 367	

mizanSewonilia maRali simtkicis WanWikebad gamoviyenoT WanWikebi 

ГОСТ Р 53664 mixedviT, ufro maRali simtkicis zRvriT, toli 1100 mpa-isa. 

friqciuli SeerTebebis erTi WanWikkontaqtis wacurebaze medegobis 

saangariSo mniSvnelobebi EN 1993-1-8 mixedviT mocemulia cxrilSi 2.8. 

                                                             cxrili 2.8 

WanWikis diametri, mm db 22 24 

WanWikis kuTxvilis farTi, sm2 Ab 3.03 3.53 

WanWikis droebiTi medegoba fub 11000 11000 

winaswardaZabulobis saimedoobis koeficienti     
(EN 1993-1-8) yM7 1.1 1.1 

WanWikis Caxraxvnis saangariSo Zalva 

 Fp,c=0.7 . fub
 . As/ yM7 

 
Fp,C 21.2 t 24.7 t 

xvreti  d+2 mm (cxr.3.6 EN 1993-1-8 ) Ks 1 1  

WanWikkontaqtebis ricxvi n 1 1 

xaxunis koeficienti elit-silikatur gruntze   
(cxr. 3.7 EN 1993-1-8)  0.4 0.4 

saimedoobis koeficienti winaswardaZabulobaze 
(cxr. 3.7 EN 1993-1-8) yM3 1.25 1.25 

WanWikkontaqtebis saangariSo wacureba                      

Fs,Rd= Fp.C
 . Ks 

. n . / yM7 
Fs,Rd 6.8 t 7.9 t 

 

 

2.2     konstruqciis mokle aRwera      

2.2.1    xidis mzidi konstruqciebi 

2.2.1.1   zogadi 

 

qvemoT mocemulia xidis saerTo xedi, romelic warmoadgens 

safuZvels saangariSo sqemis asagebad. 
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                        nax. 2.1  xidis fasadi 

      xidis malis kveTi Sedgeba TaRis TaRzeda malis naSenisagan, 

dgarebisa da saxsrebisagan. wriuli formis TaRs radiusiT 92-94 m aqvs 

mali saxsrebis RerZebs Soris 120 m-iT. radiusi dazustdeba muSa 

naxazebis damuSavebis Semdeg. 

 

2.2.1.2   foladis konstruqciebi. samontaJo markebi da Sepirapirebebi. 

 

xidis foladis konstruqciebi damzadebulia 30 t-mde wonis 

calkeuli samontaJo elementebisagan, romelTa gadatana SesaZlebelia 

avtotransportiT an rkinigziT. 

xidis konstruqciebis dayofa elementebad naCvenebia nax. 2.2. 

 

   nax. 2.2  TaRovani malis naSenis elementebis ganlagebis sqema 

 

qarxnuli samontaJo markebi montaJisas erTiandebian SeduRebiT da 

maRalsimtkiciani WanWikebiT. koWebisa da TaRebis samontaJo markebis 
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SeerTebis principi mdgomareobs elementis konturuli furclebis 

Sepirapirebul SeduRebaSi da friqciuli SeerTebebis mowyobaSi 

elementebis grZivi waxnagebis gasaerTianeblad. ganivi koWebis zeda 

sartyeli erTiandeba SeduRebiT, xolo qveda sartyelis kedlebi 

maRalsimtkiciani WanWikebiT. lavgardanebi ganiv koWebTan erTiandeba 

SeduRebiT. 

     proeqtSi gaTvaliswinebulia friqciuli safarebis mowyoba ZiriTad 

konstruqciebze da zesadebebze (qarxanaSi SeRebvisas) eTilsilikaturi 

Semadgenlobis safuZvelze TuTiis fxvnilisa da abraziuli Semavseblis 

damatebiT. aseTi gadawyvetileba saSualebas iZleva kontaqturi 

zedapirebis montaJisas ar gamoviyenoT qviSa-Wavluri damuSaveba da 

SeerTebebis droebiTi izoliacia. 

 

2.2.1.3   malis naSeni. konstruqciuli gadawyvetilebebi. 

 

ganiv kveTSi koWi Sedgeba ori kolofisagan, gaerTianebuli 

erTmaneTTan ganivi koWebiT da rkinabetonis filiani konsolebiT, 

dayrdnobils ganiv koWebsa da kolofebze. kolofebis RerZebs Soris 

manZili 13.4 m-ia xidis mTliani 24.2 m siganisas. 

 

           nax. 2.3  koWis ganivi kveTi regularul zonaSi 
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               nax. 2.4  xidis ganivi kveTi burjze 

 

 

          nax. 2.5  koWis dayrdnoba burjze. fasadi 

kolofebi vertikaluri kedlebiTaa, mudmivi 1.88 m daSorebiT kedlebs 

Soris. kolofis zeda sartyels aqvs 2% -ani ganivi qanobi. xidis gaswvriv 

ganivi koWebis ganlagebis biji 2 m-ia. fila mierTebulia kolofTan da 

ganiv koWebTan «nelsonis» drekadi sabrjenebiT Ø19x200 mm. 

burjebze koWi dayrdnobilia rezinovan armirebul sayrden nawilze, 

vertikaluri reaqciebis dasacemad, seismuri biZgebis da qaris dawolisgan 

gamowveuli ganivi wacurebis sawinaaRmdegod fiqsirebulia ganivi 

rezinovani sabrjenebiT. kolofis sabrjen zonaSi mowyobilia sabrjeni 

diafragma (nax. 2.4). 
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xidis fasadze burjze dayrdnoba naCvenebia nax 2.5-ze. koWi eyrdnoba 

rezinovan sayrden nawils 800 t. mowyobilia sammoduliani deformaciuli 

nakeri gadaadgilebis ganSliT 120 mm D240 tipis. 

   

          nax. 2.6  xidis ganivi kveTi regularul zonaSi 

 

 

     nax. 2.7  xidis ganivi kveTi burjze dayrdnobis zonaSi 

 

foladis koWis ganivi kveTi regularul zonaSi naCvenebia nax 2.6-ze.    

TaRis burjze dayrdnobis adgilas mowyobilia saxsari xidis gaswvriv da  

ganivi Camagreba ori rezinovani sayrdeni nawilis ganlagebiT xidis 

ganivad (nax. 2.7). 
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saxsari uzrunvelyofs CarCos mRunavi momentis moxsnas dgarisagan 

xidis sibrtyeSi, xolo xidis ganivad aucilebelia CarCo konstruqciis 

ganivi sixistis uzrunvelsayofad. dgari fiqsirdeba sarWebis saSualebiT 

sayrden nawilSi. saxsari individualuri konstruqciisaa. 

metalokonstruqciebi mzaddeba xidis konstruqciis damamzadebel 

qarxanaSi, xolo rezinovani armirebuli armirebuli elementebi unda 

SeZenil iqnas specializebul damamzadebelTan, rezinovani sayrdeni 

nawilebis 25 mpa-mde gaZlierebuli Zalvamedegi rezinisagan (nax. 2.8). 

             

nax. 2.8  saxsari sayrdensa da koWs Soris da sayrdensa da TaRs Soris 

 

marTkuTxa dgaris kveTi, regularul nawilSi 20 mm-iani naglinisagan. 

diafragmebi ganlagebulia 1.8-2.0 mbijiT (nax. 9). saxsrebTan mierTebis 

adgilebSi Seqmnilia koWovani ujredi 32 mm-iani furclisagan. 

 

 

nax. 2.9  dgarebis kveTi: a) regularul nawilSi;  

                          b) saxsarze dayrdnobis adgilSi 

         

 


