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Carichi all'intradosso della fondazione - COMBINAZIONI GEO-SIS 

HL HT N MT(G) ML(G) 

Comb. [kN] [kN] [kN] [kNxm] [kNxm] 

1 9429 0 22066 17786 0 

2 9429 0 30066 25786 0 

3 12113 390 36566 45264 13650 

4 11885 390 34941 43494 11213 

5 11847 650 34941 43225 13813 

6 12113 650 36566 45264 16250 

7 13345 456 30284 44243 1870 

8 12280 1521 30284 39496 6232 

 

9 12280 456 30795 39433 1870 

10 13345 456 29847 44297 1870 

11 12280 1521 29847 39550 6232 

12 12280 456 29336 39613 1870 

Carichi all'intradosso della fondazione - COMBINAZIONI STR 

HL HT N MT(G) ML(G) 

Comb. [kN] [kN] [kN] [kNxm] [kNxm] 

1 12258 0 28685 23122 0 

2 12258 0 39085 33522 0 

3 15346 450 46585 55934 15750 

4 14964 450 44710 53063 12938 

5 14926 750 44710 52795 15938 

6 15722 750 46585 58566 18750 

Carichi all'intradosso della fondazione - COMBINAZIONI SLE 

HL HT N MT(G) ML(G) 

Comb. [kN] [kN] [kN] [kNxm] [kNxm] 

1 7459 0 20693 11892 0 

2 7459 0 28693 19892 0 

3 9324 300 33693 33294 10500 

4 9095 500 32443 31602 10625 

5 9127 300 32443 31826 8625 

6 9624 300 33693 35394 10500 
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Resistenza Simbolo Pali trivellati  

 R (R1) (R2) (R3) 

Base b 1 1,7 1,35 

Laterale in 

compressione 
s 1 1,45 1,15 

Totale t 1 1,6 1,3 

Laterale in trazione st 1 1,6 1,25 
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0,0 0,0 0,0 0,0 0 0 0 0 0 0 0 0 0 0,0 

