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   1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2 

                         
0,6   16 20 24 28 32 36 40 44 48 - - 
0,7   12 16 20 24 28 32 36 40 44 48 - 
0,8   8 12 16 20 24 28 32 36 40 44 48 
0,9   4 8 12 16 20 24 28 32 36 40 44 

1   - 4 8 12 16 20 24 28 32 36 40 
1,1   - - 4 8 12 16 20 24 28 32 36 
1,2   - - - 4 8 12 16 20 24 28 32 
1,3   - - - - 4 8 12 16 20 24 28 
1,4   - - - - - 4 8 12 16 20 24 
1,5   - - - - - - 4 8 12 16 20 

 

 

 
   1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2 

                         
0,6   72,73 75,56 78,55 81,71 85,05 88,60 92,37 96,37 100,63 - - 
0,7   69,81 72,55 75,45 78,51 81,76 85,20 88,86 92,74 96,88 101,29 - 
0,8   66,92 69,57 72,37 75,34 78,48 81,82 85,36 89,13 93,14 97,42 102,00 
0,9   64,04 66,60 69,31 72,18 75,22 78,45 81,87 85,52 89,41 93,57 98,01 

1   - 63,66 66,27 69,04 71,98 75,10 78,41 81,94 85,70 89,72 94,02 
1,1   - - 63,26 65,93 68,76 71,77 74,97 78,37 82,01 85,89 90,05 
1,2   - - - 62,84 65,57 68,47 71,55 74,83 78,33 82,08 86,09 
1,3   - - - - 62,41 65,19 68,16 71,31 74,69 78,29 82,16 
1,4   - - - - - 61,95 64,79 67,83 71,07 74,54 78,25 
1,5   - - - - - - 61,47 64,38 67,49 70,81 74,38 

 

 

  



 

 
 

 

 

 
   1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2 

                         
0,1   58,36 57,85 57,32 56,76 56,18 55,57 54,93 54,25 53,55 52,81 52,03 
0,2   55,56 54,99 54,39 53,77 53,12 52,44 51,72 50,97 50,19 49,37 48,51 
0,3   52,79 52,16 51,50 50,82 50,10 49,35 48,57 47,75 46,89 45,99 45,05 
0,4   50,06 49,37 48,66 47,91 47,13 46,32 45,47 44,59 43,66 42,70 41,69 
0,5   47,36 46,62 45,86 45,05 44,22 43,35 42,44 41,50 40,51 39,48 38,41 
0,6   44,71 43,92 43,11 42,25 41,37 40,44 39,48 38,48 37,44 36,36 35,24 
0,7   42,11 41,27 40,41 39,51 38,58 37,61 36,60 35,55 34,47 33,34 32,18 
0,8   39,55 38,68 37,77 36,83 35,86 34,84 33,80 32,71 31,59 30,43 29,24 
0,9   37,06 36,14 35,20 34,22 33,21 32,16 31,08 29,97 28,82 27,64 26,43 

1   34,61 33,67 32,69 31,69 30,64 29,57 28,46 27,33 26,16 24,97 23,75 
1,1   32,24 31,26 30,26 29,23 28,16 27,07 25,95 24,80 23,62 22,43 - 
1,2   29,92 28,93 27,90 26,85 25,77 24,67 23,54 22,38 21,22 - - 
1,3   27,68 26,67 25,63 24,56 23,48 22,37 21,24 20,10 - - - 
1,4   25,51 24,48 23,44 22,37 21,28 20,18 19,06 - - - - 
1,5   23,41 22,39 21,34 20,27 19,19 18,10 - - - - - 

 

 

 
   1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2 

                         
0,1   21,64 22,15 22,68 23,24 23,82 24,43 25,07 25,75 26,45 27,19 27,97 
0,2   24,44 25,01 25,61 26,23 26,88 27,56 28,28 29,03 29,81 30,63 31,49 
0,3   27,21 27,84 28,50 29,18 29,90 30,65 31,43 32,25 33,11 34,01 34,95 
0,4   29,94 30,63 31,34 32,09 32,87 33,68 34,53 35,41 36,34 37,30 38,31 
0,5   32,64 33,38 34,14 34,95 35,78 36,65 37,56 38,50 39,49 40,52 41,59 
0,6   35,29 36,08 36,89 37,75 38,63 39,56 40,52 41,52 42,56 43,64 44,76 
0,7   37,89 38,73 39,59 40,49 41,42 42,39 43,40 44,45 45,53 46,66 47,82 
0,8   40,45 41,32 42,23 43,17 44,14 45,16 46,20 47,29 48,41 49,57 50,76 
0,9   42,94 43,86 44,80 45,78 46,79 47,84 48,92 50,03 51,18 52,36 53,57 

1   45,39 46,33 47,31 48,31 49,36 50,43 51,54 52,67 53,84 55,03 56,25 
1,1   47,76 48,74 49,74 50,77 51,84 52,93 54,05 55,20 56,38 57,57 - 
1,2   50,08 51,07 52,10 53,15 54,23 55,33 56,46 57,62 58,78 - - 
1,3   52,32 53,33 54,37 55,44 56,52 57,63 58,76 59,90 - - - 
1,4   54,49 55,52 56,56 57,63 58,72 59,82 60,94 - - - - 
1,5   56,59 57,61 58,66 59,73 60,81 61,90 - - - - - 

 

  



 

 
 

 

 
   1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2 

                         
0,1   26,57 26,39 26,20 25,99 25,76 25,52 25,25 24,96 24,64 24,29 23,90 
0,2   29,77 29,55 29,31 29,06 28,78 28,48 28,15 27,79 27,39 26,96 26,48 
0,3   32,85 32,58 32,29 31,98 31,64 31,27 30,87 30,43 29,95 29,42 28,84 
0,4   35,78 35,46 35,11 34,73 34,32 33,87 33,39 32,86 32,28 31,64 30,94 
0,5   38,55 38,17 37,75 37,30 36,81 36,27 35,69 35,06 34,37 33,60 32,76 
0,6   41,16 40,70 40,20 39,66 39,08 38,45 37,76 37,01 36,18 35,28 34,28 
0,7   43,57 43,03 42,44 41,81 41,13 40,38 39,57 38,68 37,71 36,64 35,46 
0,8   45,78 45,15 44,46 43,72 42,92 42,04 41,09 40,05 38,91 37,66 36,28 
0,9   47,78 47,04 46,24 45,38 44,44 43,43 42,32 41,11 39,78 38,32 36,72 

1   49,54 48,69 47,76 46,76 45,68 44,50 43,22 41,82 40,28 38,60 36,74 
1,1   51,06 50,07 49,01 47,86 46,61 45,26 43,78 42,17 40,40 38,46 - 
1,2   52,31 51,18 49,97 48,65 47,22 45,67 43,98 42,13 40,11 - - 
1,3   53,28 52,00 50,61 49,11 47,49 45,72 43,79 41,69 - - - 
1,4   53,97 52,51 50,94 49,24 47,39 45,38 43,20 - - - - 
1,5   54,34 52,70 50,92 49,00 46,92 44,65 - - - - - 

 

 

 
   1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2 

                         
0,1   27,80 27,14 26,45 25,73 24,98 24,19 23,37 22,50 21,59 20,64 19,65 
0,2   27,83 27,09 26,32 25,51 24,67 23,79 22,87 21,91 20,90 19,85 18,75 
0,3   27,65 26,82 25,97 25,07 24,14 23,17 22,16 21,10 20,00 18,85 17,65 
0,4   27,26 26,35 25,41 24,43 23,41 22,35 21,25 20,10 18,91 17,67 16,67 
0,5   26,68 25,69 24,67 23,60 22,50 21,68 21,22 20,75 20,26 19,74 19,21 
0,6   26,83 26,35 25,86 25,35 24,82 24,27 23,69 23,09 22,47 21,82 21,14 
0,7   29,48 28,89 28,29 27,66 27,00 26,32 25,62 24,89 24,13 23,34 22,53 
0,8   31,64 30,94 30,22 29,47 28,68 27,88 27,04 26,17 25,27 24,35 23,39 
0,9   33,35 32,53 31,68 30,80 29,89 28,95 27,98 26,97 25,94 24,87 23,78 

1   34,61 33,67 32,69 31,69 30,64 29,57 28,46 27,33 26,16 24,97 23,75 
1,1   35,46 34,39 33,29 32,15 30,98 29,78 28,54 27,28 25,99 24,68 - 
1,2   35,91 34,71 33,48 32,22 30,93 29,60 28,24 26,86 25,46 - - 
1,3   35,98 34,67 33,32 31,93 30,52 29,08 27,61 26,12 - - - 
1,4   35,71 34,28 32,81 31,32 29,79 28,25 26,68 - - - - 
1,5   35,12 33,58 32,00 30,41 28,79 27,15 - - - - - 
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General 

General dimensions



≔ncrossbeam 7 ≔l 25250 mm

≔h.o.hcrossbeam =――――
l

-ncrossbeam 1
4.208 m

≔bfcp 4.28 m ≔bedge 5 m ≔brd 8 m ≔bsupp 9.45 m

≔hrd 5.9 m ≔hfcp 6.05 m ≔hwater 3.3 m ≔hunder_side 4.3 m

≔θmax 80 ° ≔htop =+⋅sin ⎛⎝θmax⎞⎠ l hrd 30.8 m ≔Afcp_deck =⋅bedge l 126.25 m2

General properties

≔Ts_sun 57 °C ≔Ts_shade 31 °C

Desing material properties

Properties wood

≔ρwood 1080 ――
kg

m3
≔Ewood 20 GPa

Properties steel

≔ρsteel 7800 ――
kg

m3
≔Esteel 210 GPa ≔fst 355 MPa



≔ρsteel 7800 ――
kg

m3
≔Esteel 210 GPa ≔fst 355 MPa

Traffic load calculations

Cross section properties 

Load properties

Distirbuted load foot and cycle path

≔qfcp 5 ――
kN

m2

Concentrated load service vehicle

≔Qserv 12.5 kN

≔lw_serv 25 cm ≔ww_serv 25 cm ≔wserv 1.75 m ≔h.o.hserv 3 m

Concentrated load accidental vehicle

≔Qav1 40 kN ≔Qav2 20 kN

≔lw_av 20 cm ≔ww_av 20 cm ≔wav 1.3 m ≔h.o.hav 3 m

Foot- and cycle path properties



≔wav_edge =+0.5 m ――
ww_av

2
0.6 m ≔wserv_edge =+0.5 m ―――

ww_serv

2
0.625 m

≔td_fcp 80 mm ≔Adeck_beam 2848 mm 2 ≔hdeck_beam 200 mm 2

≔ndeck_beam 6 ≔h.o.hdeck_beam =――――
bedge

ndeck_beam

0.833 m ≔AL_deck_beam 2848 mm 2

≔wfcp =+ww_av td_fcp 280 mm

Crossbeam properties



≔hcb_side 640 mm ≔tcb_w_side 13.5 mm Edge crossbeam is a HEA650

≔tcb_f_side 26.5 mm ≔wcb_f_side 300 mm

≔Acb_side =+⋅⋅2 tcb_f_side wcb_f_side ⋅tcb_w_side ⎛⎝ -hcb_side ⋅2 tcb_f_side⎞⎠ 0.024 m2

≔Acb_v_side =⋅tcb_w_side hcb_side 0.009 m2

≔EIcb_side =⋅Esteel
⎛
⎜
⎜
⎜
⎜⎝
+

 ↲⋅⋅―
1

12
tcb_w_side ⎛⎝ -hcb_side ⋅2 tcb_f_side⎞⎠

3

⋅⋅⋅2 wcb_f_side tcb_f_side
⎛
⎜
⎝

-⋅―
1
2

hcb_side ⋅―
1
2

tcb_f_side
⎞
⎟
⎠

2

⎞
⎟
⎟
⎟
⎟⎠

⎛⎝ ⋅3.62 105 ⎞⎠ ⋅kN m2

≔χLT 0.4

Calculations for deflections

Deflections crossbeam

≔wcb_Q =+―
1

48
――――――――

⋅Qserv ⎛⎝ -bedge wserv_edge⎞⎠
3

EIcb_side
―
1

48
――――――――――

⋅Qserv ⎛⎝ --bedge wserv_edge wserv⎞⎠
3

EIcb_side
0.1 mm

≔wcb_q =⋅――
5

384
――――――――

⋅⋅qfcp h.o.hcrossbeam bedge
4

EIcb_side
0.5 mm

Deflections limit

≔wlimit_threshold 5 mm

Unity checks



Unity checks

≔u.c.deflection_threshold =――――――
max ⎛⎝ ,wcb_Q wcb_q⎞⎠

wlimit_threshold

0.09

Calculations for crossbeam

Loadcases 

Shearforce 
Loadcases q and Q1 were used

≔Vfcp_q_cb =⋅⋅qfcp bfcp h.o.hcrossbeam 90 kN

≔Vfcp_Q_cb =⋅2 ⎛⎝ +Qav1 Qav2⎞⎠ 120 kN

Loadcases q and Q1 were used
Bending moments



Loadcases q and Q1 were used

≔Mh_q_cb =+⋅⋅⋅―
1
2

qfcp h.o.hcrossbeam bfcp
2 ⋅⋅⋅qfcp h.o.hcrossbeam bfcp ⎛⎝ -bedge bfcp⎞⎠ 258 ⋅kN m

≔Mh_Q_cb =⋅⎛⎝ +Qav1 Qav2⎞⎠ ⎛⎝ --⋅2 bedge ⋅2 wav_edge wav⎞⎠ 450 ⋅kN m

Self weight

≔Gcb_fcp =⋅⎛
⎜
⎜
⎜
⎜
⎝+

 ↲+

 ↲⋅⋅td_fcp ρwood h.o.hcrossbeam

⋅―――――――――――
⋅⋅ndeck_beam Adeck_beam h.o.hcrossbeam

bedge
ρsteel

⋅Acb_side ρsteel

⎞
⎟
⎟
⎟
⎟
⎠

9.81 ―
m

s2
6.5 ――

kN
m

=Gcb_fcp 6.5 ――
kN
m

Resultant forces as a result of self weight
Loadcase G was used

≔VG_cb_fcp =⋅Gcb_fcp bedge 32.5 kN

≔MG_cb_fcp =+⋅⋅―
1
2

Gcb_fcp bfcp
2 ⋅⋅Gcb_fcp bfcp ⎛⎝ -bedge bfcp⎞⎠ 79.4 ⋅kN m

Combined forces with 6.10 B

≔VEd_cb_side =+⋅1.2 VG_cb_fcp max ⎛⎝ ,⋅1.5 Vfcp_q_cb Vfcp_Q_cb⎞⎠ 174.03 kN

≔MEd_cb_side =+⋅1.2 MG_cb_fcp max ⎛⎝ ,⋅1.5 Mh_q_cb Mh_Q_cb⎞⎠ 545.34 ⋅kN m

Resultant stresses

≔τEd_cb_side =――――
VEd_cb_side

Acb_v_side

20.1 MPa

≔σEd_cb_side =⋅⋅⋅――――
MEd_cb_side

EIcb_side
Esteel ―

1
2

hcb_side 101.2 MPa

Unity checks

≔u.c.τ_cb =―――
τEd_cb_side

fst
0.057

≔u.c.σ_cb_side =――――
σEd_cb_side

⋅χLT fst
0.713



≔u.c.σ_cb_side =――――
σEd_cb_side

⋅χLT fst
0.713

Auxiliary calculations

Calculations for ship impact forces

≔Fship 1 MN ≔hship 0.25 m ≔wship 3 m

≔Aedge 15598 mm 2 ≔Icr_edge ⋅11271 104 mm 4 Edge crossbeam is an IPE600

≔hI_edge 600 mm ≔bI_edge 220 mm

≔tw_I_edge 12 mm ≔tf_I_edge 19 mm ≔rI_edge 24 mm

Beam buckling resistance

≔εI_edge 0.81 ≔classf_edge 1 ≔classw_edge 4 ≔lcr_edge ⋅2 bedge

≔λ1 =⋅93.9 εI_edge 76 ≔ψw_edge 1 ≔kσ_I_edge 4

≔λp_w_edge =――――――――――

―――――――――
--hI_edge ⋅2 tf_I_edge ⋅2 rI_edge

tw_I_edge

⋅⋅28.4 εI_edge ‾‾‾‾‾‾kσ_I_edge
0.931

=+0.5 ‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾-0.085 ⋅0.055 ψw_edge 0.673 ≔ρI_edge =――――――――――
-λp_w_edge ⋅0.055 ⎛⎝ +3 ψw_edge⎞⎠

λp_w_edge
2

0.82

≔beff_I_edge =⋅ρI_edge ⎛⎝ -hI_edge ⋅2 ⎛⎝ +tf_I_edge rI_edge⎞⎠⎞⎠ 422 mm

≔Aeff_I_edge =++⋅⎛⎝ +⋅2 rI_edge beff_I_edge⎞⎠ tw_I_edge ⋅π rI_edge
2 ⋅bI_edge tf_I_edge 11625 mm 2

≔iI_edge =
‾‾‾‾‾‾‾‾
――――
Icr_edge

Aeff_I_edge

0.098 m ≔λI_edge =
‾‾‾‾‾‾‾‾
―――
lcr_edge

⋅iI_edge λ1
1.156 ≔αI_edge 0.34

≔ϕI_edge =⋅0.5 ⎛⎝ ++1 ⋅αI_edge ⎛⎝ -λI_edge 0.2⎞⎠ λI_edge
2 ⎞⎠ 1.33

≔χI_edge =―――――――――
1

+ϕI_edge
‾‾‾‾‾‾‾‾‾‾‾‾‾+ϕI_edge

2 λI_edge
2

0.323

≔Ncr =⋅⋅χI_edge Aeff_I_edge fst 1.335 MN



≔Ncr =⋅⋅χI_edge Aeff_I_edge fst 1.335 MN

Results 

Unity checks

Unity checks traffic loads
Deflections 

=u.c.deflection_threshold 0.09

Crossbeam 
=u.c.τ_cb 0.06 =u.c.σ_cb_side 0.71

Unity checks ship colision
Reduction of force to main structure due to collision with fcp deck (supp)

≔Reduction 0

MKI

≔€ 1 ¤

≔MassSteel =
+

 ↲⋅⋅⋅⋅ncrossbeam 2 Aedge bedge ρsteel
⋅⋅⋅⋅2 ndeck_beam Adeck_beam l ρsteel

15.247 tonne

≔ASteel =
+

 ↲⋅⋅⋅⎛⎝ -+⋅2 hI_edge ⋅4 bI_edge ⋅2 tw_I_edge⎞⎠ 2 bedge ncrossbeam

⋅⋅AL_deck_beam ndeck_beam 2
143.954 m2

≔AWood =⋅⋅2 l bedge 252.5 m2

≔MassWood =⋅⋅AWood td_fcp ρwood 21.816 tonne =⋅td_fcp ρwood 86.4 ――
kg

m2

≔MKISteel 0.165 ―
€
kg

≔MKIscore_Steel =⋅MKISteel MassSteel 2515.8 €

≔MKIWood =⋅1.26 ――
€

m2
―
80
30

3.36 ――
€

m2
≔MKIscore_wood =⋅⋅MKIWood AWood 4 3393.6 €



≔MKISteel_cons 0.300 ――
€

m2
≔MKIscore_Steel_cons =⋅⋅5 MKISteel_cons ASteel 215.9 €

≔MKIscore_Total =++MKIscore_Steel MKIscore_wood MKIscore_Steel_cons 6125 €

Mass

≔Masstotal =+MassSteel MassWood 37 tonne
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General 

General dimensions



≔ncrossbeam 7 ≔l 25250 mm

≔h.o.hcrossbeam =――――
l

-ncrossbeam 1
4.208 m

≔bfcp 4.28 m ≔bedge 5 m ≔brd 8 m ≔bsupp 9.45 m

≔hrd 5.9 m ≔hfcp 6.05 m ≔hwater 3.3 m ≔hunder_side 4.3 m

≔θmax 80 ° ≔htop =+⋅sin ⎛⎝θmax⎞⎠ l hrd 30.8 m ≔Afcp_deck =⋅bedge l 126.25 m2

General properties

≔Ts_sun 57 °C ≔Ts_shade 31 °C

Desing material properties

Properties balsa core

≔ρbalsa 285 ――
kg

m3
≔Gbalsa 145 MPa

≔Ebalsa_z 720 MPa ≔Ebalsa_x 2642 MPa



≔Ebalsa_z 720 MPa ≔Ebalsa_x 2642 MPa

≔fc_xz_v_k 2.08 MPa ≔fc_z_k 7.32 MPa

≔ηct_balsa =min

⎛
⎜
⎜
⎜⎝

,-1 ⋅

⎛
⎜
⎜
⎜⎝

+―――

0.2 ――
kg

m3

ρbalsa
0.004

⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―――――

-Ts_sun 20 °C

1 °C

⎞
⎟
⎠

1

⎞
⎟
⎟
⎟⎠

1

≔ηcm_balsa 1 ≔ηc_balsa =⋅ηct_balsa ηcm_balsa 1

≔γm_balsa 1.51 ≔γrd_balsa 1.5

≔fc_xz_v_d =―――――
⋅ηc_balsa fc_xz_v_k
⋅γm_balsa γrd_balsa

0.92 MPa

≔fc_z_d =―――――
⋅ηc_balsa fc_z_k

⋅γm_balsa γrd_balsa
3.23 MPa

Properties foot- and cycle path laminate

Laminate layup foot- and cycle path

0
90
45

-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%50
%16.67
%16.67
%16.67

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

≔ρl_fcp 1900 ――
kg

m3
≔E1_l_fcp 26.2 GPa ≔E2_l_fcp 17.5 GPa

≔ffcp_x_k 367 MPa ≔ffcp_y_k 245 MPa ≔ffcp_xy_k 150 MPa

≔Tg_fcp 90 °C



≔Tg_fcp 90 °C

≔ηct_f_fcp =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_sun 20 °C

-Tg_fcp 20 °C
1

⎞
⎟
⎠

0.9

≔ηcm_f_fcp 0.6 ≔ηc_f_fcp =⋅ηct_f_fcp ηcm_f_fcp 0.521

≔ηct_m_fcp =min
⎛
⎜
⎝

,-1 ⋅0.80 ―――――
-Ts_sun 20 °C

-Tg_fcp 20 °C
1

⎞
⎟
⎠

0.6

≔ηcm_m_fcp 0.6 ≔ηc_m_fcp =⋅ηct_m_fcp ηcm_m_fcp 0.346

≔γm_fcp 1.07 ≔γrd_fcp 1.4

≔ffcp_x_d =―――――
⋅ηc_f_fcp ffcp_x_k
⋅γrd_fcp γm_fcp

127.6 MPa

≔ffcp_y_d =―――――
⋅ηc_f_fcp ffcp_y_k
⋅γrd_fcp γm_fcp

85.2 MPa

≔ffcp_xy_d =―――――
⋅ηc_f_fcp ffcp_xy_k
⋅γrd_fcp γm_fcp

52.1 MPa

Properties steel

≔ρsteel 7800 ――
kg

m3
≔Esteel 210 GPa ≔fst 355 MPa

Traffic load calculations

Cross section properties 

Load properties

Distirbuted load foot and cycle path

≔qfcp 5 ――
kN

m2

Concentrated load service vehicle



Concentrated load service vehicle

≔Qserv 12.5 kN

≔lw_serv 25 cm ≔ww_serv 25 cm ≔wserv 1.75 m ≔h.o.hserv 3 m

Concentrated load accidental vehicle

≔Qav1 40 kN ≔Qav2 20 kN

≔lw_av 20 cm ≔ww_av 20 cm ≔wav 1.3 m ≔h.o.hav 3 m

Foot- and cycle path properties

≔wav_edge =+0.5 m ――
ww_av

2
0.6 m ≔wserv_edge =+0.5 m ―――

ww_serv

2
0.625 m

≔tl_fcp 12 mm ≔tc_fcp 200 mm ≔td_fcp =+tc_fcp ⋅2 tl_fcp 224 mm

≔wfcp =+ww_av td_fcp 424 mm

≔Afcp =⋅wfcp tc_fcp 0.085 m2

≔EIfcp =+⋅⋅⋅⋅2 E1_l_fcp wfcp tl_fcp
⎛
⎜
⎝
――――

+tc_fcp tl_fcp
2

⎞
⎟
⎠

2

⋅⋅⋅―
1

12
Ebalsa_z wfcp tc_fcp

3 3199 ⋅kN m2

Crossbeam properties



Crossbeam properties

≔hcb_side 640 mm ≔tcb_w_side 13.5 mm Edge crossbeam is a HEA650

≔tcb_f_side 26.5 mm ≔wcb_f_side 300 mm

≔Acb_side =+⋅⋅2 tcb_f_side wcb_f_side ⋅tcb_w_side ⎛⎝ -hcb_side ⋅2 tcb_f_side⎞⎠ 0.024 m2

