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Design Formulae for Structural Steel Design 

1. Steel properties 

 
E = 205,000 N/mm2               ε = √

275

py
 

  

2. Design Strength for Steels (Plate, Hot Finished and Cold Formed Sections) 

 Thickness less 

than or equal to 

(mm) 

Design strength py (N/mm2) 

Steel grade S275 Steel grade S355 Steel grade S460 

16 275 355 460 

40 265 345 440 

63 255 335 430 

80 245 325 410 

100 235 315 400 
 

  

3. Classification of Sections  

Table 7.1- Limiting width-to-thickness ratios for sections other than CHS and RHS 

 

where r1 =
Fc

d t pyw
 but − 1 ≤ r1 ≤ 1 and r2 =

Fc

Agpyw
  for I- and H-sections with equal flanges. 
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4. Beam Equations 

 Bending: 

 𝑀𝑐𝑥 = 𝑝𝑦𝑆𝑥 ≤ 1.2 𝑝𝑦𝑍𝑥          𝑀𝑐𝑦 = 𝑝𝑦𝑆𝑦 ≤ 1.2 𝑝𝑦𝑍𝑦      

for Class 1 and Class 2 sections with low shear load 

  

 Shear: 

 𝑉𝑐 =
𝑝𝑦𝐴𝑣

√3
               𝐴𝑣 = 𝑡 𝐷          for rolled I, H and channel sections      

  

 Deflection of simply supported beams: 

 
Δ =

5

384

𝜔𝑙4

𝐸𝐼
     𝑓𝑜𝑟 𝑈𝐷𝐿,           Δ =

𝑃𝑙4

48𝐸𝐼
     𝑓𝑜𝑟 𝑝𝑜𝑖𝑛𝑡 𝑙𝑜𝑎𝑑 𝑎𝑡 𝑚𝑖𝑑 − 𝑠𝑝𝑎𝑛. 

  

 Table 5.1 – Deflection limits 

Vertical deflection of beams due to imposed load 

Cantilevers Length/180 

Beams carrying plaster or other brittle finish Span/360 

Other beams (except purlins and sheeting rails) Span/200 

Purlins and sheeting rails To suit cladding 
 

  

5. Buckling Resistance 

 
𝜆 =

𝐿𝑒

𝑟𝑦
               𝜆𝐿𝑇 = 𝑢𝑣𝜆√𝛽𝑤          𝛽𝑤 = 1 𝑓𝑜𝑟 𝐶𝑙𝑎𝑠𝑠 1 𝑎𝑛𝑑 𝐶𝑙𝑎𝑠𝑠 2 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠 

 

𝑣 =
1

(1 + 0.05 (
𝜆
𝑥)

2

)

0.25                𝑀𝑏 = 𝑝𝑏𝑆𝑥               𝑚𝐿𝑇𝑀𝑥 ≤ 𝑀𝑏 

  

6. Tension Members 

 Pt = Ae py  

Ae = Ke (net area) <= Gross sectional area,   Ke = 1.1 for Grade S355 steel 

  

For single angle connected through one leg, single channel through the web or a single T 

section through the flange, 

bolted connections,  Pt =  py (Ae – 0.5 a2) 

welded connections,  Pt =  py (Ae – 0.3 a2) 

 

For double angle, channels and T-sections connected on both sides of a gusset plate and 

interconnected by bolts or welds, 

bolted connections,  Pt =  py (Ae – 0.25 a2) 

welded connections,  Pt =  py (Ae – 0.15 a2) 

where a2 = Ag – a1 

  

7. Compression Members 

 
𝑃𝑐 = 𝐴𝑔𝑝𝑐              𝜆𝑥 =

𝐿𝑒𝑥

𝑟𝑥
               𝜆𝑦 =

𝐿𝑒𝑦

𝑟𝑦
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8. Column Equations 

 
𝜆 =

𝐿𝑒

𝑟𝑦
               𝜆𝐿𝑇 = 𝑢𝑣𝜆√𝛽𝑤               𝑀𝑏 = 𝑝𝑏𝑆𝑥 

  

 Cross Section Capacity Check:  
Fc

Ag ∗ py
+

Mx

Mcx
+

My

Mcy
≤ 1 

  

 Member Buckling Resistance Check:  

𝐹𝑐

 𝑃𝑐  
 + 

𝑚𝑥 M𝑥

𝑀cx
 + 

𝑚𝑦 M𝑦

𝑀cy
 ≤  1                             

𝐹𝑐

 Pcy 
 + 

𝑚LT MLT

𝑀𝑏
 + 

𝑚𝑦 𝑀𝑦

𝑀cy
 ≤  1 

  

