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DESIGN OF COMPRESSION MEMBER 

  
Step 1: Find approximate sectional area required.  
 

𝐴𝑔 (𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑) =
𝑃

 𝑓𝑐𝑑
 

                                                    Where, P = Given Factored axial Load, 

fcd = Assumed design compressive stress  
 fcd can be found based on assumed slenderness ratio 

 For I-section of column: Assume slenderness value 
𝑘𝐿

𝑟𝑚𝑖𝑛
= 80 𝑡𝑜 150  and fcd for 

buckling class b, can be found as fcd = 150 to 64 N/mm2 [table 9(b) page 41 (cl. 7.1.2.1) 
IS 800: 2007]. To start Take fcd = 150 N/mm2 

 For angle section of strut: Assume slenderness value 
𝑘𝐿

𝑟𝑚𝑖𝑛
= 100 𝑡𝑜 150 and fcd for 

buckling class b, can be found as fcd = 118 to 64 N/mm2 [table 9(b) page 41 (cl. 7.1.2.1) 
IS 800: 2007]. To start Take fcd = 100 N/mm2 
 

Step 2: Select section from steel table based on gross area required. Note down the 
properties. 
 
Step 3: Calculate slenderness ratio for selected cross section. 

Slenderness ratio =  
𝑘𝐿

𝑟𝑚𝑖𝑛
 

Where, rmin = minimum radius of gyration (for selected section from steel table 
  kL = effective length (from table no. 11, page. 45, clause 7.2.2.)  

 Slenderness ratio should be less than 180 for column. (Table 3 IS 800: 2007, 
pg.20) 

Step 4: Calculate design compressive stress fcd for selected cross section. 
(a) For Column 
Method-1 Using equation (cl. no.7.1.2.1, IS 800:2007, page. 34) 
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Where,  = 0.5[1+ ( - 0.2)+ 2] 
λ = non-dimensional effective slenderness ratio, 

                                           ccy ff    E
r

KLf y

2
2

  

fcc = Euler buckling stress  = 
2𝐸

(𝐾𝐿
𝑟⁄ )

2 

                          α = imperfection factor (page. 35 Table 7 IS 800: 2007) 

     = buckling class of cross-section based on h/bf (Table no.10, page. –  
                                 44, cl.7.1.2.2) 

  =  
1

𝜑+(𝜑2−𝜆2)0.5  
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Method-2 Using tables 

 Select buckling class of cross-section based on h/bf (Table no.10, page. – 44, cl.7.1.2.2) 
 Find out fcd based on slenderness ratio kL/r and fy. (Table no. 9 a,b,c,d, page.40-43) 

 
(b) For strut (cl. no. 7.5.1.2, page no. 48, IS 800: 2007) 
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Where,  = 0.5[1+ (e - 0.2)+ 2] 
                                         λe = equivalent slenderness ratio, 

                                        2
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2
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 k1, k2, k3 = constants depending upon the end condition, as given in 
Table 12                           
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              L = laterally unsupported length of the member 
                   rvv = radius of gyration about the minor axis 
              b1, b2 = width of the two legs of the angle  
                           t = thickness of the leg 
                          ε = yield stress ratio (250/fy) 0.5 

 
Step 5: Calculate design compressive strength. (cl. no.7.1.2, IS 800:2007, page. 34) 

Pd= Aefcd < Given Loading P 
     Where, Ae = Ag for plastic, compact and semi-compact   
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Welded Connections 
  

Sr. 

No. 

Groove or Butt Weld Fillet Weld 

1. Provided when members are in line When members are perpendicular 

2. Requires edge preparation Edge preparation is not required. 

3. Two same materials are connected, therefore 
serviceability condition is critical. 

Due to stress concentration, ultimate strength criteria 
to be satisfied. 

4. Smooth finish is possible. Smooth finish is not possible. 

5.  General notations: 

 

 

General notations: 

 

 
 

 

 

 

 

 

5. Design Criteria: Direct Tension Design Criteria: Shear  

6. Design Strength: 

 

 

(Strength = Area × stress ) 

 

𝐷𝑒𝑠𝑖𝑔𝑛 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ =  
𝑙𝑤 𝑡𝑡𝑓𝑦

𝛾𝑚𝑤

 

  

where, lw = length of weld 

            tt  = throat thickness 

               = thickness of thinner plate  

                  for full penetration; 

              = 5/8 of thickness of thinner  

                  plate for partial  

                  penetration; 

           fy = yield stress  

          γmw= partial safety factor(table.5 

 

 

 

 

Design Strength: (Clause no. 10.5.7.1.1, pg.79) 

 

(Strength = Area × stress ) 

 

𝐷𝑒𝑠𝑖𝑔𝑛 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ =  
𝑙𝑤 𝑡𝑡𝑓𝑤𝑑

𝛾𝑚𝑤

 

 

Here, 

𝑓𝑤𝑑 =  
𝑓𝑤𝑛

𝛾𝑚𝑤
     and     𝑓𝑤𝑑 =  

𝑓𝑢

√3
 

 

Hence  

𝐷𝑒𝑠𝑖𝑔𝑛 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ =  
𝑙𝑤 𝑡𝑡𝑓𝑢

√3 𝛾𝑚𝑤

 

where, lw = length of weld 

            tt  = throat thickness = ks 

           k = Table. 22 & Clause 10.5.3.2 

             = 0.707 normally taken  

           s = size of weld 

           fu= smaller of ultimate stress of weld  

                 or parent  material 

          γmw= partial safety factor.(Table.5) 
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IS: Recommendation (IS 800: 2007) 

 

End Returns: (Cl. No. 10.5.1.1, pg. 78) Length of end returns should not be less than 2s  

 

Lap Joints: (Cl. No. 10.5.1.2, pg. 78) 

In lap connections, the minimum length of weld should not be less than 4 times the thickness of the thinner part 
joined or 40mm whichever is more. If only side fillets are used, the length of the weld on either edge should not 
be less than the transverse spacing between the welds.  

