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UNIT 1 – INTRODUCTION AND CONNECTIONS 
 
1. Find the efficiency of the lap joint shown in fig.1.with the following data: M20 bolts of 
grade 4.6 and Fe410 plates are used.  
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2. Find the maximum force which can be transferred through the double covered butt 
joint shown in fig. Find the efficiency of the joint also. Given M20 bolts of grade 4.6 and 
Fe410 steel plates are used. 
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3. Two cover plates, 10mm and 18mm thick are connected by a double cover butt joint 

using 6mm cover plates as shown in fig. Find the strength of the joint. Given M20 bolts of 

grade 4.6 and Fe410 plates are used.  
 



Page 7 

 
Estd: 2007 

 

 

ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES 
TIRUPATI -517520 

DEPARTMENT OF CIVIL ENGINEERING 

 
 

 

Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) 

 

 



Page 8 

 
Estd: 2007 

 

 

ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES 
TIRUPATI -517520 

DEPARTMENT OF CIVIL ENGINEERING 

 
 

 

Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) 

 

 
 

4. Design a lap joint between the two plates each of width 120mm,if the thickness of one 

plate is 16mm and the other is 12mm.the joint has to transfer a design load of 160Kn.the 

plates are of Fe410grade.use bearing type bolts.  
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5. Design a single bolted double cover butt joint to connect boiler plates of thickness 
12mm for maximum efficiency. Use M16 bolts of grade 4.6.boiler plates are of Fe 410 
grade. Find the efficiency of the joint 
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6. A bracket bolted to a vertical column is loaded as shown in fig. If M20 bolts of grade 
4.6 are used, determine the maximum value of factored load P which can be carried 
safely.  
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7. A bracket is bolted to the flange of a column as shown in fig. Using 8mm thick bracket 
plate. Using M20 bolts of grade 4.6 design the connection. 
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8. Design a suitable longitudinal fillet welds to connect the plates as shown in fig. To 
transmit a pull equal to the full strength of small plate. Given: plates are 12mm thick, 
grade of plates Fe410 and welding to be made in workshop.  
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9. a tie member of a roof truss consists of 2 ISA 10075, 8mm.the angles are connected to 
either side of a 10mm gusset plates and the member is subjected to a working pull of 
300Kn.design the weld connection. Assume connections are made in the workshop. 



Page 18 

 
Estd: 2007 

 

 

ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES 
TIRUPATI -517520 

DEPARTMENT OF CIVIL ENGINEERING 

 
 

 

Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) 

 
 

 



Page 19 

 
Estd: 2007 

 

 

ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES 
TIRUPATI -517520 

DEPARTMENT OF CIVIL ENGINEERING 

 
 

 

Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) 

10. Design a welded connection to connect two plates of width 200mm and thickness 
10mm for 100 percent efficiency. 
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11. A tie member consists of two ISMC 250.the channels are connected on either side of 
a 12mm thick gusset plate. Design the welded joint to develop the full strength of the tie. 
However the overlap is to be limited to 400mm. 
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12. Determine the maximum load that can resist by the bracket shown in fig. By fillet weld 
of size 6mm, if it is shop welding. 

 
 



Page 22 

 
Estd: 2007 

 

 

ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES 
TIRUPATI -517520 

DEPARTMENT OF CIVIL ENGINEERING 

 
 

 

Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) 

 
 
 
 



Page 23 

 
Estd: 2007 

 

 

ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES 
TIRUPATI -517520 

DEPARTMENT OF CIVIL ENGINEERING 

 
 

 

Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) 

13. The 10mm thick bracket plate shown in fig. Is connected with the flange of column 
ISHB 3002577N/mm. find the size of the weld to transmit a factored load of 250Kn. 
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14. Design a suitable fillet weld for the bracket shown in fig. If working load P=100Kn and 
eccentricity e=150mm.thickness of the bracket plate is 12mm and the column used is 
ISHB 300 @618N/m. 
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UNIT II – COMPRESSION MEMBERS 

