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Executive Summary 
 
Premier Engineering Consultants was contracted to complete the structural design, quantity 
takeoff, and structural drawings of the Gibraltar Office Building in St. John’s, 
Newfoundland for DBA Consulting Engineers Limited. The project consisted of a two-
storey (three levels) office building whose main structure was designed using steel and wood 
framing with concrete foundations. CANAM designed decking and open-web steel joists 
supported on steel beams and columns make up the floor and roof systems within the 
building. A common area on the second floor was designed using wood decking and glulam 
beams supported on steel beams and columns. 
 
Load cases resulting from wind, snow, structural self weight (dead load), and human 
occupancy (live load) were all taken into consideration in the design of all structural aspects 
of the building. The site soil conditions also had to be taken into account which provided 
design criteria for the foundations. 
 
The upper roof uses decking and joists made of both wood and steel, steels beams, and steel 
columns to resist vertical loading. The roof uses diaphragm action to resist lateral loading.  
 
The second floor design is composed of composite decking, steel joists, steel beams, and 
steel columns to transfer the loads from the second floor and the loads from the above level. 
The second floor also uses diaphragm action and cross bracing to resist the lateral loading. 
 
The main floor which is referred to as the first floor, also uses composite decking, steel 
joists, steel beams, and steel columns to transfer the loads on that floor and the loads from 
the two levels above. The main floor also has an area with a concrete slab, strip footings, 
pedestals, and spread footings. The main floor uses cross bracing and moment connections 
to resist the lateral loading.  
 
The basement uses a concrete slab with steel columns, pedestals, spread footings, foundation 
walls, and strip footings to transfer all of the office building’s loads to the underlying soils. 
Since the east side of the building is exposed to lateral loading, there is also cross bracing 
used in the basement to resist this loading.  

  
From the design selections a set of working structural drawings were developed. These 
drawings include important design notes which listed detailing design codes, design 
requirements, connection design details, and other critical design information. Other 
drawings include framing plans for the foundation, first floor, second floor, and roof, 
structural elevation drawings, cross-sectional views, and structural details. 
 



 Premier Engineering Consultants 
Faculty of Engineering and Applied Science 

Memorial University of Newfoundland 
  St. John’s, NL, A1B 3X5 

PremierEngineering@live.ca 

 

 
v 

Upon completion of the drawings, a quantity takeoff and cost estimate of the structural 
design was completed. The quantity takeoff was broken down into four sections; concrete, 
steel, wood, and decking. Each unit price included the cost of labour, delivery and 
miscellaneous supplies. There was a five percent wastage added to every subsection for 
material wastage on site and for any quantities that were missed. The subtotal of all four 
sections was three-hundred ninety-five thousand dollars. Adding thirteen percent 
harmonized sales tax to this, the total cost of this project is four-hundred forty-six thousand 
dollars. 
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2. Project Description 
 
Premier Engineering Consultants (Premier from here on in) have been contracted to 
complete the structural design, quantity takeoff, and structural drawings of an office building 
in St. John’s, Newfoundland for DBA Consulting Engineers Limited (DBA from here on 
in). Although the location has yet to be finalized, the proposed site is on the corner of 
Airport Place and Airport Road as pictured in Figure 1, and we will be using geotechnical 
information from a building across the street. 
 

 
Figure 1: Proposed Building Site 

The project consists of a two-storey (three levels) office building with an attached garage 
structure as pictured in Figure 2. The main structure was designed using steel framing with 
concrete foundations. CANAM designed steel decking and open-web steel joists supported 
on steel beams and columns makes up the floor and roof systems within the building. A 
common area on the second floor was designed using wood decking and glulam beams 
supported on steel beams and columns. 
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Figure 2: East Side of Architectural Rendering for Proposed Building 

The building has two levels of flat roofing. The upper level of the building is at a constant 
elevation even though it appears to be two levels as a parapet is located around the perimeter 
of the roof. The upper roof section without the parapet (which is over the foyers and garage) 
is supported on glulam beams acting as joists. The remaining upper and lower roofs use steel 
decking supported on open web steel joists. This structural building system supports each 
roofing system which transfers the loads to steel columns that extend from the second floor 
all the way to the basement into the concrete foundations. The foundations consist of 
pedestals, spread footings, strip footings, and foundation walls all of which were designed to 
accommodate the loads applied by the superstructure and distribute it to the underlying soil. 
 
The office building also has a cantilever window portion that wraps around the southwest 
corner of the building and a cantilever canopy roof portion which required special design 
considerations. To accommodate the cantilever windows, two levels of cantilevered channels 
were extended from the beams with channels around the perimeter to provide stability.  
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3. Project Requirements 
 
DBA contracted Premier to complete the structural design, quantity takeoff, and structural 
drawings for the Gibraltar Office Building in St. John’s, Newfoundland. The following 
components were required in the completion of the design: 

 

 Development of Structural Framing Plan; 

 Calculation of Loads; 

 Design of Roof System; 

 Design of Structural Wood; 

 Design of Structural Steel; 

 Foundation Design; 

 Drafting; 

 Quantity Takeoff; 

 Final Report; and 

 Final Presentation. 
 
All components of the project were completed accurately, according to schedule, and with 
professional integrity. Other important factors such as economics, environment, and safety 
were also considered in the design of the building structure. 
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4. Loading Cases 
 
Loading caused by climatic conditions vary by geographic location and are influenced by 
factors such as elevation, wind direction, and proximity to water. Wind and snow loads were 
the only environmental loading conditions which were taken into consideration during the 
design of the Gibraltar Office Building. Earthquake loading was originally in the scope of the 
project, but due to time constraints, it was removed. 
 
Since the Gibraltar Office Building is an office structure which will have a low human 
occupancy and will not be used as a post disaster structure, the importance factor used in the 
calculation of wind and snow loads was normal importance.  
 
Non-climatic loading, including dead and live loads, vary by floor and section of the 
Gibraltar Office Building due to expected use of the building and materials used in the 
building. The worst case loading conditions were used for this design which included: 
 

 1.25Dead Load +  1.5Live Load; 

 1.25Dead Load +  1.5Snow Load; and 

 0.9Dead Load + 1.4Wind Load. 
 
All design loading calculations are attached in Appendix A.  
 

4.1 Wind Loads 
 
Since the location for the building is not yet finalized, Premier used conservative 
assumptions while calculating wind loads. Wind loads were calculated using the National 
Building Code of Canada 2010 (NBC), Commentary I, using the equation: 
 

 
 
Where: 

p   = Wind Load (kPa); 
Iw   = Importance Factor; 
q1/50 = 1-In-50 Year Velocity Pressure (kPa);  
Ce  = Exposure Factor; and 
CpCg = External Pressure Coefficient. 

 
The 1-in-50 year velocity pressure is based on historical wind data, and it was selected 
from the NBC’s Division B, Appendix C, Table C-2. The area used was St. John’s, 
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Newfoundland. The exposure factor was calculated using NBC’s Clause 4.1.7.1(4). The 
exposure factor equation for open terrain used, as this yields a conservative value. The 
external pressure coefficients were chosen from NBC’s Commentary I, Figure I-7. 
 
The primary structural action was calculated on the exterior walls of the office building. 
The lateral bracing system was designed using primary structural action loads; however 
wind loads were also considered when designing beams for the roof sections. Uplift or 
suction, caused by the wind forces, counteract the factored and service loads imposed 
on the beams. The external pressure coefficients used for the uplift were calculated using 
the NBC’s Commentary I, Figure I-10. The calculated wind load values for the office 
building are summarized in Table 1 below and illustrated in Figure 3. 
 

Table 1: Summary of Wind Loads 

Lateral Loads Uplift 

Interior 
Frame (kPa) 

Exterior 
Frame (kPa) 

Lower 
Roof (kPa) 

Upper 
Roof (kPa) 

1.04 1.56 1.86 2.02 

 

 
Figure 3: Lateral Wind Load on Building From South Elevation 

 
 

1.56 kPa 
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4.2 Snow Loads 
 
Balanced snow loads were calculated on both the upper and lower roof levels. 
Additional loads caused by drifting around the parapet and roof level changes were 
calculated and worst-case loading was selected as summarized in Table 2. Snow loads for 
the Gibraltar Office Building were calculated using the NBC, Commentary G, using the 
equation:  
 

 
 
Where: 

S   = Snow Load (kPa); 
Is   = Importance Factor; 
Ss   = 1-In-50 Year Ground Snow Load (kPa); 
Cb  = Basic Snow Load Factor; 
Cw  = Wind Exposure Factor; 
Cs   = Slope Factor; 
Ca   = Shape Factor; and 
Sr   = 1-In-50 Year Rain Load Associated With Snow (kPa). 

 
Both the 1-in-50 year ground snow load and 1-in-50 year rain load associate with snow 
are based on historical precipitation data, and it was selected from the NBC’s Division 
B, Appendix C, Table C-2. Calculations showed that both the upper and lower roofs are 
small; therefore the basic snow load factor was 0.8. The wind exposure factor was 
determined using the NBC’s Clause 4.1.7.1.(5)(a) and the building being sheltered.  The 
slope factor was determined using the NBC’s Clause 4.1.6 and since both the upper and 
lower roofs are flat, the slope and shape factors used were 1. The calculated snow load 
values for the office building are summarized in Table 2 below and illustrated in    
Figure 4. 
 

Table 2: Summary of Snow Loads 

Upper Roof Lower Roof Cantilever Window Bays 

Balanced 
Snow Load 

(kPa) 

Maximum 
Snow Drift 

(kPa) 

Balanced 
Snow Load 

(kPa) 

Maximum 
Snow Drift 

(kPa) 

Balanced 
Snow Load 

(kPa) 

Maximum 
Snow Drift 

(kPa) 

3.02 3.02 3.02 7.15 3.02 3.02 
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Figure 4: Snow Loads on Building From West Elevation 

The upper roof with a perimeter parapet and the cantilevered windows both have drifts 
which occur due to height difference. However, the load caused by the drift is smaller 
than that caused by the balanced snow load. Therefore the drift load is taken as the 
balanced snow load. 
 
Snow loads also had to be considered around two mechanical units on the roof. 

However, since the mechanical units width are less than , the effect of the 
mechanical units on the snow load can be ignored. 
 

4.3 Dead Loads 
 
Dead loads result from the structure’s self weight. The dead load would include 
everything in the building such as mechanical and electrical systems, aesthetic materials 
(flooring), structural materials (steel beams, columns and roof membranes), and non-
structural building materials (partitions). The dead loads for each floor were calculated 
separately. The first and second floors had a consistent dead load throughout since the 
same construction materials were used. 
 
First and Second Floor Dead Load: 

 
Mechanical & Electrical  0.25 kPa 
Ceiling      0.20 kPa 
Flooring     0.10 kPa 
Concrete Slab    1.62 kPa 
Structure     0.40 kPa 
Partitions     1.00 kPa 

3.57 kPa 
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The roof was designed using two types of building materials, wood and steel. A 
common area was designed using a combination of wooden decking resting on glulam 
beams, while the remaining area was designed using steel decking resting on open web 
steel joists. 
 
Roof - Wooden Section Dead Load: 

 
Mechanical & Electrical  0.25 kPa 
Roofing & Decking   0.30 kPa 
Ceiling System    0.20 kPa 
Structure     1.21 kPa 

1.96 kPa 
 
Roof - Steel Section Dead Load: 

 
Mechanical & Electrical  0.25 kPa 
Roofing & Decking   0.30 kPa 
Ceiling System    0.20 kPa 
Structure     0.30 kPa 

1.05 kPa 
 

4.4 Live Loads 
 
Live loads result from the human occupancy of the structure. Varying live loads are 
provided in a table from the NBC’s Division B, Part 4, Table 4.1.5.3.(1). This table 
outlines all possible live loads for varying rooms and buildings. If the snow load on the 
roof is less than one kilopascal (kPa), then a live load of one kPa would be added to the 
room instead. The snow load for the Gibraltar Office Building exceeded one kPa; 
therefore, no live load is placed on the roof. The first and second floors had a consistent 
live load throughout since the building type is consistent and the floor layouts were 
similar.  

 
First and Second Floor Live Loads: 

 
4.8 kPa For Corridors, Lobbies, M&E Rooms, and Storage Areas; and 
2.4 kPa Offices, Washrooms, and Closets. 
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5. Geotechnical Information 
 

Geotechnical Report No. 121612153 prepared by Stantec Consulting Limited and dated July 
16th, 2010 for a site close to the proposed Gibraltar Office Building location provided design 
criteria for the foundation design. Although the information from this report is not for the 
exact location of the Gibraltar Office Building, the subsurface conditions will be very similar 
to the proposed site since soil conditions do not vary significantly over such a short distance. 
 
Geotechnical information such as the allowable bearing pressure (150 kPa), the ultimate 
bearing capacity (300 kPa), and unit weight of soil (18 kN/m3) was taken from the report to 
complete the concrete foundations and concrete wall designs. The report also stated that 
exterior and interior footings will have a minimum soil cover of 1200 mm or equivalent 
insulation for frost protection. As a result exterior footings will have the minimum 1200 mm 
soil cover and interior footings will have a minimum depth of 900 mm as they are less 
susceptible to frost penetration due to their interior locations and insulation.
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6. Design Analysis and Specifications 
 

6.1 Structural Framing 
 
Structural buildings can be created using a wide variety of materials and support systems. 
There are typically three different types of structural elements in a structural support 
system that includes the horizontal spanning system such as decking, joists, and beams, 
the vertical support system such as columns and footings, and the lateral support system 
such as diaphragms, cross bracing, and moment connections. These structural support 
systems are what keep structures standing. All structural design calculations will be 
attached in Appendix B.  

 
6.1.1 Structural Framing Plan 
The Gibraltar Office Building has a basement, main floor, second floor, and roof. The 
roof which is referred to as the upper roof, uses a decking and joists made of both wood 
and steel, steels beams, and steel columns. The roof uses diaphragm action to resist 
lateral loading.  
 
The second floor uses composite decking, steel joists, steel beams, and steel columns to 
transfer the loads on that floor and the loads from the above level. The second floor 
uses diaphragm action and cross bracing to resist the lateral loads.  
 
The main floor which is referred to as the first floor, also uses composite decking, steel 
joists, steel beams, and steel columns to transfer the loads on that floor and the loads 
from the two above levels. The main floor also has area with a concrete slab, strip 
footings, pedestals, and spread footings. The main floor uses cross bracing and moment 
connections to resist the lateral loading.  
 
The basement uses a concrete slab with steel columns, pedestals, spread footings, 
foundation walls, and strip footings to transfer all of the office building’s loads to the 
underlying soils. Since the east side of the building is exposed to lateral loading, there is 
also cross bracing used in the basement to resist this loading.  
  
6.1.2 Load Transfer Sketch 
In order to determine the loading on all the structural elements, a load transfer sketch 
was created to assist in determining the loading patterns on each structural element. The 
loads transfer through the decking, onto the joists that sit on beams. From the beams, 
the loads transfer to the columns and then transfer the all office building’s load to the 
foundations and into the underlying soils. These transferred loads are unfactored 
because the unfactored live load is required for deflection calculations in certain 
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structural elements. The unfactored loading transfer sketches for each of the four levels 
are attached in Appendix C.  
 

6.2 Decking 
 
Steel decking, composite decking and wood decking were used in the Gibraltar office 
Building design to resist roof and floor loads. The decking transfers the loading to the 
underlying glulam beams and open web steel joists. 
 
6.2.1 Steel Decking 
Steel decking is used to transfer snow load and dead loads to the joist systems. The steel 
decking will be required to have diaphragm action in order to resist the lateral wind 
loading. Steel decking is typically designed by steel fabricators. The steel decking selected 
for the Gibraltar Office Building is designed by CANAM and is illustrated in Figure 5. 
 

 
Figure 5: Steel Decking 

Steel decking was used for the upper roof of the building in the area of Gridlines 4 to 8, 
and A to F. To select the optimal steel deck section, the CANAM Steel Deck Catalog 
was used. Factored and unfactored loads were calculated, and the P-3615 Metric Table 
of the CANAM Catalogue was used to select a span which could resist the applied loads. 
Using the chosen deck span, maximum deflection of the decking was calculated using a 
simply supported beam analogy. Final preliminary selection comprised of a P-3615 
profile steel deck with a span of 1500 mm and 38 mm depth as summarized in Table 3. 
 

Table 3: Summary of Steel Decking Requirements: 

Structure 

Specified 
Snow Load 

(kPa) 

Specified 
Dead Load 

(kPa) 
Span 
Type 

Total 
Depth 
(mm) 

Allowable 
Deflection 

Span Between 
Supports 

(mm) 

Roof 
Deck 

3.02 0.75 
Triple 
Span 

38 
 

1500 
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6.2.2 Composite Decking 
Composite decking is typically designed using structural concrete with structural steel 
mesh. This system is used in order to create a mechanical and chemical bond between 
the steel deck, steel mesh, and concrete slab. This composite decking is illustrated in 
Figure 6.  
 

 
Figure 6: Composite Deck 

Preliminary composite decking sections were chosen for the first and second interior 
floor systems, as well as the lower roof due to the outside patio area. Each area’s 
factored and unfactored loads were calculated, and the P-3615 Composite Metric Table 
of the CANAM Catalogue was used to select a span which could resist the applied loads. 
Using the chosen decking span, maximum deflection of the decking was calculated using 
a simply supported beam analogy. Final preliminary selections of the building’s 
composite decks are summarized in Table 4. The preliminary selections use a 38 mm 
steel deck and the concrete covers both this deck and 52 mm above the top of the flute.  

 
Table 4: Summary of Composite Decking Requirements 

Structure 

Specified 
Live Load 

(kPa) 
Specified Snow Load 

(kPa) 

Specified 
Dead Load 

(kPa) 
Span 
Type 

Total 
Thickness 

Deck 
Span 
(mm) 

First 
Floor 

2.4 N/A 3.17 
Triple 
Span 

90 mm 1950 

Second 
Floor 

2.4 N/A 3.17 
Triple 
Span 

90 mm 1950 

Lower 
Roof 

N/A 
 

0.75 
Triple 
Span 

90 mm 1800 
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6.2.3 Wood Decking 
Wood decking which is pictured in Figure 7 was selected as the most optimal section for 
upper roof area between Gridlines 1 to 4, and A.3 to D.2. This area is over a common 
area on the second floor where the office building’s architect has specified wooden or 
cross laminated timber (CLT) paneling supported on glulam beams. Both wooden 
decking and CLT paneling options were considered with the most economical and 
environmentally sustainable material chosen for the final design. 
 

 
Figure 7: Wooden Decking 

Wood decking thickness and span were calculated following design criteria found in the 
Canadian Wood Council’s Wood Design Manual, 2005. Factored and unfactored loads 
were used to select a 64 mm thick commercial grade Douglas-Fir-Larch wood deck with 
a span of 3200 mm which met all deflection criteria. Using the decking span of 3200 mm 
yielded a cost estimate of seventeen thousand dollars for the area of wooden decking 
which includes the alternate glulam beam spacing that would support the decking. 

 
6.2.4 Cross Laminated Timber Paneling 
Cross laminated timber (CLT) paneling such as that pictured in Figure 8, is an 
engineered product that has layers of wood glued together. The wood’s grain alternate at 
ninety degree angles for each glued layer. 
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Figure 8: CLT Paneling Application 

The same factored and unfactored loads that were used to select the wood decking were 
used for the CLT panel selection. A double span design with a maximum panel length of 
4050 mm and a thickness of 32 mm was chosen which met all deflection criteria. Using 
the decking span of 4050 mm yielded a cost estimate of forty thousand dollars for the 
area of wooden CLT paneling which includes the alternate glulam beam spacing that 
would support the paneling. 
 
The wood decking option was chosen for the final design as it is the cheaper option. 
CLT paneling does have other benefits which should be further reviewed before the 
building is constructed. CLT paneling has inherent properties which enhance a room’s 
acoustic properties, hasten the construction process since they are large pre-fabricated 
panels, and once the panels are in place they are very airtight, increasing the energy 
efficiency of the building. These properties could potentially save the owner money in 
the long run for operating costs but further research and investigation would be 
required.  
 

6.3 Joist System 
 
Joist systems carry the loads from the decking systems and transfer it to the beams. Joist 
systems can be made from different sections including beams and open web steel joists. 
The joists can be made from different types of materials such as the more common 
materials, steel and wood. Joists are designed to resist the loading conditions as specified 
in the Canadian Institute of Steel Construction’s (CISC) Handbook of Steel 
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Construction, Tenth Edition, Clause 16.5.1, S16-01. The joist systems used in the 
Gibraltar Office Building are open web steel joists and glulam beams.  

 
6.3.1 Open Web Steel Joists 
Open web steel joists (OWSJ) are the most common joist system. They are used over 
beams because of their light weight and constructability. OWSJ are typically designed by 
a steel fabricator. The OWSJ selected for the Gibraltar Office Building are designed by 
CANAM and is pictured in Figure 9.  

 

 
Figure 9: Open Web Steel Joists 

OWSJ were designed for the first and second floor, and roof. The roof and lower roof 
on the second floor were designed for dead load and snow load while the remaining 
second floor and first floor were designed for dead load and live load. There are 89 
OWSJ in the office building but only 10 OWSJ had to be selected. To select the optimal 
preliminary OWSJ sections, the CANAM Joist Catalog was used. Factored and 
unfactored loads were calculated using the selected deck spans and joist lengths, and the 
Metric Joist Selection Tables of the CANAM Catalogue were used to select a depth 
which could resist the applied loads. Final preliminary joist selections comprised of 
OWSJ ranged from three to ten metres with a joist depth between 250 mm and 750 mm 
as summarized in Table 5. 
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Table 5: Summary of Preliminary Joist Selection 

Gridlines 
Span 
(mm) 

Specified 
Live Load 

(kPa) 
Specified Snow 

Load (kPa) 

Specified 
Dead Load 

(kPa) 

Span 
Between 

Joists (mm) 

Joist 
Depth 
(mm) 

First Floor 

B.1-C, 3-4 3 000 2.4 N/A 3.57 1950 250 

A-B, 7.5-8 4 000 2.4 N/A 3.57 1950 400 

A-C, 4-7.5 
C-F, 3-4 

9 000 2.4 N/A 3.57 1500 750 

C-F, 4-8 10,000 2.4 N/A 3.57 1500 750 

Second Floor 

C-F, 4-8 3 000 2.4 N/A 3.57 1950 250 

A-B, 7.5-8 
C-D, 3-4 

4 000 2.4 N/A 3.57 1950 400 

A.2-D.2, 1-2 7 000 N/A 
 

1.05 1800 650 

A.2-D.2, 2-3 8 000 2.4 N/A 3.57 1800 650 

A-C, 4-7.5 
C-F, 4-8 

9 000 2.4 N/A 3.57 1500 700 

Roof 

A-C, 4-8 
C-F, 4-8 

9 000 N/A 3.02 1.05 1 500 650 

 
The office building also required tie joists which tie the joists to the columns the 
building. There are a total of twenty tie joists between the first floor and roof. A typical 
tie joist is illustrated in Figure 10.  
 

 
Figure 10: Typical Interior Column and Tie Joists Detail 
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6.3.2 Glulam Beams 
Glulam (glued-laminated timber) beams are a type of structural timber product that is 
manufactured use individual pieces of timber glued together under very specific and 
controlled conditions. Glulam beams were used in this application due to their aesthetic 
appeal as pictured in Figure 11 and high strength characteristics. 
 

