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L appoggi 23 m 
Ltrave 24,5 m 
Lsoletta 25,5 m 
bsoletta 8,94 m 
L banchina 25,5 m 
bbanchina 1,47 m 
L carreggiata 25,5 m 
b carreggiata 6 m 
Sezione trave 0,77 mq 
numero travi 3   

Carico impalcato       
Carichi permanenti G1     
Peso travi   141487,5 daN 
Peso soletta (25 cm) 

 
142481,25 daN 

Peso banchina (25 cm) 
 

46856,25 daN 
Peso traversi 

 
24138 daN 

Carico struttura   354963 daN 
 
 
Carichi permanenti G2     
Binder+ tappeto di usura 

 
300 daN/mq 

Carico permanente totale   45900 daN 



 

 

- 



 

- 

- 

Sovraccarichi Q       
Sovraccarico corsia 1 2Qik 60000 daN 

 
q 900 daN/mq 

Sovraccarico corsia 2 2Qik 40000 daN 

 
q 250 daN/mq 

Sovraccarichi complessivi   187975 daN 

 



 

 

 

§5.1.3.5 Azione longitudinale di frenamento ed accelerazione   
La forza di frenamento ed accelerazione q3 è calcolata in funzione del carico verticale 
secondo la seguente espressione: 

  

 
 

q3[kN] 427,5 
Il valore ottenuto è assunto uniformemente distribuito lungo la carreggiata. 

 

ϕ 30 ° 

 
0,52 RAD 

γ 19 KN/mc 
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- direzione X diviene Y nella modellazione (GCS) e spalmata sulla superficie laterale dell’impalato e 

ella trave più esterna. 

- direzione Y diviene Z nella modellazione (GCS) e spalmata a metro quadrato sulla soletta 

dell’impalcato. 

- momento torcente suddiviso in una coppia di forze a metro lineare applicate alle travi di bordo in 

direzione verticale Z (GCS). 

 

 



 



 

 





 

 

 



 

 



 

 



 

Titolo: PRO_SAP PROfessional Structural Analysis Program 

Versione: PROFESSIONAL (build 2018-07-183) 

Produttore-Distributore: 2S.I. Software e Servizi per l’Ingegneria s.r.l., Ferrara  

Codice Licenza: Licenza dsi3932   

 

2S.I. ha verificato l’affidabilità e la robustezza del codice di calcolo attraverso un numero 

significativo di casi prova in cui i risultati dell’analisi numerica sono stati confrontati con soluzioni 

teoriche. 

E’ possibile reperire la documentazione contenente alcuni dei più significativi casi trattati al 

seguente link: http://www.2si.it/Software/Affidabilità.htm 
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categoria suolo:   D 
fattore di sito S = 1.800 
ordinata spettro (tratto Tb-Tc) = 0.371 g 
angolo di ingresso:0.0 
eccentricità aggiuntiva: negativa 
periodo proprio T1:   1.296  sec. 
fattore q:   1.000 
fattore per spost.  mu d:   1.000 
classe di duttilità CD:   ND 
numero di modi considerati: 42 



 

combinaz. modale: CQC 



 

Modo Frequenza Periodo Acc. 
Spettrale 

M efficace  
X x g 

 %  M efficace  
Y x g 

 %  M efficace  Z 
x g 

 %  Energia Energia x v 

 Hz sec g daN  daN  daN    
1 7.278 0.137 0.377 0.0 0.0 0.0 0.0 2.633e+05 74.6 0.0 0.0 
2 10.866 0.092 0.317 9.171e+04 26.0 0.0 0.0 9.24e-06 0.0 0.0 0.0 
3 18.992 0.053 0.266 3.74e-04 0.0 2.439e+04 6.9 1.12e-06 0.0 0.0 0.0 
4 19.371 0.052 0.265 2.331e+05 66.1 5.15e-05 0.0 2.25e-06 0.0 0.0 0.0 
5 22.746 0.044 0.255 4669.93 1.3 0.0 0.0 0.0 0.0 0.0 0.0 
6 34.058 0.029 0.236 0.0 0.0 3.68e-03 1.04e-06 1375.11 0.4 0.0 0.0 
7 34.191 0.029 0.236 120.81 3.42e-02 0.0 0.0 0.0 0.0 0.0 0.0 
8 37.490 0.027 0.232 0.0 0.0 0.04 1.03e-05 4.621e+04 13.1 0.0 0.0 
9 38.833 0.026 0.231 7.42 2.10e-03 0.0 0.0 0.0 0.0 0.0 0.0 
10 40.346 0.025 0.230 0.0 0.0 4.624e+04 13.1 3.66e-04 0.0 0.0 0.0 
11 42.015 0.024 0.229 0.0 0.0 2.674e+05 75.8 6.85e-03 1.94e-06 0.0 0.0 
12 48.448 0.021 0.224 9858.21 2.8 0.0 0.0 0.0 0.0 0.0 0.0 
13 49.158 0.020 0.224 0.0 0.0 0.05 1.41e-05 218.18 6.18e-02 0.0 0.0 
14 49.670 0.020 0.224 0.58 1.64e-04 0.0 0.0 0.0 0.0 0.0 0.0 
15 50.154 0.020 0.223 9973.38 2.8 0.0 0.0 0.0 0.0 0.0 0.0 
16 52.159 0.019 0.222 0.0 0.0 94.07 2.67e-02 2.15e-03 0.0 0.0 0.0 