 
1. in a truss a strut 3m long consists of two angles ISA 100100, 6mm. find the 

factored strength of the member if the angles are connected on both sides of 12mm 
gusset plate by 
i) One bolt 
ii) Two bolt 
iii) Welding, which makes the joint rigid. 
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2. Determine the load carrying capacity of the column section shown in fig. If its actual 
length is 4.5m.its one end may be assumed fixed and other end hinged. The grade of 
steel is Fe415. 
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3. A column am long has to support a factored load of 6000kN.the column is effectively 
held at both and restrained in direction at one of the ends. Design the column using 
beam section and plates. 
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4. Design a single angle strut connected to the gusset plate to carry 180Kn factored load. 
The length of the strut between centre to centre intersections is 3m. 
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5. Design a laced column with two channels back to back of length 10m to carry an axial 
factored load of 1400kN.the column may be assumed to have restrained in position but 
not in direction at both ends. 
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6. Design the built up section as shown in fig. Using battens. 
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7. A column section ISHB 300@577 N/m is carrying a factored axial load of 600 kN. A 
factored moment of 30N-m and a factored shear force of 60 kN. Design a suitable column 
splice. Assume ends are milled. 
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8.a upper storey column ISHB 300 @577N/m carries a factored load of 1200 kN and a 
factored moment of 12 kN-m.it is to be spliced with lower storey column ISHB 400 
@806N/m. design a suitable splice. 
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9. Design a slab base for a column ISHB 300 @577N/m carrying an axial factored load of 
1000 kN.M20 concrete is used for the foundation. Provide welded connection between 
column and base plate. 
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10. Design a gusseted base for a column ISHB 350 @710N/m with two plates 
450mmx20mm carrying a factored load of 3600 kN. The column is to be supported on 
concrete pedestal to be built with M20 concrete. 

 

 



Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) 

 
Page 20 

 
Estd: 2007 

 

 

ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES 
TIRUPATI -517520 

DEPARTMENT OF CIVIL ENGINEERING 

 

 

 

 
 
 



Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) 

 
Page 21 

 
Estd: 2007 

 

 

ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES 
TIRUPATI -517520 

DEPARTMENT OF CIVIL ENGINEERING 

 

 

 

 



Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) 

 
Page 22 

 
Estd: 2007 

 

 

ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES 
TIRUPATI -517520 

DEPARTMENT OF CIVIL ENGINEERING 

 

 

 



Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) 

 
Page 1 

 
Estd: 2007 

 

 

ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES 
TIRUPATI -517520 

DEPARTMENT OF CIVIL ENGINEERING 

 

 

 

UNIT 3 – DESIGN OF BEAMS 
 

1. A roof of a hall measuring 8mx12m consists of 100mm thick R.C slab supporting on 
steel I beam spaced 3m apart as shown in fig. The finishing load may be taken as 
1.5kN/m2.design the steel beam. 
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2. Design a simply supported beam of effective span 1.5m carrying a factored 
concentrated load of 360 kN at mid span. 
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3. check the section shown in fig for web buckling and web crippling if stiff hearing is 
over a length b1=75mm. 
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4. Determine the uniformly distributed load carrying capacity of the welded plate girder 
shown in fig. When it is used as a cantilever beam of 4m effective span and checks it for 
shear, deflection, web buckling and web crippling. Assuming stiff bearing length as 
100mm. 
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5. design a simply supported beam of 10m effective span carrying a total load of 60 kN/m. 
the depth of beam should not exceed 500mm.the compression flange of the beam is 
laterally supported by floor construction. Assume stiff end bearing is 75mm. 
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6. An ISMB 500 section IA used as a beam over a span of 6 m, with simply supported 
ends. Determine the maximum factored uniformly distributed load that the beam can 
carry if the ends are restrained against torsion but compression flange is laterally 
unsupported. 
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7. Symmetric trusses of span 20m and height 5m are spaced at 4.5m centre to centre. 
Design the channel section purlins to be placed at suitable distances to resist the 
following loads: 
Weight of sheeting including bolts=171 kN/m2 
Live load=0.4 kN/m2 
Wind load=1.2 kN/m2 
Spacing of purlins=1.4m 
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8. An ISLB 300 carrying udl of 50 kN/m has effective span of 8m.this is to be connected to 
the web of girder ISMB 450.Design the framed connection using 20mm black bolts. 
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9. An ISMB 400 beam is to be connected to an ISHB 250@537 N/m to transfer a end force 
of 140 kN. Design the double plated welded connection. 
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10. An ISMB 400 transfers an end reaction of 160 kN to the flange of an ISHB 300 
@577N/m. design an unstiffened welded seat connection. take fb=185N/mm2 
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 UNIT 4 –PLATE GIRDER 