 
Figure 11: Glulam Beams 

Glulam beams were designed for both wood decking and CLT paneling options using 
the WoodWorks Sizer 8.2 computer program. Inputs into the Sizer program included 
the load on the beam, the span of the beam (including cantilever portion) and the 
material chosen for the beam. Deflection criteria were also input and the Sizer program 
outputted several sections which met bending and deflection criteria. The area of each 
potential section was calculated and the beam with the lowest area, and therefore lowest 
weight, was selected. For the wood decking option a 175x532 mm Douglas-Fir-Larch 
glulam beam was selected at a maximum 3200 mm centerline to centerline spacing; 
whereas the CLT paneling resulted in a 215x532 mm Douglas-Fir-Larch glulam beam 
with a maximum 4050 mm centreline to centreline spacing. As mentioned in Section 
7.2.4, the wood decking option with the 175x532 mm Douglas-Fir-Larch glulam beam 
with maximum 3200 mm spacing was chosen as the best design alternative. 
 

6.4 Beams 
 
Steel beams are integral part of the structural framing system of any building. The beams 
pick up all the loads from the open web steel joists and transfer them to the columns. 
Steel beams can be made from many different sections including but not limited to 
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WWF Sections, W Sections, Angles, and Channels. Steel beams are designed according 
to the Canadian Institute of Steel Construction’s (CISC) Handbook of Steel 
Construction, Tenth Edition.  

 
6.4.1 Steel Beams 
The Gibraltar Office Building has a total of eighty-nine beams. Only sixty-four beams 
were required to be designed due to similar beam spans and loading cases. The majority 
of the beams will be connected as illustrated in Figure 12, while others are simply 
supported on columns. 
 

 
Figure 12: Typical Beam to Beam Connection Detail 

All of the beams are designed using the Blue Beam Tables which is in accordance to the 
CISC requirements of CSA Standard G40.21-350W, ASTM A992, and A572 Grade 50 
using Clause 13.4.1.1, CSA S16-09, and Clauses 13.5 and 13.6, CSA S16-09. The beams 
for the office building are Class 1 and 2 W Sections at a minimum section size of 
W200x19. All of the beams’ lengths range from 1800 mm to 12,400 mm, but the 
unbraced lengths are all less than 1500. All of the upper and lower roof beams were 
checked for wind uplift and one beam had to have their section sizes increased.  
 
The majority of the beams were simply supported with uniform load and they were 
designed using spreadsheets for maximum moment, shear, and deflection. The other 
beams that have point loads and are not simply supported were entered into S-Frame 
and designed according to S-Frame’s output for maximum moment, shear, and 
deflection which are available on the attached Files CD. One beam was also designed 
using S-Frame and S-Steel due to lateral loading along the east side of the building where 
a moment connection was not feasible. The beam had to be designed to withstand this 
lateral load. After designing all of the beams, there was a final fifteen section sizes which 
are summarized in Table 6. 
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Table 6: Summary of Beam Design 

Beam Section Size 

B1 W200x19 

B2 W310x21 

B3 W310x24 

B4 W310x28 

B5 W360x33 

B6 W360x45 

B7 W410x39 

B8 W410x46 

B9 W460x52 

B10 W460x60 

B11 W530x66 

B12 W530x74 

B13 W610x82 

B14 W760x134 

B15 W760x161 

 
6.4.2 Steel Channels 
The Gibraltar Office Building uses steel channels for framing around cantilever windows 
along the southwest corner as seen in Figures 3 and 4. Cantilevered channels were 
designed along the top of the windows using a nominal 1 kPa dead load and calculated 
cantilevered windows snow load. Cantilevered channels were also designed along the 
base of the windows using the second floor dead and live loads. There are twenty-six 
cantilevered channels required for the cantilevered windows. Channels were also 
provided along the top and bottom of free end of the cantilevered channels in order to 
provided framing and system stability. Though, these four channels will carry no loads.  
 
The cantilevered channels were designed using the same calculation procedures and 
clauses as the beams in Section 7.4.1. The final channel section sizes are summarized in 
Table 7. The cantilevered window framing detail is illustrated in Figure 13 
 

Table 7: Summary of Channel Design 

Location Section Size Length (m) 

Top C150x12 1.323 

Bottom C150x12 1.323 

Edge C150x12 
8.534 (South) 
10.753 (West) 
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 Figure 13:  Cantilevered Window Framing Detail  

6.5 Columns 
 
Steel columns are integral part of the structural framing system of any building. The 
columns pick up all the loads from the beams and transfer them to the footings. Steel 
columns can be made from WWF Sections, W Sections, Hollow Square Sections, or 
Hollow Round Sections. Steel columns are designed according to the Canadian Institute 
of Steel Construction’s (CISC) Handbook of Steel Construction, Tenth Edition.  
 
6.5.1 Steel Columns 
The Gibraltar Office Building has twenty-nine columns in total. Only twenty-three 
columns were required to be designed due to similar column spans and loading cases. 
This brought the total number of column designs down to twenty-three columns. From 
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these columns, all the factored loads that are transferred from the beams were 
summarized in a table attached in Appendix D.  
 
All of the columns are designed according the CISC requirements of CSA Standard 
G40.20 and ASTM A500, using Clauses 13.3.1, 13.3.5, and CSA S16-09. The columns 
for the office building are Class C Hollow Square Sections and have a minimum section 
size of HSS 127x127x4.8 as illustrated in the typical beam to column connection detail in 
Figure 14.  
 

 
Figure 14: Typical Beam to Column Details 

All of the columns’ lengths range from 3660 mm to 10,980 mm, but the unbraced 
lengths are only 3660 mm with the exception of the exterior canopy column which has 
an unbraced length of 7320 mm. All the column sections were bumped up a section size 
with the exception of the four worst case scenarios at four different section sizes. Also, 
three columns sizes had to be increased due to the lateral loading. The final four sizes 
for column designs are summarized in Table 8. 
 

Table 8: Summary of Column Design 

Column Section Size Factored Load (kN) 

C1 HSS 127x127x4.8 350 

C2 HSS 152x152x4.8 565 

C3 HSS 178x178x6.4 940 

C4 HSS 203x203x8.0 1255 
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6.5.2 Column Base Plates 
Column base plates are required when the steel columns bear on the top of the concrete 
pedestals. This connection helps stabilize the column and helps distribute the building’s 
loads to the footings without exceeding the concrete bearing resistance. The column 
base plate will typically use four anchor bolts in order to facilitate the structural erection. 
In order to obtain any adhesion between the column base plate and pedestal, a small gap 
is left between them and filled with grout. A typical column-base plate-pedestal 
connection is pictured in Figure 15.   
 

 
Figure 15: Typical Column-Base Plate-Pedestal Connection Detail 

All of the base plates are designed according the CISC requirements of CSA Standard 
G40.21, using Clause 10.8, CSA A23.3-04. The base plates for the office building are 
square plates at a minimum section size of PL 160x160x10. There are only four different 
types of base plates to accommodate the four different steel columns and concrete 
pedestals. The final four sizes for column base plate designs are summarized in Table 9. 

 
Table 9: Summary of Column Base Plate Design 

Column Section Size Factored Load (kN) 

C1 PL 160x160x10 350 

C2 PL 210x210x10 565 

C3 PL 270x270x20 940 

C4 PL 310x310x20 1255 

 

6.6 Lateral Bracing 
 
Lateral bracing is used to resist and transfer the lateral loading resulting from wind 
loading and earthquake loading. Every structure can typically use multiple types of lateral 
framing including cross bracing, ‘V’ bracing, moment connections, and shear walls. 
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These framing elements transfer the lateral loading from the rooftop through the 
columns, and into the foundations and underlying soils. All of the lateral bracing is 
designed according to the Canadian Institute of Steel Construction’s (CISC) Handbook 
of Steel Construction, Tenth Edition. 
 
6.6.1 Cross Bracing 
Cross bracing is used to resist the lateral wind and earthquake loadings. They can be 
made of very many different sections of steel including rods, double angles, and hollow 
sections. The bracing can be designed in both tension and compression as it was for the 
Gibraltar Office Building. A typical ‘V’ bracing detail made of hollow square sections in 
a window bay is pictured in Figure 16. 
  

 
Figure 16: Typical HSS ‘V’ Bracing in Window Bay 

The difficulty with providing cross bracing at this office building is the windows. Since a 
large portion of the siding has windows, it was very difficult to provide cross bracing 
that is ascetically pleasing. The architect and our client agreed to put cross bracing in 
three bays with windows. The bracing was originally designed as double angles but at the 
request of the architect and our client, they requested the bracing to be made from 
hollow square sections.  
 
One level of cross bracing was required along Gridline 1, between C and D.2, and along 
Gridline D.2, between 1 and 2. Two levels of cross bracing was only required along 
Gridline F, between 4 and 5. Three levels of cross bracing were required along Gridline 
A, between 4 and 5, along Gridline 4, between D and F, and along Gridline 8, between 
A and B.  
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The required sections were input into S-Frame and the relevant load cases were applied. 
The beams and columns were modelled as beam members and the cross bracing was 
modelled as truss members. Originally, the cross bracing was modelled as angles; 
however as requested by the architecture and our client, the bracing was changed to 
hollow square sections. After running the model in S-Frame for static loading, the 
bending moment, shear force, and axial force diagrams were reviewed and compared 
with hand calculations. The model was then run using S-Steel which provided the 
optimal design sections. After analysing the S-Frame and S-Steel results, there was only 
three different sections of crossing bracing required to accommodate the lateral loading. 
The final three sizes for cross bracing designs are summarized in Table 10. 
 

Table 10: Summary of Cross Bracing Design 

Cross Bracing Section Size Factored Load (kN/m) 

CB1 HSS 127x127x4.8 18.4 

CB2 HSS 152x152x4.8 18.4 

CB3 HSS 178x178x6.4 18.4 

 
6.6.2 Moment Connections 
Moment connections are typically a last resort for lateral bracing due to the expensive 
installation of the connections themselves. The moment connections provide moment-
resisting beam-column connections using welds, bolts, or a combination of both. Both 
moment connections designed for the Gibraltar Office Building used welds and a 
combination of bolts and welds as illustrated in Figure 17. The moment connection #1 
is on the left and the moment connection #2 is on the right.    
 

 
Figure 17: Moment Connection Details 

There was originally four moment connections required for this office building. Instead 
one beam along Gridline 3 between A.1 and A.3 was designed for the lateral loading 
using S-Frame and S-Steel as a moment connection was not feasible between two 
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beams. The last two moment connections are designed for worst case scenario thus 
resulting only two moment connection designs. 
 
The two moment connections are designed according the CISC requirements of CSA 
Standard G40.21, ASTM A992, and E49XX using Clauses 13.11, 13.12.1.2, 13.13.2.2, 
and 21.3 as per CSA S16-09. The beam-column and beam-column-beam moment 
connections are along Gridline A.2 between 1 and 2. The final moment connection 
details are above in Figure 17 and the final design moments for each moment 
connection are summarized in Table 11. 

 
Table 11: Summary of Moment Connections 

Moment Connection Factored Shear (kN) Factored Moment (kNm) 

MC1 31.2 31.0 

MC2 33.7 42.6 

 
6.6.3 Diaphragm System 
A diaphragm system is composed of steel deck sheets used for roofs and floors in order 
to provide support for gravity loads between the joist and beam systems. After the 
sheets (plain decking or composite decking) are placed, they are connected by button 
punch, puddle welds or screws to provide lateral resistance and stability between the 
sheets, thus creating a diaphragm. An example of a steel deck diaphragm showing the 
fastening pattern is pictured in Figure 18.  
 

 
Figure 18: Steel deck Showing Diaphragm Fastening Pattern 

Another important aspect of diaphragm design is its connection to the flange of 
perimeter horizontal beams which provides full transfer of lateral forces to the bracing 
as illustrated in Figure 19. 
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Figure 19: Typical Steel Deck Diaphragm 

The Gibraltar Office Building’s lateral resisting system utilized two diaphragms; the 
upper roof steel deck and the second floor composite deck. Since earthquake loading 
was removed from project scope, the diaphragms were only designed for wind loads of 
1.5 kPa. To select a connection pattern, the decking was idealized as a horizontal beam 
with a span equal to the spacing of the lateral braces, which in this case is the span 
between exterior walls. Once the shear forces applied on the decking were calculated, 
the CANAM Steel Deck Diaphragm Catalogue was used to select a preliminary 
connection schedule. Using the P-3615 Diaphragm Table and Concrete Filled Decks 
Diaphragm Table, connection details for both of the building’s diaphragms were 
selected based on the calculated shear forces and decking span (distance between the 
supporting joists). The connection patterns were then checked to ensure adequate 
connections were supplied at the perimeter of the deck to prevent wind uplift and to 
fully transfer the lateral loads to the lateral braces. Deflection of the diaphragm was also 
checked to ensure the system was adequately rigid and would not deform past allowable 
limits. The diaphragm connection schedule is summarized in Table 12. 

 
Table 12: Summary of Pedestal Design 

Deck 
Deck 
Type 

Total 
Depth 

Support Fastening 
Connection Schedule 

Side-Lap Fastening 
Connection Schedule 

Upper 
Roof 

Steel 
P-3615 

28 mm 
Weld 19 mm Pattern 

36/7 
Button Punch @ 

600 mm o/c 

Second 
Floor 

Composite 
P-3615 

90 mm 
Weld 19 mm Pattern 

36/4 
Button Punch @ 

150 mm o/c 



 Premier Engineering Consultants 
Faculty of Engineering and Applied Science 

Memorial University of Newfoundland 
  St. John’s, NL, A1B 3X5 

PremierEngineering@live.ca 

 

 
28 

6.7 Concrete Foundations 
 
Foundations are designed to transfer and distribute the loads applied on the 
superstructure into the underlying soil layers. The foundation system for the Gibraltar 
Office Building consists of pedestals, spread footings, foundation walls, and strip 
footings. These foundations were designed using the geotechnical data outlined in 
Section 6 of this report, Cement Association of Canada’s (CAC) Concrete Design 
Handbook, Third Edition, and Dr. Amgad Hussein’s Design of Concrete & Masonry 
Structures course notes and examples as shown in Appendix B.5 to B.8. The slab-on-
grades were not included in the scope of this project.  

 
6.7.1 Pedestals 
Each spread footing was designed with a concrete pedestal at its center for the 
superstructure’s steel column to rest on, as pictured in Figure 20. The pedestal’s main 
purpose is to extend through the foundation wall and transfer the superstructure load to 
the foundation, so the foundation wall does not carry any column loading. It was 
assumed that there would be no load eccentricity or moments applied to the pedestals. 
Therefore, only the vertical loads from the superstructure on the columns were 
considered in the design. 
 

 
Figure 20: Typical Spread Footing with Pedestal 
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 To design the pedestals, the loads coming down from the superstructure columns were 
reviewed. Columns with similar loading and sections were grouped together and the 
highest loading case was selected per column section. With the highest load from each 
column group determined, square pedestals were designed. A total of four types of 
pedestals were required. The final four sizes for pedestal designs are summarized in 
Table 13.  
  

Table 13: Summary of Pedestal Design 

Pedestal Factored Load (kN) Width (mm) Stirrup 
Vertical 

Reinforcement 

P1 350 200 10M @ 170 mm 4 – 10M bars 

P2 565 250 10M @ 215 mm 4 – 15M bars 

P3 940 300 10M @ 291 mm 4 – 20M bars 

P4 1255 350 10M @ 291 mm 6 – 20M bars 

 
6.7.2 Spread Footings 
Spread footings receive loads from the pedestal above it. A spread footing and pedestal 
are shown above in Figure 20. As a result, four footings were required to accommodate 
the four types of pedestals. In addition to the pedestal loads, the soil weight and slab-on-
grade (SOG) weight were considered as part of the load on the footings. The live load 
on the overlying SOG was also added as a surcharge load. 
 
The height of the soil above each footing was assumed to be 1200 mm even though all 
footings will not be installed to this depth. This assumption reduced the total number of 
footings required for the office building by choosing the worst case loading scenario. 
Therefore, all footings were able to be utilized in an interior, exterior, or corner 
application. To further simplify the design process and construction, all footings were 
designed to have a corner location since this is the most critical loading location. The 
footings were also designed to be centred directly under the pedestals in order to 
eliminate load eccentricities. During the design process, the minimum number of 
reinforcement bars was calculated in both the longitudinal and transverse directions. 
Whichever direction had the more bars, was then used for each direction to simplify 
construction.  The final four spread footing designs are summarized in Table 14. 
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Table 14: Summary of Spread Footing Design 

 
6.7.3 Foundation Walls 
Foundation walls are mainly used for frost protection. The foundation walls of the 
Gibraltar Office Building were designed in principle as retaining walls as illustrated in 
Figure 21. All of the foundation walls will not have any loading on them with the 
exception of the foundation walls along Gridline F, between 4 and 8, Gridline 3, 
between C and F, and Gridline 8, between B and F. These areas will have loading 
bearing from the first floor.  
 

 
Figure 21: Typical Foundation Wall on a Strip Footing 

Foundation 
Service 

Load (kN) 
Dimension 

(mm) 
Height 
(mm) 

Reinforcement 

Longitudinal Transverse 

F1 252 1200x1200 300 
8 – 10M Bars 
@ 150 mm 

8 – 10M Bars 
@ 150 mm 

F2 405 1500x1500 350 
6 – 15M Bars 
@ 250 mm 

6 – 15M Bars 
@ 250 mm 

F3 667 2000x2000 400 
6 – 20M Bars 
@ 333 mm 

6 – 20M Bars 
@ 333 mm 

F4 901 2200x2200 450 
5 – 25M Bars 
@ 440 mm 

5 – 25M Bars 
@ 440 mm 
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For the ease of design and construction, all the foundation walls were designed the same 
under the worst case loading conditions which occur at Gridline F, between 4 and 8. 
The total height of soil against the wall is 3660 mm. The stability of the wall from 
overturning was acceptable with a factor of safety of 2.52 (allowable factor of safety was 
2.0). There is no tension at the base of the wall and local bearing stresses were limited. 
There was no need to check the stability of the wall for sliding as the slab-on-grades will 
prevent the wall from sliding. But for this stability check to be correct, during 
construction, the slab-on-grades must be poured and cured before backfilling of the 
foundation walls. The final wall foundation design is summarized in Table 15. 

 
Table 15: Summary of Foundation Wall Design 

 
 
 
 
 
 
 

 
 
As a result of a door being installed between the basement and first floor on a stair 
landing, the foundation wall had to be bumped up a metre for framing purposes along 
the south wall. The two beams along the top of this foundation wall were removed as a 
result. The foundation wall did not require redesigning as the worst case scenario was 
still located along Gridline F, between 4 and 8. 
 
6.7.4 Strip Footings 
Strip footings, such as the one in Figure 21 with a foundation wall, were designed 
around the entire Gibraltar Office Building’s perimeter spanning along the base of the 
foundation walls and along the interior building wall. The strip footings were designed 
to support small loads resulting from the foundation wall resting on it, and the joists 
resting on the foundation walls along Gridline F, between 4 and 8, Gridline 3, between 
C and F, and Gridline 8, between B and F. 
 
Strips footings receive loads from the foundation walls above it. In addition to the 
foundation wall loads, the soil weight and slab-on-grade (SOG) weight were considered 
as part of the load on the footings. The live load on the overlying SOG was also added 
as a surcharge load. 
 

Foundation 
Wall Face 

Height of 
Soil 

Wall 
Thickness 

Reinforcement 

Longitudinal Transverse 

Front of Wall 3660 mm 190 mm 
15M Bars @ 

500 mm 
15M Bar @ 

500 mm 

Back of Wall 3660 mm 190 mm 
25M Bars @ 

500 mm 
15M Bar @ 

500 mm 
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The maximum load was chosen from Gridline F, between 4 and 8 and was used to 
design the strip footing. The same strip footing design was utilized for the entire 
building to simplify design and construction. The final strip footing design is 
summarized in Table 16. 
 

Table 16: Summary of Stripping Footing Design 

Service Load 
(kN/m) 

Width 
(mm) 

Height 
(mm) 

Reinforcement 

Longitudinal Transverse 

27.27 400 150 
15M Bars @ 

450 mm 
15M Bars @ 

400 mm 
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7. Drawings 
 
The most important deliverable for any design project is a good, clean, working set of 
drawings. The structural drawings that was required for this project was a set of general 
notes, foundation plan, framing plans for each floor, structural elevations, structural cross-
sections, and structural details. 
 
The drawing number for the set of general notes drawing is WS-1.01. The general notes are 
broken down into the following three sections: 
 

 Structural steel and steel deck notes; 

 Structural wood and wood deck notes; and 

 Concrete and foundation general notes.  
 
These general notes are used for detailing design codes, design requirements, connection and 
design details, and other critical design information. The contractor must adhere to these 
general notes in order for the design of this office building to be successfully completed.  
 
The foundation plan and framing plans for each floor are located under the same drawing 
number which is WS-2.01 to WS-2.04. These four plans indicate the concrete and steel 
designs as required for the office building. They also provide the location of the cross-
sections. The foundation plan includes: 
 

 Top of foundation wall elevations and lengths; 

 Four concrete pedestal designs; 

 Four concrete spread footing designs and their layouts; and 

 Strip footing layout.  
 
The other three framing plans for the first floor, second floor, and roof include: 
 

 All the open web steel joists and glulam beams layouts; 

 All the beam and channel sizes and their layouts; 

 Four steel column designs and their layouts; 

 Three cross-bracing designs and their layouts; 

 Two moment connections and their layouts; and 

 The location and type of materials for the upper roof decking.  
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The structural elevations and cross-sections are located under the same drawing number 
which is WS-5.01 to WS-5.07. These seven plans indicate the location of the concrete and 
steel designs as required for the office building. The structural elevations are laid out on each 
cardinal direction and they include: 
 

 Steel structural members including decking, open web steel joists, beams, channels, 
columns, and cross bracing; 

 Wood structural members including wood decking and glulam beams; and 

 Concrete structural members including foundation walls, strip footings, pedestals, 
and spread footings. 

 
The three cross-section drawings are labelled as A, B, and C and they are sections of the 
foundations, first floor, second floor, and roof twice along the east-west direction and once 
along the north-south direction. The cross-section drawings include all the items as laid out 
for the structural elevations.  
 
The drawing number for structural detail drawings is WS-6.01 to WS-6.03. The structural 
details indicate the concrete, steel, and wood designs and their connections in detail that are 
required for the office building. The multiple structural details are laid out on each sheet and 
the details include:  
 

 Wood decking connections; 

 Open web steel joists (typical joists and tie joists) and glulam beam connections; 

 Glulam beam to steel beam connection detail; 

 Beam, channel, and column connections; 

 Column base plate details; 

 Cross bracing connection detail; 

 Moment connection details; 

 Column-Base Plate-Pedestal connection; 

 Interior and exterior concrete pedestals and spread footing design details; 

 Concrete wall and strip footing design details; and 

 Critical wall section details. 
 

The set of general notes, foundation plan, framing plans for each floor, structural elevations, 
structural cross-sections, and structural details drawings are all attached in Appendix E.  
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8. Quantity Takeoff 
 
A quantity takeoff is used to estimate the total amount of materials required for the 
completion of a contract for a project. The total cost associated with those required 
materials is also provided. The quantity takeoff is typically split into sections for material 
types which include a description, the unit of measurement, the total required quantity per 
description, the unit price per unit, and the total cost of that description. Typically, a cost is 
added for wastage of that description.  
 
The cost estimate of a quantity takeoff would typically include the cost for labour, delivery, 
and miscellaneous supplies. Instead of having separate sections for these items, the unit cost 
per description would include these items.  
 
The quantity takeoff for the Gibraltar Office Building was a Class-B (pre-tender) estimate 
and it was broken down into four sections, concrete, steel, wood, and decking. Each unit 
price includes the cost for labour, delivery, and miscellaneous supplies. There is a five 
percent wastage added to every subsection for material wastage on site and for any quantities 
that were missed. The area per floor for this office building is approximately 512 m2 
 
The concrete section includes six subsections including spread footings, pedestals, 
foundation walls, strip footings, slab-on-grades, and control joints. All units are in cubic 
metres with the exception of control joints (metres) and the total quantity of concrete 
required for this project is 100.8 m3. The unit costs for these subsections range from 
$520/m3 to $700/m3 with the exception of control joints ($10/m). The total cost of required 
concrete is $58,000.  
 