≔Acb_v_side =⋅tcb_w_side hcb_side 0.009 m2

≔EIcb_side =⋅Esteel
⎛
⎜
⎜
⎜
⎜⎝
+

 ↲⋅⋅―
1

12
tcb_w_side ⎛⎝ -hcb_side ⋅2 tcb_f_side⎞⎠

3

⋅⋅⋅2 wcb_f_side tcb_f_side
⎛
⎜
⎝

-⋅―
1
2

hcb_side ⋅―
1
2

tcb_f_side
⎞
⎟
⎠

2

⎞
⎟
⎟
⎟
⎟⎠

⎛⎝ ⋅3.62 105 ⎞⎠ ⋅kN m2

≔χLT 0.4



≔EIcb_side =⋅Esteel
⎛
⎜
⎜
⎜
⎜⎝
+

 ↲⋅⋅―
1

12
tcb_w_side ⎛⎝ -hcb_side ⋅2 tcb_f_side⎞⎠

3

⋅⋅⋅2 wcb_f_side tcb_f_side
⎛
⎜
⎝

-⋅―
1
2

hcb_side ⋅―
1
2

tcb_f_side
⎞
⎟
⎠

2

⎞
⎟
⎟
⎟
⎟⎠

⎛⎝ ⋅3.62 105 ⎞⎠ ⋅kN m2

≔χLT 0.4

Combined crossbeam + deck properties

≔y =―――――――――――――――――――――――

+

 ↲+

 ↲⋅⋅Acb_side ―――
hcb_side

2
Esteel

⋅⋅⋅――――
h.o.hcrossbeam

5
tc_fcp

⎛
⎜
⎝

++hcb_side tl_fcp ――
tc_fcp

2

⎞
⎟
⎠
Ebalsa_z

⋅⋅⋅――――
h.o.hcrossbeam

5
tl_fcp ⎛⎝ ++⋅2 hcb_side ⋅2 tl_fcp tc_fcp⎞⎠ E2_l_fcp

++⋅⋅――――
h.o.hcrossbeam

5
tl_fcp E2_l_fcp ⋅Acb_side Esteel ⋅⋅――――

h.o.hcrossbeam
5

tc_fcp Ebalsa_z

0.37 m

≔zl_fcp_top =--+hcb_side td_fcp ――
tl_fcp

2
y 0.489 m



≔zl_fcp_top =--+hcb_side td_fcp ――
tl_fcp

2
y 0.489 m

≔zc_fcp =-++hcb_side tl_fcp ――
tc_fcp

2
y 0.383 m

≔zl_fcp_bot =-+hcb_side ――
tl_fcp

2
y 0.277 m

≔zcb =-―――
hcb_side

2
y -0.049 m

≔EIcb_comb =

++

 ↲+

 ↲⋅⋅⋅――
bsupp

10
tl_fcp ⎛⎝ +zl_fcp_top

2 zl_fcp_bot
2 ⎞⎠ E2_l_fcp

⋅⋅⋅――
bsupp

10
tc_fcp zc_fcp

2 Ebalsa_z

EIcb_side ⋅⋅Acb_side zcb
2 Esteel

⎛⎝ ⋅4.567 105 ⎞⎠ ⋅kN m2

Calculations for deflections

Deflections deck between crossbeams



Deflections deck between crossbeams

≔wmidspan_q =⋅――
5

384
――――――――

⋅⋅qfcp wfcp h.o.hcrossbeam
4

EIfcp
2.71 mm

≔wmidspan_Q =⋅―
1

48
―――――――

⋅Qserv h.o.hcrossbeam
3

EIfcp
6.07 mm

Deflections crossbeam

≔wcb_Q =+―
1

48
――――――――

⋅Qserv ⎛⎝ -bedge wserv_edge⎞⎠
3

EIcb_comb
―
1

48
――――――――――

⋅Qserv ⎛⎝ --bedge wserv_edge wserv⎞⎠
3

EIcb_comb

0.1 mm

≔wcb_q =⋅――
5

384
――――――――

⋅⋅qfcp h.o.hcrossbeam bedge
4

EIcb_comb

0.4 mm

Deflections limit

≔wlimit_midspan =――――
h.o.hcrossbeam

250
16.83 mm ≔wlimit_threshold 5 mm

Unity checks

≔u.c.deflection_threshold =――――――
max ⎛⎝ ,wcb_Q wcb_q⎞⎠

wlimit_threshold

0.07

≔u.c.deflection_midspan =―――――――――――――
max ⎛⎝ ,+wmidspan_q wcb_q +wmidspan_Q wcb_Q⎞⎠

wlimit_midspan

0.36

Calculations for foot- and cycle path deck

Loadcases 



Shearforce 
Loadcases q and Q1 were used

≔Vq_fcp =⋅⋅⋅―
1
2

qfcp h.o.hcrossbeam wfcp 4.461 kN

≔VQav_fcp =+⋅―――――――

-h.o.hcrossbeam ――
lw_av

2
h.o.hcrossbeam

Qav1 ⋅―――――――――

--h.o.hcrossbeam h.o.hav ――
lw_av

2
h.o.hcrossbeam

Qav2 44.317 kN

Bending moments
Loadcases q and Q2 were used

≔Mq_fcp =⋅⋅⋅―
1
8

qfcp wfcp h.o.hcrossbeam
2 4.693 ⋅kN m

≔MQav_fcp =-⋅⋅―
1
4

Qav1 h.o.hcrossbeam ⋅⋅―
1
2

――
Qav1

lw_av

⎛
⎜
⎝
――
lw_av

2

⎞
⎟
⎠

2

41.083 ⋅kN m

Self weight

≔Gfcp =⋅⎛⎝ +⋅⋅⋅2 tl_fcp wfcp ρl_fcp ⋅⋅tc_fcp wfcp ρbalsa⎞⎠ 9.81 ―
m

s2
0.427 ――

kN
m

Resultant forces as a result of self weight
Loadcase G was used

≔VG_fcp =⋅⋅―
1
2

Gfcp h.o.hcrossbeam 0.898 kN

≔MG_fcp =⋅⋅―
1
8

Gfcp h.o.hcrossbeam
2 0.945 ⋅kN m



≔MG_fcp =⋅⋅―
1
8

Gfcp h.o.hcrossbeam
2 0.945 ⋅kN m

Combined forces with 6.10 B

≔VEd_fcp =+⋅1.2 VG_fcp max ⎛⎝ ,⋅1.5 Vq_fcp VQav_fcp⎞⎠ 45.394 kN

≔MEd_fcp =+⋅1.2 MG_fcp max ⎛⎝ ,1.5 Mq_fcp MQav_fcp⎞⎠ 42.217 ⋅kN m

≔NEd_fcp =⋅⋅0.6 2 ⎛⎝ +Qav1 Qav2⎞⎠ 72 kN

Resultant stresses

≔τc_fcp =―――
VEd_fcp

Afcp

0.535 MPa

≔σl_fcp =⋅⋅―――
MEd_fcp

EIfcp
――
td_fcp

2
E1_l_fcp 39 MPa

≔σn_fcp =―――――――――
⋅NEd_fcp ⎛⎝ -⋅2 tc_fcp tl_fcp⎞⎠

⋅⋅⋅2 tl_fcp bfcp ⎛⎝ -tc_fcp tl_fcp⎞⎠
1 MPa

≔σc_fcp =⋅⋅―――
MEd_fcp

EIfcp

⎛
⎜
⎝

-――
td_fcp

2
tl_fcp

⎞
⎟
⎠
Ebalsa_z 0.95 MPa

Unity checks

≔u.c.τ_fcp =―――
τc_fcp

fc_xz_v_d
0.58

≔u.c.σ_fcp =―――――
+σl_fcp σn_fcp

ffcp_x_d
0.31

≔u.c.σ_c_fcp =――
σc_fcp

fc_z_d
0.29

Calculations for crossbeam

Loadcases 



Shearforce 
Loadcases q and Q1 were used

≔Vfcp_q_cb =⋅⋅qfcp bfcp h.o.hcrossbeam 90 kN

≔Vfcp_Q_cb =⋅2 ⎛⎝ +Qav1 Qav2⎞⎠ 120 kN

Bending moments
Loadcases q and Q1 were used

≔Mh_q_cb =+⋅⋅⋅―
1
2

qfcp h.o.hcrossbeam bfcp
2 ⋅⋅⋅qfcp h.o.hcrossbeam bfcp ⎛⎝ -bedge bfcp⎞⎠ 258 ⋅kN m

≔Mh_Q_cb =⋅⎛⎝ +Qav1 Qav2⎞⎠ ⎛⎝ --⋅2 bedge ⋅2 wav_edge wav⎞⎠ 450 ⋅kN m

Self weight

≔Gcb_fcp =⋅⎛
⎜
⎝ ++

 ↲⋅⎛⎝ +⋅⋅2 tcb_f_side wcb_f_side ⋅tcb_w_side ⎛⎝ -hcb_side ⋅2 tcb_f_side⎞⎠⎞⎠ ρsteel
⋅⋅⋅2 tl_fcp h.o.hcrossbeam ρl_fcp ⋅⋅tc_fcp h.o.hcrossbeam ρbalsa

⎞
⎟
⎠

9.81 ―
m

s2
6.1 ――

kN
m

=Gcb_fcp 6.1 ――
kN
m

Resultant forces as a result of self weight



Resultant forces as a result of self weight
Loadcase G was used

≔VG_cb_fcp =⋅Gcb_fcp bedge 30.3 kN

≔MG_cb_fcp =+⋅⋅―
1
2

Gcb_fcp bfcp
2 ⋅⋅Gcb_fcp bfcp ⎛⎝ -bedge bfcp⎞⎠ 74.2 ⋅kN m

Combined forces with 6.10 B

≔VEd_cb_side =+⋅1.2 VG_cb_fcp max ⎛⎝ ,⋅1.5 Vfcp_q_cb Vfcp_Q_cb⎞⎠ 171.44 kN

≔MEd_cb_side =+⋅1.2 MG_cb_fcp max ⎛⎝ ,⋅1.5 Mh_q_cb Mh_Q_cb⎞⎠ 539 ⋅kN m

Resultant stresses

≔τEd_cb_side =――――
VEd_cb_side

Acb_v_side

19.8 MPa

≔σEd_cb_side =⋅⋅⋅――――
MEd_cb_side

EIcb_side
Esteel ―

1
2

hcb_side 100.1 MPa

Unity checks

≔u.c.τ_cb =―――
τEd_cb_side

fst
0.056

≔u.c.σ_cb_side =――――
σEd_cb_side

⋅χLT fst
0.705

Auxiliary calculations

Calculations for ship impact forces

≔Fship 1 MN ≔hship 0.25 m ≔wship 3 m

≔Aedge 15598 mm 2 ≔Icr_edge ⋅11271 104 mm 4 Edge crossbeam is an IPE600

≔hI_edge 600 mm ≔bI_edge 220 mm

≔tw_I_edge 12 mm ≔tf_I_edge 19 mm ≔rI_edge 24 mm

Beam buckling resistance



Beam buckling resistance

≔εI_edge 0.81 ≔classf_edge 1 ≔classw_edge 4 ≔lcr_edge ⋅2 bedge

≔λ1 =⋅93.9 εI_edge 76 ≔ψw_edge 1 ≔kσ_I_edge 4

≔λp_w_edge =――――――――――

―――――――――
--hI_edge ⋅2 tf_I_edge ⋅2 rI_edge

tw_I_edge

⋅⋅28.4 εI_edge ‾‾‾‾‾‾kσ_I_edge
0.931

=+0.5 ‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾-0.085 ⋅0.055 ψw_edge 0.673 ≔ρI_edge =――――――――――
-λp_w_edge ⋅0.055 ⎛⎝ +3 ψw_edge⎞⎠

λp_w_edge
2

0.82

≔beff_I_edge =⋅ρI_edge ⎛⎝ -hI_edge ⋅2 ⎛⎝ +tf_I_edge rI_edge⎞⎠⎞⎠ 422 mm

≔Aeff_I_edge =++⋅⎛⎝ +⋅2 rI_edge beff_I_edge⎞⎠ tw_I_edge ⋅π rI_edge
2 ⋅bI_edge tf_I_edge 11625 mm 2

≔iI_edge =
‾‾‾‾‾‾‾‾
――――
Icr_edge

Aeff_I_edge

0.098 m ≔λI_edge =
‾‾‾‾‾‾‾‾
―――
lcr_edge

⋅iI_edge λ1
1.156 ≔αI_edge 0.34

≔ϕI_edge =⋅0.5 ⎛⎝ ++1 ⋅αI_edge ⎛⎝ -λI_edge 0.2⎞⎠ λI_edge
2 ⎞⎠ 1.33

≔χI_edge =―――――――――
1

+ϕI_edge
‾‾‾‾‾‾‾‾‾‾‾‾‾+ϕI_edge

2 λI_edge
2

0.323

≔Ncr =⋅⋅χI_edge Aeff_I_edge fst 1.335 MN

Results 

Unity checks

Unity checks traffic loads
Deflections 

=u.c.deflection_threshold 0.07 =u.c.deflection_midspan 0.36

Foot and cycle paths
=u.c.τ_fcp 0.58 =u.c.σ_fcp 0.31 =u.c.σ_c_fcp 0.29

Crossbeam 
=u.c.τ_cb 0.06 =u.c.σ_cb_side 0.7



=u.c.τ_cb 0.06 =u.c.σ_cb_side 0.7

Unity checks ship colision
Reduction of force to main structure due to collision with fcp deck (supp)

≔Reduction 0

MKI

≔€ 1 ¤

≔MassE_glass =⋅⋅⋅⋅4 tl_fcp bedge l ρl_fcp 11.5 tonne

≔MassBalsa =⋅⋅⋅⋅2 tc_fcp bedge l ρbalsa 14.393 tonne

≔MassSteel =⋅⋅⋅⋅ncrossbeam 2 Aedge bedge ρsteel 8.517 tonne

≔AE_glass =⋅⋅4 ⎛⎝ +bedge td_fcp⎞⎠ l 527.624 m2

≔ASteel =⋅⋅⋅⎛⎝ -+⋅2 hI_edge ⋅4 bI_edge ⋅2 tw_I_edge⎞⎠ 2 bedge ncrossbeam 143.92 m2

≔MKISteel 0.165 ―
€
kg

≔MKIscore_Steel =⋅MKISteel MassSteel 1405.2 €

≔MKIE_glass 0.265 ―
€
kg

≔MKIscore_E_glass =⋅MKIE_glass MassE_glass 3051.2 €

≔MKIBalsa -0.15 ―
€
kg

≔MKIscore_Balsa =⋅MKIBalsa MassBalsa -2158.9 €

≔MKISteel_cons 0.300 ――
€

m2
≔MKIscore_Steel_cons =⋅⋅5 MKISteel_cons ASteel 215.9 €

≔MKIE_glass_cons 1.173 ――
€

m2
≔MKIscore_E_glass_cons =⋅MKIE_glass_cons AE_glass 618.9 €

≔MKIscore_Total =
++

 ↲++MKIscore_Steel MKIscore_E_glass MKIscore_Balsa
MKIscore_Steel_cons MKIscore_E_glass_cons

3132 €

Mass

≔Masstotal =++MassSteel MassE_glass MassBalsa 34 tonne



 

 
 

 

  



Table of Contents

General 
General dimensions
General properties

Material properties
Balsa
Foot and cycle path

Traffic loads
Cross section properties
Calculations for deflections
Calculations for foot and cycle path
Calculations for foot and cycle path support 

Auxiliary loads cases
Calculations for ship collision

Results 
Unity checks
MKI
Mass 

General 

General dimensions



≔l 25250 mm

≔bfcp 4.28 m ≔bedge 5 m ≔brd 8 m ≔bsupp 9.45 m

≔nfcp_supp 17 ≔h.o.hfcp_supp =――――
l

-nfcp_supp 1
1.58 m

≔hrd 5.9 m ≔hfcp 6.05 m ≔hwater 3.3 m ≔hunder_side 4.3 m

≔θmax 80 ° ≔htop =+⋅sin ⎛⎝θmax⎞⎠ l hrd 30.8 m

General properties

≔Ts_sun 57 °C ≔Ts_shade 31 °C

Partial Safety Factors

Partial factors balsa

≔ρbalsa 285 ――
kg

m3
≔Gbalsa 145 MPa

≔Ebalsa_z 720 MPa ≔Ebalsa_x 2642 MPa

≔fc_xz_v_k 2.08 MPa ≔fc_z_k 7.32 MPa



≔fc_z_k 7.32 MPa≔fc_xz_v_k 2.08 MPa

≔ηct_balsa =min

⎛
⎜
⎜
⎜⎝

,-1 ⋅

⎛
⎜
⎜
⎜⎝

+―――

0.2 ――
kg

m3

ρbalsa
0.004

⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―――――

-Ts_sun 20 °C

1 °C

⎞
⎟
⎠

1

⎞
⎟
⎟
⎟⎠

1

≔ηcm_balsa 1 ≔ηc_balsa =⋅ηct_balsa ηcm_balsa 1

≔γm_balsa 1.51 ≔γrd_balsa 1.5

≔fc_xz_v_d =―――――
⋅ηc_balsa fc_xz_v_k
⋅γm_balsa γrd_balsa

0.92 MPa

≔fc_z_d =―――――
⋅ηc_balsa fc_z_k

⋅γm_balsa γrd_balsa
3.23 MPa

Partial factors frp foot- and cycle path

Laminate layup foot- and cycle path

0
90
45

-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%50
%16.67
%16.67
%16.67

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

≔ρl_fcp 1900 ――
kg

m3
≔E1_l_fcp 26.2 GPa ≔E2_l_fcp 17.5 GPa

≔ffcp_x_k 367 MPa ≔ffcp_y_k 245 MPa ≔ffcp_xy_k 150 MPa

≔Tg_fcp 90 °C

≔ηct_f_fcp =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_sun 20 °C

-Tg_fcp 20 °C
1

⎞
⎟
⎠

0.9



≔ηct_f_fcp =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_sun 20 °C

-Tg_fcp 20 °C
1

⎞
⎟
⎠

0.9

≔ηcm_f_fcp 0.6 ≔ηc_f_fcp =⋅ηct_f_fcp ηcm_f_fcp 0.521

≔ηct_m_fcp =min
⎛
⎜
⎝

,-1 ⋅0.80 ―――――
-Ts_sun 20 °C

-Tg_fcp 20 °C
1

⎞
⎟
⎠

0.6

≔ηcm_m_fcp 0.6 ≔ηc_m_fcp =⋅ηct_m_fcp ηcm_m_fcp 0.346

≔γm_fcp 1.07 ≔γrd_fcp 1.4

≔ffcp_x_d =―――――
⋅ηc_f_fcp ffcp_x_k
⋅γrd_fcp γm_fcp

127.6 MPa

≔ffcp_y_d =―――――
⋅ηc_f_fcp ffcp_y_k
⋅γrd_fcp γm_fcp

85.2 MPa

≔ffcp_xy_d =―――――
⋅ηc_f_fcp ffcp_xy_k
⋅γrd_fcp γm_fcp

52.1 MPa

Partial factors frp foot- and cycle path support

Laminate layup support

0
90
45

-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%62.5
%12.5
%12.5
%12.5

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

≔El_fcp_supp 27.5 GPa≔ρl_fcp_supp 1900 ――
kg

m3



≔ρl_fcp_supp 1900 ――
kg

m3
≔El_fcp_supp 27.5 GPa

≔ffcp_supp_x_k 385 MPa ≔ffcp_supp_y_k 262 MPa ≔ffcp_supp_xy_k 132 MPa

≔ηct_f_fcp_supp =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_shade 20 °C

-Tg_fcp 20 °C
1

⎞
⎟
⎠

1

≔ηcm_f_fcp_supp 0.6 ≔ηc_f_fcp_supp =⋅ηct_f_fcp_supp ηcm_f_fcp_supp 0.576

≔ηct_m_fcp_supp =min
⎛
⎜
⎝

,-1 ⋅0.80 ―――――
-Ts_shade 20 °C

-Tg_fcp 20 °C
1

⎞
⎟
⎠

0.9

≔ηcm_m_fcp_supp 0.6 ≔ηc_m_fcp_supp =⋅ηct_m_fcp_supp ηcm_m_fcp_supp 0.525

≔ffcp_supp_x_d =――――――――
⋅ηc_f_fcp_supp ffcp_supp_x_k
⋅γrd_fcp γm_fcp

148.1 MPa

≔ffcp_supp_y_d =――――――――
⋅ηc_f_fcp_supp ffcp_supp_y_k
⋅γrd_fcp γm_fcp

100.8 MPa

≔ffcp_supp_xy_d =――――――――
⋅ηc_f_fcp_supp ffcp_supp_xy_k
⋅γrd_fcp γm_fcp

50.8 MPa

Traffic load calculations

Cross section properties 

Load properties

Distirbuted load foot and cycle path

≔qfcp 5 ――
kN

m2

Concentrated load service vehicle

≔Qserv 12.5 kN

≔lw_serv 25 cm ≔ww_serv 25 cm ≔wserv 1.75 m ≔h.o.hserv 3 m



≔lw_serv 25 cm ≔ww_serv 25 cm ≔wserv 1.75 m ≔h.o.hserv 3 m

Concentrated load accidental vehicle

≔Qav1 40 kN ≔Qav2 20 kN

≔lw_av 20 cm ≔ww_av 20 cm ≔wav 1.3 m ≔h.o.hav 3 m

Foot- and cycle path properties

≔tl_fcp 12 mm ≔tc_fcp 250 mm ≔td_fcp =+tc_fcp ⋅2 tl_fcp 274 mm

≔x1_fcp 1.5 m ≔x2_fcp =-bedge x1_fcp 3.5 m

≔wav_edge =+0.5 m ――
ww_av

2
0.6 m ≔wfcp =+lw_av td_fcp 474 mm

≔Afcp =⋅wfcp tc_fcp 0.119 m2

≔EIfcp_yz =

+

 ↲⋅⋅⋅⋅2 E1_l_fcp wfcp tl_fcp
⎛
⎜
⎝
――――

+tc_fcp tl_fcp
2

⎞
⎟
⎠

2

⋅⋅⋅―
1

12
Ebalsa_z wfcp tc_fcp

3

5559 ⋅kN m2

≔EIfcp_xz =

+

 ↲⋅⋅⋅⋅2 E2_l_fcp wfcp tl_fcp
⎛
⎜
⎝
――――

+tc_fcp tl_fcp
2

⎞
⎟
⎠

2

⋅⋅⋅―
1

12
Ebalsa_z wfcp tc_fcp

3

3861 ⋅kN m2



≔EIfcp_xz =

+

 ↲⋅⋅⋅⋅2 E2_l_fcp wfcp tl_fcp
⎛
⎜
⎝
――――

+tc_fcp tl_fcp
2

⎞
⎟
⎠

2

⋅⋅⋅―
1

12
Ebalsa_z wfcp tc_fcp

3

3861 ⋅kN m2

Support properties

≔wfcp_supp 0.5 m ≔tl_fcp_supp 18 mm ≔tc_fcp_supp 160 mm

≔td_fcp_supp =+⋅2 tl_fcp_supp tc_fcp_supp 196 mm

≔lfcp_supp =‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾+⎛⎝ --hfcp td_fcp hunder_side⎞⎠
2 ⎛⎝ -bedge x1_fcp⎞⎠

