
! !
!"#$!%!&#'()(*'&'()+#",(#,"-*)%.+'/&)
)
)! !

 
1 FINAL REPORT   WINTER 2013 

 

!

!

!

!

!

! !

!

!

!

!"#$%&'()*'+&

,-./-/&,012-3045& &&
(#6"&7899&6.02:&!&
;<0&!/;21-=&0>&(4?34@@.34?&&
A@B0.3/1&C43D@.53-=&0>&
#@E>024F1/4F&
'00B&(#GH9I9&

&
$JK&LML&
&
N89OP&QR7G9QR9&
&
5-./-/5012-304541S?B/31T;0B&

*'+U*V*#+"W&W%"#"W&
,+'CW+C'$%&V(,"6#&

!
!

!! !

!

!

$:.31&LX&H9JL&



ORTHODONTIC CLINIC STRUCTURAL DESIGN 
 
 

 
i FINAL REPORT   WINTER 2013 

 

Strata Solutions 
c/o Faculty of Engineering 
Memorial University of Newfoundland 

 
stratasolutionsnl@gmail.com 
 
April 3, 2013 
 
Morrison Hershfield 
Suite 200, 251 East White Hills Road 

 
A1A 5X7 
 
Dear Mr. Noel, Ms. Antle, and Ms. Pynn: 
 
Please find enclosed the Final Design Report for the Orthodontic Clinic Structural 
Design Project, which Strata Solutions has developed for Morrison Hershfield. 
 
This report presents detailed descriptions of all design aspects, including design 
requirements, assumptions, methodologies, sample calculations and results. Detailed 
design workings, S-Frame outputs, structural drawings and other related project 
documents are found in the appendices. In addition, a complete set of D size drawings 
have been produced. A detailed breakdown of material quantities and a final building 
cost estimate has been determined, as well as a breakdown of internal incurred costs. 
Concluding remarks and recommendations are given following the cost estimate, and 
include discussion on the challenges faced by the group and lessons learned during the 
design process. 
 
If you have any questions regarding the content of the enclosed report, please feel free 
to contact Strata Solutions via the contact information provided above. 
 
Regards, 
 
__________________________ 
Kathy Higgins 
 
__________________________ 
Mark Reynolds 
 

 
__________________________ 
Colin Gibling 
 
__________________________ 
Jacob Tucker 
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Executive Summary 
 
Strata Solutions was requested by Morrison Hershfield to provide the structural design 
of 
Strata was responsible for design of the vertical resisting system of the building, along 
with the slab-on-grade, elevated slabs, joist, roof and foundation design.  The team was 
required to provide the client with a full set of construction drawings with plan, elevation 
and details.  A cost estimate broken down by material was also a requirement. 
 
Strata began the project by developing a project plan and schedule to assure that the 
project would run smoothly.  Members were assigned specific tasks and troubleshooting 
plans and design methodologies were put in place. 
 
Design of the slab on grade was completed using CSA A23.3-04 and the welded wire 
mesh reinforcement guide. The elevated slabs, complete with composite steel decking 
and open web steel joists, were designed using the Canam guides.  The roof design 
was also completed using the Canam guides for steel deck and open web steel joists. 
 
Loading combinations were determined using the contributions due to snow, wind and 
dead and live loads. 27 loading combinations were required for the building. With the 
load combinations calculated, the S-Frame model could begin. The architectural 
drawings were utilized to frame the building. 
 
The S-Frame model was utilized to accurately portray the load transfer between steel 
members. The resulting moments and shear forces in each member due to the load 
combinations were required for design. By using the integrated S-Steel software, the 
steel beams and columns could be selected. 
 
S-Steel was used for the design of all steel members within the structure. Each member 
was designed by S-Steel for optimal utilization based on each applied load case. To 
limit the number of steel sections used in the structure, members were divided such that 
all members of a group were designed to be the same section based on which section 
provided optimal utilization for the entire group. An additional code check was 
performed on the structure with the new applied sections to ensure optimal utilization 
was present throughout the structure. 
 
Vertical loads on the columns from S-Frame were used to design the spread footings 
and wall footings. Wall footings spanned the perimeter of the building as well as the 
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shear cores. Two different interior and exterior types of spread footings were designed 
to distribute the loads from the columns. 
 
Cost estimates were completed using RS Means  area. Total 
steel weights were calculated automatically by S-Steel; concrete volumes were 
determined from structural drawings; joist and decking weights were based on Canam 
specifications. The cost to install each component of the structural system was detailed 
and used to estimate a final cost of $1,365,000.00 for the scope of work enclosed. 
 
Strata learned that planning and sticking to schedule is the most important part of a 
successful project. Using all resources at the team s disposal, the structural design 
scope was completed on time and within budget.   
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1 INTRODUCTION 
 
The following report is a detailed account of Strata Solution t in the design 
of a three-story orthodontic clinic for Morrison Hershfield. It presents detailed 
descriptions of all design aspects, including design requirements, assumptions, 
methodologies, sample calculations and results. Major design sections include load 
calculations, S-FRAME modeling, roof design, slab-on-grade and elevated slab design, 
steel design and foundation design. As well, a detailed breakdown of material quantities 
and a final building cost estimate have been determined. This report was developed to 
provide the reader with a thorough understanding of the process followed by Strata 
through the project life cycle. 
 
 
2 PROJECT DESCRIPTION 
 
A proposed three-story commercial building is to be built on Hebron Way, located in the 
Stavanger Drive area of St  The first floor of the building has been 
designated as retail space, the second floor as commercial office space, and the third 
floor as an orthodontic clinic. Appendix A contains the architectural drawing set provided 
by Sheppard Case Architects. Figure 1 shows a 3D view of the exterior of the building. 

 

 
Figure 1: 3D rendering of the proposed orthodontic clinic (Source: Sheppard Case) 

 
The building has several distinct features, including a curved face on the front of the top 
level, terraces around the exterior of much of the second floor, and clay brick facing 
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around the exterior of the majority of the first floor. There are two concrete shear cores 
on the east and west sides of the building containing stairwells and an elevator core. 
These shear cores provide lateral resistance to the structural system. Above the second 
level terrace on the curved section of the building is a cantilevered overhang. 
 
 
3 STATEMENT OF PROJECT REQUIREMENTS 
 
Morrison Hershfield appointed Strata to provide design services for the majority of the 
structural aspects of the three-story building. This required the team to consider 
possible loading scenarios (wind loads, snow loads, live loads and dead loads), provide 
design calculations for the various building components (slab on grade, roof system, 
steel decking, open-web steel joists, beams, columns and foundations) and use the 
Structural Office software package (including S-FRAME and S-STEEL) to model the 
building. 
 
Structural drawings were required by the client, and were produced using AutoCAD. 
The drawing package includes foundation and base plate layout, slab-on-grade plan, 
first floor, second floor and roof plans, building section views, connection details and 
general notes. 
 
Strata was also responsible for producing material quantity takeoffs and a detailed cost 
estimates of the components, arriving at a final cost for the structural scope of 
work. 
 
The team was not responsible for completing the concrete shear core design as it was 
considered outside of our scope of work. 
 
 
4 PROJECT WORK PLAN 
 
Strata developed a comprehensive project work plan that was used as a guide and 
source of reference throughout the project. This assured organization and effective time 
management when completing specific deliverables. A troubleshooting section provided 
the group with information and guidance for the issues that occasionally arose. 
 
The project work plan included a MS Project schedule of all major tasks and their 
expected completion dates. This schedule was updated weekly to ensure activities were 
moving ahead as planned.  
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The project work plan ultimately ensured that all team members, the client, and the 
course instructors knew what was expected of Strata throughout the course of the 
project. 
 
 

4.1 Schedule Compliance 
 
The baseline schedule was driven by design. The original plan called for completion of 
all design activities by March 20th. The team planned to focus primarily on design until it 
was completed, with minimal effort put toward completion of other activities. This would 
allow sufficient time for completion of other deliverables (structural drawings, cost 
estimate, report, and presentation) once design had concluded.  
 
In practice, each design activity relied on completion of all preceding design activities 
and it proved inefficient for all team members to work on a single design activity at one 
time. For this reason, most of the slack in the design schedule was used up. Much more 
effort was focused on working on drafting, cost estimating, and reporting alongside 
design. This allowed the team to work more effectively on concurrent tasks to reduce 
the risk of schedule overruns near the end of the project. For more detailed schedule 
information, refer to the baseline and final schedule in Appendix B. 
 
 
5 DESIGN ASSUMPTIONS 
 
Strata, by recommendation of the client, made several design assumptions to avoid 
challenges which were well beyond their scope of knowledge and to better focus 
attention on the standard principles of building design. 
 
 

5.1 Cross Bracing to Provide Lateral Support 
 
The orthodontic clinic architectural drawings included plans for a lateral support system 
by means of two solid concrete stairwell and elevator cores. Morrison Hershfield agreed 
that it would not be a part  scope of work to complete this. Instead, for 
modeling purposes, Strata would use sufficiently strong cross bracing members within 
the elevator and stairwell cores to assure that failure of these sections would not be an 
issue and that lateral loads were transferred properly. 
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5.2 Curved Third Story 

 
The architectural rendering of the building, as seen in Figure 1, has a curved exterior.  
When determining the wind loads on the building, this face was treated as a straight 
faced section for simplicity.   
 
 

5.3 Snow Drifting onto Terraces 
 
When determining the snow drift loading on the second level terraces, the snow drift 
from the upper level was ignored due to the overhang of the third story. The 
accumulation of snow on terraces was instead determined as if snow were drifting 
against an obstruction or wall for conservative design. 
 
 

5.4 Geotechnical Information 
 
The client was unable to provide the team with a geotechnical report. Therefore, an 
assumed allowable bearing pressure of 200 kPa was used. As well, it is assumed that 
the water table is well below the frost line. 
 
!

6 LOADS ON THE BUILDING SYSTEM 
!

The structure is required to transfer all loads through its structural steel system and into 
its foundation. For the purposes of this project, Strata considered the various loads 
acting on the floors, roof and walls of the building based on the National Building Code 
of Canada (NBC) specifications. The detailed loading calculations can be found in 
Appendix C. 
 

6.1 Dead Loads 
!

6.1.1 Steel Roof Deck 
 
The typical value for the dead loads on the steel roof deck was determined using 

ructural Building Systems Notes; see Table 1. These 
values took into account the roofing, insulation and steel deck for a total dead load of 
0.55kPa.  
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Table 1: Steel Deck Dead Load 

 

Item Load (kPa) 

Roofing 0.35 
Insulation 0.10 
Steel Deck 0.10 
TOTAL 0.55 

 
 

6.1.2 Wall Assembly 
 
Contributions from the various wall assemblies were also taken into account when 
determining the dead load of the building. The provided architectural drawings 

weight contributions can be seen in Table 2. For wall assemblies W3, W4, W6 and W7, 
the dead loads were 0.47kPa, 7.15kPa, 0.66kPa and 0.86kPa respectively. 
 

Table 2: Wall Assemblies 
 

Wall Assemblies and Compositions Dead Loads (kPa) 
W3 0.47 

16mm exterior grade gypsum board 0.00 
16mm gypsum board 0.00 
203mm metal studs + gypsum either side 0.38 
64mm rigid poly insulation 0.09 

W4 7.15 
4mm composite aluminum panel 0.14 
64mm rigid poly insulation 0.09 
75mm metal z-bar @ 1220 o.c. 0.05 
Concrete foundation wall 6.87 

W6 0.66 
152 mm metal studs 0.38 
16mm exterior grade gypsum board 0.00 
16mm gypsum board 0.00 
4mm composite aluminum panel 0.14 
64mm rigid poly insulation 0.09 
75mm metal z-bar @ 1220 o.c. 0.05 

W7 0.86 
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16mm exterior grade gypsum board 0.00 
16mm gypsum board 0.00 
203mm metal studs 0.38 
4mm composite aluminum panel 0.14 
64mm rigid poly insulation 0.09 
75mm metal z-bar @ 1220 o.c. 0.05 
92 mm metal studs 0.19 

 
 

6.2 Environmental Loads 
 

6.2.1 Wind Loads 
 
The wind loads on the structure were determined 
Structural Commentary (Part 4 of Division B) in conjunction with Professor Amgad 

 - Structural Building Systems class notes. As mentioned in 
Section 5.2, the curved exterior of the third storey of the building was treated as a 
straight face for simplicity. 
 
Figure I-1 of the Structural Commentary was used to classify the building and determine 
external wind loads.  The height of the building was 14.88m and the characteristic width 
was determined to be 23.017m.  Given that the height to width ratio was 0.646 (less 
than 4), the building was less than 120m tall (14.88m), and the building was assumed to 
not be susceptible to vibrations, the static procedure could be utilized. 
 
From Section 4.1.7.1, Sentence 5, the exposure coefficient was determined to be 1.083 
based on an exposed setting for the building. The height to shortest dimension ratio was 
calculated to be 0.814, less than 1; the structure could then be classified as a low-rise 
building.  
 
Coefficients of internal suction, pressure, and the gust effect factor were determined 
from Paragraph 31. An importance factor of Iw= 1.0 and a wind pressure of 0.78kPa for 

. 
 
Paragraphs 19 through 21, as well as 25 through 28 and Figure I-7 were used to 
determine appropriate CpCg values based on Load Cases A and B.  The governing wind 
load case was the uplift force which occurred when exterior wind forces were combined 
with internal pressure.  See Table 3 and Table 4 for the summation of these forces on 
each face of the building.  
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Table 3: Case A - Internal and External Worst Case Wind Loading 

!

Case A 1 1E 2 2E 3 3E 4 4E 

Pressure (kPa) 0.125 0.463 -1.603 -2.193 -1.097 -1.35 -0.971 -1.182 
 

Table 4: Case B - Internal and External Worst Case Wind Loading 
!

Case B 1 1E 2 2E 3 3E 4 4E 5 5E 6 6E 
Pressure 

(kPa) -1.224 -1.266 -1.603 -2.193 -1.097 -1.350 -1.224 -1.266 .125 0.463 -0.971 -1.182 

 
 
Internal Pressure and suction were determined using paragraph 31 of the structural 
commentary. Internal suction, pressure and gust effect coefficients were -0.45, 0.3 and 
2.0 respectively, resulting in pressures of -0.76kPa and 0.507KPa. 
 

 
 

 
 

 
The wind loads applied to the structure were based on a worst case scenario. The 
loading provided by Case B CpCg values with the addition of 0.507 kPa internal 
pressure was determined to provide the highest pressures to the majority of building 
faces.  
 

6.2.2 Snow Loads 
 
Snow loads on the structure were also determined using 
Structural Commentary (Part 4 of Division B) in conjunction with Professor Amgad 

 - Structural Building Systems class notes. Snow loads on the 
upper roof and the second level terraces were calculated. The proposed roof from the 
architectural team was flat, meaning no calculations for snow sliding from the roof to the 
lower second level terraces were required.   
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An importance factor of normal was determined to be suitable given the nature of the 
building.  L as 2.9KPa and 0.7KPa 
respectively from the NBCC Climatic Data table.  
 
 

6.2.2.1 Basic Snow Load 
 
Beginning with the upper roof, the characteristic length was calculated to be 31.835m, 
therefore classifying this roof as small and giving a basic snow load factor of 0.8.  From 
Figure G-1, the exposure factor, the shape factor and the slope factor were all 1.0.  
Given the information, the basic snow load on the upper roof was calculated to be 
3.02kPa.   
 

 
 
 

6.2.2.2 Drifting due to Mechanical Equipment 
 
The roof contained three pieces of mechanical equipment, each of which were 
approximately 2.3 meters by 3.4 meters and assumed to be 1.5 meters tall; see Figure 
2. The drifting of snow against the equipment was calculated. 
 

!
Figure 2: Mechanical Equipment Detail 
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Drifting on the upper roof due to the mechanical equipment was calculated using Figure 
G-8 of the commentary. A linearly varying load from the face of the equipment to a 
distance 3.048 m from equipment was determined to be 3.76 kPa to 3.02 kPa. Drift 
loads would only be considered in the North-South direction since the equipment width 
was less than 2.9 m in the East-West direction and could be ignored.  
 