The steel section includes six subsections including beams, columns, lateral bracing, 
channels, open web steel joists, and column base plates. All units are in tonnes and the total 
quantity of steel required for this project is 45.08 tonnes. The unit cost for these subsections 
is $4700/tonne. The total cost of required steel is $212,000.  
 
The wood section includes three subsections including wood decking, cross laminated 
timber (CLT) panels, and glulam beams. The quantity and cost estimate for this section 
depends entirely on the cheaper option, wood decking or CLT panels. The units for the 
decking options are in square metres and the total quantity of wood decking required for this 
project is 225.5 m2. The units for the glulam beams is in metres and the total required 
quantity for the wood decking option is 162.0 m, while the total required quantity for the 
CLT panels option is 126.0 m.  
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The unit cost for wood decking and CLT panels is $57/m2 and $161/m2, respectively. The 
unit cost for the glulam beams is $26/m. The total cost of the wood decking option and 
CLT panel option is $17,000 and $40,000 respectively. Therefore, the wood decking option 
is cheaper, thus the total cost of required wood is $17,000.  
 
The decking section includes two subsections including composite decking and steel 
decking. All units are in square metres and the total quantity of decking required for this 
project is 2102.6 m2. The unit cost for these subsections range from $35/m2 to $110/m2. 
The total cost of required decking is one-hundred eight thousand dollars. 
 
The subtotal of all four sections is $395,000. Adding thirteen percent harmonized sales tax to 
this subtotal comes out to be $51,000. The grand total cost of this project is $446,000. The 
final quantity takeoff sheets are attached in Appendix F.  
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9. Conclusions 
 
Each building has a unique structural support system designed that is based on the vertical 
and lateral loadings applied on it. The Gibraltar Office Building utilized a main structural 
system composed of steel and wood framing with concrete foundations. CANAM designed 
decking and open web steel joists are supported on steel beams. Columns make up the floor 
and roof systems within the building. A common area on the second floor was designed 
using wood decking and glulam beams supported on steel beams and columns. 
 
Final building designs included decking and joists made of both wood and steel, steel beams, 
and steel columns to resist vertical loadings on the upper roof. The second and first floors 
were designed using composite decking, steel joists, steel beams, and steel columns to 
transfer the loads through the pedestals and foundation walls to the spread and strip 
footings, respectively, where the foundations are located in the basement and on the main 
floor areas. 
 
Lateral loading was resisted by the building using diaphragm action in the roof decking and 
second floor composite decking. To pass the loads resisted by the diaphragms to the 
foundations, cross bracing was used at each level. 
 
To represent the design selections of the Gibraltar Office Building, a full set of working 
structural drawings were developed. The drawings have important general notes, framing 
plans for the foundation, first floor, second floor, and roof, structural elevation drawings, 
cross-sectional views, and structural details. Review of the drawings yielded a quantity 
takeoff and cost estimate of the building’s structural aspects which came to a subtotal of 
$395,000. Adding thirteen percent harmonized sales tax to this, the total cost of this project 
is $446,000. 
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Appendix A: Load Calculations
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A.1: Wind Loads 
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A.2: Snow Loads 
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A.3: Dead Loads 



 



Wooden Roof Dead Loads: 
 
Wooden Deck 
Assume a 68 mm deck thickness 
Use Douglas Fir (unseasoned) force = 5.34 kN/m3 (taken from table on pg 5-56 of Steel code) 
Wooden deck load = wwd = (5.34 kN/m3)(0.068m) = 0.363 kN/m2 

 

Wooden Beams 
Assume a depth of 600 mm and a width of 400 mm 
Assume a 1500 mm span between beams 
Beam Span = 7928 mm 
Tributary area = (1.5 m)(7.928 m) = 11.89 m2 

Load due to a beam = (0.6 m)(0.4 m)(7.928 m)(5.34 kN/m3) = 10.16 kN 
Distributed load due to beam =    Load due to a beam  = 10.16 kN = 0.854 kN/m2 
        Tributary Area      11.89 m2 

 

Total structural load due to wood = 0.85 kN/m2 +0.363 kN/m2 = 1.21 kN/m2 

 

 

Calculated on February 14, 2013 by Jean Gibbons 



 

  

 
 
 
 

Appendix B: Design Calculations 
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B.1: Decking and Joists 
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B.2: Beams and Channels 
 





Basic Data:

Beam ID: Gridlines:

Span: L = 6.300 m Width: W = 5.367 m E = 200,000          MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.96 kPa αDL = 1.25

Loading:

USL = 16.21 kN/m UDL = 10.52 kN/m wf = 37.46 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 118.00 kN Mf = 185.86 kNm Δallow = 17.50 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 480 kN Mr = 227 kNm

Ix = mm
4 m = 39 kg/m

37.46 kN/m

6.300 m

59.00 kN 59.00 kN

W410x39

095.0E+06

 Design Engineer: AS Date: 26/02/13

A.3 Between 2 & 3B45

Checked By: AH

Note: NEED TO 

CHECK FOR UPLIFT!
B45W410x39

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

Beam Size:

W410x39

Nominal Mass:

127.0E+06

Moment of Inertia:

Final Beam Size For Gridline A.3 Between 2 & 3

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.443 m Width: W = 2.65 m E = 200,000          MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.96 kPa αDL = 1.25

Loading:

USL = 8.00 kN/m UDL = 5.19 kN/m wf = 18.50 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 31.84 kN Mf = 27.41 kNm Δallow = 9.56 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

18.50 kN/m

3.443 m

31.84 kN 31.84 kN

Final Beam Size For Gridline A.1 Between 3 & 4 W200x19

W200x19 B46
Note: NEED TO 

CHECK FOR UPLIFT!

007.7E+06

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

Beam Size:

B46 A.1 Between 3 & 4

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 4.270 m Width: W = 4.37 m E = 200,000   MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.05 kPa αDL = 1.25

Loading:

USL = 13.20 kN/m UDL = 4.59 kN/m wf = 25.53 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 54.51 kN Mf = 58.19 kNm Δallow = 11.86 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

25.53 kN/m

4.270 m

54.51 kN 54.51 kN

Final Beam Size For Gridline A Between 4 & 7 W310x21

W310x21 B47

Note: NEED TO 

CHECK FOR 

UPLIFT!

024.1E+06

W310x21

Moment of Inertia: Nominal Mass:

037.0E+06

Beam Size:

B47 A Between 4 & 7

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 2.569 m Width: W = 4.37 m E = 200,000    MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.05 kPa αDL = 1.25

Loading:

USL = 13.20 kN/m UDL = 4.59 kN/m wf = 25.53 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 32.80 kN Mf = 21.06 kNm Δallow = 7.14 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

25.53 kN/m

2.569 m

32.80 kN 32.80 kN

Final Beam Size For Gridline B Between 7.5 & 8 W200x19

W200x19 B49

Note: NEED TO 

CHECK FOR 

UPLIFT!

005.2E+06

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

Beam Size:

B49 B Between 7.5 & 8

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.443 m Width: W = 3.776 m E = 200,000          MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.96 kPa αDL = 1.25

Loading:

USL = 11.40 kN/m UDL = 7.40 kN/m wf = 26.36 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 45.37 kN Mf = 39.05 kNm Δallow = 9.56 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

26.36 kN/m

3.443 m

45.37 kN 45.37 kN

Final Beam Size For Gridline B.5 Between 3 & 4 W200x19

W200x19 B50
Note: NEED TO 

CHECK FOR UPLIFT!

010.9E+06

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

Beam Size:

B50 B.5 Between 3 & 4

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.443 m Width: W = 5.4 m E = 200,000          MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.96 kPa αDL = 1.25

Loading:

USL = 16.31 kN/m UDL = 10.58 kN/m wf = 37.69 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 64.89 kN Mf = 55.85 kNm Δallow = 9.56 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

37.69 kN/m

3.443 m

64.89 kN 64.89 kN

Final Beam Size For Gridline C Between 3 & 4 W310x21

W310x21 B51
Note: NEED TO 

CHECK FOR UPLIFT!

015.6E+06

W310x21

Moment of Inertia: Nominal Mass:

037.0E+06

Beam Size:

B51 C Between 3 & 4

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 4.270 m Width: W = 8.747 m E = 200,000          MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.05 kPa αDL = 1.25

Loading:

USL = 26.42 kN/m UDL = 9.18 kN/m wf = 51.10 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 109.11 kN Mf = 116.47 kNm Δallow = 11.86 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 396 kN Mr = 168 kNm

Ix = mm
4 m = 33 kg/m

51.10 kN/m

4.270 m

109.11 kN 109.11 kN

Final Beam Size For Gridline C Between 4 & 7 W360x33

W360x33 B52
Note: NEED TO 

CHECK FOR UPLIFT!

048.2E+06

W360x33

Moment of Inertia: Nominal Mass:

082.7E+06

Beam Size:

B52 C Between 4 & 7

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 4.562 m Width: W = 4.222 m E = 200,000   MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.96 kPa αDL = 1.25

Loading:

USL = 12.75 kN/m UDL = 8.28 kN/m wf = 29.47 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 67.22 kN Mf = 76.66 kNm Δallow = 12.67 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 350 kN Mr = 102 kNm

Ix = mm
4 m = 24 kg/m

29.47 kN/m

4.562 m

67.22 kN 67.22 kN

Final Beam Size For Gridline E Between 3 & 4 W310x24

W310x24 B55

Note: NEED TO 

CHECK FOR 

UPLIFT!

028.4E+06

W310x24

Moment of Inertia: Nominal Mass:

042.7E+06

Beam Size:

B55 E Between 3 & 4

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 5.125 m Width: W = 5.703 m E = 200,000          MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.05 kPa αDL = 1.25

Loading:

USL = 17.22 kN/m UDL = 5.99 kN/m wf = 33.32 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 85.38 kN Mf = 109.40 kNm Δallow = 14.24 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 396 kN Mr = 168 kNm

Ix = mm
4 m = 33 kg/m

33.32 kN/m

5.125 m

85.38 kN 85.38 kN

Final Beam Size For Gridline F Between 4 & 8 W360x33

W360x33 B56
Note: NEED TO 

CHECK FOR UPLIFT!

054.3E+06

W360x33

Moment of Inertia: Nominal Mass:

082.7E+06

Beam Size:

B56 F Between 4 & 8

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 5.259 m Width: W = 2.54 m E = 200,000   MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.96 kPa αDL = 1.25

Loading:

USL = 7.67 kN/m UDL = 4.98 kN/m wf = 17.73 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 46.62 kN Mf = 61.29 kNm Δallow = 14.61 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

17.73 kN/m

5.259 m

46.62 kN 46.62 kN

Final Beam Size For Gridline 4 Between C & D W310x21

W310x21 B60

Note: NEED TO 

CHECK FOR 

UPLIFT!

026.1E+06

W310x21

Moment of Inertia: Nominal Mass:

037.0E+06

Beam Size:

B60 4 Between C & D

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 8.758 m Width: W = 1.969 m E = 200,000          MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.05 kPa αDL = 1.25

Loading:

USL = 5.95 kN/m UDL = 2.07 kN/m wf = 11.50 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 50.38 kN Mf = 110.30 kNm Δallow = 24.33 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 480 kN Mr = 227 kNm

Ix = mm
4 m = 39 kg/m

11.50 kN/m

8.758 m

50.38 kN 50.38 kN

Final Beam Size For Gridline 8 Between C & F W410x39

W410x39 B64
Note: NEED TO 

CHECK FOR UPLIFT!

093.6E+06

W410x39

Moment of Inertia: Nominal Mass:

127.0E+06

Beam Size:

B64 8 Between C & F

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 5.587 m Width: W = 0.642 m E = 200,000          MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.05 kPa αDL = 1.25

Loading:

USL = 1.94 kN/m UDL = 0.67 kN/m wf = 3.75 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 10.48 kN Mf = 14.64 kNm Δallow = 15.52 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

3.75 kN/m

5.587 m

10.48 kN 10.48 kN

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

B65 8 Between B & C

007.9E+06

Beam Size:

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

Final Beam Size For Gridline 8 Between B & C W200x19

W200x19 B65
Note: NEED TO 

CHECK FOR UPLIFT!V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.152 m Width: W = 0.642 m E = 200,000          MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.05 kPa αDL = 1.25

Loading:

USL = 1.94 kN/m UDL = 0.67 kN/m wf = 3.75 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 5.91 kN Mf = 4.66 kNm Δallow = 8.76 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

3.75 kN/m

3.152 m

5.91 kN 5.91 kN

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

B66 8 Between A & B

001.4E+06

Beam Size:

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

Final Beam Size For Gridline 8 Between A & B W200x19

W200x19 B66
Note: NEED TO 

CHECK FOR UPLIFT!V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 6.300 m Width: W = 6.18 m E = 200,000          MPa

SL = 3.02 kPa αSL = 1.5

DL = 1.96 kPa αDL = 1.25

Loading:

USL = 18.66 kN/m UDL = 12.11 kN/m wf = 43.14 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 135.88 kN Mf = 214.01 kNm Δallow = 17.50 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 480 kN Mr = 227 kNm

Ix = mm
4 m = 39 kg/m

43.14 kN/m

6.300 m

67.94 kN 67.94 kN

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 06/03/13

Checked By: AH

B67 C Between 2 & 3

109.4E+06

Beam Size:

W410x39

Moment of Inertia: Nominal Mass:

127.0E+06

Final Beam Size For Gridline C Between 2 & 3 W410x39

Note: NEED TO 

CHECK FOR UPLIFT!
W410x39 B67V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 1.837 m Width: W = 4.00 m

SL = 3.02 kPa αSL = 1.5 E = 200,000          MPa

DL = 1.96 kPa αDL = 1.25

Loading:

USL = 12.08 kN/m UDL = 7.84 kN/m wf = 27.92 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 25.64 kN Mf = 11.78 kNm Δallow = 5.10 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

27.92 kN/m

1.837 m

25.64 kN 25.64 kN

Simply Supported Beam Sizing For Roof

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

B68

001.8E+06

Beam Size:

2.1 Between D.1 & E

3 Between A.1 & A.3

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

W200x19

Note: NEED TO 

CHECK FOR UPLIFT!
W200x19 B68

Final Beam Size For Gridlines 2.1 Between D.1 & E, 3 Between A.1 & A.3

V V 



Gridline: USL = 18.66 kN/m Beam Size:

43.14 kN/m UDL = 12.11 kN/m Vr = 303 kN

Vf = 68.59 kN Mr = 89.1 kNm

1.590 m Mf = 54.53 kNm Ix = 037.0E+06 mm
4

68.59 kN Δallow = 8.83 mm m = 21 kg/m

Ireq = 008.4E+06 mm
4

Gridline: USL = 13.19 kN/m Beam Size:

25.52 kN/m 53.68 kN UDL = 4.59 kN/m Vr = 396 kN

2.569 Vf = 92.3 kN Mr = 168 kNm

5.125 m m Mf = 152.57 kNm Ix = 082.7E+06 mm
4

92.30 kN 92.17 kN Δallow = 14.24 mm m = 33 kg/m

Ireq = 041.6E+06 mm
4

Gridline: USL = 26.42 kN/m Beam Size:

51.10 kN/m 44.55 kN UDL = 9.18 kN/m Vr = 498 kN

2.569 Vf = 153.29 kN Mr = 242 kNm

5.125 m m Mf = 224.85 kNm Ix = 122.0E+06 mm
4

153.29 kN 153.17 kN Δallow = 14.24 mm m = 45 kg/m

Ireq = 083.3E+06 mm
4

A Between 7 & 8

A Between 7 & 8

W360x45

W360x33 B48

W360x45 B53

C Between 7 & 8

Checked By: AS

W310x21

W310x21 B44

W360x33

Roof Beams Calculated Using S-Frame

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE Design Engineer: JG Date: 16/03/13

V 

V V V 

V V V 



Checked By: AS

Roof Beams Calculated Using S-Frame

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE Design Engineer: JG Date: 16/03/13

Gridline: USL = 16.32 kN/m Beam Size:

37.73 kN/m 25.64 kN UDL = 10.59 kN/m Vr = 680 kN

1.119 m Vf = 165.49 kN Mr = 338 kNm

1.600 m 7.928 m Mf = 287.88 kNm Ix = 212.0E+06 mm
4

219.62 kN 165.48 kN Δallow = 26.47 mm m = 52 kg/m

Ireq = 158.6E+06 mm
4

Gridline: USL = 12.08 kN/m Beam Size:

246.98 kN 27.92 kN/m UDL = 7.84 kN/m Vr = 2141 kN

6.618 Vf = 304.79 kN Mr = 1760 kNm

m 12.359 m Mf = 1289.67 kNm Ix = 001.9E+09 mm
4

287.26 kN 304.78 kN Δallow = 34.33 mm m = 161 kg/m

Ireq = 534.5E+06 mm
4

Gridline: USL = 12.08 kN/m Beam Size:

228.91 27.92 kN/m 45.37 UDL = 7.84 kN/m Vr = 1650 kN

6.618 3.49 Vf = 327.67 kN Mr = 1440 kNm

m 12.359 m m Mf = 1318.91 kNm Ix = 001.5E+09 mm
4

291.68 kN 327.67 kN Δallow = 34.33 mm m = 134 kg/m

Ireq = 534.5E+06 mm
4

W760x134

W760x134 B58

3 Between A.1 & A.3 W760x161

W760x161

W460x52 B54

3 Between A.1 & A.3

B57

W460x523 Between A.3 & C

V V 

V V 

 

      V 

V 

V 

V V V 

 kN  kN 



Checked By: AS

Roof Beams Calculated Using S-Frame

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE Design Engineer: JG Date: 16/03/13

Gridline: USL = 7.67 kN/m Beam Size:

67.22 kN 17.73 kN/m UDL = 4.98 kN/m Vr = 241 kN

0.305 Vf = 92.39 kN Mr = 58.1 kNm

m 3.500 m Mf = 38.37 kNm Ix = 016.6E+06 mm
4

92.39 kN 36.88 kN Δallow = 9.72 mm m = 19 kg/m

Ireq = 007.7E+06 mm
4

Gridline: USL = 7.67 kN/m Beam Size:

45.37 kN 17.73 kN/m UDL = 4.98 kN/m Vr = 396 kN

2.251 Vf = 72.28 kN Mr = 168 kNm

m 5.236 m Mf = 117.79 kNm Ix = 082.7E+06 mm
4

72.28 kN 65.92 kN Δallow = 14.54 mm m = 33 kg/m

Ireq = 025.8E+06 mm
4

Gridline: USL = 7.67 kN/m Beam Size:

17.73 kN/m 31.84 kN UDL = 4.98 kN/m Vr = 241 kN

1.187 Vf = 52.09 kN Mr = 58.1 kNm

3.500 m m Mf = 49.34 kNm Ix = 016.6E+06 mm
4

41.83 kN 52.07 kN Δallow = 9.72 mm m = 19 kg/m

Ireq = 007.7E+06 mm
4

W200x19 B59

W200x194 Between C & D

4 Between B.1 & C

4 Between A & B.1

B61

W200x19

W360x33

W200x19 B62

W360x33

V V V 

V V 

V V V 

V 



Checked By: AS

Roof Beams Calculated Using S-Frame

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE Design Engineer: JG Date: 16/03/13

Gridline: USL = 3.87 kN/m Beam Size:

7.49 kN/m 32.80 kN UDL = 1.35 kN/m Vr = 480 kN

3.152 Vf = 53.69 kN Mr = 227 kNm

8.736 m m Mf = 132.07 kNm Ix = 127.0E+06 mm
4

44.55 kN 53.68 kN Δallow = 24.27 mm m = 39 kg/m

Ireq = 060.5E+06 mm
4

Gridline: USL = 18.66 kN/m Beam Size:

43.14 kN/m UDL = 12.11 kN/m Vr = 746 kN

Vf = 177.98 kN Mr = 397 kNm

1.600 m 7.928 m Mf = 311.89 kNm Ix = 255.0E+06 mm
4

246.98 kN 164.03 kN Δallow = 26.47 mm m = 60 kg/m

Ireq = 181.4E+06 mm
4

3 Between A.3 & C W460x60

W460x60 B67

7.5 Between A & C

W410x39 B63

W410x39

V V V 

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 6.300 m Width: W = 0.745 m E = 200,000          MPa

SL = 7.15 kPa αSL = 1.5

DL = 2.47 kPa αDL = 1.25

Loading:

USL = 5.33 kN/m UDL = 1.84 kN/m wf = 10.29 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 32.41 kN Mf = 51.05 kNm Δallow = 17.50 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

10.29 kN/m

6.300 m

32.41 kN 32.41 kN

Note: NEED TO 

CHECK FOR UPLIFT!
B19W310x21

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

Beam Size:

W310x21

Nominal Mass:

037.0E+06

Moment of Inertia:

Final Beam Size For Gridline A.2 & D.2 Between 1 & 2 W310x21

031.2E+06

 Design Engineer: AS Date: 16/06/13

A.2 & D.2 Between 1 & 2B19

Checked By: AH

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 7.928 m Width: W = 0.745 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 1.79 kN/m UDL = 2.66 kN/m wf = 6.01 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 23.81 kN Mf = 47.19 kNm Δallow = 22.02 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

6.01 kN/m

7.928 m

23.81 kN 23.81 kN

B20 A.2 & D.2 Between 2 & 3

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/06/13

Checked By: AH

020.9E+06

W310x21

Moment of Inertia: Nominal Mass:

037.0E+06

Beam Size:

Final Beam Size For Gridline A.2 & D.2 Between 2 & 3 W310x21

W310x21 B20V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.443 m Width: W = 2.65 m E = 200,000   MPa

LL = 4.8 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 12.72 kN/m UDL = 9.46 kN/m wf = 30.91 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 53.20 kN Mf = 45.80 kNm Δallow = 9.56 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

30.91 kN/m

3.443 m

53.20 kN 53.20 kN

B21 A.1 Between 3 & 4

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/06/13

Checked By: AH

012.2E+06

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

Beam Size:

Final Beam Size For Gridline A.1 Between 3 & 4 W200x19

W200x19 B21V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 4.270 m Width: W = 4.369 m E = 200,000    MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 10.49 kN/m UDL = 15.60 kN/m wf = 35.23 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 75.21 kN Mf = 80.28 kNm Δallow = 11.86 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

35.23 kN/m

4.270 m

75.21 kN 75.21 kN

B22 A Between 4 & 7

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/06/13

Checked By: AH

019.1E+06

W310x21

Moment of Inertia: Nominal Mass:

037.0E+06

Beam Size:

Final Beam Size For Gridline A Between 4 & 7 W310x21

W310x21 B22V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 2.569 m Width: W = 4.37 m E = 200,000          MPa

LL = 4.8 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 20.98 kN/m UDL = 15.60 kN/m wf = 50.97 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 65.46 kN Mf = 42.04 kNm Δallow = 7.14 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

50.97 kN/m

2.569 m

65.46 kN 65.46 kN

B24 B Between 7.5 & 8

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/06/13

Checked By: AH

008.3E+06

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

Beam Size:

Final Beam Size For Gridline B Between 7.5 & 8 W200x19

W200x19 B24V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.443 m Width: W = 3.776 m E = 200,000          MPa

LL = 4.8 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 18.12 kN/m UDL = 13.48 kN/m wf = 44.04 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 75.81 kN Mf = 65.25 kNm Δallow = 9.56 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

44.04 kN/m

3.443 m

75.81 kN 75.81 kN

B25 B.5 Between 3 & 4

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/06/13

Checked By: AH

017.3E+06

W310x21

Moment of Inertia: Nominal Mass:

037.0E+06

Beam Size:

Final Beam Size For Gridline B.5 Between 3 & 4 W310x21

W310x21 B25V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.443 m Width: W = 3.062 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 7.35 kN/m UDL = 10.93 kN/m wf = 24.69 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 42.50 kN Mf = 36.58 kNm Δallow = 9.56 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

24.69 kN/m

3.443 m

42.50 kN 42.50 kN

B26 C Between 3 & 4

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/06/13

Checked By: AH

007.0E+06

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

Beam Size:

Final Beam Size For Gridline C Between 3 & 4 W200x19

W200x19 B26V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 4.270 m Width: W = 8.749 m E = 200,000   MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 21.00 kN/m UDL = 31.23 kN/m wf = 70.54 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 150.60 kN Mf = 160.77 kNm Δallow = 11.86 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 480 kN Mr = 227 kNm

Ix = mm
4 m = 39 kg/m

70.54 kN/m

4.270 m

150.60 kN 150.60 kN

B27 C Between 4 & 7

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/06/13

Checked By: AH

038.3E+06

W410x39

Moment of Inertia: Nominal Mass:

127.0E+06

Beam Size:

Final Beam Size For Gridline C Between 4 & 7 W410x39

W410x39 B27V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.443 m Width: W = 1.937 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 4.65 kN/m UDL = 6.92 kN/m wf = 15.62 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 26.88 kN Mf = 23.14 kNm Δallow = 9.56 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

15.62 kN/m

3.443 m

26.88 kN 26.88 kN

B29 C.5 Between 3 & 4

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/06/13

Checked By: AH

004.4E+06

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

Beam Size:

Final Beam Size For Gridline C.5 Between 3 & 4 W200x19

W200x19 B29V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 5.125 m Width: W = 5.702 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 13.68 kN/m UDL = 20.36 kN/m wf = 45.97 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 117.80 kN Mf = 150.94 kNm Δallow = 14.24 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 396 kN Mr = 168 kNm

Ix = mm
4 m = 33 kg/m

45.97 kN/m

5.125 m

117.80 kN 117.80 kN

B30 F Between 4 & 8

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/06/13

Checked By: AH

043.2E+06

W360x33

Moment of Inertia: Nominal Mass:

082.7E+06

Beam Size:

Final Beam Size For Gridline F Between 4 & 8 W360x33

W360x33 B30V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 6.889 m Width: W = 3.15 m E = 200,000   MPa

SL = 5.3 kPa αSL = 1.5

DL = 2.47 kPa αDL = 1.25

Loading:

USL = 16.70 kN/m UDL = 7.78 kN/m wf = 34.77 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 119.76 kN Mf = 206.25 kNm Δallow = 19.14 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 578 kN Mr = 275 kNm

Ix = mm
4 m = 46 kg/m

34.77 kN/m

6.889 m

119.76 kN 119.76 kN

B31 1 Between A.2 & D.2

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/06/13

Checked By: AH

127.9E+06

W410x46

Moment of Inertia: Nominal Mass:

156.0E+06

Beam Size:

Final Beam Size For Gridline 1 Between A.2 & D.2 W410x46

W410x46 B31

Note: NEED TO 

CHECK FOR 

UPLIFT!