2 3.798 m

≔α =atan
⎛
⎜
⎝
―――――――

--hfcp td_fcp hunder_side
x2_fcp

⎞
⎟
⎠

22.866 °

≔AV_fcp_supp =⋅tc_fcp_supp wfcp_supp 0.08 m2

≔EIfcp_supp =

+

 ↲⋅⋅⋅⋅2 El_fcp_supp wfcp_supp tl_fcp_supp
⎛
⎜
⎝
―――――――

+tc_fcp_supp tl_fcp_supp
2

⎞
⎟
⎠

2

⋅⋅⋅―
1

12
Ebalsa_z wfcp_supp tc_fcp_supp

3

4044 ⋅kN m2

Calculations for deflections



Deflections deck between supports

≔wmidspan_q_yz =⋅――
5

384
――――――

⋅⋅qfcp wfcp x2_fcp
4

EIfcp_yz
0.83 mm

≔wmidspan_q_xz =⋅――
5

384
――――――――

⋅⋅qfcp wfcp h.o.hfcp_supp
4

EIfcp_xz
0.05 mm

≔wmidspan_q =+wmidspan_q_yz wmidspan_q_xz 0.883 mm

≔wmidspan_Q_yz =⋅―
1

48
―――――

⋅Qserv x2_fcp
3

EIfcp_yz
2.01 mm

≔wmidspan_Q_xz =⋅―
1

48
――――――

⋅Qserv h.o.hfcp_supp
3

EIfcp_xz
0.265 mm

≔wmidspan_Q =+wmidspan_Q_yz wmidspan_Q_xz 2.274 mm

Deflections limit

≔wlimit_midspan =――――
h.o.hfcp_supp

250
6.31 mm ≔wlimit_threshold 5 mm



≔wlimit_midspan =――――
h.o.hfcp_supp

250
6.31 mm ≔wlimit_threshold 5 mm

Unity checks

≔u.c.deflection_threshold =――――――――――
max ⎛⎝ ,wmidspan_q_yz wmidspan_Q_yz⎞⎠

wlimit_threshold

0.4

≔u.c.deflection_midspan =―――――――――
max ⎛⎝ ,wmidspan_q wmidspan_Q⎞⎠

wlimit_midspan

0.36

Calculations for foot- and cycle path deck

Loadcases forces in x-y plane



Shearforce at B-
Loadcases q1 and Q1 were used

≔Vq_fcp_B_left =⋅⋅qfcp x1_fcp wfcp 3.555 kN

≔VQav_fcp_B_left =Qav1 40 kN

Shearforce at B+
Loadcases q2 and Q2 were used

≔Vq_fcp_B_right 3.79 kN Calculated with Matrixframe

≔VQav_fcp_B_right 55.57 kN Calculated with Matrixframe

Shearforce at A
Loadcases q2 and Q2 were used

≔Vq_fcp_A 3.14 kN Calculated with Matrixframe

≔VQav_fcp_A 61.49 kN Calculated with Matrixframe



≔VQav_fcp_A 61.49 kN Calculated with Matrixframe

Moment at B
Loadcases q1 and Q1 were used

≔Mq_fcp_B =⋅⋅⋅―
1
2

qfcp wfcp x1_fcp
2 2.67 ⋅kN m

≔MQav_fcp_B =⋅Qav1 ⎛⎝ -x1_fcp wav_edge⎞⎠ 36 ⋅kN m

Moment at A
Loadcases q2 and Q2 were used

≔Mq_fcp_A ⋅2.8 kN m Calculated with Matrixframe

≔MQav_fcp_A ⋅45.72 kN m Calculated with Matrixframe

Moment in field AB
Loadcases q2 and Q2 were used

≔Mq_fcp_F ⋅1.78 kN m Calculated with Matrixframe

≔MQav_fcp_F ⋅29.78 kN m Calculated with Matrixframe

Reactionforce at B
Loadcases q3 and Q1 were used

≔Rq_fcp_B 22.12 kN Calculated with Matrixframe

≔RQav_fcp_B 88.6 kN Calculated with Matrixframe

Self weight of wheel width and component width respectivly

≔Gfcp_w =⋅⎛⎝ +⋅⋅⋅2 tl_fcp wfcp ρl_fcp ⋅⋅tc_fcp wfcp ρbalsa⎞⎠ 9.81 ―
m

s2
0.543 ――

kN
m

≔Gfcp_hoh_fcp_supp =⋅⎛
⎜
⎝+

 ↲⋅⋅⋅2 tl_fcp h.o.hfcp_supp ρl_fcp
⋅⋅tc_fcp h.o.hfcp_supp ρbalsa

⎞
⎟
⎠

9.81 ―
m

s2
1.809 ――

kN
m

Loadcase G was used
Forces as a result of self weight



Loadcase G was used

≔VG_fcp_B_left =⋅Gfcp_w x1_fcp 0.82 kN

≔VG_fcp_B_right 0.93 kN Calculated with Matrixframe

≔VG_fcp_A 0.88 kN Calculated with Matrixframe

≔MG_fcp_B =⋅⋅―
1
2

Gfcp_w x1_fcp
2 0.61 ⋅kN m

≔MG_fcp_A =⋅1.53 m2 Gfcp_w 0.83 ⋅kN m Calculated with Matrixframe

≔MG_fcp_F =⋅⋅3.05 m2 Gfcp_w 1.657 ⋅kN m Calculated with Matrixframe

≔RG_fcp_B 5.40 kN Calculated with Matrixframe

Combined forces with 6.10 B

≔Vfcp_B_left =+max ⎛⎝ ,⋅1.5 Vq_fcp_B_left VQav_fcp_B_left⎞⎠ ⋅1.2 VG_fcp_B_left 40.98 kN

≔Vfcp_B_right =+max ⎛⎝ ,⋅1.5 Vq_fcp_B_right VQav_fcp_B_right⎞⎠ ⋅1.2 VG_fcp_B_right 56.69 kN

≔Vfcp_A =+max ⎛⎝ ,⋅1.5 Vq_fcp_A VQav_fcp_A⎞⎠ ⋅1.2 VG_fcp_A 62.55 kN

≔Mfcp_B =+max ⎛⎝ ,⋅1.5 Mq_fcp_B MQav_fcp_B⎞⎠ ⋅1.2 MG_fcp_B 36.73 ⋅kN m

≔Mfcp_A =+max ⎛⎝ ,⋅1.5 Mq_fcp_A MQav_fcp_A⎞⎠ ⋅1.2 MG_fcp_A 46.72 ⋅kN m

≔Mfcp_F =+max ⎛⎝ ,⋅1.5 Mq_fcp_F MQav_fcp_F⎞⎠ ⋅1.2 MG_fcp_F 31.77 ⋅kN m

≔VEd_fcp_yz =max ⎛⎝ ,,Vfcp_B_left Vfcp_B_right Vfcp_A⎞⎠ 62.546 kN

≔MEd_fcp_yz =max ⎛⎝ ,,Mfcp_B Mfcp_A Mfcp_F⎞⎠ 46.718 ⋅kN m

≔VEd_fcp_s_yz =⋅0.6 2 Qav1 48 kN

≔REd_fcp_B =+RQav_fcp_B ⋅1.2 RG_fcp_B 95.1 kN

Forces in x-z plane



Forces in x-z plane

Shearforce 
Loadcases q and Q1 were used

≔Vq_fcp =⋅⋅⋅―
1
2

qfcp h.o.hfcp_supp wfcp 1.87 kN

≔VQav_fcp =⋅――――――

-h.o.hfcp_supp ――
lw_av

2
h.o.hfcp_supp

Qav1 37.465 kN

Bending moments
Loadcases q and Q2 were used

≔Mq_fcp =⋅⋅⋅―
1
8

qfcp wfcp h.o.hfcp_supp
2 0.738 ⋅kN m

≔MQav_fcp =⋅⋅―
1
4

Qav1 h.o.hfcp_supp 15.781 ⋅kN m

Maximal resultant forces

≔Vfcp =max ⎛⎝ ,Vq_fcp VQav_fcp⎞⎠ 37.465 kN

≔Mfcp =max ⎛⎝ ,Mq_fcp MQav_fcp⎞⎠ 15.781 ⋅kN m

Forces as a result of self weight
Loadcase G was used

≔VG_fcp =⋅⋅―
1
2

Gfcp_w h.o.hfcp_supp 0.429 kN

≔MG_fcp =⋅⋅―
1
8

Gfcp_w h.o.hfcp_supp
2 0.169 ⋅kN m

Combined forces with 6.10 B

≔VEd_fcp_xz =+max ⎛⎝ ,⋅1.5 Vq_fcp VQav_fcp⎞⎠ ⋅1.2 VG_fcp 37.98 kN

≔MEd_fcp_xz =+max ⎛⎝ ,⋅1.5 Mq_fcp MQav_fcp⎞⎠ ⋅1.2 MG_fcp 15.984 ⋅kN m

≔τc_fcp_yz =――――
VEd_fcp_yz

Afcp

0.528 MPa

Resultant stresses



≔τc_fcp_yz =――――
VEd_fcp_yz

Afcp

0.528 MPa

≔τc_fcp_xz =――――
VEd_fcp_xz

Afcp

0.321 MPa

≔σc_fcp_xz =⋅⋅――――
MEd_fcp_xz

EIfcp_xz

⎛
⎜
⎝

-――
td_fcp

2
tl_fcp

⎞
⎟
⎠
Ebalsa_z 0.373 MPa

≔σc_fcp_yz =⋅⋅――――
MEd_fcp_yz

EIfcp_yz

⎛
⎜
⎝

-――
td_fcp

2
tl_fcp

⎞
⎟
⎠
Ebalsa_z 0.756 MPa

≔σl_fcp_yz =⋅⋅――――
MEd_fcp_yz

EIfcp_yz
――
td_fcp

2
E1_l_fcp 30 MPa

≔σl_fcp_xz =⋅⋅――――
MEd_fcp_xz

EIfcp_yz
――
td_fcp

2
E2_l_fcp 7 MPa

≔τl_fcp =―――――
VEd_fcp_s_yz

⋅⋅2 tl_fcp lw_av
10 MPa

Unity checks

≔u.c.τ_c_fcp =max
⎛
⎜
⎝

,―――
τc_fcp_yz
fc_z_d

―――
τc_fcp_xz
fc_xz_v_d

⎞
⎟
⎠

0.349

≔u.c.σ_fcp_yz =―――
σl_fcp_yz

ffcp_x_d
0.236 ≔u.c.σ_fcp_xz =―――

σl_fcp_xz

ffcp_y_d
0.081

≔u.c.σ_c_fcp =――――――
+σc_fcp_xz σc_fcp_yz

fc_z_d
0.35

≔u.c.τ_l_fcp =―――
τl_fcp

ffcp_xy_d
0.192

≔u.c.comb_fcp =++u.c.σ_fcp_yz u.c.σ_fcp_xz u.c.τ_l_fcp 0.51

Calculations for foot- and cycle path support

Loadcase



Forces recieved from deck

≔Fapplied =REd_fcp_B 95.1 kN

Normal force in support

≔NEd_fcp_supp =⋅―――
1

sin ((α))
Fapplied 244.7 kN

Additional tension in deck

≔NEd_fcp =⋅―――
1

tan ((α))
Fapplied 225.461 kN

Bow imperfections equivalent force

≔e0_d %1

≔qfcp_supp_imp =―――――――――
⋅⋅⋅8 NEd_fcp_supp e0_d lfcp_supp

lfcp_supp
2

5.153 ――
kN
m

≔Vfcp_supp_imp =⋅⋅―
1
2

qfcp_supp_imp lfcp_supp 9.788 kN

≔Mfcp_supp_imp =⋅⋅―
1
8

qfcp_supp_imp lfcp_supp
2 9.295 ⋅kN m

FRP sandwich buckling resistance

≔γrd_gb 1.4 ≔lcr =lfcp_supp 3.8 m

≔Df =――――――――――
⋅⋅ηc_m_fcp El_fcp_supp tl_fcp_supp

3

12
4.628 ⋅kN m



≔Df =――――――――――
⋅⋅ηc_m_fcp El_fcp_supp tl_fcp_supp

3

12
4.628 ⋅kN m

≔D0 =―――――――――――――――――
⋅⋅⋅ηc_m_fcp El_fcp_supp tl_fcp_supp ⎛⎝ +tc_fcp_supp tl_fcp_supp⎞⎠

2

2
⎛⎝ ⋅2.715 103 ⎞⎠ ⋅kN m

≔Dc =―――――――――
⋅⋅ηc_balsa Ebalsa_x tc_fcp_supp

3

12
901.23 ⋅kN m

≔Dk =++⋅2 Df D0 Dc
⎛⎝ ⋅3.626 103 ⎞⎠ ⋅kN m

≔Pcb_d =⋅――――
1
⋅γm_fcp γrd_gb

―――
⋅π2 Dk

lcr
2

1656 ――
kN
m

≔Pcs_d =⋅―――――
ηc_balsa

⋅γm_balsa γrd_gb
――――――――――

⋅Gbalsa ⎛⎝ +tc_fcp_supp tl_fcp_supp⎞⎠
2

tc_fcp_supp
13574 ――

kN
m

≔Pc_d =――――
⋅Pcb_d Pcs_d

+Pcb_d Pcs_d

⎛⎝ ⋅1.476 103 ⎞⎠ ――
kN
m

Resultant stresses

≔τfcp_supp_imp =――――
Vfcp_supp_imp

AV_fcp_supp

0.122 MPa

≔σfcp_supp_imp =⋅⋅――――
Mfcp_supp_imp

EIfcp_supp
―――
td_fcp_supp

2
El_fcp_supp 6.194 MPa

≔σfcp_deck_tension =―――――――
NEd_fcp

⋅⋅2 tl_fcp ――――
h.o.hfcp_supp

5

29.764 MPa

Unity checks

≔u.c.buck_fcp_supp =―――――
NEd_fcp_supp

⋅Pc_d wfcp_supp

0.33

≔u.c.τ_imp_fcp_supp =――――
τfcp_supp_imp

fc_xz_v_d
0.13

≔u.c.σ_imp_fcp_supp =――――
σfcp_supp_imp

ffcp_supp_x_d
0.042

≔u.c.fcp_supp_comb =+u.c.buck_fcp_supp u.c.σ_imp_fcp_supp 0.37



≔u.c.fcp_supp_comb =+u.c.buck_fcp_supp u.c.σ_imp_fcp_supp 0.37

≔u.c.comb_fcp_add_tension =+u.c.comb_fcp ―――――
σfcp_deck_tension

ffcp_x_d
0.74

Auxiliary calculations

Calculations for ship impact forces

≔Fship 1 MN ≔hship 0.25 m ≔wship 3 m

Loadcase

Number of supports activated by ship colision

≔nfcp_supp_coll =Floor
⎛
⎜
⎝

,――――
wship

h.o.hfcp_supp
1

⎞
⎟
⎠

1

Forces in principle direction

≔NEd_sh =⋅Fship cos ((α)) 921 kN

≔VEd_sh =⋅Fship sin ((α)) 389 kN

≔MEd_sh =⋅⋅⋅―
1
4

Fship sin ((α)) lfcp_supp 369 ⋅kN m

Resitance to shear force

≔VRd_sh =⋅⋅fc_xz_v_d AV_fcp_supp nfcp_supp_coll 73.4 kN



≔VRd_sh =⋅⋅fc_xz_v_d AV_fcp_supp nfcp_supp_coll 73.4 kN

≔MRd_sh =――――――――
⋅⋅ffcp_supp_x_d 2 EIfcp_supp

⋅td_fcp_supp El_fcp_supp

222.3 ⋅kN m

Buckling resistance

≔γrd_sh 1.4 ≔Dk_sh ―――――――――
⋅⋅ηc_balsa Ebalsa_x tc_fcp_supp

3

12
≔lcr_sh =⋅2 ―――

hship
sin ((α))

1.287 m

≔Pcb_d_sh =⋅―――――
1
⋅γm_fcp γrd_fcp

―――
⋅π2 Dk

lcr_sh
2

14 ――
MN
m

≔Pcs_d_sh =⋅―――――
ηc_f_fcp

⋅γm_fcp γrd_fcp
――――――――――

⋅Gbalsa ⎛⎝ +tc_fcp_supp tl_fcp_supp⎞⎠
2

tc_fcp_supp
9981.038 ――

kN
m

≔Pc_d_sh =⋅nfcp_supp_coll ――――――
⋅Pcb_d_sh Pcs_d_sh

+Pcb_d_sh Pcs_d_sh

5.9 ――
MN
m

Reduction of forces due to absorbtion of energy by supports

≔Nres =max ⎛⎝ ,0 -NEd_sh ⋅Pc_d_sh wship⎞⎠ 0 MN

≔Vres =max ⎛⎝ ,0 -VEd_sh VRd_sh⎞⎠ 0.315 MN

≔Mres =max ⎛⎝ ,0 -MEd_sh MRd_sh⎞⎠ 146.709 ⋅kN m

≔Fship_res =max
⎛
⎜
⎝

,,―――
Nres

cos ((α))
―――
Vres

sin ((α))
―――――

⋅4 Mres

⋅sin ((α)) lfcp_supp

⎞
⎟
⎠

0.811 MN

Results 



Results 

Unity checks

Unity checks traffic loads
Foot and cycle paths

=u.c.τ_c_fcp 0.35 =u.c.comb_fcp_add_tension 0.74

fcp supports
=u.c.fcp_supp_comb 0.37

Unity checks ship colision
Reduction of force to main structure due to collision with fcp deck (supp)

≔Reduction =―――――
-Fship_res Fship

Fship

- %18.9

MKI 

≔€ 1 ¤

≔MassE_glass =
+

 ↲⋅⋅⋅⋅2 tl_fcp bedge l ρl_fcp
⋅⋅⋅⋅⋅2 nfcp_supp tl_fcp_supp wfcp_supp ρl_fcp_supp lfcp_supp

8 tonne

≔MassBalsa =
+

 ↲⋅⋅⋅tc_fcp bedge l ρbalsa
⋅⋅⋅⋅nfcp_supp tc_fcp_supp wfcp_supp lfcp_supp ρbalsa

10.468 tonne

≔AE_glass =⋅⎛⎝ +⋅2 bedge ⋅2 lfcp_supp⎞⎠ l 444.324 m2

≔MKIE_glass 0.265 ―
€
kg

≔MKIscore_E_glass =⋅MKIE_glass MassE_glass 2110.8 €

≔MKIBalsa -0.129 ―
€
kg

≔MKIscore_Balsa =⋅MKIBalsa MassBalsa -1350.3 €

≔MKIE_glass_cons 1.173 ――
€

m2
≔MKIscore_E_glass_cons =⋅MKIE_glass_cons AE_glass 521.2 €

≔MKIscore_Total =++MKIscore_E_glass MKIscore_Balsa MKIscore_E_glass_cons 1282 €

Mass

≔Masstotal =+MassE_glass MassBalsa 18.43 tonne



≔Masstotal =+MassE_glass MassBalsa 18.43 tonne
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General 

General dimensions



≔ncrossbeam 7 ≔l 25250 mm

≔h.o.hcrossbeam =――――
l

-ncrossbeam 1
4.208 m

≔bfcp 4.28 m ≔bedge 5 m ≔brd 8 m ≔bsupp 9.45 m

≔hrd 5.9 m ≔hfcp 6.05 m ≔hwater 3.3 m ≔hunder_side 4.3 m

≔θmax 80 ° ≔htop =+⋅sin ⎛⎝θmax⎞⎠ l hrd 30.8 m

Design material properties

Properties steel

≔ρsteel 7800 ――
kg

m3
≔Esteel 210 GPa ≔fst 355 MPa

Traffic load calculations

Cross section properties 

load properties

Distributed load BM1

≔qbm1 9 ――
kN

m2



≔qbm1 9 ――
kN

m2

Concentrated load BM1

≔Qbm1 300 kN ≔lw_bm1 40 cm ≔ww_bm1 40 cm ≔wbm1 2 m ≔h.o.hbm1 1.2 m

≔wbm1_mid 0.5 m

Distirbuted load foot and cycle path

≔qfcp 5 ――
kN

m2

Concentrated load accidental vehicle

≔Qav1 80 kN ≔Qav2 40 kN

Ship collision force

≔Fship 0.811 MN ≔hship 0.25 m ≔wship 3 m

Cross beam properties



≔hcb_main 1000 mm ≔wcb_f 300 mm ≔tcb_f 16 mm ≔tcb_w 12 mm

≔Acb_v =⋅hcb_main tcb_w 0.012 m2

≔Acb =+⋅⋅2 tcb_f wcb_f ⋅tcb_w ⎛⎝ -hcb_main ⋅2 tcb_f⎞⎠ 0.021 m2

≔EIcb =⋅Esteel
⎛
⎜
⎜
⎜
⎜⎝
+

 ↲⋅⋅―
1

12
tcb_w ⎛⎝ -hcb_main ⋅2 tcb_f⎞⎠

3

⋅⋅⋅2 wcb_f tcb_f
⎛
⎜
⎝

-⋅―
1
2

hcb_main ⋅―
1
2

tcb_f
⎞
⎟
⎠

2

⎞
⎟
⎟
⎟
⎟⎠

⎛⎝ ⋅678.5 103 ⎞⎠ ⋅kN m2

Main beam properties



≔hmb 2500 mm ≔wmb_f 525 mm ≔tmb_f 45 mm ≔tmb_w 20 mm

≔Amb_v =⋅hmb tmb_w 0.05 m2

≔Amb =+⋅⋅2 tmb_f wmb_f ⋅tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠ 0.095 m2

