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1.0 General 

 
This volume contains worked examples of the various programs contained in the Engineer’s 
toolkit suite. 
 
All examples provide hand calculations together with program output. 

 



2.0 Roark rings 
2.1 Roark Ring Analysis 
2.2 2-D Analysis 
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          2.1.1 
2.1 Roark ring analysis 
 
The ‘Roark cases’ option of the program uses the ring analysis formulae of “Roark’s formulas for stress and strain”, 
Warren E Young, 6th Ed. to calculate member forces around a ring for selected loadcases. 
 
The combinations in the ‘Roark Combs’ option are simply in-built combinations of basic Roark cases. 
 
Users can combine up to 24 individual loadcases to form a total combination which is then analysed. 
 
The member stresses calculated include the curved beam effects given in table 16 of the reference 
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Roark Rings, table 17 definitions      2.1.2 
 
Mx = Ma – Na.R(1-u) + Va.Rz + LTm 
Nx = Na.u + Va.z + LTn 
V = -Na.z + Va.u + LTv 
 
s = Sin(θ), c = Cos(θ), z = Sin(x), u = Cos(x) 
 
 
Design case 
 
Rectangular section B = 0.02m  D =  0.1m  
 
A = 0.02 * 0.10   = 0.002m^2 
I = 0.02 * 0.1^3/12   = 1.67E-6 
α = I/(AR^2) = 1.67E-6/(0.002*.5^2  = 0.003 
K2 = 1 - α = approximately 1 
 
Load case 2 

 
 
W = 10kN,   θ = 45o  =  π/4 
Ma = -W.R/π [ ( π – θ ) (1 – c) – s (K2 – c)]  where c = 0.7071,  s = 0.7071 
Ma = -1.59 []2.356 * 0.29 - 0.21 ] 
Ma = -0.764 
 
Na = -W/p ( π – θ + s c) 
Na = - 3.183 ( 2.356 + 0.5 ) 
Na = -9.09 
 
Va = 0 
 
At point x = 45 = π/4, i.e. at the load point, x – θ = zero 
 
LTm = -WR (c-u) < x – θ >      x <= θ 
LTm = 0 
LTn = Wu < x – θ > = 0 
LTv = -Wz < x – θ > = 0 
 
M(x=45) = - 0.764 + 9.09 * .5 ( 1 – 0.7071) + 0 + 0 
 = 0.567 
N(x=45) = - 9.09 * 0.7071 + 0 + 0 
 = -6.43 
V(x=45) =  9.09 * 0.7071 + 0 
 = 6.43 

θ 
W W 
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          2.1.3 
For x = 135o = 3π/4 
u = Cos(x) = -0.707 
z = Sin(x) = 0.707 
 
LTm = -WR (c-u) < x – θ >        (c – u) = Cos(45) – cos(135)  
       = 1.414 
      (x – θ)= 135 – 45  

=90 > =1 
LTm = -WR (c-u) * 1 
LTm = -10 * 0.5 (1.414) * 1 
LTm = -7.07 
 
LTn = W.u < 1 > 
LTn = -7.07 
 
LTv = W.z < 1 > 
LTv = -7.07 
 
M(x=135) = - 0.764 + 9.09 * .5 (1 + 0.7071) + 0 + (-0.707) 
 = -0.076 
N(x=135) = - 9.09 * 0.7071 + 0 + (-7.071) 
 = -0.64 
V(x=135) =  -(-9.09) * 0.7071 + 0 + (-7.071) 
 = 0.64 
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Beam stresses                2.1.4 
Calculate curved beam factor using table 16 
Using millimetres 
B = 20, D = 100 
Radius (R) = 500 
 
c = D/2 = 50 
R/c = 10 and from table, h/c = 0.033 
 
Stress factors 
Ki = 1.071 = σι/σ 
Ko= 0.973 = σο/σ 
 
Consider stress at x = 45 
Area = 100 * 20 = 2000mm2 

Elastic modulus = Z = B*D^2/6 = 33.33E3 
 
M45 = 0.56 kNm 
P45 = - 6.43 kN 
V45 = 6.43 kN 
 
Bending stress 
fbi = ki * M/Z = 18MPa 
fbo = ko * M/Z = 15.7MPa 
 
fax = P/A = 3.2MPa 
fv = V/A = 3.2 MPa 
 
These compare with the printed output at 45 degrees 
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         2.2.1 
2.2 2-D ring analysis 
 
The ‘2-D analysis cases uses a 2-D plane frame solution to determine the member actions on a circular structure 
with nodes at the pre-set number of degrees around the circumference. 
 
The member stresses calculated include the curved beam effects given in table 16 of the reference 
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3.0 Roark flat plate analysis 
 
The program uses “Roark’s formulas for stress and strain”, Warren E Young, 6th Ed. to calculate stresses and 
deflections of flat. 
 
 
Roark flat plate – Table 26        
Case 1a 
 
t = 10mm          a 

                        ba = 1000mm 
b = 500mm 
a/b = 2 
 
β = 0.61 
α = 0.11 
γ = 0.503 
 
q = 50 kPa (kN/m2) = 50E-3 N/mm2 
 
σb = βqb2/t2  
σb = 0.61 * 50E-3 * 500^2 / 10^2  
σb = 76.3 MPa 
 
y = - αqb4/Et3

y = - 0.11 * 50E-3 * 500^4 / (200E6 * E3) 
y = -1.7mm 
 
           
Case 1c 
t = 10mm 
a = 1000 a1 = 300 
b = 750 b1 = 300 
 
a/b = 1.33 a1/b = 0.4 b1/b = 0.4 
 
β for a/b = 1 is 0.84 
β for a/b = 1.4 is 1.0 
 
For a/b = 1.33,  
β = 0.84 + 0.33/0.4 (1 – 0.84)  
β = 0.972 
 
W = 20 kN 
 
σ = 0.972 * 20E3 /10^2 
σ = 194 MPa (N/mm^2) 
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4.0  Frame Analysis 
 
The program uses a 2-D frame solver to calculate the member forces and deflections in plane frames.  
 
The examples given for validation use standard design formulae and Kleinlogel frames taken from “The 
Steel Designer’s Handbook”. 
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Kleinlogel – Frame I 
 

            
  
Let       k = I2/I1 * h/L 
I1=I1       N1 = k+2  
H=5       N2=6k+1 
L=10 
 
K=0.5 
N1 = 2.5 N2 = 4 
 
W=10kN/m 
 

        
MA = wL2/8*[1/N1 – 1/8N2] 
MA = 125[0.102] 
MA = 12.76kNm 
 
MB = -125 * [2/3N1 + 1/8N2] =37.24 kNm 
MC = -125 * [2/3N1 – 1/8N2] =29.43 kNm 
MD = 125 * [1/3N1 + 1/8N2] =20.58 kNm 
 
VD = 10*5/8 *[1/N1 – 1/8N2] =11.7 kN 
VA = 10*5 – 11.7  =38.3 kN 
 
HA = HD = wL2/8hN1  =10kN 
 

L

 w 
overL/2    

B C

L

     I2 

A DI1      I1 
h 
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5.0 Wave load 

 
5.1 Data point grid. 
 Calculates the motions of water particles during the passing of a wave. 

 
 

5.2 Load generator and frame analysis. 
Uses the water particle motions to apply wave loading to a 2D structure. 
Analyses and code checks the structure. 

 
  



 
5.1 Wave grid   
Compare results of the wave grid particle motion calculations with those from the SEADYN output 
 
 

Dataset Program Distances Motions 

    Velocity Acceleration 

  Horiz. Vert. u v u’ v’ 

A Seadyn 0 89 6.445 0 0 -2.183 

 Waveload 0 89 6.444 0 0 -2.243 

        

B Seadyn 0 40 2.268 0 0 -0.721 

 Waveload 0 40 2.266 0 0 -0.723 

        

C Seadyn 30 40 1.721 1.071 0.64 -0.513 

 Waveload 30 40 1.719 1.071 0.69 -0.514 

        

 
 













5.2 Waveload- frame analysis 
 
The particle motions are checked above, now check the load generation. 
 
Consider a 2m long x 300mm diameter tubular with 100mm of marine growth and a current of 0.7m/s. 
 
 
Wave data; 
H = 10m 
T = 12s 
SWL = 50m 
 

 
 
 
From WaveLoad  results 
Fx = -3.4227 kN 
 
From seadyn at crest 
Fx = 3.432 kN  ( � Fx) 
 



















 
6.0 Anode 
 

6.1 Pile driving 
Calculates the stresses and fatigue damage in anode connections during pile driving 
 
6.2 Storm wave 
Calculates the stresses and in anode connections under wave loading 
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6.1 Pile driving 
 
Consider pile driving damage to anode fixings 
 
(a) Pile driving data 

(i) Assume an impact duration of 0.005 sec     
 
(ii) Assume 5000 blows to drive each pile 
 
(iii) Assume each anode experiences 
 2 x 5000 pile blows @ 10g (vertical) 

6 x 5000 pile blows @ 5g (vertical) 
 
(iv) Assume that damage is caused by stress ranges > So, i.e. the gradient of the S-N curve is 3. 
 
Therefore the equivalent accelerations to cause the same damage for only 5000 blows is; 
Acc equivalent = (2*10g3 + 6 * 5g3 ) 1/3 = 14g (for 5000 blows) 
 
(v) Assume horizontal = 20% of vertical 
 
Loads on anode 
 

 
Let 
Az = in-plane acceleration  (vertical) 
Ax = in-plane acceleration (longitudinal) 
Ay = out of plane acceleration 
Hop = the horizontal acceleration in the anode out of plane direction 
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Thus the solutions are; 
Beta = 90deg 
 
Solution A 
Az = V.Cosθ - H.Sinθ 
Ax = V.Sinθ + H Cosθ 
Ay =            + H op 
 
Solution B 
Az = V.Cosθ + H.Sinθ 
Ax = V.Sinθ  - H Cosθ 
Ay =             + H op 
 
 
Beta = 0 deg 
 
Solution A 
Az =             + H op 
Ax = V.Sinθ + H Cosθ 
Ay = V.Cosθ - H.Sinθ 
 
Solution B 
Az =             + H op 
Ax = V.Sinθ - H Cosθ 
Ay = V.Cosθ + H.Sinθ 
 
 
 
Anode data   

                                
Anode displacement  = 1000 kg/m3 * 2m π/4 * 0.2^2  = 63kg 
Anode   = 2750kg/m3(2.0* π/4(0.2^2 – 0.114^2) =116kg 
Core   = 7850kg/m3(2.0*0.4 + 3)( π/4(0.114^2 – (0.114 – 0.0086)^2)    
     =85kg 
 
Added mass (hydrodynamic) 
For tube, Cm=1 
massx =116 + 85 + 0  =201kg 
massy =116 + 85 + 1*63 =264kg 
massz =116 + 85 + 1*63 =201kg 
 
To determine dynamic characteristics and stresses at fixing of tubular calculate fixing moments and displacements 
for unit loads on a Kleinlogel frame 1 

                                              
k = I2/I1 * h/L =0.1333 
N1 = 2.133 N2= 1.8 
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Unit X load 
Ma-y-1 =moment at A about y axis for load of 1 
 = 400/2 * (3k+1) / N2 =155 
 
Mb-y-1 = -400/2 * (3k) / N2 =-44 
 
Unit Y load 
Ma-y-1 = 400/2  (2 supports) =200 
 
Apply Z load of total mass W 
May-z-1 = 3000/(12*2.133) =117.2 
 
Displacements of anode under unit loads 
E = 205E3 N/mm2 I=π/64*(114^4 – 96.8^4) =3.98E6 
EI = 816E9 
 
∆ x1  = 400^2/6EI*(2 * May-x-1 + Mb-y-1) 
 = 400^2*(2*155 – 44)/(6*816E9 
 = 8.69E-6 
 
∆ y1  = ½ * 400^3/EI + 3000^3/384EI 
 =  13.07E-6 + 86.17E-6 
 = 99.24E-6 
 
∆ z1  = 300^3/384EI 
 = 86.16E-6 
 
Therefore the actual displacements are; 
dx = 9.81 * 201 * 8.69E-6 =17.14E-6m 
dy = 9.81 * 264 * 99.24E-6 =257E-6m 
dz = 9.81 * 264 * 87.17E-6 =225E-6m 
 
natural frequencies (=sqr(g/d)) 
wx = sqr(9.81 / 17.14E-6) = 765  
wy = sqr(9.81 / 257E-6)  = 195  
wz = sqr(9.81 / 257E-6)  = 209  
 
Calculate DAFs for a forcing function of Tf = 2 * 0.005 = 0.010 sec 
wf = 1/Tf * 2 * π  = 628   
 
Ratios of wf/wn   wt1=2π/(1+1/R)  wt=wt1/R 
Rx = 628/765 = 0.82  2.83   3.45 
Ry = 628/195 = 3.22  4.79   1.49 
Rz = 628/209 = 3.01  4.72   1.57 
 
DAF  
For R<1 
DAF = 1 / (1-R^2) * (Sin( wt1 ) – R * Sin( wt )  
For R>=1 
DAF =  2 * R * Cos( π/(2R) ) / (R^2-1) 
 
DAFx = 1.69 
DAFy = 0.61 < 1. Use DAF = 1 
DAFz = 0.65 < 1. Use DAF = 1 
 
 
Calculate loads on anode 
 
Let beta = 90deg, theta = 45deg 
V = 14g  H = 2.8g 
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Accelerations 
 
Solution A 
Az = 14 * Cos(45) – 2.8 * Sin(45) =7.92g 
Ax = 14 * Cos(45) + 2.8 * Sin(45) =11.9g 
Ay =     =2.8g 
 
Solution B 
Az = 14 * Cos(45) + 2.8 * Sin(45) =11.9g 
Ax = 14 * Cos(45) - 2.8 * Sin(45)  =7.92g 
Ay =     =2.8g 
 
Get moments at supports 
M = DAF * mass * acceleration 
Mx-a = Moment about x at A 
 =DAFy * Mass_y * abs(acceleration y) * Max-y-1 
 = 1 * 264 *  2.8 * 9.81 * 200 
 = 1.46E6 Nmm   (out of plane) 
 
My-a = X direction acceleration + Z direction acceleration 
 = 1.69 * 201 * 11.9 * 9.81 * 155 + 1.0 * 264 * 7.92 * 9.81 * 117.5  
 =  6.147E6 + 2.41E6 
 = 8.56E6 Nmm 
 
Resultant moment = 8.68E6 Nmm 
 
Solution B 
Mx-a = 1 * 264 *  2.8 * 9.81 * 200 
 = 1.46E6 Nmm    
  
My-a = 1.69 * 201 * 7.92 * 9.81 * 155 + 1.0 * 264 *11.92 * 9.81 * 117.5  
 =  4.1E6 + 3.62E6 
 = 7.72E6 Nmm 
 
Resultant moment = 7.86E6 Nmm 
 
Axial loads 
Solution A 
Fax-z  = DAFz * mass_z * acceleration z / 2  

+ DAFx * (-2 * mass_x * acceleration x * May-x-1 + Mass_x * acceleration x * h)/L 
 =1 * 264 * 7.92 * 9.81/2 + 1.69 * 201 * 11.9 * 9.81 * ( -2 * 155 + 400 )/3000 
 = 10.26E3 + 1.19E3 N 
 = 11.45E3 N 
 
Solution B 
Fax-z = 16.28E3 N 
 
Stresses for solutions A and B 
Z = π/(32*114) *(114^4 – 96.8^4) = 69.84E3 mm3 
A = π/4 *(114^2 – 96.8^2)  = 2.848E3 mm2 
 
Solution A 
fb = 8.68E6 / Z  =124 MPa 
fa = 11.45E3 / A  =4 MPa 
 
Solution B 
fb = 7.86E6 / Z  =113 MPa 
fa = 16.28E3 / A  =5.7 MPa 
 
From solutions A and B, the maximum stress is at A 
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fb + fa = 128MPa 
Therefore the stress range = 2 * 128 = 256 MPa 
 
Using the F2 curve for So = 35 
N = 10^(11.63 – 3 log(256) 
N = 25 430 cycles 
 
The total number of stress cycles  = 3.1 cycles per blow * 5000 blows = 15 500. 
 
Therefore damage to core = 15500/25430 = 0.61 
 
 
 
 
 
 

17/10/2005 
 







 
7.0 API - WSD - beam columns 
 
 
API Design check 
 
Design loads (WSD) 
P = 1000kN compression Mx = 300kNm  My = 50kNm 
 
Section 
457x12.7 Grtade 50 Fy = 355MPa 
D = 457 t = 12.7 Area = 17455  Elastic modulus = 1.888E6mm3 
R = 157.2 
Kx.L = 6000   Ky.L = 4000 
Lx/r = 38   Ly/r = 25.5 
D/t = 36.6 
 
Section stresses (MPa) 
fa = 1000/17.46  = 57 
fbx = 300/1.888 = 159 
fby = 50/1.888  = 26.5 
 
Compression 
Cc = (2 * π 2 * E/Fy)1/2  =108 
K.L/r(min) = 6000/151.2  = 38 
Kl/r / Cc = 0.35 and D/t < 60 
use (3.2.2-1) 
 
Fe’x = 12 * π 2 * E/ (23 * 38^2) = 713 
Fe’y = 12 * π 2 * E/ (23 * 25.5^2) = 1583 
 
Therefore  
Fac = 0.524 Fy 
Fac =186MPa 
 
Bending 
For D/t = 36.6 =12993/Fy 
10340/Fy < D/t < 20680/Fy. Therefore use (3.2.3-1b) 
Fb = (0.84 – 1.74* 355 * 457 / (205E3 * 12.5 )) * Fy 
Fb = 0.735 Fy 
Fb = 259 MPa 
 
Section 3.3 
(3.3.1-2) 
= 57/ 0.6 * 355 + sqr(159^2 + 26.5^2)^1/2 / 259 
= 0.27 + 0.62 
= 0.89 
 
(3.3.1-4) 
=57/186 + sqr(  (0.85*159/(1-57/713) )^2 + (0.85*36.5/(1-57/1583) )^2 )/259 
= 0.31 + sqr( 21577 + 1035)/259 
= 0.31 + 0.58 
=0.89 
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8.0 API – Working stress design method, punching shear 
 
The program carries out a punching shear code check to API 20th edition, Chapter 4 
 
 
API 20th Edition WSD Chapter 4 
 
Punching shear 
Fyb = Fyc = 355 MPa 
Fut = 460 MPa 
 
Therefore Fyi = 2/3 * 460 = 307 MPa 
 
Joint load Pax Mip Mop D T 
Chord 2000 500 400 1000 20 
Brace 1200 300 200 800 10 
 
Geometry 
θ = 45deg 
τ = 10/20  = 0.5 
β = 800/1000 =0.8 
γ = 1000/2*20 =25 
 
Qq values 
Qβ = 0.3/(β(1 – 0.833 β) =1.124 
Qqax = 1.1 + 0.2 /β  =1.35 
Qqip = 3.72 + 0.67 / β  =4.56 
Qqop = (1.37 + 0.67/β) Qβ =2.48 
 
Chord Stresses 
1000x20, A = 61575mm2 Z = 14.79E6 (elastic mod) 
 
fa = 2000/ A =32.5 MPa 
fbip = 500/ Z = 33.8 MPa 
fbop = 400/ Z = 27 MPa 
 
Therefore the chord A value is; 
A = sqr( 32.5^2 + 33.8^2 + 27^2 )/0.6*307 
A = 0.29 
 
Therefore Qf = 1 – λ * 25 * 0.29^2 = 1 – 2.1 λ 
Qfax = 1 – 2.1 * 0.03 = 0.94 
Qfip = 1 – 2.1 * 0.045 = 0.90 
Qfop = 1 – 2.1 * 0.021 = 0.96 
 
Vpa(ax) = 1.35 * 0.94 * 307 / 0.6 * 307 = 26 MPa 
Vpa(ip) = 4.56 * 0.90 * 307 / 0.6 * 307 = 83.5 MPa 
Vpa(op) = 2.48 * 0.96 * 307 / 0.6 * 307 = 48.7 MPa 
 
Brace stresses 
800x10 A = 24.818E3 mm2 Z = 4.84E6 
 
vp(ax) = 0.5 * 1200 / A * 0.7071 = 17 MPa 
vp(ip) = 0.5 * 300 / Z * 0.7071 = 17 MPa 
vp(op) = 0.5 * 200 / Z * 0.7071 = 17 MPa 
 
(4.1.1) 
= 355/307 * ( 25.5 * 0.5 * 0.7071 ) /( 11 + 1.5 / 0.8 ) = 0.794 
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(4.3.1-3a) 
= (21.9 / 83.5)^2 + (14.6 / 48.7)^2   =0.158 
 
(4.3.1-3b) 
=17/26 + 2/π Sin-1( 0.158^0.5) * ( π/180)   =0.914 

17/10/2005 
 





9.0 API – Working stress design method, Hydrostatic check 
 
The program carries out a hydrostatic design check to API 20th edition 
 
API RP2A Hydrostatic check 
 
Input data 
Member, 1000x20 Fy = 355MPa  
Area = 61575 Z = 14.79E6 (elastic mod) r = 346.6 
Wave,  Hw = 8m T = 12 sec L = 1.56*T^2 = 225m 
k = 2 π/ L = 0.0279 
k(d-z) = 0.559 
kd = 1.955 
Hz = 50 + 8/2*(Cosh(1.395)/Cosh(1.953)) 
Hz = 50 + 4*(e^0.559 + e^-0.559) / (e^1.955 + e^-1.995) 
Hz = 51.29m 
γh = 10.05 * 51.29 
γh = 515.5 kPa 
 
Member actions 
P = 2000 kN Mr = 500 kNm 
Stresses 
fa = 2000/A  = 32.5MPa 
fb = 500 / Z  =33.8MPa 
fh = 515.5 * 0.5/20 = 12.9MPa 
 
Elastic hoop stress 
M = 20/1 *(2*1000/20)^1/2 = 200 = 4D/t > 1.6D/t  
Therefore Ch =0.44t/D 
Fhe = 2 * 0.44 * 20 / 1000 *205E3 * 20 /1000 
Fhe = 72.16MPa 
Fhe = 0.2*Fy 
 
Fhc = Fhe 
 
Factors of safety 
SFx(tension) = 1.67 
SFx(compr.) 
kL/r =20000*0.85/346.6 
kL/r = 49 
Cc = sqr(2 π E/ Fy) 
kL/r < Cc 
SFx(c) = 5/3 + ¼ Sin(kL/r/Cc * π/2)    (radians) 
SFx(c) = 1.83 
 
SF(b) 
D/t = 1000/20 = 50 = 17750/Fy 
Fb = (0.84 – 1.74 * 355 * 1000/(205E3 * 20))*Fy 
Fb = 0.689Fy 
SF(b) = 1.45 
 
SFh = 2.0 
Fxe = 2*C*E*t/D. for C=0.3 Fxe = 2460 
 
Faa = Fxe/Sfx(c) 
Faa = 2460/1.83 
Faa = 1344MPa 
 
Fha = Fhc/SFh 
Fha = 72.16/2 
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Fha = 36.1MPa 
fx = fa + fb + (0.5fh) 
fx = 32.5 + 33.8 + 6.4 
fx = 72.7  > > 0.5 Fha = 18MPa) 
 
Check fb > fa + 0.5fh 
33.8 < 32.5 + 6.4 OK 
Fxc = Fy  (D/t <=60) 
 
 
 
Consider P as tension load 
 
Clause 3.3.3-1 
A = (32.5 + 33.8 – 0.5 * 12.9 ) / 355 * 1.67 
A = 0.282 
B = 12.9 / 72.16 * 2 
B = 0.358 
A^2 + B^2 + 2 * 0.3|A|B < 1.0 
0.282^2 + 0.358^2 + 2 * 0.282 * 0.358 = 0.27 
 
For P as compression 
3.3.4-1 
(fa + 0.5fh)/Fxc * SFx + fb / Fy * SFb 
=(32.5 + 6.4)/355 * 1.83 + 33.8 / 355 * 1.45 
= 0.2 + 0.138 
= 0.358 
 
3.3.4-3 
(fx – 0.5*Fha)/(Faa – 0.5*Fha) + (fh/Fha)^2 
=(72.7 – 0.5 * 36.1) / ( 1344 – 18 ) + ( 12.9 / 36.1)^2 
= 0.04 + 0.128 
= 0.169 
 
 
Now use ring stiffeners at 2000c/c 
(a) External stiffener 
1000x20 
 
Ic = Fhe t L D^2/8E  (D = 1000 + 2*(53.6 – 20) = 1067.2) 
Ic = 72.16 * 20 * 20000 * 1067.2 / (8 * 200E3) 
Ic = 20.55E6mm4 

  
1.1*sqr(Dt) = 155.6mm 
Area = 6112 
 
 
 
Xbar = (155.6*20^2/2 + 15*100*70 + 1500*127.5)/A 
Xbar = 53.6mm 
Ix-x =155.6*20^3/12 + 155.6*20*43.6^2 
        +15*100^3/12 + 1500(70-53.6)^2 
        +100*15^3/12 + 1500*(127.5-53.6)^2 
Ix-x = 15.893E6 
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Ixx < Ic, Need to resize ring stiffener 
 
 
For internal ring stiffener  
 
Ic = 72.16*20*20000*1000^2/(8*20000) 
Ic = 18.04E6mm3 
 

 
A = 7612mm2 
Xbar = 138.8 
Ix-x = 60.8E6 > Ic OK 
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10.0 BS 2853 Runway beam code check 
 
Code check of simply supported or cantilever runway (monorail) crane support beams 
 
 
Crane beam (monorail) 
 
Electrically operated 
DAF = 1.25 

                                                               
 
Trolley weight  = 300kg 
SWL  = 10000kg 
Span  = 4m 
 
Dynamic load 
Wd = (3 + 10)*1.25 = 16.25kN 
 
R = 16.25/2 + 0.25*4/2 = 8.625kN 
 
Try 254x102UB25 
 
fb = (8.625 * 1.85 – 0.25 * 1.85^2/2) / 266148 
fb = 58.3 MPa 
 
(fi = 58.3/15.44 = 3.8tsi) 
 