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 6.889 m Width: W = 7.114 m E = 200,000          MPa

SL = 7.15 kPa αSL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

USL = 50.87 kN/m UDL = 25.40 kN/m wf = 108.04 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 372.16 kN Mf = 640.95 kNm Δallow = 19.14 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 1170 kN Mr = 683 kNm

Ix = mm
4 m = 82 kg/m

108.04 kN/m

6.889 m

372.16 kN 372.16 kN

B32 2 Between A.2 & D.2

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/06/13

Checked By: AH

389.8E+06

W610x82

Moment of Inertia: Nominal Mass:

560.0E+06

Beam Size:

Final Beam Size For Gridline 2 Between A.2 & D.2 W610x82

W610x82 B32
Note: NEED TO 

CHECK FOR UPLIFT!V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.500 m Width: W = 0.54 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 1.30 kN/m UDL = 1.93 kN/m wf = 4.35 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 7.62 kN Mf = 6.67 kNm Δallow = 9.72 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

4.35 kN/m

3.500 m

7.62 kN 7.62 kN

Final Beam Size For Gridline 4 Between D & F W200x19

W200x19 B36

B36 4 Between D & F

001.3E+06

Beam Size:

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

 Design Engineer: AS Date: 16/06/13

Checked By: AH

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 8.758 m Width: W = 1.969 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 4.73 kN/m UDL = 7.03 kN/m wf = 15.88 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 69.52 kN Mf = 152.21 kNm Δallow = 24.33 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 396 kN Mr = 168 kNm

Ix = mm
4 m = 33 kg/m

15.88 kN/m

8.758 m

69.52 kN 69.52 kN

Final Beam Size For Gridline 8 Between C & F W360x33

W360x33 B41

B41 8 Between C & F

074.4E+06

Beam Size:

W360x33

Moment of Inertia: Nominal Mass:

082.7E+06

 Design Engineer: AS Date: 16/06/13

Checked By: AH

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 5.587 m Width: W = 1.285 m E = 200,000          MPa

LL = 4.8 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 6.17 kN/m UDL = 4.59 kN/m wf = 14.99 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 41.86 kN Mf = 58.47 kNm Δallow = 15.52 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

14.99 kN/m

5.587 m

41.86 kN 41.86 kN

Final Beam Size For Gridline 8 Between B & C W310x21

W310x21 B42

B42 8 Between B & C

025.2E+06

Beam Size:

W310x21

Moment of Inertia: Nominal Mass:

037.0E+06

 Design Engineer: AS Date: 16/06/13

Checked By: AH

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.152 m Width: W = 1.285 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 3.08 kN/m UDL = 4.59 kN/m wf = 10.36 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 16.33 kN Mf = 12.87 kNm Δallow = 8.76 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

10.36 kN/m

3.152 m

16.33 kN 16.33 kN

Final Beam Size For Gridline 8 Between A & B W200x19

W200x19 B43

B43 8 Between A & B

002.3E+06

Beam Size:

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

 Design Engineer: AS Date: 16/06/13

Checked By: AH

Simply Supported Beam Sizing For Second Floor

Project: Gibraltar Office Building Project #: 13.001

V V 



Gridline: ULL = 20.97 kN/m Beam Size:

50.94 kN/m 205.31 kN UDL = 15.59 kN/m Vr = 927 kN

2.569 Vf = 233.45 kN Mr = 484 kNm

5.125 m m Mf = 430.3 kNm Ix = 351.0E+06 mm
4

233.45 kN 232.93 kN Δallow = 14.24 mm m = 66 kg/m

Ireq = 066.1E+06 mm
4

Gridline: ULL = 41.99 kN/m Beam Size:

102.01 kN/m 187.07 kN UDL = 31.23 kN/m Vr = 1170 kN

2.569 Vf = 355.18 kN Mr = 683 kNm

5.125 m m Mf = 574.61 kNm Ix = 560.0E+06 mm
4

355.18 kN 354.70 kN Δallow = 14.24 mm m = 82 kg/m

Ireq = 132.5E+06 mm
4

Gridline: ULL = 10.68 kN/m Beam Size:

26.88 kN 35.87 kN/m UDL = 15.88 kN/m Vr = 578 kN

3.017 Vf = 138.68 kN Mr = 275 kNm

m 6.890 m Mf = 255.34 kNm Ix = 156.0E+06 mm
4

138.68 kN 135.34 kN Δallow = 19.14 mm m = 46 kg/m

Ireq = 081.9E+06 mm
4

W610x82 B28

C Between 7 & 8

W410x46 B33

Second Floor Beams Calculated Using S-Frame

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE

W530x66 B23

W610x82

 Design Engineer: JG Date: 16/03/13

Checked By: AS

W530x66A Between 7 & 8

W410x463 Between C & D.2

V V V 

V V V 

V V V 



Second Floor Beams Calculated Using S-Frame

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE Design Engineer: JG Date: 16/03/13

Checked By: AS

Gridline: ULL = 35.55 kN/m Beam Size:

75.81 kN 86.38 kN/m UDL = 26.44 kN/m Vr = 927 kN

2.251 Vf = 294.14 kN Mr = 484 kNm

m 5.743 m Mf = 446.56 kNm Ix = 351.0E+06 mm
4

294.15 kN 277.77 kN Δallow = 15.95 mm m = 66 kg/m

Ireq = 157.8E+06 mm
4

Gridline: ULL = 35.55 kN/m Beam Size:

23.81 kN 86.38 kN/m UDL = 26.44 kN/m Vr = 350 kN

0.402 Vf = 96.61 kN Mr = 102 kNm

m 1.808 m Mf = 40.24 kNm Ix = 042.7E+06 mm
4

96.61 kN 43.15 kN 83.39 kN Δallow = 5.02 mm m = 24 kg/m

Ireq = 004.9E+06 mm
4

Gridline: ULL = 2.46 kN/m Beam Size:

26.88 kN 8.27 kN/m UDL = 3.66 kN/m Vr = 303 kN

1.386 Vf = 41.54 kN Mr = 89.1 kNm

m 5.259 m Mf = 50.25 kNm Ix = 037.0E+06 mm
4

41.55 kN 28.84 kN Δallow = 14.61 mm m = 21 kg/m

Ireq = 008.4E+06 mm
4

3 Between A.3 & C

3 Between A.1 & A.3

4 Between C & D

W310x24 B35

W530x66 B34

W310x21

W310x21 B37

W530x66

W310x24

V V V 

V V V 

V V V 



Second Floor Beams Calculated Using S-Frame

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE Design Engineer: JG Date: 16/03/13

Checked By: AS

Gridline: ULL = 19.12 kN/m Beam Size:

75.81 kN 46.45 kN/m UDL = 14.22 kN/m Vr = 578 kN

2.251 Vf = 164.83 kN Mr = 275 kNm

m 5.236 m Mf = 253.34 kNm Ix = 156.0E+06 mm
4

164.83 kN 154.20 kN Δallow = 14.54 mm m = 46 kg/m

Ireq = 064.3E+06 mm
4

Gridline: ULL = 19.12 kN/m Beam Size:

46.45 kN/m 53.20 kN UDL = 14.22 kN/m Vr = 380 kN

1.187 Vf = 116.5 kN Mr = 126 kNm

3.502 m m Mf = 106.28 kNm Ix = 054.3E+06 mm
4

99.37 kN 116.51 kN Δallow = 9.73 mm m = 28 kg/m

Ireq = 019.2E+06 mm
4

Gridline: ULL = 15.40 kN/m Beam Size:

37.41 kN/m 65.46 kN UDL = 11.45 kN/m Vr = 927 kN

3.152 Vf = 205.3 kN Mr = 484 kNm

8.738 m m Mf = 467.67 kNm Ix = 351.0E+06 mm
4

187.07 kN 205.31 kN Δallow = 24.27 mm m = 66 kg/m

Ireq = 240.8E+06 mm
4

4 Between B.1 & C

7.5 Between A & C

4 Between A & B.1

W530x66 B40

B38

W530x66

W310x28

W310x28 B39

W410x46

W410x46 V V 

V V V 

V V V V V 

V V 

V V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.443 m Width: W = 2.65 m E = 200,000          MPa

LL = 4.8 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 12.72 kN/m UDL = 9.46 kN/m wf = 30.91 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 53.20 kN Mf = 45.80 kNm Δallow = 9.56 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

30.91 kN/m

3.443 m

53.20 kN 53.20 kN

B1W200x19

Simply Supported Beam Sizing For First Floor

Project: Gibraltar Office Building Project #: 13.001

Beam Size:

W200x19

Nominal Mass:

016.6E+06

Moment of Inertia:

Final Beam Size For Gridline A.1 Between 3 & 4 W200x19

012.2E+06

 Design Engineer: AS Date: 16/03/13

A.1 Between 3 & 4B1

Checked By: AH

V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 4.270 m Width: W = 4.369 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 10.49 kN/m UDL = 15.60 kN/m wf = 35.23 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 75.21 kN Mf = 80.28 kNm Δallow = 11.86 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

35.23 kN/m

4.270 m

75.21 kN 75.21 kN

B2 A Between 4 & 7

Simply Supported Beam Sizing For First Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

019.1E+06

W310x21

Moment of Inertia: Nominal Mass:

037.0E+06

Beam Size:

Final Beam Size For Gridline A Between 4 & 7 W310x21

W310x21 B2V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 2.569 m Width: W = 4.369 m E = 200,000   MPa

LL = 4.8 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 20.97 kN/m UDL = 15.60 kN/m wf = 50.95 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 65.45 kN Mf = 42.04 kNm Δallow = 7.14 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

50.95 kN/m

2.569 m

65.45 kN 65.45 kN

B4 B Between 7.5 & 8

Simply Supported Beam Sizing For First Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

008.3E+06

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

Beam Size:

Final Beam Size For Gridline B Between 7.5 & 8 W200x19

W200x19 B4V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.443 m Width: W = 3.74 m E = 200,000    MPa

LL = 4.8 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 17.95 kN/m UDL = 13.35 kN/m wf = 43.62 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 75.09 kN Mf = 64.63 kNm Δallow = 9.56 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

43.62 kN/m

3.443 m

75.09 kN 75.09 kN

B5 B.5 Between 3 & 4

Simply Supported Beam Sizing For First Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

017.2E+06

W310x21

Moment of Inertia: Nominal Mass:

037.0E+06

Beam Size:

Final Beam Size For Gridline B.5 Between 3 & 4 W310x21

W310x21 B5V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.443 m Width: W = 5.365 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 12.88 kN/m UDL = 19.15 kN/m wf = 43.26 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 74.46 kN Mf = 64.09 kNm Δallow = 9.56 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

43.26 kN/m

3.443 m

74.46 kN 74.46 kN

B6 C Between 3 & 4

Simply Supported Beam Sizing For First Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

012.3E+06

W310x21

Moment of Inertia: Nominal Mass:

037.0E+06

Beam Size:

Final Beam Size For Gridline C Between 3 & 4 W310x21

W310x21 B6V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 4.270 m Width: W = 8.953 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 21.49 kN/m UDL = 31.96 kN/m wf = 72.18 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 154.11 kN Mf = 164.51 kNm Δallow = 11.86 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 480 kN Mr = 227 kNm

Ix = mm
4 m = 39 kg/m

72.18 kN/m

4.270 m

154.11 kN 154.11 kN

B7 C Between 4 & 7

Simply Supported Beam Sizing For First Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

039.2E+06

W410x39

Moment of Inertia: Nominal Mass:

127.0E+06

Beam Size:

Final Beam Size For Gridline C Between 4 & 7 W410x39

W410x39 B7V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 6.888 m Width: W = 1.428 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 3.43 kN/m UDL = 5.10 kN/m wf = 11.51 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 39.65 kN Mf = 68.28 kNm Δallow = 19.13 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

11.51 kN/m

6.888 m

39.65 kN 39.65 kN

B9 3 Between C & D.2

Simply Supported Beam Sizing For First Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

026.3E+06

W310x21

Moment of Inertia: Nominal Mass:

037.0E+06

Beam Size:

Final Beam Size For Gridline 3 Between C & D.2 W310x21

W310x21 B9V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 1.808 m Width: W = 1.722 m E = 200,000   MPa

LL = 4.8 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 8.27 kN/m UDL = 6.15 kN/m wf = 20.08 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 18.15 kN Mf = 8.21 kNm Δallow = 5.02 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

20.08 kN/m

1.808 m

18.15 kN 18.15 kN

B11 3 Between A.1 & A.2

Simply Supported Beam Sizing For First Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

001.1E+06

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

Beam Size:

Final Beam Size For Gridline 3 Between A.1 & A.2 W200x19

W200x19 B11V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 5.259 m Width: W = 1.026 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 2.46 kN/m UDL = 3.66 kN/m wf = 8.27 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 21.75 kN Mf = 28.60 kNm Δallow = 14.61 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

8.27 kN/m

5.259 m

21.75 kN 21.75 kN

B12 4 Between C & F

Simply Supported Beam Sizing For First Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

008.4E+06

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

Beam Size:

Final Beam Size For Gridline 4 Between C & F W200x19

W200x19 B12V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 8.758 m Width: W = 0.646 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 1.55 kN/m UDL = 2.31 kN/m wf = 5.21 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 22.81 kN Mf = 49.94 kNm Δallow = 24.33 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

5.21 kN/m

8.758 m

22.81 kN 22.81 kN

B16 8 Between C & F

Simply Supported Beam Sizing For First Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 27/03/13

Checked By: AH

024.4E+06

W310x21

Moment of Inertia: Nominal Mass:

037.0E+06

Beam Size:

Final Beam Size For Gridline 8 Between C & F W310x21

W310x21 B16V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 5.587 m Width: W = 1.285 m E = 200,000   MPa

LL = 4.8 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 6.17 kN/m UDL = 4.59 kN/m wf = 14.99 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 41.86 kN Mf = 58.47 kNm Δallow = 15.52 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 303 kN Mr = 89 kNm

Ix = mm
4 m = 21 kg/m

14.99 kN/m

5.587 m

41.86 kN 41.86 kN

B17 8 Between B & C

Simply Supported Beam Sizing For First Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 27/03/13

Checked By: AH

025.2E+06

W310x21

Moment of Inertia: Nominal Mass:

037.0E+06

Beam Size:

Final Beam Size For Gridline 8 Between B & C W310x21

W310x21 B17V V 



Basic Data:

Beam ID: Gridlines:

Span: L = 3.152 m Width: W = 1.285 m E = 200,000          MPa

LL = 2.4 kPa αLL = 1.5

DL = 3.57 kPa αDL = 1.25

Loading:

ULL = 3.08 kN/m UDL = 4.59 kN/m wf = 10.36 kN/m

Shear: Moment: Deflection Allowed:

Rf = Vf = 16.33 kN Mf = 12.87 kNm Δallow = 8.76 mm

Determine Section:

Ireq = mm
4

Final Design From Steel Handbook (Blue Tables):

Shear: Moment:

Vr = 241 kN Mr = 58 kNm

Ix = mm
4 m = 19 kg/m

10.36 kN/m

3.152 m

16.33 kN 16.33 kN

B18 8 Between A & B

Simply Supported Beam Sizing For First Floor

Project: Gibraltar Office Building Project #: 13.001

 Design Engineer: AS Date: 16/03/13

Checked By: AH

002.3E+06

W200x19

Moment of Inertia: Nominal Mass:

016.6E+06

Beam Size:

Final Beam Size For Gridline 8 Between A & B W200x19

W200x19 B18V V 



Gridline: ULL = 20.97 kN/m Beam Size:

50.95 kN/m 139.87 kN UDL = 15.60 kN/m Vr = 746 kN

2.569 Vf = 199.76 kN Mr = 397 kNm

5.125 m m Mf = 343.93 kNm Ix = 255.0E+06 mm
4

200.68 kN 200.33 kN Δallow = 14.24 mm m = 60 kg/m

Ireq = 066.2E+06 mm
4

Gridline: ULL = 42.97 kN/m Beam Size:

104.41 kN/m 121.64 kN UDL = 31.96 kN/m Vr = 1050 kN

2.569 Vf = 328.22 kN Mr = 562 kNm

5.125 m m Mf = 498.65 kNm Ix = 411.0E+06 mm
4

328.54 kN 328.23 kN Δallow = 14.24 mm m = 74 kg/m

Ireq = 135.6E+06 mm
4

Gridline: 3 Between A.3 & C ULL = 8.27 kN/m Beam Size:

75.09 kN 20.08 kN/m UDL = 6.15 kN/m Vr = 480 kN

2.251 Vf = 103.32 kN Mr = 227 kNm

m 5.743 m Mf = 181.7 kNm Ix = 127.0E+06 mm
4

103.32 kN 87.10 kN Δallow = 15.95 mm m = 39 kg/m

Ireq = 036.7E+06 mm
4

First Floor Beams Calculated Using S-Frame

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE

W410x39 B10

W460x60 B3

W530x74 B8

C Between 7 & 8 W530x74

 Design Engineer: JG Date: 16/03/13

Checked By: AS

W460x60A Between 7 & 8

W410x39

V V V 

V V V 

V V V 



First Floor Beams Calculated Using S-Frame

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE Design Engineer: JG Date: 16/03/13

Checked By: AS

Gridline: ULL = 10.86 kN/m Beam Size:

75.09 kN 26.38 kN/m UDL = 8.08 kN/m Vr = 480 kN

2.251 Vf = 112.07 kN Mr = 227 kNm

m 5.246 m Mf = 185.43 kNm Ix = 127.0E+06 mm
4

112.06 kN 101.42 kN Δallow = 14.57 mm m = 39 kg/m

Ireq = 036.7E+06 mm
4

Gridline: ULL = 10.86 kN/m Beam Size:

26.38 kN/m 53.20 kN UDL = 8.08 kN/m Vr = 303 kN

1.187 Vf = 81.36 kN Mr = 89.1 kNm

3.502 m m Mf = 77.99 kNm Ix = 037.0E+06 mm
4

64.23 kN 81.36 kN Δallow = 9.73 mm m = 21 kg/m

Ireq = 010.9E+06 mm
4

Gridline: ULL = 9.24 kN/m Beam Size:

22.44 kN/m 65.45 kN UDL = 6.87 kN/m Vr = 746 kN

3.152 Vf = 139.88 kN Mr = 397 kNm

8.738 m m Mf = 329.74 kNm Ix = 255.0E+06 mm
4

121.64 kN 139.87 kN Δallow = 24.27 mm m = 60 kg/m

Ireq = 144.4E+06 mm
4

W310x21 B14

W410x39 B13

4 Between A & B.1

4 Between B.1 & C

7.5 Between A & C W460x60

W410x39

W310x21

W460x60 B15

V V V 

V V V 

V V V 
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B.3: Columns and Base Plates 



 



Project: Project #: 13.001

 Design Engineer: Date: 27/03/13

Checked By:

Columns New Column Name Size

C1 HSS 127x127x4.8

C8 HSS 127x127x4.8

C18 HSS 127x127x4.8

C23 HSS 127x127x4.8

C2 HSS 152x152x4.8

C3 HSS 152x152x4.8

C5 HSS 152x152x4.8

C14 HSS 152x152x4.8

C16 HSS 152x152x4.8

C17 HSS 152x152x4.8

C4 HSS 178x178x6.4

C7 HSS 178x178x6.4

C9 HSS 178x178x6.4

C11 HSS 178x178x6.4

C15 HSS 178x178x6.4

C19 HSS 178x178x6.4

C20 HSS 178x178x6.4

C21 HSS 178x178x6.4

C22 HSS 178x178x6.4

C6 HSS 203x203x8.0

C10 HSS 203x203x8.0

C12 HSS 203x203x8.0

C13 HSS 203x203x8.0

C4 47.5 kg/m

C2 21.7 kg/m

C3 33.4 kg/m

C1 17.9 kg/m

Column Design Summary Table

Mass

Gibraltar Office Building

AS

JG



Gibraltar Office Building Project #: 13.001

AS Date: 16/03/13

JG

Column Load from First Floor (kN) Load from Second Floor (kN) Load from Roof (kN) Total Load on Column (kN)

C1 71.4 136.6 57.5 270

C2 156.6 191.7 106.6 455

C3 150.4 150.4 109.0 410

C4 275.9 308.7 146.8 735

C5 216.7 249.3 98.1 565

C6 105.3 374.4 518.8 1000

C7 165.6 253.6 107.7 530

C8 123.6 123.7 49.2 300

C9 217.4 472.0 0.0 690

C10 362.4 386.8 292.9 1042

C11 308.2 301.2 218.2 830

C12 482.6 505.8 262.4 1255

C13 392.9 466.1 214.0 1075

C14 43.5 49.2 139.0 235

C15 39.7 162.5 457.2 660

C16 21.8 125.4 177.8 325

C17 49.2 235.6 170.8 460

C18 22.8 187.3 135.8 350

C19 0.0 152.2 0.0 155

C20 0.0 428.4 506.9 940

C21 0.0 239.5 0.0 240

C22 0.0 744.3 0.0 745

C23 0.0 0.0 92.9 95

Project:

 Design Engineer:

Checked By:

Combined Column Factored Loads



Project #: 13.001

Date: 27/03/13

270 kN Class C Cf = 270 kN

n = 1.34

ɸ = 0.9

C1 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

270 kN 17.9 kg/m Cr = 397 kN

455 kN Class C Cf = 455 kN

n = 1.34

ɸ = 0.9

C2 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

455 kN 21.7 kg/m Cr = 578 kN

410 kN Class C Cf = 410 kN

n = 1.34

ɸ = 0.9

C3 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

410 kN 21.7 kg/m Cr = 578 kN

735 kN Class C Cf = 735 kN

n = 1.34

ɸ = 0.9

C4 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

735 kN 33.4 kg/m Cr = 995 kN

Column Design Per Floor

JG

AH, AS

Gibraltar Office Building

HSS 127x127x4.8

HSS 152x152x4.8

HSS 152x152x4.8

HSS 178x178x6.4

Checked By: Note: NOT DRAWN TO SCALE

Project:

 Design Engineer:

V 

V 

V 

V 

V 

V 

V 

V 



Project #: 13.001

Date: 27/03/13

Column Design Per Floor

JG

AH, AS

Gibraltar Office Building

Checked By: Note: NOT DRAWN TO SCALE

Project:

 Design Engineer:

565 kN Class C Cf = 565 kN

n = 1.34

ɸ = 0.9

C5 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

565 kN 21.7 kg/m Cr = 578 kN

1000 kN Class C Cf = 1000 kN

n = 1.34

ɸ = 0.9

C6 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

1000 kN 47.5 kg/m Cr = 1530 kN

530 kN Class C Cf = 530 kN

n = 1.34

ɸ = 0.9

C7 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

530 kN 33.4 kg/m Cr = 995 kN

300 kN Class C Cf = 300 kN

n = 1.34

ɸ = 0.9

C8 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

300 kN 17.9 kg/m Cr = 397 kN

HSS 178x178x6.4

HSS 127x127x4.8

HSS 152x152x4.8

HSS 203x203x8.0

V 

V 

V 

V 

V 

V 

V 

V 



Project #: 13.001

Date: 27/03/13

Column Design Per Floor

JG

AH, AS

Gibraltar Office Building

Checked By: Note: NOT DRAWN TO SCALE

Project:

 Design Engineer:

690 kN Class C Cf = 690 kN

n = 1.34

ɸ = 0.9

C9 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

690 kN 33.4 kg/m Cr = 995 kN

1042 kN Class C Cf = 1042 kN

n = 1.34

ɸ = 0.9

C10 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

1042 kN 47.5 kg/m Cr = 1530 kN

830 kN Class C Cf = 830 kN

n = 1.34

ɸ = 0.9

C11 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

830 kN 33.4 kg/m Cr = 995 kN

1255 kN Class C Cf = 1255 kN

n = 1.34

ɸ = 0.9

C12 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

1255 kN 47.5 kg/m Cr = 1530 kN

HSS 178x178x6.4

HSS 203x203x8.0

HSS 178x178x6.4

HSS 203x203x8.0

V 

V 

V 

V 

V 

V 

V 

V 



Project #: 13.001

Date: 27/03/13

Column Design Per Floor

JG

AH, AS

Gibraltar Office Building

Checked By: Note: NOT DRAWN TO SCALE

Project:

 Design Engineer:

1075 kN Class C Cf = 1075 kN

n = 1.34

ɸ = 0.9

C13 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

1075 kN 47.5 kg/m Cr = 1530 kN

235 kN Class C Cf = 235 kN

n = 1.34

ɸ = 0.9

C14 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

235 kN 21.7 kg/m Cr = 578 kN

660 kN Class C Cf = 660 kN

n = 1.34

ɸ = 0.9

C15 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

660 kN 33.4 kg/m Cr = 995 kN

325 kN Class C Cf = 325 kN

n = 1.34

ɸ = 0.9

C16 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

325 kN 21.7 kg/m Cr = 578 kN

HSS 203x203x8.0

HSS 152x152x4.8

HSS 178x178x6.4

HSS 152x152x4.8

V 

V 

V 

V 

V 

V 

V 

V 



Project #: 13.001

Date: 27/03/13

Column Design Per Floor

JG

AH, AS

Gibraltar Office Building

Checked By: Note: NOT DRAWN TO SCALE

Project:

 Design Engineer:

460 kN Class C Cf = 460 kN

n = 1.34

ɸ = 0.9

C17 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

460 kN 21.7 kg/m Cr = 578 kN

350 kN Class C Cf = 350 kN

n = 1.34

ɸ = 0.9

C18 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

350 kN 17.9 kg/m Cr = 397 kN

155 kN Class C Cf = 155 kN

n = 1.34

ɸ = 0.9

C19 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

155 kN 33.4 kg/m Cr = 995 kN

940 kN Class C Cf = 940 kN

n = 1.34

ɸ = 0.9

C20 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

940 kN 33.4 kg/m Cr = 995 kN

HSS 178x178x6.4

HSS 178x178x6.4

HSS 152x152x4.8

HSS 127x127x4.8

V 

V 

V 

V 

V 

V 

V 

V 



Project #: 13.001

Date: 27/03/13

Column Design Per Floor

JG

AH, AS

Gibraltar Office Building

Checked By: Note: NOT DRAWN TO SCALE

Project:

 Design Engineer:

240 kN Class C Cf = 240 kN

n = 1.34

ɸ = 0.9

C21 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

240 kN 33.4 kg/m Cr = 995 kN

745 kN Class C Cf = 745 kN

n = 1.34

ɸ = 0.9

C22 3.660 m K = 1.0

L = 3.660 m

KL = 3.660 m

Mass: Column Size:

745 kN 33.4 kg/m Cr = 995 kN

95 kN Class C Cf = 95 kN

n = 1.34

ɸ = 0.9

C23 7.320 m K = 1.0

L = 7.320 m

KL = 7.320 m

Mass: Column Size:

95 kN 17.9 kg/m Cr = 141 kN

HSS 178x178x6.4

HSS 127x127x4.8

HSS 178x178x6.4

V 

V 

V 

V 

V 

V 
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B.4: Cross Bracing, Moment Connections, and Diaphragms 



33.4 kg/m

34.77 kN/m

6.89 m

18.4

kN/m 3.66 3.66

m m

 

W410x46

HSS 178x178x6.4   

HSS 178x178x6.4Therefore, use:

 HSS 178x178x6.4

Lateral Bracing Calculated Using S-Steel

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE Design Engineer: AH Date: 27/03/13

Checked By: AS

Cross Bracing Along Gridline 1 Between C & D.2

Suggested Size of Cross Bracing From S-Steel: HSS 178x178x4.8

V V 



17.9 kg/m

219.62 kN

10.29 kN/m

6.30 m

18.4

kN/m 3.66 3.66

m m

Lateral Bracing Calculated Using S-Steel

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE Design Engineer: AH Date: 27/03/13

Checked By: AS

Cross Bracing Along Gridline D.2 Between 1 & 2

Suggested Size of Cross Bracing From S-Steel: HSS 102x102x4.8

HSS 178x178x6.4   

  W310x21

  HSS 178x178x6.4

Therefore, use: HSS 127x127x4.8

V V 
V 



17.9 kg/m

25.23 kN/m

3.66 m

18.4

kN/m 3.66 3.66

m m

35.23 kN/m

3.66 m

18.4

kN/m 3.66 3.66

m m

35.23 kN/m

3.66 m

18.4

kN/m 3.66 3.66

m m

  HSS 152x152x4.8 HSS 152x152x4.8   

Lateral Bracing Calculated Using S-Steel

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE Design Engineer: AH Date: 27/03/13

Checked By: AS

Cross Bracing Along Gridline A Between 4 & 5

Suggested Size of Cross Bracing From S-Steel: HSS 127x127x4.8

  W310x21

  W310x21

  W310x21

Therefore, use: HSS 127x127x4.8

V V 



17.9 kg/m

33.32 kN/m

3.66 m

18.4

kN/m 3.66 3.66

m m

45.97 kN/m

3.66 m

18.4

kN/m 3.66 3.66

m m

Lateral Bracing Calculated Using S-Steel

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE Design Engineer: AH Date: 27/03/13

Checked By: AS

Cross Bracing Along Gridline F Between 4 & 5

Suggested Size of Cross Bracing From S-Steel: HSS 102x102x4.8

HSS 152x152x4.8    HSS 152x152x4.8

  W360x33

  W360x33

Therefore, use: HSS 127x127x4.8

V V 



21.7 kg/m

67.22 kN

0.305 17.73 kN/m

m 3.50 m

18.4

kN/m 3.66 3.66

m m

4.35 kN/m

3.50 m

18.4

kN/m 3.66 3.66

m m

8.27 kN/m W200x19

3.50 m

18.4

kN/m 3.66 3.66

m m

W200x19

W200x19

  HSS 152x152x4.8

Cross Bracing Along Gridline 4 Between D & F

Suggested Size of Cross Bracing From S-Steel: 

HSS 152x152x4.8  

Therefore, use: HSS 152x152x4.8

HSS 152x152x4.8

Lateral Bracing Calculated Using S-Steel

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE Design Engineer: AH Date: 27/03/13

Checked By: AS

V V 

V 



17.9 kg/m

3.75 kN/m

3.15 m

18.4

kN/m 3.66 3.66

m m

10.36 kN/m

3.15 m

18.4

kN/m 3.66 3.66

m m

10.36 kN/m

3.15 m

18.4

kN/m 3.66 3.66

m m

W200x19

W200x19

W200x19

Lateral Bracing Calculated Using S-Steel

Project: Gibraltar Office Building Project #: 13.001

Note: NOT DRAWN TO SCALE Design Engineer: AH Date: 27/03/13

Checked By: AS

Cross Bracing Along Gridline 8 Between A & B

Suggested Size of Cross Bracing From S-Steel: HSS 127x127x4.8

  HSS 127x127x4.8HSS 152x152x4.8  

Therefore, use: HSS 127x127x4.8

V V 
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B.5: Pedestals 
 



Short Columns                                             ENGI 5706 (W10)                                                     8.21 

Example 8.8 

A short column in a braced frame support an axial factored load Pf = 1920 kN and an axial 
factored moment Mf = 170 kN·m.  Design a tied column cross section to support the given 
loads.   Use yf =  400 MPa and cf ′  = 30 MPa. 

Solution: 

1. Select the trial size and trial reinforcement. 

The design of a short column is an iterative process.  In general, the most economical 
range of ρ (TOTAL) is 1% to 2%. This ratio could be used if there are no limitations set on 
the column dimensions (for example by the architect due to floor space in high-rise 
buildings). 

The axial column capacity, Pr0, can be found using Equation 8.4: 

( )0 1r c c g s s y sP f A A f Aα φ φ′= − +  (8.4)

To establish the first trial value for the column dimensions, we assume ρ = 0.015 for the 
first trial value.   We set Pf = Pr(max) = 0.80 Pr0 

∴ (1920 × 103)/0.8= 0.805 × 0.65 × 30 (Ag – 0.015 Ag) + 0.85 × 400 × (0.0015 Ag) 

⇒ Ag (TRIAL) = 116 720 mm2 or 341 mm square 

Note that since moments act on this column, Equation (8.4) will tend to underestimate 
the column size.   Choose a 400 mm square column. 

Selected trial column: try a 400 mm x 400 mm tied column, Ag = 160000 mm2, with bars 
in two faces, yf =  400 MPa and cf ′  = 30 MPa.   Assume that the longitudinal bars are 
No. 25 and the ties are No.10, with 50 mm clear cover to the main vertical 
reinforcement to satisfy the requirement for a 2-hour fire rating. 

2. Compute γ: 

The interaction diagrams in design aids of the handbook are each drawn for a particular 
value of the ratio, γ, of the distance between the centres of the outside layers of steel to 
the overall depth of the column.  

400 2(50 25.2 / 2) 0.69
400

γ − +
= =  

We use γ = 0.70.  In other cases, we may have to interpolate between the different 
values of γ. 



Short Columns                                             ENGI 5706 (W10)                                                     8.22 

3. Use the interaction diagrams to determine ρ (TOTAL)  

The interaction diagrams are entered using (MPa) and  (MPa)r r

g g

P M
A A h

. 

     Assume that Pr = Pf and Mr = Mf: 

3

2

1920 10 (N)=  = 12.0 MPa
160 000(mm )

r

g

P
A

×  

6

2

170 10 (N.mm)=  = 2.66 MPa
160 000(mm ) 400mm

r

g

M
A h

×
×

 

From Figure 7.5.7 of the concrete handbook design aid (interaction diagram for 
columns with bars in two end faces, yf =  400 MPa and cf ′  = 30 MPa, and γ = 0.70). 

ρ (TOTAL) = 0.013 

Note that if the value of ρ (TOTAL) computed here exceeds 0.03 to 0.04, a larger section 
should be chosen.  If ρ (TOTAL) is less than 0.01 (1%), either use 0.01 (the minimum 
allowed by A23.3 Cl. 10.9.1) or re-design using a smaller cross section. 

4. Select the reinforcement 

As (TOTAL) =  ρ (TOTAL) Ag 

=   0.013 x 400 x 400 mm2 = 1940 mm2  

An even number of bars will be chosen so that the reinforcement is symmetrical about 
the bending axis.   Select  8 No. 20 bars, As (TOTAL)  = 2400 mm, placing 4 bars at each 
face.  This also satisfies the maximum clear distance between the longitudinal bars in 
a column (A23.3 Cl. 7.4.1.3) which is 500 mm. 

5. Select the ties: 

– Select the ties.   From A23.3 Cl. 7.6.5.1, the ties must have a diameter at least 
equal to 0.3 × 20 mm = 6 mm.  We shall use No. 10 ties.  From A23.3 Cl. 7.6.5.2, 
the spacing shall not exceed the smallest of:  

i. 16 longitudinal bar diameters           =   16 × 20     =   320 mm 

ii. 48 tie diameters                               =   48 × 11.3  =   542 mm 

iii. the least dimension of the column    =   400 mm 

Thus, the maximum spacing is 320 mm, say 300 mm. 



Short Columns                                             ENGI 5706 (W10)                                                     8.23 

6. Tie arrangement 

– Clause 7.6.5.5 of A23.3–04 states that “Ties shall be arranged so that every corner 
and alternate longitudinal bar shall have lateral support provided by the corner of a 
tie having an included angle of not more than 135°, and no bar shall be farther than 
150 mm clear on either side from such a laterally supported bar”. 

– Fig. N7.5.5 illustrates tie arrangements which satisfy the requirements for lateral 
support of column bars. 

 

Fig. N7.6.5.5 
Requirements for Lateral Support of Column Bars 

 

– The tie arrangement for the current example is shown in the following figure: 

 
Tue arrangement for Example 8.8 



AS

ag = 20 mm

Steel Size: 10 M Stirrup Size: 10 M f'c = 25 MPa

db = 11.3 mm db,s = 11.3 mm fy = 400 MPa

Ab = 100 mm
2 Ab,s = 100 mm

2 Φc = 0.65

Φs = 0.85 Pf = 350 kN Mf = 0 kNm

ρ = 1.5 % Pr0 = 437.5 kN α1 = 0.8125

Pr0 = 18.10508 Ag →Ag = 24164 b1 = b2 = 155 mm

b1 = b2 = 200 mm Ag = 40000 mm
2 b'c = 40  mm

γ = 0.54 γTable = 0.60

Pr/Ag = 8.8 MPa Mr/(Agh) = 0.00 MPa ρT = 0.0 %

ρT  is ρT  = 1 % As(TOTAL) = 400 mm
2

n = 4.00 Bars n = 4 Bars As,total = 400 mm
2

smin= 30 mm s = 100 mm

db,s(min) = 3.39 mm smax = 180.8 mm hc = 1000 mm

n = 5.53 Stirrups n = 6 Stirrups s = 170 mm

b1 = 200 mm b2 = 200 mm hc = 1000 mm

n = 4 10 100 mm

n = 6 10 170 mm

Reinforcement:

M Bars           @ s =

Stirrups:

M Stirrups     @ s =

OKAY!

Select Stirrups:

Final P1 Pedestal Design:

Select Reinforcement:

Table 7.5.3

Select Column Size:

mm
2

Basic Data:

Checked by:

Structure Description: C1 Pedestal (Short Column)

Project:

Design Engineer:

Concrete Pedestal Design

Gibraltar Office Building Project #: 13.001

JG Date: 16/03/2013



AS

ag = 20 mm

Steel Size: 15 M Stirrup Size: 10 M f'c = 25 MPa

db = 16 mm db,s = 11.3 mm fy = 400 MPa

Ab = 200 mm
2 Ab,s = 100 mm

2 Φc = 0.65

Φs = 0.85 Pf = 567 kN Mf = 0 kNm

ρ = 1.5 % Pr0 = 708.75 kN α1 = 0.8125

Pr0 = 18.10508 Ag →Ag = 39146 b1 = b2 = 198 mm

b1 = b2 = 250 mm Ag = 62500 mm
2 b'c = 40  mm

γ = 0.62 γTable = 0.60

Pr/Ag = 9.1 MPa Mr/(Agh) = 0.00 MPa ρT = 0.0 %

ρT  is ρT  = 1 % As(TOTAL) = 625 mm
2

n = 3.13 Bars n = 4 Bars As,total = 800 mm
2

smin= 30 mm s = 125 mm

db,s(min) = 4.8 mm smax = 250 mm hc = 1000 mm

n = 4.00 Stirrups n = 5 Stirrups s = 215 mm

b1 = 250 mm b2 = 250 mm hc = 1000 mm

n = 4 15 125 mm

n = 5 10 215 mm

Concrete Pedestal Design

Project: Gibraltar Office Building Project #: 13.001

Select Column Size:

Design Engineer: JG Date: 16/03/2013

Checked by:

Structure Description: C2 Pedestal (Short Column)

Basic Data:

Final P2 Pedestal Design:

mm
2

Select Reinforcement:

Table 7.5.2

OKAY!

Select Stirrups:

Reinforcement:

M Bars           @ s =

Stirrups:

M Stirrups     @ s =



AS

ag = 20 mm

Steel Size: 20 M Stirrup Size: 10 M f'c = 25 MPa

db = 19.5 mm db,s = 11.3 mm fy = 400 MPa

Ab = 300 mm
2 Ab,s = 100 mm

2 Φc = 0.65

Φs = 0.85 Pf = 940 kN Mf = 0 kNm

ρ = 1.5 % Pr0 = 1175 kN α1 = 0.8125

Pr0 = 18.10508 Ag →Ag = 64899 b1 = b2 = 255 mm

b1 = b2 = 300 mm Ag = 90000 mm
2 b'c = 40  mm

γ = 0.67 γTable = 0.70

Pr/Ag = 10.4 MPa Mr/(Agh) = 0.00 MPa ρT = 0.0 %

ρT  is ρT  = 1 % As(TOTAL) = 900 mm
2

n = 3.00 Bars n = 4 Bars As,total = 1200 mm
2

smin= 30 mm s = 150 mm

db,s(min) = 5.85 mm smax = 300 mm hc = 1000 mm

n = 3.33 Stirrups n = 4 Stirrups s = 291 mm

b1 = 300 mm b2 = 300 mm hc = 1000 mm

n = 4 20 150 mm

n = 4 10 291 mm

Concrete Pedestal Design

Project: Gibraltar Office Building Project #: 13.001

Select Column Size:

Design Engineer: JG Date: 16/03/2013

Checked by:

Structure Description: C3 Pedestal (Short Column)

Basic Data:

Final P3 Pedestal Design:

mm
2

Select Reinforcement:

Table 7.5.3

OKAY!

Select Stirrups:

Reinforcement:

M Bars           @ s =

Stirrups:

M Stirrups     @ s =



AS

ag = 20 mm

Steel Size: 20 M Stirrup Size: 10 M f'c = 25 MPa

db = 19.5 mm db,s = 11.3 mm fy = 400 MPa

Ab = 300 mm
2 Ab,s = 100 mm

2 Φc = 0.65

Φs = 0.85 Pf = 1255 kN Mf = 0 kNm

ρ = 1.5 % Pr0 = 1568.75 kN α1 = 0.8125

Pr0 = 18.10508 Ag →Ag = 86647 b1 = b2 = 294 mm

b1 = b2 = 350 mm Ag = 122500 mm
2 b'c = 40  mm

γ = 0.72 γTable = 0.80

Pr/Ag = 10.2 MPa Mr/(Agh) = 0.00 MPa ρT = 0.0 %

ρT  is ρT  = 1 % As(TOTAL) = 1225 mm
2

n = 4.08 Bars n = 6 Bars As,total = 1800 mm
2

smin= 30 mm s = 116.66667 mm

db,s(min) = 5.85 mm smax = 312 mm hc = 1000 mm

n = 3.21 Stirrups n = 4 Stirrups s = 291 mm

b1 = 350 mm b2 = 350 mm hc = 1000 mm

n = 6 20 117 mm

n = 4 10 291 mm

Concrete Pedestal Design

Project: Gibraltar Office Building Project #: 13.001

Select Column Size:

Design Engineer: JG Date: 16/03/2013

Checked by:

Structure Description: C4 Pedestal (Short Column)

Basic Data:

Final P4 Pedestal Design:

mm
2

Select Reinforcement:

Table 7.5.3

OKAY!

Select Stirrups:

Reinforcement:

M Bars           @ s =

Stirrups:

M Stirrups     @ s =
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B.6: Spread Footings 



Example 2.2 – Design of a Spread Footing            ENGI 6707 (F11)                        5 

Example 2.2 – Design of a  Spread Footing 

A rectangular column, 450 × 450 mm carries a service dead load of 1800 kN and a 
service live load of 1200 kN.  The column is reinforced with eight No. 30M bars.  The 
foundation depth recommended by the geotechnical engineer is 1.6 m (below finished 
grade).  At that level, the geotechnical resistance is 300 kPa at the serviceability limit 
state and the factored geotechnical resistance is 650 kPa at the ultimate limit state.  The 
top of the footing will be covered with fill having a unit weight of 17 kN/m3.  The 
basement floor is 150 mm thick.  The specified live load on the basement floor is 4.8 
kPa.  Design a footing for the column.  Use yf  = 400 MPa.  For the column, cf ′  = 30 
MPa.  For the footing, cf ′  = 25 MPa and ag = 20 mm. 

Pf

Foundation depth = 1.6 m

Soil Reaction (kPa)

Footing Self Weight (w4)

Soil Weight (w3)

150 mm SOG (w2)

Live load on SOG (w1) = 4.8 kPa

450 mm

450 mm

8 No. 30 M

 

1. Size of footing 
– Estimate the thickness of the footing between one and two times the width of the 

column, say 700 mm (rule of thumb). 

In this case, the thickness of the fill = 1.6 − 0.7 − 0.15 = 0.75 m. 