≔EImb =⋅Esteel
⎛
⎜
⎜
⎜
⎜⎝
+

 ↲⋅⋅―
1

12
tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠

3

⋅⋅⋅2 wmb_f tmb_f
⎛
⎜
⎝

-⋅―
1
2

hmb ⋅―
1
2

tmb_f
⎞
⎟
⎠

2

⎞
⎟
⎟
⎟
⎟⎠

⎛⎝ ⋅19.8 106 ⎞⎠ ⋅kN m2

Road deck

≔trd 20 mm ≔ntrough 16 ≔h.o.htrough =―――
bsupp
ntrough

0.591 m

≔htrough 350 mm ≔btrough_top 285 mm ≔btrough_bot 150 mm ≔ttrough 6 mm

≔Atrough =⋅⎛
⎝ +⋅2 ‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾2

+htrough
2 ⎛⎝ -btrough_top btrough_bot⎞⎠

2 btrough_bot
⎞
⎠ ttrough 0.005 m2

Calculations for crossbeam

Load cases



Shear force
Loadcases BM1 2 was used

≔Vcb =

+

 ↲⋅⋅⋅―
1
2

qbm1 h.o.hcrossbeam brd

⋅――
Qbm1

2
―――――――――――――――――――

-+--⋅2 bsupp ⋅2 ――――
-bsupp brd

2
wbm1 ⋅2 ――

bsupp
2

⋅2 ⎛⎝ -wbm1_mid wbm1⎞⎠

bsupp

594 kN

Bending moments
Loadcases BM1 1 was used

≔Mcb =

+

 ↲⋅⋅⋅⋅―
1
2

qbm1 h.o.hcrossbeam brd
⎛
⎜
⎝

-⋅―
1
2

bsupp ⋅―
1
4

brd
⎞
⎟
⎠

⋅――
Qbm1

2
⎛⎝ --bsupp ⋅2 wbm1_mid wbm1⎞⎠

1380 ⋅kN m

Self weight 

≔Gcb =⋅⎛
⎜
⎜
⎜⎝

++

 ↲⋅⎛⎝ +⋅⋅2 tcb_f wcb_f ⋅tcb_w ⎛⎝ -hcb_main ⋅2 tcb_f⎞⎠⎞⎠ ρsteel

⋅⋅trd h.o.hcrossbeam ρsteel ⋅―――――――
⋅h.o.hcrossbeam Atrough

h.o.htrough
ρsteel

⎞
⎟
⎟
⎟⎠

9.81 ―
m

s2
11.009 ――

kN
m

Forces as a result of self weight



Forces as a result of self weight
Loadcase G was used

≔VG_cb =⋅⋅―
1
2

Gcb bsupp 52 kN

≔MG_cb =⋅⋅⋅―
1
2

Gcb brd
⎛
⎜
⎝

-⋅―
1
2

bsupp ⋅―
1
4

brd
⎞
⎟
⎠

120 ⋅kN m

Combined forces with 6.10 B

≔VEd_cb =+⋅1.2 VG_cb 1.5 Vcb 953.955 kN

≔MEd_cb =+⋅1.2 MG_cb 1.5 Mcb
⎛⎝ ⋅2.214 103 ⎞⎠ ⋅kN m

Resultant stresses

≔τEd_cb =―――
VEd_cb

Acb_v

79.496 MPa

≔σEd_cb =⋅⋅⋅―――
MEd_cb

EIcb
Esteel ―

1
2

hcb_main 342.711 MPa

Unity checks

≔u.c.τ_cb =――
τEd_cb
fst

0.224

≔u.c.σ_cb =――
σEd_cb

fst
0.965

Calculations for mainbeam

Loads 



≔qmb =―――――――――――――――――

+⋅⋅bfcp qfcp
⎛
⎜
⎝

++――
bfcp

2
⎛⎝ -bedge bfcp⎞⎠ bsupp

⎞
⎟
⎠

⋅⋅brd qbm1 bsupp

bsupp
99.877 ――

kN
m

≔Qmb =―――――――――――――――

⋅Qbm1

⎛
⎜
⎜
⎜
⎜
⎝

--+-

 ↲--⋅2 bsupp ⋅2 ――――
⎛⎝ -bsupp brd⎞⎠

2
⋅2 wbm1_mid

wbm1 ⋅2 ――
bsupp

2
⋅2 wbm1_mid wbm1

⎞
⎟
⎟
⎟
⎟
⎠

bsupp
663.5 kN

Load cases

Shear force
Loadcases V MB was used

≔Vbm1_mb =+⋅⋅―
1
2

qmb l ⋅2 Qmb
⎛⎝ ⋅2.6 103 ⎞⎠ kN



≔Vbm1_mb =+⋅⋅―
1
2

qmb l ⋅2 Qmb
⎛⎝ ⋅2.6 103 ⎞⎠ kN

Bending moment
Loadcases M MB was used

≔Mbm1_mb =+⋅⋅―
1
8

qmb l2 ⋅⋅―
1
4

Qmb l ⎛⎝ ⋅1.215 104 ⎞⎠ ⋅kN m

Self weight

≔Massdist =⋅⎛
⎜
⎜
⎜
⎜
⎜
⎝ ++

 ↲+

 ↲⎛⎝ ⋅2 ⎛⎝ +⋅⋅2 wmb_f tmb_f ⋅⎛⎝ -hmb ⋅2 tmb_f⎞⎠ tmb_w⎞⎠⎞⎠

―――――――――――――――――

⋅⋅ncrossbeam ⎛⎝ +bsupp ⋅2 bedge⎞⎠ ⎛
⎜
⎝+

 ↲⋅⋅2 wcb_f tcb_f
⋅⎛⎝ -hcb_main ⋅2 tcb_f⎞⎠ tcb_w

⎞
⎟
⎠

l
⋅trd bsupp ⋅ntrough Atrough

⎞
⎟
⎟
⎟
⎟
⎟
⎠

ρsteel 4530 ―
kg
m

≔Gmb =⋅Massdist 9.81 ―
m

s2
44.436 ――

kN
m

Forces as a result of self weight
Loadcase G was used

≔VG_mb =⋅⋅―
1
2

Gmb l 561 kN

≔MG_mb =⋅⋅―
1
8

Gmb l2 3541 ⋅kN m

Combined forces with 6.10 B

≔VEd_mb =+⋅1.2 VG_mb ⋅1.5 Vbm1_mb
⎛⎝ ⋅4.555 103 ⎞⎠ kN

≔MEd_mb =+⋅1.2 MG_mb ⋅1.5 Mbm1_mb
⎛⎝ ⋅2.247 104 ⎞⎠ ⋅kN m

Resultant stresses

≔τEd_mb =―――
VEd_mb

Amb_v

91.1 MPa

≔σEd_mb =⋅⋅⋅―――
MEd_mb

EImb

Esteel ―
1
2

hmb 297.2 MPa

≔u.c.τ_mb =―――
τEd_mb

fst
0.257

Unity checks



≔u.c.τ_mb =―――
τEd_mb

fst
0.257

≔u.c.σ_mb =―――
σEd_mb

fst
0.837

Auxiliary calculations

Calculations for ship impact forces

Global bending moment

≔Mship_glob =⋅⋅―
1
2

Fship
⎛
⎜
⎝

-⋅―
1
2

l ⋅―
1
4

wship
⎞
⎟
⎠

4.8 ⋅MN m

Local bending moment

≔Mship_loc =⋅⋅―
1
2

Fship
⎛
⎜
⎝

-⋅―
1
2

h.o.hcrossbeam ⋅―
1
4

wship
⎞
⎟
⎠

549.115 ⋅kN m

Shear forve



Shear forve

≔Vship =Fship 811 kN

Section properties

≔AV_mb_f =⋅tmb_f wmb_f 0.024 m2 ≔Wloc_mb_f ⋅⋅―
1
6

tmb_f wmb_f
2

≔Isc =+⋅⋅⋅2 ―
1

12
tmb_f wmb_f

3 ⋅⋅⋅2 tmb_f wmb_f

⎛
⎜
⎝
――
bsupp

2

⎞
⎟
⎠

2

1.056 m4

Resultant stresses

≔τsc =―――
Vship

AV_mb_f

34.3 MPa

≔σsc_glob =⋅―――
Mship_glob

Isc
――――

+bsupp wmb_f

2
22.7 MPa

≔σsc_loc =―――
Mship_loc

Wloc_mb_f

265.6 MPa

Unity checks

≔u.c.τ_sc =――
τsc
fst

0.097

≔u.c.σ_sc_loc =――
σsc_loc

fst
0.748

≔u.c.σ_sc_glob =―――
σsc_glob

fst
0.064

Calculations for opened structure

Wind loads



≔ze =+hunder_side ⋅sin ⎛⎝θmax⎞⎠ l 29.2 m ≔qp_0 1.94 ――
kN

m2
≔slenderness =―――――

+bsupp ⋅2 bedge
hmb

8

≔ρ 1.25 ――
kg

m3
≔vb 29.5 ―

m
s

≔cfx_0 =|
|
|
|
|
|

if

else

≤slenderness 4
‖
‖ -2.4 ⋅0.275 slenderness

‖
‖ 1.3

1.3 ≔ce =―――
qp_0

⋅⋅―
1
2

ρ vb
2

3.6 ≔Ct =⋅cfx_0 ce 4.6

≔qp =⋅⋅⋅―
1
2

ρ vb
2 Ct 2.5 ――

kN

m2

≔ψt =+1 ―――

ln
⎛
⎜
⎝
――
topen
50

⎞
⎟
⎠

9
0.9≔topen 15



≔topen 15 ≔ψt =+1 ―――

ln
⎛
⎜
⎝
――
topen
50

⎞
⎟
⎠

9
0.9

Principle resultant forces

≔Nmb_G_open =――――
⋅Gmb l

⋅2 sin ⎛⎝θmax⎞⎠
569.7 kN

≔Mmb_G_open =⋅⋅⋅―
1
2

Gmb cos ⎛⎝θmax⎞⎠ l2 ⎛⎝ ⋅2.46 103 ⎞⎠ ⋅kN m

≔Nmb_wind =―――――――――

⋅⋅⋅―
1
2

qp hmb ⎛⎝ ⋅sin ⎛⎝θmax⎞⎠ l⎞⎠
2

bsupp
206.276 kN

≔Mmb_wind_y =⋅⋅⋅⋅―
1
2

―
1
2

qp ⎛⎝ +⋅2 bedge bsupp⎞⎠ ⎛⎝ ⋅sin ⎛⎝θmax⎞⎠ l⎞⎠
2 ⎛⎝ ⋅7.583 103 ⎞⎠ ⋅kN m

Resultant stresses

≔σmb_G_open =+⋅⋅⋅――――
Mmb_G_open

EImb

Esteel ―
1
2

hmb ――――
Nmb_G_open

Amb

38.5 MPa

≔σmb_wind_1 =+⋅⋅⋅――――
Mmb_wind_y

EImb

Esteel ―
1
2

hmb ⋅0.4 ―――
Nmb_wind

Amb

101.1 MPa

≔σmb_wind_2 =+⋅⋅⋅⋅0.4 ――――
Mmb_wind_y

EImb

Esteel ―
1
2

hmb ―――
Nmb_wind

Amb

42.3 MPa

≔σmb_wind =max ⎛⎝ ,σmb_wind_1 σmb_wind_2⎞⎠ 101.1 MPa

Unity checks

≔u.c.σ_open =―――――――――――
+⋅1.2 σmb_G_open ⋅⋅1.8 ψt σmb_wind

fst
0.57

Results 

Unity Checks

Unity checks traffic loads
Cross beam

=u.c.τ_cb 0.22 =u.c.σ_cb 0.97

Main beam



=u.c.τ_cb 0.22 =u.c.σ_cb 0.97

Main beam
=u.c.τ_mb 0.26 =u.c.σ_mb 0.84

Unity checks ship colision
Main Beam

=u.c.τ_sc 0.097 =u.c.σ_sc_loc 0.748 =u.c.σ_sc_glob 0.064

Unity checks opened position
=u.c.σ_open 0.57

MKI 

≔€ 1 ¤

≔MassSteel =⋅⎛
⎜
⎜
⎜⎝+

 ↲+
 ↲⋅⋅ncrossbeam ⎛⎝ +⋅⋅2 wcb_f tcb_f ⋅tcb_w ⎛⎝ -hcb_main ⋅2 tcb_f⎞⎠⎞⎠ bsupp

⋅⋅2 ⎛⎝ +⋅⋅2 wmb_f tmb_f ⋅tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠⎞⎠ l
⋅⎛⎝ +⋅trd bsupp ⋅ntrough Atrough⎞⎠ l

⎞
⎟
⎟
⎟⎠

ρsteel 102.8 tonne

≔ASteel =

+
 ↲+

 ↲⋅⋅ncrossbeam ⎛⎝ -++⋅4 tcb_f ⋅4 wcb_f ⋅2 hcb_main ⋅2 tcb_w⎞⎠ bsupp
⋅⋅2 ⎛⎝ -++⋅4 tmb_f ⋅4 wmb_f ⋅2 hmb ⋅2 tmb_w⎞⎠ l

⋅⎛⎝ +h.o.htrough ⋅2 htrough⎞⎠ ntrough l

1101.4 m2

≔MKISteel 0.165 ―
€
kg

≔MKIscore_Steel =⋅MKISteel MassSteel 16960.3 €

≔MKISteel_cons 0.300 ――
€

m2
≔MKIscore_Steel_cons =⋅⋅5 MKISteel_cons ASteel 1652 €

≔MKIscore_Total =+MKIscore_Steel MKIscore_Steel_cons 18612 €

Mass

≔Masstotal =MassSteel 103 tonne



 

 
 

 

  



Table of Contents

General 
General dimensions
General properties

Material properties
Balsa
Road deck
Steel

Traffic loads
Cross section properties
Calculations for deflections
Calculations for road deck
Calculations for crossbeams
Calculations for main beams

Auxiliary loads cases
Calculations for ship collision
Calculations for opened structure

Results 
Unity checks
MKI
Mass 

General 

General dimensions



≔ncrossbeam 7 ≔l 25250 mm

≔h.o.hcrossbeam =――――
l

-ncrossbeam 1
4.208 m

≔bfcp 4.28 m ≔bedge 5 m ≔brd 8 m ≔bsupp 9.45 m

≔hrd 5.9 m ≔hfcp 6.05 m ≔hwater 3.3 m ≔hunder_side 4.3 m

≔θmax 80 ° ≔htop =+⋅sin ⎛⎝θmax⎞⎠ l hrd 30.8 m

≔Massfcp 15.45 tonne

General properties

≔Ts_sun 57 °C ≔Ts_shade 31 °C

Design material properties

Properties balsa core

≔ρbalsa 285 ――
kg

m3
≔Gbalsa 145 MPa

≔Ebalsa_z 720 MPa ≔Ebalsa_x 2642 MPa

≔fc_xz_v_k 2.08 MPa ≔fc_z_k 7.32 MPa



≔Ebalsa_z 720 MPa ≔Ebalsa_x 2642 MPa

≔fc_xz_v_k 2.08 MPa ≔fc_z_k 7.32 MPa

≔ηct_balsa =min

⎛
⎜
⎜
⎜⎝

,-1 ⋅

⎛
⎜
⎜
⎜⎝

+―――

0.2 ――
kg

m3

ρbalsa
0.004

⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―――――

-Ts_sun 20 °C

1 °C

⎞
⎟
⎠

1

⎞
⎟
⎟
⎟⎠

1

≔ηcm_balsa 1 ≔ηc_balsa =⋅ηct_balsa ηcm_balsa 1

≔γm_balsa 1.51 ≔γrd_balsa 1.5

≔fc_xz_v_d =―――――
⋅ηc_balsa fc_xz_v_k
⋅γm_balsa γrd_balsa

0.92 MPa

≔fc_z_d =―――――
⋅ηc_balsa fc_z_k

⋅γm_balsa γrd_balsa
3.23 MPa

Properties road deck laminate

Laminate layup road deck

0
90
45

-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%50
%16.67
%16.67
%16.67

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

≔ρl_rd 1900 ――
kg

m3

≔E1_l_rd 26.2 GPa ≔E2_l_rd 17.5 GPa

≔frd_x_k 367 MPa ≔frd_y_k 245 MPa ≔frd_xy_k 150 MPa

≔Tg_rd 90 °C

≔ηct_f_rd =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_sun 20 °C

-Tg_rd 20 °C
1

⎞
⎟
⎠

0.9



≔Tg_rd 90 °C

≔ηct_f_rd =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_sun 20 °C

-Tg_rd 20 °C
1

⎞
⎟
⎠

0.9

≔ηcm_f_rd 0.6 ≔ηc_f_rd =⋅ηct_f_rd ηcm_f_rd 0.521

≔ηct_m_rd =min
⎛
⎜
⎝

,-1 ⋅0.80 ―――――
-Ts_sun 20 °C

-Tg_rd 20 °C
1

⎞
⎟
⎠

0.6

≔ηcm_m_rd 0.6 ≔ηc_m_rd =⋅ηct_m_rd ηcm_m_rd 0.346

≔γm_rd 1.07 ≔γrd_rd 1.4

≔frd_x_50 =―――――
⋅ηc_f_rd frd_x_k
⋅γrd_rd γm_rd

127.6 MPa

≔frd_y_50 =―――――
⋅ηc_f_rd frd_y_k
⋅γrd_rd γm_rd

85.2 MPa

≔frd_xy_d =―――――
⋅ηct_f_rd frd_xy_k
⋅γrd_rd γm_rd

86.9 MPa

Properties steel

≔ρsteel 7800 ――
kg

m3
≔Esteel 210 GPa ≔fst 355 MPa

Traffic load calculations

Cross section properties 

load properties

Distributed load BM1

≔qbm1 9 ――
kN

m2

Concentrated load BM1

≔Qbm1 300 kN ≔lw_bm1 40 cm ≔ww_bm1 40 cm ≔wbm1 2 m ≔h.o.hbm1 1.2 m



≔Qbm1 300 kN ≔lw_bm1 40 cm ≔ww_bm1 40 cm ≔wbm1 2 m ≔h.o.hbm1 1.2 m

Distirbuted load foot and cycle path

≔qfcp 5 ――
kN

m2

Concentrated load accidental vehicle

≔Qav1 80 kN ≔Qav2 40 kN

Ship collision force

≔Fship 0.811 MN ≔hship 0.25 m ≔wship 3 m

Road deck properties

≔wbm1_mid 0.5 m

≔tl_rd 12 mm ≔tc_rd 500 mm ≔td_rd =+tc_rd ⋅2 tl_rd 524 mm

≔wrd =+ww_bm1 td_rd 924 mm

≔EIrd =+⋅⋅⋅⋅2 E1_l_rd wrd tl_rd
⎛
⎜
⎝
――――

+tc_rd tl_rd
2

⎞
⎟
⎠

2

⋅⋅⋅―
1

12
Ebalsa_z wrd tc_rd

3 45007 ⋅kN m2

≔Ard =⋅wrd tc_rd 0.462 m2



≔Ard =⋅wrd tc_rd 0.462 m2

≔EIrd =+⋅⋅⋅⋅2 E1_l_rd wrd tl_rd
⎛
⎜
⎝
――――

+tc_rd tl_rd
2

⎞
⎟
⎠

2

⋅⋅⋅―
1

12
Ebalsa_z wrd tc_rd

3 45007 ⋅kN m2

Cross beam properties

≔hcb_main 1000 mm ≔wcb_f 300 mm ≔tcb_f 16 mm ≔tcb_w 12 mm

≔Acb_v =⋅hcb_main tcb_w 0.012 m2

≔Acb =+⋅⋅2 tcb_f wcb_f ⋅tcb_w ⎛⎝ -hcb_main ⋅2 tcb_f⎞⎠ 0.021 m2

≔EIcb =⋅Esteel
⎛
⎜
⎜
⎜
⎜⎝
+

 ↲⋅⋅―
1

12
tcb_w ⎛⎝ -hcb_main ⋅2 tcb_f⎞⎠

3

⋅⋅⋅2 wcb_f tcb_f
⎛
⎜
⎝

-⋅―
1
2

hcb_main ⋅―
1
2

tcb_f
⎞
⎟
⎠

2

⎞
⎟
⎟
⎟
⎟⎠

⎛⎝ ⋅678.5 103 ⎞⎠ ⋅kN m2



≔EIcb =⋅Esteel
⎛
⎜
⎜
⎜
⎜⎝
+

 ↲⋅⋅―
1

12
tcb_w ⎛⎝ -hcb_main ⋅2 tcb_f⎞⎠

3

⋅⋅⋅2 wcb_f tcb_f
⎛
⎜
⎝

-⋅―
1
2

hcb_main ⋅―
1
2

tcb_f
⎞
⎟
⎠

2

⎞
⎟
⎟
⎟
⎟⎠

⎛⎝ ⋅678.5 103 ⎞⎠ ⋅kN m2

Main beam properties

≔hmb 2500 mm ≔wmb_f 525 mm ≔tmb_f 45 mm ≔tmb_w 20 mm

≔Amb_v =⋅hmb tmb_w 0.05 m2

≔Amb =+⋅⋅2 tmb_f wmb_f ⋅tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠ 0.095 m2

≔EImb =⋅Esteel
⎛
⎜
⎜
⎜
⎜⎝
+

 ↲⋅⋅―
1

12
tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠

3

⋅⋅⋅2 wmb_f tmb_f
⎛
⎜
⎝

-⋅―
1
2

hmb ⋅―
1
2

tmb_f
⎞
⎟
⎠

2

⎞
⎟
⎟
⎟
⎟⎠

⎛⎝ ⋅19.8 106 ⎞⎠ ⋅kN m2



≔EImb =⋅Esteel
⎛
⎜
⎜
⎜
⎜⎝
+

 ↲⋅⋅―
1

12
tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠

3

⋅⋅⋅2 wmb_f tmb_f
⎛
⎜
⎝

-⋅―
1
2

hmb ⋅―
1
2

tmb_f
⎞
⎟
⎠

2

⎞
⎟
⎟
⎟
⎟⎠

⎛⎝ ⋅19.8 106 ⎞⎠ ⋅kN m2

Stiffness properties head board

≔y =―――――――――――――――――

+

 ↲+

 ↲+

 ↲⋅⋅Acb ―――
hcb_main

2
Esteel

⋅⋅⋅――
bsupp

10
tc_rd

⎛
⎜
⎝

---hrd hunder_side tl_rd ――
tc_rd

2

⎞
⎟
⎠
Ebalsa_z

⋅⋅⋅――
bsupp

10
tl_rd

⎛
⎜
⎝

--hrd hunder_side ――
tl_rd

2

⎞
⎟
⎠
E2_l_rd

⋅⋅⋅――
bsupp

10
tl_rd

⎛
⎜
⎝

---hrd hunder_side tc_rd ―――
⋅3 tl_rd

2

⎞
⎟
⎠
E2_l_rd

++⋅⋅⋅2 ――
bsupp

10
tl_rd E1_l_rd ⋅⋅――

bsupp
10

tc_rd Ebalsa_z ⋅Acb Esteel

0.6 m



≔y =―――――――――――――――――

+

 ↲+

 ↲+

 ↲⋅⋅Acb ―――
hcb_main

2
Esteel

⋅⋅⋅――
bsupp

10
tc_rd

⎛
⎜
⎝

---hrd hunder_side tl_rd ――
tc_rd

2

⎞
⎟
⎠
Ebalsa_z

⋅⋅⋅――
bsupp

10
tl_rd

⎛
⎜
⎝

--hrd hunder_side ――
tl_rd

2

⎞
⎟
⎠
E2_l_rd

⋅⋅⋅――
bsupp

10
tl_rd

⎛
⎜
⎝

---hrd hunder_side tc_rd ―――
⋅3 tl_rd

2

⎞
⎟
⎠
E2_l_rd

++⋅⋅⋅2 ――
bsupp

10
tl_rd E1_l_rd ⋅⋅――

bsupp
10

tc_rd Ebalsa_z ⋅Acb Esteel

0.6 m

≔zl_rd_top =---hrd hunder_side ――
tl_rd

2
y 0.998 m

≔zc_rd =----hrd hunder_side tl_rd ――
tc_rd

2
y 0.742 m

≔zl_rd_bot =----hrd hunder_side tc_rd ――
3 tl_rd

2
y 0.486 m

≔zcb =-―――
hcb_main

2
y -0.096 m

≔EIhb =

++

 ↲+

 ↲⋅⋅⋅――
bsupp

10
tl_rd ⎛⎝ +zl_rd_top

2 zl_rd_bot
2 ⎞⎠ E1_l_rd

⋅⋅⋅――
bsupp

10
tc_rd zc_rd

2 Ebalsa_z

EIcb ⋅⋅Acb zcb
2 Esteel

⎛⎝ ⋅1.273 106 ⎞⎠ ⋅kN m2

Calculations for deflections

Deflections at the supports in the middle of the deck

≔wmiddle_at_supports =+⋅―
1

48
――――

⋅Qbm1 bsupp
3

EIhb
⋅――

5
384

――――――

⋅⋅qbm1 ――
bsupp

10
bsupp

4

EIhb
4.84 mm

Deflections at midspan in the middle of the deck

≔wmiddle_midspan =+―
1

48
――――

⋅⋅4 Qbm1 l3

⋅2 EImb

⋅――
5

384
―――――

⋅⋅qbm1 bsupp l4

⋅2 EImb

21.5 mm

Deflections limit

≔wlimit_midspan =――
l

250
101 mm ≔wlimit_threshold 5 mm

Unity checks

≔u.c.deflection_threshold =――――――
wmiddle_at_supports

wlimit_threshold

0.97

≔u.c.deflection_midspan =―――――
wmiddle_midspan

wlimit_midspan

0.21



≔u.c.deflection_threshold =――――――
wmiddle_at_supports

wlimit_threshold

0.97

≔u.c.deflection_midspan =―――――
wmiddle_midspan

wlimit_midspan

0.21

Calculations for road deck

Load cases

Shear force
Loadcases BM1 2 was used

≔Vbm1 =

+

 ↲+

 ↲⋅⋅⋅―
1
2

qbm1 h.o.hcrossbeam wrd

⋅―――――――

-h.o.hcrossbeam ――
lw_bm1

2
h.o.hcrossbeam

――
Qbm1

2

⋅――――――――――

--h.o.hcrossbeam h.o.hbm1 ――
lw_bm1

2
h.o.hcrossbeam

――
Qbm1

2

260.469 kN



≔Vbm1 =

+

 ↲+

 ↲⋅⋅⋅―
1
2

qbm1 h.o.hcrossbeam wrd

⋅―――――――

-h.o.hcrossbeam ――
lw_bm1

2
h.o.hcrossbeam

――
Qbm1

2

⋅――――――――――

--h.o.hcrossbeam h.o.hbm1 ――
lw_bm1

2
h.o.hcrossbeam

――
Qbm1

2

260.469 kN

Bending moments
Loadcases BM1 1 was used

≔Mbm1 =

+

 ↲⋅⋅⋅―
1
8

qbm1 wrd h.o.hcrossbeam
2

⋅2
⎛
⎜
⎜
⎜
⎜
⎝
-

 ↲⋅⋅
⎛
⎜
⎝
――――――――

+h.o.hcrossbeam h.o.hbm1

⋅2 h.o.hcrossbeam

⎞
⎟
⎠

――
Qbm1

2

⎛
⎜
⎝

-――――
h.o.hcrossbeam

2
―――
h.o.hbm1

2

⎞
⎟
⎠

⋅⋅
⎛
⎜
⎝
――――――――

-h.o.hcrossbeam h.o.hbm1

⋅2 h.o.hcrossbeam

⎞
⎟
⎠

――
Qbm1

2
―――
h.o.hbm1

2

⎞
⎟
⎟
⎟
⎟
⎠

244 ⋅kN m

Self weight 

≔Grd =⋅⎛⎝ +⋅⋅⋅2 tl_rd wrd ρl_rd ⋅⋅tc_rd wrd ρbalsa⎞⎠ 9.81 ―
m

s2
1.705 ――

kN
m

Forces as a result of self weight
Loadcase G was used

≔VG_rd =⋅⋅―
1
2

Grd h.o.hcrossbeam 3.588 kN

≔MG_rd =⋅⋅―
1
8

Grd h.o.hcrossbeam
2 3.775 ⋅kN m

Combined forces with 6.10 B

≔VEd_rd =+⋅1.2 VG_rd ⋅1.5 Vbm1 395 kN

≔MEd_rd =+⋅1.2 MG_rd ⋅1.5 Mbm1 371 ⋅kN m

≔NEd_rd =⋅1.5
⎛
⎜
⎝

+⋅0.6 Qbm1 ⋅⋅⋅0.1 qbm1 ww_bm1 ――――
h.o.hcrossbeam

2

⎞
⎟
⎠

271 kN

Resultant stresses

≔τc_rd =―――
VEd_rd

Ard

0.9 MPa

≔σl_rd =⋅⋅―――
MEd_rd

EIrd
――
td_rd

2
E1_l_rd 57 MPa

≔σn_rd =―――――――――
⋅NEd_rd ⎛⎝ -⋅2 tc_rd tl_rd⎞⎠

⋅⋅⋅2 tl_rd ww_bm1 ⎛⎝ -tc_rd tl_rd⎞⎠
57 MPa



≔σn_rd =―――――――――
⋅NEd_rd ⎛⎝ -⋅2 tc_rd tl_rd⎞⎠

⋅⋅⋅2 tl_rd ww_bm1 ⎛⎝ -tc_rd tl_rd⎞⎠
57 MPa

≔σc_rd =⋅⋅―――
MEd_rd

EIrd

⎛
⎜
⎝

-――
td_rd

2
tl_rd

⎞
⎟
⎠
Ebalsa_z 1.482 MPa

Unity checks

≔u.c.τ_rd =―――
τc_rd

fc_xz_v_d
0.932

≔u.c.σ_rd =――――
+σl_rd σn_rd

frd_x_50
0.891

≔u.c.σ_c_rd =――
σc_rd

fc_z_d
0.459

Calculations for crossbeam

Load cases



Shear force
Loadcases BM1 2 was used

≔Vcb =

+

 ↲⋅⋅⋅―
1
2

qbm1 h.o.hcrossbeam brd

⋅――
Qbm1

2
―――――――――――――――――――

--+--⋅2 bsupp ⋅2 ――――
-bsupp brd

2
wbm1 ⋅2 ――

bsupp
2

⋅2 wbm1_mid wbm1

bsupp

499 kN

Bending moments
Loadcases BM1 1 was used

≔Mcb =

+

 ↲⋅⋅⋅⋅―
1
2

qbm1 h.o.hcrossbeam brd
⎛
⎜
⎝

-⋅―
1
2

bsupp ⋅―
1
4

brd
⎞
⎟
⎠

⋅――
Qbm1

2
⎛⎝ --bsupp ⋅2 wbm1_mid wbm1⎞⎠

1380 ⋅kN m

Self weight 

≔Gcb =⋅⎛
⎜
⎝ ++

 ↲⋅⎛⎝ +⋅⋅2 tcb_f wcb_f ⋅tcb_w ⎛⎝ -hcb_main ⋅2 tcb_f⎞⎠⎞⎠ ρsteel
⋅⋅⋅2 tl_rd h.o.hcrossbeam ρl_rd ⋅⋅tc_rd h.o.hcrossbeam ρbalsa