 

 
For intermittent fillet welds: (Cl. No. 10.5.5.2, pg. 79) 

Effective length (wl) ≥ 4s or 40 mm, whichever is greater  

Clear spacing (uwl) ≥ 12t (for compression)  

          ≤ 16t (for tension)  

          ≤ 200 mm  

Where t is the thickness of thinner part joined 

 

Size of weld:  (cl. no. 10.5.2.3, pg. no.78 and Table. 21): 

 

Fillet weld shall not be less than 3mm. 

 

Thickness (t) of thicker part in mm  S (mm)  

t ≤ 10  3  

10 < t ≤ 20  5  

20 < t ≤ 32  6  

32 < t ≤ 50  10 (8 mm for first run)  

t >50  Special precaution like pre-

heating to be taken  

 

Throat thickness: (cl. no. 10.5.3.2- Table. 22, pg. no. 78) 

 

Max. size of weld: (cl. no. 10.5.8.1, pg. no. 79) 

 

Maximum size of fillet weld = thickness of thinner plate – 1.5 
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Bolted Connections 
 
Introductions: 
 

 Connections are always needed to connect two members.  

 It is necessary to ensure functionality and compactness of structures. 
 Prime role of connections is to transmit force from one component to 

another.  

 Steel connections can be made by bolts or welds. 
 Connections accounts for more than half cost of steel structure. 
 Connections are designed more conservative than members because 

they are more complex. 
 

 
Types of Bolts 
 

 Unfinished Bolt – ordinary, common, rough or black bolts 

 High strength Bolt – friction type bolts 

 
Classifications of Bolted connections: 
 

Based on Joint:  
 Lap Joint 

  Butt Joint 
 

Based on Load transfer Mechanism:  
 Shear and Bearing,  
 Friction 

 

Grade classification of Bolts: 
 The grade classification of a bolt is indicative of the strength of the 

material of the bolt. The two grade of bolts commonly used are grade 

4.6 and 8.8.  
 For 4.6 grade 4 indicates that ultimate tensile strength of bolt = 4 × 100 

= 400 N/mm2 and 0.6 indicates that the yield strength of the bolt is 0.6 
× ultimate strength = 0.6 × 400 = 240  N/mm2 
 

Grade of 
bolt 

4.6 5.6 6.5 6.8 8.8 

Fyb( N/mm2)   
240 300 300 480 640 

Fub( N/mm2)   400 500 600 800 800 

 
Properties of High Strength Friction Grip Bolts 
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Common Terms in Bolted Connections: 
 

 Gauge Line: This is a line parallel to the direction of stress (or load) 

along which the bolts are placed.  
 Pitch: It is the distance between the centres of two consecutive bolts 

measured along a row of bolts (Gauge Line). It is denoted by p.  

 Gauge Distance: This is the perpendicular distance between adjacent 
gauge lines. It is denoted by g. 

 Edge Distance: This is the shortest distance from the edge of the 
member to the extreme bolt hole centre along the Gauge line.  

 End Distance: It is the shortest distance from the edge of the member 

to the extreme bolt hole centre perpendicular to the Gauge line.  

 

IS 800: 2007 Provisions:  
 
Clearance for Holes for Fastener (Bolts) (IS 800:2007 Clause 10.2.1, page 
no. 73) 
 

 The diameter of the hole should be the nominal diameter of the bolt 
plus the clearance as given below:  

 

Standard Clearance for Fastener Holes 

(IS 800: 2007, Table no. 19) 

Nominal size 

of fastener, d 

mm 

Size of the hole = Nominal diameter of the 

fastener + Clearance  

Standard 

clearance in 

diameter and 

width of slot mm 

Over size 

clearance 

in 

diameter  

Clearance in 

the length of 

the slot 

Short 

slot 

mm 

Long 

slot 

mm 

12-14 1.0 3.0 4.0 2.5d 

16-24 2.0 4.0 6.0 2.5d 

24 2.0  6.0 8.0     2.5d 

More than 24 3.0 8.0 10.0     2.5d 

  
Minimum pitch: (IS 800:2007, Clause 10.2.2, page no. 73) 

The distance between the centres of the bolts in the direction of    stress should 
not be less than 2.5 times the nominal diameter of the bolt  

  
Maximum pitch (IS 800:2007, Clause 10.2.3, page no. 74)  

 32t or 300 mm, whichever is less for the bolts in members including the 
tacking bolts. (Clause 10.2.3.1, page no. 74) 
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 16t or 200 mm, whichever is less for the bolts in tension members, 
Where t is the thickness of thinner plate (Clause 10.2.3.2, page no. 74) 

 12t or 200 mm, whichever is less for the bolts in compression 
members , Where t is the thickness of thinner plate (Clause 10.2.3.2, 
page no. 74) 

  
Edge and End distance (IS 800:2007, Clause 10.2.4.2, page no. 74) 

 Minimum edge and end distances from the centre of any hole to the 
nearest edge of a plate should not be less than 1.7 times the hole 
diameter for sheared or hand- flame cut edges; and 1.5 times the hole 
diameter for rolled, machine-flame cut, sawn and planned edges  

 

 Maximum edge distance from the centre of hole to the nearest edge 
should not exceed 12tε, where ε = sqrt(250/fy) and t is the thickness of 
the thinner outer plate.  