Σw  =  w1 (LL on SOG)  +  w2 (SOG sw)   +  w3 (soil)    +  w4 (footing sw) 

    =  4.80           +  0.150 × 24.0  + 17.0 × 0.75  +  0.7 × 24.0 

    =  4.80           +  3.6         +  12.75     + 16.8 

    =  38.0 kPa 

qsa(NET) =  qsa −  Σw =  300 − 38 =  262 kPa 

P Service =  1800 + 1200 = 3000 kN 

Required area of footing,  

(NET)

3000
262

Service
F

sa

PA
q

= = =  11.45 m2 
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Use 3.4 × 3.4 m footing  ⇒  AF = 11.56 m2 

Pf  =  1.25 × 1800 + 1.5 × 1200 = 4050 kN 

24050 350 kPa 0.350 N/mm
3.4 3.4

f
sf

F

Pq
A

= = = =
×

 < qsu = 650 kPa (∴OK) 

 

1. Determining the Foundation Depth 
One–way shear 

 
– For one–way shear, the critical 

section is located at a distance 
“dv” from the column face: 

– Vf  =  0.350 × 1.0 × (1475 − dv) 

     =  0.35 (1475 − dv) 

– c c c w vV f b dφ λ β ′=  

Assuming that ab < 3dv, hence 
0.21β =  (Cl. 11.3.6.2) 

Vc =  0.65 × 1.0 × 0.21 × 25  × 
1.0 × dv 

– Equating Vf and Vc equations 
yields 

dv = 500 mm.   

– Hence, ab < 3dv, and therefore 
the assumption of using is 

0.21β =  correct. 

– d = dv / 0.9 = 556 mm. 

 

Column

qsf  = 350 kPa

dv

1475 − dv

One-way shear

ab

1.475 m
1.

0 
m

 s
tri

p

3.
4 

m

– Note that If ab > 3dv, then we have to recalculate dv using 230 /(1000 )vdβ = + . 
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Two–way shear 

Critical section located at a distance d/2 from 
column face. 

– Vf  =  ( )220.350 (3400) 450 d⎡ ⎤− +⎣ ⎦  

– Vr  =  vr bod  = 0.38 φ λ cf ′ bod  

      =  ( )0.38 1.0 0.65 25 4 450 d d⎡ ⎤× × × + ×⎣ ⎦  

– Equating Vf and Vc yields d = 660 mm 

– You have to also check other Equations 
According to Clause 13.3.4.1.  In this clause, 
the factored shear stress resistance, vr, is the 
smallest of : 

(a) 0 38.r c c cv v fλφ ′= =  

(b) 21 0 19.r c c c
c

v v fλφ
β

⎛ ⎞
′= = +⎜ ⎟

⎝ ⎠
, where βc is 

the ratio of long side to short side of the 
column. 

(c) 
o

0 19s
r c c cv v f

b d
α λφ

⎛ ⎞
′= = +⎜ ⎟

⎝ ⎠
. , where 

4sα =  for interior columns, 3 for edge 
columns, and 2 for corner columns. 

d/2 

d/2

Two-way shear

d/2 d/2

qsf  = 350 kPa

 

– If the effective depth, d, used in two-way shear calculations exceeds 300 mm, the 
value of vr obtained from the previous equations shall be multiplied by 1300/(1000 + 
d).  However, this parameter applies only to the design of footings or mat 
foundations where the distance from the point of zero shear to the face of the 
column, pedestal or wall is greater than 3d (Cl. 13.3.4.4), i.e. where ab > 3d.  In this 
example, ab < 3d, therefore, we do not need to recalculate vr. 

– Two–way shear governs; use average d = 660 mm. 

– Foundation thickness, h (hf or tf): 

h  =   660 + 75 mm (cover) + 25 mm (assumed bar diameter) 

=   760 mm (Use 800 mm). 

– Therefore, the average d = 800 − 75 − 25 = 700 mm 
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2. Foundation Depth 
 

Column
3.4 m

dAverage
d T

ra
ns

ve
rs

e
dLongitudinal

3.4 m

0.350 m

 

 
– Since h = 800 mm, and using 75 mm cover and assuming 25 M bars: 

d Average    =  800 − 75 − 25.2        =  700 mm (for shear calculations) 

d Longitudinal  =  800 − 75 − 25.2 − 25.2/2 =  687 mm 

d Transverse  =  800 − 75 − 25.2/2      =  712 mm 
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3. Design for flexure 

– Critical section at the column face as 
per Clause 15.4.3. 

– Since it is one way action, design for 1 
meter strip. 

2(1475)0.350 1000
2fM = × ×  

      = 380.7 × 106 N.mm (per meter) 

2 610r rM k bd −= ×  (Table 2.1) 

( )

6

2
380.7 10 0.81

1000 687
rk ×

= =
×

  

ρ = 0.25% and ρmax = 2.24% (per 
meter) 

Note that ρ is per meter, hence the 
reinforcement required for the full width 
of the footing is: 

As (per foundation width) =  ρ bd  
= 0.81 × 34000 × 687 = 5727 mm2 

Column

3.
4 

m

ab = 1475 mm

qsf  = 350 kPa

0.350 m

380.7 kN.m

> d

1.
0 

m
 s

tri
p

d = 687 mm

 
 

As,min =  0.2% Ag = 0.002 × 3400 × 800 = 5440 mm2 (does not govern) 

Select 12 No. 25 M bars, As, Actual =  6000 mm2 

Spacing 3400 283
12

≈ = mm < 3h = 2400 mm or 500 mm ∴O.K. (Clause 7.4.1.2) 

4. Check Development for Tension Reinforcement 

– 4000 45 1 1 1 1 25 2 907 mm
25d = × × × × × × =. .  (or 900 mm from Table 9.10). 

– Available length =  (3400 − 450)/2  =  1400 mm (> d, ∴O.K). 

– If d is not ok, try to: 

1. Reduce the bar size (since k4 = 0.8 for 20M and smaller bars) 

2. Use a 90° hook (refer to Table 3.6 for development length of a hook, dh). 

3. Increase footing length. 
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5. Design the Column–Footing Joint (A23.3, Clause 15.9) 

(i) For the footing (A23.3, Clause 10.8.1) 

2
1 A1

A2

 

– Footing bearing: 2
, footing 1 dowel

1

0.85r c c s y
AB f A f A
A

φ φ′= + ; where 2

1
2.0A

A ≤  

– A1  =  450 × 450 =  0.202 × 106 mm2 

– A2  =  3400 × 3400 =  11.56 × 106 mm2 

– 
6

2
6

1

11.56 10 7.6 2.00.202 10
A

A
×= = ≤ ⇒

×
 Use 2.0 

– 6
, footing 0.85 0.65 25 0.202 10 2.0rB = × × × × × = 5594 kN > Pf = 4050 kN, (∴O.K). 

(ii) For the Column 

– Column bearing: 1 dowel0.85r c c s yB f A f Aφ φ′= +  

– 2
, column 0.85 0.65 30 (450)rB = × × × = 3356 kN < Pf = 4050 kN, (∴ NOT O.K). 

– Provide dowel for forces = 4050 − 3356 = 694 kN 

– , dowels
s

Force 694
0.85 400s

y

A
fφ

= = =
×

2040 mm2 

Use 6 No. 25 Bars with As, dowels = 3000 mm2 (note that we always use a minimum of 
4 bars). 

– As, min for dowels (Clause 15.9.2.1) = 0.005 A column = 0.005 × (450)2 = 1013 mm2 
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(iii) Development of Reinforcement at the Column–Footing Connection  

> ldb (compression) for dowels
(hooks are ineffective in compression
as per Cl. 12.5.5)

Greater of:
- Lap splice for dowels (25 M) [Cl 12.16.1]
- Development length for column 
  reinforcement (30 M)

Column reinf.

Dowels

 

– The dowels must extend into the footing a compression development length for a 
25M bar, were db (Clause A12.3) is: 

0.24
0.044 0.44  (not less than 200 mm)b y

db b y b y
c

d f
d f d f

f
= > >

′
 

0.24 25.2 400 484 mm 0.044 25.2 400 443 mm (> 200 mm)
25db

× ×
= = > × × =  

Also, from Table 3.9 db = 480 mm 

db should be multiplied by factors from A23.3 Cl. 12.3.3 which are 1.0. 

Available length = 800 − 75 − 25.2 − 25.2 = 675 mm (∴ O.K). 

– If the available length is less than db: 

1. Reduce the bar size (smaller db). 
2. Increase footing thickness. 

– The dowels must extend into the column the longer of a compression lap-splice 
length of a No. 25 bar in 30 MPa concrete (736 mm) or the compression 
development length of a No. 30 bar (526 mm) (A23.3 Cl. 12.16.2). 

NOTE: In practice, normally the number of dowels used is the same as the column 
reinforcement (i.e. they match). 

  
 



JG, AS

c1 = 200 mm c2 = 200 mm Corner

LLC = 134 kN DLC = 118 kN αs = 2

f'c = 25 MPa

Depth = 1200 mm γsoil = 18 kN/m
3

qsa = 150 kPa qsu = 300 kPa

Φs = 0.85

Steel Size: 10 M k4 = 0.8 Φc = 0.65

db = 11.3 mm λ = 1 f'c = 25 MPa

Ab = 100 mm
2 ag = 20 mm fy = 400 MPa

hf = 300 mm

hs = 100 mm wslab = 2.4 kPa wLL(SOG) = 2.4 kPa

wfoot = 7.2 kPa wsoil = 14.4 kPa wtotal = 26.4 kPa

qsa(net) = 123.6 kPa Pservice = 252 kN Af = 2.04 m
2

b = 1.4 m b1 = 1200 mm b2 = 1200 mm

New Af = 1.44 m
2 Pf = 348.5 kN qsf = 242.0 kPa

1 m

ab = 500 mm      0.21 x = 0.2420

Vf = 121.0 _
 xdv Vc = 0.6825 dv Solve dv = 131 mm 

3dv = 393 mm      β = 0.2033802 Vc = 0.6610 dv

New dv = 134 mm 3dv = 402 mm dv = 134 mm

d1way = 149 mm

Concrete Spread Footing Design

Project: Gibraltar Office Building Project #: 13.001

Designed by: SI, AH Date: 16/03/2013

Checked by: Description: F1

Column Data:

Column Location:

Geotechnical Data:

Basic Data:

Size Footing:

Shear Check:

One-Way Shear: Using 1 m strip --> bw = 

ab < 3dv -->β =



JG, AS

Concrete Spread Footing Design

Project: Gibraltar Office Building Project #: 13.001

Designed by: SI, AH Date: 16/03/2013

Checked by: Description: F1

Column Data: βc = 1

Vf = 338819 -96.8055556 d - d
2
* 0.242 Vc = 988 d - d

2
* 4.94

0 = 5.182 *d
2
        + d* 1084.8056 d2way = 172 mm

vr1 = 1.2350 vr2 = 1.8525 vr3 = 1.3680

vr = 1.2350

d = 172 mm b'c = 75 mm h = 258 mm

hf = 300 mm davg = 214 mm dLong = 208 mm

dTran = 219 mm

1 m

smax = 500 mm Mf = 30.25 kNm kr = 0.6989

0.21 % ρbal = 2.24 %

As,min = 720 mm
2 As = 524.286 mm

2 n = 7.2 Bars

As = 800 mm
2 n = 8 Bars s = 150 mm

1 m

smax = 500 mm Mf = 30.25 kNm kr = 0.6287

0.195 % ρbal = 2.24 %

As,min = 526.44 mm
2 As = 513.279 mm

2 n = 5.2644 Bars

As = 600 mm
2 n = 6 Bars s = 200 mm

ld = 325 mm lA = 500 mm

Flexure Design Longitudinal Direction: Using 1m strip --> bw = 

Two-Way Shear:

-338819

OKAY!

Flexure Design:

OKAY!

From Table 2.1:   ρ = OKAY!

Flexure Design Transverse Direction: Using 1m strip --> bw = 

From Table 2.1:   ρ = OKAY!

Check Developmental Length: 



JG, AS

Concrete Spread Footing Design

Project: Gibraltar Office Building Project #: 13.001

Designed by: SI, AH Date: 16/03/2013

Checked by: Description: F1

Column Data:

Ac = 40000 mm
2 Af = 1440000 mm

2 2

Br,footing = 1105.0 kN Pf = 348.5 kN

Br,column = 552.5 kN Pf = 348.5 kN

n = 4 Bars As,dowels = 400 mm
2 s = 100 mm

ldb = 217 mm 0.044dbfy = 198.88 mm mm

lA = 202 mm

Use 150

b1 = 1200 mm b2 = 1200 mm hf = 300 mm

n = 8 10 150 mm

n = 6 10 200 mm

n = 4 10 M Bars           @ s = 100 mm

Use 150

`

Column-Footing Joint Design:

sqrt(Af/Ac) = 

OKAY!

OKAY!

Check Developmental Length: 

200

OKAY! See Below!

Final F1 Footing Design:

Longitudinal Direction:

M Bars           @ s =

Transverse Direction:

mm 90° Hook!

M Bars           @ s =

Column-Footing Joint:

mm 90° Hook!



JG, AS

c1 = 250 mm c2 = 250 mm Corner

LLC = 240 kN DLC = 165 kN αs = 2

f'c = 25 MPa

Depth = 1200 mm γsoil = 18 kN/m
3

qsa = 150 kPa qsu = 300 kPa

Φs = 0.85

Steel Size: 15 M k4 = 0.8 Φc = 0.65

db = 16 mm λ = 1 f'c = 25 MPa

Ab = 200 mm
2 ag = 20 mm fy = 400 MPa

hf = 375 mm

hs = 100 mm wslab = 2.4 kPa wLL(SOG) = 2.4 kPa

wfoot = 9 kPa wsoil = 13.1 kPa wtotal = 26.9 kPa

qsa(net) = 123.2 kPa Pservice = 405 kN Af = 3.29 m
2

b = 1.8 m b1 = 1500 mm b2 = 1500 mm

New Af = 2.25 m
2 Pf = 566.25 kN qsf = 251.7 kPa

1 m

ab = 625 mm      0.21 x = 0.2517

Vf = 157.3 _
 xdv Vc = 0.6825 dv Solve dv = 168 mm 

3dv = 505 mm      β = 0.1968544 Vc = 0.6398 dv

New dv = 176 mm 3dv = 529 mm dv = 176 mm

d1way = 196 mm

Basic Data:

Size Footing:

Shear Check:

One-Way Shear: Using 1 m strip --> bw = 

ab < 3dv -->β =

Designed by: SI, AH Date: 16/03/2013

Checked by:

Column Data:

Column Location:

Geotechnical Data:

Description: F2

Concrete Spread Footing Design

Project: Gibraltar Office Building Project #: 13.001



JG, AS

Designed by: SI, AH Date: 16/03/2013

Checked by:

Column Data:

Description: F2

Concrete Spread Footing Design

Project: Gibraltar Office Building Project #: 13.001

βc = 1

Vf = 550521 -125.833333 d - d
2
* 0.252 Vc = 1235 d - d

2
* 4.94

0 = 5.192 *d
2
        + d* 1360.8333 d2way = 220 mm

vr1 = 1.2350 vr2 = 1.8525 vr3 = 1.3781

vr = 1.2350

d = 220 mm b'c = 75 mm h = 311 mm

hf = 350 mm davg = 259 mm dLong = 251 mm

dTran = 267 mm

1 m

smax = 500 mm Mf = 49.15 kNm kr = 0.7802

0.23 % ρbal = 2.24 %

As,min = 1050 mm
2 As = 865.95 mm

2 n = 5.25 Bars

As = 1200 mm
2 n = 6 Bars s = 250 mm

1 m

smax = 500 mm Mf = 49.15 kNm kr = 0.6895

0.21 % ρbal = 2.24 %

As,min = 801 mm
2 As = 841.05 mm

2 n = 4.20525 Bars

As = 1000 mm
2 n = 5 Bars s = 300 mm

ld = 461 mm lA = 625 mm OKAY!

From Table 2.1:   ρ = OKAY!

Flexure Design Transverse Direction: Using 1m strip --> bw = 

From Table 2.1:   ρ = OKAY!

Check Developmental Length: 

Flexure Design Longitudinal Direction: Using 1m strip --> bw = 

Two-Way Shear:

-550521

OKAY!

Flexure Design:



JG, AS

Designed by: SI, AH Date: 16/03/2013

Checked by:

Column Data:

Description: F2

Concrete Spread Footing Design

Project: Gibraltar Office Building Project #: 13.001

Ac = 62500 mm
2 Af = 2250000 mm

2 2

Br,footing = 1726.6 kN Pf = 566.25 kN

Br,column = 863.3 kN Pf = 566.25 kN

n = 4 Bars As,dowels = 800 mm
2 s = 125 mm

ldb = 307 mm 0.044dbfy = 281.6 mm mm

lA = 243 mm

Use 220

b1 = 1500 mm b2 = 1500 mm hf = 350 mm

n = 6 15 250 mm

n = 5 15 300 mm

n = 4 15 M Bars           @ s = 125 mm

Use 220

Transverse Direction:

M Bars           @ s =

Column-Footing Joint:

mm 90° Hook!

`

Column-Footing Joint Design:

sqrt(Af/Ac) = 

OKAY!

OKAY!

Final F2 Footing Design:

Longitudinal Direction:

M Bars           @ s =

Check Developmental Length: 

281.6

OKAY! See Below!

mm 90° Hook!



JG, AS

c1 = 300 mm c2 = 300 mm Edge

LLC = 420 kN DLC = 247 kN αs = 3

f'c = 25 MPa

Depth = 1200 mm γsoil = 18 kN/m
3

qsa = 150 kPa qsu = 300 kPa

Φs = 0.85

Steel Size: 20 M k4 = 0.8 Φc = 0.65

db = 19.5 mm λ = 1 f'c = 25 MPa

Ab = 300 mm
2 ag = 20 mm fy = 400 MPa

hf = 450 mm

hs = 100 mm wslab = 2.4 kPa wLL(SOG) = 2.4 kPa

wfoot = 10.8 kPa wsoil = 11.7 kPa wtotal = 27.3 kPa

qsa(net) = 122.7 kPa Pservice = 667 kN Af = 5.44 m
2

b = 2.3 m b1 = 2000 mm b2 = 2000 mm

New Af = 4 m
2 Pf = 938.75 kN qsf = 234.7 kPa

1 m

ab = 850 mm      0.21 x = 0.2347

Vf = 199.5 _
 xdv Vc = 0.6825 dv Solve dv = 217 mm 

3dv = 652 mm      β = 0.1889124 Vc = 0.6140 dv

New dv = 235 mm 3dv = 705 mm dv = 235 mm

d1way = 261 mm

Geotechnical Data:

Basic Data:

Size Footing:

Shear Check:

One-Way Shear: Using 1 m strip --> bw = 

ab < 3dv -->β =

Column Data:

Column Location:

Designed by: SI, AH Date: 16/03/2013

Checked by: Description: F3

Concrete Spread Footing Design

Project: Gibraltar Office Building Project #: 13.001



JG, AS

Column Data:

Designed by: SI, AH Date: 16/03/2013

Checked by: Description: F3

Concrete Spread Footing Design

Project: Gibraltar Office Building Project #: 13.001

βc = 1

Vf = 917628 -140.8125 d - d
2
* 0.235 Vc = 1482 d - d

2
* 4.94

0 = 5.175 *d
2
        + d* 1622.8125 d2way = 293 mm

vr1 = 1.2350 vr2 = 1.8525 vr3 = 1.8209

vr = 1.2350

d = 293 mm b'c = 75 mm h = 387 mm

hf = 400 mm davg = 306 mm dLong = 296 mm

dTran = 315 mm

1 m

smax = 500 mm Mf = 84.78 kNm kr = 0.9693

0.3 % ρbal = 2.24 %

As,min = 1600 mm
2 As = 1774.5 mm

2 n = 5.915 Bars

As = 1800 mm
2 n = 6 Bars s = 333 mm

1 m

smax = 500 mm Mf = 84.78 kNm kr = 0.8531

0.255 % ρbal = 2.24 %

As,min = 1261 mm
2 As = 1607.775 mm

2 n = 5.35925 Bars

As = 1800 mm
2 n = 6 Bars s = 333 mm

ld = 562 mm lA = 850 mm OKAY!

From Table 2.1:   ρ = OKAY!

Flexure Design Transverse Direction: Using 1m strip --> bw = 

From Table 2.1:   ρ = OKAY!

Check Developmental Length: 

Flexure Design Longitudinal Direction: Using 1m strip --> bw = 

Two-Way Shear:

-917628

OKAY!

Flexure Design:



JG, AS

Column Data:

Designed by: SI, AH Date: 16/03/2013

Checked by: Description: F3

Concrete Spread Footing Design

Project: Gibraltar Office Building Project #: 13.001

Ac = 90000 mm
2 Af = 4000000 mm

2 2

Br,footing = 2486.3 kN Pf = 938.75 kN

Br,column = 1243.1 kN Pf = 938.75 kN

n = 4 Bars As,dowels = 1200 mm
2 s = 150 mm

ldb = 374 mm 0.044dbfy = 343.2 mm mm

lA = 286 mm

Use 260

b1 = 2000 mm b2 = 2000 mm hf = 400 mm

n = 6 20 333 mm

n = 6 20 333 mm

n = 4 20 M Bars           @ s = 150 mm

Use 260

Transverse Direction:

M Bars           @ s =

Column-Footing Joint:

mm 90° Hook!

mm 90° Hook!

Final F3 Footing Design:

Longitudinal Direction:

M Bars           @ s =

Check Developmental Length: 

343.2

OKAY! See Below!

`

Column-Footing Joint Design:

sqrt(Af/Ac) = 

OKAY!

OKAY!



JG, AS

c1 = 350 mm c2 = 350 mm Interior

LLC = 509 kN DLC = 392 kN αs = 4

f'c = 25 MPa

Depth = 1200 mm γsoil = 18 kN/m
3

qsa = 150 kPa qsu = 300 kPa

Φs = 0.85

Steel Size: 25 M k4 = 1 Φc = 0.65

db = 25.2 mm λ = 1 f'c = 25 MPa

Ab = 500 mm
2 ag = 20 mm fy = 400 MPa

hf = 525 mm

hs = 100 mm wslab = 2.4 kPa wLL(SOG) = 2.4 kPa

wfoot = 12.6 kPa wsoil = 10.4 kPa wtotal = 27.8 kPa

qsa(net) = 122.3 kPa Pservice = 901 kN Af = 7.37 m
2

b = 2.7 m b1 = 2200 mm b2 = 2200 mm

New Af = 4.84 m
2 Pf = 1253.5 kN qsf = 259.0 kPa

1 m

ab = 925 mm      0.21 x = 0.2590

Vf = 239.6 _
 xdv Vc = 0.6825 dv Solve dv = 254 mm 

3dv = 763 mm      β = 0.183347 Vc = 0.5959 dv

New dv = 280 mm 3dv = 841 mm dv = 280 mm

d1way = 311 mm

Shear Check:

One-Way Shear: Using 1 m strip --> bw = 

ab < 3dv -->β =

Geotechnical Data:

Basic Data:

Size Footing:

Column Data:

Column Location:

Designed by: SI, AH Date: 16/03/2013

Checked by: Description: F4

Concrete Spread Footing Design

Project: Gibraltar Office Building Project #: 13.001



JG, AS

Column Data:

Designed by: SI, AH Date: 16/03/2013

Checked by: Description: F4

Concrete Spread Footing Design

Project: Gibraltar Office Building Project #: 13.001

βc = 1

Vf = 1221774 -181.291322 d - d
2
* 0.259 Vc = 1729 d - d

2
* 4.94

0 = 5.199 *d
2
        + d* 1910.2913 d2way = 335 mm

vr1 = 1.2350 vr2 = 1.8525 vr3 = 2.2062

vr = 1.2350

d = 335 mm b'c = 75 mm h = 435 mm

hf = 450 mm davg = 350 mm dLong = 337 mm

dTran = 362 mm

1 m

smax = 500 mm Mf = 110.80 kNm kr = 0.9744

0.28 % ρbal = 2.24 %

As,min = 1980 mm
2 As = 2077.152 mm

2 n = 4.154304 Bars

As = 2500 mm
2 n = 5 Bars s = 440 mm

1 m

smax = 500 mm Mf = 110.80 kNm kr = 0.8436

0.255 % ρbal = 2.24 %

As,min = 1594.56 mm
2 As = 2033.064 mm

2 n = 4.066128 Bars

As = 2500 mm
2 n = 5 Bars s = 440 mm

ld = 907 mm lA = 925 mm

From Table 2.1:   ρ = OKAY!