⎞
⎟
⎠

9.81 ―
m

s2
9.389 ――

kN
m

Forces as a result of self weight
Loadcase G was used

≔VG_cb =⋅⋅―
1
2

Gcb bsupp 44.4 kN

≔MG_cb =⋅⋅⋅―
1
2

Gcb brd
⎛
⎜
⎝

-⋅―
1
2

bsupp ⋅―
1
4

brd
⎞
⎟
⎠

102.3 ⋅kN m

Combined forces with 6.10 B

≔VEd_cb =+⋅1.2 VG_cb 1.5 Vcb 801.914 kN

≔MEd_cb =+⋅1.2 MG_cb 1.5 Mcb
⎛⎝ ⋅2.193 103 ⎞⎠ ⋅kN m

≔τEd_cb =―――
VEd_cb

Acb_v

66.826 MPa

Resultant stresses



≔τEd_cb =―――
VEd_cb

Acb_v

66.826 MPa

≔σEd_cb =⋅⋅⋅―――
MEd_cb

EIcb
Esteel ―

1
2

hcb_main 339.432 MPa

Unity checks

≔u.c.τ_cb =――
τEd_cb
fst

0.188

≔u.c.σ_cb =――
σEd_cb

fst
0.956

Calculations for mainbeam

Loads 

≔qmb =―――――――――――――――――

+⋅⋅bfcp qfcp
⎛
⎜
⎝

++――
bfcp

2
⎛⎝ -bedge bfcp⎞⎠ bsupp

⎞
⎟
⎠

⋅⋅brd qbm1 bsupp

bsupp
99.877 ――

kN
m

≔Qmb =―――――――――――――――

⋅Qbm1

⎛
⎜
⎜
⎜
⎜
⎝

--+-

 ↲--⋅2 bsupp ⋅2 ――――
⎛⎝ -bsupp brd⎞⎠

2
⋅2 wbm1_mid

wbm1 ⋅2 ――
bsupp

2
⋅2 wbm1_mid wbm1

⎞
⎟
⎟
⎟
⎟
⎠

bsupp
663.5 kN

Load cases



Shear force
Loadcases V MB was used

≔Vbm1_mb =+⋅⋅―
1
2

qmb l ⋅2 Qmb
⎛⎝ ⋅2.6 103 ⎞⎠ kN

Bending moment
Loadcases M MB was used

≔Mbm1_mb =+⋅⋅―
1
8

qmb l2 ⋅⋅―
1
4

Qmb l ⎛⎝ ⋅1.215 104 ⎞⎠ ⋅kN m

Self weight

≔Massdist =

+++

 ↲⋅⎛
⎜
⎜
⎜
⎜⎝
+

 ↲⎛⎝ ⋅2 ⎛⎝ +⋅⋅2 wmb_f tmb_f ⋅⎛⎝ -hmb ⋅2 tmb_f⎞⎠ tmb_w⎞⎠⎞⎠

―――――――――――――――――

⋅⋅ncrossbeam ⎛⎝ +bsupp ⋅2 bedge⎞⎠ ⎛
⎜
⎝+

 ↲⋅⋅2 wcb_f tcb_f
⋅⎛⎝ -hcb_main ⋅2 tcb_f⎞⎠ tcb_w

⎞
⎟
⎠

l

⎞
⎟
⎟
⎟
⎟⎠

ρsteel

⋅⋅tc_rd bsupp ρbalsa ⋅⋅⋅2 tl_rd bsupp ρl_rd ⋅2 ―――
Massfcp

l

5383 ―
kg
m

≔Gmb =⋅Massdist 9.81 ―
m

s2
52.804 ――

kN
m



≔Gmb =⋅Massdist 9.81 ―
m

s2
52.804 ――

kN
m

Forces as a result of self weight
Loadcase G was used

≔VG_mb =⋅⋅―
1
2

Gmb l 667 kN

≔MG_mb =⋅⋅―
1
8

Gmb l2 4208 ⋅kN m

Combined forces with 6.10 B

≔VEd_mb =+⋅1.2 VG_mb ⋅1.5 Vbm1_mb
⎛⎝ ⋅4.682 103 ⎞⎠ kN

≔MEd_mb =+⋅1.2 MG_mb ⋅1.5 Mbm1_mb
⎛⎝ ⋅2.327 104 ⎞⎠ ⋅kN m

Resultant stresses

≔τEd_mb =―――
VEd_mb

Amb_v

93.6 MPa

≔σEd_mb =⋅⋅⋅―――
MEd_mb

EImb

Esteel ―
1
2

hmb 307.8 MPa

Unity checks

≔u.c.τ_mb =―――
τEd_mb

fst
0.264

≔u.c.σ_mb =―――
σEd_mb

fst
0.867

Auxiliary calculations

Calculations for ship impact forces



Global bending moment

≔Mship_glob =⋅⋅―
1
2

Fship
⎛
⎜
⎝

-⋅―
1
2

l ⋅―
1
4

wship
⎞
⎟
⎠

4.8 ⋅MN m

Local bending moment

≔Mship_loc =⋅⋅―
1
2

Fship
⎛
⎜
⎝

-⋅―
1
2

h.o.hcrossbeam ⋅―
1
4

wship
⎞
⎟
⎠

549.115 ⋅kN m

Shear forve

≔Vship =Fship 811 kN

Section properties

≔AV_mb_f =⋅tmb_f wmb_f 0.024 m2 ≔Wloc_mb_f ⋅⋅―
1
6

tmb_f wmb_f
2

≔Isc =+⋅⋅⋅2 ―
1

12
tmb_f wmb_f

3 ⋅⋅⋅2 tmb_f wmb_f

⎛
⎜
⎝
――
bsupp

2

⎞
⎟
⎠

2

1.056 m4

Resultant stresses

≔τsc =―――
Vship

AV_mb_f

34.3 MPa

≔σsc_glob =⋅―――
Mship_glob

Isc
――――

+bsupp wmb_f

2
22.7 MPa



≔τsc =―――
Vship

AV_mb_f

34.3 MPa

≔σsc_glob =⋅―――
Mship_glob

Isc
――――

+bsupp wmb_f

2
22.7 MPa

≔σsc_loc =―――
Mship_loc

Wloc_mb_f

265.6 MPa

Unity checks

≔u.c.τ_sc =――
τsc
fst

0.097

≔u.c.σ_sc_loc =――
σsc_loc

fst
0.748

≔u.c.σ_sc_glob =―――
σsc_glob

fst
0.064

Calculations for opened structure

Wind loads



≔ze =+hunder_side ⋅sin ⎛⎝θmax⎞⎠ l 29.2 m ≔qp_0 1.94 ――
kN

m2
≔slenderness =―――――

+bsupp ⋅2 bedge
hmb

8

≔ρ 1.25 ――
kg

m3
≔vb 29.5 ―

m
s

≔cfx_0 =|
|
|
|
|
|

if

else

≤slenderness 4
‖
‖ -2.4 ⋅0.275 slenderness

‖
‖ 1.3

1.3 ≔ce =―――
qp_0

⋅⋅―
1
2

ρ vb
2

3.6 ≔Ct =⋅cfx_0 ce 4.6

≔qp =⋅⋅⋅―
1
2

ρ vb
2 Ct 2.5 ――

kN

m2

≔topen 15 ≔ψt =+1 ―――

ln
⎛
⎜
⎝
――
topen
50

⎞
⎟
⎠

9
0.9

Principle resultant forces

≔Nmb_G_open =――――
⋅Gmb l

⋅2 sin ⎛⎝θmax⎞⎠
676.9 kN

≔Mmb_G_open =⋅⋅⋅―
1
2

Gmb cos ⎛⎝θmax⎞⎠ l2 ⎛⎝ ⋅2.923 103 ⎞⎠ ⋅kN m

≔Nmb_wind =―――――――――

⋅⋅⋅―
1
2

qp hmb ⎛⎝ ⋅sin ⎛⎝θmax⎞⎠ l⎞⎠
2

bsupp
206.276 kN

≔Mmb_wind_y =⋅⋅⋅⋅―
1
2

―
1
2

qp ⎛⎝ +⋅2 bedge bsupp⎞⎠ ⎛⎝ ⋅sin ⎛⎝θmax⎞⎠ l⎞⎠
2 ⎛⎝ ⋅7.583 103 ⎞⎠ ⋅kN m

Resultant stresses

≔σmb_G_open =+⋅⋅⋅――――
Mmb_G_open

EImb

Esteel ―
1
2

hmb ――――
Nmb_G_open

Amb

45.7 MPa



Resultant stresses

≔σmb_G_open =+⋅⋅⋅――――
Mmb_G_open

EImb

Esteel ―
1
2

hmb ――――
Nmb_G_open

Amb

45.7 MPa

≔σmb_wind_1 =+⋅⋅⋅――――
Mmb_wind_y

EImb

Esteel ―
1
2

hmb ⋅0.4 ―――
Nmb_wind

Amb

101.1 MPa

≔σmb_wind_2 =+⋅⋅⋅⋅0.4 ――――
Mmb_wind_y

EImb

Esteel ―
1
2

hmb ―――
Nmb_wind

Amb

42.3 MPa

≔σmb_wind =max ⎛⎝ ,σmb_wind_1 σmb_wind_2⎞⎠ 101.1 MPa

Unity checks

≔u.c.σ_open =―――――――――――
+⋅1.2 σmb_G_open ⋅⋅1.8 ψt σmb_wind

fst
0.6

Results 

Unity Checks

Unity checks traffic loads
deflection 

=u.c.deflection_midspan 0.21 =u.c.deflection_threshold 0.97

Road deck
=u.c.τ_rd 0.93 =u.c.σ_rd 0.89 =u.c.σ_c_rd 0.46

Cross beam
=u.c.τ_cb 0.19 =u.c.σ_cb 0.96

Main beam
=u.c.τ_mb 0.26 =u.c.σ_mb 0.87

Unity checks ship colision
Main Beam

=u.c.τ_sc 0.097 =u.c.σ_sc_loc 0.748 =u.c.σ_sc_glob 0.064

Unity checks opened position
=u.c.σ_open 0.6

MKI 



MKI 

≔€ 1 ¤

≔MassE_glass =⋅⋅⋅⋅2 tl_rd bsupp l ρl_rd 10.9 tonne

≔MassBalsa =⋅⋅⋅tc_rd bsupp l ρbalsa 34.002 tonne

≔MassSteel =⋅⎛
⎜
⎝+

 ↲⋅⋅ncrossbeam ⎛⎝ +⋅⋅2 wcb_f tcb_f ⋅tcb_w ⎛⎝ -hcb_main ⋅2 tcb_f⎞⎠⎞⎠ bsupp
⋅⋅2 ⎛⎝ +⋅⋅2 wmb_f tmb_f ⋅tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠⎞⎠ l

⎞
⎟
⎠

ρsteel 48.5 tonne

≔AE_glass =⋅⋅2 ⎛⎝ +bsupp td_rd⎞⎠ l 503.687 m2

≔ASteel =
+

 ↲⋅⋅ncrossbeam ⎛⎝ -++⋅4 tcb_f ⋅4 wcb_f ⋅2 hcb_main ⋅2 tcb_w⎞⎠ bsupp
⋅⋅2 ⎛⎝ -++⋅4 tmb_f ⋅4 wmb_f ⋅2 hmb ⋅2 tmb_w⎞⎠ l

579.9 m2

≔MKISteel 0.165 ―
€
kg

≔MKIscore_Steel =⋅MKISteel MassSteel 8009.9 €

≔MKIE_glass 0.265 ―
€
kg

≔MKIscore_E_glass =⋅MKIE_glass MassE_glass 2883.4 €

≔MKIBalsa -0.129 ―
€
kg

≔MKIscore_Balsa =⋅MKIBalsa MassBalsa -4386.3 €

≔MKISteel_cons 0.300 ――
€

m2
≔MKIscore_Steel_cons =⋅⋅5 MKISteel_cons ASteel 869.9 €

≔MKIE_glass_cons 1.173 ――
€

m2
≔MKIscore_E_glass_cons =⋅MKIE_glass_cons AE_glass 590.8 €

≔MKIscore_Total =
++

 ↲++MKIscore_Steel MKIscore_E_glass MKIscore_Balsa
MKIscore_Steel_cons MKIscore_E_glass_cons

7968 €

Mass

≔Masstotal =++MassSteel MassE_glass MassBalsa 93 tonne
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General 

General dimensions



≔l 25250 mm

≔bfcp 4.28 m ≔bedge 5 m ≔brd 8 m ≔bsupp 9.45 m

≔hrd 5.9 m ≔hfcp 6.05 m ≔hwater 3.3 m ≔hunder_side 4.3 m

≔θmax 80 ° ≔htop =+⋅sin ⎛⎝θmax⎞⎠ l hrd 30.8 m

≔Massfcp 15.45 tonne

General properties

≔Ts_sun 57 °C ≔Ts_shade 31 °C

Design material properties

Properties balsa core

≔ρbalsa 285 ――
kg

m3
≔Gbalsa 145 MPa

≔Ebalsa_z 720 MPa ≔Ebalsa_x 2642 MPa

≔fc_xz_v_k 2.08 MPa ≔fc_z_k 7.32 MPa



≔fc_xz_v_k 2.08 MPa ≔fc_z_k 7.32 MPa

≔ηct_balsa =min

⎛
⎜
⎜
⎜⎝

,-1 ⋅

⎛
⎜
⎜
⎜⎝

+―――

0.2 ――
kg

m3

ρbalsa
0.004

⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―――――

-Ts_sun 20 °C

1 °C

⎞
⎟
⎠

1

⎞
⎟
⎟
⎟⎠

1

≔ηcm_balsa 1 ≔ηc_balsa =⋅ηct_balsa ηcm_balsa 1

≔γm_balsa 1.51 ≔γrd_balsa 1.5

≔fc_xz_d =―――――
⋅ηc_balsa fc_xz_v_k
⋅γm_balsa γrd_balsa

0.92 MPa

≔fc_z_d =―――――
⋅ηc_balsa fc_z_k

⋅γm_balsa γrd_balsa
3.23 MPa

Properties road deck laminate

Laminate layup road deck

0
90
45

-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%50
%16.67
%16.67
%16.67

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

≔ρl_rd 1900 ――
kg

m3
≔E1_l_rd 26.2 GPa ≔E2_l_rd 17.4 GPa

≔frd_x_k 366 MPa ≔frd_y_k 244 MPa ≔frd_xy_k 153 MPa

≔Tg_rd 90 °C

≔ηct_f_rd =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_sun 20 °C

-Tg_rd 20 °C
1

⎞
⎟
⎠

0.9



≔ηct_f_rd =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_sun 20 °C

-Tg_rd 20 °C
1

⎞
⎟
⎠

0.9

≔ηcm_f_rd 0.6 ≔ηc_f_rd =⋅ηct_f_rd ηcm_f_rd 0.521

≔ηct_m_rd =min
⎛
⎜
⎝

,-1 ⋅0.80 ―――――
-Ts_sun 20 °C

-Tg_rd 20 °C
1

⎞
⎟
⎠

0.6

≔ηcm_m_rd 0.6 ≔ηc_m_rd =⋅ηct_m_rd ηcm_m_rd 0.346

≔γm_rd 1.07 ≔γrd_rd 1.4

≔frd_x_d =―――――
⋅ηct_f_rd frd_x_k
⋅γrd_rd γm_rd

212 MPa

≔frd_y_d =―――――
⋅ηct_f_rd frd_y_k
⋅γrd_rd γm_rd

141.4 MPa

≔frd_xy_d =―――――
⋅ηct_f_rd frd_xy_k
⋅γrd_rd γm_rd

88.6 MPa

Properties head board web

Laminate layup web

0
90
45

-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%25
%25
%25
%25

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

≔Ew_mb 19.9 GPa



≔Ew_mb 19.9 GPa

Properties steel

≔ρsteel 7800 ――
kg

m3
≔Esteel 210 GPa ≔fst 355 MPa

Traffic load calculations

Cross section properties 

load properties

Distributed load BM1

≔qbm1 9 ――
kN

m2

Concentrated load BM1

≔Qbm1 300 kN ≔lw_bm1 40 cm ≔ww_bm1 40 cm ≔wbm1 2 m ≔h.o.hbm1 1.2 m

Distirbuted load foot and cycle path

≔qfcp 5 ――
kN

m2

Concentrated load accidental vehicle

≔Qav1 80 kN ≔Qav2 40 kN

Ship collision force

≔Fship 0.811 MN ≔hship 0.25 m ≔wship 3 m

Road deck properties



≔wbm1_mid 0.5 m

≔tl_rd 30 mm ≔tc_rd 700 mm ≔td_rd =+tc_rd ⋅2 tl_rd 760 mm

≔wrd =+lw_bm1 td_rd ⎛⎝ ⋅1.16 103 ⎞⎠ mm

≔Ard =⋅wrd tc_rd 0.812 m2

≔EIrd =

+

 ↲⋅⋅⋅⋅2 E1_l_rd wrd tl_rd
⎛
⎜
⎝
――――

+tc_rd tl_rd
2

⎞
⎟
⎠

2

⋅⋅⋅―
1

12
Ebalsa_z wrd tc_rd

3

266811 ⋅kN m2

Main beam properties



≔hmb 2500 mm ≔wmb_f 525 mm ≔tmb_f 45 mm ≔tmb_w 20 mm

≔Amb_v =⋅tmb_w hmb 0.05 m2

≔Amb =+⋅⋅2 tmb_f wmb_f ⋅tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠ 0.095 m2