      
Tacking Bolts (IS 800:2007, Clause 10.2.5.2, page no. 74) 

 These are the additional bolts provided other than strength 
consideration.  

 The maximum pitch of these bolts should be 32t or 300 mm, whichever 
is less, where t is the thickness of the thinner plate.  

 If the members are exposed to weather, the pitch should not exceed 16 
times the thickness of the outside plate or 200 mm, whichever is less.   

  
Strength Provisions: 
 
The design Strength Vdb of bolt is lesser of  
1. Design shear strength Vdsb of bolt, and 
2. Design bearing strength Vdpb of bolt.  

 

 Shear Capacity of a Bolt  (IS 800:2007, Clause 10.3.3, page no. 75) 

  

The design strength of a bolt in shear Vdsb is given by  

 

𝑉𝑑𝑠𝑏  =  
𝑉𝑛𝑠𝑏

𝛾𝑚𝑏
 

  

𝑉𝑛𝑠𝑏 =  
𝑓𝑢

√3
× [𝑛𝑛𝐴𝑛𝑏  + 𝑛𝑠𝐴𝑠𝑏] 

 

Where,   

Vnsb = nominal shear capacity of a bolt  

fu = Ultimate tensile strength of the bolt material 

nn = Number of shear planes with threads intercepting the shear plane  

ns = Number of shear planes without threads intercepting the shear 
plane.  
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Asb =Nominal plain shank area of the bolt 

Anb = Net shear area of the bolt at threads 

      = Area corresponding to root diameter at the thread 

      = 
𝜋

4
[𝑑 − 0.9382𝑝]2

 (I.S. 1367 part-1) 

        = 0.78 to 0.80 of gross area of shank (see table)  

  γmb = Partial safety Factor of safety for the bolt material =1.25 (IS  

          800:2007, Table 5, page no. 30) 

 

 Bearing Capacity of a Bolt (IS 800:2007, Clause 10.3.4, page no. 75) 

  

The design strength of a bolt in bearing Vdpb is given by  

𝑉𝑑𝑝𝑏  =
 𝑉𝑛𝑝𝑏

𝛾𝑚𝑏
  

 

Vnpb = 2.5kb dtfu 
Where,  

Vnpb = nominal bearing strength of a bolt  

kb = smallest of 
𝑒

3𝑑0
 , 

𝑝

3𝑑0 
–  0.25,  

𝑓𝑢𝑏

𝑓𝑢
, 1 

e, p = end and pitch distances of the fastener along bearing direction 

  do = diameter of hole 

  d = nominal diameter of the bolt 

  t = summation of the thickness of the connected plates experiencing  

       bearing stress in the same direction, or if the bolts are counter sunk,  

       the thickness of the plate minus one half of the depth of counter  

       sinking . 

 

 Tension Capacity of a Bolt (IS 800:2007, Clause 10.3.5, page no. 76) 

  
 The design strength of a bolt in tension Tdb 

 

𝑇𝑑𝑏 =  
𝑇𝑛𝑏

𝛾𝑚𝑏
  

 

𝑇𝑛𝑏  =  0.9 𝑓𝑢𝑏 𝐴𝑛𝑏 <  𝑓𝑦𝑏𝐴𝑠ℎ

𝛾𝑚𝑏

𝛾𝑚𝑜
 

 Where, 

Tnb = Nominal tensile capacity of the bolt, calculated as, 

fub = yield stress of the bolt 

An = Net tensile stress area = area at bottom of the threads, and 

Ash = Shank area of the bolt 

γmo = Partial safety factor for resistance governed by yielding = 1.10 

γmb = Partial safety factor for material of bolt  
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 Bolt subjected to Combined Shear and Torsion (IS 800:2007, Clause 
10.3.6, page no. 76) 

  
A bolt subjected to shear and torsion simultaneously should satisfy the 
condition  

  

(
𝑉𝑠𝑏

𝑉𝑑𝑏
)

2 

+  (
𝑇𝑏

𝑇𝑑𝑏
)

2

 ≤  1 

  

 Where,       
Vsb = Factored shear force acting on the bolt 

Vdb = Design shear capacity of the bolt 

Tb = Factored tensile force acting on the bolt 

Tdb = Design tensile capacity of the bolt 

 

 Bolt subjected to Friction (IS 800:2007, Clause 10.4.3, page no. 76) 

𝑉𝑑𝑠𝑓  =
 𝑉𝑛𝑠𝑓

𝛾𝑚𝑓
  

 

Vnsf = μf ne Kh Fo  

Where, 

μf = coefficient of friction (slip factor) as specified in Table 20 (μf = 0.55 

ne = number of effective interfaces offering frictional resistance to slip 

Kh = 1.0 for fasteners in clearance holes, 

= 0.85 for fasteners in oversized and short slotted holes loaded  

   perpendicular to the slot.  

γmf = 1.10 (if slip resistance is designed at service load 

= 1.25 (if slip resistance is designed at ultimate load 

 Fo = minimum bolt tension (proof load) at installation and may be taken  

         as Anb fo 

  Anb = Net shear area of the bolt at threads 

  fo = proof stress ( = 0.70fub ) 

 

Load Transmission by Different Types of Bolts 

 
 Load transmitted by Black Bolt (bearing type) 

Due to load the plates slip so as to come into contact with edges of 
the hole. The load transmission is by baring of the bolt and shear 
on the shank.  