 

Modo Frequenza Periodo Acc. 
Spettrale 

M efficace  
X x g 

 %  M efficace  
Y x g 

 %  M efficace  Z 
x g 

 %  Energia Energia x v 

17 58.311 0.017 0.220 30.24 8.57e-03 0.0 0.0 0.0 0.0 0.0 0.0 
18 58.509 0.017 0.220 1152.64 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
19 61.055 0.016 0.219 0.0 0.0 702.49 0.2 5.98 1.70e-03 0.0 0.0 
20 62.648 0.016 0.218 0.0 0.0 0.55 1.56e-04 6048.51 1.7 0.0 0.0 
21 65.897 0.015 0.217 0.0 0.0 1.60e-03 0.0 9855.46 2.8 0.0 0.0 
22 69.766 0.014 0.216 71.74 2.03e-02 0.0 0.0 0.0 0.0 0.0 0.0 
23 70.639 0.014 0.216 0.0 0.0 256.86 7.28e-02 2.80 7.94e-04 0.0 0.0 
24 71.802 0.014 0.216 1.43 4.05e-04 0.0 0.0 0.0 0.0 0.0 0.0 
25 72.269 0.014 0.216 85.38 2.42e-02 0.0 0.0 0.0 0.0 0.0 0.0 
26 74.148 0.013 0.215 0.0 0.0 4.17e-03 1.18e-06 2.029e+04 5.7 0.0 0.0 
27 79.184 0.013 0.214 0.0 0.0 2171.42 0.6 0.88 2.50e-04 0.0 0.0 
28 81.239 0.012 0.214 0.0 0.0 0.01 3.48e-06 124.12 3.52e-02 0.0 0.0 
29 82.354 0.012 0.213 9.07 2.57e-03 0.0 0.0 0.0 0.0 0.0 0.0 
30 84.592 0.012 0.213 0.0 0.0 0.04 1.08e-05 709.66 0.2 0.0 0.0 
31 87.281 0.011 0.212 10.05 2.85e-03 0.0 0.0 0.0 0.0 0.0 0.0 
32 89.732 0.011 0.212 0.0 0.0 2677.95 0.8 0.52 1.46e-04 0.0 0.0 
33 93.673 0.011 0.211 16.26 4.61e-03 0.0 0.0 0.0 0.0 0.0 0.0 
34 94.062 0.011 0.211 0.0 0.0 102.86 2.91e-02 0.48 1.36e-04 0.0 0.0 
35 96.362 0.010 0.211 0.0 0.0 1.86 5.27e-04 472.15 0.1 0.0 0.0 
Risulta    3.508e+05  3.441e+05  3.486e+05    
In 
percentuale 

   99.42  97.49  98.78    



 



 



 