D/T = 257/8.4 = 31 
l/ry = 4000/21.5 = 186 
 
Fb = 4.85tsi = 75MPa   (pbc) 
f2 = Transverse stress, remote from beam end 
f2 = 1.4 C Wd/(K1 T^2)  C= 0.5 from table 3 k1 = 1.3 from table 4 
f2 = 1.4*0.5*16.3E3/(1.3*8.5^2) 
f2 = 122MPa = 7.9tsi 
 
From plot of f1, f2 Beam OK 
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11.0 API - LRFD - beam columns 
 
API RP2A – LRFD 
 
Design loads, factored to LRFD 
P = 1000 kN Mx = 500 kNm  My = 50kNm 
 
Member 
457x10  Fy = 355MPa 
A = 14043mm2  r=158.1 
Plastic modulus = 1.998E6  Elastic modulus = 1.54E6 
Lx = 6000 Ly = 5000 
Lx/r 38  Ly/r = 31.6 
 
Column buckling 
Fxe = 2*0.3*200e3*10/457 
Fxe = 2625MPa 
 
Fxc 
D/t = 45/7 < 60 
Fxc = Fy 
Fxc = 355 
λ = kl/πr(Fy/E)^0.5 
λ = 38/π(355/200E3)^0.5 
λ = 0.51 < sqr(2) 
Fcn = (1 – 0.25 * 0.51^2) * 355 
Fcn = 332MPa 
 
Beam bending 
D/t = 47.5 = 16862/Fy 
Fbn = (1.13-2.58*355*457/(10*200000)*1.998*355/1.54 
Fbn = 424MPa 
 
Combined stresses 
fc = 1000/14  = 71MPa 
fbx = 500.1.54  = 235MPa 
fby = 50/1.54  = 32.5MPa 
 
Cmx = Cmy = 0.85 
 
Fex = 355/λx2 
Fex = 355 / (38/π*sqr(355/200000) )^2 
Fex = 1365MPa 
Fey = 2012MPa 
 
(D.3.2-1) 
= 71/(0.85*332) + 1/(0.95 * 424) { [0.85*32.5/(1 - 71/(0.85*2012)]^2  
+[0.85*325/(1 - 71/(0.85*1365]^2 }^0.5 
= 0.252 + 0.73 
 
(D.3.2-2) 
= 1 – Cos(90 * 71 / ( 0.85 * 355)) + (32.5^2 + 325^2 )^0.5 / (0.95 * 424 
= 1 – 0.93 + 0.81 
= 0.88 
 
(D.3.2-3) 
= 71 / ( 0.85*355) 
= 0.24 
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12.0 API – Load resistance factor design (LRFD) punching shear 
 
The program carries out a punching shear code check to API -LRFD, Chapter E 
 
Punching shear 
Fyb = Fyc = 355 MPa 
Fut = 460 MPa 
 
Therefore Fyi = 2/3 * 460 = 307 MPa 
 
Joint load Pax Mip Mop D T 
Chord 1000 400 300 1000 25 
Brace 500 100 100 700 10 
 
Geometry 
θ = 90deg 
τ = 10/25  = 0.4 
β = 700/1000 = 0.7 
γ = 1000/2*25 = 20 
 
Qq values 
Qβ = 0.3/(β(1 – 0.833 β) =1.03 
Quax = 3.4 + 19 * 0.7  =16.7 
Quip = 3.4 + 19 * 0.7  =16.7 
Quop = (1.37 + 7β) Qβ  =8.55 
 
Chord Stresses 
1000x25, A = 76576mm2  Z = 18.26 (elastic mod) 
 
fa = 1000/ A =13.0 MPa 
fbip = 400/ Z = 22.0 MPa 
fbop = 300/ Z = 16.5 MPa 
 
Therefore the chord A value is; 
A = sqr( 13.0^2 + 22^2 + 16.5^2 )/0.95*307 
A = 0.10 
 
Therefore Qf = 1 – λ *γ  * A^2 = 1 – 0.218 * λ 
Qfax = 1 – 0.218 * 0.03 = 0.99 
Qfip = 1 – 0.218 * 0.045 = 0.99 
Qfop = 1 –0.218 * 0.021 = 0.99 
 
Pu(ax) = 307 * 25^2 * 16.7 * 0.99  = 3172 
Mu(ip) = 307 * 25^2 * 0. * 0.7 * 16.7 * 0.99 = 1776 
Mu(op) = 307 * 25^2 * 0. * 0.7 * 8.55 * 0.99 = 909 
 
φ Puax = 3013 
φ Muip = 1687 
φ Muop = 863 
 
Code check 
E3.1 
= 355 * 20 * 0.4 / (307*(11+1.5/β)  = 0.7 
 
E3.2 
= 500 / 3013    =0.166 
 
E3.3 in-plane 
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= 100 / 1687    = 0.06 
 
E3.3 out of plane 
= 100 / 863    = 0.12 
 
E3.4 
= 1 – Cos(90*0.166) + (0.06^2 + 0.12^2)^0.5 
= 1 – 0.97 + 0.134   = 0.164 
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13.0 API - Load resistance factor design (LRFD) hydrostatic check 
 
The program carries out a hydrostatic design check to API –LRFD 
 
Input data 
Member, 1000x15 Fy = 345MPa  
Area = 46417 Z = 11.21E6 (elastic mod) S = 14.85E6 (plastic mod) 
r = 348.3 
Lx = Ly = 20000 
L/r = 57.4 
D/t = 66.7 
 
Design loads 
P = 1000kN My = 200kNm Mz = 300kNm 
 
Wave,  Hw = 8m T = 12 sec L = 1.56*T^2 = 225m d=70m 
k = 2 π/ L = 0.0279 
k(d-z) = 0.559 
kd = 1.955 
Hz = 50 + 8/2*(Cosh(1.395)/Cosh(1.953)) 
Hz = 50 + 4*(e^0.559 + e^-0.559) / (e^1.955 + e^-1.995) 
Hz = 51.29m 
γh = 10.05 * 51.29 
γh = 515.5 kPa 
 
P = 1.3 *10 * 51.3 =667kPa 
fh =  667E6/(2*15) = 22.2 
 
 
Stresses 
fa = 1000/A  = 21.5MPa 
fby = 200 / Z  = 17.8MPa 
fbz = 300 / Z  = 26.2MPa 
fb(r) = 32.0 
 
Compression 
λx =λz = kl / πr (Fy/E)^0.5 =0.759    < sqr(2) 
Fxe = 2 * 0.3 * 200000 * 15 / 1000  
Fxe = 1800 
Fxc = (1.64 – 0.23 * 66.7^0.25) * 345 
Fxc = 339 
Fcn = (1 – 0.25 * 0.759^2) * 354 
Fcn = 295 
 
Tension 
Ft <= 0.9 * 345 = 311 MPa 
 
Bending 
D/t =66.7 = 23000/Fy 
Fbn = ( 0.94 – 0.76 *( 345*1000 / (200E3*15) )  *S/Z * 345 
Fbn = 382MPa 
 
Hydrostatic 
M = L/D sqr(2D/t)  – no rings L = 20m M >> 1.6D/t 
Ch = 0.44*t/D 
Ch = 6.6E3 
Fhe = 2 * Ch * E * t/D 
Fhe = 39.6 
Fhc = Fhe 
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Code check 
(a) Compression 
 
fx = 21.5 + 32 + 0.5 * 22.2 
fx = 65 > 0.5φh Fhe = 16 
 
D.3.2-1 
Fey = Fez = 345/0.759^2 =599 
  
= 21.5/(0.85*295) + 1/(0.95*382) { ( 0.85*17.6/( 1 – 21 / (0.85 * 599) )^2  
+ ( 0.85*26.6/( 1 – 21 / (0.85 * 599) )^2 }^0.5 
 
= 0.086 + 0.078 
= 0.164 
 
D.3.2-2 
f’c = fc + 0.5fh = 21.5 + 00 = 32.5 
 
= 1 – Cos(90 * 32.5/ (0.85*339)) + 32 / (0.95 * 382) 
= 1 – 0.984 + 0.088 
= 0.11 
 
D.3.4-1 
= (65 – 0.5*0.8*39.6)/ (0.85*1800 – 0.5*0.8*39.6) + (22.2/(0.8 * 39.6))^2 
= 0.032 + 0.49 
= 0.52 
 
if the axial load is applied as tension 
D.3.3-1 
A = (21.5 + 32 – 11) /( 0.95 * 345)  = 0.131 
B = 22 / (0.8 * 39.6)   = 0.69 
η = 5 – 4 * 39.6 / 345   =4.54 
 
= 0.131 + 0.69 ^2 η + 2 * 0.3 * 0.131 * 0.69 
= 0.017 + 0.034 + 0.054 
= 0.106
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14.0 BS 5950:part 1:2000 
 
 
The top chord of a lattice truss supports a purlin at midpsan and is subject to factored loads of; 
M=5.04kNm and axial load = 598kN 
 

                                                          
 
 
Check a 150x150x5 RHS 
Fy = 275MPa e=1.0 
Flange b/t = 135/5 = 27 (=web) 
Limit for class 1 = 28e 
Flange is class 1 
 
For web, r1 = Fc/(2 d tw pyw)  -1 < r1 <= 1 
r1 = 598000/(2*135*5*275 )= 1.6 
r1 = 1 
b/tlim = 64e/(1 + 0.6*r1) 
b/tlim = 40 
Web is class 1 
 
Shear 
Max shear  Fv = 11.2kN/2 = 5.6kN 
Pv = 0.6*275* AD/(D+B) 
Pv = 238kN 
Fv/Pv = 5.6/275 = 0.024 << 1 
 
Flexure 
By inspection, we have low shear 
Mcx = py*Sx 
Mcx = 43.2kNm 
Check elastic limit (4.2.5) 
1.5*Zx*py 
= 55.5kNm 
 
Mcx = 43.2kNm 
 
 
Compression 
λx = Kx.L/rx 
λx = 0.85 * 3600 / 59 
λx = 51.9 
λy = Ky.L/ry 
λy = 1.0 * 1800 / 59 
λy = 30.5 
 
therefore x-x buckling governs 
From Table 24 pcx = 249MPa 
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Pc = Ag*pcx 
Pc = 719kN 
 
Interaction ratios 
(4.8.3.2) Yield 
598000/2890*275 + 5.04/43.2 + 0/43.2 
= 0.81 + 0.12 + 0 
= 0.93 
 
(4.8.3.3) buckling 
(4.8.3.3.1) simplified method 
mx = 0.8   (4.8.3, table 26) 
mLT = 0.44 (beta = -1, table 18) 
 
= 598/719 + 0.8*5.04/py*Zx + 0 
= 0.83 + 0.109 + 0 
= 0.94 
 
LTB (Mltb = Mcx) 
= 598/719 + 0.44*5.05/43.2 + 0 
= 0.83 + 0.05 
 
(4.8.3.3.3) 
= 598/719 + 0.8 * 5.04/43.2 (1 + 0.5 * 598/719) 
=0.83 + 0.132 
= 0.962 
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15.0 Eurocode 3 Steel design – BS EN 1993-1-1: 2005 
  



Beam-column 
 
Section  254x254UC167 Fy = 275MPa 
Area = 21.2E3mm2 
Wely= 20.69E5   Wply = 24.2E5 
Welz =7.403E5   Wplz = 11.3E5 
iy = 118.8   iz = 68 
KzL = 5000  KyL = 5000 
 
Factored loads NEd = 1000kN MyEd (major axis) = 300kNm MzEd = 50kNm VEd = 60kN 
C1 = 1.13   C2 = 0.46 KL torsion = 5000 
CmLT=1.0  Cmy=0.9 Cmz=0.9 
 
Section compactness  
Table 5.2  e = sqr(235/Fy) = 0.92 
Web  
d = 289-2*(31.7+12.7) = 200.2   d/t = 200.2/19.2 = 10.4 

α = 0.5*( 1 + γmo σw /Fy) 

σw = 1000E3/ (19.2*200.2) 

σw = 260MPa 

α = 0.5*( 1 + 1.05 * 260 /275) 

α = 0.996 

Class 1 for α > 0.5 

d/tw lim = 396* e / (13 α  -1) = 30.5  > d/t  web is class 1 
 
Flange 
c / tf = 264.5/2 / 31.7 = 4.17 < 9e = 8.2   flange is class 1 
 
Shear (6.2.6) 
Vpl.Rd = Av (Fy/ sqr(3)) / yMO 
Vpl.Rd = 289*19.1 * 275/sqr(3) / 1.00 
Vpl.Rd = 876kN 
60/876 = 0.69 
 
VEd = 60kN < 0.5 Vpl.Rd  Low shear (6.2.8(2)) 
 
Flexure 
Get reduced moment capacity under axial load (6.2.9) 
Npl.Rd = 21200*275/1.00 = 5830kN 

0.5 * hw tw fy / γmo 
=0.5 * 200.2*19.1*275/1.00 
= 525.8 > NEd   Must use reduced Moment capacity 
 
n = N.Ed / Npl.Rd 

n = 1000 / 5830  
n = 0.17  
a = (A-2 b tf)/A =  (21200 – 2*264.5 * 31.7) / 21200  
a =  0.2  
Mpl.y.Rd = 275 * 24.2E5 /1.00 
Mpl.y.Rd = 664kNm 
MNy.Rd =  664 (1-0.17)/(1-0.5*0.2) 
MNy.Rd = 612 
n<a 
MNz.Rd = Wpl.z * fy/1.00 
MNz.Rd = 1.13 * 275/1.00 
MNz.Rd = 311 
 
Biaxial interaction (eq 6.41) 
For I and H, a = 2 b = 5n, >=1, Use b = 1 
(300/612)^2 + (50/311)^1  
= 0.24+ 0.16 
= 0.40 



 
Axial buckling (6.3) 

λy = Ly/ry  = 5000 / 119  = 42 

λz = Lz/rz  = 5000 / 67.9  = 73.6   

λ1 =86.4 

λbar = λy,z /λ1 

λbar.y = 0.486 
use buckling curve b, a = 0.34 

Φ = 0.5*(1+0.34 * (0.485 – 0.2 ) + 0.485^2)  = 0.66 
X_y = 1 / (0.66 + (0.66^2 – 0.485^2)^0.5 ) = 0.89  
Nby.Rd = 0.9*21.2*275/1.00  
Nby.Rd = 5246kN 
 

λbar.z = 0.847 
use buckling curve c, a = 0.49  

Φ = 0.5*(1+0.49 * (0.847 – 0.2 ) + 0.847^2)  = 1.01 
X_z = 1 / (1.03 + (1.03^2 – 0.86^2)^0.5 )  = 0.63 
Nbz.Rd = 0.63*21.2*275/1.00 
Nbz.Rd = 3686kN  (MIN) 
 
6.3.2 Lateral torsional buckling of beams 

βwT = 1.0 
Wpl*fy = 2.42*275 = 665.5kNm 
C1 = 1.13   C2 = 0.46 KL torsion = 5000 
 
Using ENV 1993-1-1:1992 Appendix F, eqn (F.4) or from 
http://eurocodes.jrc.ec.europa.eu/doc/WS2008/SN003a-EN-EU.pdf 
 

 
 
Mcr = 2035 

λbar_LT = sqr(665.5/2035) 

λbar_LT = 0.571 

φ LT ,0= 0.4 

β= 0.75 

φ LT = 0.5*(1+0.21* (0.571 – 0.4) + 0.75*0.571^2) = 0.571 
XLT = 1 / (0.571 + (0.571^2 – 0.75*0.508^2)^0.5 ) = 0.955 
Mb.Rd = 0.955 * 665.5 / 1.00  
Mb.Rd = 635.56kNm 

But Myed / Mcr <= φ LT ,0 ^ 2) so no LTB check required (6.3.2.2(4)) 
 
6.3.3 Bending and axial compression 
Use Annex B, table B.1 
  
kyy = 0.95 
kyz = 0.7 
kzy = 0.97 
kzz = 1.17 
 
(6.61) 
= 0.19 + 0.45 + 0.11 
= 0.75 
 
(6.62) 
= 0.27 + 0.46 + 0.19 
= 0.92 
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Test beam-column - Compression

code check to BS EN 1993-1-1:2005

Design loads (limit state)

 Axial load (N.Ed)  = 1,000.00 kN  Moment y-y (My.Ed) = 300.00 kN-m
 Shear load (Vy.Ed) = 60.00 kN  Moment z-z (Mz.Ed) = 50.00 kN-m

Section data

254x254UC167    Grade = S 275 Fy = 275  MPa w = 166 kg/m
 D =  289 Bf =  264.5 Tf =  31.7 tw =  19.2 
 Area = 21,200  mm2 J       =  6250000 mm4
Iy      = 299,000,000 Iz      =  9.79E+07 mm4
Wel.y   = 2,069,204 Wel.z   = 740,265  mm3
Wpl.y   = 2,420,000 Wpl.z   = 1,130,000  mm3
Iw      = 1.62E+12  mm6 Lb    =  5000 
iy    = 118.8 Ly-y  =  5000 Ly/iy = 42.1 
iz    = 68.0 Lz-z  =  5000 Lz/iz = 73.6 
 Web unstiffened

Section Design Resistances   (kN, kNm)

Nt.Rd   = 5830.00 Nby.Rd  = 5193.29 Nbz.Rd  = 3686.28
Mply.Rd = 665.50 Mplz.Rd = 310.75 Mby.Rd  = 635.55
Mcy.Rd  = 665.50 Mcz.Rd  = 310.75 V.Rd    = 927.94

Code check results

NAD factors:     GammaM0 = 1.00     GammaM1 = 1.00     Neta = 1.00

6.2.6 Shear

V.Ed / Vc.Rd = 0.06

6.2.1 General

 (6.2) conservative approximation
0.17 + 0.45 + 0.16 = 0.78

6.2.9 Bending and axial force. 

 (6.41)
0.24 + 0.16 = 0.40

6.3.3 Bending and axial

CmLT = 1.00    Cmy = 0.90    Cmz = 0.90

 (6.61)
0.19 + 0.45 + 0.11 = 0.75

 (6.62)
0.27 + 0.46 + 0.19 = 0.92

Section O.K.    use  254x254UC167    



16.0 Standard section properties 
 
This calculates the properties of standard shapes; 

Singly symmetric I 
Channel (C) section 
Circular (pipe) section 
Rectangular hollow section (RHS) 
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Singly symmetric I shape 
 
Top flange  = 200 x 20 
Web  = 950x20 
Bottom flange = 300 x 30 
 
Area = 200 * 20 + 950 * 20 + 300 * 30 
Area = 32000 
 
Elastic neutral axis (x-x) 
X = [300*30^/2 + 20*950*(950/2 + 30) + 200*20*(20/2 + 950 + 30 )] / 32000 
X = 427.8 
 
Ix-x 
Ixx = 300*30^3/12 + 300*30*(427.8 – 30/2)^2 
 + 20*950^3/12 + 20*950*(427.8-950/2-30)^2 
 + 200*20^3/12 + 200*20*(427.8-990)^2 
Ixx = 1.534E9 + 1.542E9 + 1.264E9 
Ixx = 434E9 
 
Iy-y 
Iyy = 20*200^3/12 + 950*20^3/12 + 30*300^3/12 
Iyy = 81.467E6 
 
Elastic modulus 
Zxx(top) = Ixx/(1000-427.5) = 7.584E6 
Zxx(bottom) = Ixx/(427.8) = 10.14E6 
 
Zyy(top) = Iyy/(200/2)  = 814.7E3 
Zyy(bottom) = Iyy/(300/2) = 543.1E3 
 
Plastic modulus 
Areas flange(top)  = 4000 
 Web   = 19000 
 Flange(bottom) = 9000 
 
A1 = 200*20 + (950-x)*20 
A1 = 23000 – 20x 
A2 = 300*30 + 20x 
For A1 = A2, x = 350 
 
Sxx = 200*20*(990-380) 
+20*600^2/2 
+300*30*(380-15) 
Sxx = 10.55E6 
 
Syy = 20*200^2/4 + 950*20^2/4 + 30*300^2/4 
Syy = 0.970E6 
 
Torsion 
J = sum(bt^3)/3 
J = 1/3*(200*20^3 + 950*20^3 + 300*30^3) 
J = 5.767E6 
 
Warping 
Using BS5950 1990 
H = hs^2 t1 t2 b1^3 b2^3/(12( t1 b1^3 + t2 b2^3)) 
hs = 1000-20/2-3/2 = 975 
b1 = 200 t1 = 20 
b2 = 300 t2 = 30 

17/10/2005 
 



H = 975^2*20*30*200^3*300^3/(12*(20*200^3 + 30*300^3)) 
H = 1.058E13 
 
Radii 
r = sqr(I/A) 
rx = sqr(Ixx/A) = 368 
ry = sqr(Iyy/A) = 50.5 
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Channel shape 
 
Top flange  = 150 x 15 
Web  = 270 x 10 
Bottom flange = 150 x 15 
 
Area = 150 * 15 + 270 * 10 + 150 * 150 
Area = 72000 
 
Elastic neutral axis (x-x) 
X = 150 
y-y 
y = [300*10^2/2 + 2*15*140*(140/2+10)] /7200 
X = 48.75 
 
Ix-x 
Ixx =150*300^3/12 – 140*270^3/12 
Ixx = 107.865E6 
 
Iy-y 
Iyy = 300*10^3/12 + 300*10*(48.75-10/2)^2 
 + 2*15*140^3/12 + 2*15*140*(48.75-140/2-10)^2 
Iyy = 5.757E6 + 10.96E6 
Iyy = 16.73E6 
 
Elastic modulus 
Zxx = Ixx/(150)   = 719.1E3 
 
Zyy(left) = Iyy/(48.75)  = 343.2E3 
Zyy(right) = Iyy/(150-48.75) = 165.2E3 
 
Plastic modulus 
Areas flange(top)  = 4000 
 Web   = 19000 
 Flange(bottom) = 9000 
 
 
Sxx = 10*300^2/2 + 28140*15*(300-15)/2 
Sxx = 823.5E3 
 
Sy-y Find Pna 
Area of full depth web = 3000mm2 
Area of extending flanges = 2*140*15 = 4200 > web area 
Pna is in flanges 
 
300*10 + 2*15x = 2*(140-x)*15 
x = 20 
Syy = 300*10*25 + 2*15*20^2/2 + 2*15*120^2/2 
Syy = 75E3 + 6E3 + 216E3 
Syy = 297E3 
 
 
Torsion 
J = sum(bt^3)/3 
J = 1/3*(270*10^3 +2*150*15^3) 
J = 427.5E3 
 
Warping 
Using BS5950 1990 
H = hs^2 t1 t2 b1^3 b2^3/(12( t1 b1^3 + t2 b2^3)) 
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hs = 300-15 = 285 
b1 = 150 t1 = 15 
b2 = 150 t2 = 15 
H = 285^2*15*15*150^3*150^3/(12*(2*15*150^3)) 
H = 1.71E4 
 
Radii 
r = sqr(I/A) 
rx = sqr(Ixx/A) = 122 
ry = sqr(Iyy/A) = 48 
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Tube (circular) shape 
 
D = 1000 
T = 20 
 
Area = π/4 ( 1000^2 – (1000 – 2 * 20)^2) 
Area = 61575 
 
Ix-x = Iy-y 
I = π/64 ( 1000^4 – (1000 – 2 * 20)^4) 
I = 7.395E9 
 
 
Elastic modulus 
Z = I/(D/2) 
Z = 14.79E6 
 
 
Plastic modulus 
S = π/6 ( 1000^3 – (1000 – 2 * 20)^3) 
S = 60.35E6 
 
 
Radius of gyration 
r = sqr(I/A) 
r = 346.6 
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RHS (HSS) shape 
 
D = 1000 B=300  T = 20  tw = 15 
T = 20 
 
Area = 1000*300 – 270*960 
Area = 40800 
 
Ix-x  
Ixx = 300*1000^3/12 – 270*960^3/12 
Ixx = 5.093E9  
 
Iy-y  
Iyy = 300^3*1000/12 – 270^3*960/12 
Iyy = 0.675E9 
 
 
Elastic modulus 
Zxx = Ixx/(500)  = 10.187E6 
Zyy = Iyy/(150)  = 4.5E6 
 
Plastic modulus 
Sxx = 300*1000^2/4 – 270*960^2/4 =12.792E6 
Syy = 300^2*1000/4 – 270^2*960/4 =5.02E6 
 
 
Radius of gyration 
rx = sqr(Ix/A) 
rx = 353 
ry = sqr(Iy/A) 
ry = 128 
 
 
 
 

17/10/2005 
 





17.0 Complex section properties 
 
This calculates the properties of sections made up of component shapes. 
To validate this, compare the composite (complex) section with standard sections or fabricated sections already 
checked in section 16.0 
 
Note that rolled sections have radii and will therefore have slightly higher values of section properties. 
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18.0 Convert Units 
 
The program itself is not reported here, rather, standard conversion factors are provided to enable users to check 
conversions where desired. 
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19.0 Frame geometry 
 
This program calculates frame setting out points. 
 
 
Frame geometry 
     

                                                                  
 
Consider a frame of the general form shown above. Definitions of geometry are given below. 
 