≔EImb =⋅Esteel
⎛
⎜
⎜
⎜
⎜⎝
+

 ↲⋅⋅―
1

12
tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠

3

⋅⋅⋅2 wmb_f tmb_f
⎛
⎜
⎝

-⋅―
1
2

hmb ⋅―
1
2

tmb_f
⎞
⎟
⎠

2

⎞
⎟
⎟
⎟
⎟⎠

⎛⎝ ⋅19.8 106 ⎞⎠ ⋅kN m2

Stiffness properties head board



≔tl_hb 34 mm ≔tl_hb_w 28 mm

≔y =――――――――――――――――――――――――

+

 ↲+

 ↲+

 ↲+⋅⋅⋅―
1
2

――
bsupp

10
tl_hb

2 E1_l_rd ⋅⋅⋅――
bsupp

10
tc_rd

⎛
⎜
⎝

---hrd hunder_side tl_rd ――
tc_rd

2

⎞
⎟
⎠
Ebalsa_z

⋅⋅⋅――
bsupp

10
tl_rd

⎛
⎜
⎝

--hrd hunder_side ――
tl_rd

2

⎞
⎟
⎠
E1_l_rd

⋅⋅⋅――
bsupp

10
tl_rd

⎛
⎜
⎝

---hrd hunder_side tc_rd ―――
⋅3 tl_rd

2

⎞
⎟
⎠
E1_l_rd

⋅⋅⋅⋅⋅―
1

12
tl_hb_w ⎛⎝ -hrd hunder_side⎞⎠ Ew_mb ―

1
2

⎛⎝ -hrd hunder_side⎞⎠

++⋅⋅⋅3 ――
bsupp

10
tl_rd E1_l_rd ⋅⋅――

bsupp
10

tc_rd Ebalsa_z ⋅⋅⎛⎝ -hrd hunder_side⎞⎠ tmb_w Ew_mb

0.74 m

≔zl_rd_top =---hrd hunder_side ――
tl_rd

2
y 0.847 m

≔zc_rd =----hrd hunder_side tl_rd ――
tc_rd

2
y 0.482 m

≔zl_rd_bot =----hrd hunder_side tc_rd ――
3 tl_rd

2
y 0.117 m

≔zl_beam_bot =+-y ――
tl_rd

2
-0.723 m

≔EIhb =

+

 ↲+

 ↲+

 ↲+

 ↲⋅⋅⋅――
bsupp

10
tl_rd zl_rd_bot

2 E1_l_rd

⋅⋅⋅――
bsupp

10
tl_rd zl_rd_top

2 E1_l_rd

⋅⋅⋅――
bsupp

10
tl_hb zl_beam_bot

2 E1_l_rd

⋅⋅⋅――
bsupp

10
tc_rd zc_rd

2 Ebalsa_z

⋅⋅⋅―
1

12
tl_hb_w ⎛⎝ -hrd hunder_side⎞⎠

3 Ew_mb

⎛⎝ ⋅1.284 106 ⎞⎠ ⋅kN m2



≔EIhb =

+

 ↲+

 ↲+

 ↲+

 ↲⋅⋅⋅――
bsupp

10
tl_rd zl_rd_bot

2 E1_l_rd

⋅⋅⋅――
bsupp

10
tl_rd zl_rd_top

2 E1_l_rd

⋅⋅⋅――
bsupp

10
tl_hb zl_beam_bot

2 E1_l_rd

⋅⋅⋅――
bsupp

10
tc_rd zc_rd

2 Ebalsa_z

⋅⋅⋅―
1

12
tl_hb_w ⎛⎝ -hrd hunder_side⎞⎠

3 Ew_mb

⎛⎝ ⋅1.284 106 ⎞⎠ ⋅kN m2

Calculations for deflections

Deflections at the supports in the middle of the deck

≔wmiddle_at_supports =+⋅―
1

48
――――

⋅Qbm1 bsupp
3

EIhb
⋅――

5
384

――――――

⋅⋅qbm1 ――
bsupp

10
bsupp

4

EIhb
4.8 mm

Deflections at midspan in the middle of the deck

≔wmiddle_midspan =+―
1

48
――――

⋅⋅4 Qbm1 l3

⋅2 EImb

⋅――
5

384
―――――

⋅⋅qbm1 bsupp l4

⋅2 EImb

21.5 mm

Deflections limit

≔wlimit_midspan =――
l

250
101 mm ≔wlimit_threshold 5 mm

Unity checks

≔u.c.deflection_threshold =――――――
wmiddle_at_supports

wlimit_threshold

0.96

≔u.c.deflection_midspan =―――――
wmiddle_midspan

wlimit_midspan

0.21

Calculations for road deck

Load cases



Shear force
Load case BM1 2 was used

≔Vbm1 =+⋅⋅⋅―
1
2

qbm1 brd wrd ⋅1.105 Qbm1 373.26 kN

Bending moments
Load case BM1 1 was used

≔Mbm1 =+⋅⋅⋅⋅―
1
2

qbm1 wrd brd
⎛
⎜
⎝

-⋅―
1
2

bsupp ⋅―
1
4

brd
⎞
⎟
⎠

⋅――
Qbm1

2
⎛⎝ --bsupp ⋅2 wbm1_mid wbm1⎞⎠ 1081 ⋅kN m

Self weight 

≔Grd =⋅⎛⎝ +⋅⋅⋅2 tl_rd wrd ρl_rd ⋅⋅tc_rd wrd ρbalsa⎞⎠ 9.81 ―
m

s2
3.568 ――

kN
m

Forces as a result of self weight
Loadcase G was used

≔VG_rd =⋅⋅―
1
2

Grd bsupp 16.9 kN

≔MG_rd =⋅⋅―
1
8

Grd bsupp
2 39.8 ⋅kN m



≔VG_rd =⋅⋅―
1
2

Grd bsupp 16.9 kN

≔MG_rd =⋅⋅―
1
8

Grd bsupp
2 39.8 ⋅kN m

Combined forces with 6.10 B

≔VEd_rd =+⋅1.2 VG_rd ⋅1.5 Vbm1 580 kN

≔MEd_rd =+⋅1.2 MG_rd ⋅1.5 Mbm1 1670 ⋅kN m

≔VEd_rd_s =⋅1.5 ⎛⎝ +⋅⋅2 0.6 Qbm1 ⋅⋅⋅0.1 qbm1 ww_bm1 brd⎞⎠ 544 kN

Resultant stresses

≔τc_rd =―――
VEd_rd

Ard

0.7 MPa

≔σl_rd =⋅⋅―――
MEd_rd

EIrd
――
td_rd

2
E1_l_rd 62 MPa

≔τl_rd =――――
VEd_rd_s

⋅tl_rd ww_bm1

45 MPa

≔σc_fcp =⋅⋅―――
MEd_rd

EIrd

⎛
⎜
⎝

-――
td_rd

2
tl_rd

⎞
⎟
⎠
Ebalsa_z 1.577 MPa

Unity checks

≔u.c.τ_c_rd =――
τc_rd
fc_xz_d

0.78

≔u.c.σ_rd =―――
σl_rd

frd_x_d
0.29

≔u.c.τ_l_rd =―――
τl_rd

frd_xy_d
0.51

≔u.c.comb_rd =+u.c.σ_rd u.c.τ_l_rd 0.81

≔u.c.σ_c_rd =――
σc_fcp

fc_z_d
0.49

Calculations for mainbeam

Loads 



Loads 

≔qmb =―――――――――――――――――

+⋅⋅bfcp qfcp
⎛
⎜
⎝

++――
bfcp

2
⎛⎝ -bedge bfcp⎞⎠ bsupp

⎞
⎟
⎠

⋅⋅brd qbm1 bsupp

bsupp
99.877 ――

kN
m

≔Qmb =―――――――――――――――――

⋅Qbm1

⎛
⎜
⎜
⎜
⎜
⎝

--+

 ↲---⋅2 bsupp ⋅2 ――――
⎛⎝ -bsupp brd⎞⎠

2
⋅2 wbm1_mid wbm1

⋅2 ――
bsupp

2
⋅2 wbm1_mid wbm1

⎞
⎟
⎟
⎟
⎟
⎠

bsupp
663.5 kN

Load cases



Shear force
Loadcases V MB was used

≔Vbm1_mb =+⋅⋅―
1
2

qmb l Qmb
⎛⎝ ⋅1.9 103 ⎞⎠ kN

Bending moment
Loadcases M MB was used

≔Mbm1_mb =+⋅⋅―
1
8

qmb l2 ⋅⋅―
1
4

Qmb l ⎛⎝ ⋅1.215 104 ⎞⎠ ⋅kN m

Self weight

≔Massdist =

+++

 ↲⋅⋅2 ⎛⎝ +⋅⋅2 wmb_f tmb_f ⋅⎛⎝ -hmb ⋅2 tmb_f⎞⎠ tmb_w⎞⎠ ρsteel

⋅⋅tc_rd bsupp ρbalsa ⋅⋅⋅2 tl_rd bsupp ρl_rd ⋅2 ―――
Massfcp

l

5675 ―
kg
m

≔Gmb =⋅Massdist 9.81 ―
m

s2
55.675 ――

kN
m

Forces as a result of self weight
Loadcase G was used

≔VG_mb =⋅⋅―
1
2

Gmb l 703 kN

≔MG_mb =⋅⋅―
1
8

Gmb l2 4437 ⋅kN m

Combined forces with 6.10 B

≔VEd_mb =+⋅1.2 VG_mb ⋅1.5 Vbm1_mb
⎛⎝ ⋅3.73 103 ⎞⎠ kN

≔MEd_mb =+⋅1.2 MG_mb ⋅1.5 Mbm1_mb
⎛⎝ ⋅2.355 104 ⎞⎠ ⋅kN m

Resultant stresses

≔τEd_mb =―――
VEd_mb

Amb_v

74.6 MPa



≔τEd_mb =―――
VEd_mb

Amb_v

74.6 MPa

≔σEd_mb =⋅⋅⋅―――
MEd_mb

EImb

Esteel ―
1
2

hmb 311.4 MPa

Unity checks

≔u.c.τ_mb =―――
τEd_mb

fst
0.21

≔u.c.σ_mb =―――
σEd_mb

fst
0.877

Auxiliary calculations

Calculations for ship impact forces



≔nstiffeners 18 ≔h.o.h.stiffener =――――
l

-nstiffeners 1
1.485 m

≔Astiff 6457 mm 2 ≔Icr_stiff ⋅3017 104 mm 4 Stiffeners are square tubes, 
180 x 180 x10

Activated stiffeners

≔nstiff_active =floor
⎛
⎜
⎝
――――

wship

h.o.h.stiffener

⎞
⎟
⎠

2

Normal force

≔Nship =Fship 0.811 MN

Shear force

≔Vship =⋅⋅―
1
2

――
Fship

wship

h.o.h.stiffener 0.201 MN

Global bending moment

≔Mship_glob =⋅⋅―
1
2

Fship
⎛
⎜
⎝

-⋅―
1
2

l ⋅―
1
4

wship
⎞
⎟
⎠

4.8 ⋅MN m

Local bending moment

≔Mship_loc =⋅⋅―
1
8

――
Fship

wship

h.o.h.stiffener
2 74.548 ⋅kN m

Section properties

≔AV_mb_f =⋅tmb_f wmb_f 0.024 m2

≔Wloc_mb_f ⋅⋅―
1
6

tmb_f wmb_f
2

≔Isc =+⋅⋅⋅2 ―
1

12
tmb_f wmb_f

3 ⋅⋅⋅2 tmb_f wmb_f

⎛
⎜
⎝
――
bsupp

2

⎞
⎟
⎠

2

1.056 m4

Critical buckling force

≔ε 0.81 ≔classf_stiff 1 ≔classw_stiff 2 ≔lcr_stiff bsupp ≔λ1 =⋅93.9 ε 76

≔i =
‾‾‾‾‾‾
―――
Icr_stiff
Astiff

0.068 m ≔λ =―――
lcr_stiff

⋅i λ1
1.818



≔ε 0.81 ≔classf_stiff 1 ≔classw_stiff 2 ≔lcr_stiff bsupp ≔λ1 =⋅93.9 ε 76

≔i =
‾‾‾‾‾‾
―――
Icr_stiff
Astiff

0.068 m ≔λ =―――
lcr_stiff

⋅i λ1
1.818 ≔αstiff 0.49

≔ϕ =⋅0.5 ⎛⎝ ++1 ⋅αstiff (( -λ 0.2)) λ2 ⎞⎠ 2.548 ≔χ =―――――
1

+ϕ ‾‾‾‾‾‾+ϕ2 λ2
0.176

≔Ncr =⋅⋅χ Astiff fst 0.404 MN

Resultant stresses

≔τsc =―――
Vship

AV_mb_f

8.5 MPa

≔σsc_glob =⋅―――
Mship_glob

Isc
――――

+bsupp wmb_f

2
22.7 MPa

≔σsc_loc =―――
Mship_loc

Wloc_mb_f

36.1 MPa

Unity checks

≔u.c.τ_sc =――
τsc
fst

0.02

≔u.c.σ_sc_loc =――
σsc_loc

fst
0.1

≔u.c.s_sc_glob =―――
σsc_glob

fst
0.06

≔u.c.σ_sc_s_stiff =―――――
Nship

⋅nstiff_active Ncr

1

Calculations for opened structure

Wind loads



≔ze =+hunder_side ⋅sin ⎛⎝θmax⎞⎠ l 29.2 m ≔qp_0 1.94 ――
kN

m2
≔slenderness =―――――

+bsupp ⋅2 bedge
hmb

8

≔ρ 1.25 ――
kg

m3
≔vb 29.5 ―

m
s

≔cfx_0 =|
|
|
|
|
|

if

else

≤slenderness 4
‖
‖ -2.4 ⋅0.275 slenderness

‖
‖ 1.3

1.3 ≔ce =―――
qp_0

⋅⋅―
1
2

ρ vb
2

3.6 ≔Ct =⋅cfx_0 ce 4.6

≔qp =⋅⋅⋅―
1
2

ρ vb
2 Ct 2.5 ――

kN

m2

≔ψt =+1 ―――

ln
⎛
⎜
⎝
――
topen
50

⎞
⎟
⎠

9
0.9≔topen 15



≔topen 15 ≔ψt =+1 ―――

ln
⎛
⎜
⎝
――
topen
50

⎞
⎟
⎠

9
0.9

Principle resultant forces

≔Nmb_G_open =――――
⋅Gmb l

⋅2 sin ⎛⎝θmax⎞⎠
713.7 kN

≔Mmb_G_open =⋅⋅⋅―
1
2

Gmb cos ⎛⎝θmax⎞⎠ l2 ⎛⎝ ⋅3.082 103 ⎞⎠ ⋅kN m

≔Nmb_wind =―――――――――

⋅⋅⋅―
1
2

qp hmb ⎛⎝ ⋅sin ⎛⎝θmax⎞⎠ l⎞⎠
2

bsupp
206.276 kN

≔Mmb_wind_y =⋅⋅⋅⋅―
1
2

―
1
2

qp ⎛⎝ +⋅2 bedge bsupp⎞⎠ ⎛⎝ ⋅sin ⎛⎝θmax⎞⎠ l⎞⎠
2 ⎛⎝ ⋅7.583 103 ⎞⎠ ⋅kN m

Resultant stresses

≔σmb_G_open =+⋅⋅⋅――――
Mmb_G_open

EImb

Esteel ―
1
2

hmb ――――
Nmb_G_open

Amb

48.2 MPa

≔σmb_wind_1 =+⋅⋅⋅――――
Mmb_wind_y

EImb

Esteel ―
1
2

hmb ⋅0.4 ―――
Nmb_wind

Amb

101.1 MPa

≔σmb_wind_2 =+⋅⋅⋅⋅0.4 ――――
Mmb_wind_y

EImb

Esteel ―
1
2

hmb ―――
Nmb_wind

Amb

42.3 MPa

≔σmb_wind =max ⎛⎝ ,σmb_wind_1 σmb_wind_2⎞⎠ 101.1 MPa

Unity checks

≔u.c.σ_open =―――――――――――
+⋅1.2 σmb_G_open ⋅⋅1.8 ψt σmb_wind

fst
0.61

Results 

Unity checks

Unity checks traffic loads
deflection 

=u.c.deflection_midspan 0.21 =u.c.deflection_threshold 0.96

=u.c.τ_c_rd 0.78 =u.c.σ_c_rd 0.49 =u.c.comb_rd 0.81
Road deck



=u.c.τ_c_rd 0.78 =u.c.σ_c_rd 0.49 =u.c.comb_rd 0.81

Main beam
=u.c.τ_mb 0.21 =u.c.σ_mb 0.88

Unity checks ship colision
Main beam

=u.c.τ_sc 0.024 =u.c.σ_sc_loc 0.102 =u.c.s_sc_glob 0.064

Stiffener 
=u.c.σ_sc_s_stiff 1

Unity checks opened position
=u.c.σ_open 0.61

MKI 

≔€ 1 ¤

≔MassE_glass =⋅⋅⋅⋅2 tl_rd bsupp l ρl_rd 27.2 tonne

≔MassBalsa =⋅⋅⎛⎝ ⋅tc_rd bsupp⎞⎠ l ρbalsa 47.6 tonne

≔MassSteel =⋅⎛
⎜
⎝+

 ↲⋅⋅2 ⎛⎝ +⋅⋅2 wmb_f tmb_f ⋅tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠⎞⎠ l
⋅⋅Astiff nstiffeners bsupp

⎞
⎟
⎠

ρsteel 46.2 tonne

≔AE_glass =⋅⋅2 ⎛⎝ +bsupp td_rd⎞⎠ l 515.605 m2

≔ASteel =⋅⋅2 ⎛⎝ -++⋅4 tmb_f ⋅4 wmb_f ⋅2 hmb ⋅2 tmb_w⎞⎠ l 365.6 m2

≔MKISteel 0.165 ―
€
kg

≔MKIscore_Steel =⋅MKISteel MassSteel 7617.2 €

≔MKIE_glass 0.265 ―
€
kg

≔MKIscore_E_glass =⋅MKIE_glass MassE_glass 7208.5 €

≔MKIBalsa -0.129 ―
€
kg

≔MKIscore_Balsa =⋅MKIBalsa MassBalsa -6140.8 €

≔MKISteel_cons 0.300 ――
€

m2
≔MKIscore_Steel_cons =⋅⋅5 MKISteel_cons ASteel 548.4 €

≔MKIE_glass_cons 1.173 ――
€

m2
≔MKIscore_E_glass_cons =⋅MKIE_glass_cons AE_glass 604.8 €

≔MKIscore_Total =
+++

 ↲+MKIscore_Steel MKIscore_E_glass
MKIscore_Balsa MKIscore_Steel_cons MKIscore_E_glass_cons

9838 €



≔MKIscore_Total =
+++

 ↲+MKIscore_Steel MKIscore_E_glass
MKIscore_Balsa MKIscore_Steel_cons MKIscore_E_glass_cons

9838 €

Mass

≔Masstotal =++MassE_glass MassBalsa MassSteel 121 tonne
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General 

General dimensions



≔l 25250 mm

≔bfcp 4.28 m ≔bedge 5 m ≔brd 8 m ≔bsupp 9.45 m

≔hrd 5.9 m ≔hfcp 6.05 m ≔hwater 3.3 m ≔hunder_side 4.3 m

≔θmax 80 ° ≔htop =+⋅sin ⎛⎝θmax⎞⎠ l hrd 30.8 m

≔Massfcp 15.45 tonne

General properties

≔Ts_sun 57 °C ≔Ts_shade 31 °C

Partial safety factors

Properties balsa core

≔ρbalsa 285 ――
kg

m3
≔Gbalsa 145 MPa

≔Ebalsa_z 720 MPa ≔Ebalsa_x 2642 MPa

≔fc_xz_v_k 2.08 MPa ≔fc_z_k 7.32 MPa

≔ηct_balsa =min

⎛
⎜
⎜
⎜⎝

,-1 ⋅

⎛
⎜
⎜
⎜⎝

+―――

0.2 ――
kg

m3

ρbalsa
0.004

⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―――――

-Ts_sun 20 °C

1 °C

⎞
⎟
⎠

1

⎞
⎟
⎟
⎟⎠

1



≔ηct_balsa =min

⎛
⎜
⎜
⎜⎝

,-1 ⋅

⎛
⎜
⎜
⎜⎝

+―――

0.2 ――
kg

m3

ρbalsa
0.004

⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―――――

-Ts_sun 20 °C

1 °C

⎞
⎟
⎠

1

⎞
⎟
⎟
⎟⎠

1

≔ηcm_balsa 1 ≔ηc_balsa =⋅ηct_balsa ηcm_balsa 1

≔γm_balsa 1.51 ≔γrd_balsa 1.5

≔fc_xz_d =―――――
⋅ηc_balsa fc_xz_v_k
⋅γm_balsa γrd_balsa

0.92 MPa

≔fc_z_d =―――――
⋅ηc_balsa fc_z_k

⋅γm_balsa γrd_balsa
3.23 MPa

Properties road deck laminate

Laminate layup road deck

0
90
45

-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%50
%16.67
%16.67
%16.67

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

≔ρl_rd 1900 ――
kg

m3
≔E1_l_rd 26.2 GPa ≔E2_l_rd 17.4 GPa

≔frd_x_k 366 MPa ≔frd_y_k 244 MPa ≔frd_xy_k 153 MPa

≔Tg_rd 90 °C

≔ηct_f_rd =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_sun 20 °C

-Tg_rd 20 °C
1

⎞
⎟
⎠

0.9

≔ηcm_f_rd 0.6 ≔ηc_f_rd =⋅ηct_f_rd ηcm_f_rd 0.521



≔ηcm_f_rd 0.6 ≔ηc_f_rd =⋅ηct_f_rd ηcm_f_rd 0.521

≔ηct_m_rd =min
⎛
⎜
⎝

,-1 ⋅0.80 ―――――
-Ts_sun 20 °C

-Tg_rd 20 °C
1

⎞
⎟
⎠

0.6

≔ηcm_m_rd 0.6 ≔ηc_m_rd =⋅ηct_m_rd ηcm_m_rd 0.346

≔γm_rd 1.07 ≔γrd_rd 1.4

≔frd_x_d =―――――
⋅ηct_f_rd frd_x_k
⋅γrd_rd γm_rd

212 MPa

≔frd_y_d =―――――
⋅ηct_f_rd frd_y_k
⋅γrd_rd γm_rd

141.4 MPa

≔frd_xy_d =―――――
⋅ηct_f_rd frd_xy_k
⋅γrd_rd γm_rd

88.6 MPa

Partial factors frp main beam

Laminate layup flange

0
90
45

-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%62.5
%12.5
%12.5
%12.5

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

Laminate layup web

0
90
45

-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%25
%25
%25
%25

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦



0
90
45

-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%25
%25
%25
%25

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

≔ρl_mb 1900 ――
kg

m3
≔Ef_mb 29.4 GPa ≔Ew_mb 19.9 GPa

≔fmb_x_k 412 MPa ≔fmb_xz_k 180 MPa

≔Tg_mb 90 °C ≔ϕ50_mb_x_t 0.14 ≔ϕ50_mb_x_c 0.41

≔ηct_f_mb =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_sun 20 °C

-Tg_mb 20 °C
1

⎞
⎟
⎠

0.9

≔ηcm_f_mb 0.6 ≔ηc_f_mb =⋅ηct_f_mb ηcm_f_mb 0.521

≔ηct_f_stiff =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_shade 20 °C

-Tg_mb 20 °C
1

⎞
⎟
⎠

0.961

≔ηcm_f_stiff 0.6 ≔ηc_f_stiff =⋅ηct_f_stiff ηcm_f_stiff 0.576

≔ηct_m_mb =min
⎛
⎜
⎝

,-1 ⋅0.80 ―――――
-Ts_sun 20 °C

-Tg_mb 20 °C
1

⎞
⎟
⎠

0.6

≔ηcm_m_mb 0.6 ≔ηc_m_mb =⋅ηct_m_mb ηcm_m_mb 0.346

≔γm_mb 1.07 ≔γrd_mb 1.5

≔fmb_x_50 =―――――
⋅ηc_f_mb fmb_x_k

⋅γrd_mb γm_mb

133.7 MPa

≔fmb_xz_50 =―――――
⋅ηc_f_mb fmb_xz_k

⋅γrd_mb γm_mb

58.4 MPa

Traffic load calculations

Cross section properties 

load properties

Distributed load BM1



Distributed load BM1

≔qbm1 9 ――
kN

m2

Concentrated load BM1

≔Qbm1 300 kN ≔lw_bm1 40 cm ≔ww_bm1 40 cm ≔wbm1 2 m ≔h.o.hbm1 1.2 m

Distirbuted load foot and cycle path

≔qfcp 5 ――
kN

m2

Concentrated load accidental vehicle

≔Qav1 80 kN ≔Qav2 40 kN

Ship collision force

≔Fship 0.811 MN ≔hship 0.25 m ≔wship 3 m

Road deck properties

≔wbm1_mid 0.5 m

≔tl_rd 30 mm ≔tc_rd 700 mm ≔td_rd =+tc_rd ⋅2 tl_rd 760 mm



≔wbm1_mid 0.5 m

≔tl_rd 30 mm ≔tc_rd 700 mm ≔td_rd =+tc_rd ⋅2 tl_rd 760 mm

≔wrd =+lw_bm1 td_rd ⎛⎝ ⋅1.16 103 ⎞⎠ mm

≔Ard =⋅wrd tc_rd 0.812 m2

≔EIrd =

+

 ↲⋅⋅⋅⋅2 E1_l_rd wrd tl_rd
⎛
⎜
⎝
――――

+tc_rd tl_rd
2

⎞
⎟
⎠

2

⋅⋅⋅―
1

12
Ebalsa_z wrd tc_rd

3

266811 ⋅kN m2

Main beam properties

≔hmb 3200 mm ≔wmb_f 600 mm ≔tmb_f 80 mm ≔tmb_w 28 mm



≔hmb 3200 mm ≔wmb_f 600 mm ≔tmb_f 80 mm ≔tmb_w 28 mm

≔Amb_v =⋅tmb_w hmb 0.09 m2

≔Amb =+⋅⋅2 tmb_f wmb_f ⋅tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠ 0.181 m2