Modo Frequenza Periodo Acc. 
Spettrale 

M efficace  
X x g 

 %  M efficace  
Y x g 

 %  M efficace  Z 
x g 

 %  Energia Energia x v 

 Hz sec g daN  daN  daN    
1 0.772 1.296 0.216 3.503e+05 93.7 0.0 0.0 0.0 0.0 0.0 0.0 
2 1.322 0.756 0.369 2644.74 0.7 0.0 0.0 0.0 0.0 0.0 0.0 
3 1.509 0.663 0.371 0.0 0.0 3.534e+05 94.5 0.0 0.0 0.0 0.0 
4 5.534 0.181 0.433 0.0 0.0 0.0 0.0 2.677e+05 71.6 0.0 0.0 
5 11.175 0.089 0.314 2.06 5.52e-04 0.0 0.0 0.0 0.0 0.0 0.0 
6 19.459 0.051 0.264 0.0 0.0 1.25e-03 0.0 0.0 0.0 0.0 0.0 
7 25.056 0.040 0.250 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8 33.802 0.030 0.236 0.0 0.0 0.0 0.0 2526.87 0.7 0.0 0.0 
9 36.640 0.027 0.233 0.10 2.66e-05 0.0 0.0 0.0 0.0 0.0 0.0 
10 36.740 0.027 0.233 0.0 0.0 0.0 0.0 4.224e+04 11.3 0.0 0.0 
11 38.698 0.026 0.231 0.02 5.94e-06 0.0 0.0 0.0 0.0 0.0 0.0 
12 40.154 0.025 0.230 0.0 0.0 1.61e-03 0.0 1.43e-03 0.0 0.0 0.0 
13 47.347 0.021 0.225 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
14 48.871 0.020 0.224 0.0 0.0 2.74e-06 0.0 106.63 2.85e-02 0.0 0.0 
15 48.972 0.020 0.224 1.73e-03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
16 51.488 0.019 0.223 0.0 0.0 7.31e-04 0.0 6.05e-04 0.0 0.0 0.0 
17 56.130 0.018 0.221 0.0 0.0 1.82e-03 0.0 0.53 1.41e-04 0.0 0.0 
18 56.132 0.018 0.221 0.0 0.0 1.882e+04 5.0 0.0 0.0 0.0 0.0 
19 57.569 0.017 0.220 1.04e-05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
20 57.962 0.017 0.220 2.01e-03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
21 60.774 0.016 0.219 0.0 0.0 3.92e-03 1.05e-06 7.58 2.03e-03 0.0 0.0 
22 62.283 0.016 0.218 0.0 0.0 0.0 0.0 7654.42 2.0 0.0 0.0 
23 64.315 0.016 0.218 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
24 64.315 0.016 0.218 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
25 65.376 0.015 0.217 0.0 0.0 0.0 0.0 9915.42 2.7 0.0 0.0 
26 68.208 0.015 0.217 2.43e-04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
27 68.496 0.015 0.217 0.0 0.0 0.0 0.0 1016.62 0.3 0.0 0.0 
28 68.706 0.015 0.216 2.47e-05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
29 70.304 0.014 0.216 0.0 0.0 7.33e-04 0.0 1.05 2.80e-04 0.0 0.0 
30 71.650 0.014 0.216 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
31 74.918 0.013 0.215 0.0 0.0 0.0 0.0 1.405e+04 3.8 0.0 0.0 
32 77.620 0.013 0.214 0.0 0.0 3.07e-03 0.0 0.24 6.34e-05 0.0 0.0 
33 79.665 0.013 0.214 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
34 81.248 0.012 0.214 0.0 0.0 0.0 0.0 440.65 0.1 0.0 0.0 
35 86.732 0.012 0.212 0.0 0.0 1.73 4.64e-04 7.15e-05 0.0 0.0 0.0 
36 86.732 0.012 0.212 0.0 0.0 0.07 1.92e-05 6.69e-04 0.0 0.0 0.0 
37 86.775 0.012 0.212 2.11e-04 0.0 0.0 0.0 1.63e-05 0.0 0.0 0.0 
38 87.302 0.011 0.212 2.86e-06 0.0 1.28e-03 0.0 0.57 1.53e-04 0.0 0.0 
39 92.774 0.011 0.212 0.0 0.0 0.0 0.0 9.12e-04 0.0 0.0 0.0 
40 93.145 0.011 0.211 1.40e-06 0.0 3.78e-06 0.0 3264.23 0.9 0.0 0.0 
41 93.588 0.011 0.211 1.80e-06 0.0 1.05e-04 0.0 104.78 2.80e-02 0.0 0.0 
42 99.710 0.010 0.211 4.50e-04 0.0 0.0 0.0 9.51e-06 0.0 0.0 0.0 
Risulta    3.529e+05  3.722e+05  3.490e+05    
In 
percentuale 

   94.37  99.54  93.34    



 

Modo Frequenza Periodo Acc. 
Spettrale 

M efficace  
X x g 

 %  M efficace  
Y x g 

 %  M efficace  Z 
x g 

 %  Energia Energia x v 

 Hz sec g daN  daN  daN    
2 10.866 0.092 0.317 9.171e+04 26.0 0.0 0.0 9.24e-06 0.0 0.0 0.0 
4 19.371 0.052 0.265 2.331e+05 66.1 5.15e-05 0.0 2.25e-06 0.0 0.0 0.0 
11 42.015 0.024 0.229 0.0 0.0 2.674e+05 75.8 6.85e-03 1.94e-06 0.0 0.0 
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13.1.  

Carico impalcato       
Carichi permanenti G1     
Peso travi   128625 daN 
Peso soletta (25 cm) 

 
136893,75 daN 

Peso banchina (20 cm) 
 

36015 daN 
Peso traversi 

 
24138 daN 

Carico struttura   325671,75 daN 
Carichi permanenti G2     
Binder+ tappeto di usura 

 
300 daN/mq 

Carico permanente totale   45900 daN 

Stima massa impalcato 
 

371571,75 daN 

 

 

Cmb. Fx tot Fh tot Fv tot   Fh,tot (combinazione di Fh e Fx) 
  daN daN daN   daN 

1 0 812,66 -2,93E+05   812,66 
2 0,01 897,6 -3,24E+05   897,6000001 
3 0 625,12 -2,26E+05   625,12 
4 0 710,07 -2,56E+05   710,07 
5 0 1025,02 -3,70E+05   1025,02 
6 0,01 837,48 -3,02E+05   837,4800001 
7 0 1145,51 -3,68E+05   1145,51 



 

