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1. INTRODUCTION 

This document forms the Engineering Design Basis for Analysis and Design of Structural steel Members 

for proposed extension at main street, Arvagh, co. cavan.  

 

Proposed Ground Floor plan 
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Proposed First Floor plan 
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Proposed front and rear elevations 
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Proposed both side elevations 

2. MATERIAL PROPERTIES 

Material Specifications 

Section Type Hot rolled  

Material grade S355 

Design Strength 355 N/mm
2
 

Density 78.33 kN/m
3
 

Modulus of elasticity "Es" 205.0kN/mm
2
 

Shear modulus "Gs" 78846.0 MPa 

Poisson's ratio "μ" 0.3 

Co-efficient of linear expansion  12*10
-6

 / °C 

Density of Kingspan insulation 0.45 kN/m
3
 

 

3. CODES CONSIDERED 
 

Following codes are referred for analysis and design of proposed structure. 

 BS EN 1990 Eurocode Basis of Structural Design 

 EN 1993-1-1 (2005) Eurocode 3: Design of steel structures - Part 1-1: General rules and rules for 

buildings 

 EN 1991-1-1 (2002) Eurocode 1: Actions on structures - Part 1-1: General actions - 

Densities, self-weight, imposed loads for buildings 
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4. DESIGN ASSUMPTIONS 

 All members both end support conditions considered as pinned support either supported on 

main steel member or on load bearing wall and for column considered as fixed,. 

 

5. STRUCTURAL SYSTEM AND MEMBER LOCATION 

 

 

 

Beam arrangement at ground floor slab 

 

 

Beam arrangement atroofr slab 
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5.1. LOADING DATA 

5.2. Design Loads: 

Building Design  Loads will  be  in  accordance with  the more  stringent  of  either  the  

following criteria  or  as  set  forth  by  governing  local  and  national  codes.  Structural design 

will be coordinated with architectural, mechanical and electrical drawings to ensure all loads 

impacting structural elements are adequately supported.    

 

Load consideration/Assumptions: 

 

Self-weight of 150mm  Hollow core slab = 3.75kN/m
2 

Weight considered for 75mm Screed  (22kN/m2 x 0.075m)= 1.65kN/m
2 

Weight of High Density Kingspan Insulation (0.45kN/m
2 
x0.15) 0.0675kN/m 

Wall load (consider 200mm thick wall), (0.2 x2.6 x20) 10.4kN/m 

Internal partition wall load on slab per sq.m slab area = 1 kN/m2  

Live load on Roof (As per Category H of BS EN 1991-1-1:2002)= 0.5  kN/m
2 

Live load on floor (As per Category A of BS EN 1991-1-1:2002)= 2kN/m
2 

Live load on stair (As per Category H of BS EN 1991-1-1:2002)= 3kN/m
2 

Weight considered for Roofing material = 0.35 kN/m
2 

Weight considered for Roof finishes = 0.2 kN/m
2 

 

5.3. Load Combinations: 

Design Load Combinations as per EN 1993-1-1 (2005) Eurocode 3:  

 1.35DL+1.50LL  

 

Serviceability Load Combination as per EN 1993-1-1 (2005) Eurocode 3:  

 DL+LL 
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6. ANALYSIS AND DESIGN OF BEAM B2: 

Analysis and design of steel Beam B2 performed in STAAD Pro software according to EN 1993-1-1 

(2005) Eurocode 3: 

Refer below image showing view of beam B2 modeled in STAAD Pro: 

 

6.1. Member property: 
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6.2. Load calculation of Beam B2 

Calculation of Dead and Live load on steel beam, 

Dead load 

1. Self-weight of Slab of hollow core slab, 

          = (0.15 x 25kN/m
2
 + 0.075 x 22kN/m

2
 + 0.15 x 0.45kN/m

2
) 

          = 5.5kN/m
2 

                
Load on Beam B2  

          = (5.5 x 4.0)/2  

          = 11kN/m
2 

 2. 200mm thick Wall load, 

     = (0.2 x 2.6 x 20 kN/m
2
)  

     = 10kN/m 

 3. DL of roof slab, 

     = (Self-weight of pitched roof + Natural slate finish to roof) 

     = (0.35 + 0.2) 