 Load transmission by High Strength friction grip Bolt 
 
In this case tightening the nut tension T is transmitted to the bolt 
to reach tensile stress equal to 0.8 to 0.9 times the yield stress. 
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As a consequence of this initial tension in the bolt, the two plates 
get tightly clamped together.  
 
If the tensile force in the bolt is T, a compressive force T becomes 
the clamping force.  
 
Plates are prevented from slipping due to frictional resistance F 
whose value is μT, where μ is coefficient of friction between the 
plate surfaces.  
 
If pull P applied to the plates is less than μT, plates do not slip at 
all and the load transmission from one plate to other place entirely 
by frictional resistance only. 
  
IF the applied force P exceed μT,  slip between the plate occurs 
resulting in shearing and bearing stresses in the bolt. 
 
 
 

Strength Black bolt or 
Bearing Type 
bolt 

HSFG Bolt 

Slip 
Resistance 

Non-slip 
resistance 

Shear Strength 
 
√ 

 

 
 

√ 
 

Bearing 
Strength 

 
√ 

 

  
√ 

 

Tensile 
Strength 

  
√ 

 

 

Frictional 
Strength 

  
√ 

 

 

 
Example:1 Two plates 200mm × 8mm are to be connected by 16mm diameter 
bolts in a lap joint. Calculate the strengths for the black type (Bearing type 
bolts). Take 4.6 grade of bolts. Take ultimate tensile strength of plate = 410 
N/mm2.  
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Given Data: d = 16mm 
  do= 16 + 2 = 18 mm (Table 19, Page no. 19, Page no. 73) 
  t = thickness of plate = 8 mm 
 

 Shear Strength (IS 800:2007, Clause 10.3.3, page no. 75) 
  

𝑉𝑑𝑠𝑏  =  
𝑉𝑛𝑠𝑏

𝛾𝑚𝑏
 

 

𝑉𝑛𝑠𝑏 =  
𝑓𝑢

√3
× [𝑛𝑛𝐴𝑛𝑏  + 𝑛𝑠𝐴𝑠𝑏] 

 

                           𝑉𝑑𝑠𝑏 =  
400

√3 ×1.25
× [(1 × 0.78 × 

𝜋

4
×  162  ) + (0 ×  

𝜋

4
× 162)]  

 

     = 28.97 kN 
 

 Bearing Capacity:(IS 800:2007, Clause 10.3.4, page no. 75) 
 

   𝑉𝑑𝑝𝑏  =
 𝑉𝑛𝑝𝑏

𝛾𝑚𝑏
   

 

   Vnpb = 2.5kb dtfu 

  

                       𝑉𝑑𝑝𝑏  =
 2.5 ×  0.741 ×  16 ×  8 ×  410

1.25
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            Kb is least of  
e/3do = 40/(3 × 18) = 0.741; 

     p/3do – 0.25 = [60/(3 ×18)] – 0.25 = 0.86; 
             fub/fu = 400/410 = 0.976; 
                                      1  

               = 77.77 kN 
Example:2 Determine the design strength of 22mm dia. Bolt for the cases 
given below. 
(1). Lap Joint 
(2) Single cover butt joint with 12mm cover plate. 
(3) Double cover butt joint with 10mm cover plate. 
Consider main plate is 16mm thick. Take 4.6 grade of bolts. 
Take ultimate tensile strength of plate = 410 N/mm2.  
 
Given Data: d = 22mm 
  do= 22 + 2 = 24 mm (Table 19, Page no. 19, Page no. 73) 
  t = thickness of plate = 16 mm 
Case 1:  
 

 Shear Strength (IS 800:2007, Clause 10.3.3, page no. 75) 
  

𝑉𝑑𝑠𝑏  =  
𝑉𝑛𝑠𝑏

𝛾𝑚𝑏
 

 

𝑉𝑛𝑠𝑏 =  
𝑓𝑢

√3
× [𝑛𝑛𝐴𝑛𝑏  + 𝑛𝑠𝐴𝑠𝑏] 

 

                           𝑉𝑑𝑠𝑏    =  
400

√3×1.25
× [(1 × 0.78 × 

𝜋

4
× 222  ) + (0 ×  

𝜋

4
×  222)]  

 

        = 54.78 kN 
 Bearing Strength:(IS 800:2007, Clause 10.3.4, page no. 75) 

 

   𝑉𝑑𝑝𝑏  =
 𝑉𝑛𝑝𝑏

𝛾𝑚𝑏
   

 

   Vnpb = 2.5kb dtfu 

  

                       𝑉𝑑𝑝𝑏  =
 2.5 ×  0.556 ×  22 ×  16 ×  410

1.25
 

               = 160.48 kN 

 
     
 
 

 e = 1.5 do = 1.5 × 24 = 36 ≈40mm 
 p = 2.5d = 2.5 × 22 = 55 ≈ 60 mm 
 Kb is least of 

 e/3do = 40/(3 × 24) = 0.556; 

 p/3do – 0.25 = [60/(3 ×24)] – 0.25 = 0.58; 

 fub/fu = 400/410 = 0.976; 

 1 
 

 t = 16mm 
 d = 22mm 
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Case 2: Single cover butt joint with 12mm cover plate 
 

 Shear Strength (IS 800:2007, Clause 10.3.3, page no. 75) 
 

𝑉𝑑𝑠𝑏   = 54.78 
 

 Bearing Strength:(IS 800:2007, Clause 10.3.4, page no. 75) 
 

𝑉𝑑𝑝𝑏  =
 2.5 ×  0.556 ×  22 ×  12 ×  410

1.25
 

         = 120.36 kN 
 

Case 3: Double cover butt joint with 10mm cover plate. 
 Shear Strength (IS 800:2007, Clause 10.3.3, page no. 75) 

 
𝑉𝑑𝑠𝑏   = 2 × 54.78 = 109.56 𝑘𝑁 

 
 Bearing Strength:(IS 800:2007, Clause 10.3.4, page no. 75) 

 

𝑉𝑑𝑝𝑏  =
 2.5 ×  0.556 ×  22 ×  16 ×  410

1.25
 

         = 160.48 kN 
 

Example 3: Find the efficiency of the butt join shown in figure. Bolts are 
16mm diameter of grade 4.6. Cover plates are 8mm thick. 
 