8 0,01 1230,46 -3,99E+05   1230,46 
9 0 957,97 -3,01E+05   957,97 

10 0 1042,92 -3,32E+05   1042,92 
11 0 1063,4 -3,50E+05   1063,4 
12 0 1148,35 -3,81E+05   1148,35 
13 0 875,87 -2,82E+05   875,87 
14 0 960,81 -3,13E+05   960,81 
15 0,01 1275,78 -4,27E+05   1275,78 
16 0 1088,24 -3,59E+05   1088,24 
17 0,03 837,89 -4,04E+05   837,8900005 
18 0,03 922,84 -4,35E+05   922,8400005 
19 0,03 650,35 -3,36E+05   650,3500007 
20 0,04 735,3 -3,67E+05   735,3000011 
21 0,04 846,15 -4,40E+05   846,1500009 
22 0,04 931,1 -4,71E+05   931,1000009 
23 0,04 658,61 -3,72E+05   658,6100012 
24 0,04 743,56 -4,03E+05   743,5600011 
25 0,04 1050,25 -4,81E+05   1050,250001 
26 0,03 862,72 -4,13E+05   862,7200005 
27 30510 6103,6 -2,26E+05   31114,5309 
28 35250 -4853,37 -2,25E+05   35582,54769 
29 -35250 6103,6 -2,26E+05   35774,52212 
30 -30510 -4853,37 -2,25E+05   30893,61261 
31 35250 6103,6 -2,26E+05   35774,52212 
32 30510 -4853,37 -2,25E+05   30893,61261 
33 -30510 6103,6 -2,26E+05   31114,5309 
34 -35250 -4853,37 -2,25E+05   35582,54769 
35 40610 6103,59 -2,26E+05   41066,11634 
36 45340 -4853,37 -2,25E+05   45599,02192 
37 -45340 6103,59 -2,26E+05   45748,98262 
38 -40610 -4853,37 -2,25E+05   40898,98899 
39 45340 6103,59 -2,26E+05   45748,98262 
40 40610 -4853,37 -2,25E+05   40898,98899 
41 -40610 6103,59 -2,26E+05   41066,11634 
42 -45340 -4853,37 -2,25E+05   45599,02192 
43 1967,98 18886,72 -2,28E+05   18988,97411 
44 17760,35 -17636,5 -2,24E+05   25029,49883 
45 -17760,4 18890,69 -2,28E+05   25928,52099 
46 -1967,97 -17636,5 -2,24E+05   17745,94842 
47 4995,78 18888,96 -2,28E+05   19538,43975 
48 20790 -17636,5 -2,24E+05   27262,97635 
49 -20790 18886,73 -2,28E+05   28087,94528 
50 -4995,77 -17636,5 -2,24E+05   18330,39818 
51 17760,35 18890,69 -2,28E+05   25928,52099 
52 1967,97 -17636,5 -2,24E+05   17745,94842 



 

53 -1967,98 18886,72 -2,28E+05   18988,97411 
54 -17760,4 -17636,5 -2,24E+05   25029,49883 
55 20790 18886,73 -2,28E+05   28087,94528 
56 4995,77 -17636,5 -2,24E+05   18330,39818 
57 -4995,78 18888,96 -2,28E+05   19538,43975 
58 -20790 -17636,5 -2,24E+05   27262,97635 
59 13995,57 3211,88 -2,26E+05   14359,39249 
60 16193,39 -1961,65 -2,25E+05   16311,77337 
61 -16193,4 3211,88 -2,26E+05   16508,85752 
62 -13995,6 -1961,65 -2,25E+05   14132,37596 
63 16193,4 3211,88 -2,26E+05   16508,85752 
64 13995,57 -1961,65 -2,25E+05   14132,37596 
65 -13995,6 3211,88 -2,26E+05   14359,39249 
66 -16193,4 -1961,65 -2,25E+05   16311,77337 
67 18628,74 3211,88 -2,26E+05   18903,6009 
68 20830 -1961,66 -2,25E+05   20922,16552 
69 -20830 3211,88 -2,26E+05   21076,17311 
70 -18628,7 -1961,66 -2,25E+05   18731,72953 
71 20830 3211,88 -2,26E+05   21076,17311 
72 18628,73 -1961,66 -2,25E+05   18731,72953 
73 -18628,7 3211,88 -2,26E+05   18903,6009 
74 -20830 -1961,66 -2,25E+05   20922,16552 
75 865,3 9247,67 -2,27E+05   9288,064627 
76 8191,4 -7997,44 -2,25E+05   11448,06012 
77 -8191,39 9247,68 -2,27E+05   12353,88423 
78 -865,3 -7997,44 -2,25E+05   8044,11528 
79 2255,25 9247,67 -2,27E+05   9518,694921 
80 9581,34 -7997,44 -2,25E+05   12480,42959 
81 -9581,34 9247,68 -2,27E+05   13316,21799 
82 -2255,24 -7997,44 -2,25E+05   8309,34137 
83 8191,39 9247,68 -2,27E+05   12353,88423 
84 865,3 -7997,44 -2,25E+05   8044,11528 
85 -865,3 9247,67 -2,27E+05   9288,064627 
86 -8191,4 -7997,44 -2,25E+05   11448,06012 
87 9581,34 9247,68 -2,27E+05   13316,21799 
88 2255,24 -7997,44 -2,25E+05   8309,34137 
89 -2255,25 9247,67 -2,27E+05   9518,694921 
90 -9581,34 -7997,44 -2,25E+05   12480,42959 
91 33250 6584,47 -2,26E+05   33895,68918 
92 38410 -5334,23 -2,25E+05   38778,62955 
93 -38410 6584,46 -2,26E+05   38970,28629 
94 -33250 -5334,23 -2,25E+05   33675,16161 
95 38410 6584,46 -2,26E+05   38970,28629 
96 33250 -5334,23 -2,25E+05   33675,16161 
97 -33250 6584,47 -2,26E+05   33895,68918 



 