Node X Y Z  Member Diameter  
1 0 0 0  1-2 800 plan 
2 23856 0 0  3-4 700 plan 
3 1450 20000 0  1-3 1400 leg 
4 22406 20000 0  2-4 1400 leg 
     2-3 1000 brac

e 
        
 
 
Side (leg) angles β = +- 4.145deg 
U and v are horizontal and vertical distances respectively from node 1 
 
∆uA = -700/ Cos(β) – (75+400)/ Cos(β)  
∆uA = -702 – 34.43 
∆uA = -736.26 
 
∆vA = 400 + 75 Cos(β)  
∆vA = 474.8 
 
∆uB = +700/ Cos(-β) * Cos(0) + (350/ Cos(β)  + 75) Sin(-β) 
∆uB = 702 – 30.8 
∆uB = 671.2     
 
∆vB = +700/ Cos(β) * Sin(0) - (350/ Cos(β)  + 75) Cos(β) 
∆vB = 0 – 424 
∆vB = -424 
 
Get the distances between leg wallsto brace IPs. 
Lu = u2 – u3 + ∆uA  - ∆uB  
Lu = 23.85 – 1.45 + (-0.736) – 0.671 
Lu = 20.998m 
 
Lv = v2 – v3 + ∆uA  + ∆uB  
Lv = 20.000 – 0.474 + (-0.424) 
Lv = 19.102m 
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L = 28.368 
αo = ArcTan(Lh/Lv)   = 47.737deg 
α’ = ArcSin(1000/28386) = 2.099deg 
αH =  αo + α’    = 49.73deg 
 
Offset at A 
A = +700 Tan(β) + 400/Cos(β) + 75 + 500 (brace D/2)/Sin(49.73 – β) – 700Tan(90-(49.7 – β) 
A = 50.8 + 401 + 75 + 700 – 685 
A =542mm 
 
Offset at B 
B = +700 Tan(β) - 350/Cos(β) - 75 - 500 /Sin(49.73 – (-β)) + 700Tan(90-(49.7 + β) 
B = 50.8 - 351 - 75 – 619 
B = -483 
 
 
Angles 
At A 
Angle 4-A-B = αN – β2-4 
Angle 4-A-B = 49.73 – 4.147 
Angle 4-A-B = 45.58deg 
 
Angle 1-B-A = αN – β1-3 
Angle 1-B-A = 49.73 + 4.147 
Angle 1-B-A = 53.877deg 
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20.0 AISC 

20.1 ASD 1989 (Green book) 

 20.1.1 Beam-columns 

 20.1.2 Single angle 

 

20.2 ANSI/AISC 360-10 

20.2.1 Beam-columns 

 Doubly symmetric 

 Singly symmetric 

20.2.2 Tee sections 

 

 20.3 Web load capacities (includes ASD 1989) 



20.1.1 Beam-column to AISC 1989 (ASD) 

Design a beam-column with the following input data 
P axial = 1000kN Mx = 300kNm  My = 50kNm  Shear = 500kN 
Lb = 4000mm  k.xLx = 6000  KyLy = 4000 
Steel grade 50.   Fy = 345MPa 

Try 610x305 UB 149 
Depth = 610  Breadth = 305  Tf = 19.7 tw = 11.9 
Area = 19000   
Elastic moduli (UK nomenclature) Zx = 4.1e6  Zy = 0.611e6 
Iy = 93.1e6  J = 2e6 
rt = [ Iy / (2.Zx)*(d^2 + 0.156 L^2 J / Iy)^0.5 ]^0.5  (commentary) 
rt = 86mm 
Section stresses 
Fa = 1000e3/19e3 = 52 MPa 
Fbx = Mx/Zx = 73MPa  fby = My/Zy = 82MPa 

Section compactness 
Web fa/Fy = 52/345 = 0.153 < 0.16 
 d/tw(lim) = 1680/sqrt(345) * (1-3.74*0.153) = 38.8 
 d/tw = 610/11.9 = 51 > 38.8  therefore section is non-compact 

Chapter E Compression 
Cc = sqrt(2* ^2*E/Fy) 
Cc = sqrt(2*^2*200e3/345) 
Cc = 108 

k.Lx/rx = 6000/257 = 23 
k.Ly/ry = 4000/70 = 57 

k Ly/ry / Cc = 0.53 
Fa = 0.465 Fy = 160 MPa 

Chapter F flexure 
Lcrit = minimum(200*305/sqrt(345) , 137900/(610*345/(305*19.7)  
Lcrit = 3284 < Lb 

Therefore use F-3 
Lb/rt = 47 
1875*sqrt(Cb/Fy) = 101   (Cb = 1) 

F1-6 
Fbx = ( 2/3 – 345*47^2 / (10.55e6 * Cb) ) Fy 
Fbx = 0.59 Fy   = 205MPa 
Fby = 0.75 Fy   = 259MPa 

Chapter H Combined stresses 
Fa/Fa = 52/160 = 0.33  > 0.15 
H1-1 
F’ex = 12 2 E/23(Kx.Lx/rx)^2 =1995MPa 
F’ey = 12 2 E/23(KyLy/ry)^2 =325MPa 



52  +  0.85 * 73 +  0.85*82 
160  (1-52/1995)*205 (1-52/325)*259 

0.33 + 0.31 + 0.32 = 0.96  < 1.0 
H1-2 
52  + 73 + 82 
0.6*345 205  259 

0.25 + 0.36 + 0.32  = 0.93  < 1.0 
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Check beam-column

Code check to AISC Allowable stress design : 1989 (ver 2.0.11)

Applied loads
kN kN-m

Axial load (Fx)  = 1,000.00 Moment x-x (Mx) = 300.00
Shear load (Vuy) = 500.00 Moment y-y (My) = 50.00

Effective lengths    (mm)
 Lb = 4000 Lx = 6000 Ly = 4000

Section 610x305UB149 Fy =345 MPa
Section data
 D = 609.6 Bf = 304.8 Tf = 19.7 tw = 11.9
 Area = 19,000    mm^2 w = 149 kg/m
 rx   = 256.5 ry = 70.0 rt = 80.7 F1.3  mm
 Elastic Mod x-x = 4,101,050 Elastic Mod y-y = 610,892  mm^3
 Lx/rx = 23.4 Ly/ry = 57.1 Lb/rt = 49.5 Lcrit = 3274.8

Allowable stresses   (MPa)
Allowable stress factor = 1.00
 Fbx = 203.7 (F1-8)
 Fby = 258.8 (F2-1)
 Facx = 192.7 (E2-1) Facy = 160.0 (E2-1)
 Fv(y)= 138.0 (F4-1)
 Web unstiffened
 Mb(x-x) = 836 Mb(y-y) = 158 kN-m

Actual stresses  (MPa)
fac= 52.63 fbx= 73.15 fby= 81.85

Code check results
 Cm(x) =0.85     Cm(y) =0.85     Cb =1
 (H1-1)  buckling
 fa/Fa + Cmx.fbx/[(magn.)Fbx] +
Cmy.fby/[(magn.)Fby]
0.33 + 0.31 + 0.32 = 0.97

 (H1-2)  yield
 fa/0.6*Fy + fbx/Fbx + fby/Fby
0.25 + 0.36 + 0.32 = 0.93

 Shear (y)::          fv / Fv   = 0.50

Section O.K.    use  610x305UB149



20.1.2 Single angle code check to AISC-WSD 9th Ed 

Try 200x150x18 RSA 

Section properties 

Theta  = Tan-1(0.549) =28.8deg 
Area  = 6010mm2

Iuu =2920cm4 (29.2e6mm4) 
Ivv 623cm4 (6.2e3mm4) 
Ruu =69.7mm 
Rvv =32.2mm 

Fy =345 MPa (N/mm2) 
Lb =2000mm Lu=3000mm Lv=3000mm 

4 Compression 
b/t max (at 1) =200/18 = 11 
76/sqrt(345/6.895) = 10.7  (6.895 converts MPa stress units to ksi) 

Therefore 

Q = 1.34 – 0.00447*(b/t) sqrt(Fy) 
Q = 1.34 – 0.00447*1*11*sqrt(345/6.895) 
Q = 0.99 

Cc = sqrt( 2* π̂ 2*E/(Q*Fy)) 
Cc = sqrt(2*π̂ 2*200e3/(0.99*345) 
Cc = 107 

k.L/rmin = 3000/rvv = 93.9 < Cc 
Fa = 0.99*(1-1/2*0.87^2)*Fy/(5/3 + 3/8*0.87 – 1/8*0.87^3) 
Fa = 0.32*Fy 
Fa = 110 MPa 
Check (Kl/r)eq 
(Kl/r)eq = π*sqrt(E/Fe) 
wo and zo are co-ordinates of the shear centre 
robar^2 = zo^2 + wo^2 + (Iuu + Ivv)/Area 
wo = -63.4 
zo = -38.6 
ro = 99.2 
robar^2  =63.4^2 + 38.6^2 + (29.2 + 6.6)*1e6/6010 
robar^2  = 11466 

H = 1 – (zo^2 + wo^2)/ robar^2   
H = 1 – (63.4^3 +38.6^2)/11466 



H = 0.52 

Fez = π2* E/(Lz/rz)^2 
Fez = π2*200*1e3/(3000/32.2)^2 
Fez = 227 MPa 

Few = π2* E/(Lw/rw)^2 
Few = π2*200*1e3/(3000/69.7)^2 
Few = 1065 MPa 
From Eq C4-2 Fe = 219MPa 

(Kl/r)eq = π* sqr(200e3/219) 
(Kl/r)eq = 94.9 > 93.2 Recalculate Fac using Kl/Cc = 0.89 
Fac = 0.31*Fy 
Fac = 108 MPa 

5 Flexure 

5.1.1 local buckling 

At 1 b/t = 200/18 =11.1 
sqrt(6.895)*65/Fy = 9.2 
sqrt(6.895)*76/Fy = 10.7 
11.1 > 10.7 therefore Fbcu1(lim) = 0.6 * Q * Fy 
Fbcu1(lim) = 0.6 * 0.99 * 350 = 205 MPa 
At 2 b/t = 150/18 = 8.3 < 9.2 
Therefore Fbcu2(lim) = 0.66 * Fy = 228 MPa 

5.1.2 Tension 

Fbt = 0.66 Fy = 228 MPa 

5.1.3 Lateral buckling 

To determine Fb, values of Fob are required and these depend upon either 5.2 or 5.3 
This calculation uses the geometric axes thus Fob will be from clause 5.3 

5.3.2 (a) 

Fob = 6.895*143100/(Zuu(1,2) * L^2)   * Ivv*Cb*(β^2 + 0.52*(L*t/rv)^2)^0.5 +- βw 

βw = 84mm Zu1 = 212377mm^3 Zu2 = 267429mm^3 

Fob1 = 1328MPa (using –ve βw) 

Fob2 = 2015MPa (using +ve βw) 

For 5.1.3, Fob > Fy 



Fbcu1(LTB) = (0.95 – 0.5*sqrt(350/1328))*350 

Fbcu1(LTB) = 0.7 Fy > 0.66 Fy 

Fbcu1,2(LTB) = 0.66 Fy = 228MPa 

Combined stresses 

Use Chapter H with u and v instead of x and y 

Applied loads 

Axial = 200kN 
Mx = 50kNm 
My = 10kNm 
Fv = 200kN 
Transform moments to the principal axes using right hand rule. Theta = 28.8deg 

Mu = Mx Cos(θ) +  My Sin(θ)  
Mv =- Mx Sin(θ) +  My Cos(θ)  
Mu = 50 Cos(28.8) + 10 Sin(28.8) = 48.6kNm 
Mu = -50 Sin(28.8) + 10 Cos(28.8) = -15.3kNm 

Moduli 

U(i) = x(i) 
u(i) = x(i) Cos(θ) +  y(i) Sin(θ)  
u(i) =- x(i) Sin(θ) +  y(i) Cos(θ)  
u1 =-38.6 Cos(28.8) + 136.6 Sin(28.8) = 32 
v1 = 38.6 Sin(28.8) + 136.6 Cos(28.8) = 138.3 
u2= 111.4 Cos(28.8) + (-63.4) Sin(28.8) = 67 
v2= -111.4 Sin(28.8) + (-63.4) Cos(28.8) = -109 
Zu1 = Iuu/v1 = 211288  Zu2 = Iuu/v2 = 267890 
Zv1 = Ivv/u1 = 193750  Zv2 = Ivv/u2 = 92537 

Buckling stresses 

F’eu = 12 π2 E/23(Lu/ru)^2 =556MPa 
F’ev = 12 π2 E/23(Lv/rv)^2 =119MPa 

Member stresses 

Axial  fa = 200000/6010 = 33.3 (C) 
Bending fbu1 = 48.6e6/Zu1 = 230 (T) 
fbv1 = -15.3e6/Zv1 = -79 (T) 
fbu2 = 48.6e6/Zu2 = 181 (C) 
fbv2 = -15.3e6/Zv2 = -164 (T) 



At point 1 
H1-1 

33.3  +  0.85 * 230  + 0.85*79 
108  (1-33.3/556)*228  (1-33.3/119)*228 

0.31 + 0.912 + 0.45 = 1.67 > 1.0 

H1-2 

33.3  + 230 + 79 
0.6*345 228  228 

0.16 + 1.009 + 0.35 = 1.52 > 1.0 

At point 2 
H1-1 

33.3  +  0.85 * 181  + 0.85*164 
108  (1-33.3/556)*228  (1-33.3/119)*228 

0.31 + 0.718 + 0.849 = 1.88 > 1.0 

H1-2 

33.3  + 181 + 164 
0.6*345 228  228 

0.16 + 0.794 + 0.72 = 1.67 > 1.0 

Shear.  

This is assumed to be on the long leg and a 1.5 factor is applied to account for parabolic distribution. 
This is conservative as there is one flange which will reduce the 1.5 which is applicable for the case 
of a rectangular shape (a web with no flanges). 

Fv = 0.4 Fy 

Fv= 0.4 * 345 = 138MPa 

Fv = 1.5 * 200e3/(200*18) = 83 MPa 

IR = 83/138 = 0.6 
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Single angle beam-column

Code check single angle to AISC ASD  : 1989

Design loads kN kN-m
Axial load (Fx) = 200.00 Moment x-x (Mx) = 50.00
Shear load  (y) = 200.00 Moment y-y (My) = 10.00

Moments resolved about principal axes.     Theta = 28.77
Mw-w = 48.64 Mz-z = -15.30

Effective lengths
Lb = 2000 Lw = 3000 Lz = 3000

Section data
200x150x18 RSA Fy =345  MPa
D    = 200.00 B  = 150.00 tw = 18.00 Area = 6,010.000   mm2
Iw   = 29199999.565 Iz  = 6229999.907    mm4
rw   = 70.03 rz  = 32.23    mm
Lw/rw = 42.84 Lz/rz = 93.07

Points 1 2 3
Sw 212,377.028 -267,428.506 -48.167 mm3
Sz 195,316.197 93,340.320 -5.846 mm3

Allowable stresses
Allowable stress factor = 1.00
Stress Fat Fac Fbcw Fbcz Fbt Fv
Point 1 207.0 108.3 204.7 204.7 227.7 138.0
Point 2 207.0 108.3 227.7 227.7 227.7 138.0
Point 3 207.0 108.3 227.7 227.7 227.7 138.0

Actual stresses
  Compression is +ve.
Stress fa fbw fbz fv
Point 1 33.3 -229.0 -78.3 83.3
Point 2 33.3 181.9 -163.9
Point 3 33.3 61.6 159.7

Code check results
 Cb = 1   Cm(w) = 0.85   Cm(z) = 0.85
      (fa/Fa > 0.15)
Point 1
 (H1-1)  buckling 0.31 + 0.91 + 0.41 = 1.62
 (H1-2)  yield 0.16 + 1.01 + 0.34 = 1.51
Point 2
 (H1-1)  buckling 0.31 = 0.72 + 0.85 + 1.88
 (H1-2)  yield 0.16 = 0.80 + 0.72 + 1.68
Point 3
 (H1-1)  buckling 0.31 = 0.24 + 0.83 + 1.38
 (H1-2)  yield 0.16 = 0.27 + 0.70 + 1.13

Shear on long leg:          fv / Fv   = 0.60

Section FAILS





20.2.1 Beam-columns 

Beam-column. W shape, doubly symmetric. US units 

Consider W18x7.5x50 Fy=36ksi  

Properties (inch units) 
Depth    = 17.992 Breadth  = 7.48 
Flange T = 0.571 Web    t = 0.354 
Radius   = 0.394 Area  = 14.663 
Ixx  = 799.0 I yy  = 39.9 
rx = 7.38  ry = 1.65 

Elastic modulus X   = 88.82  Plastic modulus X   = 100.69 
Elastic modulus Y   = 10.67 Plastic modulus Y   = 16.53 
J   = 1.25 Cw  = 3022 

Cb=1 Cmx=0.85  Cmy=0.85 
Lb=120 Kx.L=200  Ky.L=150 

Kx.L/rx=200/7.38 = 27.1 Ky.L/ry=150/1.65 = 90.91 

Loads 
Pr=100 Mnx=2000  Mny=50  Vr=50 

Chapter C 
Assume B2=0 Pe1=  2.EI / (K.L)2

Pe1(x)= 2*29000*799.0 / 2002= 5717kip 
Pe1(y)= 2*29000*39.9 / 1502= 507kip 

LRFD 
B1x=0.85/(1-1*100/5717)= 0.865 < 1. Use 1.0 
B1y=0.85/(1-1*100/507)= 1.059 

ASD 
B1x=0.85/(1-1.6*100/5717)= 0.865 < 1. Use 1.0 
B1y=0.85/(1-1.6*100/507)=  1.242 

For LRFD, bending about x-x axis 
Mrx=B1*Mnx=2000 
Mry=Mny=50 
For LRFD, bending about y-y axis 
Mrx=*Mnx=2000 
Mry=B1*Mny=53.0 

For ASD, bending about x-x axis 
Mrx=B1*Mnx=2000 
Mry=Mny=50 
For ASD, bending about y-y axis 
Mrx=*Mnx=2000 
Mry=B1*Mny=62.1 

Chapter D Tension 
Pn=Fy*Ag 
Pn=36*14.66 = 527.9kip 

Pn= Pc(t) = 475.0 kip 
Pn= Pc(t) = 316.1 kip 



Chapter E Compression 
Check compactness of section 
Flange  b/t =  = (7.48 /2) / 0.571 = 6.55 
From table B4.1, case 3 
r = 0.56*sqr(E/Fy) = 15.89, >  therefore flange is compact 

Web  h/t =  = (17.99-2*(0.571+0.394)) / 0.354 = 16.06 / 0.354 = 45.37 
From table B4.1, case 10 
r = 1.49*sqr(E/Fy) = 42, <   therefore web is slender 

To determine Q for slender stiffened element (E7.2(a)) need to get Fcr for Q=1 
E3. Flexural buckling 
Fe=  2*E / (K.L/r) 2

Fex=  2*29000 / (27.1) 2 = 390.8 = 10.8*Fy  > 0.44Fy 
Fcr = [0.658^(Fy/Fe)]*Fy = 34.6ksi 

Fey=  2*29000 / (90.9) 2 = 34.6 = 0.96*Fy  > 0.44Fy 
Fcr = [0.658^(Fy/Fe)]*Fy = 23.3ksi 

E4 Flexural-torsional buckling 
Use (E4-4) 
Fe = [ 2*E*Cw/(Kz.L) 2+ GJ] * 1/(Ix + Iy) 
Fe = [ 2*29000*3022/(120) 2 + 11200*1.25] * 1/(799 + 39.9) 
Fe = 88.3 = 2.45Fy 
Fcr = [0.658^(Fy/Fe)]*Fy = 30.36ksi 

The lowest Fcr is for y-y Flexural buckling, 23.3 ksi 

E7.2(a) 
(E7-17) using  f = Fcr = 23.3 
be = 1.92 * t * sqr(E/f) * [1 – 0.34 / (b/t) * sqr(E/f) ] 
be = 1.92 * 0.354 * sqr(29000/23.3) * [1 – 0.34 / (45.37) * sqr(29000/23.3) ] 
be = 17.64 
This is greater then b (16.06) therefore there is no reduction in area 
Qa=1 

The Fcr values calculated above are valid 
Pn(x) = min(390.8, 30.36)*Area = 445.2kip 
Pn(y) = min(23.3, 30.36)*Area = 341.6kip 
Pn(c) = 341.6kip 

Pn = Pc(c) = 307.5 kip 
Pn= Pc(c) = 204.6kip 



Chapter F flexure 
Check compactness of section 
Flange  b/t =  = (7.48 /2) / 0.571 = 6.55 
From table B4.1, case 1 
p = 0.38*sqr(E/Fy) = 10.79 
r = 1.00*sqr(E/Fy) = 28.3 
p therefore flange is compact 

Web  h/t =  = (17.99-2*(0.571+0.394)) / 0.354 = 16.06 / 0.354 = 45.37 
From table B4.1, case 9 
p = 3.76*sqr(E/Fy) = 106.7 
r = 5.7*sqr(E/Fy) = 161  
p therefore web is compact 

From Table F1.1, use section F2. 
F2.1 Yield 
Mn = Mp = Fy * Zx (plastic modulus) 

= 36 * 100.69 
= 3624kip-in 

F2.2 Lateral Torsional buckling 
Lp = 1.76 * ry * sqr(E/Fy) (F2-5) 
Lp = 82.4 
rst = sqr[ sqr(Iy*Cw)/Sx]  (F2-7) 
rst = 1.98 
ho = 17.99-0.57  
hs = 17.4 

Lr = 1.95 * 1.98 * 29000 / (0.7*36) *sqr( 1.25/(88.82*17.4) )*  
       Sqr[ 1+sqr{ 1+6.76*[ 0.7*36*88.82*17.4/(29000*1.25) ]^2 }  ] 
Lr = 251.7   (F2-6) 

For Lb = 120,  Lp < Lb < Lr therefore use F2.2(b) 
Mn = 1.0 * [ 3624 – (3624 – 0.7*36*88.82)*(120-82.4)/(251.7-82.4) ] 
Mn = 3316.2 < Mp  (F2-2) 

Mnx = Mc(x) = 2984.6 kip-in 
Mnx= Mc(x) = 1985.8 kip-in 

For Lb = 300, > Lr, use (F2-3) 
Fcr = 1.0 *  2* 29000/(300/1.98)2 * sqr[1 + 0.078*1.25 * 1.0 /(88.82*17.4) *(300/1.98)2] 
Fcr = 19.51ksi 
Mn = Fcr * Sx (elastic modulus) 
Mn = 19.51 * 88.82 
Mn = 1732.7kip-in 

Mnx = Mc(x) = 1559 kip-in 
Mnx= Mc(x) = 1037.6kip-in 



Minor axis 
F6.1 Yielding 
Mn = Mp = Fy*Zy (plastic mod.) <= 1.6*Fy*Sy (elastic mod.) 

Mny = 36*16.53 
Mny = 595.1 kip-in 
1.6*Fy*Sy = 614.6kip-in 

Mny = 595.1 
Mny = Mc(y) = 535.6 kip-in 
Mny= Mc(y) = 356.3 kip-in 

Chapter G. Shear 
G2.1 (a) 
h/tw = 45.37  <   2.24*sqr(E/Fy) = 63.6    
Therefore Cv = 1  (G2-2) and = 1.0,  = 1.5 

Vn = 0.6*Fy*Aw*Cv 
Vn = 0.6 * 36 * 17.99 * 0.354 * 1.0 
Vn =  137.6kip 

Vn = 137.6 kip 
Vn= 91.7 kip 

For LRFD, Vr/Vc = 50/137.6 = 0.363  < 1 OK 
For ASD, Vr/Vc = 50/91.7 = 0.545  < 1 OK 

Chapter H.  Combined forces 

H1.1 
Using design case of Lb = 120 
Treating the loads as LRFD 
Pr / Pc = 100 / 307.5 = 0.325 > 0.2 Use (H1-1a) 
Pr/Pc + 8/9 * ( Mrx / Mcx + Mry / Mcy) = 0.325 + 8/9 *( 2000/2984.6 + 50/535.6)  

= 0.325 + 0.596 + 0.083 
= 1.004 

Treating the loads as ASD 
Pr / Pc = 100 / 204.6 = 0.489 > 0.2 Use (H1-1a) 
Pr/Pc + 8/9 * ( Mrx / Mcx + Mry / Mcy) = 0.489 + 8/9 *( 2000/1985.8 + 50/356.3)  

= 0.489 + 1.02 
= 1.51 
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Singly symmetric W LRFD

Code check to ANSI/AISC 360-05 : 2005  (ver 1.0.0) 

Design loads 
 kip        kip-in 
 Axial load (Pr)  = 100.00  Moment x-x (Mx) = 2,000.00 
 Shear load (Vry) = 50.00  Moment y-y (My) = 50.00 
Required capacity moments (Chapter C). B2 is taken as zero. 
 Mr(x) = 2,000.00  Mr(y) = 50.00   kip-in 

Effective lengths  
 Lb = 120 Lx = 200 Ly = 150 

Section Data  
W18x7.5x50       rolled Grade : A36 Fy =36.0 ksi 
D = 18.0 Bf = 7.5 Tf = 0.6 tw = 0.4 
Area = 15  in2 J = 1.25 in4 
Ix = 7.99E+02 in4 Iy = 3.99E+01 in4 
Elastic Mod x-x = 89  Plastic Mod x-x = 101   in3 
Elastic Mod y-y = 11  Plastic mod y-y = 17   in3 
rx = 7.4  ry = 1.6 in 
Lx/rx = 27.1  Ly/ry = 90.9  
Cw =3021.634 in6 
Web unstiffened 
Lp = 82.4 Lr = 251.3in 
Mn(x) = 3316.2 Mn(y) = 595.3kip-in 

Member resistance capacity (Ø.Rn or Rn/Omega)  
Axial 
Pc(t)=475.08 Pc(c)=307.43 
Moment 
Mc(x) = 2984.5     Eqn F2-2 Mc(y) = 535.8     Eqn F6-1 
Shear 
Vc = 137.7     Eqn G2-2 

Code check results
Cb = 1 
H1-1a - Compression. B2 = 0 
 Pr/Pc + 8/9(Mrx/Mcx + Mry/Mcy) =  0.33 + 0.60 + 0.08 = 1.00 

G2-2     Shear. 
Vr/Vc  = 0.36 

 Section fails



Consider 1000x300 20/4 PG Fy= 345 MPa 

Test flexural capacity using F5. 