Plate girders are typically used as long-span floor girders in buildings, as bridge girders, and 

as crane girders in industrial structures. 

Commonly term girder refers to a flexural cross section made up of a number of elements. 

They are generally considerably deeper than the deepest rolled sections and usually have webs 

thinner than rolled sections. Plate girders are at their most impressive in modern bridge construction 

where main spans of well over 200m are feasible, with corresponding cross- section depths, over the 

supports, in the range of 5-10m. 

Need: 

1. Large Spans (above 20m) 

2. Heavy Loads 

3. Road or Rail Bridges 

4. When rolled I-Sections are not available (i.e., above 500mm depth) 

Elements of Plate Girder: (Welded) 

1. Web 

2. Flanges 

3. Stiffeners (to avoid Web Buckling & Web Crippling Failure) 

a. Transverse Stiffener (Vertical) 

i. End Bearing Stiffener 

ii. Intermediate Stiffener 

b. Longitudinal Stiffener (Horizontal) 

i. 1st stiffener at 0.20d from top 

ii. 2nd stiffener at 0.50 d from top 

Selection of Stiffeners: 
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Case I: Design is Simple (similar to beam). But, uneconomical 

Case II: Economical. Example: For k=67, 

depth= 67 x tw and b= 8.4 x tf 

Stiffeners are provided to transfer transverse concentrated compressive force on the flange into the 

web and are essential for desired performance of web panels. These are referred to as bearing 

stiffeners. Intermediate web stiffeners are provided to improve its shear capacity. Design of these 

stiffeners is discussed below. 

Load bearing stiffeners Whenever there is a risk of the buckling resistance of the web being 

exceeded, especially owing to concentrated loads, load-bearing stiffeners are provided. Normally a 

web width of 20 t on both sides as shown in Fig. is assumed to act along with the stiffener provided 

to resist the compression as an equivalent cruciform shaped strut of effective length 0.7 times its 

actual length between the top and bottom flanges. The bearing stress in the stiffener is checked using 

the area of that portion of the stiffener in contact with the flange through which compressive force is 

transmitted. 

Intermediate stiffeners The intermediate stiffeners are provided to prevent out of plane buckling of 

web at the location of stiffeners. The buckling resistance Pq of the stiffener acting as a strut (with a 

cruciform section as described earlier) should be not less than (Vt -Vs) where Vt is the maximum 

shear force in the panel and Vs is the buckling resistance of web without considering tension field 

action. In its limit Vs will be equal to Vcv of the web without stiffeners. Sometimes the stiffeners are 

provided for more than one of the above purposes. In such cases stiffeners are considered for their 

satisfactory resistance under combined load effects. Such combined loads are common. 
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Flange splices A joint in the flange element provided to increase the length of flange plate is known 

as flange splice. The flange splices should be avoided as far as possible. Generally, the flange plates 

can be obtained for full length of the plate girder. In spite of the availability of full length of flange 

plates, sometimes it becomes necessary to make flange splices. Flange joints should not be located 

at the points of maximum bending moment. 