Length of varying drift load   
 

from obstruction 
 

 

 
Highest Drift Load   

 
   

 

 
 

 
 
Figure 3: Excerpts from Figure G-8 of Structural Commentary - 
NBC 2010, Structural Commentaries (Part 4 of Division B)) 
!
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6.2.2.3 Snow Drift on Terraces 
 
Snow drift on the second level terraces was determined. Since the third storey 
overhangs above the second floor terraces, it was assumed that no snow would drift 
from the top roof onto the terraces. Instead, the second-floor exterior wall was treated 
as an obstruction. Using Figure G-8; the height of the terrace was 3.337 m, xd was 
calculated at 6.674 m. The maximum Ca value, Ca (0), was determined to be 2.891, but 
upper and lower limits are placed on this coefficient, therefore a value of 2.5 was used.  

calculated to be 1.815, at the most outward point of the terrace. Given the calculations, 
the drift load on either terrace ranged linearly from 6.5 kPa to 4.911 kPa 
 
 
Length of varying drift load   
 

from obstruction 
 

 

 

 
Shape factor at xd  

 

 

 
Highest Load on Terraces  

 
 

 
Lowest Load on Terraces   

 
 
 

6.3 Loading Combinations 
!

The load combinations applied to the structure were determined using The National 
Building Code (Part 4 of Division B) in conjunction 
ENGI 8705 - Structural Building Systems class notes. For the structural analysis, load 
combinations 1, 2, 3, and 4 of Table 4.1.3.2.A were considered. Case 5 was ignored, as 
the client specified that seismic loading should not be considered.   
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Table 5: Load Combination Cases  

 
 

For each case, separate combinations were considered for each companion load.  
Whenever wind load was considered in a load combination (as either a principal or 
companion load) it was considered in each cardinal direction, thus four variations of 
each combination with were considered.  For case 4 (where wind acts as a principal 
load), situations where the wind would provide an overturning force were also 
considered and thus the factor applied to the dead load was reduced from 1.25 to 0.9. 
 
A total of 27 load combinations were used in the structural analysis, as shown in Table 
6. 
 
!

Table 6: Load Combinations used in structural analysis 

Comb. No. Comb. Description 

1 1.4D 
2 1.25D + 1.5L + 0.5S 
3 1.25D + 1.5L + 0.4Wnorth 
4 1.25D + 1.5L + 0.4Wsouth 
5 1.25D + 1.5L + 0.4Weast 
6 1.25D + 1.5L + 0.4Wwest 
7 1.25D + 1.5S + 0.5L 
8 1.25D + 1.5S + 0.4Wnorth 
9 1.25D + 1.5S + 0.4Wsouth 

10 1.25D + 1.5S + 0.4Weast 
11 1.25D + 1.5S + 0.4Wwest 
12 1.25D + 1.4Wnorth + 0.5L 
13 1.25D + 1.4Wsouth + 0.5L 
14 1.25D + 1.4Weast + 0.5L 
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15 1.25D + 1.4Wwest + 0.5L 
16 1.25D + 1.4Wnorth + 0.5S 
17 1.25D + 1.4Wsouth + 0.5S 
18 1.25D + 1.4Weast + 0.5S 
19 1.25D + 1.4Wwest + 0.5S 
20 0.9D + 1.4Wnorth + 0.5L 
21 0.9D + 1.4Wsouth + 0.5L 
22 0.9D + 1.4Weast + 0.5L 
23 0.9D + 1.4Wwest + 0.5L 
24 0.9D + 1.4Wnorth + 0.5S 
25 0.9D + 1.4Wsouth + 0.5S 
26 0.9D + 1.4Weast + 0.5S 
27 0.9D + 1.4Wwest + 0.5S 

 
!

7 DESIGN METHOLODOGIES  
 
This section reviews the methodologies considered when completed all aspects of 
design of the building. Detailed design calculations can be found in Appendix D. 
 
 

7.1 Slab on Grade design 
 
A slab-on-grade (SOG) was designed for the first storey of the building.  A 150 mm thick 
slab was chosen based on typical industry designs. The slab-on-grade was not 
responsible for carrying any of the loads from the upper stories since these loads would 
be transferred directly from the beams and columns to the spread and wall footings 
located below. It was assumed that the 200 kPa bearing strength of the soil directly 
underneath the slab was sufficiently stiff enough to carry any live or dead loads felt on 
the first floor. Given these conditions, the slab-on-grade was designed to resist 
shrinkage effects only; appropriate minimum reinforcement using welded wire 
reinforcement (WWR) chosen according to the Concrete Design Handbook and the 
Welded Wire Reinforcement Guide. The WWR provides the required strength and is 
easier to install. 
 
Minimum area of steel was calculated to be 300 mm!. Top and bottom reinforcing was 
specified with each row having a minimum steel area of 150 mm!. Given a maximum 
spacing of 450 mm, a minimum area of steel of 22.8 mm! and 7 bars per 1 meter width, 
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a 150 mm concrete slab with 152x152  MW25xMW25 welded wire mesh each way 
was chosen for design.   
 
The ground beneath the SOG would require proper compaction to minimize undesirable 
settling patterns and cracking.  

!
 

Figure 4: Welded Wire Mesh Nomenclature (Source: Wire Reinforcement Institute) 
 
Strata referenced ACI 302.1R to determine a suitable contraction joint spacing distance; 
these cuts reduce the potential of cracking in the slab. Saw cut joints, most commonly 
made along the column lines, are intended to regulate localized cracking. 
Isolation/expansion joints are located around the perimeter of the slab as well as around 
the columns and assure that settlement or movement from these members does not 
adversely affect slab-on-grade quality. Joints spaced to create square patterns are 
preferred, although not always practical given the location of the columns lines. In 
instances where square sections are not possible, a long to short length ratio between 
1.25 and 1.5 should not be exceeded. For purposes of this building, the team designed 
a saw cut spacing which adhered to the common ASI convention, between 24 and 36 
times the slab thickness. This resulted in saw cut spacing ranging between 3600 mm 
and 5400 mm. With the various column spaces for the building, saw cuts along all 
column lines was sufficient, in addition to cuts midway between the longer 9210 mm 
spans throughout the interior of the slab; see Drawing 3 in Appendix A for clarity.  
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Figure 5: Location and types of joint (Source: ACI 302.1R) 
 

AutoCAD drawings were completed for the slab on grade design.These drawings 
included a plan view of the slab compete with isolation joint and saw cut joint locations 
with respect to the column lines. Section views of the plan were also included in the 
package that showed the slab thickness, and details of the welded wire mesh and the 
joints.  
 
 

7.2 Roof Design 
 

7.2.1 Steel Decking 
 
Standard steel decking from Canam was recommended by Morrison Hershfield to be a 
suitable roofing material for the building.  The steel deck would transfer the gravity loads 
on the building to the steel joists underneath. The steel deck would also act as a 
diaphragm, transferring the lateral loads to the structural members of the system. To 
ensure diaphragm action, proper connections between the deck and joists, as well as 
between the joists and girders, must be ensured. Canam would provide the specific 
model of decking required from the gravity loads provided to them by the structural 
engineer. For the purposes of the project, the team presented different loading 
combinations based on dead, live, and snow loads on the roof. It should be noted that 
the load contributions due to the mechanical equipment were not included in the steel 
decking design; instead, a frame was designed around the opening of the mechanical 
equipment to transfer these loads directly to the joists; see section 6.6.3.   
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Figure 6: Steel deck layout complete with Open-web steel joists (Source: Canam) 

 
Neglecting the roof equipment, the loads on the roof were applied in 1 meter strips. S-
Frame was used to determine the maximum moment on each deck span and the 
equation M=wl!/8 was used to find a value for the equivalent distributed load on the 
deck. The worst case service and factored loads were calculated to be 5.13 kPa and 
6.55 kPa, respectively. Given a 1500 mm span and these loads, a type 18 P-3615 steel 
with a 1.21 mm thickness and 38 mm depth was deemed suitable.  This deck was 
called up in the AutoCAD drawings pending final selection from Canam. 
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Figure 7: Recommended deck size. (Source: Canam) 
 
 

7.2.2 Open-web Steel Joists 
 
The open-web steel joists (OWSJ) were also specified using the Canam guides. These 
structural components are used to transfer loads on the roof to the beam and column 
elements. Strata provided numerical values for a uniformly distributed load on the roof 
to be supported by the joists. Strata accounted for the dead loads due to the roof 
assembly, the OWSJ self weight, the 1.0 kPa live load and the worst case snow load of 
3.76 kPa (area of the max drifting near equipment). Loads due to wind were checked, 
but were non-governing. The factored and unfactored governing design values for loads 
on the joist loading were 8.34 kN/m and 10.72 kN/m, respectively.   
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Using the Canam selection table for a 10 m span, an appropriate joist with a depth of 
750 mm, a mass per unit length of 18.3 kg/m and with 90% of the service load 
producing a deflection of L/360 was chosen; see Figure 8. Note that the final joist 
selection would be pending on final review and approval by a Canam structural 
engineer. This joist selection would not only provide the necessary support, it would 
also mount within the allowable 1455 mm of space provided in the architectural 
drawings. 
 

!
Figure 8: Canam Table for 10 meter span Open Web Steel Joists 

 
 

7.3 Elevated Slab Design 
 

The second and third stories of the building required the design of elevated slabs to 
carry the loads of each respective floor. These two elevated slabs were designed as a 
concrete slab poured in a composite steel deck complete with welded wire mesh 
reinforcement. Strata again used the Canam guides to determine a suitable deck and 
concrete depth and an appropriate welded wire mesh size to resist shrinkage effects. 
 

7.3.1 Composite Steel decking 
 
Given the 1500 mm span and an assumed thickness of 100 mm, a 0.76 mm thick P-
3615 composite deck was chosen from Canam. This selection was made based on the 
summation of the factored dead and live loads of 9.51 kPa; the factored resistance of 
the deck of 20 kPa, sufficiently large to resist this load.  
 
The steel deck was assumed to provide necessary resistance against bending and 
deflection. Therefore the concrete was designed for temperature and cracking, so 
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minimum reinforcement was used.  Minimum reinforcement would be 0.002 times the 
gross area of concrete; calculated as 200 mm! with a cover of 30 mm. From Table 7M 
of the Structural Welded Wire Reinforcement code, 152 mm welded reinforcement was 
used with 7 bars per 1 meter width of slab. The area of steel per bar required was 30.4 
mm!, therefore MW35 bars were used.  In summary, the 100 mm concrete slab was 
reinforced with 152x152 MW-35xMW-35 welded wire mesh running in each direction. 
 

7.3.2 Open-Web Steel Joists 
 
The dead loads resisted by the open-web steel joists were transferred from the 
composite steel deck. The loads transferred were the weight of concrete and the self 
weight of the deck itself; with a combined value of 1.85 kPa taken from the composite 
steel deck tables provided by CANAM. The live load was taken as 4.8 kPa based on 
requirements for retail space.  The dead and live loads were transferred to the joists 
over a tributary width of 1.524 m based on joist spacing.  The governing service and 
factored load were 10.39 kN/m and 14.82 kN/m, respectively. 
 

 
 

 
 
For a 10 m span, 750 mm depth joists were selected from the CANAM tables with a 
mass per unit length of 21.6 kg/m and with 87% of the service load producing a 
deflection of L/360: see Figure 8. A 700 mm deep joist, with a mass per unit length of 
22.3 kg/m and with 76% of the service load producing a deflection of L/360, was chosen 
between gridlines A & B and H & J on the third storey of the building where architectural 
design limited the available room for the 750 mm joist. 

 
 

7.4 Structural Modeling in S-Frame 
 
The structural modeling of the building in S-Frame began by placing nodes along the 
major gridlines from the client-provided architectural drawings. These nodes would 
represent the beam-column intersection points. The team then connected the nodes to 
complete the framing for the beams and the columns.  
 
 

7.4.1 Lateral Load Resistance 
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The concrete shear cores were not modeled. Instead, the shear cores were simulated 
by a series of beams and columns with cross-bracing in each bay. The cross-bracing 
was used to provide the necessary lateral support for the structure. In S-Frame, the 
cross-bracing was modeled using truss members as shown below. The steel members 
simulating the shear core were chosen to be sufficiently large so that wind loads would 
not cause issues with stability of the lateral load resisting system. 
 

!
Figure 9: Shear cores as modeled in S-Frame 

!

!
Figure 10: Isometric view of building including simulated shear cores 
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7.4.2 Connection Releases 

 
All members had end moments released to ensure no capacity for moment resistance 
came from the beam-column framing. This allowed the shear cores to provide all of the 
lateral stability required for the building. The only locations where releases were fixed 
were: 

 The shear core; 
 The cantilevered portion of the third floor. The main beams holding up the 

cantilevered portion were set to act continuously over the joints circled below: 
 

!
!

Figure 11: Fixed releases for the cantilevered portion of the third floor. The same 
supports are fixed at the roof level. 

 
 

7.4.3 Open-web Steel Joists 
 
Open-web steel joists were not modeled. To accurately reflect the load transfer from 
roof decking to the joists and into girders, members were placed at the joist locations 
using the S-  

-Frame, which prevented them from being split into individual 
members at each point where they were intersected by joists. 
 



ORTHODONTIC CLINIC STRUCTURAL DESIGN 
 
 

 
21 FINAL REPORT   WINTER 2013 

 

!
Figure 12: S-Frame joist tool 

!

!
Figure 13: Joists are represented by section s2 in the S-Frame model 

!

To accurately simulate the dead weight of the open-web steel joists, placeholder 
members were selected with a mass similar to that of the joists. The actual joists in the 
structural drawings were designed using CANAM tables as detailed in sections 7.2.2 
and 7.3.2. 
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7.4.4 Infill Steel 
 
Locations for infill steel were determined by observation. In specific areas where the 
roof deck was supported by infill steel instead of joists, member locations were selected 
using deck span criteria. The locations for infill steel were reviewed and updated based 
on the results from S-Steel 
 
 

7.4.5 Panels and Area Loads 
 
The team split the various faces and levels of the building into panels. Load transfer 
directions were determined and area loads were applied to the appropriate locations of 
the building. Any loads that could not be applied directly to panels were converted by 
hand into uniformly distributed loads and applied to the appropriate locations on the 
building. 
 

!
Figure 14: Plan view of the north terrace panel 

 
The load transfer direction was chosen as one-way in the short direction for every case 
except the wall panels. In practice, girts will transfer the wall loads directly to the 
columns. However, girts were not modeled onto the structure. To simulate the transfer 
of wall loads from girts directly into columns, the load transfer direction for wall panels 
was changed from the default option of one-way load transfer in the short direction to 
one-way load transfer to the left and right edges of each panel as shown in Figure 15. 
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!
Figure 15: One-way load transfer from wall panels into columns 

 
 

7.4.6 Issues 
 
S-Frame presented new challenges for the group as unfamiliarity resulted in difficulty 
modeling the building. Initially, many of the core concepts used in S-Frame modeling 
such as area loading and load distribution were foreign and confusing, but these 
challenges were quickly overcome through discussion with Amgad Hussein, contact 
with S-Frame customer support, and utilization of the available online tutorials. 
 
A major error was encountered after placing the infill steel in the model. The structure 
could not be analyzed due to an error involving zero length members that prevented the 
software from compiling a stiffness matrix. The team spent some time troubleshooting 
this issue with the help of Dr. Amgad Hussein and S-Frame customer support. S-Frame 
support provided the final solution with the integrity check tool, which could be used to 
automatically remove any elements causing issues when running analysis. It was later 
discovered that these zero length members were created unintentionally when the joist 
tool was used between two members that formed a triangle with one node in common. 
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7.5 Steel Design 
 
The majority of steel design was completed using the S-Frame model. When integrated 
with the S-Steel design package, the required beam and column sizes could be 
determined. See Appendix E. 
 
 

7.5.1 Beams 
 
S-Steel was the primary tool used to design the beams within the structure.  After 
analyzing the structure in S-Frame, S-Steel was used to select appropriate steel 
sections to meet bending, shear, and deflection limit criteria.  S-Steel would initially 
choose an optimal section for each individual member, at which point the team would 
review the selections and choose one section to apply to similar members for simplicity 
of design. The team would then assign the selected sections in S-Frame and run S-
Steel again to perform code checks as a means of ensuring that all members were not 
over-utilized or under-utilized to the point that different sections should be selected. 
This was an iterative process and was carried out on small groups of beams at a time, 
floor by floor.  In an attempt to ensure accurate design, the beams were designed in the 
order that the team observed to represent load transfer.  First the beams and infill steel 
spanning the same direction as the joists were designed, followed by the exterior 
beams, and finally the girders supporting the open web steel joists.  This process was 
carried out first on the roof, then the third floor, and finally the second floor.  In the case 
of the roof, framing around the mechanical equipment was designed first. The rationale 
and process for this design is detailed in Section 7.5.3 
 
One additional step taken to ensure accurate member sizing and to prevent overdesign 
was to update the unbraced length of all girders that had joists or infill steel framing into 
them. Assuming adequate connection of the steel deck to the joists, as well as 
adequate connection from the joists to the girders, it could be assumed that these 
girders were braced in specific locations along their length, preventing their moment 
capacity from being reduced due to lateral torsional buckling. 
 