 
 

 Shear Strength (IS 800:2007, Clause 10.3.3, page no. 75) 
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𝑉𝑑𝑠𝑏  =  
𝑉𝑛𝑠𝑏

𝛾𝑚𝑏
 

 

𝑉𝑛𝑠𝑏 =  
𝑓𝑢

√3
× [𝑛𝑛𝐴𝑛𝑏  + 𝑛𝑠𝐴𝑠𝑏] 

𝑉𝑑𝑠𝑏    =  
400

√3 × 1.25
× [(2 × 0.78 × 

𝜋

4
×  162  ) + (0 × 

𝜋

4
×  162)] 

 
    = 57.95 kN 
 

 Bearing Strength:(IS 800:2007, Clause 10.3.4, page no. 75) 
 

   𝑉𝑑𝑝𝑏  =
 𝑉𝑛𝑝𝑏

𝛾𝑚𝑏
   

 

   Vnpb = 2.5kb dtfu 

  

                       𝑉𝑑𝑝𝑏  =
 2.5 ×  0.56 ×  16 ×  12 ×  410

1.25
 

               = 88.16 kN 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑗𝑜𝑖𝑛𝑡 =  [
𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝐽𝑜𝑖𝑛𝑡 𝑝𝑒𝑟 𝑝𝑖𝑡𝑐ℎ 𝑙𝑒𝑛𝑔𝑡ℎ 

𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑜𝑙𝑖𝑑 𝑝𝑙𝑎𝑡𝑒 𝑝𝑒𝑟 𝑝𝑖𝑡𝑐ℎ 𝐿𝑒𝑛𝑔𝑡ℎ
] × 100 

 

 Strength the joint per pitch length = 57.95 kN 

 

 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑜𝑙𝑖𝑑 𝑝𝑙𝑎𝑡𝑒 𝑝𝑒𝑟 𝑝𝑖𝑡𝑐ℎ 𝑙𝑒𝑛𝑔𝑡ℎ =  
0.9𝐴𝑛𝑓𝑢

𝛾𝑚1
   ( clause no. 6.3.1, page no. 

32,IS 800:2007) 

 e  = 30mm 
 p = 50 mm 
 Kb is least of 

 e/3do = 30/(3 × 18) = 0.56; 

 p/3do – 0.25 = [50/(3 ×18)] – 0.25 = 0.67; 

 fub/fu = 400/410 = 0.976; 

 1 
 

 t = 16mm 
 d = 12mm 
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=  
0.9 × (50 − 16) × 12 × 410

1.25
 

       

            = 120.44 kN 

 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑗𝑜𝑖𝑛𝑡 =  [
57.95

120.44
] × 100 

                    = 48.11 % 

       

  

Example: An ISA 100mm × 100mm ×10mm carries a factored tensile load of 
100kN.It is to jointed with a 12mm thick gusset plate. Design high strength 
bolted joint when, 

(a) no slip is permitted. 

(b) when slip is permitted. 

 Take bolt grade =8.8 with 16mm dia. 

 

Solution:  

fub = 800 N/mm2 for 8.8 grade. 

 

(a) Slip critical connection: 

 Frictional Strenght (IS 800:2007, Clause 10.4.3, page no. 76) 

𝑉𝑑𝑠𝑓  =
 𝑉𝑛𝑠𝑓

𝛾𝑚𝑓
  

 

Vnsf = μf ne Kh Fo  

Where, 

μf = coefficient of friction (slip factor) as specified in Table 20 (μf = 0.55) 

    = 0.55 

ne = number of effective interfaces offering frictional resistance to slip 

     = 1 

Kh = 1.0 for fasteners in clearance holes, 

= 0.85 for fasteners in oversized and short slotted holes loaded  

   perpendicular to the slot.  

γmf = 1.10 (if slip resistance is designed at service load 

= 1.25 (if slip resistance is designed at ultimate load 

   

  Anb = Net shear area of the bolt at threads = (0.78 ×  
𝜋

4
×  162  ) = 157𝑚𝑚2 

  fo = proof stress ( = 0.70fub ) = 0.70 × 800 = 560 N/mm2 

 Fo = minimum bolt tension (proof load) at installation and may be taken  

         as Anb fo  = 560 × 0.157 = 87. 9 kN 
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𝑉𝑑𝑠𝑓  =
𝜇𝑓 𝑛𝑒 𝐾ℎ 𝐹𝑜 

𝛾𝑚𝑓
  

 

𝑉𝑑𝑠𝑓  =
0.55 ×  1 ×  1 ×  87.9 

1.25
  

                                               = 38.65 kN 

 

 Tension Capacity of a Bolt (IS 800:2007, Clause 10.3.5, page no. 76) 

  
 The design strength of a bolt in tension Tdb 

 

𝑇𝑑𝑏 =  
𝑇𝑛𝑏

𝛾𝑚𝑏
  

 