     = 0.55kN/m
2 

    Load on Beam B2 

     = (0.55 x 4.0)/2 

     = 1.1kN/m 

Hence, Total Dead load on Beam B2 = 11kN/m + 10kN/m + 1.1kN/m  

                                                       = 22.1kN/m 
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Live Load 

  1. LL of GF slab = 2kN/m
2
 

     LL on Beam B2 = (2 x 4.0)/2 = 4.0kN/m 

     2. LL of Roof    = 0.5kN/m
2
  

     LL on Beam B2 = (0.5 x 4.0)/2 = 1kN/m 

  Hence, Total LL on Beam B2 = 4.0kN/m + 1.0kN/m = 5.0kN/m 

 

 

Dead load on beam B2 

 

Live load on beam B2 

 

Loading Diagram (1.35DL+1.5LL) 
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Shear force diagram (1.35DL+1.5LL) 

 

 

Bending Moment Diagram (1.35DL+1.5LL) 
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6.3. Utilization ratio check: 

 

 

Utility ratio of Beam B2 

 

Above Figure shows member utilization ratio. Failed members (i.e., members having utility ratio more 

than 1) will be highlighted with red colors. It can be seen from image that all members are green. Hence, 

all members have passed in design. 

6.4. Deflection check 

Below image shows displacement diagram of member having maximum vertical deflection for 

serviceability load combinations. 

 

Deflection diagram of beam B2 (DL+LL) 

 

Maximum vertical displacement of beam in Y direction= 9.401 mm 

Permissible vertical deflection = Span / 360 = 4600 /360 = 12.77 mm 

Actual maximum vertical deflection of beam = 9.401 mm < 12.77 mm (Hence, OK) 
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6.5. STAAD design output results 

STAAD output results for BEAM B2 (4.6m): 
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7. ANALYSIS AND DESIGN OF BEAM B1: 

Refer below image showing view of beam B1 modeled in STAAD Pro: 

 

Beam B1 Dimensions 
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7.1. Member Property: 

 

Beam B1 property 

 

 

Beam B1 property 

 

 

Column property 

 

 

Column property 
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Pedestal property 

 

7.2. Loading on Beam B1: 

Calculation Dead and Live load on steel beam, 

Dead load 

200mm thick Wall load, 

     = (0.2 x 2.6 x 20 kN/m
2
)  

     = 10kN/m 

 DL from Beam B2 = 51.574 kN 

 

Live Load 

 LL from Beam B2 = 11.5 kN 

 

 

Dead load on beam B1 
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Dead load on beam B1 

 

 

 

Live load on beam B1 
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Loading Diagram (1.35DL+1.5LL) 
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Shear force diagram (1.35DL+1.5LL) 

 

 

Bending Moment Diagram (1.35DL+1.5LL) 
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7.3. Utilization ratio check 

 

 

Utilization ratio of Beam B1 

 

Above Figure shows member utilization ratio. Failed members (i.e., members having utility ratio more 

than 1) will be highlighted with red colors. It can be seen from image that all members are green. Hence, 

all members have passed in design. 
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7.4. Deflection check 

Below figure shows displacement diagram of member having maximum vertical deflection for 

serviceability load combinations. 

 

Deflection diagram of beam B1 (DL+LL) 

 

Maximum vertical displacement of beam in Y direction= 5.626 mm 

Permissible vertical deflection = Span / 360 = 5100/360 = 14.167 mm 

Actual maximum vertical deflection of beam = 5.626 mm < 14.167 mm (Hence, OK) 

 

Maximum displacement of Column in X direction= 1.463 mm 

Permissible deflection = Height / 300 = 3000/300 = 10 mm 

Actual maximum deflection of beam = 1.463 mm < 10 mm (Hence, OK) 
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7.5. STAAD design output results 

STAAD output results for BEAM B1: 
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STAAD output results for Column & pedestal: 
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 Hence, provide 4nos 16dia + 6nos 12dia rebar with 10T @ 150c/c stirrups.   
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8. ANALYSIS AND DESIGN OF BEAM B3: 

Refer below image showing view of beam B3 modeled in STAAD Pro: 

 

Beam B3 Dimensions 
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8.1. Member Property: 

 

 

Beam B3 Property 

 

 

Beam B3 Property 

 

 

 

Column Property 

 

 

 
Pedestal Property 
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8.2. Loading on Beam B3 

Calculation Dead and Live load on steel beam, 

Dead load 

1. Self-weight of Slab of hollow core slab, 

          = (0.15 x 25kN/m
2
 + 0.075 x 22kN/m

2
 + 0.15 x 0.45kN/m

2
) 

          = 5.5kN/m
2 

                
Load on Beam B3 

          = (5.5 x 4.8)/2  

          = 13.2kN/m
2 

 2. 200mm thick Wall load, 

     = (0.2 x 2.6 x 20 kN/m
2
)  