0,5 9,8 0,0 9,8 0 0 0 0 0 0 0 0 0 0,0 

1,0 19,5 0,0 19,5 0 0 0 0 0 0 0 0 0 0,0 

1,5 29,3 0,0 29,3 0 0 0 0 0 0 0 0 0 0,0 

2 39,0 0,0 39,0 0 0 0 0 0 0 0 0 0 0,0 

2,5 48,8 0,0 48,8 0 0 0 0 0 0 0 0 0 0,0 

3,0 58,5 0,0 58,5 0 0 0 0 0 0 0 0 0 0,0 

3,5 68,0 0,0 68,0 46 43 25 646 731 430 14 341 326 0,5 

4,0 77,5 0,0 77,5 47 131 77 737 833 490 28 430 402 1,0 

4,5 87,0 0,0 87,0 49 221 130 827 935 550 42 521 478 1,5 

5,0 97,0 0,0 97,0 49 313 184 3648 4126 2427 57 1958 1902 2,0 

5,5 107,0 0,0 107,0 49 406 239 4024 4551 2677 71 2191 2120 2,5 

6,0 117,0 5,0 112,0 46 496 292 4212 4764 2802 85 2329 2245 3,0 

6,5 127,0 10,0 117,0 43 580 341 4400 4977 2927 99 2465 2366 3,5 

7,0 137,0 15,0 122,0 40 658 387 4588 5189 3053 113 2598 2485 4,0 

7,5 147,0 20,0 127,0 36 730 429 4776 5402 3178 127 2727 2600 4,5 

8,0 157,0 25,0 132,0 33 795 468 4964 5615 3303 141 2853 2712 5,0 

8,5 167,0 30,0 137,0 34 858 505 5152 5827 3428 156 2978 2823 5,5 

9,0 177,0 35,0 142,0 36 924 544 5341 6040 3553 170 3105 2935 6,0 

9,5 187,0 40,0 147,0 37 992 584 5529 6253 3678 184 3232 3048 6,5 

10,0 197,0 45,0 152,0 38 1063 625 5717 6465 3803 198 3361 3163 7,0 

10,5 207,0 50,0 157,0 39 1136 668 5905 6678 3928 212 3491 3279 7,5 

11,0 217,0 55,0 162,0 41 1211 712 6093 6891 4053 226 3622 3396 8,0 

11,5 227,0 60,0 167,0 42 1288 758 6281 7103 4178 240 3754 3514 8,5 

12,0 237,0 65,0 172,0 43 1368 805 1635 1849 1088 254 1506 1251 9,0 

12,5 247,0 70,0 177,0 44 1450 853 1683 1903 1119 269 1571 1302 9,5 
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13,0 257,0 75,0 182,0 46 1535 903 1730 1957 1151 283 1638 1355 10,0 

13,5 267,0 80,0 187,0 47 1622 954 1778 2011 1183 297 1706 1409 10,5 

14,0 277,0 85,0 192,0 48 1711 1007 1825 2064 1214 311 1775 1464 11,0 

14,5 287,0 90,0 197,0 49 1803 1060 1873 2118 1246 325 1845 1520 11,5 

15,0 297,0 95,0 202,0 51 1897 1116 1920 2172 1278 339 1917 1577 12,0 

15,5 307,0 100,0 207,0 52 1993 1172 1968 2226 1309 353 1989 1636 12,5 

16,0 317,0 105,0 212,0 53 2092 1231 2015 2279 1341 368 2063 1696 13,0 

16,5 327,0 110,0 217,0 54 2193 1290 2063 2333 1372 382 2138 1757 13,5 

17,0 337,0 115,0 222,0 56 2296 1351 2110 2387 1404 396 2215 1819 14,0 

17,5 347,0 120,0 227,0 57 2402 1413 2158 2441 1436 410 2292 1882 14,5 

18,0 357,0 125,0 232,0 58 2510 1477 2205 2494 1467 424 2371 1947 15,0 

18,5 367,0 130,0 237,0 59 2621 1542 2253 2548 1499 438 2451 2013 15,5 

19,0 377,0 135,0 242,0 61 2734 1608 2301 2602 1531 452 2532 2080 16,0 

19,5 387,0 140,0 247,0 62 2849 1676 2348 2656 1562 467 2614 2148 16,5 

20,0 397,0 145,0 252,0 63 2967 1745 2396 2709 1594 481 2698 2217 17,0 

20,5 407,0 150,0 257,0 64 3086 1816 2443 2763 1625 495 2783 2288 17,5 

21,0 417,0 155,0 262,0 66 3209 1888 2491 2817 1657 509 2869 2360 18,0 

21,5 427,0 160,0 267,0 67 3333 1961 2538 2871 1689 523 2956 2433 18,5 

22,0 437,0 165,0 272,0 68 3460 2036 2586 2924 1720 537 3044 2507 19,0 

22,5 447,0 170,0 277,0 69 3590 2112 2633 2978 1752 551 3134 2583 19,5 

23,0 457,0 175,0 282,0 71 3721 2189 2681 3032 1783 565 3225 2659 20,0 

23,5 467,0 180,0 287,0 72 3856 2268 2728 3086 1815 580 3317 2737 20,5 

24,0 477,0 185,0 292,0 73 3992 2348 2776 3139 1847 594 3410 2816 21,0 

24,5 487,0 190,0 297,0 74 4131 2430 2823 3193 1878 608 3504 2896 21,5 

25,0 497,0 195,0 302,0 76 4272 2513 2871 3247 1910 622 3600 2978 22,0 

25,5 507,0 200,0 307,0 77 4415 2597 2918 3301 1942 636 3697 3061 22,5 

26,0 517,0 205,0 312,0 78 4561 2683 2966 3354 1973 650 3795 3144 23,0 

26,5 527,0 210,0 317,0 79 4709 2770 3014 3408 2005 664 3894 3230 23,5 
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27,0 537,0 215,0 322,0 81 4860 2859 3061 3462 2036 679 3994 3316 24,0 