The following members were utilized as beams in the structural model. For each group 
of similarly sized members, the governing member and corresponding information 
(including clause, load case, and utilization) has been tabulated below: 
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Table 7: Code checks for each group of beams in S-Steel 
+2334)
+352678) /793:868;)(4<=>3) *7<?)(<>3)

038?68;)
(@35A)

+@3<:)
(@35A)

-423:8<2693)
(@35A)

@J;We1JW!f! -&$D)$M! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W(V8?! W(8?1! !!

@J;We18;! -&$D)$M! "#GU!Vb!1(8J6!g!1(J0!g!W(J.! W(V1J! W(1J[! !!

@J;We[8! -&$D)$M! "#GU!Vb!1(8J6!g!1(J0!g!W(J.! W(VV[! W(1YY! !!

@J;WeY8! -&$D)$M! "#GU!Vb!1(8J6!g!1(J0!g!W(J.! W(8Y1! W(WY! !!

@J;WeV8! -&$D)$M! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W(Q[;! W(81[! !!

@?QWe11;!f! -&$D)$M!g!.I%&LIF!+#L')#$IF!-EBTF)$M! "#GU!18b!1(8J6!g!1(?@$#L%C!g!W(J.! W(18V! W(W81! W([[?!

@?1We1WW!f! -&$D)$M!g!.I%&LIF!+#L')#$IF!-EBTF)$M! "#GU!18b!1(8J6!g!1(?@$#L%C!g!W(J.! W(88;! W(W??! W(Y8;!

@?1WeQW! -&$D)$M! "#GU!Vb!1(8J6!g!1(J0!g!W(J.! W(Q8Q! W(W;?! !!

@?1WeJ?! -&$D)$M! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W(QW[! W(8W8! !!

@?1We;[! -&$D)$M! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W(?J1! W(18Y! !!

@?1We;[! -&$D)$M! "#GU!Vb!1(8J6!g!1(J0!g!W(J.! W(8Y1! W(WY! !!

@;QWeV8! -&$D)$M! "#GU!Vb!1(8J6!g!1(J0!g!W(J.! W(?V;! W(WJ[! !!

@;QWeQ?! -&$D)$M! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W(YJ[! W(;Y! !!

@;QWe?J! -&$D)$M! "#GU!Vb!1(8J6!g!1(J0!g!W(J.! W(8JQ! W(W;V! !!

@;QWe;;! -&$D)$M! "#GU!Vb!1(8J6!g!1(J0!g!W(J.! W(JYY! W(W?J! !!

@;1WeYQ! -&$D)$M! "#GU!Vb!1(8J6!g!1(J0!g!W(J.! W(VY[! W(1V1! !!

@;1WeQV! -&$D)$M! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W(YY1! W(11Q! !!

@;1We;1! -&$D)$M! "#GU!Vb!1(8J6!g!1(J0!g!W(J.! W([J[! W(;Y[! !!

@;1We81!f! -&$D)$M! "#GU!Vb!1(8J6!g!1(J0!g!W(J.! W(JJQ! W(WVQ! !!

 
!

!

7.5.2 Columns 
!

The columns were also designed using S-Steel software, using a slightly different 
approach. The idea of grouping similar columns together and applying the same section 
to each was used, but the initial S-Steel design was carried out on all columns at once.  
The team then selected preliminary member sizes to apply to each column group, and 
performed a code check in S-Steel to ensure all sections were appropriate on the first 
level of the structure, where columns would need to be the largest. 
 
For the second and third levels, smaller sections with the same depth were chosen in 
order to provide more optimal utilization while still carrying through part of the column 
geometry from the first level. An exception to this scenario was found in the columns 
taking the load transfer from the cantilevered section on front of the structure.  These 
members were not reduced in size due to higher forces from this particular load 
transfer. 
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The following members were utilized as columns in the structural model. For each group 
of similarly sized members, the governing member and corresponding information 
(including clause, load case, and utilization) has been tabulated below: 
 

Table 8:  Code checks for each group of columns in S-Steel 
+2334)
+352678) /793:868;)(4<=>3) *7<?)(<>3) ,2646B<2678)
@8JW\1;1! "#GHL&'')#$!g!-&$D)$M! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W([VY!

@8JW\11J! "#GHL&'')#$!g!-&$D)$M! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W(QQV!

@8JW\Y[! "#GHL&'')#$!g!-&$D)$M! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W(Q;Y!

@8JW\QV! "#GHL&'')#$!g!-&$D)$M! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W(VVQ!

@8JW\JY! "#GHL&'')#$! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W([WV!

@8JW\?J! "#GHL&'')#$!g!-&$D)$M! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W(QQV!

@8JW\;;! 0F&$D&L$&''! 3_,! W([18!

@8JW\8?! -&$D)$M! "#GU!Vb!1(8J6!g!1(J0!g!W(J.! W(J[!

@8WW\J[! -&$D)$M! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W(YVV!

@8WW\?Q! "#GHL&'')#$! "#GU!8b!1(8J6!g!1(J.!g!W(J0! W(11;!

@8WW\81! -&$D)$M! "#GU!Vb!1(8J6!g!1(J0!g!W(J.! W(VYJ!

 
Upon detailed analysis of the columns, it was determined that the use of small sections 
(W200 and W250) made the columns particularly susceptible to small amounts of 
bending. Some of the smaller columns were governed by bending, and the compression 
capacity of some of the larger columns was also reduced due to bending. However, the 
weight savings available by switching to larger column sections (W360 or higher) was 
not sufficient to warrant redesign. 
 

7.5.3 Framing around roof equipment 
 
The loads on the roof due to the mechanical equipment governed in the design of steel 
deck and open-web steel joists. Rather than over-design all of the deck and joists, infill 
steel was provided to frame in the roof equipment. To ensure that the mechanical 
equipment is fully supported, beams were designed around the opening of each piece 
of equipment to transfer the loads to the beams and girders.  The layout of these beams 
is included in the roof plan drawing. 

 
 

7.6 Foundation Design 
 

The primary purpose of the structural system of a building is to transfer loads from their 
point of origin to the ground, where they can be safely distributed. The portion of the 
structural system that directly distributes these loads to the ground is the building 
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foundation. Foundations receive loads from the superstructure of the building, primarily 
through the columns and walls. These loads are then spread out so as not to exceed 
the safe capacity of the underlying soil. In order for foundations to provide this function, 
they must meet minimum design requirements such as required widths, depths, and 
reinforcing steel. 
 
As stated in Section 5.4, Strata did not receive a comprehensive geotechnical report on 
the soil conditions at the building site. An allowable bearing pressure of 200 kPa was 
therefore assumed and used in the calculations. The water table was assumed to be 
below the frost line, and posed no concern to the design. All footings have a 1.6 m 
depth to allow for adequate frost protection. 
 
The loadings applied on the footings through the first floor columns were determined 
through S-FRAME analysis. Figure 16 depicts the factored axial load values for the 
governing load case of 1.25D + 1.5L + 0.5S. Service dead, live, and snow loads were 
also determined and used in calculations.  

!
Figure 16: Factored axial loads applied on the first floor columns 

!

There are eight interior spread footings located on the building foundation. These 
footings received the highest axial loads from the superstructure, largely due to the 
transfer of mechanical equipment load from the roof. A common design was used for 
the interior footings, and was governed by the largest interior axial load of approximately 
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2086 kN. The footings were determined to be 3.2 m x 3.2 m x 600 mm with 400 mm x 
400 mm piers. 25M rebar was used to provide reinforcement, and 15M dowels were 
designed at the connection between the footing and the pier. 
!

A common design was also used for the exterior spread footings, and was governed by 
the largest exterior axial load of 712 kN. In addition to axial loads, it was determined that 
shear forces were being applied to the tops of the piers due to the wind loading on the 
first floor girts. This shear force caused a small moment on the footing, which was 
considered when design was being completed. The footings were determined to be 1.8 
m x 1.8 m x 400 mm with 350 mm x 350 mm piers. 20M rebar was used to provide 
reinforcement, and 15M dowels were designed at the connection between the footing 
and the pier. 
 
 

!
Figure 17: Design Considerations for Spread Footings 

 
Wall footings were designed to provide a foundation for the concrete shear cores. 

loads that were transferred to them from the building system were determined. These 
loads, along with the approximated self weights of the cores, were then applied to the 
wall footings as distributed loads. The worst case distributed loads on the shear wall 
were 385 kN/m for the west shear core and 363 kN/m for the east shear core. The 
relatively similar load values resulted in a common wall footing design with a width of 
1.6 m and a depth of 300 mm. 15M rebar was used to provide reinforcement, and 15M 
dowels were designed at the connection between the footing and the foundation wall. 
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An exterior wall footing was used to support and distribute the load of the 94 mm clay 
brick facing that surrounds the exterior of the building. This load was determined to be 
13 kN/m. Upon calculation of the required footing width, it was clear that the loading due 
to the brick was very minimal, and only minimum footing design was necessary. The 
footing has a width of 1.3 m and a depth of 200 mm. 15M rebar was used to provide 
reinforcement, and 15M dowels were designed at the connection between the footing 
and the foundation wall. Although, it distributes a relatively insignificant load, the exterior 
wall footing is still useful as it provides frost protection around the perimeter of the 
building. 
 

!
Figure 18: Design Considerations for Wall Footings 

!
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7.6.1 Base Plates 
 
Steel base plates were designed at for each column for load transfer into the piers.  For 
simplicity, base plates were designed only for the worst case interior and exterior 
columns and those plates were applied at each interior and exterior column. The design 
was carried out using CSA S16-09 specifications for column base plates. 
 
The governing factors of the design are the factored axial load of the column and the 
concrete pier compressive strength. The axial load of the column was assumed to 
transfer uniformly across the base plate in order to not overload the concrete pier at a 
specific point and instead distribute evenly. Using the axial force and compressive 
strength, the required area for this load distribution could be determined.  This area was 
then used along with the dimensions of the steel column to determine the size of the 
plate. As a construction detail, extra length past the edge of the columns was provided 
for welded or bolted connections. 
 
The thickness of the plate is based on the length of plate extending past the column 
edge. This extra length of plate is assumed to act as a cantilever, and the factored 
moment on this portion is used to determine plate thickness required to provide 
adequate moment resistance.  In addition, the thickness should not be less than 1/5 of 
the cantilever length in order to minimize deflections. See AutoCAD detail below for 
sizing. 
 
!

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 19: Base Plate Details  
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7.6.2 Anchor Rods 

 
Anchor rods were designed for the base plates according to CSA S16-09. The listed 
design criteria states that anchor rods are not required for base plates attached to 
concentrically loaded columns, as there are no end moments or horizontal forces. This 
criteria was deemed to be appropriate for the base plates present. However, S16-09 
also states that at least 4 anchor rods must be present as a means of leveling the base 
plate, locating the column base, and resisting nominal end moments and horizontal 
forces which may occur.  
 
These rods were additionally checked for pull-out resistance. Full anchorage is obtained 
when the factored pull-out resistance of the concrete is greater than the factored tensile 
resistance of the rods provided. This criterion was checked using S16-09 to determine 
tensile resistance, as well as A23.3-04 to determine concrete pull-out resistance. 
 
 

7.7 Entrance Canopy 
 
A small canopy was included in architectural drawings above the main entrance of the 
building. The canopy was measured to extend approximately 2.5 m from the building 
face on each side of one of the buildings corners, with a length of 7 m on one face and 
8 m on the other. 
 

!
Figure 20: Canopy Plan View  
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The steel framing and tension members for the canopy above the building entrance 
were designed by hand calculations using conservative approximations. Materials for 
the canopy were not specified, so the dead load was assumed to be the same 0.55 kPa 
as the roof assembly. The snow drift on the canopy was conservatively assumed to be 
the same distribution as that of the second level terrace. 
 
Due to the relatively small geometry of the canopy, very small members were assumed 
to be used, and as such small spacing (approximately 1m on each side) was used for 
design. The load supporting members were designed as simply supported, spanning 
between the wall of the building and a supporting exterior member at the outer edge of 
the canopy. This exterior member was to be supported by tension members attached to 
the wall of the building at a 45 degree angle. 
 
For simplicity of design a worst case interior beam was selected from each side of the 
canopy to be the typical design member for that section. The load patterns were 
determined manually and applied in S-Frame to determine the maximum moment in the 
simply supported beams. The reactions at the end supported by the exterior beam were 
also recorded. W150x24 was selected to resist the moment by using the beam selection 
tables in S16-09.   
 
The edge members were also modeled in S-Frame, but the only loads applied were the 
point loads caused by the reactions of the interior beams. The supports were placed at 
the locations where tension members would be located. The maximum moment in the 
section was used in conjunction with the beam selection tables to select an appropriate 
section. In addition, for the edge beams a C200x28 was selected for aesthetic reasons. 
The support reactions of the edge members were then taken to represent the vertical 
component of the force in the tension members. The largest reaction was chosen to 
govern design, and was applied instead along the axis of the tension member using 
trigonometry. The tension members were then designed as steel rods sufficient to resist 
the tension force using Cl. 13.2. 20mm rods were selected. 
 
 
8 COST ANALYSIS 
 
Upon the request of the client, Strata completed cost estimates for all aspects of work 
related to steel, concrete, and earthworks design. This included the associated costs for 
materials, labour, and construction waste. Before costs were determined, Strata 
completed detailed quantity estimates for all of the aforementioned materials. Steel 
material encompassed all beams, columns, open web-steel joists, steel decking and all 
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steel hardware. The concrete quantities included the foundations; slab-on-grade and 
elevated slab quantity, as well as quantities for the concrete shear cores. Despite the 
fact that Strata was not required to design the shear cores, materials were determined 
based on some conservative assumptions. Detail excavation and backfill quantities 
were calculated for the spread footings and wall footings. 
 
The total cost for the building was calculated to be $1,365,000.00. See Appendix F for a 
detailed line item cost estimate.!
!

8.1 Concrete  
 
To determine quantities for concrete work, the structural AutoCAD drawings were used 
alongside detail design sketches and architectural drawings.  
 
For the slab on grade and elevated slabs, surface areas were scaled from the 
architectural drawings using Foxit .pdf reader software. Slab thickness was determined 
from hand calculations and Canam selection tables. This data was used to determine 
concrete volume as well as formwork and finish quantities. Rebar quantities were 
determined from hand calculations. 
 
RS Means was used to determine an appropriate cost estimate based on prices in the 

 for the first quarter of 2013.  RS Means capabilities allow the total cost 
of construction including all associated costs (labor, waste, formwork, etc.).  
 

Table 9: Concrete Costs 
Location Description Quantity Unit Ext. Total Ext. Total 

O&P 
Elevated Slabs Concrete 163.3 m3  $   38,542.98   $     42,482.69  

Elevated Slabs Edge Forms 120 m  $         984.00   $       1,484.40  

Elevated Slabs Rebar 1321 m2  $   10,568.00   $     13,130.74  

Elevated Slabs Concrete Finishing 1321 m2  $      6,221.91   $       9,247.00  

Foundations Concrete 204 m3  $   48,237.84   $     53,168.52  

Foundations Formwork, Piers 12.8 m2  $      1,260.67   $       1,767.68  

Foundations Formwork, Spread Footings 91.6 m2  $      4,274.97   $       6,057.51  

Foundations Formwork, Walls and Wall Footings 530.8 m2  $   36,667.66   $     47,097.88  

Foundations Concrete Finishing 1051 m2  $   20,956.94   $     30,752.26  

Shear Cores Concrete 269 m3  $   63,607.74   $     70,109.47  

Shear Cores Formwork, Walls 588 m2  $   48,327.72   $     66,661.56  

Shear Cores Formwork, Walls 588 m2  $   59,970.12   $     83,507.76  
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Shear Cores Formwork, Walls 588 m2  $   63,709.80   $     91,122.36  

Shear Cores Concrete Finishing 1763 m2  $   35,154.22   $     51,585.38  

Shear Cores Rebar 30.9 Met. Ton  $      2,781.62   $       3,082.28  

Slab on Grade Concrete 125.6 m3  $   29,699.38   $     32,735.13  

Slab on Grade Edge Forms 132 m  $      1,411.08   $       1,977.36  

Slab on Grade Rebar 1674 m2  $   13,392.00   $     16,639.56  

Slab on Grade Concrete Finishing 837 m2  $      4,243.59   $       6,344.46  

! ! ! !