DESIGN PROCEDURE FOR PLATE GIRDER 

Design of Plate Girder: 

Step 1: Assume Self Weight of Beam @ WL/2000 

Where, 

W = Superimposed Load on 

beam L = Effective Span 

Step 2: Calculate Bending Moment & Shear Force 

Step 3: Find economical depth, d  

               d =[M. k / fy]
1/3

 

Where, k = d/tw = 67 or 100 or 200 or 250 (based on case 1, 2, 3, 4) 

             tw = k.d 

Select suitable Web Plate 

Step 4: Select suitable Flange 

Equate M = C x Z or T x Z and find Af 

Where, 

C = Compressive Force = Area of Flange x Design Stress 

= Af x (fy/mo) 

Z = Lever Arm = C/c of two flanges 

Step 5: Equate Af = b. tf and find tf and b 

Where, 

tf = thickness of flange plate b 

= 8.4 tf for Case I 

b = 13.6 tf for Case II, III, IV 

Step 6: Check for moment carrying capacity of beam 

 Md > Mu 
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Md = Z. (fy/γmo) 

Where, 

Z = Ixx / Ymax 

Ixx = 2 [b.tf
3
/12 + (b. tf) Y

2
 ] (Note: Ixx of web is negligible) 

Ymax = Neutral Axis to Top of the flange 

Step 7: Check for Shear Resistance (clause 8.4 of IS 800:2007)  

Vd > Vu 

Step 8: Check for web crippling (at supports)  

  Fw > Vu 

Fw = [(b1+n2) tw].[(fyw/ γmo)] 
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1. Design a welded plate girder of span 30m to carry on superimposed load of 35kN/m. avoid use 

of bearing and intermediate stiffeners. Use Fe415 steel. 
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2. Design a welded plate girder of span 30m to carry on superimposed load of 35kN/m. use 

intermediate stiffeners. Use Fe415 steel. 
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3. Design a truss of span 15m spacing 4m to be built near Visakhapatnam with the 

following details: 

Class of building=general with life of 50 years 

Terrain: category 2 

Max.dimension:40m Width 

of building: 15m Height at 

eve level: 8m Topography: 

less than 30
0
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UNIT 5 – DESIGN OF GANTRY GIRDER 
In manufacturing plant it is essential to provide overhead travelling crane to transport heavy 

components of machines from one place to another. The movement of the load is of three dimensional 

nature. The crane is required to lift heavy mass vertically and horizontally, also the crane with load is 

required to move along the length of the shed. The cranes are either hand-or-electrically operated. The 

crane moves on rails which are at its ends. The rails are provided on a girder known as a gantry girder. 

The gantry girder spans over gantry columns. If capacity of crane is moderate, the gantry girders rest on 

brackets connected to roof column of industrial shed. 

 

Characteristics 

 

 Design of gantry girder is a classic example of laterally unsupported beam 

 It is subjected to in addition to vertical loads and horizontal loads along and perpendicular to 

its axis 

 Loads are of dynamic nature and produce vibration 

 Compression flange requires critical attention 

 

Codal Provisions 

 

Partial safety factor for both dead load and crane load is 1.5 (Table 4, p.29) 

Partial safety factor for serviceability for both dead load and crane load is 1 (Table 4, p.29) 

Deflection Limits (Table 6, p.31) 

Category Maximum Deflection 

Vertical 

deflection 

Manually Operated – Span/500 

Electric operated- Span/750 upto 50t capacity 

Electric operated- Span/1000 over 50t capacity 

Lateral 

deflection 

Relative displacement between rails supporting 10 mm or crane- span/400 

 

Other Considerations 

 

Diaphragm must be provided to connect compression flange to roof column of industrial building to 

ensure restraint against lateral torsional buckling at ends. 

Span is considered to be simply supported to avoid bumping effect. 