27,5 547,0 220,0 327,0 82 5013 2949 3109 3516 2068 693 4096 3403 24,5 

28,0 557,0 225,0 332,0 83 5168 3040 3156 3570 2100 707 4199 3492 25,0 

28,5 567,0 230,0 337,0 84 5326 3133 3204 3623 2131 721 4303 3582 25,5 

29,0 577,0 235,0 342,0 86 5486 3227 3251 3677 2163 735 4408 3673 26,0 

29,5 587,0 240,0 347,0 87 5648 3322 3299 3731 2195 749 4515 3765 26,5 

30,0 597,0 245,0 352,0 88 5813 3419 3346 3785 2226 763 4622 3859 27,0 

30,5 607,0 250,0 357,0 89 5980 3518 3394 3838 2258 778 4731 3954 27,5 

31,0 617,0 255,0 362,0 91 6149 3617 3441 3892 2289 792 4841 4050 28,0 

31,5 627,0 260,0 367,0 92 6321 3718 13803 15610 9183 806 10035 9229 28,5 

32,0 637,0 265,0 372,0 93 6495 3821 13991 15823 9308 820 10217 9397 29,0 

32,5 647,0 270,0 377,0 94 6672 3925 14179 16036 9433 834 10400 9566 29,5 

33,0 657,0 275,0 382,0 96 6850 4030 14367 16248 9558 848 10584 9736 30,0 

33,5 667,0 280,0 387,0 97 7032 4136 14555 16461 9683 862 10769 9907 30,5 

34,0 677,0 285,0 392,0 98 7215 4244 14743 16674 9808 877 10956 10079 31,0 

34,5 687,0 290,0 397,0 99 7401 4354 14931 16886 9933 891 11144 10253 31,5 

35,0 697,0 295,0 402,0 101 7589 4464 15119 17099 10058 905 11333 10428 32,0 
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0,0 0,0 0,0 0,0 0 0 0 0 0 0 0 0,0 0 