)C)DEFGFHIJID)) )C)))KILGEMDJFF))
 

8.2  Structural Steel 
 
Strata used S-Steel to determine the quantity of steel required in metric tonnes. S-Steel 
capabilities allowed the team to ignore the weight of members that had been added to 
the model to simulate shear cores and joists, therefore only calculating the total weight 
of the structural members being quantified. These quantities were again entered into RS 
Means to determine an appropriate estimate based on labour, waste, and the local 
market conditions and availability. The group added an additional 15% to this mass to 
account for the weight of the miscellaneous connection bolts and plates. 
 

Table 10: Structural Steel Costs 
Description Quantity Unit Ext. Total Ext. Total O&P 
Structural Steel 112.8 Met. Ton  $  444,759.12   $  590,990.78  

 
 
 

8.3 Steel Decking 
!

The steel decking quantity estimate was calculated by determining the area of material 
used on each of the floors and the roof. The area of the appropriately sized decks was 
entered into RS Means and a cost estimate including both labor and material was 
provided.  This estimate is shown in Table 12. 
 

Table 11: Steel Decking Costs 
Discipline Location Description Quantity Unit Ext. Total Ext. Total O&P 
Steel Elevated Slabs Decking 1321 m2  $    48,797.74   $     63,275.90  
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8.4 Open-Web Steel Joists 
!

The open-web steel joist quantities were calculated using the joist schedule and the 
structural drawings. The total length for each joist type was found, and these quantities 
were entered into RS Means. The cost estimate is shown in Table 13. 
 

Table 12: Open-Web Steel Joist Costs 
Discipline Location Description Quantity Unit Ext. Total Ext. Total O&P 

Steel 
Steel 
Superstructure Open-Web Steel Joists 17.78 Met. Ton  $    40,901.11   $     57,856.48  

Steel 
Steel 
Superstructure Escalation Costs 1    $      8,180.22   $       8,986.72  

     
 $    49,081.33   $     66,843.20  

 
 

8.5 Earthworks 
!

Detailed excavation and backfill will be carried out for foundation construction. 
Assumptions for earthworks quantities include: 

 Excavation depth will be from the height of final grade down to the depth of sub-
base material;!

 One foot of clearance will be provided away from the edge of each side of 
footings to allow for sufficient working space;!

 Excavations will be sloped away from footings at a 1:1 ratio.!
Total costs for earthworks were calculated in RS Means and can be found in Table 14. 
 

Table 13: Earthworks Costs 
Location Description Quantity Unit Ext. Total Ext. Total O&P 
Earthworks Excavation 1977 m3  $      4,547.10   $       5,733.30  
Earthworks Backfill 1689 m3  $      2,077.47   $       2,685.51  
Earthworks Compaction 1689 m3  $          456.03   $          608.04  
Earthworks Backfill - Structural Fill 837 m2  $      4,745.79   $       5,909.22  

    
 $    11,826.39   $     14,936.07  

 
 
9 Internal Costs and Hours Worked 
 
The internal costs to Strata throughout the project were minimal. The transportation cost 
for all meetings was less than $10.00 total. The costs associated with printing and the 
appropriate binding of the project plan, the final report and the structural drawings was 
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approximately $80.00. All costs were divided evenly amongst the group members as 
agreed upon in the original project plan.   
 
Strata spent approximately 280 hours completing this project. This included structural 
design, modeling, structural drafting, weekly reports, meeting minutes, agendas, report 
writing and all other miscellaneous tasks. The majority of the time was dedicated to the 
structural design and drafting. The total hours devoted to certain tasks was greater than 
expected given the troubleshooting that was necessary with some unfamiliar 
undertakings. Time was spent referencing tutorial material for AutoCAD and S-Frame to 
assure that work was completed properly and efficiently. Team members periodically 

 hours worked broken down by 
category; a summary of this spreadsheet is shown below. 
 

Table 14: Task Duration 
 TASKS 
 

Drafting 
Structural 

Modeling and 
Design 

Administrative 
Tasks/Misc. 

Taks 
Report Writing 

Kathy Higgins 35  9 28 
Mark Reynolds  41 5 22.5 
Colin Gibling 30 15 5 20 
Jake Tucker  56 5 13 

TOTAL HOURS 
PER TASK 65 112 24 83.5 

 
 
10 CHALLENGES AND LESSONS LEARNED 
!
Besides be issues with modeling discussed in Section 7.4.6, Strata encountered other 
issues throughout the course of the project which resulted in delays and need for help; 
both via the client and Professor Hussein; these issues are summarized below.   
 

1) Duration of Tasks 
 
From the challenges, the team realized that planning is a key component in completing 
every project. Schedules should be made realistic as possible and unfamiliar tasks 
should be discussed with individuals more familiar with those tasks to determine 
realistic schedules. l timeline only allowed 4 days for the 
design of beams and columns; in reality, this task required ten days to complete due to 
unforeseen issues with S-Frame. 
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2) Familiarity with software 

 
The team initially lacked the background knowledge in S-Frame software.  Many issues 
and inefficiencies could have been remediated if the team became better familiar with 
S-Frame prior to completing the structural model. The team realized this as the design 
continued and began to use online tutorials and educational resources to better 
familiarize them with the software. 
 

3) Effective use of downtime 
 
Another issue with planning was making effective use of downtime. Early in the project, 
time waiting to start a new task should have been used to research future steps in the 
project. The group learned in the later weeks of the project to make use of all available 
time. For example, while waiting for the structural design of members to catch up to the 
drafting phase, the individuals responsible for drafting continued to work on the report 
and created spreadsheets to more easily complete the future foundation design task. 
 
11 CONCLUSION 
 
From the cumulative design calculations and analysis, Strata Solutions is confident that 
they have provided the client, Morrison Hershfield, with a viable structural design for the 
three-storey orthodontic clinic.  
 
The cost estimate was carried out using well-established methods in the construction 
industry and represents the overall cost to carry out the structural scope of work for the 
project. Strata is confident that this price can be used in making major project decisions. 
 
All structural design was in accordance with the National Building Code of Canada 2010 
and all calculations were carried out in accordance with appropriate national design 
codes. The drawings in Appendix G detail the results of the structural design process. 
These drawings are complete and represent the details of the structural system as 
selected and designed by Strata Solutions. They may be issued to the prime contractor 
after a final review by a professional engineer.  
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ID Task Name Duration Start Finish

1 Project Start 0 days Thu 17/01/13 Thu 17/01/13

2 Create project plan 8 days Thu 17/01/13 Fri 01/02/13

3 Research technical requirements 10 days Wed 23/01/13 Wed 13/02/13

4 Structural design 22 days Mon 04/02/13 Wed 20/03/13

5 Determination of loading patterns 6 days Mon 04/02/13 Thu 14/02/13

6 Roof design 4 days Fri 15/02/13 Fri 22/02/13

7 Wall and column design 4 days Mon 25/02/13 Mon 04/03/13

8 Floor design 4 days Tue 05/03/13 Tue 12/03/13

9 Foundation design 4 days Wed 13/03/13 Wed 20/03/13

10 Drafting 15 days Tue 26/02/13 Thu 28/03/13

11 Project control 12 days Thu 28/02/13 Mon 25/03/13

12 Quantity takeoffs 10 days Thu 28/02/13 Wed 20/03/13

13 Cost estimate 10 days Tue 05/03/13 Mon 25/03/13

14 Project report 20 days Fri 15/02/13 Thu 28/03/13

15 Project Completion 0 days Thu 28/03/13 Thu 28/03/13
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ID Task Name Duration Start Finish

1 Project Start 0 days Thu 17/01/13 Thu 17/01/13

2 Create project plan 7 days Thu 17/01/13 Thu 31/01/13

3 Research technical requirements 10 days Wed 23/01/13 Wed 13/02/13

4 Structural design 25 days Mon 04/02/13 Wed 27/03/13

5 Determination of loading patterns 2 days Mon 04/02/13 Wed 06/02/13

6 Model structure in S-Frame 21 days Thu 07/02/13 Fri 22/03/13

7 Roof design 5 days Fri 15/02/13 Tue 26/02/13

8 Floor design 5 days Tue 26/02/13 Thu 07/03/13

9 Beam and column design 4 days Fri 08/03/13 Fri 15/03/13

10 Foundation design 5 days Mon 18/03/13 Wed 27/03/13

11 Drafting 25 days Mon 04/02/13 Wed 27/03/13

12 Project control 6 days Mon 18/03/13 Thu 28/03/13

13 Quantity takeoffs 6 days Mon 18/03/13 Thu 28/03/13

14 Cost estimate 4 days Thu 21/03/13 Thu 28/03/13

15 Project report 24 days Fri 08/02/13 Mon 01/04/13

16 Project Completion 0 days Mon 01/04/13 Mon 01/04/13
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ID Task Name Duration Start Finish

1 Project Start 0 days Thu 17/01/13 Thu 17/01/13
2 Create project plan 7 days Thu 17/01/13 Thu 31/01/13
3 Research technical requirements 10 days Wed 23/01/13 Wed 13/02/13
4 Structural design 25 days Mon 04/02/13 Wed 27/03/13
5 Determination of loading patterns 2 days Mon 04/02/13 Wed 06/02/13
6 Model structure in S-Frame 21 days Thu 07/02/13 Fri 22/03/13
7 Roof design 5 days Fri 15/02/13 Tue 26/02/13
8 Floor design 5 days Tue 26/02/13 Thu 07/03/13
9 Beam and column design 4 days Fri 08/03/13 Fri 15/03/13

10 Foundation design 5 days Mon 18/03/13 Wed 27/03/13
11 Drafting 25 days Mon 04/02/13 Wed 27/03/13
12 Project control 6 days Mon 18/03/13 Thu 28/03/13
13 Quantity takeoffs 6 days Mon 18/03/13 Thu 28/03/13
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!5"37"5&#*%' 8%*9(:*50,;5&$' !+$5&$0(<=' >53*?(@73A$+
!.$3A$0(<='

!'()'%

!"#$%&'()*&+)",$(-

≔Is 1.0 !"#$%&'()*+,')&$%-+.$%"'/

≔Ss 2.9 0'1*(+,%$"+.233+3/4"'&4)+
5'&'+,$%+6&7+8$9(:;<+.=7

≔Sr 0.7

≔w =⋅2 (( +3.048 9.144 )) 24.384

≔l =+27.432 7.682 35.114

≔lc =−⋅2 w
⎛
⎜
⎝
――
w2

l

⎞
⎟
⎠

31.835 39'%')&*%4;&4)+/*(>&9+$,+%$$,

≔Cb 0.8 6*)&4$(+?7@7A7B<+6*(&*()*+CBD

≔Cw 1.0 6*)&4$(+?7@7A7B<+6*(&*()*+CED

≔Cs 1.0 6*)&4$(+?7@7A7B<+6*(&*()*+CFD

≔Ca 1.0 6*)&4$(+?7@7A7B<+6*(&*()*+CGD

≔S =⋅Is ⎛⎝ +⋅Ss ⎛⎝ ⋅⋅⋅Cb Cw Cs Ca
⎞⎠ Sr⎞⎠ 3.02 2';4)+6($H+=$'I+$(+J$$,

3%*'&*I+H4&9+K'&9)'I+LM#%*;;7+6**+HHH7"'&9)'I7)$"+,$%+"$%*+4(,$%"'&4$(7
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&'()'%

!"#$%&'()*%+#,-(".%#"%/012,"(1,+%034(5/0"*

≔be 3.46 !"#$%&#'()*'+,#-)./)'01$2%'+#

≔we 2.336 !"#$%&#'()3$(#-)./)'01$2%'+#

≔γs 3 ――
3

4+$#)3'$,-#)./)"+.3

=⋅3 ―
Ss

γs
2.9 56')7)89:%)#-';'/.;')

(;$/#$+,)<&++.#)5')$,+.;'(

36')=)89:%)#-';'/.;')
(;$/#$+,)<&+)5')$,+.;'(

≔h =5 1.524 !"#$%&#'()-'$,-#)./)'01$2%'+#

≔xd =2 h 3.048

≔h' =−h ――――
⋅⋅Cb Cw Ss

γs
0.751

=⋅10 h' 7.507

≔Ca0 =⋅0.67 ――
⋅γs h

⋅Cb Ss
1.32

=――
0.8

Cb

1 =―
2

Cb

2.5 4"')>&?@A)&")<&*<1*&#'(9

B;$/#)C.&()?-$,-'"#A

≔Sd =⋅Is ⎛⎝ +⋅Ss ⎛⎝ ⋅⋅⋅Cb Cw Cs Ca0⎞⎠ Sr⎞⎠ 3.763

B;$/#)C.&()D&;$'")*$+'&;*E)/;.%)F9GHF)IJ&)&,&$+"#)'01$2%'+#)
#.)F9@8)IJ&)&#)&)($"#&+<')./)F9@KL)%)?M(A)/;.%)'01$2%'+#

>;'&#'()3$#-)N&#-<&()!M2;'""9)O'')3339%&#-<&(9<.%)/.;)%.;')$+/.;%&#$.+9
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!"#$%&'()*%+#,-(".%#"%!/0#"-%1/2/+%3/'',0/4

54(".%6,',.',78%9:%,"-%;(.5'/%<=>

!"#$%&"'()*%+),+$*#)'%",$&-)%&).(/%&,)'(0(')#(++"/(.)$.)".)*%''%1.2))34()#%)#5()-(%6(#+7)
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≔h =+2587 750 3.337 >.#$6"#(,)5($-5#)%*)#(++"/()1"''.

≔w 3.048 ?$,#5)%*)@(++"/(

≔xd =⋅2 h 6.674

≔Ca0 =⋅0.67 ――
⋅γs h

⋅Cb Ss
2.891

=――
0.8

Cb

1 =―
2

Cb

2.5 A"8B:)C)DEA;)#5(+(*%+()4.()DEA;

≔Ca0 2.5

≔Camin =−Ca0 ―――――
⋅⎛⎝ −Ca0 1.0⎞⎠ w

xd
1.815 F$&$646)A")0"'4()*%+)#(++"/()

;".(,)%&)#(++"/()1$,#5)G1G

3+$*#)H%",)85$-5(.#:

≔Sd1 =⋅Is ⎛⎝ +⋅Ss ⎛⎝ ⋅⋅⋅Cb Cw Cs Ca0⎞⎠ Sr⎞⎠ 6.5

3+$*#)H%",)8'%1(.#:

≔Sd2 =⋅Is ⎛⎝ +⋅Ss ⎛⎝ ⋅⋅⋅Cb Cw Cs Camin⎞⎠ Sr⎞⎠ 4.911

3+$*#)'%",)0"+$(.)'$&("+'7)*+%6)I9J)KL")"-"$&.#)#(++"/()1"'')#%)M9NOO)KL")
"#)"),$.#"&/()%*)P9BMQ6)*+%6)1"'')8$9(9)%4#(+)(,-()%*)#(++"/(:

A+("#(,)1$#5)F"#5/",)>RS+(..9)T(()11196"#5/",9/%6)*%+)6%+()$&*%+6"#$%&9
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!'()'*

!"#$%&'($)

!"#$%&'()#$*+,$-.$/0)(10()23$4-55#602)7$8$0-$132""&.7$9&6:$3-2:$-6$;(&3:&6'"<

≔H =−128.580 113.700 14.88 %)-5$:)29&6'$=>?,@

<H 120 m

≔w1 24.384 %)-5$:)29&6'$=A?,@

≔h1 =−119.84 113.7 6.14

≔w2 =⋅2 (( +6.267 2.878 )) 18.29 %)-5$:)29&6'$=A?A@

≔h2 =−123.177 119.84 3.337

≔w3 24.384 %)-5$:)29&6'$=A?B@

≔h3 =−128.58 123.177 5.403

≔w =―――――――――
++⎛⎝ ⋅w1 h1⎞⎠ ⎛⎝ ⋅w2 h2⎞⎠ ⎛⎝ ⋅w3 h3⎞⎠

++h1 h2 h3
23.017

=―
H

w
0.646

<―
H

w
4 C-0$"(11#D0&;3#$0-$E&;)20&-6"F$("#$

0G#$"020&1$D)-1#:()#$.-)$26237"&"@

4)#20#:$9&0G$H20G12:$IJD)#""K$/##$999K520G12:K1-5$.-)$5-)#$&6.-)520&-6K
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≔H 14.88