Properties (mm units) 
Depth    = 1000 Breadth  = 300 
Flange T = 20 Web    t = 4 
Radius   = 0 Area  = 15840 
Ixx  = 3176.5E6 I yy  = 90.0E6 
rx = 447.8  ry = 75.4 

Elastic modulus X   = 6.353E6  Plastic modulus X   = 6.801E6 
Elastic modulus Y   = 0.600E6 Plastic modulus Y   = 0.904E6 
J   = 1.62E6 Cw  = 21.6E12 

Cb=1 Cmx=0.85  Cmy=0.85 
Lb=10000 Kx.L=0  Ky.L=0 

Kx.L/rx=0 Ky.L/ry=0 

Loads 
None applied 

Chapter C 
Assume B2=0 B1=1 

Chapter D Tension 
Pn=Fy*Ag 
Pn= 345 * 15840 = 5464 kN 

Pn= Pc(t) = 4918 kN 
Pn= Pc(t) = 3272 kN 

Chapter F flexure 
Check compactness of section 
Flange  b/t =  = (300 /2) / 20 = 7.5 
From table B4.1, case 1 
p = 0.38*sqr(E/Fy) = 9.14 
r = 1.00*sqr(E/Fy) = 24.1 
p <r therefore flange is compact 

Web  h/t =  = (1000 - 2*(20)) / 4 = 960 / 4 = 240 
From table B4.1, case 9 
p = 3.76*sqr(E/Fy) = 90.5 
r = 5.7*sqr(E/Fy) = 137  
r therefore web is slender 

From Table F1.1, use section F5. 
Get Rpg 
aw=  h*t/(bf*tf)    (F4-11) 
aw = 960*4/(300*20) 
aw = 0.64 (< 10, OK) 
Rpg = 1- 0.64/(1200 + 300*0.64) * (960/4 – 5.7*sqr(200000/345)) 
Rpg = 0.953 

F5.1 Flange yield 
Mn = Rpg * Fy * Sxc (elastic mod) 
Mn = 0.953*345* 6.353E6   Nmm 
Mn = 2088 kNm 

F5.2 Lateral Torsional buckling 
ho = 1000 - 20    = 980 



h = 1000 – 2* 20 = 960 
rt  = 300 / sqr(12*(980/1000 + 0.64 * 960^2 /(6*980*1000))) 
rt = 83.3 

Lp = 1.1 * 83.3 * sqr(E/Fy) (F4-7) 
Lp = 2206 
Lr =  * 83.3 * sqr(E/(0.7*Fy))  (F5-5) 
Lr = 7530    

Mn = Rpg * Fcr * Sxc (elastic mod.) 

For  Lp < Lb < Lr use F5.2(b) 
Let Lb = 5000 
Fcr = 1.0 * [ 345 – (0.3*345 )*(5000-2206)/(7530-2206) ] 
Fcr = 290.6 MPa 
Mn = 0.953 * 290.6 * 6.353E6   Nmm 
Mn = 1759 
Mn = 1583 kNm 

For  Lb > Lr use F5.2(c) 
Let Lb = 10000 
Fcr = 1.0 * ^2 * 200000/(10000/83.3)^2 
Fcr = 137 MPa 
Mn = 0.953 * 137 * 6.353E6   Nmm 
Mn = 829       checking this value
Mn = 746 kNm 

F5.3 Flange local buckling 
Flange is compact FLB not applicable 

Chapter G. Shear 
G2.1  
h/tw = 240  >   2.24*sqr(E/Fy) = 54  use G2.1(b) 
kv = 5 

1.1*sqr(kv.E/Fy)  (G2-3) 
1.1 * sqr( 5 * 200000 / 345) = 59.2 
1.37 * sqr( 5 * 200000 / 345) = 73.8 

h/t > 73.8  
Cv = 1.51 * 200000 * 5 / ( 240^2*345) 
Cv = 0.076 

Aw = 1000 * 4 = 4000 

Vn = 0.6*Fy*Aw*Cv 
Vn = 0.6 * 345 * 4000 * 0.076  (N) 
Vn =  62.9kN 

Vn = 56.6 kN 
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Doubly symmetric slender web I – Test flexural capacity to F5

Code check to ANSI/AISC 360-05 : 2005  (ver 1.0.0) 

Design loads 
 kN        kN-m 
 Axial load (Pr)  = 0.00  Moment x-x (Mx) = 0.00 
 Shear load (Vry) = 0.00  Moment y-y (My) = 0.00 
Required capacity moments (Chapter C). B2 is taken as zero. 
 Mr(x) = 0.00  Mr(y) = 0.00   kN-m 

Effective lengths  
 Lb = 10000 Lx = 0 Ly = 0 

Section Data  
1000x300 20/4 PG rolled Fy =345.0 MPa  
D = 1000.0 Bf = 300.0 Tf = 20.0 tw = 4.0 
Area = 15,840  mm2 J = 1620480.05 mm4 
Ix = 3.18E+09 mm4 Iy = 9.00E+07 mm4 
Elastic Mod x-x = 6,353,024  Plastic Mod x-x = 6,801,600   mm3 
Elastic Mod y-y = 600,034  Plastic mod y-y = 903,840   mm3 
rx = 447.8  ry = 75.4 mm 
Lx/rx = 0.0  Ly/ry = 0.0  
Cw =2.1609E+13 mm6 
Web unstiffened 
Lp = 2206.5 Lr = 7532.1mm 
Mn(x) = 829.4          checking this value
 Mn(y) = 311.9kN-m 

Member resistance capacity (Ø.Rn or Rn/Omega)  
Axial 
Pc(t)=4920.11 Pc(c)=2004.96 
Moment 
Mc(x) = 746.4     Eqn F5-4 Mc(y) = 280.7     Eqn F6-1 
Shear 
Vc = 56.6     Eqn G2-5 

Code check results
Cb = 1 
H1-1b - Compression. B2 = 0 
 Pr/2.Pc + (Mrx/Mcx + Mry/Mcy) =  0.00 + 0.00 + 0.00 = 0.00 

G2-5     Shear. 
Vr/Vc  = 0.00 

Section O.K.    use  1000x300 20/4 PG



Consider 500x300 20/5 RHS (HSS) Fy=275MPa  

Properties (mm units) 
Depth    = 500 Breadth  = 300 
Flange T = 20 Web    t = 5 
Radius   = 0.0 Area  = 16600 
Ixx  = 772.7E6 I yy  = 190.0E6 
rx = 215.8  ry = 107.0 

Elastic modulus X   = 3.09E6  Plastic modulus X   = 3.41E6 
Elastic modulus Y   = 1.267E6 Plastic modulus Y   = 1.58E6 
J   = 374E6 Cw  = 4.4E12 

Cb=1 Cmx=0.85 Cmy=0.85 
Lb=10000 Kx.L=10000 Ky.L=10000 

Kx.L/rx=10000/215.8 = 46.3 Ky.L/ry=10000/107= 93.5 

Loads 
Pr = 1000 Mnx = 500  Mny = 10 Vr = 200 

Chapter C 
Assume B2=0 Pe1=  2.EI / (K.L)2

Pe1(x)= 2*200,000*772.7E6 / 100002  = 15239kN 
Pe1(y)= 2*200,000*190.0E6 / 100002  = 3750kN 

LRFD 
B1x=0.85/(1-1*1000/15239)= 0.91 < 1. Use 1.0 
B1y=0.85/(1-1*1000/3750)  = 1.159 

ASD 
B1x=0.85/(1-1.6*1000/15239)= 0.95 < 1. Use 1.0 
B1y=0.85/(1-1.6*1000/3750)  =  1.483 

For LRFD, bending about x-x axis 
Mrx=B1*Mnx=500 
Mry=Mny=10 
For LRFD, bending about y-y axis 
Mrx=*Mnx=500 
Mry=B1*Mny=11.6 

For ASD, bending about x-x axis 
Mrx=B1*Mnx=500 
Mry=Mny=10 
For ASD, bending about y-y axis 
Mrx=*Mnx=500 
Mry=B1*Mny=14.8 

Chapter D Tension 
Pn=Fy*Ag 
Pn=275*16600 = 4565E3 N = 4565 kN 

Pn= Pc(t) = 4108 kN 
Pn= Pc(t) = 2733 kN 



Chapter E Compression 
Check compactness of section 
Flange  b/t = f   = (300-2*5) / 20   = 14.5 
Web  h/t = w  = (500 – 2* 20) / 5 = 460 / 5 = 92 

From table B4.1, case 12 
p = 1.12*sqr(E/Fy) = 30.2 
r = 1.4*sqr(E/Fy) = 37.8 
fp therefore flange is compact 
wr therefore flange is slender 

To determine Q for slender stiffened element (E7.2(a)) need to get Fcr for Q=1 
E3. Flexural buckling 
Fe=  2*E / (K.L/r) 2

Fex=  2*200000 / (46.3) 2 = 921 = 3.348*Fy  > 0.44Fy 
Fcr = [0.658^(Fy/Fe)]*Fy = 242MPa 

Fey=  2*200000 / (93.5) 2 = 225 = 0.82*Fy  > 0.44Fy 
Fcr = [0.658^(Fy/Fe)]*Fy = 165MPa 

E4 Flexural-torsional buckling 
Not applicable to this section 

The lowest Fcr is for y-y Flexural buckling, 165MPa 

E7.2(a) 
(E7-17) using  f = Fcr = 165 
be = 1.92 * t * sqr(E/f) * [1 – 0.34 / (b/t) * sqr(E/f) ] 
be = 1.92 * 5 * sqr(200000/165) * [1 – 0.34 / (92) * sqr(200000/165) ] 
be = 291 (< 460) 
Qa = Aeff/Area 
Qa = [16600 –  2(webs) * 5 * (460 – 291)] / 16600 
Qa = 0.898 
Using E7., the governing Fe is from y-y buckling 
Fe = 225 MPa    > 0.44 * 0.898 * 276 = 108MPa 
Fcr = Q[0.658^(QFy/Fe)]*Fy    
Fcrx = 0.898 * [ 0.658 ^(0.898 * 275 / 921)] * 275 
Fcrx = 220MPa 
Fcry = 0.898 * [ 0.658 ^(0.898 * 275 / 225)] * 275 
Fcry = 156MPa 

Pn(x) = 220*Area = 3652kN 
Pn(y) = 156*Area = 2590kN 
Pn(c) = 2590kN 

Pn = Pc(c) = 2331 kN 
Pn= Pc(c) = 1551 kN 



Chapter F flexure 

Major axis (x-x) bending 

Check compactness of section 
Flange  b/t = f   = (300-2*5) / 20   = 14.5 
Web  h/t = w  = (500 – 2* 20) / 5 = 460 / 5 = 92 

From table B4.1, case 12 
p = 1.12*sqr(E/Fy) = 30.2 
r = 1.4*sqr(E/Fy) = 37.8 
fp therefore flange is compact 

From table B4.1, case 13 
p = 2.42*sqr(E/Fy) = 65.3 
r =  5.7*sqr(E/Fy) = 154 

wr therefore web is noncompact 

From Table F1.1, use section F7. 
F7.1 Yield 
Mn = Mp = Fy * Zx (plastic modulus) 

= 275 * 3.41E6   (Nmm) 
= 939kNm 

F7.2 Flange local buckling 
(a) Flange is compact. FLB does not apply 

F7.3 Web local buckling 
(b) noncompact web 
Mn = Mp – (Mp – Fy.Sx(elastic mod))[0.305*h/tw*sqr(Fy/E -0.738] 
Mnx = 939 – (939 – 275*3.09E6)* (0.305 * 92 * sqr(275/200000) – 0.738) 
Mnx = 912kNm 

Mnx = Mc(x) = 821 kNm 
Mnx= Mc(x) = 546 kNm 

Minor axis (y-y) bending 

Check compactness of section 
Flange  b/t = f  = (500 – 2* 20) / 5 = 460 / 5 = 92 
Web  h/t = w   = (300-2*5) / 20   = 14.5 

From table B4.1, case 12 
p = 1.12*sqr(E/Fy) = 30.2 
r = 1.4*sqr(E/Fy) = 37.8 
fr therefore flange is slender 

From table B4.1, case 13 
p = 2.42*sqr(E/Fy) = 65.3 
r =  5.7*sqr(E/Fy) = 154 
wr therefore web is compact 

F7.1 Yielding 
Mn = Mp = Fy*Zy (plastic mod.)  
Mny = 275*1.58E6 
Mny = 434.5 kNm 

F7.2 Flange local buckling 
(c) Flange is slender 
Mn = Fy * Seff   (F7-3) 



be = 1.92 * 5 * sqr(200000/275) * (1 – 0.38/92*sqr(200000/275)) 
be = 230 (< 460) 

Get elastic section modulus for reduced top flange width 

Elastic modulus (top) = 1.013E6mm3 
Mny = 275*1.013E6 
Mny = 278kNm 

Mny = Mc(y) = 250.7 kNm 
Mny= Mc(y) = 166.8 kNm 

Chapter G. Shear 
G2.1 (a) 
h/tw = 92  >   2.24*sqr(E/Fy) = 63.6    
Therefore use G2.1(b) 
= 0.9,  = 1.67 

(i) h/tw < 260, web unstiffened thus kv = 5 

1.1*sqr(kvE/Fy) = 66.3  (G2-3) 
1.37*sqr(kvE/Fy) = 82.6  (G2-4) 
h/t > 82.6 
Cv = 1.51 * 200000 * 5 / ( (92)^2 * 275 ) 
Cv = 0.649 
Aw = 2 * 500 * 5 = 5000 mm2 

Vn = 0.6 * Fy * Aw * Cv 
Vn = 0.6 * 275 * 5000 * 0.649 
Vn = 535.2kN 

Vn = 481.7 kN 
Vn= 320.5 kN 

For LRFD, Vr/Vc = 200/481.7 = 0.415  < 1 OK 
For ASD, Vr/Vc = 200/320.5 = 0.624  < 1 OK 

Chapter H.  Combined forces 

H1.1 
Treating the loads as LRFD 
Pr / Pc = 1000 / 2331 = 0.429 > 0.2 Use (H1-1a) 
Pr/Pc + 8/9 * ( Mrx / Mcx + Mry / Mcy) = 0.429 + 8/9 *( 500/821 + 10/546)  

= 0.429 + 0.541 + 0.016 
= 0.987 

Treating the loads as ASD 
Pr / Pc = 1000 / 1551 = 0.489 > 0.2 Use (H1-1a) 
Pr/Pc + 8/9 * ( Mrx / Mcx + Mry / Mcy) = 0.645 + 8/9 *( 500/546 + 10/166.8)  

= 0.645 + 0.814 + 0.053 
= 1.51 
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RHS (HSS) section, slender for minor axis bending

Code check to ANSI/AISC 360-05 : 2005  (ver 1.0.0) 

Design loads 
 kN        kN-m 
 Axial load (Pr)  = 1,000.00  Moment x-x (Mx) = 500.00 
 Shear load (Vry) = 200.00  Moment y-y (My) = 10.00 
Required capacity moments (Chapter C). B2 is taken as zero. 
 Mr(x) = 500.00  Mr(y) = 10.00   kN-m 

Effective lengths  
 Lb = 10000 Lx = 10000 Ly = 10000 

Section Data  
500 x 300 20/5 RHS (HSS) rolled Fy =275.0 MPa  
D = 500.0 Bf = 300.0 Tf = 20.0 tw = 5.0 
Area = 16,600  mm2 J = 374776822.43 mm4 
Ix = 7.73E+08 mm4 Iy = 1.90E+08 mm4 
Elastic Mod x-x = 3,090,853  Plastic Mod x-x = 3,409,000   mm3 
Elastic Mod y-y = 1,267,256  Plastic mod y-y = 1,578,500   mm3 
rx = 215.8  ry = 107.0 mm 
Lx/rx = 46.3  Ly/ry = 93.4  
Cw =4.399411E+12 mm6 
Web unstiffened 
Lp = 0.0 Lr = 0.0mm 
Mn(x) = 915.0 Mn(y) = 278.5kN-m 

Member resistance capacity (Ø.Rn or Rn/Omega)  
Axial 
Pc(t)=4110.00 Pc(c)=2351.54 
Moment 
Mc(x) = 823.5     Eqn F7-5 Mc(y) = 250.6     Eqn F7-3 
Shear 
Vc = 481.8     Eqn G2-5 

Code check results
Cb = 1 
H1-1a - Compression. B2 = 0 
 Pr/Pc + 8/9(Mrx/Mcx + Mry/Mcy) =  0.43 + 0.54 + 0.04 = 1.00 

G2-5     Shear. 
Vr/Vc  = 0.42 

 Section fails



A general example for comparison 

Consider W14x14.5x99 Fy= 345 MPa (50ksi) 

Properties (mm units) 
Depth    = 360 Breadth  = 370 
Flange T = 19.8 Web    t = 12.3 
Radius   = 15 Area  = 18790 
Ixx  = 462.9E6 I yy  = 167.2E6 
rx = 157  ry = 94.3 

Elastic modulus X   = 2.572E6  Plastic modulus X   = 2.838E6 
Elastic modulus Y   = 0.9038E6 Plastic modulus Y   = 1.369E6 
J   = 2.237E6 Cw  = 4.836E12 

Cb=1 Cmx=0.85  Cmy=0.85 
Lb=10000 Kx.L=15000  Ky.L=10000 

Kx.L/rx=15000/157 = 95.5 Ky.L/ry=10000/94.3 = 106 

Loads 
Pr=1000kN Mnx=200kNm Mny=50  Vr=500kN 

Chapter C 
Assume B2=0 Pe1=  2.EI / (K.L)2

Pe1(x)= 2*200,000*462.9E6/ 150002  = 4061kN 

LRFD 
B1x=0.85/(1-1*1000/4061)= 1.128 

Therefore Mrx = 200 * 1.128 = 225.5kNm 

Chapter D Tension 
Pn=Fy*Ag 
Pn= 345 * 18790 = 6482 kN 

Pn= Pc(t) = 5834 kN 
Pn= Pc(t) = 3881 kN 

Chapter E Compression 
Check compactness of section 
Flange  b/t =  = (370 /2) / 19.8  = 9.34 
From table B4.1, case 3 
r = 0.56*sqr(E/Fy) =13.5, >   therefore flange is compact 

Web  h/t =  = (360 - 2*(19.8 + 15)) / 12.3 = 290 / 12.3 = 23.6 
From table B4.1, case 10 
r = 1.49*sqr(E/Fy) = 35.9, >   therefore web is noncompact 

To determine Q for slender stiffened element (E7.2(a)) need to get Fcr for Q=1 
E3. Flexural buckling 
Fe=  2*E / (K.L/r) 2

Fex=  2*200000 / (95.5) 2 = 216 = 0.63*Fy  > 0.44Fy 
Fcr = [0.658^(Fy/Fe)]*Fy = 177 MPa 

Fey=  2*200000 / (106) 2 = 176 = 0.51*Fy  > 0.44Fy 
Fcr = [0.658^(Fy/Fe)]*Fy = 151.7 MPa 

E4 Flexural-torsional buckling 
Use (E4-4) 
Fe = [ 2*E*Cw/(Kz.L) 2+ GJ] * 1/(Ix + Iy) 



Fe = [ 2*200000*4.836E12/(10000) 2 + 77200*2.237E6] * 1/(462.9E6 + 167.2E6)  
Fe = 425.6 = 1.23Fy 
Fcr = [0.658^(Fy/Fe)]*Fy = 246MPa 

The lowest Fcr is for y-y Flexural buckling, 151.7 MPa 

Pn(x) = min(177, 246)*Area = 3325 kN 
Pn(y) = min(151.7, 246)*Area = 2850 kN 
Pn(c) = 2850 kN 

Pn = Pc(c) = 2565 kN 
Pn= Pc(c) = 1706 kN 

Chapter F flexure 
Check compactness of section 
Flange  b/t =  = (370 /2) / 19.8 = 9.34 
From table B4.1, case 1 
p = 0.38*sqr(E/Fy) = 9.14 
r = 1.00*sqr(E/Fy) = 24.1 
p <r therefore flange is noncompact 

Web  h/t =  = (360 - 2*(19.8 + 15)) / 12.3 = 290 / 12.3 = 23.6 
From table B4.1, case 9 
p = 3.76*sqr(E/Fy) = 90.5 
r = 5.7*sqr(E/Fy) = 137  
p therefore web is compact 

From Table F1.1, use section F3. 
Get Mp 
Mn = Mp = Fy * Zx (plastic modulus) 

= 345 * 2.838E6  (Nmm) 
= 979E6 Nmm 
= 979.1kNm 

F3.1 Lateral Torsional buckling, Use F2.2  
Lp = 1.76 * ry * sqr(E/Fy) (F2-5) 
Lp = 3996 

rst = sqr[ sqr(Iy*Cw)/Sx]  (F2-7) 
rst = 105 
ho = 360 – 19.8  
hs = 340.2 

Lr = 1.95 * 105 * 200000 / (0.7*345) *sqr( 2.237E6/(2.572E6*340.2) )*  
       Sqr[ 1+sqr{ 1+6.76*[ 0.7*345*2.572E6*340.2/(200000*2.237E6) ]^2 }  ] 
Lr = 13781   (F2-6) 

For Lb = 10000,  Lp < Lb < Lr therefore use F2.2(b) 
Mn = 1.0 * [ 979E6 – (979E6 – 0.7*345*2.572E6 )*(10000-3996)/(13781-3996) ]  (Nmm) 
Mn = 759 kNm < Mp  (F2-2) 

F3.2 Flange local buckling 
Flange is noncompact, use (F3-1) 
 = 9.34 
p = 0.38*sqr(E/Fy) = 9.14 
r = 1.00*sqr(E/Fy) = 24.1 
Mn = 979.1 – (979.1 – 0.7*354*2.572)*( 9.34 – 9.14)/(24.1 – 9.14) 
Mn = 974 kNm 

Governing Mn is LTB = 759kNm 



Mnx = Mc(x) = 683 kNm 
Mnx= Mc(x) = 454.5 kNm 

Minor axis 
F6.1 Yielding 
Mn = Mp = Fy*Zy (plastic mod.) <= 1.6*Fy*Sy (elastic mod.) 

Mny = 345*1.369E6 
Mny = 472 kNm 
1.6*Fy*Sy = 499 kNm   

Mny = 595.1 
Mny = Mc(y) = 424.8 kNm 
Mny= Mc(y) = 282.6 kNm 

Chapter G. Shear 
G2.1 (a) 
h/tw = 23.6  <   2.24*sqr(E/Fy) = 54    
Therefore Cv = 1  (G2-2) and = 1.0,  = 1.5 

Vn = 0.6*Fy*Aw*Cv 
Vn = 0.6 * 345 * 360 * 12.3 * 1.0  (N) 
Vn =  916.6kN 

Vn = 916.6 kN 
Vn= 611 kN 

For LRFD, Vr/Vc = 500/916.6 = 0.55  < 1 OK 
For ASD, Vr/Vc = 500/611 = 0.82  < 1 OK 

Chapter H.  Combined forces 

H1.1 
Treating the loads as LRFD 
Pr / Pc = 1000 / 2565 = 0.39 > 0.2 Use (H1-1a) 
Pr/Pc + 8/9 * ( Mrx / Mcx + Mry / Mcy) = 0.389 + 8/9 *( 225.5/683 + 50/424.8)  

= 0.389 + 0.293 + 0.105 
= 0.787 

Treating the loads as ASD 
Pr / Pc = 1000 / 1706 = 0.586 > 0.2 Use (H1-1a) 
Pr/Pc + 8/9 * ( Mrx / Mcx + Mry / Mcy) = 0.586 + 8/9 *( 225.5/454.5 + 50/282.6)  

= 0.586 + 0.441 + 0.157 
= 1.184 



20.2.1             Validation calculations for ANSI/AISC 360-10 for singly symmetric I shapes

Section b/t or h/t
D 1000 tw 10 98.00 Fy= 248.22 36ksi
BF1 (top) 300 TF1 10 15.00 E = 199955 29000ksi
BF2 (bot) 500 TF2 10 25.00 sqrt(E/Fy)= 28.38

ho = 990.00
Plastic modulus (maj)= 6,261,000.00 hc1= 1,091.24 hp1= 1180 (to top)
Elast. Mod top= 4,840,612.87 hc2= 868.76 hp2= 780 (to bot)
Elast. Mod bot= 6,052,296.00 rx= 388.71 ry= 84.38
Cw= 1.81E+13 Jtorsion= 593,333.33 Area= 17800
Ixx= 2.69E+09 Iyy= 1.27E+08 Pl mod (min) 874500
Compression flange is always the top flange. El mod (min) 506993.3

Loading Lb= 8,000.00 Klx = 6,000.00 kLy= 4000
Pr= 200.00 Mx= 400.00 My= 20

F13 Proportions of beams and girders
F13.2 Iyc= 22,500,000.00 Iyc/Iy= 0.18 <= 0.1 <=0.9 OK

Iy= 126,748,333.33

B4 Classification of Section for local buckling
Check compactness using Table B4.1 and, for axial compression, with E7.1 as well
Flexure
Flanges
Rolled, Table B4.1, case 1
Lam_p=0.38*sq(E/Fy) 10.79 lam_r =  1*sqr(E/Fy)= 28.38

Fabricated, case 2 kc = 4/sqr(h/tw)= 0.40 (0.35<kc<0.76) 0.40
Compression flange is always the top flange. FL= 173.75 Sxt/Sxc = 1.25

Lam_pf =0.38*sqr(E/Fy) = 10.79 rolled/fab TableB4.1 case 2
lam_rf = 0.95*sqr(kc*E/FL)= 20.49 fabricated TableB4.1 case 2
comp flange bc/tc= 15.00 NC Flexural compression flange checks, F4.3, F5.3
Max flange b/t= 25.00 SL both flanges, for F6, minor axis bending

Web, case 11. Assume My, hc and hp all refer to the compression flange (My=Sxc*Fy)
Lam_p=hc/hp*sqr(E/Fy) /[0.54*PL_mod/EL_mod (top or bot) -0.09]^2
Lam_pw 1(C is top)= 70.90
Lam_pw 2(C is bot)= 143.95
lam_rw=5.7sq(E/Fy)= 161.78
Web h/tw= 98.00 NC Web C or NC, use F4

Uniform compression
This uses B4.1 and E7.1
Flanges, fabricated (case 4)
Lam_pf =NA lam_rf =0.64*sqr(Kc*E/Fy) = 11.55
flange b/tmax= 25.00 SL in compression, use E7.1
0.64sq(E.kc/Fy)= 11.55 Table B4.1 case 4
1.17sq(E.kc/Fy)= 21.11 E7.1 (b)(iii)
Qs for b/tmax= 0.47 (E7-9)

 Web (case 14)
Lam_p=NA lam_r=1.49 *sq(E/Fy)= 42.29
Web h/tw= 98.00 SL in compression, use E7.2 
E7.2 (a) b/t >= than limit, use (E7-17). Get iterated be rather than use Fcr, press button

be= 980.00
Qa= 1

Q=Qs.Qa= 0.47



KLy/ry = 47.40 KLx/rx= 15.44
Minor axis
4.71sq(E/Q Fy)= Lim = 195.26 KL/r max= 47.40