98 -38410 -5334,23 -2,25E+05   38778,62955 
99 44250 6584,47 -2,26E+05   44737,20761 

100 49410 -5334,24 -2,25E+05   49697,10471 
101 -49410 6584,46 -2,26E+05   49846,79742 
102 -44250 -5334,23 -2,25E+05   44570,35461 
103 49410 6584,46 -2,26E+05   49846,79742 
104 44250 -5334,23 -2,25E+05   44570,35461 
105 -44250 6584,47 -2,26E+05   44737,20761 
106 -49410 -5334,24 -2,25E+05   49697,10471 
107 2149,32 20490 -2,28E+05   20602,41919 
108 19351,15 -19236,1 -2,24E+05   27285,44152 
109 -19351,2 20491,24 -2,28E+05   28184,356 
110 -2149,32 -19239,4 -2,24E+05   19359,05304 
111 5449,11 20490,25 -2,28E+05   21202,43252 
112 22650 -19239,4 -2,24E+05   29718,27482 
113 -22650 20480 -2,28E+05   30536,09176 
114 -5449,12 -19235,1 -2,24E+05   19992,08642 
115 19351,15 20491,24 -2,28E+05   28184,356 
116 2149,32 -19239,4 -2,24E+05   19359,05304 
117 -2149,32 20490 -2,28E+05   20602,41919 
118 -19351,2 -19236,1 -2,24E+05   27285,44152 
119 22650 20480 -2,28E+05   30536,09176 
120 5449,12 -19235,1 -2,24E+05   19992,08642 
121 -5449,11 20490,25 -2,28E+05   21202,43252 
122 -22650 -19239,4 -2,24E+05   29718,27482 

 Max 49410 20491,24 -223560   49846,79742 
Min -49410 -19239,4 -480700     

Azioni massime sul palo 
  n° pali/spalla 6     
  Fhmax   8307,8 daN   
  Fvmax   80116,67 daN   

Cmb. Fx tot Fx tot Fv tot   Fh,tot (combinazione di Fh e Fx) 
  daN daN daN   daN 

1 0 -812,66 -2,93E+05   812,66 
2 0,01 -897,6 -3,24E+05   897,6000001 
3 0 -625,12 -2,26E+05   625,12 
4 0 -710,07 -2,56E+05   710,07 
5 0 -1025,02 -3,70E+05   1025,02 
6 0,01 -837,48 -3,02E+05   837,4800001 
7 0 -1145,51 -3,68E+05   1145,51 



 

8 0,01 -1230,46 -3,99E+05   1230,46 
9 0 -957,97 -3,01E+05   957,97 

10 0 -1042,92 -3,32E+05   1042,92 
11 0 -1063,4 -3,50E+05   1063,4 
12 0 -1148,35 -3,81E+05   1148,35 
13 0 -875,87 -2,82E+05   875,87 
14 0 -960,81 -3,13E+05   960,81 
15 0,01 -1275,78 -4,27E+05   1275,78 
16 0 -1088,24 -3,59E+05   1088,24 
17 -0,03 -831,97 -2,96E+05   831,9700005 
18 -0,03 -916,92 -3,27E+05   916,9200005 
19 -0,03 -644,43 -2,28E+05   644,4300007 
20 -0,03 -729,38 -2,59E+05   729,3800006 
21 -0,03 -838,29 -2,97E+05   838,2900005 
22 -0,03 -923,24 -3,28E+05   923,2400005 
23 -0,04 -650,75 -2,29E+05   650,7500012 
24 -0,04 -735,7 -2,60E+05   735,7000011 
25 -0,02 -1044,33 -3,73E+05   1044,33 
26 -0,03 -856,81 -3,05E+05   856,8100005 
27 45340 4853,37 -2,25E+05   45599,02192 
28 40610 -6103,59 -2,26E+05   41066,11634 
29 -40610 4853,37 -2,25E+05   40898,98899 
30 -45340 -6103,59 -2,26E+05   45748,98262 
31 40610 4853,37 -2,25E+05   40898,98899 
32 45340 -6103,59 -2,26E+05   45748,98262 
33 -45340 4853,37 -2,25E+05   45599,02192 
34 -40610 -6103,59 -2,26E+05   41066,11634 
35 35250 4853,37 -2,25E+05   35582,54769 
36 30510 -6103,6 -2,26E+05   31114,5309 
37 -30510 4853,37 -2,25E+05   30893,61261 
38 -35250 -6103,6 -2,26E+05   35774,52212 
39 30510 4853,37 -2,25E+05   30893,61261 
40 35250 -6103,6 -2,26E+05   35774,52212 
41 -35250 4853,37 -2,25E+05   35582,54769 
42 -30510 -6103,6 -2,26E+05   31114,5309 
43 20790 17636,49 -2,24E+05   27262,97635 
44 4995,78 -18889 -2,28E+05   19538,43975 
45 -4995,77 17636,49 -2,24E+05   18330,39818 
46 -20790 -18886,7 -2,28E+05   28087,94528 
47 17760,35 17636,49 -2,24E+05   25029,49883 
48 1967,98 -18886,7 -2,28E+05   18988,97411 
49 -1967,97 17636,49 -2,24E+05   17745,94842 
50 -17760,4 -18890,7 -2,28E+05   25928,52099 
51 4995,77 17636,49 -2,24E+05   18330,39818 
52 20790 -18886,7 -2,28E+05   28087,94528 