≔Ce =
⎛
⎜
⎝
―
H

10

⎞
⎟
⎠

0.2

1.083 !"#$%&'()*+*,*+-(!"'$"'#"(./0

111(2&3(4567!48(9:%;<%'=>

≔H 14.88

<H 20 m

≔Ds =⋅2 (( +6.267 2.878 )) 18.29

=―
H

Ds

0.814

<―
H

Ds

1 ?&@A3%B"(9:%;<%'=>

C&@-(:B"(6D3*(+EAF+-(F/AFG-(H%=*(IA,($&(JD;#:;D$"(JKJ=(LD;:"BM

@N"3" ≔Iw 1.0 OKK"'<%P(J-(QD9;"(JAF

≔q 0.78

=Ce 1.083

≔p ⋅⋅⋅Iw q Ce CpCg

J3"D$"<(@%$N(RD$N#D<(4PK3"BB*(!""(@@@*SD$N#D<*#&S(2&3(S&3"(%'2&3SD$%&'*
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!"#$%& ! !" # #" $ $" % %"
&'&( )*+, !*!, -!*$ -# -)*+ -! -)*,, -)*.
/0122301456/78 )*9$# )*:+) -!*):9 -!*9.9 -)*,:) -)*.%$ -)*%9% -)*9+,

!"#$%' ! !" # #" $ $" % %" , ," 9 9"
&'&( -)*., -)*: -!*$ -# -)*+ -! -)*., -)*: )*+, !*!, -)*,, -)*.
/0122301456/78 -)*+!+ -)*+,: -!*):9 -!*9.9 -)*,:) -)*.%$ -)*+!+ -)*+,: )*9$# )*:+) -)*%9% -)*9+,

!"#$

≔H 14.88

≔α 0

≔h =H 14.88

≔z =min ⎛⎝ ,⎛⎝ ⋅%10 Ds
⎞⎠ (( ⋅%40 H))⎞⎠ 1.829

%&'(")'(*+,,('-." =max ⎛⎝ ,⎛⎝ ⋅%4 Ds
⎞⎠ ((1 ))⎞⎠ 1 /010

=z 1.829

≔y max(( ,((6 )) (( ⋅2 z))))

=y 6

23+.'+#(45'-(6.'-7.#(89:3+,,0(;++(4440<.'-7.#07)<(=)3(<)3+(5"=)3<.'5)"0
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!"#$$%"#&'()&*%+,-.(&/'$#)&.(&!'"'0"'12&34

≔Cpi1 −0.45 5(,#"('6&*%+,-.(&7.#88-+-#(,

≔Cpi2 0.3 5(,#"('6&!"#$$%"#&7.#88-+-#(,

≔Cgi 2.0 5(,#"('6&9%$,&:88#+,&;'+,."

≔pi1 =⋅⋅⋅⋅Iw q Ce Cpi1 Cgi −0.76

≔pi2 =⋅⋅⋅⋅Iw q Ce Cpi2 Cgi 0.507

!"#$%&'&()*'&+),"-+.

<."$,&+'$#&%16-8,&8."+#&=-66&.++%"&=2#(&#>,#"-."&=-()&8."+#$&'"#&+.?/-(#)&=-,2&-(,#"('6&1"#$$%"#@&
A))-(0&-(,#"('6&1"#$$%"#&,.&#'+2&.8&,2#&8."+#$&.(&,2#&8'+#$&0-B#$&,2#&8.66.=-(0&=-()&6.')$C

!"#$%& ! !" # #" $ $" % %"
&'())*'(+,-&./ 01!#2 01%3$ 4!130$ 4#1!5$ 4!1056 4!1$20 40156! 4!1!7#

!"#$%' ! !" # #" $ $" % %" 2 2" 3 3"
&'())*'(+,-&./ 4!1##% 4!1#33 4!130$ 4#1!5$ 4!1056 4!1$20 4!1##% 4!1#33 01!#2 01%3$ 40156! 4!1!7#

7"#',#)&=-,2&D',2+')&:>1"#$$@&*##&===@?',2+')@+.?&8."&?."#&-(8."?',-.(@
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)$*'+%!,-./0.-1'2%*!
3.-4!2%!56-&$!)$*'+%!
7228!)$/9!)$*'+%!
7228!:2'*1!)$*'+%!

;.$<-1$&!3.-4!)$*'+%!
;.$<-1$&!3.-4!:2'*1!)$*'+%!

,-%2#=!)$*'+%!
,2.0>%!?-*$!@.-1$*!
A-..!B221'%+!)$*'+%!

@'$6!B20%&-1'2%!)$*'+%!
3#6$-&!B221'%+!)$*'+%!
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!"#$"#%$!";5&$'

!&'(&%

!"#$%&'%()#*+%,+-./'

!""#$%&"'(&'%)*+,(-)'../)'0 200 kPa

1#+2)'3'(.3)'+,340 ≔f'c 30

0.'.121%3+.'4&)5+1+'6

≔Ag =⋅150 1000 150000 2 -')(56("'+,34(#7(."%&8

≔Asmin =⋅0.002 Ag 300 2 1"9(:9;95

<#)('%24()#$(#7()'*+7#)2'6'+3=(/.'(5>?(66@A(#7()'*+7#)2'6'+3(%.(%(6*+*6/69

0#7.121%!8#5.'/

B-%2*+,(.4%""(&'(34'("'..')(#70 1"9(:9C959A

≔smax 500

≔smax =3 ((150 )) 450

9&:+)

≔bc 30 D%&"'(A9E=(F%)3(GG=(1#+2)'3'(H'.*,+(
I%+J&##K9

1)'%3'J($*34(L%342%J(MN-)'..9(B''($$$96%342%J92#6(7#)(6#)'(*+7#)6%3*#+9
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156$'
!5"37"5&#*%' 8"59(*%(:+50$(;$,#6%
<=' )5+>(?$=%*"0,

!"#$"#%$!";5&$'

%&'(&%

!"#$"%&'(%'&)*$+#*,#,$+-&#$&#-./0&(#1#.%2$3&01$4)5*#$67$-.$%8#$9%&'(%'&)*$:#*,#,$:-&#$
;#-./0&(#1#.%$(0,#<

≔sw 152

=)&"$>#&$?1$+-,%8$0/$"*)5<

≔bars =――――
((1000 ))

152
6.579

@&0""A"#(%-0.)*$)&#)$&#B'-&#,$>#&$5)&<

≔Abar =――――
⎛⎝ ⋅0.5 Asmin⎞⎠

bars
22.8 2

48#&#/0&#$'"#$7:C6$5)&"

!"#$)$?6D11$(0.(&#%#$"*)5$+-%8$?6C$E$?6C$A 7:C6$E$7:C6$+#*,#,$+-&#$1#"8$0.$%0>$).,$
50%%01F$#)(8$+)G2

@&#)%#,$+-%8$7)%8(),$HE>&#""2$9##$+++21)%8(),2(01$/0&$10&#$-./0&1)%-0.2
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156$'
!5"37"5&#*%' 8**9(:$3;
<=' >53*?(@73;$+

!"#$%#&$!%:5&$'

!'()'&

!""#$%&'($)"'(

≔WD1 0.55

!"#$%&'#%()*+,'-."&/)0)12%3)4'5/6'7,/'2&

≔l 3.46

≔w 2.336

≔A =⋅l w 8.083 2

≔W =10000 44.482

≔WM =―
W

A
5.503 4'5/6'7,/"3)(2%3)28)

!"#$%&'#%()*+,'-."&/

92/%()4"%3)12%3

≔WD =+WD1 WM 6.053

!""#$)*+&$)"'(

≔WL 1.0
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 2. Summary of Governing Members for Each Group
Member

No.
Group
Name

Steel
Section

Governing
Load Case/Comb

Governing
Clause Ratio Pass/Fail

Status
373 Section  33 W460X113    * Comb 12, 1.25D + 1.4Wnorth + 0.5L Beam-column stability 0.994 Pass
208 Section  37 W530X123 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.985 Pass
14 Section  32 W250X131 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.978 Pass
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Member
No.

Group
Name

Steel
Section

Governing
Load Case/Comb

Governing
Clause Ratio Pass/Fail

Status
63 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Beam-column stability 0.963 Pass
11 Section  28 W200X59 Comb 19, 1.25D + 1.4Wwest + 0.5S Beam-column stability 0.958 Pass
12 Section  30 W250X67 Comb 15, 1.25D + 1.4Wwest + 0.5L Beam-column stability 0.945 Pass
71 Section  22 W360X72 Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.943 Pass
46 Section  20 W310X67 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.927 Pass

212 Section  17 W530X150    * Comb 14, 1.25D + 1.4Weast + 0.5L Beam-tension strength 0.927 Pass
1 Section  27 W250X33 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.912 Pass
22 Section  29 W250X58 Comb 2, 1.25D + 1.5L + 0.5S Compression 0.907 Pass
37 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.906 Pass
35 Section  35 W250X45 Comb 14, 1.25D + 1.4Weast + 0.5L Beam-column stability 0.889 Pass

179 Section  24 W360X64 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.859 Pass
44 Section  21 W310X21     * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.85 Pass

304 Section  7 W410X100    * Comb 12, 1.25D + 1.4Wnorth + 0.5L Beam-column stability 0.823 Pass
376 Section  11 W410X60 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.807 Pass
504 Section  10 W360X45 Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.807 Pass
209 Section  18 W530X92 Comb 7, 1.25D + 1.5S + 0.5L Biaxial Bending 0.806 Pass
192 Section  8 W410X54 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.791 Pass
455 Section  6 W310X86 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.789 Pass
24 Section  34 W200X46 Comb 15, 1.25D + 1.4Wwest + 0.5L Beam-column strength 0.785 Pass

567 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.785 Pass
305 Section  19 W530X72 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.783 Pass
530 Section  9 W360X33 Comb 17, 1.25D + 1.4Wsouth + 0.5S Slenderness 0.727 Pass
190 Section  3 W530X82 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.713 Pass
210 Section  36 W250X89 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.638 Pass
574 Section  4 W200X21 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.59 Pass
189 Section  13 W410X39 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.536 Pass
74 Section  12 W410X39 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.536 Pass

 3. Code Details For Governing Members for Each Group

Member: 1 S-FRAME Section is  W250X33
Member is part of group: Section  27
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

258

146

6.100

9.100

x

y
W250X33

Load Combination 27 0.9D + 1.4Wwest + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=56.7;
 Clause 10.4.2.1

ky L/ry
200

=
182
200

= 0.912
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0.000.00

-20.8

0.00 6.14 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=2.428
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (56 MPa)
=

21
209

= 0.100

0.000.00

5.4

0.00 5.455.45 -0.76.14 ( m)6.14 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 1574 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
5

327
= 0.016

0.000.00

8.8

0.00 3.063.06

-8.8

6.14 ( m)6.14 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 1771 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
9

368
= 0.024

0.000.00

14.7

5.45 6.14 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=6.14 m; 2=1.245;
 Clause 13.6(a)

Mfx
Mrx

=
15
60

= 0.247

0.000.00

13.6

3.06 6.136.130.06.136.14 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
14
31

= 0.433

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; 1y=1.00; U1x=1.01; U1y=1.09;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.393

Axial Compression and Bending overall member Strength Check

U1x=1.01; U1y=1.09; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.595

Biaxial bending strength check  Clause 13.8.2
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.543

Axial Compression and Bending lateral torsional buckling strength check

U1x=1.01; U1y=1.09; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.712

Biaxial bending stability check  Clause 13.8.2
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.679
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Member: 11 S-FRAME Section is  W200X59
Member is part of group: Section  28
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

210

205

9.100

14.2

x

y
W200X59

Load Combination 19 1.25D + 1.4Wwest + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=68.3;
 Clause 10.4.2.1

ky L/ry
200

=
118
200

= 0.591

0.000.00

-122.2

0.00 6.14 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.574
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (116 MPa)
=

122
792

= 0.154

0.000.00

2.2

0.00 6.14 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 1911 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
2

397
= 0.005

0.000.00

-49.7

0.00 3.063.06

49.8

6.14 ( m)6.14 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 3881 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
50
807

= 0.062

0.000.00

13.2

6.14 ( m)6.14 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=6.14 m; 2=1.750;
 Clause 13.6(a)

Mfx
Mrx

=
13
198

= 0.067

0.000.00

-76.3

3.06 6.136.130.16.136.14 ( m)
 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
76
95

= 0.800

Axial Compression and Bending cross-sectional Strength Check

1x=0.60; 1y=1.00; U1x=1.00; U1y=1.13;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.648
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Axial Compression and Bending overall member Strength Check

U1x=0.62; U1y=1.13; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.956

Biaxial bending strength check  Clause 13.8.2
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.864

Axial Compression and Bending lateral torsional buckling strength check

U1x=0.62; U1y=1.13; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.958

Biaxial bending stability check  Clause 13.8.2
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.867

Member: 12 S-FRAME Section is  W250X67
Member is part of group: Section  30
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

258

204

8.900

15.7

x

y
W250X67

Load Combination 15 1.25D + 1.4Wwest + 0.5L (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=55.7;
 Clause 10.4.2.1

ky L/ry
200

=
120
200

= 0.602

0.000.00

-174.9

0.00 6.14 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.605
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (113 MPa)
=

175
869

= 0.201

0.000.00

7.3

0.00 6.14 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2296 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
7

477
= 0.015

0.000.00

47.1

0.00 2.902.90

-52.4

6.14 ( m)6.14 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 4270 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
52
888

= 0.059

0.000.00

44.7

6.14 ( m)6.14 ( m)

 Strong Axis Moment - (kN-m)
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Bending Stability Check

Lu=6.14 m; 2=1.750;
 Clause 13.6(a)

Mfx
Mrx

=
45
267

= 0.168

0.000.00

68.5

2.90 5.815.81
-16.2
6.14 ( m)6.14 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
68
105

= 0.655

Axial Compression and Bending cross-sectional Strength Check

1x=0.60; 1y=1.00; U1x=1.00; U1y=1.18;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.661

Axial Compression and Bending overall member Strength Check

U1x=0.62; U1y=1.18; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.939

Biaxial bending strength check  Clause 13.8.2
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.812

Axial Compression and Bending lateral torsional buckling strength check

U1x=0.62; U1y=1.18; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.945

Biaxial bending stability check  Clause 13.8.2
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.823

Member: 14 S-FRAME Section is  W250X131
Member is part of group: Section  32
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

276

261

15.4

25.1

x

y
W250X131

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=53.4;
 Clause 10.4.2.1

ky L/ry
200

=
92
200

= 0.460

0.000.00

-2087.1

0.00 6.14 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.224
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (166 MPa)
=

2087
2493

= 0.837

0.000.00

5.7

0.00 6.14 ( m)

 Weak Axis Shear - (kN)
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Weak axis shear strength check

Aw= 8735 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
6

1816
= 0.003

0.000.00

35.2

6.14 ( m)6.14 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
35
274

= 0.128

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; 1y=0.60; U1x=1.22; U1y=1.29;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.496

Axial Compression and Bending overall member Strength Check

U1x=1.22; U1y=1.29; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.978

Axial Compression and Bending lateral torsional buckling strength check

U1x=1.22; U1y=1.29; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.978

Member: 22 S-FRAME Section is  W250X58
Member is part of group: Section  29
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

252

203

8.000

13.5

x

y
W250X58

Load Combination 2 1.25D + 1.5L + 0.5S (Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=56.6;
 Clause 10.4.2.1

ky L/ry
200

=
122
200

= 0.610

0.000.00

-671.2

0.00 6.14 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.624
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (111 MPa)
=

671
740

= 0.907

Member: 24 S-FRAME Section is  W200X46
Member is part of group: Section  34
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

204

203

7.200

11.0

x

y
W200X46

Load Combination 15 1.25D + 1.4Wwest + 0.5L (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 3



Memorial University of Newfoundland

,
Project: Morrison Hershfield Structural Design

Structure: Three-Storey Orthodontic Clinic
Filename: E:\CIVIL PROJECT\STRUCTUREV32_ROOFGIRDERS.TEL

Engineer: Strata Solutions

Key Code Check Results

Page: 8
Date:3/28/2013

Design Code:  CAN/CSA S16-09
Steel Table  : Canadian (CISC)
Analysis Program: S-FRAME (Linear static analysis)