(E3-4) Fe= 878.28 ro^2= 158,217.97 (E4-7)
(E4-5) Fe= 215.41 Fex= 8,282.97 (E4-9)

Fey= 878.28 (E4-10)
Fez= 215.41 (E4-11) for (E4-5)

Minimum Fe = 215.41 H= 1.00

(E3-2, E7-2) Fcr= 92.80 (KL/r<=lim)
(E3-3, E7-3) Fcr= 188.92 (KL/r>lim)
KL/r  max Fcr = 92.80

Pn = 1,651.91 kN
LRFD, phi_c= 0.90 omega= 1.67
Pc = LRFD 1,486.72 ASD 989.17

Chapter F, flexure
Max Mp=Fy*Pl mod = 1,554.11

F4. C or NC web
Get Rpc Mp= 1,554.11

Myc= 1,201.54 (top C)
hc/tw= lam= 109.12

lam_pw 70.90 C=top (B4.1 11)
lam_rw 161.78 (B4.1 11)

Rpc (F4-9b) 1.17 <= Mp/Myc 1.17

1 Compression flange yield
(F4-1) Mn = 1,405.81

2 LTB
Get rt aw for compression flange, top= 3.64

ho = 990.00
bfc= 300.00
h = 980.00

(F4-10) rt = 68.94

(F4-6) FL= 173.75 Sxt/Sxc = 1.25
(F4-7) Lp= 2,152.29
(F4-8) Lr = 7,557.45
(F4-2) Mn = 794.84 <=RpcMyc 794.84

(F4-5) Fcr= 146.55 Cb=1 Iyc/Iy= 0.177517
(F4-3) Mn = 709.37 <=RpcMyc 709.37 Fcr,J=0 146.5461

Mn to use (Lb,Lp etc) 709.37 Lb>Lr

3 Compression flange local buckling
Not applicable for compact flanges
bfc/2.tfc= Lam = 15.00

lam_pf 10.79
lam_rf 20.49

(F4-12) Mn = 1,160.43  for NC flanges only
(F4-13) Mn= 1,564.37 for SL flange
Mn to use (flg NC,SL)= 1,160.43      Comp flange is NC



Mp= 1,554.11
hc/tw= lam= 109.12
(F4-15a) Rpt(i)= 1.03
(F4-15b) Rpt(ii)= 1.02 <Mp/Myt 1.02
Rpt to use = 1.02
(F4-14)
Mn to use Mn= 1,554.11

Minimum Mn for F4 flexure
Mnx = 709.37 omega= 1.67

Mcx = phi * Mnx = 638.44 ASD 424.77

F5. SL web
Get Rpg aw = 3.64 <=10 3.64
Rpg (F5-6) = 1.08 (<=1) 1.00

1. Compression flange yield (top flg in C) 
(F5-1)= Mn = 1,201.54 kN-m

2. LTB (F5-2)
For Lb<=Lp LTB not considered
(F4-7) Lp= 2,152.29
(F5-5) Lr = 7,347.00

Lb = 8,000.00  therefore use (F5-3)
Cb = 1.00

(F5-3) Fcr = 164.39 <=Fy 164.39 (F5-3)
(F5-4) Fcr= 146.55 <=Fy 146.5461 (F5-4)
(F5-2) Mn= 795.76 with (F5-3)
(F5-2) Mn= 709.37 with (F5-4)
Mn to use (Lb,Lp etc) 709.37 Lb>Lr

3. Compression flange local buckling
Not applicable for compact flanges
bfc/2.tfc= Lam = 15.00

lam_pf 10.79
lam_rf 20.49

(F5-8) Fcr = 215.86  for NC flanges only
(F5-9) Fcr= 323.18 for SL flange
(F5-7) Mnx = 1,044.92 (F5-8)
(F5-7) Mnx = 1,564.37 (F5-9)
Mn to use (flg NC,SL)= 1,044.92

4. Tension flange yielding
If Sxt > Sxc then not applicable
(F5-10) Mn= 1,502.30 (bott)

Mn to use Mn= 1,554.11 Sxt>=Sxc

Minimum Mn for F5 flexure
Mnx = 709.37 omega= 1.67
Mcx= phi*Mnx = 638.44 ASD 424.77

F6 Minor Axis
1 Yielding FySy 1.6FyZy (<= UK nomenclature)
(F6-1) Mn = 201.35 217.07 201.35

2 Flange local yield
lam (mx) 25.00
lam_pf= 10.79
lam_rf= 20.49



(F6-3) Mn = 111.92

Mn to use (flange b/t) 111.92 flange SL
LRFD, phi_b = 0.90 omega= 1.67
Mcy = 100.73 ASD 67.02

Chapter H
Web C or NC, use F4                            LRFD                 ASD

Pr/Pc= 0.13 Pr/Pc= 0.20
>= 0.2 < 0.2 >= 0.2 < 0.2

F4 (H1-1a) (H1-1b) (H1-1a) (H1-1b)
Pr/Pc 0.13 0.07 0.20 0.10
Mrx/Mcx 0.56 0.63 0.84 0.94
Mry/Mcy 0.18 0.20 0.27 0.30

IR = 0.87 0.89 1.30 1.34

F5
Pr/Pc 0.13 0.07 0.20 0.10
Mrx/Mcx 0.56 0.63 0.84 0.94
Mry/Mcy 0.18 0.20 0.27 0.30

IR = 0.87 0.89 1.30 1.34
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Singly symmetric beam-column

Code check to ANSI/AISC 360-10 : 2010 (ASD)

Design loads (limit state)
kN kN-m

Axial load (Pu)  = 200.00 Moment x-x (Mx) = 400.00
Shear load (Vuy) = 0.00 Moment y-y (My) = 20.00

Required capacity moments (Chapter C). B2 is taken as zero.
Mu(x) = 400.00 Mu(y) = 20.00 kN-m

Effective lengths
Lb = 6000 Lx = 6000 Ly = 4000

Section 1000 300x10 500x10  welded Fy =248.2 MPa
D = 1000.0 tw = 10.0 Bf top = 300.0 Tf top = 10.0
flex compression flange is top Bf bot = 500.0 Tf bot = 10.0
Area = 17,800  mm2 J = 593333.33 mm4
Ix = 2.69E+09 Iy = 1.27E+08 mm4
Elastic Mod x-x = 4,840,613 Plastic Mod x-x = 6,261,000 mm3
Elastic Mod y-y = 506,993 Plastic mod y-y = 874,500 mm3
rx = 388.7 ry = 84.4 mm
Lx/rx = 15.4 Ly/ry = 47.4 Cw =1.813507E+13 mm6

 Web unstiffened
Lp = 2152.3 Lr = 7557.3 mm
Mn(x) = 709.3 Mn(y) = 111.9 kN-m

Member resistance capacity (Ø.Rn or Rn/Omega)
Axial
Pc(t)=2645.55 Pc(c)=988.48
Moment
Mc(x) = 424.8     Eqn F4-3 Mc(y) = 67.0     Eqn F6-3
Shear
Vc = 564.7     Eqn G2-5

Code check results
Cb = 1
H1-1a - Compression. B2 = 0
 Pr/Pc + 8/9(Mrx/Mcx + Mry/Mcy) = 0.20 + 0.84 + 0.27 = 1.30

Shear.   G2-5
Vr/Vc  = 0.00

Section fails



20.2.2 Tee section 

Spread sheet validation calculation. Units are metric (N, mm) 

Input Lengths
Fy 350 Lb 5000
D 300 KLx 4000
B 100 Kly 4000
Tf 15
tw 10 E  = 200000 (Young’s mod)

Properties
Area 4350
Ixx 41431131.47 Iyy 1273750
rx 97.59 ry 17.11
J 207500 Cw 0
Plastic mod 
xx 371812.5 Elastic mod 391687.96 flange
x axis to top 105.78 Elastic mod 213316.08 stem
x axis to bot 194.22 Min 213316.08

Applied loads Axial 50 kN fa= 11.49
Mxx 20 kNm fbx max= 93.76
Fv 100 kN fv= 33.33

Chapter E Compression
E7 (this is the same as E3 with Q=1)
Check slenderness
Flange. Use E7.1.(a)

b/t (lim) b/t  =B/2/Tf 3.33
(i) 13.39
(ii) 24.62
Qs flge= 1.00

Stem. Use E7.1.(d) d/t 30.00
(i) 17.93
(ii) 24.62
Qs stem = 0.44

Qs = min() 0.44

Elastic buckling stresses
(E3-4) Fex = 1175.03 Fey  = 36.12

Fcry= 31.68

(E4-2) Fcrz = 195.94 yo=0,  xo= 98.28



ro_bar^2 19475.36
Fcr= 29.15 H = 0.50

Ref commentary table C-E4.2
flange B/Tf = 0.33 < 0.5  Flex-torsional buckling must be checked
stem D/tw = 1.50 >1.25  Flex-torsional buckling need not be checked

Min Fcr min(Fe,Fcr) 29.15

Axial capacity Pn =Fcr.Ag 126.82 kN

Chapter F Flexure
F9 - loaded in plane of symmetry

1. Yielding
Mp (xx) = Fy Zx(pl) 130.13 kNm My(xx) 74.66 (min El mod value)
Mn(T) =min(Mp,1.6My) 119.46 kNm (stem is always in tension)
Mn (C) =My 74.66 kNm  (Stem is in compression) Fyn 350

2. Lateral-Torsional Buckling
B = +- 0.34 (+ve for stem in tension, else -ve)

Mcr1 = 40859308.15 (Nmm)
Mcr (T) = 57.15 kNm   (Tension in stem)
Mcr (C) = 29.21 kNm   (Compression in stem)

If Lb = 0 then from commentary (C-F9-1)
Mcr = 60.87

Mn(LTB) = 29.21 kNm (assumes stem in compression)

3. Flange local buckling
Table B4.1 case 7
0.38sqrt(E/Fy) 9.08 Compact flange b/t 3.33
1.0sqrt(E/Fy) 23.90 noncompact

Fcr
Compactness C C 350.00
Fcr = 350 NC 392.10

S 12420.00

Mn(FLB) 74.66 kNm

Mn (xx) 29.21 kNm (min of Mny, MnLTB, MnFLB) Fbmin 136.94
Mn/Z(el)min



Chapter 
G2.(b) h/tw Cv
h/tw 30 kv = 1.2 (b)(i) 28.80 1

(b)(ii) 35.88 0.96
Vn 604.90 (b)(iii) 35.88 1.15
Vc LRFD 544.41 Cv used 0.96

Vr/Vc LRFD 0.18

Chapter H1.
Check applicability of H1.1 as Iyc/Iy <=0.9 is not normally met with Tee section
Iyc/Iy  = 0.98 > 0.9 H1.1 is not applicable

LRFD, phi = 
0.9 Pc = 114.14

Mc= 26.29

(H1-1a) Pr/Pc 0.44 Pr/Pc   = 0.44 Use (H1-1a)
8/9.Mr/Mc 0.68
Sum 1.11 <<==

(H1-1b) Pr/2.Pc 0.22
Mr/Mc 0.76
Sum 0.98

Chapter H2.
fa/Fa 0.44
fbw/Fbw 0.76 Stem in bending compression
fbz/Fbz 0

1.20

fa/Fa 0.44
fbw/Fbw 0.39 Stem in bending tension
fbz/Fbz 0

0.83
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Tee section beam-column

AISC 360-10 LRFD.  Check Tee section

Design loads
kN kN-m

Axial load (Pr)  = 50.00 Moment x-x (Mrx) = 20.00
Shear load (Vry) = 100.00 Moment y-y (Mry) = 0.00

Required capacity moments (Chapter C). B2 is taken as zero.
Mr(x) = 20.00 Mr(y) = 0.00 kN-m

Effective lengths
Lb = 4000 Lx = 4000 Ly = 4000

Section Fy =350.0 MPa
Depth = 300.0 Breadth = 100.0 T flange = 15.0 t stem = 10.0
Area = 4,350  mm2 J = 207500.00 mm4
Ix = 4.14E+07 Iy = 1.27E+06 mm4

Elastic Mod x-x flange = 391,688 Elastic Mod x-x stem = 213,316
Elastic Mod y-y = 25,475
Plastic Mod x-x = 371,813 mm3 Plastic mod y-y = 44,625 mm3

rx = 97.6 ry = 17.1 mm
Lx/rx = 41.0 Ly/ry = 233.8

Distances to elastic neutral axis
Top (flange) 105.8
Bottom (stem) 194.2

Section elastic stresses
faxial     = 11.49
fbx flange = -51.06
fbx stem   = 93.76

Code check results
H2-1 - Stem in bending compression
 fa/Fa + fbw/Fbw + fbz/Fbz = 0.45 + 0.77 + 0.00 = 1.22

Shear.   G2-3
Vr/Vc  = 0.18

Section fails



20.3      Web load capacities.  SI units

Spread sheet checks

AISC ASD ANSI/AISC 914x419UB388

1989 360 360*phi 360/omega D = 920.4 h= 847

Bf = 420.5

Tf = 36.6

1 Flange local bending tw = 21.5

Resistance N 1783289.25 2972148.75 2674933.88 1779729.79 Fy= 355 MPa

In span (kN) 1783.29 2972.15 2674.93 1779.73 E= 200000 MPa

At end (kN) 1783.29 1486.07 1337.47 889.86

2 local web yielding N = 173

Resistance (N) 2400344.93 3636886.25 3636886.25 2424590.83 k = 60.7 dc = 799

Span (kN) 2400.34 3636.89 3636.89 2424.59 l = 1500 (x-6, -7)

At end  (kN) 1635.91 2478.65 2478.65 1652.44 Cr= 6.62E+06 (x-6, -7)

3 Web crippling  (kN)

span x-4 2521.98 5097.69 3823.26 2548.84

end x-5(a) 1260.99 2548.84 1911.63 1274.42

end x-5(b) 2537.83 1903.37 1268.91

4 Web sideways buckling (kN)

restr  x-6 248906.60 1812232.76 1540397.84 1029677.70

restr  x-7 248357.48 1808877.83 1537546.16 1027771.50

8 Web compression buckling (kN)

Resistance 2380.42 2372.30 2135.07 1420.54

ASD * 0.6 1428.25
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Web load capacities check AISC 360-10 LRFD

ANSI/AISC 360-10. Section J10. Flanges and webs with concentrated forces
Design method = LRFD

Units are; kN, mm, MPa

Section :   914x419UB388

D = 920.40 Bf = 420.50 Tf = 36.60 tw = 21.50

Input data

Flange yield      Fyf   355.00

Web yield         Fyw   355.00

Bearing length    N     173.00

Distance          k     60.70

Unbraced          l     1500.00

Design force on flange  1000.00

Mu or Ma                0.00

Resistance factors

J10.1  Ø = 0.9 J10.2  Ø = 1 J10.3  Ø = 0.75

J10.4  Ø = 0.85 J10.5  Ø = 0.9

Interaction ratios.

J10.1. Flange local bending

Load is at beam end.

Resistance (J10-1) = 1337.39

IR = 0.75 OK

J10.2. Web local yielding

Load is at beam end.

Resistance (J10-3) = 2478.52

IR = 0.40 OK

J10.3. Web crippling

Load is at beam end.

Resistance (J10-5a) = 1911.28

IR = 0.52 OK

J10.4.  Web sideway buckling

My = 3877.96 Cr = 6619008.18

Compression flange is not restrained.

Resistance (J10-7) = 1537229.56

IR = 0.00 OK
NB (h/tw)/(l/bf) >1.7, check not required

J10.5. Web compression buckling

Load is at beam end

Resistance (J10-8) = 1067.34

IR = 0.94 OK
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Web load capacities check AISC 1989 ASD

AISC ASD 1989. Section K1.  Webs and flanges under concentrated forces

Units are; kN, mm, MPa

Section :   914x419UB388

D = 920.40 Bf = 420.50 Tf = 36.60 tw = 21.50

Input data

Flange yield      Fyf   355.00

Web yield         Fyw   355.00

Bearing length    N     173.00

Distance          k     60.70

Unbraced          l     1500.00

Design force on flange  0.00

Interaction ratios.

K1.2. Local Flange bending

Resistance (K1-1) = 1783.19

IR = 0.00 OK

K1.3. Local web yielding

Load is at beam end.

Resistance (K1-3) = 1635.82

IR = 0.00 OK

K1.4. Web crippling

Load is at beam end.

Resistance (K1-5) = 1271.99

IR = 0.00 OK

K1.5. Sideway web buckling

Compression flange is not restrained.

Resistance (K1-7)  = 248739.55

IR = 0.00 OK

NB (h/tw)/(l/bf) >1.7, check not required

K1.6. Compression buckling of web

Resistance (K1-8) = 1427.63

IR = 0.00 OK
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21.0 NORSOK N-004 rev. 2  Oct 2004 
Tubular section. 
Other shapes are designed to NE 1993 (Eurocode 3) which is validated above 
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NORSOK 
Tubular members 
 
Tubular section 1000x15 
 
Design loads  
P = 1000kN compression My = 500kNm  Mz = 200kNm 
P = 1000kN Tension  My = 500kNm  Mz = 200kNm 
 
 
Hydrostatic pressure = 500kPa, with compression loading 
 
NORSOK N-004       
        
Tubular     beam-col   
D 1000.00    kLy 20000  
tw 15.00    kLz 15000  
Area 46417.03       
I 5630676022.16    Axial (kN) 1000 1000000

r 348.29    My (kNm) 500 
50000000

0

Wel 11261352.04    Mz 200 
20000000

0
Wpl (Z) 14554500.00    Shear 500 500000
        
Eyoung 210000.00       
fy 235.00       
     Stresses MPa  
Cmy 0.85    fcsd 69.36  
Cmz 0.85    fa.sd 21.54  
     fmy.sd 44.40  
     fmz.sd 17.76  
6.3.2        
Nt.Rd 9485219.47 9485.219 kN     
        
        
6.3.3 Axial compression       
fcle 1890.00       
fy/fcle 0.12       
fcl 235.00       
Lbar 0.61       
fc 210.40       
Nc.Rd 8492261.08 8492.261      
Ney 29175586.05 29175.59      
Nez 51867708.53 51867.71      
Ncl.rd 9485219.47       
        
6.3.6.1 Hoop buckling       
L 15000  p.sd (kPa) 500.00 0.5  
mu 173.2050808  fpsd  16.67  (6.16) 
Ch 0.0066  fq.sd  8.33   
fhe 41.58  fh  41.58   
   fh.rd  36.16   
6.3.7 Material Factor  fp.sd/fh.rd  0.46  (6.15) 
Lamc 0.352616824  B  0.46   
Lamh 2.37734214  fmh.rd  215.63   
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Lams 0.486042076  neta  4.29   
gammaM 1.15       
        
        
        
        
6.3.4 Bending       
fyD/Et 0.07       
fm 284.75       
M.Rd 2788364971.43 2788.365 kNm     
        
        
6.3.8 Combined load without hydrostatic      
6.3.8.1        
(Nsd/Ntsd)^1.75  0.02     
(Mysd^2 + Mzsd^2)^0.5 / Mrd  0.19     
   0.21  (6.26)   
        
6.3.8.2        
Nsd/Ncrd   0.12     
Cmy.Mysd/(1-Nsd/Ney) 4.4E+08      

Cmz.Mzsd/(1-Nsd/Nez) 
1.73E+0

8      
1/Mrd{[]^2+[]^2}^2  0.17     
   0.29  (6.27)   
        
Nsd/Nclr
d   0.11     
[Mysd^2+Mzsd^2]^2/Mrd  0.19     
   0.30  (6.28)   
        
        
        
6.3.9.2 Axial compression and hydro      
        
6.45 fey 628.55       
6.46 fez 1117.43       
6.47,48 1.39    fch.rd (6.47) 176.55  
6.49 eta 0.90    fch.rd (6.48) 491.91  
fch.rd 176.55       
        

6.43        
fa.sd/fch.rd  0.12     
[Cmy*fmy.sd/(1-fa.sd/fey])^2 1527.179      
[Cmz*fmz.sd/(1-fa.sd/fez])^2 236.9335      
1/fmh.rd[.y.+.z.]^0.5  0.19     
   0.32  (6.43)   
        

6.44        
(fa.sd + fq.sd) / fcl.rd  0.15     
sqr(fmy.sd^2+fmz.sd^2)/fmh.rd 0.22     
   0.37  (6.44)   
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Beam-column Compression 
Code check to NORSOK N-004 rev 2 2004 
 
Design loads (limit state) 
 kN        kN-m 
 Axial load (N.Sd)  = 1,000.00  Moment y-y (My.Sd) = 500.00 
 Shear (vect sum) = 500.00  Moment z-z (Mz.Sd) = 200.00 
 Moment x-x (Mt.Sd) = 0.00 
 
 
Section data  
1000CHS15 Grade = S235 Fy =235 MPa w = 364 kg/m 
 
 Dia = 1000 t =15 D/t = 66.67 
 Area = 46,417    mm2  Iy,z = 5,630,671,266   mm4 
Wel.y,z  = 11,261,343  Wpl.y,z  = 14,554,500  mm3 
iy    = 348.3  Ly-y  = 20000 Ly/iy = 57.4  
iz    = 348.3  Lz-z  = 15000 Lz/iz = 43.1  
 
 
Section Design Resistances   (kN, kNm) 
Nt.Rd   = 9485.21 Ncy.Rd  = 8492.25 Ncz.Rd  = 8926.67 
M.Rd = 2788.36 Mt.Rd = 2657.23 V.Rd  = 2738.14 
 
Code check results 
Material factor gammaM (6.3.7)  = 1.150 
 
6.3.5 Shear, 6.3.8.3 Shear interaction 
(6.13)  V.Sd / Vpl.Rd  = 0.18 (6.32) 
M.Sd / M.Rd     = 0.19 
(6.14)  Torsion  Mt.Sd / Mt.Rd = 0.00 
 
6.8.3.2  axial compression and bending without hydrostatic load 
Cmy = 0.85 Cmz = 0.85 
 
(6.27) 0.12 + 0.17 = 0.29 
 
(6.28) 0.11 + 0.19 = 0.30 
 
 
 
 Section O.K.    use  1000CHS15 
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Beam-column Compression - Hydrostatic 
Code check to NORSOK N-004 rev 2 2004 
 
Design loads (limit state) 
 kN        kN-m 
 Axial load (N.Sd)  = 1,000.00  Moment y-y (My.Sd) = 500.00 
 Shear (vect sum) = 500.00  Moment z-z (Mz.Sd) = 200.00 
 Moment x-x (Mt.Sd) = 0.00 
 
 N.Sd excludes the member end hydrostatic cap load of  kN 
 Code check uses section 6.3.9, Method A 
 
 
Section data  
1000CHS15 Grade = S235 Fy =235 MPa w = 364 kg/m 
 
 Dia = 1000 t =15 D/t = 66.67 
 Area = 46,417    mm2  Iy,z = 5,630,671,266   mm4 
Wel.y,z  = 11,261,343  Wpl.y,z  = 14,554,500  mm3 
iy    = 348.3  Ly-y  = 20000 Ly/iy = 57.4  
iz    = 348.3  Lz-z  = 15000 Lz/iz = 43.1  
 6.3.6 Hydrostatic pressure,   Ring spacing Lr = 0.00  mm 
 
 
Section Design Resistances   (kN, kNm) 
Nt.Rd   = 8257.70 Ncy.Rd  = 8190.52 Ncz.Rd  = 8606.51 
M.Rd = 2427.51 Mt.Rd = 2657.23 V.Rd  = 2738.14 
 
Code check results 
Material factor gammaM (6.3.7)  = 1.150 
 
6.3.5 Shear 
(6.13)  V.Sd / Vpl.Rd  = 0.18  
(6.14)  Torsion  Mt.Sd / Mt.Rd = 0.00 
 
6.3.9.2 axial compression and bending with hydrostatic loading.  Method A. 
Cmy = 0.85 Cmz = 0.85 
 
(6.43) 0.12 + 0.19 = 0.32 
(6.44) 0.15 + 0.22 = 0.37 
 
fc.Sd > 0.5 * fhe / gammaM & fcle > 0.5 * fhe 
(6.41) 0.04 + 0.21 = 0.25 
 
6.3.6.1 hoop buckling 
(6.15) fp.Sd/fh.Rd  = 0.46 
 
6.3.6.2 Ring stiffener design 
No rings used 
 
 
 Section O.K.    use  1000CHS15 



28/11/2007 
 

 
 
SilverFernSolutions Vol. . . . . .  Sec . . . . . 
PROJECT : Validate Toolkit Sheet . . . . . .  of . . . . . 
SUBJECT : NORSOK N-004 Job No : 1234 
Calc by : gjs Date : 28-Nov-07 Checked :  Date     : 
  
 
Beam-column Tension 
Code check to NORSOK N-004 rev 2 2004 
 
Design loads (limit state) 
 kN        kN-m 
 Axial load (N.Sd)  = -1,000.00  Moment y-y (My.Sd) = 500.00 
 Shear (vect sum) = 500.00  Moment z-z (Mz.Sd) = 200.00 
 Moment x-x (Mt.Sd) = 0.00 
 
 
Section data  
1000CHS15 Grade = S235 Fy =235 MPa w = 364 kg/m 
 
 Dia = 1000 t =15 D/t = 66.67 
 Area = 46,417    mm2  Iy,z = 5,630,671,266   mm4 
Wel.y,z  = 11,261,343  Wpl.y,z  = 14,554,500  mm3 
iy    = 348.3  Ly-y  = 20000 Ly/iy = 57.4  
iz    = 348.3  Lz-z  = 15000 Lz/iz = 43.1  
 
 
Section Design Resistances   (kN, kNm) 
Nt.Rd   = 9485.21 Ncy.Rd  = 8492.25 Ncz.Rd  = 8926.67 
M.Rd = 2788.36 Mt.Rd = 2657.23 V.Rd  = 2738.14 
 
Code check results 
Material factor gammaM (6.3.7)  = 1.150 
 
6.3.5 Shear, 6.3.8.3 Shear interaction 
(6.13)  V.Sd / Vpl.Rd  = 0.18 (6.32) 
M.Sd / M.Rd     = 0.19 
(6.14)  Torsion  Mt.Sd / Mt.Rd = 0.00 
 
6.3.8.1 axial tension and bending without hydrostatic loading 
(6.26) 0.02 + 0.19 = 0.21 
 
 
 Section O.K.    use  1000CHS15 
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NORSOK 
 
6.4 tubular joints 
 
        
Norsok N004       
        
6.4 Tubular joint       
        
T/Y        
 Diam T Fy     
Chord 1000 15 450     
Brace 600 10 450     
        
Loads Axial Mip (y) Mop (z)     
Chord 1000 500 200  angle = 60 deg 
Brace 600 300 200  gap = 75 mm 
        
Geometry        
Beta 0.60       
gamma 33.33       
tor 0.67       
        
6.4.3.3 Qu       
        
Qb 0.9996002 b>0.6      
Qb 1 b<=0.6      
        
Qg 1.6261387 Qg >=1      
        
        
QuAxt 18       
QuAxc 13.297341       
Qumip 15.588457       
Qumop 6.0154504       
        
6.4.3.4 Qf        

Chord stresses  Area 
46417.0314

6    

fa.sd 21.543816  Z 
11261352.0

4    
fmy.sd 44.399642       
fmz.sd 17.759857       
        
C1 25       
C2 30       
        
A^2 0.266422  (A 0.52    
        
Lax 0.03       
Lip 0.045       
Lop 0.021       
        
Qfax 0.9920073       
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Qfip 0.988011       
Qfop 0.9944051       
        
N.rd 1341053.9 1341.05 kN     

M.rdy 
93946960

0 939.47 kNm     

M.rdz 
36487938

1 364.88 kNm     
        

6.57        
N.sd/N.rd  0.45      
(My.sd/My.rd)^2 0.10      
Mz.sd/Mz.rd 0.55      
  1.10 (6.57)     
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Tubular joint T/Y 
 
Norsok N-004 Rev 2 2004 :  6.4 Tubular joints 
 
Member data 
  Dia  t  Fy  Pax  Mip  Mop 
 mm mm kN kN kNm kNm 
Chord 1000 15 450 1000 500 200 
Brace 600 10 450 600 300 200 
 
Axial load N.Sd : compression is positive. 
 