 Simple Construction: 

𝜆𝐿𝑇 =
0.5𝐿

𝑟𝑦
               

𝐹𝑐

 𝑃𝑐  
 + 

M𝑥

𝑀cx
 + 

M𝑦

𝑀cy
 ≤  1            

𝐹𝑐

 Pcy 
 + 

MLT

𝑀𝑏
 + 

𝑀𝑦

𝑀cy
 ≤  1 

  

9. Welded Connection 

 Strength of Weld 

 Strength of Weld = 0.7 * leg length * pw * 10-3 kN/mm 

Design strength for fillet weld pw for BS-EN standards 

Steel grade 
Electrode classification 

35 N/mm2 42 N/mm2 50 N/mm2 

S275 220 220 220 

S355 220 250 250 

S460 220 250 280 
 

  

 Combined Torsion and Shear 

 Assume rotation about the centroid of weld 

𝐹𝑠 =
𝑃

𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑤𝑒𝑙𝑑
          𝐹𝑇 =

𝑃 𝑒 𝑟

𝐼𝑝
     𝑤ℎ𝑒𝑟𝑒 𝐼𝑝 = 𝐼𝑥 + 𝐼𝑦     

 

𝐼𝑥 =
𝑦3

6
+

𝑥𝑦2

2
          𝐼𝑦 =

𝑥3

6
+

𝑥2𝑦

2
          𝐹𝑅 =  √𝐹𝑠

2 + 𝐹𝑇
2 + 2𝐹𝑆𝐹𝑇𝑐𝑜𝑠𝜙 

  

 Combined Tension and Shear 

 Assume rotation about the bottom flange 

𝐹𝑆 =
𝑃

2𝑎
               𝐹𝑇 =

𝑃 𝑒

𝐵 𝐷
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10. Bolted Connection 

 Tension Stress Area of Bolt 

 Nominal diameter (mm) Shank area (mm2) Tensile stress area (mm2) 

12 113 84.3 

16 201 157 

20 314 245 

22 380 303 

24 452 353 

27 573 459 

30 707 561 
 

  

 Design Strength of Bolts 

 Bolt 

grade 

Design shear 

strength ps (N/mm2) 

Design bearing 

strength pbb (N/mm2) 

Design tension 

strength pt (N/mm2) 

ISO 4.6 160 460 240 

ISO 8.8 375 1000 560 

ISO10.9 400 1300 700 
 

  

 Design Equations for Ordinary Bolts 

 Shear: Ps = ps As  

 

Tension: Pt = As pt     or     Pnom = 0.8 As pt 

 

Bolt Bearing: Pbb = d tp pbb 

 

Bearing of connected part: 

Pbs = kbs d tp pbs 

Pbs = 0.5 kbs e tp pbs   

and Pbs = 1.5 Ic tp Us ≤ 2.0 d tp Ub 

where e = end distance measured in the direction of load transfer 

 kbs = 1.0 for standard holes, 0.7 for oversize and short slotted holes 

 Ic = net distance between the bearing edge of the holes and the near edge   

                   of adjacent holes in the direction of load transfer 

 pbs = bearing strength of connected parts 

                    for steel grade S275, pbs = 460 MPa 

                    for steel grade S355, pbs = 550 MPa 

                    for steel grade S460, pbs = 670 MPa 

 

Us is the specified minimum tensile strength of parent metal (for S355, Us = 510 N/mm2) 

 

Ub is the specified minimum tensile strength of bolts = 800 N/mm2 

  

 Combined Torsion and Shear 

 
𝐹𝑠 =

𝑃

𝑛𝑜𝑠. 𝑜𝑓 𝑏𝑜𝑙𝑡𝑠
         𝐹𝑇 =

𝑃 𝑒 𝑟

∑ 𝑥2 + ∑ 𝑦2
         𝐹𝑅 =  √𝐹𝑠

2 + 𝐹𝑇
2 + 2𝐹𝑆𝐹𝑇𝑐𝑜𝑠𝜙 

  

 Combined Tension and Shear 

 
𝐹𝑠 =

𝑃

𝑛𝑜𝑠. 𝑜𝑓 𝑏𝑜𝑙𝑡𝑠
≤  𝑃𝑆               𝐹𝑇 =

𝑃 𝑒 𝑦1

∑ 𝑦2
≤  𝑃𝑇                

𝐹𝑆

𝑃𝑠
+

𝐹𝑇

𝑃𝑛𝑜𝑚
≤ 1.4 
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 Table 8.3a – Bending strength pb (N/mm2) for rolled sections 