 

53 -20790 17636,49 -2,24E+05   27262,97635 
54 -4995,78 -18889 -2,28E+05   19538,43975 
55 1967,97 17636,49 -2,24E+05   17745,94842 
56 17760,35 -18890,7 -2,28E+05   25928,52099 
57 -17760,4 17636,49 -2,24E+05   25029,49883 
58 -1967,98 -18886,7 -2,28E+05   18988,97411 
59 20830 1961,66 -2,25E+05   20922,16552 
60 18628,74 -3211,88 -2,26E+05   18903,6009 
61 -18628,7 1961,66 -2,25E+05   18731,72953 
62 -20830 -3211,88 -2,26E+05   21076,17311 
63 18628,73 1961,66 -2,25E+05   18731,72953 
64 20830 -3211,88 -2,26E+05   21076,17311 
65 -20830 1961,66 -2,25E+05   20922,16552 
66 -18628,7 -3211,88 -2,26E+05   18903,6009 
67 16193,39 1961,65 -2,25E+05   16311,77337 
68 13995,57 -3211,88 -2,26E+05   14359,39249 
69 -13995,6 1961,65 -2,25E+05   14132,37596 
70 -16193,4 -3211,88 -2,26E+05   16508,85752 
71 13995,57 1961,65 -2,25E+05   14132,37596 
72 16193,4 -3211,88 -2,26E+05   16508,85752 
73 -16193,4 1961,65 -2,25E+05   16311,77337 
74 -13995,6 -3211,88 -2,26E+05   14359,39249 
75 9581,34 7997,44 -2,25E+05   12480,42959 
76 2255,25 -9247,67 -2,27E+05   9518,694921 
77 -2255,24 7997,44 -2,25E+05   8309,34137 
78 -9581,34 -9247,68 -2,27E+05   13316,21799 
79 8191,4 7997,44 -2,25E+05   11448,06012 
80 865,3 -9247,67 -2,27E+05   9288,064627 
81 -865,3 7997,44 -2,25E+05   8044,11528 
82 -8191,39 -9247,68 -2,27E+05   12353,88423 
83 2255,24 7997,44 -2,25E+05   8309,34137 
84 9581,34 -9247,68 -2,27E+05   13316,21799 
85 -9581,34 7997,44 -2,25E+05   12480,42959 
86 -2255,25 -9247,67 -2,27E+05   9518,694921 
87 865,3 7997,44 -2,25E+05   8044,11528 
88 8191,39 -9247,68 -2,27E+05   12353,88423 
89 -8191,4 7997,44 -2,25E+05   11448,06012 
90 -865,3 -9247,67 -2,27E+05   9288,064627 
91 49410 5334,24 -2,25E+05   49697,10471 
92 44250 -6584,47 -2,26E+05   44737,20761 
93 -44250 5334,23 -2,25E+05   44570,35461 
94 -49410 -6584,46 -2,26E+05   49846,79742 
95 44250 5334,23 -2,25E+05   44570,35461 
96 49410 -6584,46 -2,26E+05   49846,79742 
97 -49410 5334,24 -2,25E+05   49697,10471 



 

98 -44250 -6584,47 -2,26E+05   44737,20761 
99 38410 5334,23 -2,25E+05   38778,62955 

100 33250 -6584,47 -2,26E+05   33895,68918 
101 -33250 5334,23 -2,25E+05   33675,16161 
102 -38410 -6584,46 -2,26E+05   38970,28629 
103 33250 5334,23 -2,25E+05   33675,16161 
104 38410 -6584,46 -2,26E+05   38970,28629 
105 -38410 5334,23 -2,25E+05   38778,62955 
106 -33250 -6584,47 -2,26E+05   33895,68918 
107 22650 19239,37 -2,24E+05   29718,27482 
108 5449,11 -20490,3 -2,28E+05   21202,43252 
109 -5449,12 19235,14 -2,24E+05   19992,08642 
110 -22650 -20480 -2,28E+05   30536,09176 
111 19351,15 19236,12 -2,24E+05   27285,44152 
112 2149,32 -20490 -2,28E+05   20602,41919 
113 -2149,32 19239,37 -2,24E+05   19359,05304 
114 -19351,2 -20491,2 -2,28E+05   28184,356 
115 5449,12 19235,14 -2,24E+05   19992,08642 
116 22650 -20480 -2,28E+05   30536,09176 
117 -22650 19239,37 -2,24E+05   29718,27482 
118 -5449,11 -20490,3 -2,28E+05   21202,43252 
119 2149,32 19239,37 -2,24E+05   19359,05304 
120 19351,15 -20491,2 -2,28E+05   28184,356 
121 -19351,2 19236,12 -2,24E+05   27285,44152 
122 -2149,32 -20490 -2,28E+05   20602,41919 

 Max 49410 19239,37 -223560   49846,79742 
Min -49410 -20491,2 -426800     

Azioni massime sul palo 
  n° pali/spalla 6     
  Fhmax   8307,8 daN   
  Fvmax   71133,33 daN   



 



 



 