Joint geometry 
theta  (deg) = 60.0 gap   (mm) = 75.0 joint type   = T/Y 
tau    (t/T) = 0.67 beta (d/D) = 0.60 gamma (D/2T) = 33.33 
 
Q factors 
chord stress ratio  A = 0.52 
Qu(T) = 18.00 Qu(C) = 13.30 
Qu(ip) = 15.59 Qu(op) = 6.02 
Qf(Ax) = 0.99 Qf(ip) = 0.99 Qf(op) = 0.99 
Q(beta) = 1.00 Q(gap)   (K joints only) = 1.63 
 
Joint capacities 
Material factor gammaM   = 1.150 
Nt.Rd       = 1815.3 kN 
Nc.Rd       = 1341.3 kN 
My.Rd (ip)  = 939.5 kN-m 
Mz.Rd (op)  = 364.9 kN-m 
 
Code check results 
 
6.4.3.6 strength check 
(6.57) 
0.45 + 0.10 + 0.55 = 1.10 
    Joint  O.K  
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22 Blast 

 
 
These examples compare blast loads on ; 
 
Simply supported bean 
 
Propped cantilever (pin-fix) 
 
 
The first page is an Excel example, followed by the Blast output. 
 



Validation of Toolkit Blast app Simply supported, UDL

Check shear capacity and ductility requirements

Blast loading kPa 80 duration  (s) 0.2

Max blast load F1 = area x blast loading (kN) 1440

Masses  

total mass (kg) 2534 Wstat  (kN)   = 24.86

Load mass factor (Klm) 0.78 Effec. mass 1976.52 kg

(mass factor alone = 0.5

Section 610UB101 Fy (MPa) = 355

D (mm) 602 E (MPa) 206000

B  (mm) 227.6 Ix (mm4) = 746517618

Tf  (mm) 14.8 Sx (mm3)= 2846222

tw 10.6 Zx (mm3)= 2480125

Tplate 0 Mc (kNm)= 1010.41 0.00

Span (mm) 6000 Span capacity = Rm = nMc/L (kN)

(Rm in tables 5.1..)

Rm n value 8 Rtot= 1347.21 kN

Beam stiffness kE = a.EI/L^3

a (factor) = 77  Ke (kN/mm) = 54.82

Natural period

T  (s)  = 0.0377 td/T         = 5.30

DAF is calculated using Biggs table 2.8 (a) 1.10  

Tplate is deck plate over 
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Capacity check (test to see if response is elastic/plastic)

Wstat + F1 * DAF  <  Rtot   = 1608.86  > Rtot plastic

Dynamic reaction at supports

Shear calculation assumes two 30 radius ratholes in web (tm/td (elas.) = 0.5 )

From  Biggs, fig 2.8 (b) or 2.26 (b)   (value) = 0.5  (for td/T = 5.30 )

Thus, at time tm/td, F = F1 (1-value) / 0.5  = 1440   (Rm/F1 = 0.92 )

V = 0.39R + 0.11F  or V = 0.38Rm + 0.12F, elastic or plastic respectively (UDL, pinned)

Thus V  (elastic)= 776.16 + Wstat/2 = 788.59 fv on web = 137.26 <=.6Fy OK

          V (plastic)= 675.29 + Wstat/2 = 687.72 fv on web = 119.70 <=.6Fy OK

V = 0.71R - 0.21F  or V = 0.75Rm - 0.25F, elastic or plastic respectively, fixed, point load

(elastic)= 822.24 + Wstat/2 = 834.67 fv on web = 145.28 <=.6Fy OK

(plastic)= 631.76 + Wstat/2 = 644.19 fv on web = 112.13 <=.6Fy OK

V = 0.54R + 0.14F  or V = 0.78Rm - 0.28F, elastic or plastic respectively,prop cant., point load

(elastic)= 653.76 + 5Wstat/8 = 669.30 fv on web = 116.50 <=.6Fy OK

(plastic)= 588.56 + 5Wstat/8 = 604.10 fv on web = 105.15 <=.6Fy OK

Ductility ratios  (for plastic response only) RESPONSE IS PLASTIC

Rm = Rtot - Wstat

Rm = 1322.35326 Rm / F1 = 0.92

From  Biggs, table 2.26 (a)   ym/yel  (mu) = 2.2  (for td/T = 5.30 )

yel  = 24.1214 mm

ystat = 0.4535 mm

Maximum deflection is ym + ystat = yel.mu + ystat 53.5206 mm. (u.yel = 53.07  perm set)

Effective ductility ratio (mu demand) is therefore = 2.18

FABIG

ref Tech note 4, June 1996 & SCI-P-112

A. Check strain limits criteria

Table 3.6, 3.7 mu capacity

Pinned beam, UDL 13.66 mu demand/mu cap = 0.16  <=1, OK

B. Non-compact local buckling criteria (FABIG 7.2)

buckling eqns (1), (2), (3) 1.15  >1  XX
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Blast app. ver 0.0.10                    Printout from menu ‘Calculation details’ for simply supported beam 

Run on 2009-Jun-06 

 

Section : 610x229UB101     

Depth   : 602.2 

Breadth : 227.6 

T flange: 14.8 

t web   : 10.6 

Cover plate 

B input : 0 

B effective : 0.00 

T plate :0 

Ix mm4 : 758,000,000 

Sx mm3  : 2,890,000 

Mp kNm: 1,026 

Fy static : 355.00 

Fy used : 355.00 

 

Mass on beam : 2534 

Blast loading   : UDL 

Blast direction : Down 

 

Biggs, 5.2 Idealised systems. Transformation factors 

Tables 5.1, 5.2, 5.3 

KL elastic = 0.64 

KL elastoplastic = 0.64 

KL plastic = 0.50 

KM elastic = 0.50 

KM elastoplastic = 0.50 

KM plastic = 0.33 

Rm elastic = 1367933.33 

Rm elastoplastic = 1367933.33 

Rm plastic = 1367933.33 

K elastic = 55249777.78 

K elastoplastic = 55249777.78 

Ke plastic = 55249777.78 

 

Static data 

Mass acts as gravity load = True 

Static load (kN) = 24.86 

 

 

SDOF Oscillator. 

Run SDOF using elastic equivalent properties. 

then check if response is plastic. If so, re-run using plastic 

equivalent model. 

Mass 

Klm = KM/KL = 0.78   Mass = 1979.69 

elastic Stiffness 

Ke  = 55249777.78 

damp= 0.00% 

T (sec)  = 0.04 

 

Oscillator response. 

Max spring F =1343074.79 



Min spring F =-253302.14 

Rtot +ve =1367933.33 

Rtot -ve =-228443.60 

elastic limit +ve =1343074.79 

elastic limit -ve =-1392791.87 

response  +ve =plastic 

response  +ve =3 

response  -ve =elastic 

response  -ve =1 

response type =3 

 

 

SDOF response is plastic, 2st pass, plastic response 

Change Biggs equivalent model to plastic. 

Mass 

Klm = KM/KL = 0.66   Mass = 1672.44 

Plastic Stiffness 

Ke  = 55249777.78 

T (sec)  = 0.03 

 

Beam ductility 

SDOF max displacement = 0.04186 

time at max displacement = 0.12035 

SDOF min disp (after max.) = 0.01224 

time at min displacement = 0.38363 

SDOF delta displacement  = 0.02963 

SDOF post -ve yield disp diff  = -0.01061 

SDOF yield displacement (+ve) = 0.02431 

SDOF yield displacement (-ve) = -0.02521 

SDOF µ (+ve) = 1.722 

SDOF µ (-ve) = -0.485 

static displacement  = 0.00045 

beam eff µ (+ve) = 1.71 

beam eff µ (-ve) = -0.46 

 

 

Biggs dynamic reactions 

Shear = V = 0.38*Rm + 0.12*F  

Vmax1 = 682657.86   Vmin1 = -111363.87 

Vmax2 = 682657.86   Vmin2 = -111363.87 

 

 

Total reactions 

Static reactions 

R1     = 12429.27     R2     = 12429.27 

Static + Max Dynamic 

R1 max = 695087.13     R2 max = 695087.13 

Static + Min Dynamic 

R1 min = -98934.60     R2 min = -98934.60 





Validation of Toolkit Blast app Propped cantilever, UDL

Check shear capacity and ductility requirements

Blast loading kPa 100 duration  (s) 0.2

Max blast load F1 = area x blast loading (kN) 2000

Masses  

total mass (kg) 2534 Wstat  (kN)   = 24.86

Load mass factor (Klm) 0.66 Effec. mass 1672.44 kg

(mass factor alone = 0.5

Section 610UB101 Fy (MPa) = 355

D (mm) 602 E (MPa) 206000

B  (mm) 227.6 Ix (mm4) = 746517618

Tf  (mm) 14.8 Sx (mm3)= 2846222

tw 10.6 Zx (mm3)= 2480125

Tplate 0 Mc (kNm)= 1010.41 0.00

Span (mm) 6000 Span capacity = Rm = nMc/L (kN)

(Tables 5.1, 5.2, 5.3)

Rm n value 8 Rm= 1347.21 kN

Beam stiffness kE = a.EI/L^3

a (factor) = 160  Ke (kN/mm) = 113.91

Natural period

T  (s)  = 0.0241 td/T         = 8.31

DAF is calculated using Biggs table 2.8 (a) 1.10  

Capacity check (test to see if response is elastic/plastic)

Wstat + F1 * DAF  <  Rtot   = 2224.86  > Rtot plastic

Dynamic reaction at supports

Shear calculation assumes two 30 radius ratholes in web (tm/td (elas.) = 0.5 )

From  Biggs, fig 2.8 (b) or 2.26 (b)   (value) = 0.5  (for td/T = 8.31 )

Thus, at time tm/td, F = F1 (1-value) / 0.5  = 2000   (Rm/F1 = 0.66 )

Tplate is deck plate over 
beam
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Thus, at time tm/td, F = F1 (1-value) / 0.5  = 2000   (Rm/F1 = 0.66 )

V = 0.39R + 0.11F  or V = 0.38Rm + 0.12F, elastic or plastic respectively (UDL, pinned)

Thus V  (elastic)= 1078.00 + Wstat/2 = 1090.43 fv on web = 189.80 <=.6Fy OK

          V (plastic)= 742.49 + Wstat/2 = 754.92 fv on web = 131.40 <=.6Fy OK

V = 0.71R - 0.21F  or V = 0.75Rm - 0.25F, elastic or plastic respectively, fixed, point load

(elastic)= 1142.00 + Wstat/2 = 1154.43 fv on web = 200.94 <=.6Fy OK

(plastic)= 491.76 + Wstat/2 = 504.19 fv on web = 87.76 <=.6Fy OK

V = 0.54R + 0.14F  or V = 0.78Rm - 0.28F, elastic or plastic respectively,prop cant., point load

(elastic)= 908.00 + 5Wstat/8 = 923.54 fv on web = 160.75 <=.6Fy OK

(plastic)= 431.76 + 5Wstat/8 = 447.30 fv on web = 77.86 <=.6Fy OK

V2 = 0.43R + 0.19F  or V = 0.38Rm + 0.12F + Mp/L, elastic or plastic respectively,prop cant., UDL

(elastic)= 1326.00 + 5Wstat/8 = 1341.54 fv on web = 233.51 >0.6Fy XX

(plastic)= 910.90 + 5Wstat/8 = 926.43 fv on web = 161.25 <=.6Fy OK 168.4015

Ductility ratios  (for plastic response only) RESPONSE IS PLASTIC

Rm = Rtot - Wstat

Rm = 1322.35326 Rm / F1 = 0.66

From  Biggs, table 2.26 (a)   ym/yel  (mu) = 70  (for td/T = 8.31 )

yel  = 11.6084 mm

ystat = 0.2182 mm

Maximum deflection is ym + ystat = yel.mu + ystat 812.8092 mm. (u.yel = 812.59  perm set)

Effective ductility ratio (mu demand) is therefore = 68.73

FABIG

ref Tech note 4, June 1996 & SCI-P-112

A. Check strain limits criteria

Table 3.6, 3.7 mu capacity

Pinned beam, UDL 13.66 mu demand/mu cap = 5.03 > 1, XX

B. Non-compact local buckling criteria (FABIG 7.2)

buckling eqns (1), (2), (3) mu > 5.0 ***  >1  XX
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Blast app. ver 0.0.10                   Printout from menu ‘Calculation details’ for propped cantilever 

Run on 2009-Jun-06 

 

 

Section : 610x229UB101     

Depth   : 602.2 

Breadth : 227.6 

T flange: 14.8 

t web   : 10.6 

Cover plate 

B input : 0 

B effective : 0.00 

T plate :0 

Ix mm4 : 758,000,000 

Sx mm3  : 2,890,000 

Mp kNm: 1,026 

Fy static : 355.00 

Fy used : 355.00 

 

Mass on beam : 2534 

Blast loading   : UDL 

Blast direction : Down 

 

Biggs, 5.2 Idealised systems. Transformation factors 

Tables 5.1, 5.2, 5.3 

KL elastic = 0.58 

KL elastoplastic = 0.64 

KL plastic = 0.50 

KM elastic = 0.45 

KM elastoplastic = 0.50 

KM plastic = 0.33 

Rm elastic = 1367933.33 

Rm elastoplastic = 2051900.00 

Rm plastic = 2051900.00 

K elastic = 133088657.41 

K elastoplastic = 55249777.78 

Ke plastic = 115103703.70 

 

Static data 

Mass acts as gravity load = True 

Static load (kN) = 24.86 

 

SDOF Oscillator. 

Run SDOF using elastic equivalent properties. 

then check if response is plastic. If so, re-run using plastic 

equivalent model. 

Mass 

Klm = KM/KL = 0.78   Mass = 1966.03 

elastic Stiffness 

Ke  = 133088657.41 

damp= 0.00% 

T (sec)  = 0.02 

 

Oscillator response. 



Max spring F =1343074.79 

Min spring F =-884117.94 

Rtot +ve =1367933.33 

Rtot -ve =-859259.40 

elastic limit +ve =1343074.79 

elastic limit -ve =-1392791.87 

response  +ve =elastoplastic 

response  +ve =2 

response  -ve =elastic 

response  -ve =1 

response type =2 

 

 

SDOF response is plastic, 2st pass, plastic response 

Change Biggs equivalent model to plastic. 

Mass 

Klm = KM/KL = 0.66   Mass = 1672.44 

Plastic Stiffness 

Ke  = 115103703.70 

T (sec)  = 0.02 

 

Oscillator response. 

Max spring F =1343074.79 

Min spring F =-887180.42 

Rtot +ve =1367933.33 

Rtot -ve =-862321.88 

elastic limit +ve =1343074.79 

elastic limit -ve =-1392791.87 

response  +ve =elastoplastic 

response  +ve =2 

response  -ve =elastic 

response  -ve =1 

response type =2 

 

 

Beam ductility 

SDOF max displacement = 0.85993 

time at max displacement = 0.18031 

SDOF min disp (after max.) = 0.84055 

time at min displacement = 0.38478 

SDOF delta displacement  = 0.01938 

SDOF post -ve yield disp diff  = -0.01530 

SDOF yield displacement (+ve) = 0.01167 

SDOF yield displacement (-ve) = -0.01210 

SDOF µ (+ve) = 73.698 

SDOF µ (-ve) = -69.465 

static displacement  = 0.00019 

beam eff µ (+ve) = 72.55 

beam eff µ (-ve) = -68.39 

 

 

Biggs dynamic reactions 

Shear = V1 = 0.38*R + 0.12*F - Mp/L,   V2 = 0.38*Rm + 0.12*F + Mp/L 

Vmax1 = 578937.81   Vmin1 = -508120.23 



Vmax2 = 920921.14   Vmin2 = -166136.89 

 

 

Total reactions 

Static reactions 

R1     = 12429.27     R2     = 12429.27 

Static + Max Dynamic 

R1 max = 591367.08     R2 max = 933350.41 

Static + Min Dynamic 

R1 min = -495690.96     R2 min = -153707.62 





Validation of Toolkit Blast app fixed ended, UDL

Check shear capacity and ductility requirements See note on cell C11, 

"This value (0.682) is taken from Blast, and is the iteration of Klm(average) against mu"

Blast loading kPa 100 duration  (s) 0.2

Max blast load F1 = area x blast loading (kN) 2000

Masses  

total mass (kg) 5000 Wstat  (kN)   = 49.05

Load mass factor (Klm) 0.682 Effec. mass 3410 kg

(mass factor alone = 0.5

Section 533UB82 Fy (MPa) = 355

D (mm) 528.3 E (MPa) 206000

B  (mm) 208.7 Ix (mm4) = 466692446

Tf  (mm) 13.2 Sx (mm3)= 2023587

tw 9.6 Zx (mm3)= 1766771

Tplate 0 Mc (kNm)= 718.37 0.00

Span (mm) 7000 Span capacity = Rm = nMc/L (kN)

(Tables 5.1, 5.2, 5.3)

Rm n value 16 Rm= 1642.00 kN

Beam stiffness kE = a.EI/L^3

a (factor) = 307  Ke (kN/mm) = 86.05

Natural period

T  (s)  = 0.0396 td/T         = 5.06

DAF is calculated using Biggs table 2.8 (a) 1.10  

Capacity check (test to see if response is elastic/plastic)

Wstat + F1 * DAF  <  Rtot   = 2249.05  > Rtot plastic

Dynamic reaction at supports

Shear calculation assumes two 30 radius ratholes in web (tm/td (elas.) = 0.5 )

From  Biggs, fig 2.8 (b) or 2.26 (b)   (value) = 0.72  (for td/T = 5.06 )

Thus, at time tm/td, F = F1 (1-value) / 0.5  = 1120   ( & Rm/F1 = 0.80 )

V = 0.39R + 0.11F  or V = 0.38Rm + 0.12F, elastic or plastic respectively (UDL, pinned)

Thus V  (elastic)= 981.20 + Wstat/2 = 1005.73 fv on web = 223.71 >0.6Fy XX

          V (plastic)= 739.72 + Wstat/2 = 764.24 fv on web = 170.00 <=.6Fy OK

V = 0.71R - 0.21F  or V = 0.75Rm - 0.25F, elastic or plastic respectively, fixed, point load

(elastic)= 1326.80 + Wstat/2 = 1351.33 fv on web = 300.58 >0.6Fy XX

(plastic)= 914.71 + Wstat/2 = 939.23 fv on web = 208.92 <=.6Fy OK

Tplate is deck plate over 
beam
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V = 0.54R + 0.14F  or V = 0.78Rm - 0.28F, elastic or plastic respectively,prop cant., point load

(elastic)= 1031.20 + 5Wstat/8 = 1061.86 fv on web = 236.19 >0.6Fy XX

(plastic)= 881.11 + 5Wstat/8 = 911.77 fv on web = 202.81 <=.6Fy OK

V2 = 0.43R + 0.19F  or V = 0.38Rm + 0.12F + Mp/L, elastic or plastic respectively,prop cant., UDL

(elastic)= 1158.80 + 5Wstat/8 = 1189.46 fv on web = 264.58 >0.6Fy XX

(plastic)= 842.34 + 5Wstat/8 = 873.00 fv on web = 194.19 <=.6Fy OK 102.6248

Ductility ratios  (for plastic response only) RESPONSE IS PLASTIC

Rm = Rtot - Wstat

Rm = 1592.9461 Rm / F1 = 0.80

From  Biggs, table 2.26 (a)   ym/yel  (mu) = 6  (for td/T = 5.06 )

yel  = 18.5122 mm   ( & Rm/F1 = 0.80 )

ystat = 0.5700 mm

Maximum deflection is ym + ystat = yel.mu + ystat 111.6434 mm. (u.yel = 111.07  perm set)

Effective ductility ratio (mu demand) is therefore = 5.85

FABIG

ref Tech note 4, June 1996 & SCI-P-112

A. Check strain limits criteria

Table 3.6, 3.7 mu capacity

Pinned beam, UDL 13.57 mu demand/mu cap = 0.43  <=1, OK

B. Non-compact local buckling criteria (FABIG 7.2)

buckling eqns (1), (2), (3) mu > 5.0 ***  >1  XX
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Blast app. ver 1.1.0 

Run on 2010-Nov-10 

 

 

Section : 533x210UB82      

Depth   : 528.3 

Breadth : 208.7 

T flange: 13.2 

t web   : 9.6 

Cover plate 

B input : 0 

B effective : 0.00 

T plate :0 

Ix mm4 : 475,000,000 

Sx (plastic modulus) mm3  : 2,060,000 

Fy elastic (static) : 355.00 

Fy plastic : 355.00 

 

Mp el kNm: 731 

Mp pl kNm: 731 

 

Mass on beam : 5000 

Blast loading   : UDL 

Blast direction : Down 

 

Biggs, 5.2 Idealised systems. Transformation factors 

Tables 5.1, 5.2, 5.3 

KL elastic = 0.53 

KL elastoplastic = 0.64 

KL plastic = 0.50 

KM elastic = 0.41 

KM elastoplastic = 0.50 

KM plastic = 0.33 

Rm elastic = 1253657.14 

Rm elastoplastic = 1671542.86 

Rm plastic = 1671542.86 

K elastic = 109014577.26 

Ke elastoplastic = 87154883.38 

Static data 

Mass acts as gravity load = True 

Static load (kN) = 49.05 

 

 

SDOF Oscillator. 

Run SDOF using elastic equivalent properties 

then check if response is plastic. If so, re-run using plastic 

equivalent model. 

Mass 

Klm = KM/KL = 0.77   Equivalent Mass (Klm.Mt) = 3867.92 

Elastic Stiffness 

Ke  = 109014577.26 



damp=  

T (sec)  = 0.037 

Ductility (µ) = 62.63 

td    (Biggs) = 0.20 

td/T  (Biggs) = 5.34 

Rm(el) (Biggs) = 1253657.14 

Rm(SDOF) = Rm(el)+/-Wstatic = 1204607.14 

Rm(SDOF)/F1 (Biggs) = 0.60 

rise time/td (Biggs) = 0.50 

 

SDOF response is plastic, 2st pass, plastic response 

Change Biggs equivalent model to plastic. 

Iterating value of Klm(av)  

Klm_av =0.681   µ = 5.52 

Klm_av =0.682   µ = 5.28 

Klm_av =0.682   µ = 5.26 

Klm_av =0.682   µ = 5.26 

Ke (stiffness) = 87154883.38 

Mass 

Klm(pl) = 0.68   Mass = 3411.52 

T (sec)  = 0.039 

Ductility (µ) = 5.26 

td/T  (Biggs) = 5.09 

Rm(pl) (Biggs) = 1671542.86 

Rm(SDOF) = Rm(pl)+/-Wstatic = 1622492.86 

Rm(SDOF)/F1 (Biggs) = 0.81 

rise time/td (Biggs) = 0.50 

 

Oscillator response. 

Max spring F =1622492.86 

Min spring F =-670847.67 

Rtot +ve =1671542.86 

Rtot -ve =-621797.67 

elastic load limit +ve =1622492.86 

elastic load limit -ve =-1720592.86 

response  +ve =plastic 

response  +ve =3 

response  -ve =elastic 

response  -ve =1 

response type =3 

 

 

Beam ductility 

SDOF max displacement = 0.09800 

time at max displacement = 0.14676 

SDOF min disp (after max.) = 0.07168 

time at min displacement = 0.20703 

SDOF delta displacement  = 0.02632 

SDOF post -ve yield disp diff  = -0.01540 

SDOF yield displacement (+ve) = 0.01862 

SDOF yield displacement (-ve) = -0.01974 



SDOF µ (+ve) = 5.264 

SDOF µ (-ve) = -3.631 

static displacement  = 0.00045 

beam eff µ (+ve) = 5.16 

beam eff µ (-ve) = -3.53 

 

 

Biggs dynamic reactions 

Shear = V = 0.38*Rm + 0.12*F 

Vmax1 = 855554.75   Vmin1 = -254922.12 

Vmax2 = 855554.75   Vmin2 = -254922.12 

 

 

Total reactions 

Static reactions 

R1     = 24525.00     R2     = 24525.00 

Static + Max Dynamic 

R1 max = 880079.75     R2 max = 880079.75 

Static + Min Dynamic 

R1 min = -230397.12     R2 min = -230397.12 

 

Design check 

Beam shear 

Maximum shear at end 1 (kN) = 880.08 

Maximum shear at end 2 (kN) = 880.08 

Web shear streses (MPa) 

 at 1 = 173.53    [0.49 *  Fy(355)] 

 at 2 = 173.53    [0.49 *  Fy(355)] 

Maximum ductility = 5.16 

Maximum displacement (mm) = 98.45 

Max displacement = span/71.10 

Beam ductility IR 

IR ductility = 1.07 

IR Local buckling = 1.14 

Maximum permitted Le = 995.07 mm 
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23.0    BS EN ISO 19902:2007 Fixed steel offshore structures 

 
 
Tubular section. 
 