≔EImb =

+

 ↲⋅⋅⋅Ew_mb ―
1

12
tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠

3

⋅⋅⋅⋅2 Ef_mb wmb_f tmb_f
⎛
⎜
⎝

-⋅―
1
2

hmb ⋅―
1
2

tmb_f
⎞
⎟
⎠

2

⎛⎝ ⋅8.2 106 ⎞⎠ ⋅kN m2

Stiffness properties head board



≔tl_hb 34 mm

≔y =――――――――――――――――――――――――

+

 ↲+

 ↲+

 ↲+⋅⋅⋅―
1
2

――
bsupp

10
tl_hb

2 E1_l_rd ⋅⋅⋅――
bsupp

10
tc_rd

⎛
⎜
⎝

---hrd hunder_side tl_rd ――
tc_rd

2

⎞
⎟
⎠
Ebalsa_z

⋅⋅⋅――
bsupp

10
tl_rd

⎛
⎜
⎝

--hrd hunder_side ――
tl_rd

2

⎞
⎟
⎠
E1_l_rd

⋅⋅⋅――
bsupp

10
tl_rd

⎛
⎜
⎝

---hrd hunder_side tc_rd ―――
⋅3 tl_rd

2

⎞
⎟
⎠
E1_l_rd

⋅⋅⋅⋅⋅―
1

12
tmb_w ⎛⎝ -hrd hunder_side⎞⎠ Ew_mb ―

1
2

⎛⎝ -hrd hunder_side⎞⎠

++⋅⋅⋅3 ――
bsupp

10
tl_rd E1_l_rd ⋅⋅――

bsupp
10

tc_rd Ebalsa_z ⋅⋅⎛⎝ -hrd hunder_side⎞⎠ tmb_w Ew_mb

0.69 m

≔zl_rd_top =---hrd hunder_side ――
tl_rd

2
y 0.899 m

≔zc_rd =----hrd hunder_side tl_rd ――
tc_rd

2
y 0.534 m

≔zl_rd_bot =----hrd hunder_side tc_rd ――
3 tl_rd

2
y 0.169 m

≔zl_beam_bot =+-y ――
tl_rd

2
-0.671 m

≔EIhb =

+

 ↲+

 ↲+

 ↲+

 ↲⋅⋅⋅――
bsupp

10
tl_rd zl_rd_bot

2 E1_l_rd

⋅⋅⋅――
bsupp

10
tl_rd zl_rd_top

2 E1_l_rd

⋅⋅⋅――
bsupp

10
tl_hb zl_beam_bot

2 E1_l_rd

⋅⋅⋅――
bsupp

10
tc_rd zc_rd

2 Ebalsa_z

⋅⋅⋅―
1

12
tmb_w ⎛⎝ -hrd hunder_side⎞⎠

3 Ew_mb

⎛⎝ ⋅1.326 106 ⎞⎠ ⋅kN m2

Calculations for deflections

Deflections at the supports in the middle of the deck

≔wmiddle_at_supports =+⋅―
1

48
――――

⋅Qbm1 bsupp
3

EIhb
⋅――

5
384

――――――

⋅⋅qbm1 ――
bsupp

10
bsupp

4

EIhb
4.64 mm

Deflections at midspan in the middle of the deck



Deflections at midspan in the middle of the deck

≔wmiddle_midspan =+―
1

48
――――

⋅⋅4 Qbm1 l3

⋅2 EImb

⋅――
5

384
―――――

⋅⋅qbm1 bsupp l4

⋅2 EImb

52.2 mm

Deflections limit

≔wlimit_midspan =――
l

250
101 mm ≔wlimit_threshold 5 mm

Unity checks

≔u.c.deflection_threshold =――――――
wmiddle_at_supports

wlimit_threshold

0.93

≔u.c.deflection_midspan =―――――
wmiddle_midspan

wlimit_midspan

0.52

Calculations for road deck

Load cases



Shear force
Load case BM1 2 was used

≔Vbm1 =+⋅⋅⋅―
1
2

qbm1 brd wrd ⋅1.2 Qbm1 401.76 kN

Bending moments
Load case BM1 1 was used

≔Mbm1 =

+

 ↲⋅⋅⋅⋅―
1
2

qbm1 wrd brd
⎛
⎜
⎝

-⋅―
1
2

bsupp ⋅―
1
4

brd
⎞
⎟
⎠

⋅――
Qbm1

2
⎛⎝ --bsupp ⋅2 wbm1_mid wbm1⎞⎠

1081 ⋅kN m

Self weight 

≔Grd =⋅⎛⎝ +⋅⋅⋅2 tl_rd wrd ρl_rd ⋅⋅tc_rd wrd ρbalsa⎞⎠ 9.81 ―
m

s2
3.568 ――

kN
m

Forces as a result of self weight
Loadcase G was used

≔VG_rd =⋅⋅―
1
2

Grd bsupp 16.9 kN

≔MG_rd =⋅⋅―
1
8

Grd bsupp
2 39.8 ⋅kN m

Combined forces with 6.10 B

≔VEd_rd =+⋅1.2 VG_rd ⋅1.5 Vbm1 623 kN

≔MEd_rd =+⋅1.2 MG_rd ⋅1.5 Mbm1 1670 ⋅kN m

≔VEd_rd_s =⋅1.5
⎛
⎜
⎝

+⋅⋅2 0.6 Qbm1 ⋅⋅⋅0.1 qbm1 ww_bm1 ――
brd
2

⎞
⎟
⎠

542 kN

Resultant stresses

≔τc_rd =―――
VEd_rd

Ard

0.8 MPa



≔τc_rd =―――
VEd_rd

Ard

0.8 MPa

≔σl_rd =⋅⋅―――
MEd_rd

EIrd
――
td_rd

2
E1_l_rd 62 MPa

≔τl_rd =―――――
VEd_rd_s

⋅⋅2 tl_rd ww_bm1

23 MPa

≔σc_fcp =⋅⋅―――
MEd_rd

EIrd

⎛
⎜
⎝

-――
td_rd

2
tl_rd

⎞
⎟
⎠
Ebalsa_z 1.577 MPa

Unity checks

≔u.c.τ_c_rd =――
τc_rd
fc_xz_d

0.836

≔u.c.σ_rd =―――
σl_rd

frd_x_d
0.294

≔u.c.τ_l_rd =―――
τl_rd

frd_xy_d
0.255

≔u.c.comb_rd =+u.c.σ_rd u.c.τ_l_rd 0.5

≔u.c.σ_c_rd =――
σc_fcp

fc_z_d
0.49

Calculations for mainbeam

Loads 



≔qmb =―――――――――――――――――

+⋅⋅bfcp qfcp
⎛
⎜
⎝

++――
bfcp

2
⎛⎝ -bedge bfcp⎞⎠ bsupp

⎞
⎟
⎠

⋅⋅brd qbm1 bsupp

bsupp
99.877 ――

kN
m

≔Qmb =―――――――――――――――――

⋅Qbm1

⎛
⎜
⎜
⎜
⎜
⎝

--+

 ↲---⋅2 bsupp ⋅2 ――――
⎛⎝ -bsupp brd⎞⎠

2
⋅2 wbm1_mid wbm1

⋅2 ――
bsupp

2
⋅2 wbm1_mid wbm1

⎞
⎟
⎟
⎟
⎟
⎠

bsupp
663.5 kN

Load cases

Shear force
Loadcases V MB was used

≔Vbm1_mb =+⋅⋅―
1
2

qmb l Qmb
⎛⎝ ⋅1.9 103 ⎞⎠ kN

Bending moment
Loadcases M MB was used



Bending moment
Loadcases M MB was used

≔Mbm1_mb =+⋅⋅―
1
8

qmb l2 ⋅⋅―
1
4

Qmb l ⎛⎝ ⋅1.215 104 ⎞⎠ ⋅kN m

Self weight

≔Massdist =

+++

 ↲⋅⋅2 ⎛⎝ +⋅⋅2 wmb_f tmb_f ⋅⎛⎝ -hmb ⋅2 tmb_f⎞⎠ tmb_w⎞⎠ ρl_mb

⋅⋅tc_rd bsupp ρbalsa ⋅⋅⋅2 tl_rd bsupp ρl_rd ⋅2 ―――
Massfcp

l

4875 ―
kg
m

≔Gmb =⋅Massdist 9.81 ―
m

s2
47.82 ――

kN
m

Forces as a result of self weight
Loadcase G was used

≔VG_mb =⋅⋅―
1
2

Gmb l 604 kN

≔MG_mb =⋅⋅―
1
8

Gmb l2 3811 ⋅kN m

Combined forces with 6.10 B

≔VEd_mb =+⋅1.2 VG_mb ⋅1.5 Vbm1_mb
⎛⎝ ⋅3.611 103 ⎞⎠ kN

≔MEd_mb =+⋅1.2 MG_mb ⋅1.5 Mbm1_mb
⎛⎝ ⋅2.28 104 ⎞⎠ ⋅kN m

Resultant stresses

≔τEd_mb =―――
VEd_mb

Amb_v

40.3 MPa

≔σEd_mb =⋅⋅⋅―――
MEd_mb

EImb

Ef_mb ―
1
2

hmb 131.2 MPa

Unity checks

≔u.c.τ_mb =―――
τEd_mb

fmb_xz_50

0.69

≔u.c.σ_mb =―――
σEd_mb

fmb_x_50

0.982



≔u.c.σ_mb =―――
σEd_mb

fmb_x_50

0.982

Auxiliary calculations

Calculations for ship impact forces

≔tl_stiff 16 mm ≔tc_stiff 250 mm ≔lcr_stiff bsupp

≔wstiff 0.625 m ≔nstiff 18 ≔h.o.hstiff =―――
l

-nstiff 1
1.485 m

≔td_stiff =+tc_stiff ⋅2 tl_stiff 282 mm

Activated stiffeners

≔nstiff_active =floor
⎛
⎜
⎝
―――
wship

h.o.hstiff

⎞
⎟
⎠

2

Normal force



Normal force

≔Nship Fship

Global bending moment

≔Mship_glob =⋅⋅―
1
2

Fship
⎛
⎜
⎝

-⋅―
1
2

l ⋅―
1
4

wship
⎞
⎟
⎠

4.8 ⋅MN m

Section properties

≔Isc =+⋅⋅⋅2 ―
1

12
tmb_f wmb_f

3 ⋅⋅⋅2 tmb_f wmb_f

⎛
⎜
⎝
――
bsupp

2

⎞
⎟
⎠

2

2.146 m4

Critical buckling force

≔γrd_gb_stiff 1.4

≔Df =―――――――
⋅⋅ηc_m_mb Ef_mb tl_stiff

3

12
3.475 ⋅kN m

≔D0 =――――――――――――
⋅⋅⋅ηc_m_mb Ef_mb tl_stiff ⎛⎝ +tc_stiff tl_stiff⎞⎠

2

2
⎛⎝ ⋅5.763 103 ⎞⎠ ⋅kN m

≔Dc =――――――――
⋅⋅ηc_balsa Ebalsa_x tc_stiff

3

12
⎛⎝ ⋅3.438 103 ⎞⎠ ⋅kN m

≔Dk_stiff =++⋅2 Df D0 Dc
⎛⎝ ⋅9.208 103 ⎞⎠ ⋅kN m

≔Pcb_d_stiff =⋅―――――
1

⋅γm_rd γrd_gb_stiff
――――

⋅π2 Dk_stiff

lcr_stiff
2

679 ――
kN
m

≔Pcs_d_stiff =⋅―――――
ηc_f_stiff

⋅γm_mb γrd_mb
――――――――

⋅Gbalsa ⎛⎝ +tc_stiff tl_stiff⎞⎠
2

tc_stiff
14739 ――

kN
m

≔Pc_d_stiff =―――――――
⋅Pcb_d_stiff Pcs_d_stiff

+Pcb_d_stiff Pcs_d_stiff

0.649 ――
MN
m

Resultant stresses

≔σsc_glob =⋅―――
Mship_glob

Isc
――――

+bsupp wmb_f

2
11.3 MPa



≔σsc_glob =⋅―――
Mship_glob

Isc
――――

+bsupp wmb_f

2
11.3 MPa

Unity checks

≔u.c.s_sc_stiff =――――――――
Nship

⋅⋅nstiff_active wstiff Pc_d_stiff

1

≔u.c.s_sc_glob =―――
σsc_glob

fmb_x_50

0.084

Calculations for opened structure

Wind loads

≔slenderness =―――――
+bsupp ⋅2 bedge
hmb

6



≔ze =+hunder_side ⋅sin ⎛⎝θmax⎞⎠ l 29.2 m ≔qp_0 1.94 ――
kN

m2
≔slenderness =―――――

+bsupp ⋅2 bedge
hmb

6

≔ρ 1.25 ――
kg

m3
≔vb 29.5 ―

m
s

≔cfx_0 =|
|
|
|
|
|

if

else

≤slenderness 4
‖
‖ -2.4 ⋅0.275 slenderness

‖
‖ 1.3

1.3 ≔ce =―――
qp_0

⋅⋅―
1
2

ρ vb
2

3.6 ≔Ct =⋅cfx_0 ce 4.6

≔qp =⋅⋅⋅―
1
2

ρ vb
2 Ct 2.5 ――

kN

m2

≔topen 15 ≔ψt =+1 ―――

ln
⎛
⎜
⎝
――
topen
50

⎞
⎟
⎠

9
0.9

Principle resultant forces

≔Nmb_G_open =――――
⋅Gmb l

⋅2 sin ⎛⎝θmax⎞⎠
613 kN

≔Mmb_G_open =⋅⋅⋅―
1
2

Gmb cos ⎛⎝θmax⎞⎠ l2 ⎛⎝ ⋅2.647 103 ⎞⎠ ⋅kN m

≔Nmb_wind =―――――――――

⋅⋅⋅―
1
2

qp hmb ⎛⎝ ⋅sin ⎛⎝θmax⎞⎠ l⎞⎠
2

bsupp
264.033 kN

≔Mmb_wind_y =⋅⋅⋅⋅―
1
2

―
1
2

qp ⎛⎝ +⋅2 bedge bsupp⎞⎠ ⎛⎝ ⋅sin ⎛⎝θmax⎞⎠ l⎞⎠
2 ⎛⎝ ⋅7.583 103 ⎞⎠ ⋅kN m

Resultant stresses

≔σmb_G_open =+⋅⋅⋅――――
Mmb_G_open

EImb

Ef_mb ―
1
2

hmb ――――
Nmb_G_open

Amb

18.6 MPa

≔σmb_wind_1 =+⋅⋅⋅――――
Mmb_wind_y

EImb

Ef_mb ―
1
2

hmb ⋅0.4 ―――
Nmb_wind

Amb

44.2 MPa

≔σmb_wind_2 =+⋅⋅⋅⋅0.4 ――――
Mmb_wind_y

EImb

Ef_mb ―
1
2

hmb ―――
Nmb_wind

Amb

18.9 MPa

≔σmb_wind =max ⎛⎝ ,σmb_wind_1 σmb_wind_2⎞⎠ 44.2 MPa



≔σmb_wind =max ⎛⎝ ,σmb_wind_1 σmb_wind_2⎞⎠ 44.2 MPa

Unity checks

≔u.c.σ_open =―――――――――――
+⋅1.2 σmb_G_open ⋅⋅1.8 ψt σmb_wind

fmb_x_50

0.68

Results 

Unity checks

Unity checks traffic loads
deflection 

=u.c.deflection_midspan 0.52 =u.c.deflection_threshold 0.93

Road deck
=u.c.τ_c_rd 0.84 =u.c.σ_c_rd 0.49 =u.c.comb_rd 0.55

Main beam
=u.c.τ_mb 0.69 =u.c.σ_mb 0.98

Unity checks ship colision
Main beam

=u.c.s_sc_glob 0.084

Stiffener 
=u.c.s_sc_stiff 0.999

Unity checks opened position
=u.c.σ_open 0.68

MKI 

≔€ 1 ¤

≔MassE_glass =
+

 ↲⋅⋅⋅⋅2 tl_rd bsupp l ρl_rd
⋅⋅⋅2 ⎛⎝ +⋅⋅2 wmb_f tmb_f ⋅tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠⎞⎠ l ρl_mb

44.6 tonne

≔MassBalsa =⋅⋅⎛⎝ ⋅tc_rd bsupp⎞⎠ l ρbalsa 47.6 tonne

≔AE_glass =+⋅⋅2 ⎛⎝ +bsupp td_rd⎞⎠ l ⋅⋅2 ⎛⎝ ++⋅2 hmb ⋅2 wmb_f 2 ⎛⎝ -wmb_f tmb_w⎞⎠⎞⎠ l 957.177 m2



≔AE_glass =+⋅⋅2 ⎛⎝ +bsupp td_rd⎞⎠ l ⋅⋅2 ⎛⎝ ++⋅2 hmb ⋅2 wmb_f 2 ⎛⎝ -wmb_f tmb_w⎞⎠⎞⎠ l 957.177 m2

≔MKIE_glass 0.265 ―
€
kg

≔MKIscore_E_glass =⋅MKIE_glass MassE_glass 11813.8 €

≔MKIBalsa -0.129 ―
€
kg

≔MKIscore_Balsa =⋅MKIBalsa MassBalsa -6140.8 €

≔MKIE_glass_cons 1.173 ――
€

m2
≔MKIscore_E_glass_cons =⋅MKIE_glass_cons AE_glass 1122.8 €

≔MKIscore_Total =++MKIscore_E_glass MKIscore_Balsa MKIscore_E_glass_cons 6796 €

Mass

≔Masstotal =+MassE_glass MassBalsa 92 tonne



 

 
 

 

 

 



Table of Contents

General 
General dimensions
General properties

Material properties
Balsa
Road deck
Main beam

Traffic loads
Cross section properties
Calculations for deflections
Calculations for road deck
Calculations for main beams

Auxiliary loads cases
Calculations for ship collision
Calculations for wind loads