𝑇𝑛𝑏  =  0.9 𝑓𝑢𝑏  𝐴𝑛𝑏 

 

 𝑇𝑑𝑏 =  
0.9 𝑓𝑢𝑏 𝐴𝑛𝑏

𝛾𝑚𝑏
=

0.9 × 800 × 157

1.25
= 90.32 𝑘𝑁 

  

 

 

Bolt value = 38. 65 kN 

 

𝑁𝑜. 𝑜𝑓 𝑏𝑜𝑙𝑡 =  
100

38.65
≅ 3 

 

 

 

(a) Slip allowed connection: 

 

 Shear Strength (IS 800:2007, Clause 10.3.3, page no. 75) 
  

𝑉𝑑𝑠𝑏  =  
𝑉𝑛𝑠𝑏

𝛾𝑚𝑏
 

 

𝑉𝑛𝑠𝑏 =  
𝑓𝑢

√3
× [𝑛𝑛𝐴𝑛𝑏  + 𝑛𝑠𝐴𝑠𝑏] 

 

                           𝑉𝑑𝑠𝑏    =  
800

√3×1.25
× [(1 × 0.78 × 

𝜋

4
× 162  ) + (0 ×  

𝜋

4
×  162)]  

 

        = 58 kN 
 Bearing Strength:(IS 800:2007, Clause 10.3.4, page no. 75) 

 

   𝑉𝑑𝑝𝑏  =
 𝑉𝑛𝑝𝑏

𝛾𝑚𝑏
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   Vnpb = 2.5kb dtfu 

  

                       𝑉𝑑𝑝𝑏  =
 2.5 ×  0.56 ×  16 ×  10 ×  410

1.25
 

               = 73.47 kN 

 
 

 

 

 
 
 
 
 
 
 
 
Bolt value = 58 kN 
 

𝑁𝑜. 𝑜𝑓 𝑏𝑜𝑙𝑡 =  
100

58
= 1.72 ≅ 2 

 
     

 

Example: An I beam ISLB400@558.2 N/m  is to be connected to the web of a main beam 
ISLB550@846.6 N/m. The factor reaction of 220 kN. Design the connection if the cleat angel 
size is 110 × 110 × 6 as shown in figure. Use 20mm diameter bolts. 

 e  = 30mm 
 p = 50 mm 
 Kb is least of 

 e/3do = 30/(3 × 18) = 0.56; 

 p/3do – 0.25 = [50/(3 ×18)] – 0.25 = 0.67; 

 fub/fu = 800/410 =; 

 1 
 

 t = 10mm 
 d = 16mm 
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Properties from steel table:  

 

Properties Notation ISLB400 ISLB550 

Height  h 400 mm 550 mm 

Width of flange bf 165mm 190mm 

Thickness of flange tf 12.5mm 15mm 

Thickness of web tw 8mm 9.9mm 

 

 
 

Connection between the angles and the web of the secondary beam: 

The connecting bolts are in double shear: 

 Shear Strength (IS 800:2007, Clause 10.3.3, page no. 75) 
 

𝑉𝑑𝑠𝑏  =  
𝑉𝑛𝑠𝑏

𝛾𝑚𝑏
 

 

𝑉𝑛𝑠𝑏 =  
𝑓𝑢

√3
× [𝑛𝑛𝐴𝑛𝑏  + 𝑛𝑠𝐴𝑠𝑏] 

𝑉𝑑𝑠𝑏    =  
400

√3 × 1.25
× [(2 × 0.78 × 

𝜋

4
×  202  ) + (0 × 

𝜋

4
×  162)] 

 
    = 90.54 kN 

h 

bf 
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 Bearing Strength:(IS 800:2007, Clause 10.3.4, page no. 75) 

 

   𝑉𝑑𝑝𝑏  =
 𝑉𝑛𝑝𝑏

𝛾𝑚𝑏
   

 

   Vnpb = 2.5kb dtfu 

  

                       𝑉𝑑𝑝𝑏  =
 2.5 ×  0.606 ×  20 ×  8 ×  410

1.25
 

               = 79.51 kN 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bolt value = 79.51 kN 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑜𝑙𝑡𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 =  
220

79.51
= 2.78 ≅ 3 𝑏𝑜𝑙𝑡𝑠 

 

   

Connection between the angles and the web of the main beam: 
The connecting bolts are in single shear: 

 Shear Strength (IS 800:2007, Clause 10.3.3, page no. 75) 

   

Design strength of the bolt in single shear = 45.27 kN 

 Bearing Strength:(IS 800:2007, Clause 10.3.4, page no. 75) 

 

   𝑉𝑑𝑝𝑏  =
 𝑉𝑛𝑝𝑏

𝛾𝑚𝑏
   

 

   Vnpb = 2.5kb dtfu 

  

 e = 1.5 do = 1.5 × 22 = 33 ≈40mm 
 p = 2.5d = 2.5 × 20 = 50 ≈ 60 mm 
 Kb is least of 

 e/3do = 40/(3 × 22) = 0.606; 

 p/3do – 0.25 = [60/(3 ×20)] – 0.25 = 0.659; 

 fub/fu = 400/410 = 0.976; 

 1 
 

 t = 16mm 
 d = 22mm 
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                       𝑉𝑑𝑝𝑏  =
 2.5 ×  0.606 ×  20 ×  9.9 ×  410

1.25
 

       = 98.39 kN 

   Bolt value = 45.27 kN 

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑜𝑙𝑡𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 =  
220

45.27
= 4.85 ≅ 5 𝑏𝑜𝑙𝑡𝑠 
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Tension Member 

 

Design Steps for Tension Member: 
 
Step-1 Calculate gross area required Ag to carry the designed load T is 
obtained by the equation. (cl. no. 6.2, IS 800:2007, pg. no. 32) 

𝑇𝑑𝑔 =
𝐴𝑔𝑓𝑦

𝛾𝑚0
                                     𝐴𝑔 =

𝑇𝑑𝑔 𝛾𝑚0

 𝑓𝑦
 

 

 Where, Ag   = gross area of cross section 
    γmo = partial safety factor for failure by yielding (see Table5,page.30). 

   fy     = yield stress of material = 250 N/mm2 
 

Step-2 Select section from steel table based on gross area required. Note 
down the properties.  