Other shapes are designed to BS EN 1993-1-1 (Eurocode 3) which is validated above 
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(a) Tubular beam-column 
 

Excel validation check calculation 
 

BS EN ISO 19902 : 2007 

Section 

Diam 1000.00 kLy 20000 

tw 15.00 kLz 15000 

Area 46417.03 

I 5630676022.16 Axial (kN) 1000 1000000 

r 348.29 My (kNm) 500 500000000 

Ze 11261352.04 Mz 600 600000000 

Zp 14554500.00 Shear 500 500000 

Ip 11261352044.31 torsion 700 700000000 

Eyoung 210000.00 Hz  (m) 53.77 

fy 275.00 Lr (mm) 15000 

Cmy 0.85 Stresses MPa 

Cmz 0.85 fdax 21.54 

fdmy 44.40 

fdmz 53.28 

fdres 69.35 

fvbeam 21.54 

fvtor 31.08 

13.2.2 Tension 

Um (13.2-2) 0.082 

13.2.3 Axial compression 

13.2.3.3 Local buckling 13.2.3.2 Column buckling 

fxe 1890 Lambda_y 0.66 fc,y 241.55 

fy/fxe 0.145 Lambda_z 0.50 fc,z 256.19 

fyc 275 Lambda 0.50 fc 241.55 

Um (13.2-4) 0.105 

13.2.4 Bending 13.2.5 Shear 

fyD/Et 0.09 fv 158.77 

fb 321.57 13.2.5.1 Beam 

Um (13.2-17) 0.14 

(13.2-13) 355.42 13.2.5.2 Torsion 

(13.2-14) 321.57 Um (13.2-18) 0.21 

(13.2-15) 310.51 

13.2.6 Hydrostatic 
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13.2.6.1 p 708.27 kPa 

p 0.708 MPa 

13.2.6.2 

sigma_h(13.2-22) 23.609 MPa 

mu 173.205 >1.6*D/t 106.667 (13.2-27) 29.333 

Ch 0.007 >0.825D/t 55.000 (13.2-28) 0.007 

fhe 41.580 >1.5 1.500 (13.2-29) 0.004 

fh 41.580 41.580 <1.5 (13.2-30) 0.800 

Um (13.2-31) 0.710 

13.3 Combined, no hydro 

13.3.2 Tension 

Um (13.3-2) 0.309 

13.3.3 Axial compression and bending 

fey 628.553 

fez 1117.428 

Um (13.3-7) 0.303 0.105 0.198 

Um (13.3-8) 0.319 0.092 0.226 

13.4 Combined with hydro 

sigma_q (13.4-4) 11.805 

13.4.2 Tension and hydro 

neta (13.4-11) 4.395 B 0.710 gR,h*sigma_h/fh 0.710 

fbh 252.491 

fth 215.926 

Um (13.4-12) 0.336 0.047 0.288 

13.4.3 Compression and hydro 

fch(13.4-15) 245.251 

fch(13.4-16) 1005.686 

fch 245.251 1.402 

sigma_x 90.898 

(13.7-17 (1)) true 

(13.7-17 (2)) true 

Um (13.4-19) 0.432 0.143 0.288 

Um (13.4-20) 0.355 0.104 0.252 

Um (13.4-21) 0.551 0.047 0.504 
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Check 1000x15 CHS. Compression, no hydro load 
Code check to BS EN ISO 19902:2007 
 
Design loads (limit state) 
 kN        kN-m 
 Axial load   = 1,000.00  Moment y-y   = 500.00 
 Shear (vect sum) = 500.00  Moment z-z   = 600.00 
   Moment x-x   = 700.00 
 
 
Section data  
1000x15 CHS  Grade = S 275 Fy =275 MPa w = 364 kg/m 
 Dia = 1000 t =15 D/t = 66.67 
 Area = 46,417    mm2  Iy,z = 5,630,671,266   mm4 
Ze y,z  = 11,261,343  Zp y,z  = 14,554,500  mm3 
iy    = 348.3  Ly-y  = 20000 Ly/ry = 57.4  
rz    = 348.3  Lz-z  = 15000 Lz/rz = 43.1  
 
 
 
Section stresses under design loads  (MPa) 
fax  = 21.54 fmy = 44.40 fmz = 53.28 
fv, b  = 21.54 fv, t  = 31.08 
 
Code check results 
13.2.5 Shear 
(13.2-17)  Um, b  = 0.14 
(13.2-19)  Um, t  = 0.21 
 
 
13.3.3  Axial Compression and bending without hydro 
 
Cmy = 0.85       Cmz = 0.85 
 
(13.3-7) 0.11 + 0.20 = 0.30 
(13.3-8) 0.09 + 0.23 = 0.32 
 
 
 
 Section O.K.    use  1000x15 CHS  
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Check 1000x15 CHS. Tension, no hydro load 
Code check to BS EN ISO 19902:2007 
 
Design loads (limit state) 
 kN        kN-m 
 Axial load   = -1,000.00  Moment y-y   = 500.00 
 Shear (vect sum) = 500.00  Moment z-z   = 600.00 
   Moment x-x   = 700.00 
 
 
Section data  
1000x15 CHS  Grade = S 275 Fy =275 MPa w = 364 kg/m 
 Dia = 1000 t =15 D/t = 66.67 
 Area = 46,417    mm2  Iy,z = 5,630,671,266   mm4 
Ze y,z  = 11,261,343  Zp y,z  = 14,554,500  mm3 
iy    = 348.3  Ly-y  = 20000 Ly/ry = 57.4  
rz    = 348.3  Lz-z  = 15000 Lz/rz = 43.1  
 
 
 
Section stresses under design loads  (MPa) 
fax  = -21.54 fmy = 44.40 fmz = 53.28 
fv, b  = 21.54 fv, t  = 31.08 
 
Code check results 
13.2.5 Shear 
(13.2-17)  Um, b  = 0.14 
(13.2-19)  Um, t  = 0.21 
 
13.3.2 Axial Tension and bending without hydro 
(13.3-2)    0.08 + 0.23 = 0.31 
 
 
 Section O.K.    use  1000x15 CHS  
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Check 1000x15 CHS. Compression, with hydro load 
Code check to BS EN ISO 19902:2007 
 
Design loads (limit state) 
 kN        kN-m 
 Axial load   = 1,000.00  Moment y-y   = 500.00 
 Shear (vect sum) = 500.00  Moment z-z   = 600.00 
   Moment x-x   = 700.00 
 
 Still water depth (m) = 50    Depth to member (m) = 50 
 Wave height (m)       = 10.00   Length (m) = 400.00 
 Hydrostatic pressure (13.2-20)  (kPa) = 702.57    Hz (m) = 53.77 
 Axial load excludes the member end hydrostatic cap load 
 
Section data  
1000x15 CHS  Grade = S 275 Fy =275 MPa w = 364 kg/m 
 Dia = 1000 t =15 D/t = 66.67 
 Area = 46,417    mm2  Iy,z = 5,630,671,266   mm4 
Ze y,z  = 11,261,343  Zp y,z  = 14,554,500  mm3 
iy    = 348.3  Ly-y  = 20000 Ly/ry = 57.4  
rz    = 348.3  Lz-z  = 15000 Lz/rz = 43.1  
13.2.6.3 Ring stiffener,   spacing Lr = 0.00  mm 
 
 
Section stresses under design loads  (MPa) 
fax  = 21.54 fmy = 44.40 fmz = 53.28 
fv, b  = 21.54 fv, t  = 31.08 
 
Code check results 
13.2.5 Shear 
(13.2-17)  Um, b  = 0.14 
(13.2-19)  Um, t  = 0.21 
 
13.4.3 axial compression and bending with hydrostatic loading. 
  hydro end load is not in design axial load 
 
Cmy = 0.85       Cmz = 0.85 
 
(13.4-19) 0.14 + 0.29 = 0.43 
(13.4-20) 0.10 + 0.25 = 0.35 
 
fx > 0.5 * fhe / gR,h & fxe/gR,c > 0.5 * fhe/gR,h 
(13.4-20) 0.05 + 0.50 = 0.55 
 
13.2.6.2 hoop buckling 
(13.2-22) fp /(gM,h * fh.Rd)  = 0.70 
 
13.2.6.3 Ring stiffener design 
No rings used 
 
 
 Section O.K.    use  1000x15 CHS  
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Check 1000x15 CHS. Tension, with hydro load 
Code check to BS EN ISO 19902:2007 
 
Design loads (limit state) 
 kN        kN-m 
 Axial load   = -1,000.00  Moment y-y   = 500.00 
 Shear (vect sum) = 500.00  Moment z-z   = 600.00 
   Moment x-x   = 700.00 
 
 Still water depth (m) = 50    Depth to member (m) = 50 
 Wave height (m)       = 10.00   Length (m) = 400.00 
 Hydrostatic pressure (13.2-20)  (kPa) = 702.57    Hz (m) = 53.77 
 Axial load excludes the member end hydrostatic cap load 
 
Section data  
1000x15 CHS  Grade = S 275 Fy =275 MPa w = 364 kg/m 
 Dia = 1000 t =15 D/t = 66.67 
 Area = 46,417    mm2  Iy,z = 5,630,671,266   mm4 
Ze y,z  = 11,261,343  Zp y,z  = 14,554,500  mm3 
iy    = 348.3  Ly-y  = 20000 Ly/ry = 57.4  
rz    = 348.3  Lz-z  = 15000 Lz/rz = 43.1  
13.2.6.3 Ring stiffener,   spacing Lr = 0.00  mm 
 
 
 
Section stresses under design loads  (MPa) 
fax  = -21.54 fmy = 44.40 fmz = 53.28 
fv, b  = 21.54 fv, t  = 31.08 
 
Code check results 
13.2.5 Shear 
(13.2-17)  Um, b  = 0.14 
(13.2-19)  Um, t  = 0.21 
 
13.4.2 axial tension and bending with hydrostatic loading. 
  hydro end load is not in design axial load 
(13.4-12) 0.05 + 0.29 = 0.33 
 
13.2.6.2 hoop buckling 
(13.2-22) fp /(gM,h * fh.Rd)  = 0.70 
 
13.2.6.3 Ring stiffener design 
No rings used 
 
 
 Section O.K.    use  1000x15 CHS  
 
 
 



(b) Punching shear 

14 Tubular joint BS EN ISO 19902 : 2007

T/Y

Diam T Fy

Chord 1000 40 345 Tn 15

Brace 800 30 345

Loads Axial Mip (y) Mop (z)

Chord 20000 500 200 angle = 90 deg 1.57 rad

Brace 600 300 200 gap = 75 mm

Geometry

Beta 0.80

gamma 12.50

tau 0.75

14.3.3 Qu

Qb 1.124 b>0.6

Qb 1.000 b<=0.6

Qg 1.626 Qg >=1

QuAxt 24.000

QuAxc 18.130

Qumip 12.728

Qumop 7.181

14.3.4 Qf

Area 120637.158 Py 41619.819 kN

Zp chord 36885333.3 Mp 12725.44 kNm

Pc/Py= 0.481 Mcip/Mp = 0.039 Mcop/Mp= 0.016

  (25, 11 for Y, 20, 22 for X and 14, 43 for K)

Qf_axial C1 = 25 C2= 11

qA = sqrt( 5.773 + 0.017 +      0.003 )

qA = 2.527

Qf ax =1-0.030 *qA^2 = 0.808

Qf_moment C1 = 25 C2= 43 (C1, C2 are constant for moment)

qA = sqrt( 5.773 + 0.066 + 0.011

qA = 2.540

Qf ip  =1-0.045*qA^2 = 0.710

Qf op  =1-0.021*qA^2 = 0.865

14.3.2 strengths

Puj = 10709.78 Pd= 10199.79

Muj ip= 3989.36 Md ip = 3799.388

Muj op= 2741.48 Md ip = 2610.93

14.3.6 Strength check

(14.3-12) Uj = 0.059 0.006 0.077 = 0.142

(14.3-13) Let Ub (user input)=0.7 = 0.142  <= 0.598
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Check can punch calculation

BS EN ISO 19902:2007 :  14 Strength of tubular joints

Member data

Dia t Fy Pax Mip Mop

 mm  mm  MPa  kN  kNm  kNm

Chord 1000 40 345 20000 500 200

Brace 800 30 345 600 300 200

Axial load P : compression is positive.

Joint geometry

Ɵ     (deg) = 90.0 gap   (mm) = 75.0 joint type   = T/Y

τ  (t/T) = 0.75 β (d/D) = 0.80 ɣ (D/2T) = 12.50

Q factors

Qu(T) = 24.00 Qu(C) = 18.13

Qu(ip) = 12.73 Qu(op) = 7.18

Qf(Ax) = 0.81 Qf(ip) = 0.71 Qf(op) = 0.86

Q(beta) = 1.12 Q(gap)   (K joints only) = 1.64

Joint capacities

Joint resistance factor ɣRj             = 1.050

Joint material factor ɣRq               = 1.050

Joint partial resistance factor ɣZj   = 1.170

Pd  T       = 10199.8 kN

Pd  C       = 7705.1 kN

Md  ip      = 3799.4 kN-m

Md  op      = 2610.9 kN-m

Code check results

14.3.6 strength check

Uj = 0.08 + 0.01 + 0.08 = 0.16

14.3-12 all joints: Uj <= 1  Joint  O.K

14.3-13 all critical joints, Ub = 1

Uj <= Ub / ɣzj  = 0.85  Joint  O.K



24.0  Canadian steel code S16-09  



Code check to CSA S16-09 

 

Design a beam-column to resist the ULS design loads below 

 

Design loads 

Axial (compression) load Cf = 100.00 kN 

Axial (tension) load  Cf = -100.00 kN 

Major axis bending  Mfx = 100.00 kNm (From a UDL) 

Minor axis bending  Mfy = 50.00 kNm (From a mid span point load) 

Shear    Vf = 200.00 kN 

 

The lengths and column k factors are given are used as examples.  This is not intended to represent a 

particular beam or column. 

Length of unbraced beam segment  L = 4000 mm 

Column major axis buckling factor  Kx = 0.80   Length x = 5000.00 mm 

Column minor axis buckling factor  Ky = 0.80  Length y = 5000.00 mm 

Column flexural-torsional  length z = 5000.00 mm 

End supports are torsionally restrained 

 

Try Section = 610x229UB101       Fy=235 MPa 

Section properties 

D = 602.20   B = 227.60   Tf = 14.80   tw = 10.60 

Area = 12900 mm2 

Moment of inertia xx = 758.0e6   yy = 29.1e6  mm
4
 

Plastic moduli  xx = 2.890e6  yy = 401 000 mm
3
 

Elastic moduli  xx = 2.518e6  yy = 255 263 mm
3
 

Warping constant    Cw = 2.51e12 mm
6
 

St Venant torsional constant    J =772 000 mm
4
 

 

11.1 Section compactness 

Table 1. (I shape or channel) 

Flange:   bel = B/2 =113.80    bel/t = 7.69 bel/t(lim) = 200/Fy^0.5 = 13.05 > 7.69   OK 

Web:   bel = 572.60     bel/t = 54.02 bel/t lim   = 670/Fy^0.5 = 43.706 < 54.02 XX 

Web bel exceeds limit. Use 13.3.5 (a) and reduce area by (572.6 - 43.706*10.60)*10.6 = 1158 mm
2
 

Effective area (Ae) = 12900 – 1158 = 11742 mm
2
 

Table 1 classifications 

Flange = 1   web = 1 

 

Table 2.  

I shape or channel 

Flange:   bel = 113.80     bel/t = 7.69   Class 1 limit = 145/Fy^0.5 = 9.45 > 7.69 

Web,   h = 572.60     h/t = 54.02  

Cy = Ae*Fy =11742*235 = 2759.4kN  

Class 1 limit  = 1100/Fy^0.5*(1-0.39*Cf/φCy)  

= 1100/235^0.5*(1-0.39*100/(0.9*2759.4) 

= 70.6 > 54.02 

 

Table 2 classifications 

Flange x-x = 1    Web x-x = 1  Flange y-y = 1    Web y-y = 1 

Section classification x-x = 1  Section classification y-y = 1 

 



13.3 Axial compression 

Calculate the various load capacities required for 13.8.2 (a), (b) and (c) 

For (a)  Cr = φ *Ae* Fy = 0.9 * 2759.4 = 2483.4kN 

 

For (b) Kx,y = 1 

Fex = π2 
E /( Kx.Lx/rx) 

2
 = π2 

200
 
000 /(5000/242.4) 

2
 = 4639.4 MPa 

Fey = π2 
E /( KyL.y/ry) 

2
 = π2 

200
 
000 /(5000/47.5) 

2
 = 178.1 MPa 

 

λx = (Fy/Fex)^0.5 = 0.225 

λy = (Fy/Fey)^0.5 = 1.149 

 

Cr=φ*Ae*Fy*(1+λ 
2n

)
-1/n 

Crx = 0.9 * 11742 * 235* (1 + 0.225^(2*1.34) )^(-1/1.34) 

Crx = 2449.9kN 

 

Cry = 0.9 * 11742 * 235* (1 + 1.149^(2*1.34) )^(-1/1.34) 

Cry = 1272kN  

 

For (c) Kx,y = 0.8 

Get the minimum Cr for buckling about minor axis or flexural-torsional buckling (13.3.2(a)) 

Fey = π2 
E /( Ky.Ly/ry) 

2
 = π2 

200
 
000 /(0.8*5000/47.5) 

2
  

Fey = 278.8 MPa 

Fez =  (π2 
E Cw/( Kz.Lz) 

2
 + GJ) * 1 / (Aro

2
)    

Kz  =  1  Lz = 5000  

ro
2 

= 0^2 + 0^2 + 242.4^2 + 47.5^2 = 61 014 

Fez =  (π2 
200 000* 2510e9/( 5000)^2 + 77000 * 772000) * 1 / (12900*61014)    

Fez = 327.3 MPa  

  

λy = (Fy/Fey)^0.5 = 0.918 

λz = (Fy/Fez)^0.5 = 0.847 

 

Cry = 0.9 * 11742 * 235* (1 + 0.918^(2*1.34) )^(-1/1.34) 

Cry = 1604 kN 

Crz = 0.9 * 11742 * 235* (1 + 0.847^(2*1.34) )^(-1/1.34) 

Crz = 1716 kN 

 

Therefore Cr.FTB = Cry = 1604 kN 

 

 

13.4 Shear 

Shear area =  D * tw = 602.2 * 10.6  = 6383.32 mm2 

web unstiffened, h/tw = 54.0 

1014/Fy^0.5 = 66 > 54  

Fs = 0.66 * Fy = 155.1 MPa 

Vr =  0.9 * 6383 * 155.1 = 891047.67   = 891.0 kN 

 

Vf/Vr = 200/891 = 0.225 < 1.0 OK 

  



13.5 and 13.6 Bending x-x 

Mp.x = Fy * Plastic modulus(x) = 679.15 kNm 

My.x = Fy * Elastic modulus(x) = 591.60 kNm 

 

13.6 Bending x-x, Laterally unsupported 

Using My. 

 Mmax = 100, Ma = Mc = 0.75 * Mmax = 75 and Mb = Mmax 

ω2 = 4*100/(100^2 + 4*100^2 + 7*100^2 + 4 * 100^2)^0.5 <=2.5 

ω2 = 1 

 

Mu = ω2 π /L *(E Iy G J + (π E /L)
2
 Iy Cw)

0.5
 

Mu = 3.1416/4000*(200 000 * 29.1e6 * 77000 * 772000 + (3.1416*200 000/4000)^2 * 29.1e6  * 

2510e9 

Mu = 1151.1 kNm > 0.67 * Mp = 454.9 kNm 

 

Using 13.6 (a) (i) 

Mr = 1.15 φ Mp * (1 - 0.28 * Mp/Mu) <=φ Mp 

Mr = 1.15*0.9 *679*(1 – 0.28*679/1151.1) 

Mrx = 586.6 < 0.9*1151=1035 

 

 

13.5 - Bending y-y 

Mp.y = Fy * Plastic modulus(y)  =  94.23 kNm 

My.y = Fy * Elastic modulus(y) =  60.09 kNm 

For class 1 

Mry = φ Mp.y 

Mry = 0.9 * 94.32 = 84.9 

 

13.8 Axial compression and bending 

13.8.2  

Interaction check = Cf/Cr  +  0.85 U1x Mfx / Mrx + β U1y Mfy / Mry <=1   

 

β = 0.6 + 0.4 λy <= 0.85 

λy= 1.149 

β = 0.6 + 0.4 * 1.149 = 1.06 > 0.85 

β = 0.85 

 

13.8.4 

U1= ω1/(1-Cf/Ce) ω1x=1.0 (UDL)  ω1y=0.85 (point load) 

Ce.x = π2 
E I /Lx^2 = 59849 kN 

Ce.y = π2 
E I /Ly^2 = 2297.6 kN 

 

U1x = 1/(1-100/59849)  = 1.002 

U1y = 0.85/(1-100/2297.6) = 0.887 

  



13.8.5 

Assume Mx is for a UDL.  ω1.x=1.0 

Assume My is for a point load.  ω1.y=0.85 

 

(a) cross-sectional strength (only applicable for braced frames) 

(i) Cr(λ=0) =  φ Ae*Fy = 0.9 * 11742 * 235 = 2483 kN 

(ii) Mr = φ Mp Mrx = 611 Mry = 84.9 

(iii) U1x = 1.00   U1y = 1.00  β = 0.6 

 

Interaction check = 100/2483 + 0.85*1*100/611 + 0.6 * 1*50/84.9 

Interaction check =0.04 + 0.14 + 0.35 

Interaction check =0.53 <= 1 OK 

 

 (b) overall member strength  

(i) Cr = 1272 kN (Cry for K = 1) 

(ii) Mr = φ Mp   Mrx = 611 Mry = 84.9 

(iii) For un-braced frame: U1x =1.0 U1y = 1.0 

(iv) For braced frame:  U1x = 1.0    U1y = 0.89  

β = 0.85 

 

Interaction check = 100/1272 + 0.85*1*100/611 + 0.85 * 0.89*50/84.9 

Interaction check = 0.079 + 0.14 + 0.446 

Interaction check =0.67 <= 1 OK (braced frame) 

 

(c) Lateral torsional buckling  

(i) Cr = 1604 kN  (Cry) 

(ii) Mrx = 586.6 

(iii) Mry = 84.9 

(iv) For un-braced frame: U1x =1.0 U1y = 1.0 

(v) For braced frame:  U1x = 1.0    U1y = 0.89  

β = 0.85 

 

Interaction check = 100/1604 + 0.85*1*100/586.6 + 0.85 * 0.89*50/84.9 

Interaction check =0.06 + 0.145 + 0.446 

Interaction check =0.651 <= 1 OK (braced frame) 

 

In addition the member shall meet the following requirement 

Mfx/Mrx + Mfy/Mry <= 1.0 

 

Mrx = 586.6 Mry = 84.9 

100/586.6 + 50/84.9 = 0.171 + 0.589 = 0.76 < 1.0 OK 

 

 

 

  



 

For tension axial load of 100kN 

 

13.2 Axial tension 

Tr=φ * Ag * Fy 

Tr = 0.9 * 12900 * 235 

Tr = 2728.4 kN 

 

13.9.1 

Tf/Tr + Mf/Mr <=1.0 

 

For Mfx 

100/2728 + 100/611 =  0.04 + 0.16 = 0.20 < 1 OK 

 

For Mfy 

100/2728 + 50/84.9 =  0.04 + 0.59 = 0.63 < 1 OK 

 

13.9.2 

 Mf/Mr – Tf.Z/Mr.A <=1.0 

 

For Mfx 

100/611 – 100 000 * 2.89e6/ (611e6 * 12900) = 0.164 - 0.0367 = 0.127 < 1 OK 

 

For Mfy 

50/84.9 – 100 000 * 401 000/ (84.9e6 * 12900) = 0.59 - 0.0366 = 0.55 < 1 OK 

 

 



Sheet . . . . . . . of  . . . . .

PROJECT : Canadian Steel code CSA S16-09 Job No   :  

SUBJECT : Validation Revision :

Calc by : GJS Date   :06-Jul-12 Checked : Date     :

Test beam-column - Compression

Code check to CSA S16-09

Design loads

kN kN-m

 Axial load (Cf)  = 100.00  Moment x-x (Mfx) = 100.00

 Shear load (Vf)  = 200.00  Moment y-y (Mfy) = 50.00

Lengths (mm)

 Unbraced beam segment L =  4000 

 Column lengths Lx =  5000 Ly =  5000 Lz =  5000 

 Effective length factors kx =  0.8 ky =  0.8 kz = 1.0

Section  610x229UB101      rolled Grade : S 235 Fy =235.0 MPa

Section data

 D = 602.2 Bf = 227.6 Tf = 14.8 tw = 10.6

 Area = 12,900 Ae = 11738 mm2 J = 772000.00 mm4

Ix = 7.58E+08 Iy = 2.91E+07 mm4

Elastic Mod x-x = 2,517,436 Plastic Mod x-x = 2,890,000 mm3

Elastic Mod y-y = 255,712 Plastic mod y-y = 401,000 mm3

 rx = 242.4 ry = 47.5 mm

 Lx/rx = 20.6 Ly/ry = 105.3 Cw = 2.51E+12  mm6

Section classification x-x = 1.      Section classification y-y = 1

 Web unstiffened

Code check results

13.8.2

w1(x) = 0.85    w1(y) = 0.85      w2 = 1     beta = 0.850

Frame is braced.