S-STEEL
Version 10.00.1

© Copyright S-FRAME Software Inc. 1995-2012

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=47.7;
 Clause 10.4.2.1

ky L/ry
200

=
82
200

= 0.411

0.000.00

-38.5

0.00 4.20 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.095
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (190 MPa)
=

38
1000

= 0.038

0.000.00

3.6

0.00 4.20 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 1469 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
4

305
= 0.012

0.000.00

5.7

0.00 4.20 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 2977 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
6

619
= 0.009

0.000.00

29.9

4.20 ( m)4.20 ( m)
15.0

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=4.20 m; 2=1.300;
 Clause 13.6(b)

Mfx
Mrx

=
30
139

= 0.215

0.000.00

-26.3

0.00 4.20 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(b)
Mfy
Mry

=
Mfy
 Fy Sy

=
26
48

= 0.553

Axial Compression and Bending cross-sectional Strength Check

1x=0.80; 1y=0.64; U1x=1.00; U1y=1.00;
 Clause 13.8.3(a)

Cf
 A Fy

+
U1x Mfx

 Sx Fy
+

U1y Mfy
 Sy Fy

= 0.785

Axial Compression and Bending overall member Strength Check

1x=0.80; 1y=0.64; U1x=0.81; U1y=0.65;
 Clause 13.8.3(b)

Cf
Cry

+
U1x Mfx

 Sx Fy
+

U1y Mfy
 Sy Fy

= 0.570

Axial Compression and Bending lateral torsional buckling strength check

1x=0.80; 1y=0.64; U1x=0.81; U1y=0.65;
 Clause 13.8.3(c)

Cf
Cry

+
U1x Mfx

Mrx
+

U1y Mfy
 Sy Fy

= 0.572
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Member: 35 S-FRAME Section is  W250X45
Member is part of group: Section  35
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

266

148

7.600

13.0

x

y
W250X45

Load Combination 14 1.25D + 1.4Weast + 0.5L (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=37.7;
 Clause 10.4.2.1

ky L/ry
200

=
120
200

= 0.599

0.000.00

-139.8

0.00 4.20 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.595
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (114 MPa)
=

140
587

= 0.238

0.000.00

8.7

4.20 ( m)4.20 ( m)2.7

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2022 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
9

420
= 0.021

0.000.00
-11.6
0.00 1.431.43

22.5

4.20 ( m)4.20 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 2565 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
22
533

= 0.042

0.000.00

-13.4

0.00 2.822.82
10.7
4.20 ( m)4.20 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=4.20 m; 2=1.990;
 Clause 13.6(a)

Mfx
Mrx

=
13
178

= 0.075

0.000.003.20.00 0.310.31 -5.01.43 2.542.54

26.1

4.20 ( m)4.20 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
26
46

= 0.567

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; 1y=1.00; U1x=1.02; U1y=1.22;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.552
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Axial Compression and Bending overall member Strength Check

U1x=1.02; U1y=1.22; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.885

Biaxial bending strength check  Clause 13.8.2
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.637

Axial Compression and Bending lateral torsional buckling strength check

U1x=1.02; U1y=1.22; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.889

Biaxial bending stability check  Clause 13.8.2
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.642

Member: 37 S-FRAME Section is  W250X115
Member is part of group: Section  31
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

270

259

13.5

22.1

x

y
W250X115

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=36.9;
 Clause 10.4.2.1

ky L/ry
200

=
63
200

= 0.317

0.000.00

-327.7

0.00 4.20 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=0.844
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (243 MPa)
=

328
3187

= 0.103

0.000.00

4.0

0.00 4.20 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 3645 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
4

758
= 0.005

0.000.00

97.2

0.00 4.20 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 7632 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
97

1587
= 0.061

0.000.00

-16.8

0.00 4.204.200.04.204.20 ( m)

 Strong Axis Moment - (kN-m)
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Bending Stability Check

Lu=4.20 m; 2=1.751;
 Clause 13.6(a)

Mfx
Mrx

=
17
504

= 0.033

0.000.00

-206.9

0.00 2.132.13

201.4

4.20 ( m)4.20 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
207
237

= 0.872

Axial Compression and Bending cross-sectional Strength Check

1x=0.60; 1y=0.40; U1x=1.00; U1y=1.00;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.623

Axial Compression and Bending overall member Strength Check

U1x=0.61; U1y=0.42; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.431

Biaxial bending strength check  Clause 13.8.2
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.906

Axial Compression and Bending lateral torsional buckling strength check

U1x=0.61; U1y=0.42; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.431

Biaxial bending stability check  Clause 13.8.2
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.906

Member: 44 S-FRAME Section is  W310X21     *
Member is part of group: Section  21
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

304

101

5.100

5.700

x

y
W310X21

Load Combination 27 0.9D + 1.4Wwest + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=27.7;
 Clause 10.4.2.1

ky L/ry
200

=
170
200

= 0.850

0.000.00

-10.7

0.00 3.25 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=2.262
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (63 MPa)
=

11
153

= 0.070

0.000.00

5.1

0.00 1.641.64

-5.4

3.25 ( m)3.25 ( m)

 Strong Axis Shear - (kN)
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Strong axis shear strength check

Aw= 1550 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
5

322
= 0.017

0.000.00

4.2

1.64 3.25 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=3.25 m; 2=1.131;
 Clause 13.6(a)

Mfx
Mrx

=
4

35
= 0.122

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
= 0.053

Axial Compression and Bending overall member Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(b)

Cf
Crx

+
0.85 U1x Mfx

 Zx Fy
= 0.053

Axial Compression and Bending lateral torsional buckling strength check

1x=1.00; U1x=1.00;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
= 0.174

Member: 46 S-FRAME Section is  W310X67
Member is part of group: Section  20
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

306

204

8.500

14.6

x

y
W310X67

Load Combination 27 0.9D + 1.4Wwest + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=70.1;
 Clause 10.4.2.1

ky L/ry
200

=
185
200

= 0.927

0.000.00

-6.7

0.00 9.14 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=2.469
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (54 MPa)
=

7
413

= 0.016

0.000.00

17.2

0.00 4.574.57

-17.2

9.14 ( m)9.14 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2601 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
17
541

= 0.032

0.000.00

39.3

4.57 9.14 ( m)

 Strong Axis Moment - (kN-m)
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Bending Stability Check

Lu=9.14 m; 2=1.131;
 Clause 13.6(a)

Mfx
Mrx

=
39
163

= 0.241

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
= 0.103

Axial Compression and Bending overall member Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(b)

Cf
Crx

+
0.85 U1x Mfx

 Zx Fy
= 0.104

Axial Compression and Bending lateral torsional buckling strength check

1x=1.00; U1x=1.00;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
= 0.222

Member: 63 S-FRAME Section is  W310X31
Member is part of group: Section  23
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

306

164

4.900

7.400

x

y
W310X31

Load Combination 7 1.25D + 1.5S + 0.5L (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 4

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=23.5;
 Clause 10.4.2.1

ky L/ry
200

=
82
200

= 0.412

Equivalent slenderness parameter based on buckling stress Fe

Fe=290 MPa;
 Clause 13.3.2

e =
Fy
Fe

1/2
= 1.098

0.000.00

-2.4

0.00 3.05 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; e=1.098
 Clause 13.3.2

Cf
Cry

=
Cf

AeffFy(1+ 2n)-1/n =
Cf

Aeff (189 MPa)
=

2
567

= 0.004

Effective area for class 4 sections

Agross=3990 mm
2
;

 Clause 13.3.3(a)
Aeff (mm

2
) = 3337

0.000.00

118.8

0.00 2.032.03

-121.2

3.05 ( m)3.05 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 1499 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
121
312

= 0.389

0.000.00

123.0

2.03 3.05 ( m)

 Strong Axis Moment - (kN-m)
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Bending Stability Check

Lu=1.01 m; 2=1.142;
 Clause 13.6(b)

Mfx
Mrx

=
123
128

= 0.959

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.3(a)

Cf
 Aeff Fy

+
Mfx
Mrx

= 0.893

Axial Compression and Bending overall member Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.3(b)

Cf
Crx

+
U1x Mfx

Mrx
= 0.894

Axial Compression and Bending lateral torsional buckling strength check

1x=1.00; U1x=1.00;
 Clause 13.8.3(c)

Cf
Cry

+
U1x Mfx

Mrx
= 0.963

Member: 71 S-FRAME Section is  W360X72
Member is part of group: Section  22
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

350

204

8.600

15.1

x

y
W360X72

Load Combination 26 0.9D + 1.4Weast + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=61.6;
 Clause 10.4.2.1

ky L/ry
200

=
189
200

= 0.943

0.000.00

-25.3

0.00 9.14 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=2.512
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (52 MPa)
=

25
428

= 0.059

0.000.00

14.5

0.00 4.564.56

-14.5

9.14 ( m)9.14 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 3010 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
14
626

= 0.023

0.000.00

33.1

4.57 9.14 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=9.14 m; 2=1.131;
 Clause 13.6(a)

Mfx
Mrx

=
33
178

= 0.186

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; U1x=1.01;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
= 0.079
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Axial Compression and Bending overall member Strength Check

1x=1.00; U1x=1.01;
 Clause 13.8.2(b)

Cf
Crx

+
0.85 U1x Mfx

 Zx Fy
= 0.083

Axial Compression and Bending lateral torsional buckling strength check

1x=1.00; U1x=1.01;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
= 0.218

Member: 74 S-FRAME Section is  W410X39
Member is part of group: Section  12
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

400

140

6.400

8.800

x

y
W410X39

Load Combination 25 0.9D + 1.4Wsouth + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=19.1;
 Clause 10.4.2.1

ky L/ry
200

=
107
200

= 0.536

0.000.00

-18.8

0.00 3.05 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.426
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (135 MPa)
=

19
606

= 0.031

0.000.00

-8.8

1.521.521.52

8.8

1.52 3.05 ( m)

-8.3

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2560 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
9

532
= 0.017

0.000.00

-13.1

1.52 3.05 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=3.05 m; 2=1.269;
 Clause 13.6(a)

Mfx
Mrx

=
13
185

= 0.070

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
= 0.060

Axial Compression and Bending overall member Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(b)

Cf
Crx

+
0.85 U1x Mfx

 Zx Fy
= 0.060

Axial Compression and Bending lateral torsional buckling strength check

1x=1.00; U1x=1.00;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
= 0.091
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Member: 179 S-FRAME Section is  W360X64
Member is part of group: Section  24
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

348

203

7.700

13.5

x

y
W360X64

Load Combination 2 1.25D + 1.5L + 0.5S (Bending)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

0.000.00
153.3
0.00 3.053.05

-211.8

6.27 ( m)6.27 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2680 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
212
557

= 0.380

0.000.00 0.01.251.521.520.01.52 2.502.500.02.50 3.053.05 -0.65.01 6.096.09

5.5

6.096.27 ( m)0.0

 Weak Axis Shear - (kN)

0.000.00

308.3

3.05 6.27 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.57 m; 2=1.140;
 Clause 13.6(a)

Mfx
Mrx

=
308
359

= 0.859

Member: 189 S-FRAME Section is  W410X39
Member is part of group: Section  13
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

400

140

6.400

8.800

x

y
W410X39

Load Combination 25 0.9D + 1.4Wsouth + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=19.1;
 Clause 10.4.2.1

ky L/ry
200

=
107
200

= 0.536

0.000.00

-6.0

0.00 3.05 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.426
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (135 MPa)
=

6
606

= 0.010

0.000.00

-3.2

1.521.521.52

3.2

1.52 3.05 ( m)
-2.7

 Strong Axis Shear - (kN)
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Strong axis shear strength check

Aw= 2560 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
3

532
= 0.006

0.000.00

-4.5

1.52 3.05 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=3.05 m; 2=1.276;
 Clause 13.6(a)

Mfx
Mrx

=
5

186
= 0.024

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
= 0.021

Axial Compression and Bending overall member Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(b)

Cf
Crx

+
0.85 U1x Mfx

 Zx Fy
= 0.021

Axial Compression and Bending lateral torsional buckling strength check

1x=1.00; U1x=1.00;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
= 0.031

Member: 190 S-FRAME Section is  W530X82
Member is part of group: Section  3
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

528

209

9.500

13.3

x

y
W530X82

Load Combination 25 0.9D + 1.4Wsouth + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=29.3;
 Clause 10.4.2.1

ky L/ry
200

=
143
200

= 0.713

0.000.00

-5.4

0.00 6.27 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.898
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (86 MPa)
=

5
812

= 0.007

0.000.00
-9.0
1.52 3.053.05

13.6

6.096.27 ( m)
-7.8

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 5016 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
14

1043
= 0.013

0.000.00 0.93.05 6.096.09

-20.9

6.096.27 ( m)0.4
 Weak Axis Shear - (kN)
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Weak axis shear strength check

Aw= 3706 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
21
771

= 0.027

0.000.00

-17.5

3.05 6.27 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=6.27 m; 2=1.145;
 Clause 13.6(a)

Mfx
Mrx

=
17
342

= 0.051

0.000.00

3.6

6.096.27 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
4

95
= 0.037

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; 1y=1.00; U1x=1.00; U1y=1.01;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.047

Axial Compression and Bending overall member Strength Check

U1x=1.00; U1y=1.01; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.061

Biaxial bending strength check  Clause 13.8.2
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.064

Axial Compression and Bending lateral torsional buckling strength check

U1x=1.00; U1y=1.01; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.082

Biaxial bending stability check  Clause 13.8.2
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.088

Member: 192 S-FRAME Section is  W410X54
Member is part of group: Section  8
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

404

177

7.500

10.9

x

y
W410X54

Load Combination 27 0.9D + 1.4Wwest + 0.5S (Bending + Tension)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

Governing geometrical slenderness ratio  Clause 10.4.2.2
L/ry
300

=
237
300

= 0.791

0.000.00

1.4

0.00 9.14 ( m)

 Axial Load - (kN)
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Factored Tensile Resistance Check

Ag=6810 mm
2
;

 Clause 13.2 a (i)
Tf
Tr

=
Tf

AgFy
=

1
2145

= 0.001

0.000.00

-1.6

0.00 4.574.57

1.6

9.14 ( m)9.14 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 3030 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
2

630
= 0.002

0.000.00

-3.6

4.57 9.14 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=9.14 m; 2=1.131;
 Clause 13.6(a)

Mfx
Mrx

=
4

81
= 0.044

Axial Tension and Bending Strength Check  Clause 13.9(a)
Tf
Tr

+
Mfx
 Zx Fy

= 0.011

Axial Tension and Bending Stability Check  Clause 13.9(b)
Mfx
Mrx

-
Tf Zx
Mrx A

= 0.041

Member: 208 S-FRAME Section is  W530X123
Member is part of group: Section  37
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

544

212

13.1

21.2

x

y
W530X123

Load Combination 25 0.9D + 1.4Wsouth + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=41.5;
 Clause 10.4.2.1

ky L/ry
200

=
197
200

= 0.985

0.000.00

-4.8

4.57 9.15 ( m)

-4.8

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=2.624
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (48 MPa)
=

5
680

= 0.007

0.000.00

-15.2

1.52 3.053.051.43.05 4.314.31-0.34.314.574.57

13.0

7.62 9.15 ( m)

-13.6

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 7126 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
15

1482
= 0.010
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0.000.00 0.83.05 6.096.09

-3.9

6.09 7.627.62
1.1
7.62 9.15 ( m)0.6

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 5993 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
4

1246
= 0.003

0.000.00

-32.5

3.05 9.15 ( m)
 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=9.15 m; 2=1.142;
 Clause 13.6(a)

Mfx
Mrx

=
32
403

= 0.081

0.000.00

4.3

6.09 7.197.19
-1.7
7.62 9.15 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
4

157
= 0.027

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; 1y=1.00; U1x=1.00; U1y=1.01;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.045

Axial Compression and Bending overall member Strength Check

U1x=1.00; U1y=1.01; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.058

Biaxial bending strength check  Clause 13.8.2
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.059

Axial Compression and Bending lateral torsional buckling strength check

U1x=1.00; U1y=1.01; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.099

Biaxial bending stability check  Clause 13.8.2
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.108

Member: 209 S-FRAME Section is  W530X92
Member is part of group: Section  18
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

534

209

10.2

15.6

x

y
W530X92

Load Combination 7 1.25D + 1.5S + 0.5L (Bending)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