0,5 9,8 0,0 9,8 0 0 0 0 0 0 0 0,0 0 

1,0 19,5 0,0 19,5 0 0 0 0 0 0 0 0,0 0 

1,5 29,3 0,0 29,3 0 0 0 0 0 0 0 0,0 0 

2 39,0 0,0 39,0 0 0 0 0 0 0 0 0,0 0 

2,5 48,8 0,0 48,8 0 0 0 0 0 0 0 0,0 0 

3,0 58,5 0,0 58,5 0 0 0 0 0 0 0 0,0 0 

3,5 68,0 0,0 68,0 46 43 25 646 731 430 13 0,5 0,009 

4,0 77,5 0,0 77,5 47 131 77 737 833 490 40 1,0 0,027 

4,5 87,0 0,0 87,0 49 221 130 827 935 550 67 1,5 0,046 

5,0 97,0 0,0 97,0 49 313 184 3648 4126 2427 95 2,0 0,065 

5,5 107,0 0,0 107,0 49 406 239 4024 4551 2677 123 2,5 0,084 

6,0 117,0 5,0 112,0 46 496 292 4212 4764 2802 151 3,0 0,102 

6,5 127,0 10,0 117,0 43 580 341 4400 4977 2927 176 3,5 0,120 

7,0 137,0 15,0 122,0 40 658 387 4588 5189 3053 200 4,0 0,136 

7,5 147,0 20,0 127,0 36 730 429 4776 5402 3178 222 4,5 0,151 

8,0 157,0 25,0 132,0 33 795 468 4964 5615 3303 241 5,0 0,164 

8,5 167,0 30,0 137,0 34 858 505 5152 5827 3428 261 5,5 0,177 

9,0 177,0 35,0 142,0 36 924 544 5341 6040 3553 281 6,0 0,191 

9,5 187,0 40,0 147,0 37 992 584 5529 6253 3678 301 6,5 0,205 

10,0 197,0 45,0 152,0 38 1063 625 5717 6465 3803 323 7,0 0,219 

10,5 207,0 50,0 157,0 39 1136 668 5905 6678 3928 345 7,5 0,234 

11,0 217,0 55,0 162,0 41 1211 712 6093 6891 4053 368 8,0 0,250 

11,5 227,0 60,0 167,0 42 1288 758 6281 7103 4178 391 8,5 0,266 

12,0 237,0 65,0 172,0 43 1368 805 1635 1849 1088 415 9,0 0,282 

12,5 247,0 70,0 177,0 44 1450 853 1683 1903 1119 440 9,5 0,299 
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13,0 257,0 75,0 182,0 46 1535 903 1730 1957 1151 466 10,0 0,317 

13,5 267,0 80,0 187,0 47 1622 954 1778 2011 1183 492 10,5 0,335 

14,0 277,0 85,0 192,0 48 1711 1007 1825 2064 1214 520 11,0 0,353 

14,5 287,0 90,0 197,0 49 1803 1060 1873 2118 1246 547 11,5 0,372 

15,0 297,0 95,0 202,0 51 1897 1116 1920 2172 1278 576 12,0 0,391 

15,5 307,0 100,0 207,0 52 1993 1172 1968 2226 1309 605 12,5 0,411 

16,0 317,0 105,0 212,0 53 2092 1231 2015 2279 1341 635 13,0 0,432 

16,5 327,0 110,0 217,0 54 2193 1290 2063 2333 1372 666 13,5 0,453 

17,0 337,0 115,0 222,0 56 2296 1351 2110 2387 1404 697 14,0 0,474 

17,5 347,0 120,0 227,0 57 2402 1413 2158 2441 1436 729 14,5 0,496 

18,0 357,0 125,0 232,0 58 2510 1477 2205 2494 1467 762 15,0 0,518 

18,5 367,0 130,0 237,0 59 2621 1542 2253 2548 1499 796 15,5 0,541 

19,0 377,0 135,0 242,0 61 2734 1608 2301 2602 1531 830 16,0 0,564 

19,5 387,0 140,0 247,0 62 2849 1676 2348 2656 1562 865 16,5 0,588 

20,0 397,0 145,0 252,0 63 2967 1745 2396 2709 1594 901 17,0 0,612 

20,5 407,0 150,0 257,0 64 3086 1816 2443 2763 1625 937 17,5 0,637 

21,0 417,0 155,0 262,0 66 3209 1888 2491 2817 1657 974 18,0 0,662 

21,5 427,0 160,0 267,0 67 3333 1961 2538 2871 1689 1012 18,5 0,688 

22,0 437,0 165,0 272,0 68 3460 2036 2586 2924 1720 1051 19,0 0,714 

22,5 447,0 170,0 277,0 69 3590 2112 2633 2978 1752 1090 19,5 0,741 

23,0 457,0 175,0 282,0 71 3721 2189 2681 3032 1783 1130 20,0 0,768 

23,5 467,0 180,0 287,0 72 3856 2268 2728 3086 1815 1171 20,5 0,796 

24,0 477,0 185,0 292,0 73 3992 2348 2776 3139 1847 1212 21,0 0,824 

24,5 487,0 190,0 297,0 74 4131 2430 2823 3193 1878 1254 21,5 0,853 

25,0 497,0 195,0 302,0 76 4272 2513 2871 3247 1910 1297 22,0 0,882 

25,5 507,0 200,0 307,0 77 4415 2597 2918 3301 1942 1341 22,5 0,911 

26,0 517,0 205,0 312,0 78 4561 2683 2966 3354 1973 1385 23,0 0,941 

26,5 527,0 210,0 317,0 79 4709 2770 3014 3408 2005 1430 23,5 0,972 
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27,0 537,0 215,0 322,0 81 4860 2859 3061 3462 2036 1476 24,0 1,003 