     = 10kN/m 

 3. DL of roof slab, 

     = (Self-weight of pitched roof + Natural slate finish to roof) 

     = (0.35 + 0.2) 

     = 0.55kN/m
2 

    Load on Beam B3 

     = (0.55 x 4.8)/2 

     = 1.32kN/m 

Hence, Total Dead load on Beam B3 = 13.2kN/m + 10kN/m + 1.32kN/m  

                                                       = 24.52kN/m 
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Live Load 

  1. LL of GF slab = 2kN/m
2
 

     LL on Beam B3 = (2 x 4.8)/2 = 4.8kN/m 

     2. LL of Roof    = 0.5kN/m
2
  

     LL on Beam B3 = (0.5 x 4.8)/2 = 1.2kN/m 

  Hence, Total LL on Beam B3 = 4.8kN/m + 1.2kN/m = 6.0kN/m 

 

 

 

Dead load on beam B3 
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Live load on beam B3 

 

Loading Diagram (1.35DL+1.5LL) 
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Shear force diagram (1.35DL+1.5LL) 

 

Bending Moment Diagram (1.35DL+1.5LL) 

 



MGD Design of Structural Steel Members  Page 32 
 

8.3. Utilization ratio check: 

 

 

Utilization ratio of Beam B3 

 

Above shows that failed members (i.e., members having utility ratio more than 1) will be highlighted with 

red colors. It can be seen from image that all members are green. Hence, all members have passed in 

design. 
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8.4. Deflection check 

Below image shows displacement diagram of member having maximum vertical deflection for 

serviceability load combinations. 

 

Deflection diagram of beam B3 (DL+LL) 

 

Maximum vertical displacement of beam in Y direction= 2.798 mm 

Permissible vertical deflection = Span / 360 = 3600/360 = 10 mm 

Actual maximum vertical deflection of beam = 2.798 mm <10 mm (Hence, OK) 

 

Maximum displacement of Column in X direction= 0.754 mm 

Permissible deflection = Height / 300 = 3150/300 = 10.5 mm 

Actual maximum deflection of Column = 0.754 mm <10.5 mm (Hence, OK) 
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8.5. STAAD design output results 

STAAD output results for BEAM B3: 
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STAAD output results for Column & pedestal: 
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9. ANALYSIS AND DESIGN OF BEAM B4: 

Refer below image showing view of beam B4 modeled in STAAD Pro: 

 

 

 

9.1. Member Properties: 
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9.2. Load on Beam B4 

 

Calculation Dead and Live load on steel beam, 

Dead load 

1. Self-weight of Slab of hollow core slab, 

          = (0.15 x 25kN/m
2
 + 0.075 x 22kN/m

2
 + 0.15 x 0.45kN/m

2
) 

          = 5.5kN/m
2 

                
Load on Beam B4 

          = (5.5 x 4.8)/2  

          = 13.2kN/m
2 

 2. 200mm thick Wall load, 

     = (0.2 x 2.6 x 20 kN/m
2
)  

     = 10kN/m 

 3. DL of roof slab, 

     = (Self-weight of pitched roof + Natural slate finish to roof) 

     = (0.35 + 0.2) 

     = 0.55kN/m
2 

    Load on Beam B4 

     = (0.55 x 4.8)/2 

     = 1.32kN/m 

Hence, Total Dead load on Beam B4 = 13.2kN/m + 10kN/m + 1.32kN/m  

                                                       = 24.52kN/m 
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Live Load 

  1. LL of GF slab = 2kN/m
2
 

     LL on Beam B4 = (2 x 4.8)/2 = 4.8kN/m 

     2. LL of Roof    = 0.5kN/m
2
  

     LL on Beam B4 = (0.5 x 4.8)/2 = 1.2kN/m 

  Hence, Total LL on Beam B4 = 4.8kN/m + 1.2kN/m = 6.0kN/m 

 

 

Dead load on beam B4 

 

 

Live load on beam B4 
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Loading Diagram (1.35DL+1.5LL) 

 

 

 

 

Shear force diagram (1.35DL+1.5LL) 
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Bending Moment Diagram (1.35DL+1.5LL) 

9.3. Utilization ratio check: 

 

 

Utilization ratio of Beam B4 

 

Above shows that failed members (i.e., members having utility ratio more than 1) will be highlighted with 

red colors. It can be seen from image that all members are green. Hence, all members have passed in 

design. 

 

9.4. Deflection check: 

Below image shows displacement diagram of member having maximum vertical deflection for 

serviceability load combinations. 