0.000.00

213.1

0.00 4.574.57

-211.5

9.14 ( m)9.14 ( m)

 Strong Axis Shear - (kN)
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Strong axis shear strength check

Aw= 5447 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
213
1132

= 0.188

0.000.00-0.40.00 1.521.52
2.4
1.52 3.043.04

-3.5

3.04 4.574.570.54.57 6.096.09-0.66.09 7.627.62
1.5
7.62 9.14 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 4347 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
3

904
= 0.004

0.000.00

578.7

4.57 9.14 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.55 m; 2=1.146;
 Clause 13.6(a)

Mfx
Mrx

=
579
743

= 0.779

0.000.00 -0.61.521.771.77

3.1

3.04 3.933.93
-2.3
7.62 9.14 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
3

112
= 0.028

Biaxial bending stability check  Clause 13.6(f)
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.806

Member: 210 S-FRAME Section is  W250X89
Member is part of group: Section  36
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

260

256

10.7

17.3

x

y
W250X89

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=37.5;
 Clause 10.4.2.1

ky L/ry
200

=
64
200

= 0.322

0.000.00

-1243.6

0.00 4.20 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=0.858
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (239 MPa)
=

1244
2456

= 0.506

0.000.00

-8.1

0.00 4.20 ( m)

 Weak Axis Shear - (kN)
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Weak axis shear strength check

Aw= 5905 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
8

1228
= 0.007

0.000.00

35.2

0.00 4.20 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
35
181

= 0.195

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; 1y=0.61; U1x=1.08; U1y=1.00;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.463

Axial Compression and Bending overall member Strength Check

U1x=1.08; U1y=0.79; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.638

Axial Compression and Bending lateral torsional buckling strength check

U1x=1.08; U1y=0.79; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.638

Member: 212 S-FRAME Section is  W530X150    *
Member is part of group: Section  17
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

544

312

12.7

20.3

x

y
W530X150

Load Combination 14 1.25D + 1.4Weast + 0.5L (Bending + Tension)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio  Clause 10.4.2.2
L/ry
300

=
125
300

= 0.416

0.000.00

76.0

0.00 9.15 ( m)

 Axial Load - (kN)

Factored Tensile Resistance Check

Ag=19200 mm
2
;

 Clause 13.2 a (i)
Tf
Tr

=
Tf

AgFy
=

76
6048

= 0.013

0.000.00

179.3

0.00 4.574.57

-179.3

9.15 ( m)9.15 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 6909 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
179

1436
= 0.125

0.000.00
38.9
4.57 6.096.09

-90.3

6.09 9.15 ( m)22.8

 Weak Axis Shear - (kN)
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Weak axis shear strength check

Aw= 8445 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
90

1756
= 0.051

0.000.00

488.1

4.57 9.15 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.55 m; 2=1.146;
 Clause 13.6(a)

Mfx
Mrx

=
488

1307
= 0.373

0.000.00

172.1

6.09 9.15 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
172
318

= 0.541

Axial Tension and Bending Strength Check  Clause 13.9(a)
Tf
Tr

+
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.927

Axial Tension and Bending Stability Check  Clause 13.9(b)
Mfx
Mrx

+
Mfy
Mry

-
Tf Zx
Mrx A

= 0.902

Member: 304 S-FRAME Section is  W410X100    *
Member is part of group: Section  7
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

416

260

10.0

16.9

x

y
W410X100

Load Combination 12 1.25D + 1.4Wnorth + 0.5L (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=51.7;
 Clause 10.4.2.1

ky L/ry
200

=
146
200

= 0.732

0.000.00

-723.0

0.00 9.14 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.950
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (82 MPa)
=

723
937

= 0.771

0.000.00

9.4

0.00 4.564.56

-9.4

9.14 ( m)9.14 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 4160 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
9

865
= 0.011
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0.000.00

21.5

4.57 9.14 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=9.14 m; 2=1.131;
 Clause 13.6(a)

Mfx
Mrx

=
21
386

= 0.056

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; U1x=1.08;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
= 0.210

Axial Compression and Bending overall member Strength Check

1x=1.00; U1x=1.08;
 Clause 13.8.2(b)

Cf
Crx

+
0.85 U1x Mfx

 Zx Fy
= 0.258

Axial Compression and Bending lateral torsional buckling strength check

1x=1.00; U1x=1.08;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
= 0.823

Member: 305 S-FRAME Section is  W530X72
Member is part of group: Section  19
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

524

207

8.900

10.9

x

y
W530X72

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Tension)

Section classification    (fy=350 MPa);  Clause 11Section Class = 3

Governing geometrical slenderness ratio  Clause 10.4.2.2
L/ry
300

=
72
300

= 0.242

0.000.00

84.9

0.00 3.05 ( m)

 Axial Load - (kN)

Factored Tensile Resistance Check

Ag=9160 mm
2
;

 Clause 13.2 a (i)
Tf
Tr

=
Tf

AgFy
=

85
2885

= 0.029

0.000.00

212.5

0.00 3.05 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 4664 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
213
970

= 0.219

0.000.00
-2.8
0.00 1.011.01

5.7

1.01 2.032.03
-3.0
2.03 3.05 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 3008 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
6

625
= 0.009
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0.000.00

-333.9

0.00 1.911.91 83.93.05 ( m)3.05 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.01 m; 2=2.500;
 Clause 13.6(b)

Mfx
Mrx

=
334
482

= 0.693

0.000.000.10.000.020.02

-2.8

1.01 1.511.51

3.0

2.03 3.043.040.03.043.05 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(b)
Mfy
Mry

=
Mfy
 Fy Sy

=
3

49
= 0.061

Axial Tension and Bending Strength Check  Clause 13.9(a)
Tf
Tr

+
Mfx
 Sx Fy

+
Mfy
 Sy Fy

= 0.783

Axial Tension and Bending Stability Check  Clause 13.9(b)
Mfx
Mrx

+
Mfy
Mry

-
Tf Sx
Mrx A

= 0.724

Member: 373 S-FRAME Section is  W460X113    *
Member is part of group: Section  33
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

464

280

10.8

17.3

x

y
W460X113

Load Combination 12 1.25D + 1.4Wnorth + 0.5L (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=49.1;
 Clause 10.4.2.1

ky L/ry
200

=
145
200

= 0.727

0.000.00

-801.4

3.21 9.64 ( m)

-758.7

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.936
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (83 MPa)
=

801
1076

= 0.745

0.000.00

13.0

0.00 4.264.26

-12.4

9.64 ( m)9.64 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 5011 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
13

1042
= 0.013

0.000.00
5.9
0.00 3.213.21

-8.3

3.21 6.426.422.46.42 9.64 ( m)

 Weak Axis Shear - (kN)
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Weak axis shear strength check

Aw= 6459 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
8

1343
= 0.006

0.000.00

34.2

4.25 9.64 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=9.64 m; 2=1.140;
 Clause 13.6(a)

Mfx
Mrx

=
34
473

= 0.072

0.000.00

18.9

3.21 5.485.48
-7.8
6.42 9.64 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
19
218

= 0.087

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; 1y=1.00; U1x=1.07; U1y=2.47;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.343

Axial Compression and Bending overall member Strength Check

U1x=1.07; U1y=2.47; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.965

Biaxial bending strength check  Clause 13.8.2
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.128

Axial Compression and Bending lateral torsional buckling strength check

U1x=1.07; U1y=2.47; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.994

Biaxial bending stability check  Clause 13.8.2
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.159

Member: 376 S-FRAME Section is  W410X60
Member is part of group: Section  11
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

408

178

7.700

12.8

x

y
W410X60

Load Combination 27 0.9D + 1.4Wwest + 0.5S (Tension)

Governing geometrical slenderness ratio  Clause 10.4.2.2
L/ry
300

=
242
300

= 0.807

0.000.00

67.2

3.21 9.64 ( m)

66.3
 Axial Load - (kN)

Factored Tensile Resistance Check

Ag=7580 mm
2
; Fy=350 MPa;

 Clause 13.2 a (i)
Tf
Tr

=
Tf

AgFy
=

67
2388

= 0.028
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Member: 455 S-FRAME Section is  W310X86
Member is part of group: Section  6
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

310

254

9.100

16.3

x

y
W310X86

Load Combination 7 1.25D + 1.5S + 0.5L (Bending)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

0.000.00

84.5

0.00 3.773.77

-100.1

9.14 ( m)9.14 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2821 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
100
586

= 0.171

0.000.00

248.7

3.77 9.14 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=9.14 m; 2=1.168;
 Clause 13.6(a)

Mfx
Mrx

=
249
315

= 0.789

Member: 504 S-FRAME Section is  W360X45
Member is part of group: Section  10
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

352

171

6.900

9.800

x

y
W360X45

Load Combination 26 0.9D + 1.4Weast + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=41.8;
 Clause 10.4.2.1

ky L/ry
200

=
161
200

= 0.807

0.000.00

-1.0

0.00 6.10 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=2.148
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (69 MPa)
=

1
357

= 0.003

0.000.00

-2.0

0.00 2.852.85
1.4
6.10 ( m)6.10 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2429 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
2

505
= 0.004
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0.000.00

-2.8

2.85 6.10 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=6.10 m; 2=1.146;
 Clause 13.6(a)

Mfx
Mrx

=
3

108
= 0.026

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
= 0.010

Axial Compression and Bending overall member Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(b)

Cf
Crx

+
0.85 U1x Mfx

 Zx Fy
= 0.010

Axial Compression and Bending lateral torsional buckling strength check

1x=1.00; U1x=1.00;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
= 0.025

Member: 530 S-FRAME Section is  W360X33
Member is part of group: Section  9
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

350

127

5.800

8.500

x

y
W360X33

Load Combination 17 1.25D + 1.4Wsouth + 0.5S (Bending + Tension)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio  Clause 10.4.2.2
L/ry
300

=
218
300

= 0.727

0.000.00

1.2

0.00 5.76 ( m)

 Axial Load - (kN)

Factored Tensile Resistance Check

Ag=4170 mm
2
;

 Clause 13.2 a (i)
Tf
Tr

=
Tf

AgFy
=

1
1314

= 0.001

0.000.00

-1.6

0.00 2.792.79
1.2
5.76 ( m)5.76 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2030 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
2

422
= 0.004

0.000.00

-2.2

2.79 5.76 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=5.76 m; 2=1.143;
 Clause 13.6(a)

Mfx
Mrx

=
2

46
= 0.048
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Axial Tension and Bending Strength Check  Clause 13.9(a)
Tf
Tr

+
Mfx
 Zx Fy

= 0.014

Axial Tension and Bending Stability Check  Clause 13.9(b)
Mfx
Mrx

-
Tf Zx
Mrx A

= 0.044

Member: 567 S-FRAME Section is  W250X24
Member is part of group: Section  5
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

254

145

5.000

6.400

x

y
W250X24

Load Combination 7 1.25D + 1.5S + 0.5L (Bending)

Section classification    (fy=350 MPa);  Clause 11Section Class = 4

0.000.00

49.6

0.00 1.521.52

-50.8

4.574.57 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 1270 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
51
264

= 0.192

0.000.00

63.6

1.52 4.57 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.51 m; 2=1.068;
 Clause 13.6(b)

Mfx
Mrx

=
64
81

= 0.785

Member: 574 S-FRAME Section is  W200X21
Member is part of group: Section  4
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

204

133

5.000

6.400

x

y
W200X21

Load Combination 7 1.25D + 1.5S + 0.5L (Bending)

Section classification    (fy=350 MPa);  Clause 11Section Class = 3

0.000.00

32.8

0.00 1.731.73

-32.8

3.46 ( m)3.46 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 1020 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
33
212

= 0.155

0.000.00

28.4

1.73 3.46 ( m)

 Strong Axis Moment - (kN-m)
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Bending Stability Check

Lu=3.46 m; 2=1.131;
 Clause 13.6(b)

Mfx
Mrx

=
28
48

= 0.590
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 4. Summary of Governing Load Cases for Each Member
Member

No.
Group
Name

Steel
Section

Governing
Load Case/Comb

Governing
Clause Ratio Pass/Fail

Status
373 Section  33 W460X113    * Comb 12, 1.25D + 1.4Wnorth + 0.5L Beam-column stability 0.994 Pass
374 Section  33 W460X113    * Comb 12, 1.25D + 1.4Wnorth + 0.5L Beam-column stability 0.992 Pass
208 Section  37 W530X123 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.985 Pass
215 Section  37 W530X123 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.985 Pass
14 Section  32 W250X131 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.978 Pass
9 Section  32 W250X131 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.971 Pass
63 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Beam-column stability 0.963 Pass
65 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Beam-column stability 0.963 Pass
47 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.959 Pass
51 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.959 Pass
58 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.584 Pass
45 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.584 Pass
67 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.481 Pass
53 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.481 Pass
43 Section  23 W310X31 Comb 24, 0.9D + 1.4Wnorth + 0.5S Slenderness 0.412 Pass
55 Section  23 W310X31 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.412 Pass
11 Section  28 W200X59 Comb 19, 1.25D + 1.4Wwest + 0.5S Beam-column stability 0.958 Pass
16 Section  28 W200X59 Comb 19, 1.25D + 1.4Wwest + 0.5S Beam-column stability 0.957 Pass

303 Section  28 W200X59 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.892 Pass
306 Section  28 W200X59 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.892 Pass
18 Section  28 W200X59 Comb 2, 1.25D + 1.5L + 0.5S Compression 0.751 Pass
4 Section  28 W200X59 Comb 18, 1.25D + 1.4Weast + 0.5S Beam-column stability 0.633 Pass
21 Section  28 W200X59 Comb 15, 1.25D + 1.4Wwest + 0.5L Beam-column stability 0.621 Pass
17 Section  28 W200X59 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.591 Pass
20 Section  28 W200X59 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.591 Pass
12 Section  30 W250X67 Comb 15, 1.25D + 1.4Wwest + 0.5L Beam-column stability 0.945 Pass
7 Section  30 W250X67 Comb 15, 1.25D + 1.4Wwest + 0.5L Beam-column stability 0.945 Pass
27 Section  30 W250X67 Comb 3, 1.25D + 1.5L + 0.4Wnorth Beam-column strength 0.816 Pass
25 Section  30 W250X67 Comb 3, 1.25D + 1.5L + 0.4Wnorth Beam-column strength 0.786 Pass
19 Section  30 W250X67 Comb 2, 1.25D + 1.5L + 0.5S Beam-column stability 0.699 Pass

203 Section  30 W250X67 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.412 Pass
202 Section  30 W250X67 Comb 19, 1.25D + 1.4Wwest + 0.5S Slenderness 0.412 Pass
71 Section  22 W360X72 Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.943 Pass

312 Section  22 W360X72 Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.943 Pass
381 Section  22 W360X72 Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.943 Pass
62 Section  20 W310X67 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.927 Pass
66 Section  20 W310X67 Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.927 Pass
61 Section  20 W310X67 Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.927 Pass
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Member
No.