RESISTENZA DI PROGETTO CARICHI ASSIALI 
================================================================================= 
 Resistenza caratteristica carichi assiali. Nome combinazione: A1+M1+R3 
================================================================================= 
 Numero verticali di indagine 2  
 Fattore correlazione verticale indagate media (xi3) 1,65  
 Fattore correlazione verticale indagate minima (xi4) 1,55  
 Rc, Min 

[kN] 
Rc, Media 
[kN] 

Rc, Max 
[kN] 

Base 1541,66 1584,33 1627,01 
Laterale 992,79 1050,88 1108,97 
Totale=Base+Laterale-Peso 
palo 

2402,65 2418,07 2433,48 

 Coefficiente parziale resistenza caratteristica R3 
 Base 1,35  
 Laterale 1,15  
 Resistenza di progetto base 711,26 kN 
 Resistenza di progetto laterale 553,82 kN 
 Resistenza di progetto 1047,94 kN 
 Azioni di progetto 801,00 kN 
 Fattore sicurezza verticale 1,31   
 
Resistenza di progetto carichi trasversali 
================================================================================= 
 Resistenza caratteristica carichi assiali. Nome combinazione A1+M1+R3 
================================================================================= 
 Numero verticali di indagine 2  
 Fattore correlazione verticale indagate media (xi3) 1,65  
 Fattore correlazione verticale indagate minima (xi4) 1,55  
 Momento plasticizzazione 1612,90 kNm 

Rc, Min 
[kN] 

Rc, Media 
[kN] 

Rc, Max 
[kN] 

797,8204 804,9619 797,8204 
 Coefficiente parziale resistenza caratteristica 1,3 
 Resistenza di progetto 375,27 kN 
 Azioni di progetto 83,00 kN 
 Fattore sicurezza orizzontale 4,52   
 
Modello ad elementi finiti 
 Max spostamento lineare del terreno 0,013 cm 
 Tipo analisi Lineare 
 Massimo numero di iterazioni 1,00  
 Fattore di riduzione molla fondo scavo 1,00  
 Numero di elementi 9,00  
 Nodo sulla superficie del terreno [< n° nodi] 1,00  
 Modulo di reazione Ks Bowles 
 



 

 

 



 

 

Stima portata alla base palo con punta a -16 
 L 16 m 

D 0,8 m 
L/D 20 m 
Nq,1 10,22 

 Nq,2 12,4 
 Tensione efficace 28800 daN/mq 

 
2,88 daN/cmq 

Portata alla base,1 147874,4064 daN 
Portata alla base,2 179417,088 daN 
Portata alla base - caratteristica 98582,9376 daN 
Portata alla base - di calcolo 73024,39822 daN 



 

 

 

 



 

 

Figura 27 - Valore massimo sforzi normali agli appoggi (CMB. Slu A1 25) 

 

 



 

 

 

 

 



 

 

 

 



 

 



 

 

 



 

 

Si ha Msd=39280000 daNcm < Mrd=83530000 daNcm, la verifica risulta soddisfatta. 



 

 

 

Si ha Msd=912400 daNcm< Mrd=36390000 daNcm, la verifica risulta soddisfatta. 
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Parametri trave e traversi         
Jl 0.35055104 m^4     
Kl - coeff.torsione trave 0.10338246 m^4     
Jt 0.00000666 m^4     
Kt - coeff. Torsione traverso 0.00000666 m^4     
L 23 m     
n 3   numero travi 
b1 2.52 m interasse travi 
l1 0.01 m interasse traversi 
2b=nb1 7.56 m larghezza teorica 
coeff. Omog. Soletta/trave 0.89       

Calcolo dei parametri del graticcio equivalente       
          
Dx (EJl/b1) 0.156 E     
Dy (EJt/L1) 0.000666 E     
Cxy (GKl/b1) 0.04102479 G     
Cxy (GKt/L1) 0.000666 G     
υ 0.1       
H 0.00947518 E     
E 300000 daN/cmq     
G 136363.636 daN/cmq     
ϴ 0.643       
α 0.929   0.963685   

 

Trave esaminata 1 2 3 
 y (m) 2.52     

 b (m) 3.78 3.78 3.78 
 y/b 0.66666667 0 0 
 Carico colonna 1 - e=150 cm e/b 0.396825   

 Ko 1.73448254     
 K1 1.36551171     
 Kα 1.378911 0 0 

 
Q 30000 daN   

TANDEM 
Q1 13789.11 0 0 
Msd 15030129.9 daNcm   
q 27 daN/cm   

DISTRIBUITI q1 12.410199 daN/cm   



 