 

Design Steps 

 

The design of the gantry girder subjected to lateral loads is a trial-and-error procedure. It is assumed 

that the lateral load is resisted entirely by the compression top flange of the beam and any reinforcing 

plates, channels, etc. and that the vertical load is resisted by the combined beam. Various steps involved 

in the design are as follows: 

 

1. Maximum wheel load is to be calculated. The wheel load is maximum when the trolley is closest to 

the gantry girder. This load is to be correspondingly increased for the impact. 
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2. Maximum bending moment in the gantry girder due to vertical loads is to be computed. This 

consists of the bending moment due to maximum wheel loads (including impact) and the bending 

moment due to dead load of the gantry and rails. The bending moment due to dead loads is maximum at 

the centre of the girder, whereas the bending moment due to wheel load is maximum below one of the 

wheels. For simplicity, the maximum bending moment due to dead load is directly added to the maximum 

wheel load moment. 

3. Maximum shear force is to be calculated. This consists of the shear force due to wheel loads and 

dead loads from the gantry girder and rails. 

 Generally an I-section with a channel section is chosen, though an I-section with a plate at the top 

flange may be used for light cranes. 

When the gantry is not laterally supported, the equation to be used to select a trial section is as 

follows: 

Zp = Mu/fy (1) 

Zp (trial) = kZp, (k = 1.4-1.5) (2) 

Generally, the economic depth of a gantry girder is about (1/12)th of the span. The width of the flange 

is chosen to be between (1/40) and (1/30)th of the span to prevent the excessive lateral deflection. 

4. The plastic section modulus of the assumed combined section is found out by considering a neutral 

axis which divides the area in two equal parts, at distance y to the area centroid from the neutral axis. 

Thus, 

Mp = 2fyA/2y = Ayfy, where Ay = plastic modulus Zp (3) 

5. When lateral support is provided at the compression (top) flange, the chosen section should be 

checked for the moment capacity of the whole section (clause 8.2.1.2 of IS800): 

Mdz = BbZpfy/γmo ≤ 1.2Zefy/γmo (4) 

6. Above value should be greater than applied bending moment. The top flange should be checked for 

bending in both the axes using the following interaction equation: 

(My/Mndy) + (Mz/Mndz) ≤ 1 (5) 

7. If the top (compression) flange is not supported, the buckling resistance is to be checked in the same 

way as in step 4 but replacing fy with the design bending compressive stress fbd (calculated using Section 

8.2.2 of the code). 

8. At points of concentrated load (wheel load or reactions) the web of the girder must be checked for 

local buckling and, if necessary, load carrying stiffeners must be introduced to prevent local buckling of 

the web. 

9. At points of concentrated load (wheel load or reactions) the web of the girder must be checked for 

local crushing. If necessary, bearing stiffeners should be introduced to prevent local crushing of the web. 

The maximum deflection under working loads has to be checked. 

10. The gantry girder is subjected to fatigue effects due to moving loads. Normally, light-and medium-

duty cranes are not checked for fatigue effects if the number of cycles of load is less than 5 x 106. For 

heavy-duty cranes, the gantry girders are to be checked for fatigue loads (see IS 1024 and IS 807). Refer 

section 13 of the code for design provisions for fatigue effects. The fatigue strength is to be checked at 

working loads. 
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1. Design principles of gantry girder.  

 

The step by step design procedure of a gantry girder is as follows: 

 The maximum wheel load is determined. 

 The maximum bending moment in the gantry girder due to vertical 

loads. The maximum shear force is computed. 

This consists of shear force due to wheel load and dead loads from the gantry girder and rails. The 

shear due to the wheel load is maximum when one of the wheels is at the support. 

   The lateral forces on the girder and the maximum bending moments and shear due to these are 

calculated. The position of the wheels should be same as that in step 1 and step3. 