 
Step-3 Check three strengths of selected cross section under tensile load. 
 

(a) Gross section Yielding 
Check gross section yielding strength from following equation (cl. no. 6.2, IS 
800:2007, pg. no. 32) 

Tdg≥ Given Loading 
 

𝑇𝑑𝑔 =
𝐴𝑔𝑓𝑦

𝛾𝑚0
 

 

(b) Net section rupture 
Plates: 
Check net section rupture strength from following equation (cl. no. 6.3.1, IS 
800:2007, pg. no. 32) 

Tdn≥ Given Loading 

 

𝑇𝑑𝑛 =
0.9𝐴𝑛𝑓𝑢

𝛾𝑚1
 

Where, An   = net effective c/s area of the member. 

            An = [b – nd0 + (ps
2/4g)]  t 

            b,t = width and thickness of plate respectively  
            d0 = diameter of bolt hole  

            g = gauge length between the bolt holes, as        
                  shown in figure, 

            ps = staggered pitch as shown in figure 
    γm1 = partial safety factor for failure at ultimate  
                     stress = 1.25 (see Table5, page.30). 

   fu     = ultimate stress of material = 410 N/mm2 
 

 

ps 
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Angles: (cl. no. 6.3.3, IS 800:2007, pg. no. 33) 
 

𝑇𝑑𝑛 =
0.9𝐴𝑛𝑐𝑓𝑢

𝛾𝑚1
+

𝛽𝐴𝑔𝑜𝑓𝑦

𝛾𝑚𝑜
 

Where, 

𝛽 = 1.4 − 0.076 [
𝑤

𝑡
] [

𝑓𝑦

𝑓𝑢
] [

𝑏𝑠

𝐿𝑐
] ≤ 0.9

𝑓𝑢

𝑓𝑦

𝛾𝑚𝑜

𝛾𝑚1
≥ 0.7 

    w= Outstand leg width 

    Lc = Length of the end connection, distance  
           between the outer most blots in the end  
           joint measured along the load direction  

           or the length of weld along the load    
          direction.  
     bs = shear lag width as shown in figure. 
    Anc = net area of connected leg, 
    Ago = gross area of outstanding leg, 
    t = thickness of leg 
 

(c) Block shear Failure 
Check block shear failure strength from following equation 

Tdb≥ Given Loading 

Block shear failure Tdb = smaller of following (cl. no. 6.4.1, IS 800:2007, pg. 
no. 33) 

  

           𝑇𝑑𝑏 =
𝐴𝑣𝑔𝑓𝑦

√3𝛾𝑚0
+

0.9𝐴𝑡𝑛𝑓𝑢

𝛾𝑚1
 (Against shear yield and tensile fracture) 

or 

𝑇𝑑𝑏 =
0.9𝐴𝑣𝑛𝑓𝑢

√3𝛾𝑚1
+ 

𝐴𝑡𝑔𝑓𝑦

𝛾𝑚0
 (Against shear fracture and tensile yielding) 

Where,  

Avg, Avn = Minimum gross and net area in shear along bolt line parallel to external  

              force respectively. 

Atg, Atn = Minimum gross and net area in tension from the bolt hole to the toe of the  

              angle end bolt line perpendicular to the line of force respectively.  

fu,fy        = ultimate and yield stress of the material respectively = 410 and 250 N/mm2 

 

Step 4: Slenderness ratio should be less than 180. (Table 3 IS 800: 2007, pg.20) 

 

𝑆𝑙𝑒𝑛𝑑𝑒𝑟𝑛𝑒𝑠𝑠 𝑟𝑎𝑡𝑖𝑜 =  
𝑙

𝑟𝑚𝑖𝑛
 

 

𝑅𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑔𝑦𝑟𝑎𝑡𝑖𝑜𝑛 =  √
𝐼

𝑦
 

rmin = minimum radius of gyration. 

I = moment of inertial  

y = distance of extreme fibre from neutral axis.  
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DESIGN OF BEAM 
LATERALLY SUPPORTED: 
STEP 1: FIND OUT ULTIMATE LOAD ON BEAM. 
Factored Ultimate Load (Factored Load) w = 1.5 × Working Load  
 
STEP 2: FIND OUT MAXIMUM BENDING MOMENT (M) AND SHEAR FORCE (V) ON BEAM. 
 
STEP 3: CALCULATE PLASTIC SECTION MODULUS REQURIED FOR TRIAL SECTION. 

𝑍𝑃(𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑) =
𝑀𝛾𝑂

𝑓𝑦
 

STEP 4: SELECT SUITABLE SECTION BASED ON Zp FROM IS: 800: 2007, PAGE NO. 138, 139. WRITE 
DOWN SE TIONAL PROPERTIES.  
 
STEP 5: SECTION CLASSIFICATION. 
a. Find out value of b/tf and d/tw . (refer Figure. 2, Page no. 19, IS 800: 2007 to find b and d) 
tf = thickness of flange tw = thickness of web. 
b. Refer Table 2, Page no. 18, IS 800: 2007 and classify the section semi-compact, compact, plastic or 
slender.  
 