Check Developmental Length: 

OKAY!

From Table 2.1:   ρ = OKAY!

Flexure Design Transverse Direction: Using 1m strip --> bw = 

Flexure Design:

Flexure Design Longitudinal Direction: Using 1m strip --> bw = 

Two-Way Shear:

-1221774

OKAY!



JG, AS

Column Data:

Designed by: SI, AH Date: 16/03/2013

Checked by: Description: F4

Concrete Spread Footing Design

Project: Gibraltar Office Building Project #: 13.001

Ac = 122500 mm
2 Af = 4840000 mm

2 2

Br,footing = 3384.1 kN Pf = 1253.5 kN

Br,column = 1692.0 kN Pf = 1253.5 kN

n = 4 Bars As,dowels = 2000 mm
2 s = 175 mm

ldb = 484 mm 0.044dbfy = 443.52 mm mm

lA = 325 mm

Use 340

b1 = 2200 mm b2 = 2200 mm hf = 450 mm

n = 5 25 440 mm

n = 5 25 440 mm

n = 4 25 M Bars           @ s = 175 mm

Use 340

Column-Footing Joint:

mm 90° Hook!

Final F4 Footing Design:

Longitudinal Direction:

M Bars           @ s =

Transverse Direction:

M Bars           @ s =

OKAY! See Below!

mm 90° Hook!

OKAY!

`

Check Developmental Length: 

443.52

Column-Footing Joint Design:

sqrt(Af/Ac) = 

OKAY!
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ENGI 6707 – DESIGN OF CONCRETE AND MASONRY STRUCTURES 

Example 2.3 – Design of a Cantilever Retaining Wall 

 
Design a cantilever retaining wall to support a bank of earth 4.9 m high.  The top of the 
earth is to be level with a surcharge of 16.0 kPa.  The weight of the backfill is 18.0 kN/m3, 
the angle of internal friction is φ = 35°, the coefficient of friction between concrete and soil is 
0.5, the coefficient of friction between soil layers is 0.7, allowable soil bearing capacity is 
200 kPa.  Use: normal weight concrete, ′cf  =  30 MPa, ga = 20 mm, and yf = 400 MPa. 

(I) INITIAL DIMENSIONS 

The retained height is 4.9 m.  We assume a frost penetration depth of 1200 mm (4 ft).  
Hence, the total height of the wall is 6.10 m.  The selected initial dimensions for the trial 
section of the wall are: 

Select
Top 8 - 12 in 200 300 300

Batter 1/2 in/ft 42 mm/m 256
x = h / 12 10 508 610 500

Toe = h/ 8 6 763 1017 950
Base width = h × 2/3 2/5 4067 2440 3100

Heel 1650

Dimensions (mm)Range

 

5.5 m

0.6 m

0.95 m 0.5 m 1.65 m

0.3 m

hs = 0.89 m

w4w1

w2

w3

Ps

Ha1

y1

p1 p2

Ha2

y2

x
R

1.55 m0.50 m1.05 m

2.9 kPa

182.4 kPa

4.9 m

3.10 m

 
Figure 1.  Forces acting on retaining wall. 
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(II) STABILITY OF THE WALL 

1. Overturning 

Using the Rankine equation: 

1 sin 1 0.574 0.271
1 sin 1 0.574aC φ

φ
− −

= = =
+ +

  

Overturning forces: 

16(due to surcharge) 0.89 m
18

s
s

wh
w

= = =  

0.271 (18 0.89) 4.34 kN/m

0.271 (18 5.5) 29.75 kN/m

s a b s

a a b

p C w h

p C w h

= = × × =

= = × × =
 

1

2

6.14.34 6.1 26.4 kN/m, arm (from point "O") = 3.050 m
2

1 6.129.75 6.1 90.8 kN/m arm (from point "O") = 2.033 m
2 3

a

a

H

H

= × = =

= × × = =

 

The overturning moment  =  26.4 3.050 90.8 2.033 265.2 kN.m× + × =  

Calculate the balancing moment against overturning: 

 
Weight 

(kN) 
Arm @ “O”

(m) 
Moment 
(kNm) 

w1 =  0.3(5.5)(24) = 39.6 1.3 51.5 
w2 = ½ (0.2)(5.5)(24) = 13.2 1.083 14.3 
w3 = 0.6(3.1)(24) = 44.6 1.55 69.2 
w4 = 1.65(5.5)(18) = 163.4 2.275 371.6 
ws = 1.65(0.89)(18) = 26.4 2.275 60.1 

 Σw = R = 287.2  Mbal = ΣM = 566.7 

Safety against overturning 

Safety against overturning = Balancing Moments 566.7 2.14 2.0 O.K.
Overturning Moments 287.2

= = ≥ ∴  
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2. Base Soil Pressure 

a. First, we locate the location of the resultant R of the vertical forces.  We took the 
moments about the toe end “O” when we were determining the overturning of the 
wall.  Therefore, the distance “x” from the point “O” is determined as follows: 

(R Vertical) (x) = M Balancing − M Overturning 

x = (566.7 − 287.2) / 287.2 = 1.05 m 

e = L/2 − x = 3.1 / 2 − 1.05 = 0.50 m 

b. We calculate the stresses under the footing (per meter width): 

3

1

2

( ) 61

310.4 287.2 (3.1/ 2)
(3.1)1 3.1 1.0

12
92.6 89.7 182.4 kPa
92.6 89.7 2.9 kPa

v v
sa v

R R e c eq R
A I L

q
q

⎛ ⎞= ± = +⎜ ⎟
⎝ ⎠

×
= ±

× ×

= + =

= − =

 

c. The non-factored (working) bearing pressure under the soil is less than the allowable 
value of 200 kPa, ∴ O.K.  

d. Also, note that there will be no tension under the footing at the end of the heel.  This 
conclusion can also be reached using the rule of the middle third since e < L/6.  Note 
that in the design process it is recommended that e < 0.3L in order to limit local 
bearing stresses in either the concrete footing or the soil or rock so as to avoid the 
possibility of a bearing failure towards the rear of the footing or overturning. 

3. Sliding 

a. Force causing sliding =  Ha1 + Ha = 26.4 + 90.8 = 117.2 kN 

b. The coefficient of friction between the concrete base and soil (μ Concrete-Soil) = 0.5. 

Resisting force = μ Concrete-Soil × R = 0.50 × 287.2 = 143.6 kN 

c. Safety against sliding = 143.6 / 117.2 = 1.23 < 1.5, therefore NOT O.K. 

d. The resistance provided does not give an adequate safety against sliding.  In this 
case, a key should be provided to develop a passive pressure large enough to resist 
the excess force that causes sliding.  Another function of the key is to provide 
sufficient development length for the dowels of the stem.  The key is therefore 
placed such that its face is about 150–300 mm from the back face of the stem 
(Figure 2).  In the calculation of the passive pressure, the top 300 mm of the earth at 
the toe side is usually neglected, leaving a height of 300 mm in this example.  
Assume a key depth t = 0.60 m and a width b = 0.50 m. 
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1 sin 1 0.574 3.69
1 sin 1 0.574pC φ

φ
+ +

= = =
− −

 

( )

( )

2

2

1
2

1 3.69 18 0.6 0.9
2

74.7 kN

p pH C w h t′= +

= × × +

=

 

e. The sliding may occur now on the 
surfaces AC, CD, and EF (Figure 
2).  The sliding surface AC lies 
within the soil layers with a 
coefficient of internal friction = tan 
φ = tan 35° = 0.7, whereas the 
surfaces CD and EF are those 
between concrete and soil, where 
μ Concrete-Soil = 0.50. The frictional 
resistance (F) is: 

F = μ Soil-Soil R1 + μ Concrete-Soil R2 

0.60 m

1.15 m 0.5 m 1.45 m

R1
2.9 kPa

182.4 kPa

3.10 m

O

0.30 m

B

C

E

D

F

A

R2

107.1 kPa

t

0.90 mh'

0.30 m

Hp

 

Figure 2.  Details of key. 
 

R1  =   reaction on AC  =  182.4 107.1 1.15 188.2 kN
2
+⎛ ⎞ × =⎜ ⎟

⎝ ⎠
 

R2  =   R − R1  = 287.2 − 188.2  = 99.0  kN 

R2  =   reaction on CDF  =  107.1 2.9 1.95 99.0 kN
2
+⎛ ⎞ × =⎜ ⎟

⎝ ⎠
 

The total resisting force =  F + Hp  = 181.3 + 74.7 = 256.0 kN 

The factor of safety against sliding is:  

256.0 181.32.18 2.0              or    1.55 1.5 
117.2 117.2

= > = >  

The factor is greater than 1.5, which is recommended when passive resistance 
against sliding is not included. 
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(III) DESIGN OF THE WALL 

• The load factors (α) used in calculating Mf and Vf are: 

– For lateral earth pressure, α = 1.5 

– For dead loads such as soil weight and concrete weight (acting), α = 1.25 

– For dead loads such as soil weight and concrete weight (resisting), α = 0.9 

– For live loads, α = 1.5 

 

1. Stem Design 

5.5 m

0.3 m

hs = 0.89 m

Ps

Ha1

y1

p1 p2

Ha2

y2

4.9 m

 
 

– Estimate effective depth d assuming 25M bars: 

d =  500 − 75 − 25.2/2 = 412.4 mm 

dv =  Max (0.9d or 0.72h) = 371 mm 

Design for Flexure 

– The critical section for bending moment is at the face of the bottom of the stem. 

p1 = (Ca w hs)    =  0.271 × 18 × 0.89  =  4.34 kPa 

p2 = (Ca w hstem)  =  0.271 × 18 × 5.5   =  26.83 kPa 

Ha1 =  4.34 × 5.5  =  23.88 kN             @ arm = 5.5/2 = 2.75 m 

Ha2 =  ½ × 26.83 × 5.5 = 73.78 kN           @ arm = 5.5/3 = 1.833 m 

Mf (at bottom of wall)  =  1.5 × 23.88 × 2.75 + 73.78 × 1.833  = 301.4 kN.m 
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• Determine the required main tension vertical reinforcement: 

– We design a 1.0 m strip of the stem as a cantilever one–way slab system spanning 
in the vertical direction. 

– Since the section is an R–Section, we use Table 2.1 where Mr = kr b d2 × 10–6.  The 
factored moment Mf = 301.4 kN.m.  Setting Mr ≥ Mf , we obtain: 

Kr = 301.4 × 106 / [(1000) × (412.4)2] = 1.93 MPa ⇒ ρ = 0.61% 

As = 0.61% × 1000 × 412.4 = 2286 mm2 

– Since ρmax = 2.63%,  ρ < ρmax ∴OK.  We also notice that ρ / ρmax = 0.23 

– As,min = 0.002 Ag [Cl. 7.8.1] = 0.002 × 1000 × 450 = 900 mm2 

As > As,min ∴OK . 

– Use 4–25 M bars per meter, As, provided = 2500 mm2, and s = 200 mm. 

– The maximum bar spacing for the main reinforcement in slabs, smax, is the smallest 
of 3h or 500 mm [Cl. 7.4.1.2]: 

smax < (3 × 500 or 500 mm) ⇒ smax = 500 mm.  s < smax, therefore OK. 

• Determine the secondary reinforcement for temperature & shrinkage in the 
horizontal direction: 

– As,TEMP = 0.002 Ag.  The maximum bar spacing for the secondary reinforcement in 
slabs is the smallest of 5h or 500 mm [Cl. 7.8.3]. 

– As,TEMP = 0.002 × 1000 × 500 = 1000 mm2.  However, we note that the thickness of 
the stem varies between 300 and 500 mm.  Therefore, we can use an average 
thickness of 0.5 × (300 + 500) = 400 mm and in that case As,TEMP = 0.002 × 1000 × 
400 = 800 mm2. 

We use 10M horizontal bars at each face of the wall with a spacing of 250 mm (As = 
400 mm2) per face. 

However, note that because the front face of the wall is mostly exposed to 
temperature changes than the rear face which is covered by soil, some designers 
prefer to use one–half to two–thirds of the horizontal bars at the external faces of the 
wall. 

– Provide 10M or 15M vertical bars (s = 500 mm) at the exposed vertical face of the 
wall, which serves as bars supports for the horizontal temperature reinforcement. 
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Design for Shear 

• Critical section for shear is at a distance dv from the bottom of the stem: 

hstem − dv = 5.5 − 0.371 = 5.129 m 

p1 = Ca w hs        =  0.271 × 18 × 0.89   =  4.34 kPa 

p2 = Ca w (hstem − dv)  =  0.271 × 18 × 5.129  =  25.02 kPa 

Ha1 =  4.34 × 5.129  =  22.27 kN 

Ha2 =  ½ × 25.02 × 5.129 = 64.16 kN 

Vf (at a distance dv from bottom of wall) = 1.5 × 22.27 + 1.5 × 64.16 = 129.64 kN 

• Shear resistance if shear reinforcement is not present: 

230 230 0.168
1000 1000 371.2vd

β = = =
+ +

 

c c c w vV f b dφ λ β ′=   

  =  0.65 × 1 × 0.158×  25MPa  × 1000 mm × 371.8 × 10−3 = 221.7 kN > Vf ∴OK. 

• Other reinforcement details: 

– The vertical main reinforcing bars in the stem should be embedded into the footing a 
distance that is at least equal to the development length ( d).  This could be achieved 
using one of the two following arrangements: 

(a) d is that of a 180° hooked bar (Cl. 12.5).  The basic development length is: 

hb = 100 b

c

d
f ′

> 8db or 150 mm (fy = 400 MPa) 

(b) the reinforcement is extended in the shear key and d is that of a straight bar 
only (Cl. 12.2), the basic development length in this case is:  

d = 0.45 k1 k2 k3 k4 y
b

c

f
d

f ′
 

 

– The splice at the bottom of the stem is a Class B lap splice (Cl. 12.15), that is the 
splice length is 1.3 d. 
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2. Design of Heel 

5.5 m

0.3 m

hs = 0.89 m

Ps

Ha1

y1

p1 p2

Ha2

y2

4.9 m

 
 

• The heel slab acts as a cantilever, projecting in this case from the back face of the stem 
and loaded by surcharge, earth fill, and its own weight.  

• The upward reaction of the soil should be neglected in calculating the loads that act on 
the heel.  This is done recognizing that for severe overloading stage a nonlinear 
pressure distribution will be obtained, with most of the reaction concentrated near the 
toe, which could lead to the elimination of most of the pressure under the heel. 

• Calculate the factored bending moment at the critical section.  The critical section for the 
bending moments is at the face of the heel. 

( ) ( )

( )

1.65 1.651.25 1.65 0.6 24 1.25 1.65 5.5 18
2 2

1.65       1.5 16 1.65 24.5 168.5 32.7 225.6 kN.m
2

fM ⎛ ⎞ ⎛ ⎞= × × + × ×⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

⎛ ⎞+ × = + + =⎜ ⎟
⎝ ⎠

 

• The critical section for shear is also at the face of the heel (Fig N11.3.2).  This is 
because there is a tension induced in the concrete where the heel joins the stem and 
the inclined cracks could extend into the region ahead of the back face of the stem. 

( ) ( ) ( )1.25 1.65 0.6 24 1.25 1.65 5.5 18 1.5 16 1.65
   29.7 204.2 39.6 273.5 kN

fV = × × + × × + ×
= + + =

 

• Check the shear capacity of the heel: 

– Estimate effective depth d assuming 25M bars: 

d = 600 − 75 − 25.2/2 = 512.4 mm 

dv =  Max (0.9d or 0.72h) = 461.2 mm 

– Shear resistance if shear reinforcement is not present: 
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ab / dv = 1.65 / 0.461 = 3.58 > 3.0 (Note that if ab ≤ 3dv, then β = 0.210) 

230 0.157
1000 vd

β = =
+

 

c c c w vV f b dφ λ β ′=   

  =  0.65 × 1 × 0.173×  25MPa  × 1000 mm × 461.2 = 258.4 kN. 

Vc < Vf, therefore, NOT OK. 

– Increase the thickness of the heel.  (Note that increasing the depth of the heel to 650 
mm will result Vc = 2760 kN). 

• Determine the required main tension reinforcement in the heel: 

– We design a 1.0 m strip of the heel stem as a cantilever one–way slab system. 

– Estimate effective depth d assuming 25M bars: 

d = 650 − 75 − 25.2/2 = 562.4 mm. 

– Since the section is an R–Section, we use Table 2.1 where Mr = kr b d2 × 10–6.  The 
factored moment Mf = 339 kN.m.  Setting Mr ≥ Mf , we obtain: 

Kr = 225.6 × 106 / [(1000) × (562.4)2] = 0.71 MPa ⇒ ρ = 0.21% 

As = 0.21% × 1000 × 562.4 = 1208 mm2. 

– Since ρmax = 2.63%,  ρ < ρmax .  We also notice that ρ / ρmax = 0.08. 

– As,min = 0.002 Ag [Cl. 7.8.1] = 0.002 × 1000 × 650 = 1300 mm2. 

As < As,min, therefore As,min GOVERNS . 

– Select 3–25M per meter, spacing = 333.3 mm. 

– The maximum bar spacing for the main reinforcement in slabs, smax, is the smallest 
of 3h or 500 mm [Cl. 7.4.1.2]: 

smax < (3 × 850 or 500 mm) ⇒ smax = 500 mm.  s < smax, therefore OK. 

• Other reinforcement details: 

– Extend the reinforcement a distance equal to the development length, d, past the 

inner face of the stem (k1 = 1.3 when calculating d). 
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• Determine the secondary reinforcement for temperature & shrinkage in the 
horizontal direction: 

– In general, temperature and shrinkage exposure is ordinarily less severe for footings 
than for slabs. 

– The base slab is well below grade and will not be subjected to the extremes of 
temperature that will be imposed on the stem concrete.  Consequently, crack control 
(temperature and shrinkage steel) is not a major consideration.  We provide No. 15M 
@ 500 mm oc at one face only.  These bars also serve as bar supports and spacers 
to hold the main steel in place during construction. 

3. Design of Toe 

• The toe slab acts as a cantilever, projecting 
outward from the face of the stem.  It must 
resist the upward pressures underneath it and 
the downward load of the toes slab itself.  The 
downward load of the earth fill over the toe is 
neglected because it could be subject to 
possible erosion or removal. 

• It should be noted that the stress distribution 
under the toe is based on working stresses.  
Hence, to obtain the factored bending moment 
and shear force, load factors must be applied. 

0.95 m

2.9 kPa

182.4 kPa 156.7 kPa

dv = 0.506 m

127.4 kPa

( ) ( )
LL DL

182.4 156.71.5 0.95 0.506 0.9 0.95 0.506 0.65 24
2

    112.9 6.23 106.7 kN

fV
α α

+⎛ ⎞= × × − − × − × ×⎜ ⎟
⎝ ⎠

= − =

 

( ) ( ) ( ) ( )

( )

LL

DL

2 2

2

1 2 1 11.5 182.4 0.95 127.4 0.95
2 3 2 3

1     0.9 0.95 0.65 24 0.65 111 2.8 108.2 kN.m
2

fM
α

α

⎛ ⎞⎛ ⎞ ⎛ ⎞= × +⎜ ⎟⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠⎝ ⎠

⎛ ⎞⎛ ⎞− × × × = − =⎜ ⎟⎜ ⎟
⎝ ⎠⎝ ⎠

 

• From the heel design, we can conclude that As,min will govern the design and hence the 
reinforcement will be identical to that of the heel.  Also, the shear resistance of the toe is 
more than sufficient. 

• Extend the reinforcement a distance equal to the development length, d, past the outer 
face of the stem. 
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Depth = 1200 mm γsoil = 18 kN/m
3 Φ = 35 °

qsa = 150 kPa μc-s = 0.5 μs-s = 0.7

k4 = 1

Steel Size: 25 M Temp Stl: 15 M f'c = 30 MPa

db = 25.2 mm db = 16 mm fy = 400 MPa

Ab = 500 mm
2 Ab = 200 mm

2 ag = 20 mm

Φs = 0.85 Φc = 0.65 λ = 1

b'c = 75 mm γc = 24 kN/m
3 wsurcharge = 0 kPa

hgd = 2460 mm htotal = 3660 mm bt-stem = 190 mm

bbase = 1800 mm hbase = 350 mm bb-stem = 190 mm

btoe = 650 mm bheel = 960 mm hstem = 3310 mm

Stability of the Wall:

Stability of the Wall - Overturning:

CA = 0.271 CP = 3.690 hs = 0 mm

Ha1 = 0.00 kN/m Ha2 = 32.67 kN/m Mo = 39.9 kNm

wstem1 = 15.09 kN wstem2 = 0.00 kN wbase = 15.12 kN

wsoil = 57.20 kN ws = 0.00 kN Fo = 87.4 kN

Mstem1 = 11.24 kNm Mstem2 = 0.00 kNm Mbase = 13.61 kNm

Msoil = 75.50 kNm Ms = 0.00 kNm Mbal = 100.4 kNm

FoS = 2.52 > 2 OK

Stability of the Wall - Base Soil Pressure:

X = 0.69 m 1/3bbase = 0.6000 m

q1 = 82.22 kPa q2 = 14.90 kPa OK

Designed by: AS Date: 16/03/2013

Checked by: Description: GL F, 4 to 8

Concrete Foundation Wall Design

Project: Gibraltar Office Building Project #: 13.001

Initial Dimensions:

OK No Tension

Geotechnical Data:

Basic Data:

OK, Local Bearing Stresses 

Limited

qsa > q1 →

e = 0.2 m 0.3bbase = 0.540 m
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Designed by: AS Date: 16/03/2013

Checked by: Description: GL F, 4 to 8

Concrete Foundation Wall Design

Project: Gibraltar Office Building Project #: 13.001

Geotechnical Data:

smax = 500 mm

1 As,min = 380 mm
2

d = 102 mm dv = 137 mm Ha1 = 0.00 kN

Ha2 = 26.72 kN Mf = 44.2 kNm kr = 4.22

0.61 % ρbal = 2.24 %

As = 624.64 mm
2 n = 1.24928 Bars s = 500 mm

As = 1000 mm
2 n = 2 Bars s = 500 mm

As,temp = 380 mm
2 n = 1.9 Bars s = 1000 mm

As = 200 mm
2
/Face n = 1 Bars/Face s = 500 mm/Face

β = 0.202 p1 = 0.00 kPA p2 = 15.48 kPA

Ha1 = 0.00 kN Ha2 = 24.56 kN Vf = 36.8 kN

Vc = 98.5 kN

Stem Design - Developmental Length Check: 1077 mm

lhb = 460 mm 8db = 201.6 mm

Final Foundation Wall Design:

bb-stem = 190 mm bt-stem = 190 mm hstem = 3310 mm

n = 2 15 500 mm

n = 1 15 500 mm

n = 2 25 500 mm

n = 1 15 500 mm

Stem Design:

Stem Design - Vertical Reinforcement: 

Using 1 m Strip: bw = m

From Table 2.1:   ρ = OKAY!