   The plastic section modulus of the trial section is determined by 

Mp=fyx2XA/2Xy=ZPfy 

ZP,REQ=(1.4 to 1.5)Mu/fy 

 

Section is classified. 

The girder is checked for moment capacity. 

Local moment carrying capacity of the girder is checked. The 

girder is checked for buckling resistance. 

The section is checked for shear capacity. Buckling of 

the web under wheel load is checked. The girder is 

checked for bearing. 

Rivets/bolts or welds connecting the channel to the I section are designed. Deflection of the 

gantry girder is checked. 

The girder is checked for fatigue strength. 

The bracket and the connection with column are designed. 

 

2. Design a simply supported gantry girder to carry one electric overhead travelling crane,  

Given Data: 

Span of the gantry crane=6.5m 

Span of the crane girder=16m 

Crane capacity=250kN 

Self weight of crane excluding trolley=280 kN 

Self weight of the trolley=50 kN 

Minimum hook approach=1.0m 

Distance between wheels=3.5m 

Self weight of rails=0.3 kN/m 
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3. A roof truss shed is to be built in lucknow for an industry. The size of shed is 24mx40m.the 

height of building is 12m at the eves. Determine the basic wind pressure. 
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4. Design a hand operated travelling crane simply supported by gantry girder for the given data: 

Span of gantry girder = 5m Span 

of crane girder = 15m 

Crane capacity = 200 KN 

 

Self weight of crane girder excluding trolley = 200 KN Self 

weight of trolley = 30 KN 

Minimum hook approach = 1m 

Distance between wheels = 3.5m 

c/c Self weight of rails = 0.3 

KN/m 

Solution: 

 

Step : 1 For calculating maximum moment 

 

(a) Weight of trolley + load lifted by crane 

= 30+200 

=230 KN 

(b) Self weight of crane girder 

= 200 KN 

 

For maximum reaction on gantry girder, the moving load should be placed close to 

Gantry girder . 
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∑MB = 0 ie) taking moment of all forces about B RA 

X 15 – 230X7.5 =0 

RA = 4720/15 

 

= 314.67 KN 

 

This load is transferred to gantry girder through two wheels base which are at 3.5m c/c. 

 

჻ Load on gantry from each wheel 

 

= 314.67/2 

 

= 157.33 KN 

 

Factored wheel load = 157.33x 1.5 

 

= 236.00KN 

 

The maximum moment due to moving loads occur under a wheel when the C.G (Center of gravity) 

Wheel load and the wheel are equidistance from the center of girder. 

 

RB = [236X0.75 + 236 x (2.5+0.875)]/5 

 

= 194.7 kN 

 

Maximum moment at E = 194.7 x 1.625 ( from support B) 

 

= 316.38 KNm 

 

 



Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) 

 
Page 16 

 
Estd: 2007 

 

 

ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES 
TIRUPATI -517520 

DEPARTMENT OF CIVIL ENGINEERING 

 

 

Moment due to impact = 20% of max moment 

 

= 0.2 x 316.38 

 

= 63.277 KNm 

 

Assume self weight of girder = 2 KN/m 

 

჻ Dead load due to self weight + rails(given) 

 

= 2 + 0.3 

 

= 2.3 KN/m 

 

Factored dead load = 2.3 x 1.5 

 

= 3.45 KN/m 

 

Moment due to dead load = WL^2/8 

 

= 3.45 x 5^2/8 

 

= 10.781 kNm 

 

჻ Factored moment due to vertical load (MZ) 

 

= 10.781+63.277+316.38 

 

= 390.438 kNm 

 

Maximum moment due to horizontal force, 

 

Horizontal force transverse to rails = 10% of weight of trolley + load lifted 

 

= 10/100 (200+30) 

 

= 23 KN 

Assuming double framed wheels, this is distributed over 4 wheels. 