27,5 547,0 220,0 327,0 82 5013 2949 3109 3516 2068 1522 24,5 1,035 

28,0 557,0 225,0 332,0 83 5168 3040 3156 3570 2100 1569 25,0 1,067 

28,5 567,0 230,0 337,0 84 5326 3133 3204 3623 2131 1617 25,5 1,099 

29,0 577,0 235,0 342,0 86 5486 3227 3251 3677 2163 1666 26,0 1,132 

29,5 587,0 240,0 347,0 87 5648 3322 3299 3731 2195 1715 26,5 1,166 

30,0 597,0 245,0 352,0 88 5813 3419 3346 3785 2226 1765 27,0 1,200 

30,5 607,0 250,0 357,0 89 5980 3518 3394 3838 2258 1816 27,5 1,234 

31,0 617,0 255,0 362,0 91 6149 3617 3441 3892 2289 1867 28,0 1,269 

31,5 627,0 260,0 367,0 92 6321 3718 13803 15610 9183 1919 28,5 1,305 

32,0 637,0 265,0 372,0 93 6495 3821 13991 15823 9308 1972 29,0 1,341 

32,5 647,0 270,0 377,0 94 6672 3925 14179 16036 9433 2026 29,5 1,377 

33,0 657,0 275,0 382,0 96 6850 4030 14367 16248 9558 2080 30,0 1,414 

33,5 667,0 280,0 387,0 97 7032 4136 14555 16461 9683 2135 30,5 1,451 

34,0 677,0 285,0 392,0 98 7215 4244 14743 16674 9808 2191 31,0 1,489 

34,5 687,0 290,0 397,0 99 7401 4354 14931 16886 9933 2247 31,5 1,528 

35,0 697,0 295,0 402,0 101 7589 4464 15119 17099 10058 2304 32,0 1,566 
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Diametro                                 = 1200 (mm)

Raggio                                    = 600 (mm)

Sforzo Normale                      = -1500 (kN)

Caratteristiche dei Materiali

calcestruzzo

Rck       = 30 (Mpa)

fck        = 25 (Mpa)

γc         = 1,5

αcc        = 0,85

fcd =αcc fck /γc = 14,17 (Mpa)

Acciaio

tipo di acciaio

fyk         = 450 (Mpa)

γs          = 1,15

fyd = fyk /γs  = 391,3 (Mpa)

Es         = 206000 (Mpa)

εy s        = 0,190%

εuk        = 10,000%

Armature

numero diametro (mm) area (mm2) copriferro (mm)

42 φ 26 22299 30

0 φ 20 0 30

0 φ 8 0 30

Momento di Plasticizzazione

My        = 3439,4 (kN m)

Calcolo del momento di plasticizzazione di una sezione circolare

Calcolo

R

Ai

copriferro

D

Inserisci
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OPERA: Esempio

TEORIA DI BASE:

(Broms, 1964)

M R
permanenti 

γG

variabili 

γQ
γϕ' γT

A1+M1+R1 1,30 1,50 1,00 1,00

A2+M1+R2 1,00 1,30 1,00 1,60

A1+M1+R3 1,30 1,50 1,00 1,30

SISMA 1,00 1,00 1,00 1,30

DM88 1,00 1,00 1,00 1,00

definiti dal progettista 1,00 1,00 1,00 1,30

ξ3 1,70 1,65 1,60 1,55 1,50 1,45 1,40 1,00 1,00

ξ4 1,70 1,55 1,48 1,42 1,34 1,28 1,21 1,00 1,00

Palo corto:

Palo intermedio:

Palo lungo:

DATI DI INPUT:

Lunghezza del palo L = 32,00 (m)

Diametro del palo d = 1,20 (m)

Momento di plasticizzazione della sezione My = 3400,00 (kN m)

A ϕ med 31,42 (°) ϕ min 29,00 (°)

Angolo di attrito di calcolo del terreno ϕ med,d 31,42 (°) ϕ min,d 29,00 (°)

Coeff. di spinta passiva (kp = (1+sinϕ ϕ kp med 3,18 (-) kp min 2,88 (-)

Peso di unità di volume (con falda γ γ γ 10,00 (kN/m3

Carico  Assiale Permanente (G): G = 752,30 (kN)

Carico  Assiale variabile (Q): Q = 0 (kN)

Palo corto:

H1 med= 58582,27 (kN) H1 min= 53122,13 (kN)

Palo intermedio:

H2 med= 19633,67 (kN) H2 min= 17813,63 (kN)

Palo lungo:

H3 med= 1812,85 (kN) H3 min= 1754,68 (kN)

H med = 1812,85 (kN) palo lungo H min = 1754,68 (kN) palo lungo

(kN)

(kN)

(kN)

FS = Hd / Fd  = 1,06

10

Hk = Min(H med/ξ3 ;  R min/ξ4)    = 1032,16

Hd = Hk/γT    = 793,97

Fd = G· γG + Q · γQ   = 752,30

n
1 2 3 4 5 7

S
L
U

T.A. prog.

CARICO LIMITE ORIZZONTALE DI UN PALO IN TERRENI INCOERENTI

PALI CON ROTAZIONE IN TESTA IMPEDITA

coefficienti parziali A

Metodo di calcolo

L

2
3

p
d

L
dk51H γ= .

L

M

d

L
dk

2

1
H

y
2

3
p +γ=

3

2

4
p

y3
p

dk

M
6763dkH

γ
γ= .
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Diametro palo D 1200 mm

Copriferro c 70 mm

Altezza utile sezione d 1060 mm

Larghezza minima sezione equivalente be 954 mm

Altezza utile della sezioneequivalente de 834,4 mm

Braccio delle forze interno z 750,96 mm

k = 1 + (200/d)  ̂1/2 k 1,15 <=2

vmin = 0.035 * k 3̂/2 * fck 1̂/2 vmin 0,23 MPa

Coefficiente di sicurezza gc 1,50 -

Diametro barre 14 mm

Braccia staffe br 1 -

Interasse armature trasversali s 100 mm

Area dell'armatura trasversale Asw 153,94 mm
2

inclinazione dell'armatura trasversale rispetto all'asse a 90 °

σcp= Ned/ Ac 0,00 MPa

σcp / fcd 0,00

coefficiente maggiorativo αc 1,00 -

0,23 MPa

inclinazione dei puntoni di calcestruzzo rispetto all'asse ctg 2,5 -

Condizione limite

Resistenza di calcolo a taglio compressione VRcd 2470,40 kN

Resistenza di calcolo a taglio trazione VRsd 1130,87 kN

VRd = min  [VRcd; VRsd] VRd 1130,87 kN

Sforzo di taglio agente Ved 752,30 kN

Verifica Vd < VRd

Verifica armatura a taglio

OK

Bolettino CEB nr.137, allegato 5, studio di Paul Regan

Equivalenza sezioni circolari/rettangolari
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D 1,2 m Diametro palo

L 32 m Lunghezza palo

Lu 30 m Lunghezza utile palo

Fck 2030,63 kN Carico medio su pali 

E 30,0 Mpa Modulo elastico strato ammorsamento palo

β 1,90 - Coefficiente di influenza

δ 4,3 mm Cedimento singolo palo

n 21

i 3,6 m Interasse pali

R 1,53704 -

Rg 0,38 - Coefficiente di riduzione del gruppo

δp 34,2 mm Cedimento palificata

Cedimento palificata
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