 
𝜆𝐿0 is the maximum slenderness ratio of the member having negligible buckling effect. 
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 Table 8.4a - Equivalent uniform moment factor mLT for lateral-torsional buckling of beams 

under end moments and typical loads 

 
  

 Table 8.4b - Equivalent uniform moment factor mLT for lateral-torsional buckling of beams 

under non-typical loads 
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 Table 8.7 – Designation of Buckling Curves for Different Section Types 

  

Type of section 
Maximum thickness 

(mm) 

Axis of buckling 

x-x y-y 

Rolled I-section 
≤ 40 

> 40 

a 

b 

b 

c 

Rolled H-section 
≤ 40 

> 40 

b 

c 

c 

d 

Weld I- or H-section 
≤ 40 

> 40 

b 

b 

c 

d 
 

  

 Table 8.9 - Moment equivalent factor m for flexural buckling 
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 Table 8.8(a) to 8.8(d) – Design strength pc of compression members 

Table 8.8(a)                              Table 8.8(b)                            Table 8.8(c)                             Table 8.8(d) 

 
 
Values of pc for steel grade S275 and S460 refer to Code of Practice 

Values of pc with 110 < λ < 350 refer to Code of Practice 
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UNIVERSAL BEAMS 

 

 

 

 

 

 

DIMENSIONS 
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UNIVERSAL BEAMS 

 

 

 

 

 

 

PROPERTIES 
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UNIVERSAL COLUMNS 

 

 

 

 

 

  DIMENSIONS 

 
 

PROPERTIES 
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UNEQUAL ANGLES 

 

 

 

 

 

 

DIMENSIONS AND PROPERTIES 

 
+ Section marked thus are not included in BS4848: Part 4 

 



  E = 205 , 000   N /  mm 2


  ε =   275   p y


  where    r 1 =    F c  d   t    p yw   but − 1 ≤  r 1 ≤ 1   and    r 2 =    F c   A g  p yw  


    M  c x =   p  y   S  x ≤   1 . 2   p  y   Z  x                       M  c y =   p  y   S  y ≤   1 . 2   p  y   Z  y


    V  c =     p  y   A  v   3


    A  v = t   D                     for   rolled   I ,   H   and   channel   sections


  Δ =  5 384   𝜔   l 4  E I           f o r   U D L ,                       Δ =   P   l 4  48 E I           f o r   p o i n t   l o a d   a t   m i d − s p a n .


  𝜆 =     L  e    r  y                                 𝜆  L T = u v 𝜆    𝛽  w                       𝛽  w = 1   f o r   C l a s s   1   a n d   C l a s s   2   s e c t i o n s


  v =  1     ( 1 + 0 . 05    (   𝜆  x ) 2 )  0 . 25                                 M  b =   p  b   S  x                                 m  L T   M  x ≤   M  b


    P  c =   A  g   p  c                               𝜆  x =     L  e x    r  x                                 𝜆  y =     L  e y    r  y


  𝜆 =     L  e    r  y                                 𝜆  L T = u v 𝜆    𝛽  w                                 M  b =   p  b   S  x


     F c   A g ∗  p y +    M x   M cx +    M y   M cy ≤ 1


      F  c        P  c ¯    +      m  x    M  x    M  cx  +      m  y    M  y    M  cy   ≤  1                                                               F  c     P  cy    +      m  LT    M  LT    M  b  +      m  y       M ¯  y    M  cy   ≤  1


    𝜆  L T =   0 . 5 L    r  y                                   F  c        P  c ¯    +     M  x    M  cx  +     M  y    M  cy   ≤  1                             F  c     P  cy    +     M  LT    M  b  +        M ¯  y    M  cy   ≤  1


    F  s =   P  l e n g t h   o f   w e l d                       F  T =   P   e   r    I  p           w h e r e     I  p =   I  x +   I  y        


    I  x =     y 3 6 +     x y 2 2                       I  y =     x 3 6 +     x 2 y 2                       F  R =        F  s 2 +     F  T 2 + 2   F  S   F  T c o s 𝜙


    F  S =   P  2 a                                 F  T =   P   e  B   D


    F  s =   P  n o s .   o f   b o l t s                     F  T =   P   e   r   ∑    x 2 +  ∑    y 2                     F  R =        F  s 2 +     F  T 2 + 2   F  S   F  T c o s 𝜙


    F  s =   P  n o s .   o f   b o l t s ≤     P  S                                 F  T =   P   e     y 1   ∑    y 2 ≤     P  T                                   F  S    P  s +     F  T    P  n o m ≤ 1 . 4


    𝜆  L 0  


  ≤ 40


  > 40


  > 40


  ≤ 40


  > 40


  > 40


  ≤ 40


  > 40


  > 40