 

჻ Horizontal force on each wheel = 23/4 

 

= 5.75kN 
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Factored horizontal force on each wheel 

 

= 1.5 x 5.75 

 

= 8.625 Kn 

 

For max bending moment in gantry the position of loads is same except in horizontal, 

 

MY = 8.625/236 x 316.38 

 

= 11.56 kNm 

 

Step 2Shear force 

 

For max shear force on the girder the trailing wheel should be just on the girder. 

 

 

჻ Vertical shear due to wheel loads = 236 + 236x1.5/5 

 

= 306.8 KN 

 

Vertical shear due to impact = 0.2x306.8 

 

= 61.36 kN 

 

Vertical shear due to self weight = WL/2 

 

= 3.45X5/2 

 

= 8.625kN 

Total vertical shear = 306.8+61.36+8.625 

 

= 376.785 KN 
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By proportioning lateral shear due to surge 

 

= (8.625/236)x306.8 

 

= 11.21kN 

 

Step 3 Selection of section 

 

(i) Economic depth of section = L/12 

 

= 5000/12 

 

= 416mm ≈ 500mm 

 

(ii) Compression flange width = L/25 

 

= 5000/25 

 

= 200mm 

 

Let us try ISWB 500 with ISMC 300 on compression flange, 

 

Properties of ISWB 500 @ 9.52N/m  Properties of ISMC 300 

A = 12,122mm^2 A = 4564mm^2 

h = 500mm h = 300mm 

bf = 250mm bf = 90mm 

tf = 14.7mm tf = 13.6mm 

tw = 9.9mm tw = 7.6mm 

Izz = 522.90x10^6mm^4 
Izz 

= 6362.6x10^4mm^4 

Iyy = 29.878x10^6mm^4 
Iyy 

 

Cyy 

= 310.8x10^4mm^4 

 

= 23.6mm 
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To find N.A of the section from bottom flange (tension) 

 

Ῡ = [12122x250 + 4564x(500+7.6-23.6)]/(12122+4564) 

 

Ῡ = 314.00mm (from bottom flange) 

 

Izz = 522.90x10^6 + 12122(314-250)^2 + 310.8x10^4 + 

4564(484-314)^2 

= 1.015x10^9 mm^4 

 

Ze = Izz/y 

 

= 1.015x10^9/314 

 

= 

3.233x10^6mm^3 For compression flange about yy 

axis, 

Iyy = 14.7x250^3 /12 +6362.6x10^4 

 

= 82.766x10^6mm^4 

 



Prepared by P. Dhanabal (AP/CIVIL ENGINEERING) 

 
Page 20 

 
Estd: 2007 

 

 

ANNAMACHARYA INSTITUTE OF TECHNOLOGY AND SCIENCES 
TIRUPATI -517520 

DEPARTMENT OF CIVIL ENGINEERING 

 

 

Zey for compression flange = 82.766x10^6/150 

 

= 551.77x10^3 mm^3 

Now, plastic modulus of section 

Total area of the section = 12122 + 4564 

 

= 16686mm^2 

 

Let plastic N.A be a distance Yp from bottom flange, 

 

჻ (Yp – 14.7)x9.9+250x14.7 = A/2 

9.9Yp – 145.53+3675 = 686/2 

Yp = 4813.53/9.9 

 

=486.21mm 

 

Plastic moment capacity of section Mp = ∑Moment of forces at yield about plastic N.A Mp  

  = 147x250[486.21 – 14.7/2]x fy + [(486.21- 

14.7)/2]x9.9 fy+[(500-14.7-486.21)^2/2] x 9.9 fy 

 

+ 14.7x250[500-(14.7/2)-486.21]fy + 4564(500+13.6- 23.6-

486.21) fy 

= 1.75x10^6 fy + 2.34x10^3 fy + 23.66x10^3 fy + 17.29x10^3 

fy 

= 1.793x10^6 fy 

 

჻ Zp = Mp/fy 

 