 

Deflection diagram of beam B4 (DL+LL) 

 

Maximum vertical displacement of beam in Y direction= 1.479 mm 

Permissible vertical deflection = Span / 360 = 2000/360 = 5.55 mm 

Actual maximum vertical deflection of beam = 1.479 mm <5.55 mm (Hence, OK) 
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9.5. STAAD design output results 

STAAD output results for BEAM B4: 
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10. ANALYSIS AND DESIGN OF BEAM B5: 

Refer below image showing view of beam B5 modeled in STAAD Pro: 

 

 

10.1. Member Properties: 
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10.2. Load on Beam B5 

 

Calculation Dead and Live load on steel beam, 

Dead load 

 DL of roof slab, 

     = (Self-weight of pitched roof + Natural slate finish to roof) 

     = (0.35 + 0.2) 

     = 0.55kN/m
2 

    Load on Beam B5 

     = (0.55 x 1.9)/2 

     = 0.53kN/m 

Live Load 

      LL of Roof    = 0.5kN/m
2
  

     LL on Beam B4 = (0.5 x 1.9)/2 = 0.5kN/m 

 

 

Dead load on beam B5 

 

Live load on beam B5 
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Loading Diagram (1.35DL+1.5LL) 

 

 

 

 

Shear force diagram (1.35DL+1.5LL) 

 

 

 

Bending Moment Diagram (1.35DL+1.5LL) 
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10.3. Utilization ratio check: 

 

Utilization ratio of Beam B5 

 

Above shows that failed members (i.e., members having utility ratio more than 1) will be highlighted with 

red colors. It can be seen from image that all members are green. Hence, all members have passed in 

design. 

10.4. Deflection check: 

Below image shows displacement diagram of member having maximum vertical deflection for 

serviceability load combinations. 

 

Deflection diagram of beam B5 (DL+LL) 

 

Maximum vertical displacement of beam in Y direction= 0.049 mm 

Permissible vertical deflection = Span / 360 = 1900/360 = 5.277 mm 

Actual maximum vertical deflection of beam = 0.049 mm <5.277 mm (Hence, OK) 
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10.5. STAAD design output results 

STAAD output results for BEAM B5: 
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11. Footing Design 

 

Footing layout 
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Footing is design for conservative reaction of column over supported beam B1. 

 Support reaction 

 

 

 

Node L/C 
Force-X 
kN 

Force-Y 
kN 

Force-Z 
kN 

Moment-X 
kNm 

Moment-Y 
kNm 

Moment-Z 
kNm 

4 4 17.576 81.351 0 0 0 -30.742 

6 4 -17.576 50.501 0 0 0 36.876 
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11.1. Footing model in SAFE 

 

 

Plan view of footing F1 
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11.2. Pressure check for F1 

 

 

 

SBC considered = 150 kN/m
2
 

Max base pressure = 55 kN/m
2
 

Max Pressure < SBC….. Hence, OK 
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11.3. Top & Bottom Reinforcement for F1 

 

 

Top R/F for F1 

 

Required area of top reinforcement = 80 mm
2
/m 

Provided area of top reinforcement = 402 mm
2
/m 

Required R/F < Provided R/F….. Hence, OK 
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Bottom R/F for F1 

 

Required area of bottom reinforcement = 390 mm
2
/m 

Provided area of bottom reinforcement = 402 mm
2
/m 

Required R/F < Provided R/F….. Hence, OK 
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11.4. Punching Check 
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11.5. Provided foundation details 

 

F1 footing in drawing: 

 

 

 

 

 

Foundation schedule: 
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12. Connection design 

12.1. Base plate design for Column C1 – UB 356x127x33 

 

 Support reaction for base plate design 

 

 

 

Node L/C 
Force-X 
kN 

Force-Y 
kN 

Force-Z 
kN 

Moment-X 
kNm 

Moment-Y 
kNm 

Moment-Z 
kNm 

3 3 26.932 101.649 0 0 0 -20.367 

5 3 -26.932 58.999 0 0 0 29.22 
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12.2. Beam B2 to Beam B1 Shear Connection 

Refer below image showing beam B2 to B1 shear junction. 

 

Ground floor slab layout 
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 Refer below image showing support reactions of Beam B2: 
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12.3. Beam B1 & B3 to Column C1 Moment Connection 

Refer below image showing beam column Moment junction. 

 

Ground floor slab layout 
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 Refer below image showing Beam B1 number and node number and beam End forces: 
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12.4. Conclusion: 

Refer below image showing beam layout and member sizes for proposed structure. 

 

Ground floor slab layout 
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First floor slab layout 
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