STEP 6: CHECK FOR SHEAR. (Clause no. 8.4.1., Page no. 59, IS 800: 2007) 
a. Find out design shear strength Vd.  

𝑽𝒅 =
𝒇𝒚

√𝟑𝜸𝒎𝒐

𝒉𝒕𝒘 

b. Beam is checked for high / low shear case 
V ≤ 0.6 Vd low shear case  
V > 0.6 Vd high shear case  
 
STEP 6: CHECK FOR BENDING. 
a. For low shear Case (Clause no. 8.2.1.2, Page no. 53, IS 800: 2007) 

Md > M 
            Md = Design Bending Strength  
            M = Bending Moment  

 

𝑀𝑑 = 𝛽𝑏𝑍𝑝

𝑓𝑦

𝛾𝑚𝑜
 ≤ 1.2𝑍𝑒

𝑓𝑦

𝛾𝑚𝑜
 (𝑓𝑜𝑟 𝑠𝑖𝑚𝑝𝑙𝑦 𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑒𝑑 𝑏𝑒𝑎𝑚) 

                                                                 ≤ 1.5𝑍𝑒
𝑓𝑦

𝛾𝑚𝑜
 (𝑓𝑜𝑟 𝑐𝑎𝑛𝑡𝑖𝑙𝑒𝑣𝑒𝑟 𝑏𝑒𝑎𝑚) 

βb = 1 for plastic and compact sections. 
     = Ze/Zp for semi compact sections.  

               Ze = Elastic section Modulus   
Zp = Plastic section Modulus   

b. For High shear Case (Clause no. 8.2.1.3, Page no. 53, IS 800: 2007) 
Refer Clause no. 8.2.1.3, Page no. 53, IS 800: 2007. Generally low shear case is preferred.  
 
STEP 7: CHECK FOR WEB BUCKLING AT SUPPORT (Clause no. 8.7.3.1, Page no. 67, IS 800: 2007) 
a. Capacity of section = Abfcd >  V 
b.  Ab = (b1 + n1) tw when load is at support  
       Ab = (b1 + 2n1) tw when load is not at support 
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     Where, b1= stiff bearing length of load = assume between 0 to 100mm 
      n1 = for 45˚ dispersion consider h/2 
d. Find out Fcd = Design Compressive Stress considering class c and fy = 250 MPa.  

    Slenderness ratio =  
𝑘𝑙

𝑟
=

0.7𝑑

𝑟
 

    D = depth of the web between the flanges 

    r = least radius of gyration of the section = 
𝑡𝑤

2√3
 

 
STEP 7: CHECK FOR WEB CRIPPLING (Clause no. 8.7.4, Page no. 67, IS 800: 2007) 

Design crippling strength  𝐹𝑤 =  
(𝑏1+𝑛2)𝑡𝑤𝑓𝑦𝑤

𝛾𝑚𝑜
> 𝑉 

 
Where, b1 = stiff bearing length = 0 to 100 mm 

     n2 = 2.5 ( tf +r1) 
     fyw = yield stress of web  

 
STEP 8: CHECK FOR DEFLECTION 
a. Actual deflection for simply supported 

𝛿𝑚𝑎𝑥 =  
5

384

𝑤𝑙2

𝐸𝐼
 

b. Permissible deflection = Span/300 (table 6, Page no. 31, IS 800: 2007) 
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What is a Column Base? 

The column base transmits the column load to the concrete or masonry foundation blocks. In 
order to keep the intensity of bearing pressure on the foundation block within the bearing 
strength, the column base distributes the load over a larger surface. 

Column Base Definiton 

The column base is the interface between the columns and their foundation. Column base 
reduces the intensity of loading and distributing it over the foundation. The area of the column 
base or base plate is chosen so that the intensity of load distributed is less than the bearing 
capacity of concrete on which the plate resists. It also maintains the proper alignment of columns 
in a plan. 

Types of Column Base 

Based on the stability of the foundation and on the bases in the steel column, column bases are 
classified on the basis of transmitting direct load and secondary carrying an appreciable bending 
moment in addition to the direct load. Column base types are:- 

 

 Slab base 
 Gusset base 
 Grillage foundation 

Slab Base 

Slab base is provided to the column subjected to only axial load. A steel plate is used to transfer 
the load to the concrete pedestal in the case of a slab base. In the slab base, the column is 
connected to a cleat angle. The critical moment will be at the edge of the column. 



 

Gusset Base 

A gusseted base is provided when the heavy load on the column or axial load is accompanied by 
a bending moment. The column is connected to the base plate through the gusset angle and 
gusset plate. In this type of base, the load is transferred to the bearing and gusset 
simultaneously. 

Gusset material ( two gusset plates and two gusset angles) is used in the base to increase the 
bearing area consequently it reduces the thickness of the base as compared to the slab base. 
The diagram shows how they are connected with each other. 



 

 



 

 

 

 

 



 

 

 

 

 

 



 

 

Welding can be done in place of using cleat Angle. 

 



 

  

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

  

 

 



 

 

 

 



 

 

 

 GUSSET BASE  

 

 

 

 

 

 

  

 

 



 

 

CLEAT ANGLE 

 

 

 

 

 

1. connects the flanges of the column to the base plate. In addition to these, web cleats are provided to 

connect the web of the column to the base plate and to guard against the possible dislocation of the 

column during erection. 

2. cleats are used to prevent premature failing of the base connections. 
3.  