Msd 8206244.07 daNcm   

 Carico colonna 2 - e=-150 cm e/b -0.39683   
 Ko 0.09435638   0 

 K1 0.58034499   0 
 Kα 0.56269617 0 0 
 

Q 20000 daN   

TANDEM 
Q1 3751.30782 0 0 
Msd 4088925.52 daNcm   
q 7.5 daN/cm   

DISTRIBUITI 
q1 1.40674043 daN/cm   
Msd 930207.11 daNcm   

 Folla marciapiedi - Sx e/b 1.055556   
 Ko 3.287424   0 

 K1 1.884972   0 
 Kα 1.93590246 0 0 
 

p 0 daN/cm 
 p1 0 0 0 

 Msd 0 daNcm   
 

Folla marciapiedi - Sx e/b -1.05556   
 Ko -0.621612   1 

 K1 0.316816   1 
 Kα 0.28273671 0 1 
 

p 0 daN/cm 
 p1 0 0 10000 

 Msd 0 daNcm   
 

Zona rimanente e/b 0   
 Ko 0   0 

 K1 0   0 
 Kα 0 0 0 
 

p 0 daN/cm 
 p1 0 0 0 

 Msd 0 daNcm   
 

Peso trave 19.21 daN/cm   
 Msd 12702612.5 daNcm   
 Peso soletta (valore approx) 20.13 daN/cm   
 Msd 13310962.5 daNcm   
 Peso pavimentazione 5 daN/cm   
 Msd 3306250 daNcm   
 



 

Guard rail-DX 0.96795123 daN/cm   
 Msd 640057.75 daNcm   
 Guard rail- SX 0.14136836 daN/cm   
 Msd 93479.825 daNcm   
 Cordolo sx 0.45709102 daN/cm   
 Msd 302251.434 daNcm   
 Cordolo dx 3.12970897 daN/cm   
 Msd 2069520.06 daNcm   
 

 

Figura 39 - Schema di carico 

Schema di carico 1 - Rif.TAB.5.1.IV       
Msd 28255506.6 daNcm 

 Combinazione SLU - fondamentale       
Msd 85343891.6 daNcm 

 



 

 

Figura 40  - Diagramma Mrd (VERDE) da relazione di calcolo prefabbricatore

dove: 

α α



 

ν

Staffe diam.12/10 cm 
ρ 0.003767   

fyd 3913 daN/cmq 

fctd - C30/37 7.469008 daN/cmq 
c 0.45   
μ 0.7   
α 1.57   

vrd 13.68 daN/cmq 
Ved 148424.2 daN 
zi 65 cm 
b 150 cm 
ved 10.24093 daN/cmq 
h soletta 25 cm 

fcd- C30/37 181 daN/cmq 
Fu 883280   
Ftot 1312983   
 
  

 

0.672728   

Verifica limite 0,5vfcd 
v 0.528   
vrd,max 47.784 daN/cmq 

 



 

 

Figura 41 - Sezione tipica della palancola 

 

Figura 42 - Schema di calcolo della palancola



 

 

Figura 43 -  Parametri assunti per gli strati coesivi 

 

Figura 44 - Parametri di letteratura

 

Figura 45 - Sollecitazioni di verifica



 

 

Figura 46 - sezione palancola

VERIFICA A TAGLIO PER TRAVI PRIVE DI ARMATURA SPECIFICA 

Af prog Staffe diam.8/10 cm 

fck 35 

fcd 19.833333 

fyd 391.30435 

  L.magg L.min d øL min Af prog Ved k k adott Vrd   

cm cm cm cm cmq kN     kN   

PALANCOLA 43 35 30 1.80 16.96 5.81 1.82 1.82 88.63 

non occorre 
armatura a 
taglio 
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Figura 47 - indicazione profili elementi di verifica



 

VERIFICA A PUNZONAMENTO DADO 

SOLETT
A 

PLINTO 
SP.100 

CM 

                        
verifica 

6.4.3.2(a)     
verifica 

6.4.3.2(b)   

ρ 
b 
dado d u 

Ved max 
SLU 

Med 
(*)x 

Med 
(*)y ex ey k 

β 
(sez.rettang
.) vrd,max ved   vrd,c ved 

    
c
m cm daN daNcm daNcm 

c
m 

c
m     daN/cmq 

daN/cm
q   daN/cmq 

daN/cm
q 

0.00143
6 100 90 

112
0 178900 0 0 0 0 

1.14907
1 1 44.88 1.77 

o
k 2.24 1.77 

 

Verifica a taglio del paraghiaia 

 

 

 

Sezione tipologica 

 

 

 
 

 
 
 
 

 

Schema di carico 2 



 

VERIFIA A TAGLIO PER TRAVI PRIVE DI ARMATURA SPECIFICA 
Af prog Staffe diam.20/10 cm 

Ved 
Quota del carico Q=200 KN gravante sulla sezione, considerando una diffusione attraverso 12 cm di 
pavimentazione e verificando l'asse mediano del dente (12.5 cm) amplificata per il coefficiente γ=1.5 

fck 30 

fcd 17 

fyd 391.30435 

  L.magg L.min d øL min Af prog Ved k k adott Vrd   

cm cm cm cm cmq kN     kN   

DENTE PARAGHIAIA 109 25 21 1.20 34.226 146.42857 1.98 1.98 171.93 

non 
occorre 
armatura 
a taglio 

 

Fmax-SLU   1789 KN 
 h   120 cm 
 b/2   150 cm 
     192.0937   
 angolo   0.674741 rad 
 tg.alfa   0.8   
 



 

        
 C   1431.899 KN 
 T   1118.125 KN 
 As,min   28.57462 cmq 
 barre 

d.20   9.100198 n 
Sono presenti barre diam 
20/15 

fcd   181.3333 daN/cmq 
 Amin   789.65 cmq 
 Lmin   28.10071 cm 
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