Results 
Unity checks
MKI
Mass 

General 

General dimensions Back to the top



≔l 25250 mm

≔bfcp 4.28 m ≔bedge 5 m ≔brd 8 m ≔bsupp 9.45 m

≔hrd 5.9 m ≔hfcp 6.05 m ≔hwater 3.3 m ≔hunder_side 4.3 m

≔θmax 80 ° ≔htop =+⋅sin ⎛⎝θmax⎞⎠ l hrd 30.8 m

≔nmain_webs 6 ≔h.o.h.main_webs =―――――
bsupp

-nmain_webs 1
1.89 m

≔massfcp 15.45 tonne

General properties Back to the top

≔Ts_sun 57 °C ≔Ts_shade 31 °C

Desing material properties

Properties balsa core Back to the top

≔ρbalsa 285 ――
kg

m3
≔Gbalsa 145 MPa

≔Ebalsa_z 720 MPa ≔Ebalsa_x 2642 MPa

≔fc_xz_v_k 2.08 MPa ≔fc_z_k 7.32 MPa

≔ηct_balsa =min

⎛
⎜
⎜
⎜⎝

,-1 ⋅

⎛
⎜
⎜
⎜⎝

+―――

0.2 ――
kg

m3

ρbalsa
0.004

⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―――――

-Ts_sun 20 °C

1 °C

⎞
⎟
⎠

1

⎞
⎟
⎟
⎟⎠

1



≔ηct_balsa =min

⎛
⎜
⎜
⎜⎝

,-1 ⋅

⎛
⎜
⎜
⎜⎝

+―――

0.2 ――
kg

m3

ρbalsa
0.004

⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―――――

-Ts_sun 20 °C

1 °C

⎞
⎟
⎠

1

⎞
⎟
⎟
⎟⎠

1

≔ηcm_balsa 1 ≔ηc_balsa =⋅ηct_balsa ηcm_balsa 1

≔γm_balsa 1.51 ≔γrd_balsa 1.5

≔fc_xz_d =―――――
⋅ηc_balsa fc_xz_v_k
⋅γm_balsa γrd_balsa

0.92 MPa

≔fc_z_d =―――――
⋅ηc_balsa fc_z_k

⋅γm_balsa γrd_balsa
3.23 MPa

Properties road deck laminate Back to the top

Laminate layup road deck

90
0

45
-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%16.67
%50

%16.67
%16.67

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

≔ρl_rd 1900 ――
kg

m3
≔E1_l_rd 17.5 GPa ≔E2_l_rd 26.2 GPa

≔frd_x_k 245 MPa ≔frd_y_k 367 MPa ≔frd_xy_k 150 MPa

≔Tg_rd 90 °C

≔ηct_f_rd =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_sun 20 °C

-Tg_rd 20 °C
1

⎞
⎟
⎠

0.9

≔ηcm_f_rd 0.8 ≔ηc_f_rd =⋅ηct_f_rd ηcm_f_rd 0.694



≔ηcm_f_rd 0.8 ≔ηc_f_rd =⋅ηct_f_rd ηcm_f_rd 0.694

≔ηct_m_rd =min
⎛
⎜
⎝

,-1 ⋅0.80 ―――――
-Ts_sun 20 °C

-Tg_rd 20 °C
1

⎞
⎟
⎠

0.6

≔ηcm_m_rd 0.8 ≔ηc_m_rd =⋅ηct_m_rd ηcm_m_rd 0.462

≔γm_rd 1.07 ≔γrd_rd 1.4

≔frd_x_d =―――――
⋅ηc_f_rd frd_x_k
⋅γrd_rd γm_rd

113.6 MPa

≔frd_y_d =―――――
⋅ηc_f_rd frd_y_k
⋅γrd_rd γm_rd

170.1 MPa

≔frd_xy_d =―――――
⋅ηc_f_rd frd_xy_k
⋅γrd_rd γm_rd

69.5 MPa

Properties frp main beam laminate Back to the top

Laminate layup flange

0
90
45

-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%50
%16.67
%16.67
%16.67

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

Laminate layup web

0
90
45

-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%25
%25
%25
%25

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦



0
90
45

-45

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

%25
%25
%25
%25

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

≔ρl_mb 1900 ――
kg

m3
≔Ef_mb 26.2 GPa ≔Ew_mb 19.9 GPa

≔fmb_x_k 367 MPa ≔fmb_y_k 246 MPa ≔fmb_xz_k 180 MPa

≔fw_y_k 278 MPa

≔Tg_mb 90 °C

≔ηct_f_mb =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_shade 20 °C

-Tg_mb 20 °C
1

⎞
⎟
⎠

1

≔ηcm_f_mb 0.8 ≔ηc_f_mb =⋅ηct_f_mb ηcm_f_mb 0.769

≔ηct_m_mb =min
⎛
⎜
⎝

,-1 ⋅0.80 ―――――
-Ts_shade 20 °C

-Tg_mb 20 °C
1

⎞
⎟
⎠

0.9

≔ηcm_m_mb 0.8 ≔ηc_m_mb =⋅ηct_m_mb ηcm_m_mb 0.699

≔γm_mb 1.07 ≔γrd_mb 1.5

≔fmb_x_d =―――――
⋅ηc_f_mb fmb_x_k

⋅γrd_mb γm_mb

175.7 MPa

≔fmb_y_d =―――――
⋅ηc_f_mb fmb_y_k

⋅γrd_mb γm_mb

117.8 MPa

≔fmb_xz_d =―――――
⋅ηc_f_mb fmb_xz_k

⋅γrd_mb γm_mb

86.2 MPa

≔fmb_w_y_d =―――――
⋅ηc_f_mb fw_y_k
⋅γrd_mb γm_mb

133.1 MPa

Properties frp connection arm laminate

≔ρl_ca 1900 ――
kg

m3
≔Ef_ca 28.0 GPa ≔Ew_ca 19.9 GPa

≔fca_x_k 392 MPa ≔fc_xz_k 180 MPa

≔Tg_ca 90 °C



≔Tg_ca 90 °C

≔ηct_f_ca =min
⎛
⎜
⎝

,-1 ⋅0.25 ―――――
-Ts_shade 20 °C

-Tg_ca 20 °C
1

⎞
⎟
⎠

1

≔ηcm_f_ca 0.8 ≔ηc_f_ca =⋅ηct_f_ca ηcm_f_ca 0.769

≔ηct_m_ca =min
⎛
⎜
⎝

,-1 ⋅0.80 ―――――
-Ts_shade 20 °C

-Tg_ca 20 °C
1

⎞
⎟
⎠

0.9

≔ηcm_m_ca 0.8 ≔ηc_m_ca =⋅ηct_m_ca ηcm_m_ca 0.699

≔γm_ca 1.07 ≔γrd_ca 1.5

≔fca_x_d =―――――
⋅ηc_f_ca fca_x_k
⋅γrd_ca γm_ca

187.7 MPa

≔fca_w_y_d =―――――
⋅ηc_f_ca fw_y_k
⋅γrd_ca γm_ca

133.1 MPa

Traffic load calculations

Cross section properties 

load properties

Distributed load BM1

≔qbm1 9 ――
kN

m2

Concentrated load BM1

≔Qbm1 300 kN ≔lw_bm1 40 cm ≔ww_bm1 40 cm ≔wbm1 2 m ≔h.o.hbm1 1.2 m

Distirbuted load foot and cycle path

≔qfcp 5 ――
kN

m2



≔qfcp 5 ――
kN

m2

Concentrated load accidental vehicle

≔Qav1 80 kN ≔Qav2 40 kN

Ship collision force

≔Fship 0.811 MN ≔hship 0.25 m ≔wship 3 m

Road deck properties

≔wbm1_mid 0.5 m

≔tl_rd 16 mm ≔tc_rd 500 mm ≔td_rd =+tc_rd ⋅2 tl_rd 532 mm

≔wrd =+lw_bm1 td_rd 932 mm

≔Ard =⋅wrd tc_rd 0.466 m2

≔EIrd =

+

 ↲⋅⋅⋅⋅2 E1_l_rd wrd tl_rd
⎛
⎜
⎝
――――

+tc_rd tl_rd
2

⎞
⎟
⎠

2

⋅⋅⋅―
1

12
Ebalsa_x wrd tc_rd

3

60390 ⋅kN m2

Main beam properties



≔tmb_f 24 mm ≔tmb_w 16 mm

≔tca_f 48 mm ≔tca_w 16 mm

≔hmb =--hrd hunder_side td_rd 1.068 m

≔hca =-hrd hunder_side 1.6 m

Main beam fictional beams properties

Stiffness properties head board



≔tl_hb =tmb_w 16 mm

≔yhb =―――――――――――――――

+

 ↲+

 ↲+

 ↲⋅⋅⋅―
1
2

――
bsupp

10
tl_hb

2 Ef_mb

⋅⋅⋅――
bsupp

10
―
1
2

tmb_f
2 Ew_mb

⋅⋅⋅――
bsupp

10
tc_rd

⎛
⎜
⎝

++hmb tl_rd ⋅―
1
2

tc_rd
⎞
⎟
⎠
Ebalsa_z

⋅⋅⋅――
bsupp

10
tl_rd ⎛⎝ ++⋅2 hmb ⋅2 tl_rd tc_rd⎞⎠ E2_l_rd

++

 ↲+⋅⋅――
bsupp

10
tmb_f Ef_mb ⋅⋅tmb_w ⎛⎝ -hmb tmb_f⎞⎠ Ew_mb

⋅⋅――
bsupp

10
tc_rd Ebalsa_z ⋅⋅⋅――

bsupp
10

2 tl_rd E2_l_rd

0.738 m

≔zhb_mb_f =
⎛
⎜
⎝

-yhb ⋅―
1
2

tmb_f
⎞
⎟
⎠

0.726 m

≔zhb_c_rd =++-hmb yhb tl_rd ⋅―
1
2

tc_rd 0.596 m

≔zhb_l_rd_bot =+-hmb yhb ⋅―
1
2

tl_rd 0.338 m

≔zhb_l_rd_top =++-hmb yhb ⋅―
3
2

tl_rd tc_rd 0.854 m

≔EIhb =

+

 ↲+

 ↲+

 ↲⋅⋅⋅Ew_mb ―
1

12
tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠

3

⋅⋅⋅⋅Ef_mb ――
bsupp

10
2 tmb_f zhb_mb_f

2

⋅⋅⋅Ebalsa_z tc_rd ――
bsupp

10
zhb_c_rd

2

⋅⋅⋅⋅E2_l_rd ――
bsupp

10
2 tl_rd ⎛⎝ +zhb_l_rd_bot

2 zhb_l_rd_top
2 ⎞⎠

⎛⎝ ⋅1.444 106 ⎞⎠ ⋅kN m2



≔EIhb =

+

 ↲+

 ↲+

 ↲⋅⋅⋅Ew_mb ―
1

12
tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠

3

⋅⋅⋅⋅Ef_mb ――
bsupp

10
2 tmb_f zhb_mb_f

2

⋅⋅⋅Ebalsa_z tc_rd ――
bsupp

10
zhb_c_rd

2

⋅⋅⋅⋅E2_l_rd ――
bsupp

10
2 tl_rd ⎛⎝ +zhb_l_rd_bot

2 zhb_l_rd_top
2 ⎞⎠

⎛⎝ ⋅1.444 106 ⎞⎠ ⋅kN m2

≔khb =―――
⋅48 EIhb

l3
4305 ――

kN
m

Stiffness properties inside fictional beam

≔y2 =―――――――――――――――――――
+

 ↲+

 ↲+

 ↲⋅⋅⋅―
1
2

h.o.h.main_webs tmb_f
2 Ef_mb

⋅⋅⋅⋅tmb_w ⎛⎝ -hmb tmb_f⎞⎠ ―
1
2

⎛⎝ +hmb tmb_f⎞⎠ Ew_mb

⋅⋅⋅h.o.h.main_webs tc_rd
⎛
⎜
⎝

++hmb tl_rd ⋅―
1
2

tc_rd
⎞
⎟
⎠
Ebalsa_z

⋅⋅⋅h.o.h.main_webs tl_rd ⎛⎝ ++⋅2 hmb ⋅2 tl_rd tc_rd⎞⎠ E2_l_rd

++
 ↲+⋅⋅h.o.h.main_webs tmb_f Ef_mb ⋅⋅tmb_w ⎛⎝ -hmb tmb_f⎞⎠ Ew_mb

⋅⋅h.o.h.main_webs tc_rd Ebalsa_z ⋅⋅⋅h.o.h.main_webs 2 tl_rd E2_l_rd

0.85 m

≔z2mb_f =
⎛
⎜
⎝

-y2 ⋅―
1
2

tmb_f
⎞
⎟
⎠

0.838 m



≔z2mb_f =
⎛
⎜
⎝

-y2 ⋅―
1
2

tmb_f
⎞
⎟
⎠

0.838 m

≔z2c_rd =++-hmb y2 tl_rd ⋅―
1
2

tc_rd 0.484 m

≔z2l_rd_bot =+-hmb y2 ⋅―
1
2

tl_rd 0.226 m

≔z2l_rd_top =++-hmb y2 ⋅―
3
2

tl_rd tc_rd 0.742 m

≔EIfb_mid =

+
 ↲+
 ↲+

 ↲⋅⋅⋅Ew_mb ―
1

12
tmb_w ⎛⎝ -hmb ⋅2 tmb_f⎞⎠

3

⋅⋅⋅Ef_mb h.o.h.main_webs tmb_f z2mb_f
2

⋅⋅⋅Ebalsa_z tc_rd h.o.h.main_webs z2c_rd
2

⋅⋅⋅E2_l_rd h.o.h.main_webs tl_rd ⎛⎝ +z2l_rd_bot
2 z2l_rd_top

2 ⎞⎠

⎛⎝ ⋅1.499 106 ⎞⎠ ⋅kN m2

≔kmid =――――
⋅48 EIfb_mid

l3
4469 ――

kN
m

Stiffness properties outside fictional beam



≔y3 =―――――――――――――――――――――

+

 ↲+

 ↲+

 ↲⋅⋅⋅0.45 m tca_f hmb Ef_ca

⋅⋅⋅⋅tca_w ⎛⎝ -hmb tmb_f⎞⎠ ―
1
2

⎛⎝ +hmb tmb_f⎞⎠ Ew_ca

⋅⋅⋅
⎛
⎜
⎝

+―――――
h.o.h.main_webs

2
0.225 m

⎞
⎟
⎠
tc_rd

⎛
⎜
⎝

++hmb tl_rd ⋅―
1
2

tc_rd
⎞
⎟
⎠
Ebalsa_z

⋅⋅⋅
⎛
⎜
⎝

+―――――
h.o.h.main_webs

2
0.225 m

⎞
⎟
⎠
tl_rd ⎛⎝ ++⋅2 hmb ⋅2 tl_rd tc_rd⎞⎠ E2_l_rd

+

 ↲+

 ↲+⋅⋅⋅2 0.45 m tca_f Ef_ca ⋅⋅tca_w ⎛⎝ -hmb tmb_f⎞⎠ Ew_ca

⋅⋅
⎛
⎜
⎝

-―――――
h.o.h.main_webs

2
0.25 m

⎞
⎟
⎠
tc_rd Ebalsa_z

⋅⋅⋅
⎛
⎜
⎝

-―――――
h.o.h.main_webs

2
0.25 m

⎞
⎟
⎠

2 tl_rd E2_l_rd

1.136 m

≔z3ca_f_bot =-y3 ⋅⋅―
1
2

2 tca_f 1.088 m

≔z3ca_f_top =--hca y3 ⋅―
1
2

tca_f 0.44 m

≔z3c_rd =++-hmb y3 tl_rd ⋅―
1
2

tc_rd 0.198 m

≔z3l_rd_bot =+-hmb y3 ⋅―
1
2

tl_rd -0.06 m

≔z3l_rd_top =++-hmb y3 ⋅―
3
2

tl_rd tc_rd 0.456 m

≔EIfb_edge =

+

 ↲+

 ↲+

 ↲+

 ↲⋅⋅⋅Ew_ca ―
1

12
tca_w ⎛⎝ -hmb ⋅2 tca_f⎞⎠

3

⋅⋅⋅Ef_ca 0.45 m tca_f ⎛⎝ +z3ca_f_bot
2 z3ca_f_top

2 ⎞⎠

⋅⋅⋅Ebalsa_z tc_rd ―――――
h.o.h.main_webs

2
z3c_rd

2

⋅⋅⋅⋅E2_l_rd

⎛
⎜
⎝

+―――――
h.o.h.main_webs

2
0.225 m

⎞
⎟
⎠

2 tl_rd z3l_rd_bot
2

⋅⋅⋅E2_l_rd

⎛
⎜
⎝

+―――――
h.o.h.main_webs

2
0.225 m

⎞
⎟
⎠

2 tl_rd z3l_rd_top
2

⎛⎝ ⋅1.078 106 ⎞⎠ ⋅kN m2

≔kedge =――――
⋅48 EIfb_edge

l3
3215 ――

kN
m

Combined stiffness properties inside fictional beams



Combined stiffness properties inside fictional beams

≔kcomb =――――
1

+――
1

kmid
――

1
khb

2193 ――
kN
m

≔kinbetween =――――
+kedge kcomb

2
2704 ――

kN
m

Properties entire crossection 

≔Amb_v =――――――――

⋅⋅
⎛
⎜
⎝

+2 ⋅――
kcomb

kedge
4

⎞
⎟
⎠
tmb_w hmb

2
0.04 m2

≔EImb =+⋅2 EIfb_edge ⋅⋅4 ――
kcomb

kedge
EIfb_mid

⎛⎝ ⋅6.246 106 ⎞⎠ ⋅kN m2

Stiffness properties beam continuing from deck to rotation axis

≔EIca =

+

 ↲⋅⋅⋅―
1

12
tca_w hca

3 Ew_ca

⋅⋅⋅⋅2 tca_f ((0.45 m))
⎛
⎜
⎝
――
hca
2

⎞
⎟
⎠

2

Ef_ca

⎛⎝ ⋅8.828 105 ⎞⎠ ⋅kN m2

≔AV_main_beam =⋅tca_w hca 0.026 m2

≔AN_main_beam =+⋅tca_w hca ⋅⋅2 tca_f 0.45 m 0.069 m2

Calculations for deflections

Deflections at the supports in the middle of the deck

≔wmiddle_at_supports =+⋅―
1

48
――――

⋅Qbm1 bsupp
3

EIhb
⋅――

5
384

――――――
⋅⋅qbm1 wrd bsupp

4

EIhb
4.26 mm

Deflections at midspan in the middle of the deck

≔wmiddle_midspan =+⋅―
1

48
――――

⋅⋅4 Qbm1 l3

EImb

⋅――
5

384
――――――――

⋅⋅qbm1 h.o.h.main_webs l4

EImb

78.855 mm

Deflections limit



Deflections limit

≔wlimit =――
l

250
101 mm

Unity checks

≔u.c.deflection_threshold =――――――
wmiddle_at_supports

5 mm
0.851

≔u.c.deflection_midspan =―――――
wmiddle_midspan

wlimit

0.781

Calculations for road deck strength

Self weight 

≔Grd =⋅⎛⎝ +⋅⋅⋅2 tl_rd wrd ρl_rd ⋅⋅tc_rd wrd ρbalsa⎞⎠ 9.81 ―
m

s2
1.859 ――

kN
m

Important dimensions

≔x1 =--――
bsupp

2
wbm1_mid wbm1 2.225 m ≔x2 =wbm1 2 m ≔x3 =wbm1_mid 0.5 m

Load cases



Shear force in deck at midspan
Values from matrix frame

≔Vrd_BM1_1_mid 187.97 kN

≔Vrd_BM1_2_mid 163.01 kN

≔Vrd_G_BM1_1_mid 3.78 kN Shear force due to self weight, at point of 
maximal shear force from BM1 1

≔Vrd_G_BM1_2_mid 3.78 kN Shear force due to self weight, at point of 
maximal shear force from BM1 2

Shear force in deck at supports
Values from matrix frame

≔Vrd_BM1_1_end 164.84 kN

≔Vrd_BM1_2_end 150.10 kN

≔Vrd_G_BM1_1_end 3.36 kN Shear force due to self weight, at point of 
maximal shear force from BM1 1

≔Vrd_G_BM1_2_end 3.36 kN Shear force due to self weight, at point of 
maximal shear force from BM1 2

Bending moments at midspan
Values from matrix frame

≔Mrd_BM1_1_mid ⋅305.39 kN m

≔Mrd_BM1_2_mid ⋅222.20 kN m

≔Mrd_G_BM1_1_mid ⋅5.95 kN m Bending moments due to self weight, at 
point of maximal shear force from BM1 1

≔Mrd_G_BM1_2_mid ⋅5.95 kN m Bending moments due to self weight, at 
point of maximal shear force from BM1 2

Bending moments at supports
Values from matrix frame

≔Mrd_BM1_1_end ⋅272.96 kN m



≔Mrd_BM1_1_end ⋅272.96 kN m

≔Mrd_BM1_2_end ⋅222.92 kN m

≔Mrd_G_BM1_1_end ⋅7.65 kN m Bending moments due to self weight, at 
point of maximal shear force from BM1 1

≔Mrd_G_BM1_2_end ⋅7.65 kN m Bending moments due to self weight, at 
point of maximal shear force from BM1 2

Combinations

≔Vrd_mid max ⎛
⎜
⎝

,
+

 ↲⋅1.5 Vrd_BM1_1_mid

⋅1.2 Vrd_G_BM1_1_mid +
 ↲⋅1.5 Vrd_BM1_2_mid

⋅1.2 Vrd_G_BM1_2_mid

⎞
⎟
⎠

≔Vrd_end max ⎛
⎜
⎝

,
+

 ↲⋅1.5 Vrd_BM1_1_end

⋅1.2 Vrd_G_BM1_1_end +
 ↲⋅1.5 Vrd_BM1_2_end

⋅1.2 Vrd_G_BM1_2_end

⎞
⎟
⎠

≔VEd_rd =max ⎛⎝ ,Vrd_mid Vrd_end⎞⎠ 286.5 kN

≔Mrd_mid max ⎛
⎜
⎝

,
+

 ↲⋅1.5 Mrd_BM1_1_mid

⋅1.2 Mrd_G_BM1_1_mid +
 ↲⋅1.5 Mrd_BM1_2_mid

⋅1.2 Mrd_G_BM1_2_mid

⎞
⎟
⎠

≔Mrd_end max ⎛
⎜
⎝

,
+

 ↲⋅1.5 Mrd_BM1_1_end

⋅1.2 Mrd_G_BM1_1_end +
 ↲⋅1.5 Mrd_BM1_2_end

⋅1.2 Mrd_G_BM1_2_end

⎞
⎟
⎠

≔MEd_rd =max ⎛⎝ ,Mrd_mid Mrd_end⎞⎠ 465.2 ⋅kN m

≔VEd_rd_s =⋅1.5
⎛
⎜
⎝

+⋅⋅2 0.6 Qbm1 ⋅⋅⋅0.1 qbm1 bsupp ――
brd
2

⎞
⎟
⎠

591 kN

Resultant stresses

≔τc_rd =―――
VEd_rd

Ard

0.6 MPa

≔σl_rd =⋅⋅―――
MEd_rd

EIrd
――
td_rd

2
E1_l_rd 36 MPa

≔τl_rd =――――
VEd_rd_s

⋅tl_rd bsupp
4 MPa

≔u.c.τ_c_rd =――
τc_rd
fc_xz_d

0.67

Unity checks



≔u.c.τ_c_rd =――
τc_rd
fc_xz_d

0.67

≔u.c.σ_rd =―――
σl_rd

frd_x_d
0.316

≔u.c.τ_l_rd =―――
τl_rd

frd_xy_d
0.056

≔u.c.rd_σ_τ_loc =+u.c.σ_rd u.c.τ_l_rd 0.372

Calculations for mainbeam

Loads 

≔qmb =+⋅⋅2 bfcp qfcp ⋅brd qbm1 114.8 ――
kN
m

≔Qmb =⋅4 Qbm1 1200 kN

Load cases



Shear force
Loadcases V MB was used

≔Vbm1_mb =――――――

+⋅⋅―
1
2

qmb l ⋅2 Qmb

nmain_webs

641.6 kN

Bending moment
Loadcases M MB was used

≔Mbm1_mb =――――――――

+⋅⋅―
1
8

qmb l2 ⋅⋅⋅2 ―
1
4

Qmb l

nmain_webs

⎛⎝ ⋅4.05 103 ⎞⎠ ⋅kN m

Self weight

≔Massfcp 16.02 tonne

≔Massdist =

+++

 ↲⋅⎛⎝ +⋅bsupp tmb_f ⋅⋅⎛⎝ -hmb tmb_f⎞⎠ tmb_w nmain_webs⎞⎠ ρl_mb

⋅⋅tc_rd bsupp ρbalsa ⋅⋅⋅2 tl_rd bsupp ρl_rd ⋅2 ―――
Massfcp

l

3811 ―
kg
m

≔Gmb =⋅Massdist 9.81 ―
m

s2
37.39 ――

kN
m

Forces as a result of self weight
Loadcase G was used

≔VG_mb =⋅⋅―
1
2

Gmb l 472 kN



≔VG_mb =⋅⋅―
1
2

Gmb l 472 kN

≔MG_mb =⋅⋅―
1
8

Gmb l2 2980 ⋅kN m

Combined forces with 6.10 B

≔VEd_mb =+⋅1.2 VG_mb ⋅1.5 Vbm1_mb
⎛⎝ ⋅1.529 103 ⎞⎠ kN

≔MEd_mb =+⋅1.2 MG_mb ⋅1.5 Mbm1_mb
⎛⎝ ⋅9.651 103 ⎞⎠ ⋅kN m

≔NEd_mb =+――――
⋅⋅2 0.6 Qmb

2
―――――――――――

+⋅⋅⋅0.1 qbm1 brd l ⋅⋅⋅⋅2 0.1 qfcp bfcp l

4
792.5 kN

Resultant stresses

≔τEd_mb =―――
VEd_mb

Amb_v

37.8 MPa

≔σEd_M_mb =⋅⋅―――
MEd_mb

EImb

Ef_mb yhb 29.9 MPa

≔σEd_N_mb =――――――――――――
⋅NEd_mb ⎛⎝ -⋅2 ⎛⎝ -hrd hunder_side⎞⎠ tmb_f⎞⎠

⋅⋅⋅2 tmb_f bsupp ⎛⎝ --hrd hunder_side tmb_f⎞⎠
3.5 MPa

≔σEd_rd_add =⋅⋅―――
MEd_mb

EImb

E2_l_rd ⎛⎝ --hrd hunder_side yhb⎞⎠ 34.9 MPa

Unity checks

≔u.c.τ_mb =―――
τEd_mb

fmb_xz_d

0.44

≔u.c.σ_mb =―――――――
+σEd_M_mb σEd_N_mb

fmb_x_d

0.19

≔u.c.comb_rd =+――――
σEd_rd_add

frd_y_d
u.c.rd_σ_τ_loc 0.6

Auxiliary calculations

Calculations for ship impact forces



Calculations for ship impact forces

≔dship h.o.h.main_webs ≔bship_load =dship 1.89 m ≔bship_r =bship_load 1.89 m

Normal force

≔Nship =Fship 0.81 MN

Critical buckling force

≔D11 ⋅⋅4.69 107 N mm ≔D22 ⋅⋅8.28 107 N mm

≔D12 ⋅⋅1.38 107 N mm ≔D66 ⋅⋅1.67 107 N mm

≔fy_cr_k =⋅―――――
π2

⋅tmb_f bship_r
2

⎛
⎝ +⋅2 ‾‾‾‾‾‾‾⋅D11 D22 ⋅2 ⎛⎝ +D12 ⋅2 D66⎞⎠

⎞
⎠ 25.2 MPa

≔fship_y =min
⎛
⎜
⎝

,fmb_y_d ―――――
fy_cr_k

⋅γm_mb γrd_mb

⎞
⎟
⎠

15.7 MPa



≔fship_y =min
⎛
⎜
⎝

,fmb_y_d ―――――
fy_cr_k

⋅γm_mb γrd_mb

⎞
⎟
⎠

15.7 MPa

Resultant stresses

≔σn_sc =―――――
Nship

⋅tmb_f bship_load
17.9 MPa

Unity checks

≔u.c.σ_sc_f =――
σn_sc

fship_y
1.138

Calculations for opened structure Back to the top

Wind loads



≔ze =+hunder_side ⋅sin ⎛⎝θmax⎞⎠ l 29.2 m ≔qp_0 1.94 ――
kN

m2

≔hbridge =-hrd hunder_side 1.6 m ≔slenderness =―――――
+bsupp ⋅2 bedge
hbridge

12

≔ρ 1.25 ――
kg

m3
≔vb 29.5 ―

m
s

≔cfx_0 =|
|
|
|
|
|

if

else

≤slenderness 4
‖
‖ -2.4 ⋅0.275 slenderness

‖
‖ 1.3

1.3 ≔ce =―――
qp_0

⋅⋅―
1
2

ρ vb
2

3.6 ≔Ct =⋅cfx_0 ce 4.6

≔qp =⋅⋅⋅―
1
2

ρ vb
2 Ct 2.5 ――

kN

m2
≔Amb =⋅⋅2 tmb_w hmb 0.034 m2

≔topen 15 ≔ψt =+1 ―――

ln
⎛
⎜
⎝
――
topen
50

⎞
⎟
⎠

9
0.9

Principle resultant forces

≔Nmb_G_open =――――
⋅Gmb l

⋅2 sin ⎛⎝θmax⎞⎠
479.3 kN

≔Mmb_G_open =⋅⋅⋅―
1
2

Gmb cos ⎛⎝θmax⎞⎠ l2 ⎛⎝ ⋅2.07 103 ⎞⎠ ⋅kN m

≔Nmb_wind =―――――――――

⋅⋅⋅―
1
2

qp hmb ⎛⎝ ⋅sin ⎛⎝θmax⎞⎠ l⎞⎠
2

bsupp
88.121 kN

≔Mmb_wind_y =⋅⋅⋅⋅―
1
2

―
1
2

qp ⎛⎝ +⋅2 bedge bsupp⎞⎠ ⎛⎝ ⋅sin ⎛⎝θmax⎞⎠ l⎞⎠
2 ⎛⎝ ⋅7.583 103 ⎞⎠ ⋅kN m

Resultant stresses

≔σmb_G_open =+⋅⋅⋅――――
Mmb_G_open

⋅2 EIca
Ef_mb ―

1
2

hmb ――――
Nmb_G_open

AN_main_beam

23.4 MPa

≔σmb_wind_1 =+⋅⋅⋅――――
Mmb_wind_y

⋅2 EIca
Ef_mb ―

1
2

hmb ⋅0.4 ――――
Nmb_wind

AN_main_beam

60.6 MPa



≔σmb_wind_1 =+⋅⋅⋅――――
Mmb_wind_y

⋅2 EIca
Ef_mb ―

1
2

hmb ⋅0.4 ――――
Nmb_wind

AN_main_beam

60.6 MPa

≔σmb_wind_2 =+⋅⋅⋅⋅0.4 ――――
Mmb_wind_y

⋅2 EIca
Ef_mb ―

1
2

hmb ――――
Nmb_wind

AN_main_beam

25.3 MPa

≔σmb_wind =max ⎛⎝ ,σmb_wind_1 σmb_wind_2⎞⎠ 60.6 MPa

Unity checks

≔u.c.σ_open =―――――――――――
+⋅1.2 σmb_G_open ⋅⋅1.8 ψt σmb_wind

fca_x_d
0.65

Results 

Unity checks 

Unity checks traffic loads
deflection 

=u.c.deflection_midspan 0.78 =u.c.deflection_threshold 0.85

Road deck strength
=u.c.τ_c_rd 0.67 =u.c.comb_rd 0.58

Main beam strength
=u.c.τ_mb 0.44 =u.c.σ_mb 0.19

Unity checks ship colision
Main beam

=u.c.σ_sc_f 1.14

Unity checks opened position
=u.c.σ_open 0.65 1

MKI 

≔€ 1 ¤

≔MassE_glass =

+
 ↲+

 ↲⋅⋅⋅⋅2 tl_rd bsupp l ρl_rd
⋅⋅⎛⎝ +⋅bsupp tmb_f ⋅⋅tmb_w hmb ⎛⎝ -nmain_webs 2⎞⎠⎞⎠ l ρl_mb

⋅⋅2 ⎛⎝ +⋅tca_f 0.45 m ⋅tca_w hmb⎞⎠ l ρl_mb

32.4 tonne

≔MassBalsa =⋅⋅⋅tc_rd bsupp l ρbalsa 34 tonne



≔MassE_glass =

+
 ↲+

 ↲⋅⋅⋅⋅2 tl_rd bsupp l ρl_rd
⋅⋅⎛⎝ +⋅bsupp tmb_f ⋅⋅tmb_w hmb ⎛⎝ -nmain_webs 2⎞⎠⎞⎠ l ρl_mb

⋅⋅2 ⎛⎝ +⋅tca_f 0.45 m ⋅tca_w hmb⎞⎠ l ρl_mb

32.4 tonne

≔MassBalsa =⋅⋅⋅tc_rd bsupp l ρbalsa 34 tonne

≔AE_glass =++⋅⋅4 ⎛⎝bedge⎞⎠ l ⋅⋅2 ⎛⎝ +bsupp td_rd⎞⎠ l ⋅⋅2 hmb l ⎛⎝ ⋅1.063 103 ⎞⎠ m2

≔MKIE_glass 0.265 ―
€
kg

≔MKIscore_E_glass =⋅MKIE_glass MassE_glass 8580.6 €

≔MKIBalsa -0.129 ―
€
kg

≔MKIscore_Balsa =⋅MKIBalsa MassBalsa -4386.3 €

≔MKIE_glass_cons 1.173 ――
€

m2
≔MKIscore_E_glass_cons =⋅MKIE_glass_cons AE_glass 1246.9 €

≔MKIscore_Total =++MKIscore_E_glass MKIscore_Balsa MKIscore_E_glass_cons 5441 €

Mass

≔Masstotal =+MassE_glass MassBalsa 66 tonne

=+64 ⋅2 18.4 100.8