= 1.793x10^6 mm^3 

For top flange, 

Zpy = Mp/fy = ¼ x 14.7x250^2 + ¼(300-2x13.6)^2 x 7.6 

+2x90x13.6[150 – 13.6/2] 
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= 229.68x10^3 + 141.39x10^3 + 350.55x10^3 

 

= 721.62x10^3mm^3 

 

Check for moment capacity, 

 

b/t of flange of ISWB 500 = (250-9.9)/(2x14.7) 

 

= 8.16 < 8.4є 

 

d/t of web of ISWB 500 = (500-2 x 14.7)/9.9 

 

= 47.53<84є 

 

b/t of flange of channel section ISMC 300 

 

= (90-7.6)/13.6 

 

= 6.06<8.4є 

 

჻ The section is plastic. 

 

Local moment capacity for bending in vertical plane, 

 

Mdz =( fy . Zp)/1.1 

 

= 250x1.793x10^6 / 1.1 

 

= 407.5x10^6 Nmm 

 

= 407.5 kNm 

 

1.2 x Ze fy /1.1 = 1.2x5.233x10^6x250 / 1.1 

 

= 881.72x10^6 Nmm 

 

= 881.721 kNm 

 

Lesser of two values Mdz = 

407.5kNm For top flange, Mdz= fy. 

Zp/1.1 
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= (250x721.62x10^3)/1.1 

 

= Mdy 

=150.48kNm 

 

჻ For top flange,Mdz = 150.48kNm 

 

= 

Mdy Check for combined local capacity, 

Mz/Mdz + My/Mdy ≤ 1 

390.438/407.5 + 11.56/150.48 = 0.95 + 

0.076 

= 1.02 ≈1 

 

჻ Section is adequate and economic 

Check for buckling resistance, 

Md = ẞb . Zp .fbd 

 

ẞb = 1 (for plastic section) 

 

fcr,b = 1.1π^2E/(LLT/ry)^2 [1+1/20[(LLT/ry)/(hf/tf)]^2]^0.5 LLT 

= 5.0m 

= 5000mm 

 

E = 2X10^5 

N/mm^2 hf = 500+7.6 

= 507.6mm 

 

tf =14.7mm 

 

Iyy = 29.878x10^6 + 6362.6x10^4 

 

= 93.50x10^6mm 
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fcr,b =(1.1xπ^2x10^5)/(5000/74.85)^2{1+1/20 

[(5000/74.85)/(507.6/14.7)]^2}^0.5 

= 486.59 [ 1+1/20(66.80/34.53)^2]^0.5 

 

= 530.165 N/mm^2 

 

IS code:800-2007, clause 8.2.2 

For fcr,b = 530.16 

჻ fbd = 191.34 N/mm^2 (by linear interpolation) 

 

჻Mdz = 1.0x191.34x1.793x10^6 

 

= 343.07x10^6 Nmm < 407.5x10^6 

 

 

 

Check for biaxial bending, 

 

Mdy = 

fy.Zy/1.1 Zy = 

Iyy/150 

= 93.50x10^6/150 

 

= 623.33x10^3 mm^3 

Mdy = 250x623.33x10^3/1.1 

= 141.67x10^6Nmm 

 

= 141.67 kNm 

 

 

At working load, deflection is limited to L/750 
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Maximum deflection occurs at midspan = moment of M/EI load in conjugate beam 

Reaction in conjugate beam = ½ x total M/EI diagram 

= ½ x0.75x118/EI + 118/EI x5/2 

 

= 339.25/EI 

 

EI∆ = 339.25X5/2 – 1/2X118X0.75X2 – 1/2x3.5x118x1.75/2 

 

= 848.125 – 88.8 – 180.68 

 

= 578.94 

 

EI = (2x10^5x1.015x10^9)/(1000x1000x1000) 

 

= 203x10^3 kNm^2 

 

∆ = 578.94/203x10^3 

 

= 2.85x10^-3 m 

 

= 2.85mm 
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