(a) Cross section strength 0.04 + 0.14 + 0.35 = 0.53

(Cr = 2482.6   Mrx = 611.2   Mry = 84.8)

(U1x = 1.0   U1y = 1.0)

(b) overall member strength 0.08 + 0.12 + 0.45 = 0.64

(Cr = 1272.1   Mrx = 611.2   Mry = 84.8)

(U1x = 0.9   U1y = 0.9)

(c) Lateral torsional buckling 0.06 + 0.14 + 0.45 = 0.65

(Cr = 1602.9   Mrx = 586.8   Mry = 84.8)

(U1x = 1.0   U1y = 0.9)

Additional moment check 0.17 + 0.59 =0.76

(Mrx = 586.8   Mry = 84.8)

Shear. Vf/Vr  = 0.22

(Vr = 891.05 kN)

Section O.K.    use  610x229UB101    

f1

f2

f3



Sheet . . . . . . . of  . . . . .

PROJECT : Canadian Steel code CSA S16-09 Job No   :  

SUBJECT : Validation Revision :

Calc by : GJS Date   :06-Jul-12 Checked : Date     :

Test beam-column - Tension

Code check to CSA S16-09

Design loads

kN kN-m

 Axial load (Cf)  = -100.00  Moment x-x (Mfx) = 100.00

 Shear load (Vf)  = 200.00  Moment y-y (Mfy) = 50.00

Lengths (mm)

 Unbraced beam segment L =  4000 

 Column lengths Lx =  5000 Ly =  5000 Lz =  5000 

 Effective length factors kx =  0.8 ky =  0.8 kz = 1.0

Section  610x229UB101      rolled Grade : S 235 Fy =235.0 MPa

Section data

 D = 602.2 Bf = 227.6 Tf = 14.8 tw = 10.6

 Area = 12,900 Ae = 12900 mm2 J = 772000.00 mm4

Ix = 7.58E+08 Iy = 2.91E+07 mm4

Elastic Mod x-x = 2,517,436 Plastic Mod x-x = 2,890,000 mm3

Elastic Mod y-y = 255,712 Plastic mod y-y = 401,000 mm3

 rx = 242.4 ry = 47.5 mm

 Lx/rx = 20.6 Ly/ry = 105.3 Cw = 2.51E+12  mm6

Section classification x-x = 1.      Section classification y-y = 1

 Web unstiffened

Code check results

 Tr = Ø.A.Fy = 2728.35 kN

13.9.1 Moments x-x 0.04 + 0.16 = 0.20

13.9.1 Moments y-y 0.04 + 0.59 = 0.63

13.9.2 (a)  Moments x-x 0.17 - 0.04 = 0.13

13.9.2 (a)  Moments y-y 0.59 - 0.04 = 0.55

Shear. Vf/Vr  = 0.22

(Vr = 891.05 kN)

Section O.K.    use  610x229UB101    

f1

f2

f3



25.0 BS EN 1993-6:2007 Crane supporting structure 

This program checks 1993-6 for  monorail (runway beam) hoists   



BS EN 1993-6:2007 ‘Crane supporting structures’ 

Design a monorail beam to carry a safe working load of 5 tonne. 

The beam will span 5m between supports (span1) and have a 1.5m cantilever (span2).   

Assume; 

Steel Fy = 375 MPa 

 

Trolley weighs 1 tonne  and has 4 wheels. Hoisting velocity= 0.1m/s and hoist class is HC1 

 Xw = 400 mm Xe = 250 mm n=20 mm  

Design loads (SLS) are;  trolley = 10kN   SWL = 50kN 

 
Try 457x152UB67   

 

Loading factors (EN 1991-3) 

EN 1991-3 Tables 2.4 and 2.5 sets Ø dynamic factors 

EN 1991-3 Annex A sets γG as 1.35 

EN 1991-3 clause 2.5 sets horizontal load as 5% of the vertical load 

 

Dynamic factors  

Ø2 min = 1.05  β2   = 0.17 Ø2  =  Ø2 min  + β2.vh = 1.067 

Total ULS vertical load Fz.tot.Ed = 1.35*(Trolley + 1.067 * SWL) 

Fz.tot.Ed = 85.52 kN 

Individual wheel load Fz.Ed = Fz.tot.Ed/4 = 21.38 kN 

Total ULS transverse load Fy. = 5% of 1.35*(Trolley + SWL)= 4.05 kN 

 

 

Design check (BS EN 1993-6) 

5.8 Local bending stresses in bottom flange. 

Use SLS as these stresses are used in 7.5 

Edge distance, n = 20 

Clause 5.8 (3) requires Xw/b >=1.5 to keep the flange stressed areas separate, however (8) permits 

the superposing of flange stresses for Xw/b < 1.5.  

To account for case of Xw<1.5b (Xw/b<1.5) use multiplier k (1<=k<=2) to linearly superimpose 

stresses. 

stress superposition. Xw/b = 2.63 >=1.5 therefore    k =1.000 

ratio µ (5.7) = 2*20/(151.9-9.1) =  0.280  Fz.Ed.ser = (10+50)/4 =15kN 

k*cx0 = 0.232     k*cx1 = 1.821     k*cx2 = 0.829 

k*cy0 = -1.509    k*cy1 = 1.135     k*cy2 = 0.000 

cx1 =2.23 -1.49µ + 1.39e^-(18.33µ) = 1.82 (check) 

cyo=-2.11 + 1.977µ + 0.0076e^(6.530µ)=-1.5091 (check) 



σ_x.Ed.0 = 15.46   σ_x.Ed.1 = 121.39   σ_x.Ed.2 = 55.29 

σ_y.Ed.0 = -100.59   σ_y.Ed.1 = 75.65   σ_y.Ed.2 = 0.00 

 

Maximum induced stresses 

σ ox.Ed.ser = k*cx1* Fz/t^2 = 1 * 1.82 * 15000 / 15^2 = 121.39 

σ oy.Ed.ser = k*cy0 Fz/t^2 = -100.59 

σ οy end.Ed.ser = (5.8) = 309.01 (not applicable as Xe> limit of table 6.2) 

 

7.5 Reversible behaviour 

Stress state check (SLS) 

The flange local stresses from wheel loads are calculated above. 

Check stress state at mid-span of span 1 and also at R2 for cantilevers. 

My.Ed.ser includes the beam self weight and the minor axis moment (Mz.Ed.ser) is assigned entirely 

to the bottom flange. 

 The combined stresses are check at points 0, 1, 2 of fig 5.6. 

The stresses to be combined include local flange stresses and the global stresses from beam 

bending, major and minor axes. 

 

Point Wheel load on flange  Major axis Minor axis  (7.2d)  

 σ x.Ed σ y.Ed My/Wel.y Mz.Wel.z Σσx  

Span1        

0 15.46 -100.59 56.8 0 72 150.4 At face of web 

1 121.39 75.65 56.8 43.9 222 195.6 At wheel load location 

2 55.29 0 56.8 59.6 191 171.7 At edge of beam 

        

Span2        

   62.95 67.4  130.4 At support, no wheel 

loads (trolley at 

cantilever end) 

 

For Span 1 

IR =(7.2d) / Fy =  195.6/375 = 0.52 

 

Span 2. 

IR = (7.2d) / fy = 130.4/375 =0.35 

  

6.7 Resistance of bottom flanges to wheel loads 

m= 43.24   n= 20    Xw= 400    Xe= 250 

tf= 15.00 

 

Load at point of max beam moment (middle of span1) 

Wheel remote (table 6.2 (b))  l eff= 357.74 mm 

σ f.Ed from Myy (beam self weight+trolley+load)= 77.64 MPa 

F f.Rd (span)  equation (6.2)   

F f.Rd = 357.74 * 15^2 *375/(4*43.24) * (1 - (77.64/375)^2 ) =  167.035 kN 

 

Load at beam end 

Xe > 2 * sqr(2) * (m+n). Check not required 

IRs for flange local loading 

At span Fz.Ed/F  f.Rd = 0.128 

At end  Fz.Ed/F  f.Rd = 0.000 

 

  



Annex A, Assessment of LTB 

Ignore the torsion component as the structural model is to use the bottom flange to take the lateral 

load, see 5.6.2 (4). Users need to ensure that the supports and web can transfer the 5% from the 

bottom flange. 

span 1 compression flange buckling length = k.LTB1 * span 1= 1x5000 = 5000.0 

span 2 compression flange buckling length = k.LTB2 * span 2= 2x1500 = 3000.0 

Maximum compression flange buckling length = 5000.0 

 

Interaction checks 

Resistance moments 

 Mb.Rd (1993-1-1, 6.3.2.3) = 330.4 

 Mz.Rd (1993-1-1) = 68.63 

 

Design moments (kNm) 

Span 1 

 My.Ed = 98.35 

 Mz.Ed = 4.66 

 My.Ed/My.Rd (major axis bending) = 0.30 

 Mz.Ed/0.5*Mz.Rd (minor axis bending) = 0.14 

 Eq (A.1) total  = 0.44  <= 1.0 OK 

 

Span 2 

 My.Ed = 330.4 

 Mz.Ed = 6.08 

 My.Ed/My.Rd (major axis bending) = 0.39 

 Mz.Ed/0.5*Mz.Rd (minor axis bending) = 0.18 

 Eq (A.1) total  = 0.57  <= 1.0 OK 

 

7.3 Limits on displacements   

Using serviceability limit state loads for trolley and SWL the displacements are; 

Trolley mid span 1.   

Displacement = 2.67 mm   <= L/500  (table 7.2 c)   OK 

 

Trolley at span 2 tip, load at (span2 - Xw/2).   

Displacement = 5.57 mm <= L/250  (table 7.2 c)   OK 

 

Beam reactions  ULS (kN) 

Trolley in span 1 at Reaction 1 (left end). 

Reaction 1.  Beam weight = 2.17   Load = 82.10  Total = 84.27 kN 

Reaction 2.  Beam weight = 4.03    Load = 3.42  Total =  7.45 kN 

 

Trolley at span 2 tip, load at (span2 - Xw/2). 

Reaction 1.  Beam weight = 2.17   Load = 22.24  Total = 24.41 kN 

Reaction 2.  Beam weight = 4.03   Load = 107.76  Total = 111.79 kN 

 



SilverFernSolutions
Sheet . . . . . . .of . . . . .

PROJECT : Runway beam BS EN 1993-6:2007 Job No   : 0000
SUBJECT : Validation Revision :
Calc by : GJS Date   : 27-Apr-2014 Checked : Date     :

Test combined spans

Monorail Runway beam - BS EN 1993-6:2007

Hoist data

 SWL   = 50.0 kN
 Trolley is 4 wheeled and weighs 10.0  kN.   Wheels at 400 mm c/c longitudinally.
 Wheel flange edge distance n (mm) = 20
 Wheel end distance Xe (mm) = 250  Flange ends are not supported (fig 6.2)
 Hoist speed = 0.1 m/s.   Hoist class = HC1.     Ø2 = 1.07
 Total vertical load (trolley+hook load, ULS).     Fz(total) = 85.52 kN
 Transverse load (ULS) (1991-3 2.5.1.2) Fy.Ed = 5% * 1.35*(Trolley + SWL) = 4.05 kN

Beam data

 Section  457x152UB67 Fy (MPa) 375
 D = 457.3 Bf = 151.9 Tf = 15 tw = 9.1
 Compression flange buckling lengths (k.LTB * span).
 Span 1 = 5000.0    Span 2 =  3000.0
 ULS max/min reactions under dynamic loads and beam self weight (kN)

R1 = 84.3 R2 = 111.8
 span 1 = 5000 mm
 span 2 = 1500 mm

 Max deflection under static load (SLS)
 Span 1 = 2.67 mm    (span/1876) Span 2 = 5.57 mm     (span 2/269)

6.7 Resistance of flange to wheel loads.

 Ff.Rd remote from beam end  (kN) = 166.9
 Interaction ratio(s)
 Fz.Ed/Ff.Rd remote = 0.128 End check not required as Xe > 2*sqr(2)*(m+n).

7.5 Stress check

 Flange local stresses due to wheel loads.   Note   ɣM.ser=1
 σ_ox.Ed  = 121.4 σ_oy.Ed  = -100.6
 Check stress state at midspan of span 1 and also at R2 for cantilevers.
 Span 1. σ_x.Ed.ser = 0.00 σ_y.Ed.ser = 100.59 τ_Ed.ser = 14.4
 (7.2d) = 0.00 IR = (7.2d)/fy = 0.52 IR = (7.2b)/fy = 0.07
 Span 2. σ_x.Ed.ser = 130.35 σ_y.Ed.ser = 100.59
 (7.2d) = 130.35 IR = (7.2d)/fy = 0.35

Annex A Lateral Torsional Buckling check

 Ignore the torsion component as the structural model is to
 use the bottom flange to take the lateral load, see 5.6.2 (4).
 The value of Mz.Rd used in IRs below is halved to account for this.

 Resistance moments for beam (from 1993-1-1)
 Mb.Rd = 330.40   Mz.Rd (100%) = 68.63
 Design moments. Span 1 My.Ed = 98.35 Mz.Ed = 4.66
 Design moments. Span 2 My.Ed = 128.28 Mz.Ed = 6.08

 Span 1. (A.1)   0.30 + 0.14 = 0.43
 Span 2. (A.1)   0.39 + 0.18 = 0.57

 Section  457x152UB67    OK

f1
f2
f3



26.0 Stiffened plate DNV-RP-C201 

 

  



Code check Angle stiffener to DNV-RP-C201, 2010 

Design premise. 

Stiffener is continuous 

Stiffeners are 150x75 RSA at 700mm c/c. Fy = 355 MPa 

Span= 5000mm 

lt (7.5.2) = 2300  lk = 2300,  Lg = 4600 

The plate is 8 mm thick and Fy  = 420 MPa 

Design pressures are (MPa); 

τ.Sd=30  σx.Sd = 4.0  σy1=4.0 σy2=2.0  p.Sd = 0.004 = 4 kPa 

 

7.2 Forces in the idealised stiffened plate 

(7.1) 

N.Sd=σx.Sd(As + s.t)+τtf.s.t 

Get τcrg and τcrl 

kg =5.34 + 4*(5000/7000)
2
  =7.38  (7.5)   (l < Lg) 

τcrg = 7.38*0.904*210000(8/5000)
2
 = 3.58 MPa (7.4) 

kl =5.34 + 4*(700/5000)
2
  =5.418  (7.7)   (l > S) 

τcrl = 5.42*0.904*210000(8/700)
2
 = 134.4 MPa (7.6) 

τcrl/γM = 134.4/1.15   =116.9MPa (7.2) 

τ.Sd=30< 116.9   therefore τtf = 0 

N.Sd = 4*( 2170 + 700 * 8) 

N.Sd = 31,080 N 

 

(7.8) equivalent lateral line load 

q.Sd = (p.Sd+p0)s 

ψ = 2/4 = 0.5 

kc = 2( 1+√ [1+ 10.9*Is/(t
3
s)] )  = 52.17 (7.12) 

me = 13.3 

C0= Wes*fy. me/(kc E t
2
.s)   

C0 = 154,194*355*13.3 /(kc*210000*64*700) =0.00175 (7.11) 

p0=(0.6 + 0.4*0.5) C0 *4  = 0.0056  (7.9) 

q.Sd=  (pSd + p0 ) s   =6.73 kN/m  (7.8) 

 

7.3 Effective plate width 

Se/S=Cxs.Cys    (7.13) 

λp = 0.525 . s/t.√(fy/E)  (7.15) 

s/t = 700/8 = 87.5 

E=210000 MPa 

λp = 2.05 > 0.673 

Cxs = (λp – 0.22) / λp
2
 

Cxs = 0.435 

Get Cys using (6.6) 

λc = 1.1.s/t.√(fy/E)  =4.3 (6.8) 

µ = 0.21(λc - 0.2)  =0.86 (6.9)  



kp = 1.0  (6.10) 

κ = 0.10 (6.7) 

Sy.R = 49.34 (6.6)  σy.Rd = σy.R/γM = 42.9 

Sy.Sd = 3.86  (Ch 6.8, fig 6-6)   

ci = 0.27 (7.16) 

Cys = 1.004 (7.16) 

Effective plate width per bulb flat = Cxs.Cys *700 = 303.8mm.  

Calculate section properties NOTE Iyy is the bending axis 

Ae   = 4577  mm
2
 

Is      (Iyy)       = 20,655,982 mm
4
 

Ie      (Iyy)       = 16,490,852 mm
4
 

Wes (Wel.y bulb) = 323,035 mm
3 

 

Wep (Wel.y plate) = 154,192 mm
3 

 

 

7.4 Resistance of plate between stiffeners 

τRd = 420/ √3.γM. =210.9 MPa (7.18) 

τ.Sd/τ.Rd= 30/210.9 =0.14 < 1.0 OK (7.18) 

ksp =   =0.99  (7.20) 

σy.Sd/(ksp.σy.Rd) =0.09< 1.0 OK (7.20) 

 

7.5 Characteristic buckling strength of stiffeners  

 

7.5.1 General 

For column buckling use an average (by area) Fy as the plate and stiffener yields are different 

Fy_average  = 391 MPa 

 

fE = 1411.6 MPa (7.24) 

 

Zp = 47.05  Zt = 106.95 

 

Plate side, fr = Fy_average 

λ = √(391/1411)  (7.23) 

µ = 0.13  (7.25) 

 

fkp = 333.6 MPa (7.21) 

 

Stiffener side. Fr = ft. Use 7.5.2 to get ft 

 

7.2.5 Torsional buckling of stiffeners 

λT = √(fy/fET) 

 

For the stiffener, represented by the inverted definition diagram below; 



 
 

 
The values are; 

β= 1.60  tf= 10  Aw= 1400  Af = 750  

tw=  10  hw = 140  b = 75  ef= 38 

Iz =  1,038,335 LT= 2300 

 

FET= 737.8 

 

λT = √(355/737.8) 

λT = 0.758 >0.6 use  (7.28) 

 

µ=0.35(λT -0.6)  (7.29) 

µ=0.045 

 

fT/fy=(1+µ+λT 
2
- √ [(1+µ+λT 

2
)

2
-4λT 

2
])/(2λT 

2
) (7.28) 

ft=0.92 fy 

fT=326.5 MPa 

 

Check column buckling, Stiffener side. 

λ = √(325/1411)  (7.23) 

µ = 0.136  (7.26) 

 

fks = 279.3 MPa  (7.21) 

 

7.6 Resistance of stiffened panels to shear stresses 

τRdy = 420/(√3.γM) =210.9 (7.45) 

τRdl = τcrl/γM  =116.9  (7.46) 

τcrs=222.8 

τRds=τcrs/γM  =193.7 (7.47) 

τRd =116.9 

  



 

7.7 Interaction formulae 

 

7.7.3 Resistance parameters 

Ae=4577mm
2
 

N.Rd = Ae*fy/γm =Ae * 355  = 1412.9 kN  

Nks.Rd= Ae*fks/γm =Ae* 279.3/1.15 = 1111.6 kN 

Nkp.Rd =Ae*fkp/γm =Ae * 333.6/1.15 = 1327.7 kN 

NE = π2
EAe/(Lk/ie)

2
    = 6461 kN 

 

Ms1.Rd = Wes.fr/γm =154,192 * 326.5/1.15 Nmm = 43.77kNm 

Ms2.Rd = Wes.fr/γm =154,192 * 326.5/1.15 Nmm = 43.77kNm 

Mst.Rd = Wes.fy/γm =154,192 * 355/1.15 Nmm = 47.6 kNm 

Mp.Rd = Wep.fy/γm =323,035 * 420/1.15 Nmm =118.1 kNm  

(Note Mp.Rd uses the minimum of plate top*fyp or the stiffener top*fys) 

 

 

7.7.1 (z* taken as zero) 

q.Sd = 6.73 kN/m 

M1.Sd = q.Sd *5
2
/12  =6.73*25/12 =14.02kNm 

M2.Sd = q.Sd *5
2
/24     =  7.01 kNm 

 

1-N.Sd/NE = 1-31.08/6461 =0.995 

u=(τ.Sd/τ.Rd)
2
   =(30/116.9)

2 
=0.066 

 

(7.50) 31.08/1111.6 + 14.02/43.77(0.995) + 0.066  = 0.416 

 

(7.51) 31.08/1327.7-2*31.08/1412+14.02/118.1(0.995) +0.07  = 0.165 

 

(7.52) 31.08/1111.6-2*31.08/1412+7.01/47.6(0.995) +0.07  = 0.198 

 

(7.53) 31.08/1327.7 + 7.01/118.1(0.995) + 0.066  = 0.149 

 

 

7.8 Check for shear force 

The web is welded to the supporting member’s web and is not vertically stiffened.  

 

The shear area is the web of the web of the stiffener, = hw * tw. 

Allow for 50mm loss of web depth for ratholes etc. 

 

For a 150x10 RSA; 

hw = 150-10 = 140mm  

Shear area = (140-50) * 10 = 900mm2 

V.Rd = Anet . fy/ (√3 .γM) 

V.Rd = 900 *355/(√3*1.15) 

V.Rd = 160.4 kN 

 

Verification  

V.Sd/V.Rd  <= 1.0 

16.83/160.4 = 0.11  <= 1  OK 
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Test compression in plate

Stiffened deck plate design to DNV-RP-C201, 2010

Design loads

M1.Sd (kNm) = -14.02 M2.Sd (kNm) = 7.01

N.Sd   (kN) = 16.83 V.Sd   (kN) = 31.08

Stiffener is continuous

Stresses (MPa)

σx.Sd = 4 τ.Sd = 30

σy1.Sd = 4 σy2.Sd = 2

p.Sd = 0.004

Lengths    (mm)

 Unbraced segment Lt = 2300

 Column buckling Lk = 2300

 Stiffener c/c = 700

 Stiffener span = 5000

 Girder span = 7000

Section

150x75 x10 RSA   plus effective plate: 303 x 8

Plate    Se = 303.4 t = 8

Fy of plate     (MPa) = 420

Fy of stiffener (MPa) = 355

Section data

 Area = 4577

 Is (Iyy) = 20655982  Ie (Iyy) = 16490852

 Wep (Wel.y at plate) = -323035  Wes (Wel.y at flange) = 154192

 rat hole web depth loss (shear only) mm = 50

7.0 Verification

Plate side loading

7.7 Interaction formulae

(7.50) = 0.42 (7.51) = 0.16

(7.52) = 0.20 (7.53) = 0.15

7.4 Panel shear

(7.18) = 0.14 (7.19) = 0.09

7.8 Check shear

(7.76) = 0.10

Section O.K.    use  150x75 x10 RSA   plus effective plate: 303 x 8



27.0  Vortex induced vibration to DNV-RP-C205, 2010 

 

  



 

Consider a tubular member 10m long, 400mm diam, tw = 10mm 

There is a coating of thickness 10mm and density of 1000kg/m
3
 

The site design wind speed  = 40m/s (1 year, 1 minute) 

Density of air    =1.25 kg/m
3
 

Density of steel    = 7850kg/m
3
 

Strouhal number   = 0.2 

Kinematic viscosity of air (ν) = 1.45E-5 m
2
/s 

Damping ratio     (ζ) = 0.15% (0.0015) 

9.5 Wind induced vortex shedding 

9.4.5.6 

U*w = 0.8.D.Fn/St 

Frequency 

Fn = K / (2 π) * √ (E. I / (m. L
4
)) 

 

 

 

 

 

Assume fixity is 80% of fully fixed (9.5.4.4) 

K = 0.8*22.4 =17.9 

m = total mass/m of member 

m (tubular)=7850* π/4*(400
2
 - (400-20)

2
) = 96 kg/m 

m (coating)=1000* π/4*(420
2
 - 400

2
)  = 12.9 kg/m 

m total       =  109kg/m 

I = π/64*(400
4
 - (400-20)

4
)   =233.1E-6 m

4
 

E = 210,000 MPa    =210E12 N/m
2
 

Fn      =18.86 Hz 

9.5.4.7 

U*w = 0.8*(0.400+2*0.010)*18.86/0.2    = 31.68 m/s 

This is less than the design speed of 40m/s so check for response 

beam end support   K 

simple pin pin 9.9 

prop. cant. fix pin 15.4 

encastre fix fix 22.4 



9.5.4.8 

Reynolds number   Re*   = U*w.D/ν  

Re* = 31.68*0.420/1.45E-5 = 917,649 = 9.17E5     

Ks = 4π2ζ ρs /ρ [t/D – (t/D)
2
]  

Ks = 4π2 
*0.0015 *7850/1.25 [10/400 – (10/400)

2
] 

Ks =9.06 

As Re* is greater than 5.10
5
 check that Ks >= 15 

Ks < 15  therefore member FAILS 
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9.5.4.7 

U*w = 0.8*(0.400+2*0.010)*18.86/0.2    = 31.68 m/s 

This is less than the design speed of 40m/s so check for response 

beam end support   K 

simple pin pin 9.9 

prop. cant. fix pin 15.4 

encastre fix fix 22.4 



9.5.4.8 

Reynolds number   Re*   = U*w.D/ν  

Re* = 31.68*0.420/1.45E-5 = 917,649 = 9.17E5     

Ks = 4π2ζ ρs /ρ [t/D – (t/D)
2
]  

Ks = 4π2 
*0.0015 *7850/1.25 [10/400 – (10/400)

2
] 

Ks =9.06 

As Re* is greater than 5.10
5
 check that Ks >= 15 

Ks < 15  therefore member FAILS 
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DNV-RP-C205. Section 9.5 Vortex shedding in air.
Wind U = 40 (m/s) Air density = 1.25 (kg/m3) Kinematic viscosity = 1.45E-05 (m2/s)

Strouhal number = 0.2 Steel density = 7850 (kg/m3) Damping ξ = 0.15 (%)

If 9.5.4.8 = 'F, but U<U*' then that check fails, but U* is greater than U so VIV will never occur.

Memb Len. Ø tw tcoat ɣcoat K mass Freq U* U/U* >1 Re* Ks 9.5.4.8

(mm) (mm) (mm) (mm) (kg/m3) (kg/m) (Hz) (m/s)

10000 400 10 10 1000 17.9 109.1 18.9 31.7 1.26 ** 917,649 9.1 FAIL
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