Stem Design - Shear Check: 

Vc > Vf --> OKAY

Splice Length =

Stem Design - Horizontal Reinforcement: 

lhb > 8db --> OKAY

Stem - Front Face - Longitudinal Direction:

M Bars          @ s =

M Bars          @ s =

Stem - Front Face - Transverse Direction (Per Face):

M Bars          @ s =

Stem - Rear Face - Longitudinal Direction:

M Bars          @ s =

Stem - Rear Face - Transverse Direction (Per Face):
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B.8: Strip Footing 
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Example 2.1 – Design of a Wall Footing 
A reinforced concrete wall, 325 mm thick, carries a service (specified) dead load of 80 
kN/m and a service live load of 220 kN/m.  The foundation depth recommended by the 
geotechnical engineer is 1.25 m (below finished grade).  The geotechnical resistance is 
210 kPa at the serviceability limit state and the factored geotechnical resistance is 500 
kPa at the ultimate limit state.  All resistances are at the foundation depth.  The unit 
weight of the soil is 16 kN/m3.  Design a footing for the wall.  Use cf ′  = 25 MPa, ag = 20 
mm and yf  = 400 MPa. 

1600.0

325.0

1.0 m design strip

1250.0

75.0
300.0

75

 
 

1. Size of Footing and Factored Pressure 

– The allowable soil pressure is the gross pressure at a depth of 1.25 m.  Assume the 
thickness of footing to be 0.3 m.  The unit weight of concrete and soil are 24 and 16 
kN/m3, respectively (it is assumed that the soil will be backfilled to grade). 

– The net soil pressure allowable at a depth 1.25 m is: 

qsa (NET) =  210 − 0.3 × 24 − (1.25 − 0.3) × 16 =188 kN/m2 

– Required width of footing (for 1 meter design strip) is: 

Service

(NET)

80 220
188sa

Pb
q

+
= = =  1.595 mm (use 1.60 m) 

– The weight of footing and weight of overburden are uniformly distributed loads and 
are balanced by the uniform soil pressure. 

– For 1 meter wide design strip, the factored load, Pf is: 

Pf  =  1.25 × 80 + 1.5 × 220 = 430 kN 
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– The factored soil pressure, psf, corresponding to this load (per 1 m design strip) is: 

430
1.6 1sfq = =

×
 269 kN/m2 (kPa) = 0.269 MPa < qsu = 500 kPa (∴OK) 

2. Footing depth for shear 
– Critical section for shear is at a distance dv 

(mm) from the wall face. The factored shear 
force at that location is: 

( )0.269 1000 637.5 269(638 )f v vV d d= × × − = −

– According to Clause 11.3.4, the shear 
resistance of concrete, Vc, is: 

c c c w vV f b dφ λ β ′=  

where β = 0.21 for footings with an overall 
thickness not greater than 350 mm. 

0.65 1.0 0.21 25 1000c vV d= × × × × × = 682.5dv 

– Equating Vc and Vr: 

269(638 ) 682.5v vd d− ≤  

– Solving, dv = 197 mm ⇒ d = dv/0.9 = 200 mm 
Using clear cover of 75 mm and assuming 
15M bars: 
h =  200 + 75 + 16/2 = 282.6 mm, therefore 
use h = 300 mm (note Clause 15.7 for 
minimum d). 

– An overall thickness of 300 mm, with a cover 
of 75 mm and No. 15 bars will give: 

d = 300 − 75 − 16/2 = 217 mm (which is 
adequate, ∴ O.K.) 

1 m design strip

Critical section
for shear

qsf  = 269 kPa

dv

637.5

637.5 − dvdv

3. Design for Moment 

– Clause 15.4.3 states the location of the critical sections for the maximum factored 
moment for a footing based on the type of wall or column.  Figure N15.4.3 of the 
commentary also show the location for the critical sections for moment in footings. 

– Based on Clause 15.4.3, and for  footings supporting a concrete column, pedestal, 
or wall (as in the current example), the critical section for flexure is located at the 
face of the wall. 
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– Maximum moment at wall face is: 
Mf =  0.269 × 1000 × (637.5) × (637.5/2) = 54.7×106 N·mm 

Mr = kr b d2 × 10−6 (Table 2.1) 

6

2

54.7 10 1.16 MPa
100 217rK ×

= =
×

 

From Table 2.1, ρ = 0.36% and ρmax = 
2.24% 

As, required  =  0.36% × 1000 × 217 
         =  774 mm2 

As, min    =  0.2% × 1000 × 300 
         =  600 mm2 

Select 4-15M bars per meter, (spacing = 
250 mm (c. to c). 

Maximum spacing of main reinforcement 
(Cl. 7.4): smax = minimum of 3h or 500 
mm  

smax = min (3h or 500 mm) = 500 mm 

s < smax ∴O.K. 

 
4. Check Development of Main 

Reinforcement 

– The required development length for No. 
15 bars (using Table 12.1 of the 
handbook), d = 430 mm. 

– Actual length available, assuming an end 
cover of 75 mm is: 

0.5 (1600 − 325) − 75 = 563 mm > 430 
mm ∴O.K 

0.325 m

> d

Critical section
for moment

qsf = 269 kPa

54.7 kN.m

637.5 mm

1 m design strip
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5. Secondary Reinforcement 

– The Code does explicitly not specify any temperature and shrinkage reinforcement 
for footings.  Since it is covered by earth, the temperature stresses may not be 
significant in a footing.  In a wall footing which is in the form of a long narrow strip, 
some secondary bending moment may develop as a result of slight differential 
settlements along the length of the wall, and it will be good practice to provide some 
secondary reinforcement in the longitudinal directions. 

– Nonetheless, for a reinforced concrete wall footings, some designers and some 
textbooks recommend the use of As,min with a maximum spacing of 5h or 500 mm 
(Cl. 7.8.3). 

– For the footing in this example: 
As, min = 0.2% × 300 × 1600  =  9 60 mm2 

Select 5 No. 15M bars ⇒ As = 1000 mm2  
spacing, s = 1600/5 = 320 mm (c. to c) 
smax = min (5h or 500 mm) = 500 mm 

s < smax ∴O.K. 

6. Design the Connection between the Wall and the Footing 

– The factored bearing resistance at the bottom of the column is: 

Column bearing: 1 dowel0.85r c c s yB f A f Aφ φ′= +  

Br = 0.85 × 0.65 × 25 × 325 × 1000 x 10−3 = 4489 kN 

– Since Br > Pf, therefore no dowel are required to transfer the extra force that can not 
be carried by the concrete, i.e. Pf − Br.  However, the contact surfaces between the 
column and footing has to contain a minimum area of reinforcement as defined in Cl. 
15.9.2.1.  The minimum vertical dowels = 0.0015 Ag = 488 mm2 (Cl. 14.1.8).  
Therefore, use a minimum of 3 No. 10M per meter = 600 mm2/m at the interface 
between the bottom of the wall and the footing. 

– In general, it is customary in practice to provide the dowels to match the 
reinforcement of the wall. 
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w1 = 190 mm w2 = 1000 mm

LLC = 10.96 kN/m DLC = 16.31 kN/m

Depth = 1200 mm γsoil = 18 kN/m
3

qsa = 150 kPa qsu = 300 kPa

Φs = 0.85

Steel Size: 15 M k4 = 0.8 Φc = 0.65

db = 16 mm λ = 1 f'c = 30 MPa

Ab = 200 mm
2 ag = 20 mm fy = 400 MPa

hf = 300 mm

hs = 100 mm wslab = 2.4 kPa wLL(SOG) = 2.4 kPa

wfoot = 7.2 kPa wsoil = 14.4 kPa wtotal = 26.4 kPa

qsa(net) = 123.6 kPa Pservice = 27.27 kN/m Af = 0.2 m
2

b = 0.2 m b1 = 400 mm b2 = 1000 mm

New Af = 0.4 m
2 Pf = 36.828 kN qsf = 92.1 kPa

1 m

ab = 105 mm      0.21 x = 0.0921

Vf = 9.7 _
 xdv

Vc = 0.7476 dv Solve dv = 12 mm 

3dv = 35 mm      β = 0.2274 Vc = 0.8095 dv

New dv = 11 mm 3dv = 32 mm dv = 11 mm

d = 12 mm b'c = 75 mm h = 95 mm

hf = 150 mm d = 67 mm

Shear Check: Using 1 m strip --> bw = 

ab < 3dv -->β =

Initial Information:

Wall Data:

Concrete Strip Footing Design

Project: Gibraltar Office Building Project #: 13.001

Designed by: AS Date: 16/03/2013

Checked by: Description: GL F, 4 to 8

Geotechnical Data:

Basic Data:

Size Footing:
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Initial Information:

Concrete Strip Footing Design

Project: Gibraltar Office Building Project #: 13.001

Designed by: AS Date: 16/03/2013

Checked by: Description: GL F, 4 to 8

1 m

smax = 450 mm Mf = 0.51 kNm kr = 0.1131

0.36 % ρbal = 2.24 %

As,min = 300 mm
2 As = 241.2 mm

2 n = 1.5 Bars

As = 400 mm
2 n = 2 Bars s = 450 mm

smax = 450 mm As,min = 120 mm
2 n = 0.6 Bars

As = 200 mm
2 n = 1 Bars s = 400 mm

ld = 421 mm lA = 30 mm

Use 220

Br,footing = 3149.3 kN Pf = 36.828 kN

As,min = 285 mm
2 n = 1.425 Bars

As = 400 mm
2 n = 2 Bars

n = 2 Bars As,dowels = 400 mm
2 s = 500 mm

b1 = 400 mm b2 = 1000 mm hf = 150 mm

n = 2 15 450 mm

Use 220

n = 1 15 400 mm

n = 2 15 M Bars           @ s = 500 mm

M Bars           @ s =

Wall-Footing Joint:

Flexure Design:

Flexure Design Longitudinal Direction: Using 1m strip --> bw = 

Final Strip Footing Design:

Longitudinal Direction:

M Bars           @ s =

Transverse Direction:

mm 90° Hook!

Flexure Design Transverse Direction:

Check Developmental Length: 

See Below!

From Table 2.1:   ρ = OKAY!

mm 90° Hook!

Design Wall-Footing Joint:

OKAY!



 

 

 
 
 
 

Appendix C: Unfactored Load Transfer Sketches 
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C.1: Unfactored Load Transfer Sketches 











 

 

 
 
 
 

Appendix D: Load Transfer Summary Tables 
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D.1: Unfactored Load Transfer Summary Table 



Project #:

Date:

Dead Load Live Load Dead Load Live Load Snow Load Dead Load Snow Load

C1 21.8 29.4 42.5 55.6 0.0 16.1 24.9

C2 58.2 55.9 69.0 68.5 0.0 24.4 50.7

C3 66.6 44.8 66.6 44.8 0.0 19.6 56.4

C4 94.7 105.0 104.8 118.5 0.0 26.4 75.9

C5 68.6 87.3 78.5 100.7 0.0 17.6 50.7

C6 32.2 43.3 117.1 152.0 0.0 145.7 224.5

C7 50.7 68.2 77.6 103.4 0.0 30.3 46.6

C8 40.1 49.0 40.1 49.0 0.0 8.8 25.4

C9 82.2 76.5 168.8 174.0 0.0 0.0 0.0

C10 145.1 120.6 148.7 133.9 0.0 71.2 135.9

C11 136.5 91.8 133.4 89.7 0.0 39.2 112.8

C12 168.8 181.1 175.4 191.0 0.0 47.2 135.6

C13 123.4 159.1 152.2 183.9 0.0 38.5 110.6

C14 19.3 12.9 21.8 14.6 0.0 39.0 60.1

C15 17.6 11.8 72.0 48.4 0.0 128.4 197.8

C16 9.6 6.5 55.5 37.3 0.0 41.3 84.1

C17 21.8 14.7 104.3 70.1 0.0 30.7 88.3

C18 10.1 6.8 82.9 55.8 0.0 24.4 70.2

C19 0.0 0.0 32.6 0.0 74.3 0.0 0.0

C20 0.0 0.0 103.8 7.1 192.0 142.3 219.3

C21 0.0 0.0 53.6 0.0 115.0 0.0 0.0

C22 0.0 0.0 175.0 0.0 350.4 0.0 0.0

C23 0.0 0.0 0.0 0.0 0.0 26.1 40.2

AS

Column Service Loads

Project:

Load from First Floor (kN) Load from Second Floor (kN) Load from Roof (kN)

13.001

16/03/2013 Design Engineer:

Checked By:

Gibraltar Office Building

JG

Column



Project #:

Date:

Dead Load Live Load Snow Load Dead Load Live Load Snow Load

C1 80.5 85.0 24.9 81.0 85.0 25.0 267.0

C2 151.6 124.4 50.7 152.0 125.0 51.0 454.0

C3 152.8 89.5 56.4 153.0 90.0 57.0 412.0

C4 225.9 223.5 75.9 226.0 224.0 76.0 733.0

C5 164.7 188.0 50.7 165.0 189.0 51.0 567.0

C6 295.0 195.3 224.5 296.0 196.0 225.0 1002.0

C7 158.6 171.6 46.6 159.0 172.0 47.0 528.0

C8 89.0 98.1 25.4 90.0 99.0 26.0 300.0

C9 250.9 250.5 0.0 251.0 251.0 0.0 691.0

C10 365.1 254.5 135.9 366.0 255.0 136.0 1044.0

C11 309.1 181.4 112.8 310.0 182.0 113.0 830.0

C12 391.4 372.1 135.6 392.0 373.0 136.0 1254.0

C13 314.0 343.0 110.6 315.0 344.0 111.0 1077.0

C14 80.1 27.6 60.1 81.0 28.0 61.0 235.0

C15 217.9 60.2 197.8 218.0 61.0 198.0 661.0

C16 106.5 43.8 84.1 107.0 44.0 85.0 328.0

C17 156.8 84.8 88.3 157.0 85.0 89.0 458.0

C18 117.4 62.5 70.2 118.0 63.0 71.0 349.0

C19 32.6 0.0 74.3 33.0 0.0 75.0 154.0

C20 246.2 7.1 411.3 247.0 8.0 412.0 939.0

C21 53.6 0.0 115.0 54.0 0.0 116.0 242.0

C22 175.0 0.0 350.4 175.0 0.0 351.0 746.0

C23 26.1 0.0 40.2 27.0 0.0 41.0 96.0

Total Factored 

Load (kN)

Total Load on Column (kN) Rounded Up Total Load on Column (kN)

Column

Column Service Loads

Project: Gibraltar Office Building 13.001

 Design Engineer: AS 16/03/2013

Checked By: JG
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D.2: Factored Load Transfer Summary Table 



Gibraltar Office Building Project #: 13.001

AS Date: 16/03/13

JG

Column Load from First Floor (kN) Load from Second Floor (kN) Load from Roof (kN) Total Load on Column (kN)

C1 71.4 136.6 57.5 270

C2 156.6 191.7 106.6 455

C3 150.4 150.4 109.0 410

C4 275.9 308.7 146.8 735

C5 216.7 249.3 98.1 565

C6 105.3 374.4 518.8 1000

C7 165.6 253.6 107.7 530

C8 123.6 123.7 49.2 300

C9 217.4 472.0 0.0 690

C10 362.4 386.8 292.9 1042

C11 308.2 301.2 218.2 830

C12 482.6 505.8 262.4 1255

C13 392.9 466.1 214.0 1075

C14 43.5 49.2 139.0 235

C15 39.7 162.5 457.2 660

C16 21.8 125.4 177.8 325

C17 49.2 235.6 170.8 460

C18 22.8 187.3 135.8 350

C19 0.0 152.2 0.0 155

C20 0.0 428.4 506.9 940

C21 0.0 239.5 0.0 240

C22 0.0 744.3 0.0 745

C23 0.0 0.0 92.9 95

Combined Column Factored Loads

Project:

 Design Engineer:

Checked By:



 

 

 
 
 
 

Appendix E: Structural Drawings 
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E.1: WS-1.01 General Notes 
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E.2: WS-2.01 to WS-2.04 Framing Plans 
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E.3: WS-5.01 to WS-5.07 Structural Elevations and Cross Sections 
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E.4: WS-6.01 to WS-6.03 Structural Details 









 

 

 
 
 
 

Appendix F: Quantity Takeoff 
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F.1: Quantity Takeoff 



SECTION UNIT QUANTITY UNIT PRICE TOTAL

1001

m
3

1.73 $600 $1,036.80

m
3

7.09 $600 $4,252.50

m
3

19.20 $600 $11,520.00

m
3

8.71 $600 $5,227.20

m
3

1.84 $600 $1,101.83

1002

m
3

0.16 $700 $112.00

m
3

0.56 $700 $393.75

m
3

1.08 $700 $756.00

m
3

0.49 $700 $343.00

m
3

0.11 $700 $80.24

1003

m
3

0.2945 $700 $206.15

m
3

0.3895 $700 $272.65

m
3

0.2945 $700 $206.15

m
3

0.2375 $700 $166.25

m
3

0.7429 $700 $520.03

m
3

0.4959 $700 $347.13

m
3

0.4389 $700 $307.23

m
3

0.5339 $700 $373.73

m
3

0.7239 $700 $506.73

m
3

0.21 $700 $145.30

1004

m
3

0.06 $600 $36.00

m
3

0.003 $600 $1.80

1005

m
3

35.52 $520 $18,468.89

m
3

17.25 $520 $8,969.38

m
3

2.64 $520 $1,371.91

1006

m 80.68 $10 $806.75

m 76.23 $10 $762.32

m 7.85 $10 $78.45

$58,370.18

5% Wastage

5% Wastage

5% Wastage

5% Wastage

5% Wastage

CONCRETE

Date:

Slab-on-Grade

Basement Slab: 100 mm

Storage Area Slab: 100 mm

27/03/13

Checked By:

Gibraltar Office Building

AH/AS

JG/SI

Project: Project #: 13.001

 Design Engineer:

F1: 1200x1200x300

W9: 190x30,310x3810

W5: 190x22,057x3910

W6: 190x6036x2610

W7: 190x19,310x2310

5% Wastage

W1: 190x15,400x1550

W2: 190x6400x2050

S1: 400x125,240x150

F2: 1500x1500x350

F3: 2000x2000x400

P1: 200x200x1000

P2: 250x250x1000

Quantity Takeoff Report

DESCRIPTION

Spread Footings

F4: 2200x2200x450

P4: 350x350x1000

W3: 190x4644x1550

W4: 190x14,227x1250

P3: 300x300x1000

North-South Gridlines B.1, C, and D

Pedestals

Foundation Walls

Strip Footings

W8: 190x3656x2810

Concrete Sub-Total

East-West Gridlines 2, 4, 5, 6, and 7

Control Joints



SECTION UNIT QUANTITY UNIT PRICE TOTAL

Date: 27/03/13

Checked By:

Gibraltar Office Building

AH/AS

JG/SI

Project: Project #: 13.001

 Design Engineer:

Quantity Takeoff Report

DESCRIPTION

2001

Tonne 1.33 $4,700 $6,242.78

Tonne 2.25 $4,700 $10,576.00

Tonne 0.15 $4,700 $718.54

Tonne 0.10 $4,700 $460.86

Tonne 2.41 $4,700 $11,311.29

Tonne 0.23 $4,700 $1,083.94

Tonne 2.11 $4,700 $9,917.08

Tonne 1.19 $4,700 $5,600.44

Tonne 0.99 $4,700 $4,657.29

Tonne 1.40 $4,700 $6,596.26

Tonne 1.29 $4,700 $6,081.78

Tonne 0.38 $4,700 $1,782.48

Tonne 1.55 $4,700 $7,285.22

Tonne 0.42 $4,700 $1,974.97

Tonne 1.99 $4,700 $9,352.06

Tonne 0.89 $4,700 $4,182.05

2002

Tonne 0.72 $4,700 $3,387.07

Tonne 2.14 $4,700 $10,078.65

Tonne 2.93 $4,700 $13,789.12

Tonne 2.09 $4,700 $9,805.14

Tonne 0.39 $4,700 $1,853.00

2003

Tonne 1.70 $4,700 $8,013.05

Tonne 0.66 $4,700 $3,098.86

Tonne 0.52 $4,700 $2,449.52

Tonne 0.14 $4,700 $678.07

2004

Tonne 0.88 $4,700 $4,115.62

Tonne 0.04 $4,700 $205.78

2005

Tonne 0.05 $4,700 $242.52

Tonne 0.17 $4,700 $782.08

Tonne 0.80 $4,700 $3,753.89

Tonne 1.00 $4,700 $4,711.28

Tonne 3.15 $4,700 $14,788.08

Tonne 5.94 $4,700 $27,901.08

Tonne 2.39 $4,700 $11,223.60

Tonne 0.67 $4,700 $3,170.13

2006

Tonne 0.0001 $4,700 $0.38

Tonne 0.0003 $4,700 $1.46

Tonne 0.0014 $4,700 $6.46

Tonne 0.0006 $4,700 $2.84

Tonne 0.0001 $4,700 $0.56

$211,881.26

PL 160x160x10

PL 210x210x10

PL 270x270x20

PL 310x310x20

5% Wastage

5% Wastage

9 m Span, 650 mm Depth

W460x60

5% Wastage

Steel Column Base Plates

10 m Span, 750 mm Depth

Steel Sub-Total

5% Wastage

3 m Span, 250 mm Depth

Open Web Steel Joists

W410x46

W530x74

W310x28

W410x39

W760x161

W760x134

W610x82

W360x33

9 m Span, 750 mm Depth

Steel Lateral Bracing

X Bracing: HSS 127x127x4.8

4 m Span, 400 mm Depth

7 m Span, 650 mm Depth

8 m Span, 650 mm Depth

Steel Channels (Cantilever Windows)

C150x12

Steel Columns

5% Wastage

HSS 127x127x4.8

HSS 178x178x6.4

Steel Beams

HSS 152x152x4.8

STEEL

W360x45

W460x52

W310x24

X Bracing: HSS 152x152x4.8

W200x19

W310x21

W530x66

5% Wastage

X Bracing: HSS 178x178x6.4

HSS 203x203x8.0



SECTION UNIT QUANTITY UNIT PRICE TOTAL

Date: 27/03/13

Checked By:

Gibraltar Office Building

AH/AS

JG/SI

Project: Project #: 13.001

 Design Engineer:

Quantity Takeoff Report

DESCRIPTION

3001

m
2

214.75 $57 $12,221.89

m
2

10.74 $57 $611.09

3002

m
2

214.75 $161 $34,656.50

m
2

10.74 $161 $1,732.82

3003

m 154 $26 $4,037.86

m 7.69 $26 $201.89

m 120 $26 $3,140.56

m 5.98 $26 $157.03

$17,072.74

$39,686.91

$17,072.74

4001

m
2

328.95 $35 $11,513.20

m
2

328.95 $45 $14,802.68

m
2

512.02 $35 $17,920.58

m
2

512.02 $45 $23,040.75

m
2

42.05 $35 $1,471.69

m
2

42.05 $45 $1,892.17

4002

m
2

320.59 $110 $35,264.43

m
2

16.03 $110 $1,763.22

$107,668.73

$394,992.91

$51,349.08

$446,341.99

5% Wastage**

5% Wastage (37.4 mm Depth)

5% Wastage (90 mm Slab)

5% Wastage

Since Wood Decking Option Is Cheaper, Wood Sub-Total

Wood Decking Option* Sub-Total

CLT Panels Option** Sub-Total

5% Wastage

5% Wastage

WOOD

Wood Decking*

8.9 m Span: 175x532 Douglas Fir Larch*

Joists (Glulam Beams)

Double Span: 32 mm Depth SLT

CLT Panels**

8.9 m Span: 215x532 Douglas Fir Larch**

5% Wastage*

64 mm Depth Commerical Grade Douglas Fir Larch

First Floor: Triple Span - 37.4 mm Depth

Steel Decking

Roof: Triple Span: 37.4 mm Depth

Decking Sub-Total

Sub-Total

H.S.T. 13% of Amount

Grand Total

DECKING

Composite Decking

Second Floor: Triple Span - 37.4 mm Depth

Second Floor: Triple Span - 90 mm Slab

First Floor: Triple Span - 90 mm Slab