Group
Name

Steel
Section

Governing
Load Case/Comb

Governing
Clause Ratio Pass/Fail

Status
46 Section  20 W310X67 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.927 Pass
54 Section  20 W310X67 Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.927 Pass
64 Section  20 W310X67 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.881 Pass
49 Section  20 W310X67 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.881 Pass

481 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.864 Pass
500 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.864 Pass
498 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.864 Pass
483 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.864 Pass
485 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.864 Pass
496 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.864 Pass
499 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.812 Pass
501 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.812 Pass
482 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.812 Pass
479 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.812 Pass
484 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.812 Pass
497 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.812 Pass
48 Section  20 W310X67 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.618 Pass
50 Section  20 W310X67 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.618 Pass
60 Section  20 W310X67 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.618 Pass
59 Section  20 W310X67 Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.618 Pass
52 Section  20 W310X67 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.618 Pass

212 Section  17 W530X150    * Comb 14, 1.25D + 1.4Weast + 0.5L Beam-tension strength 0.927 Pass
83 Section  17 W530X150    * Comb 14, 1.25D + 1.4Weast + 0.5L Beam-tension strength 0.902 Pass
70 Section  17 W530X150    * Comb 5, 1.25D + 1.5L + 0.4Weast Beam-tension strength 0.815 Pass
68 Section  17 W530X150    * Comb 5, 1.25D + 1.5L + 0.4Weast Beam-tension strength 0.813 Pass
84 Section  17 W530X150    * Comb 3, 1.25D + 1.5L + 0.4Wnorth Beam-tension strength 0.758 Pass
211 Section  17 W530X150    * Comb 3, 1.25D + 1.5L + 0.4Wnorth Beam-tension strength 0.746 Pass
72 Section  17 W530X150    * Comb 5, 1.25D + 1.5L + 0.4Weast Beam-tension strength 0.742 Pass
69 Section  17 W530X150    * Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.738 Pass
2 Section  27 W250X33 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.912 Pass
1 Section  27 W250X33 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.912 Pass
6 Section  27 W250X33 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.912 Pass
3 Section  27 W250X33 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.912 Pass
22 Section  29 W250X58 Comb 2, 1.25D + 1.5L + 0.5S Compression 0.907 Pass
5 Section  29 W250X58 Comb 2, 1.25D + 1.5L + 0.5S Beam-column stability 0.877 Pass
37 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.906 Pass
38 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.879 Pass
15 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.818 Pass
33 Section  31 W250X115 Comb 4, 1.25D + 1.5L + 0.4Wsouth Beam-column strength 0.817 Pass
34 Section  31 W250X115 Comb 4, 1.25D + 1.5L + 0.4Wsouth Beam-column strength 0.811 Pass
10 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.811 Pass
13 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.772 Pass
8 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.753 Pass
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35 Section  35 W250X45 Comb 14, 1.25D + 1.4Weast + 0.5L Beam-column stability 0.889 Pass

191 Section  35 W250X45 Comb 26, 0.9D + 1.4Weast + 0.5S Beam-column stability 0.795 Pass
194 Section  35 W250X45 Comb 26, 0.9D + 1.4Weast + 0.5S Beam-column stability 0.795 Pass
32 Section  35 W250X45 Comb 6, 1.25D + 1.5L + 0.4Wwest Beam-column stability 0.716 Pass
26 Section  35 W250X45 Comb 27, 0.9D + 1.4Wwest + 0.5S Beam-column stability 0.674 Pass
28 Section  35 W250X45 Comb 27, 0.9D + 1.4Wwest + 0.5S Beam-column stability 0.674 Pass
23 Section  35 W250X45 Comb 5, 1.25D + 1.5L + 0.4Weast Beam-column stability 0.656 Pass
39 Section  35 W250X45 Comb 22, 0.9D + 1.4Weast + 0.5L Beam-tension strength 0.638 Pass

188 Section  35 W250X45 Comb 19, 1.25D + 1.4Wwest + 0.5S Slenderness 0.599 Pass
36 Section  35 W250X45 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.599 Pass

179 Section  24 W360X64 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.859 Pass
181 Section  24 W360X64 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.788 Pass
178 Section  24 W360X64 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.652 Pass
182 Section  24 W360X64 Comb 24, 0.9D + 1.4Wnorth + 0.5S Slenderness 0.625 Pass
183 Section  24 W360X64 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.582 Pass
171 Section  24 W360X64 Comb 24, 0.9D + 1.4Wnorth + 0.5S Slenderness 0.461 Pass
488 Section  21 W310X21     * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.85 Pass
489 Section  21 W310X21     * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.85 Pass
487 Section  21 W310X21     * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.85 Pass
44 Section  21 W310X21     * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.85 Pass
56 Section  21 W310X21     * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.85 Pass

486 Section  21 W310X21     * Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.566 Pass
42 Section  21 W310X21     * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.566 Pass
57 Section  21 W310X21     * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.566 Pass

493 Section  21 W310X21     * Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.566 Pass
490 Section  21 W310X21     * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.566 Pass
491 Section  21 W310X21     * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.541 Pass
492 Section  21 W310X21     * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.541 Pass
495 Section  21 W310X21     * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.372 Pass
494 Section  21 W310X21     * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.372 Pass
480 Section  21 W310X21     * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.372 Pass
478 Section  21 W310X21     * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.372 Pass
304 Section  7 W410X100    * Comb 12, 1.25D + 1.4Wnorth + 0.5L Beam-column stability 0.823 Pass
204 Section  7 W410X100    * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.732 Pass
96 Section  7 W410X100    * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.732 Pass
75 Section  7 W410X100    * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.732 Pass

216 Section  7 W410X100    * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.732 Pass
206 Section  7 W410X100    * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.732 Pass
88 Section  7 W410X100    * Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.732 Pass
85 Section  7 W410X100    * Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.732 Pass
81 Section  7 W410X100    * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.732 Pass
92 Section  7 W410X100    * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.732 Pass
90 Section  7 W410X100    * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.732 Pass
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89 Section  7 W410X100    * Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.732 Pass

502 Section  7 W410X100    * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.732 Pass
380 Section  7 W410X100    * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.732 Pass
73 Section  7 W410X100    * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.732 Pass

517 Section  7 W410X100    * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.732 Pass
516 Section  7 W410X100    * Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.732 Pass
379 Section  7 W410X100    * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.732 Pass
310 Section  7 W410X100    * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.732 Pass
217 Section  7 W410X100    * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.732 Pass
311 Section  7 W410X100    * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.732 Pass
378 Section  7 W410X100    * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.71 Pass
375 Section  7 W410X100    * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.71 Pass
205 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.614 Pass
503 Section  7 W410X100    * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.488 Pass
77 Section  7 W410X100    * Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.488 Pass
80 Section  7 W410X100    * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.488 Pass
78 Section  7 W410X100    * Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.488 Pass

376 Section  11 W410X60 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.807 Pass
377 Section  11 W410X60 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.807 Pass
93 Section  11 W410X60 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.766 Pass

518 Section  10 W360X45 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.807 Pass
521 Section  10 W360X45 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.807 Pass
504 Section  10 W360X45 Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.807 Pass
507 Section  10 W360X45 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.807 Pass
588 Section  10 W360X45 Comb 24, 0.9D + 1.4Wnorth + 0.5S Slenderness 0.762 Pass
589 Section  10 W360X45 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.508 Pass
519 Section  10 W360X45 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.403 Pass
522 Section  10 W360X45 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.403 Pass
590 Section  10 W360X45 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.254 Pass
209 Section  18 W530X92 Comb 7, 1.25D + 1.5S + 0.5L Biaxial Bending 0.806 Pass
214 Section  18 W530X92 Comb 7, 1.25D + 1.5S + 0.5L Biaxial Bending 0.798 Pass
180 Section  18 W530X92 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.698 Pass
185 Section  18 W530X92 Comb 24, 0.9D + 1.4Wnorth + 0.5S Slenderness 0.669 Pass
193 Section  8 W410X54 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.791 Pass
192 Section  8 W410X54 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.791 Pass
195 Section  8 W410X54 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.791 Pass
199 Section  8 W410X54 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.726 Pass
94 Section  8 W410X54 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.679 Pass
91 Section  8 W410X54 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.679 Pass

169 Section  8 W410X54 Comb 24, 0.9D + 1.4Wnorth + 0.5S Slenderness 0.576 Pass
455 Section  6 W310X86 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.789 Pass
460 Section  6 W310X86 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.769 Pass
456 Section  6 W310X86 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.719 Pass
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24 Section  34 W200X46 Comb 15, 1.25D + 1.4Wwest + 0.5L Beam-column strength 0.785 Pass
30 Section  34 W200X46 Comb 14, 1.25D + 1.4Weast + 0.5L Beam-column strength 0.633 Pass
29 Section  34 W200X46 Comb 15, 1.25D + 1.4Wwest + 0.5L Beam-column strength 0.572 Pass

187 Section  34 W200X46 Comb 18, 1.25D + 1.4Weast + 0.5S Beam-column stability 0.547 Pass
196 Section  34 W200X46 Comb 19, 1.25D + 1.4Wwest + 0.5S Beam-column stability 0.531 Pass
197 Section  34 W200X46 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.411 Pass
567 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.785 Pass
570 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.75 Pass
569 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.662 Pass
568 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.628 Pass
571 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.263 Pass
572 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.261 Pass
305 Section  19 W530X72 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.783 Pass
302 Section  19 W530X72 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.783 Pass
184 Section  19 W530X72 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.665 Pass
170 Section  19 W530X72 Comb 3, 1.25D + 1.5L + 0.4Wnorth Beam-column strength 0.536 Pass
530 Section  9 W360X33 Comb 17, 1.25D + 1.4Wsouth + 0.5S Slenderness 0.727 Pass
531 Section  9 W360X33 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.727 Pass
505 Section  9 W360X33 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.385 Pass
508 Section  9 W360X33 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.385 Pass
532 Section  9 W360X33 Comb 19, 1.25D + 1.4Wwest + 0.5S Slenderness 0.364 Pass
190 Section  3 W530X82 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.713 Pass
186 Section  3 W530X82 Comb 27, 0.9D + 1.4Wwest + 0.5S Slenderness 0.455 Pass
210 Section  36 W250X89 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.638 Pass
31 Section  36 W250X89 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.631 Pass

207 Section  36 W250X89 Comb 19, 1.25D + 1.4Wwest + 0.5S Slenderness 0.322 Pass
213 Section  36 W250X89 Comb 19, 1.25D + 1.4Wwest + 0.5S Slenderness 0.322 Pass
576 Section  4 W200X21 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.59 Pass
574 Section  4 W200X21 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.59 Pass
575 Section  4 W200X21 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.579 Pass
577 Section  4 W200X21 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.579 Pass
573 Section  4 W200X21 Comb 26, 0.9D + 1.4Weast + 0.5S Slenderness 0.568 Pass
198 Section  13 W410X39 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.536 Pass
189 Section  13 W410X39 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.536 Pass
201 Section  13 W410X39 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.536 Pass
200 Section  13 W410X39 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.536 Pass
76 Section  12 W410X39 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.536 Pass
74 Section  12 W410X39 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.536 Pass
82 Section  12 W410X39 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.536 Pass
79 Section  12 W410X39 Comb 25, 0.9D + 1.4Wsouth + 0.5S Slenderness 0.536 Pass



!

! !
!

"#"$%%&!'%(!)%*+&$*#!
,-./.012!3-02!40*%*!

! !



Memorial University of Newfoundland

,
Project: Morrison Hershfield Structural Design

Structure: Three-Storey Orthodontic Clinic
Filename: E:\ENGI 8700\S-FRAME\STRUCTUREV32_ROOFGIRDERS.TEL

Engineer: Strata Solutions

Key Code Check Results

Page: 1
Date:3/30/2013

Design Code:  CAN/CSA S16-09
Steel Table  : Canadian (CISC)
Analysis Program: S-FRAME (Linear static analysis)

S-STEEL
Version 10.00.1

© Copyright S-FRAME Software Inc. 1995-2012

Memorial University of Newfoundland

,
Project: Morrison Hershfield Structural Design

Structure: Three-Storey Orthodontic Clinic
Filename: E:\ENGI 8700\S-FRAME\STRUCTUREV32_ROOFGIRDERS.TEL

Engineer: Strata Solutions

Key Code Check Results

Page: 1
Date:3/30/2013

Design Code:  CAN/CSA S16-09
Steel Table  : Canadian (CISC)
Analysis Program: S-FRAME (Linear static analysis)

S-STEEL
Version 10.00.1

© Copyright S-FRAME Software Inc. 1995-2012

 1. Summary of Governing Selected Members for Each Group
Member

No.
Group
Name

Steel
Section

Governing
Load Case/Comb

Governing
Clause Ratio Pass/Fail

Status
14 Section  32 W250X131 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.978 Pass
63 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Beam-column stability 0.963 Pass
71 Section  22 W360X72 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.943 Pass
1 Section  27 W250X33 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.912 Pass
22 Section  29 W250X58 Comb 2, 1.25D + 1.5L + 0.5S Compression 0.907 Pass
37 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.906 Pass

303 Section  28 W200X59 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.892 Pass
46 Section  20 W310X67 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.881 Pass

179 Section  24 W360X64 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.859 Pass
376 Section  11 W410X60 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.807 Pass
504 Section  10 W360X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.807 Pass
209 Section  18 W530X92 Comb 7, 1.25D + 1.5S + 0.5L Biaxial Bending 0.806 Pass
455 Section  6 W310X86 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.789 Pass
567 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.785 Pass
305 Section  19 W530X72 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.783 Pass
27 Section  30 W250X67 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.776 Pass
84 Section  17 W530X150    * Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.746 Pass
90 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.732 Pass

530 Section  9 W360X33 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.727 Pass
373 Section  33 W460X113    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.727 Pass
215 Section  37 W530X123 Comb 7, 1.25D + 1.5S + 0.5L Biaxial Bending 0.723 Pass
94 Section  8 W410X54 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.679 Pass
35 Section  35 W250X45 Comb 2, 1.25D + 1.5L + 0.5S Beam-column stability 0.667 Pass

210 Section  36 W250X89 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.638 Pass
574 Section  4 W200X21 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.59 Pass
486 Section  21 W310X21     * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.556 Pass
186 Section  3 W530X82 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.455 Pass
79 Section  12 W410X39 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.452 Pass
24 Section  34 W200X46 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.411 Pass

201 Section  13 W410X39 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.281 Pass

 2. Code Details For Governing Members for Each Group

Member: 1 S-FRAME Section is  W250X33
Member is part of group: Section  27
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

258

146

6.100

9.100

x

y
W250X33

Load Combination 7 1.25D + 1.5S + 0.5L (Compression)
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Section classification    (fy=350 MPa);  Clause 11Section Class = 4

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=56.7;
 Clause 10.4.2.1

ky L/ry
200

=
182
200

= 0.912

Equivalent slenderness parameter based on buckling stress Fe

Fe=59 MPa;
 Clause 13.3.2

e =
Fy
Fe

1/2
= 2.428

0.000.00

-40.9

0.00 6.14 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; e=2.428
 Clause 13.3.2

Cf
Cry

=
Cf

AeffFy(1+ 2n)-1/n =
Cf

Aeff (56 MPa)
=

41
202

= 0.202

Effective area for class 4 sections

Agross=4170 mm
2
;

 Clause 13.3.3(a)
Aeff (mm

2
) = 4040

Member: 14 S-FRAME Section is  W250X131
Member is part of group: Section  32
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

276

261

15.4

25.1

x

y
W250X131

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=53.4;
 Clause 10.4.2.1

ky L/ry
200

=
92
200

= 0.460

0.000.00

-2087.1

0.00 6.14 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.224
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (166 MPa)
=

2087
2493

= 0.837

0.000.00

5.7

0.00 6.14 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 8735 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
6

1816
= 0.003

0.000.00

35.2

6.14 ( m)6.14 ( m)

 Weak Axis Moment - (kN-m)
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Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
35
274

= 0.128

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; 1y=0.60; U1x=1.22; U1y=1.29;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.496

Axial Compression and Bending overall member Strength Check

U1x=1.22; U1y=1.29; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.978

Axial Compression and Bending lateral torsional buckling strength check

U1x=1.22; U1y=1.29; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.978

Member: 22 S-FRAME Section is  W250X58
Member is part of group: Section  29
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

252

203

8.000

13.5

x

y
W250X58

Load Combination 2 1.25D + 1.5L + 0.5S (Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=56.6;
 Clause 10.4.2.1

ky L/ry
200

=
122
200

= 0.610

0.000.00

-671.2

0.00 6.14 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.624
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (111 MPa)
=

671
740

= 0.907

Member: 24 S-FRAME Section is  W200X46
Member is part of group: Section  34
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

204

203

7.200

11.0

x

y
W200X46

Load Combination 7 1.25D + 1.5S + 0.5L (Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 3

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=47.7;
 Clause 10.4.2.1

ky L/ry
200

=
82
200

= 0.411

0.000.00

-112.8

0.00 4.20 ( m)

 Axial Load - (kN)
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Factored Compressive Resistance Check

n=1.34; y=1.095
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (190 MPa)
=

113
1000

= 0.113

Member: 27 S-FRAME Section is  W250X67
Member is part of group: Section  30
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

258

204

8.900

15.7

x

y
W250X67

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=38.1;
 Clause 10.4.2.1

ky L/ry
200

=
82
200

= 0.412

0.000.00

-897.7

0.00 4.20 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.098
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (189 MPa)
=

898
1454

= 0.617

0.000.00

-5.3

0.00 4.20 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 4270 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
5

888
= 0.006

0.000.00

21.3

0.00 4.044.04-0.84.044.20 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
21
105

= 0.204

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; 1y=0.58; U1x=1.08; U1y=1.00;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.455

Axial Compression and Bending overall member Strength Check

U1x=1.08; U1y=0.92; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.776

Axial Compression and Bending lateral torsional buckling strength check

U1x=1.08; U1y=0.92; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.776
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Member: 35 S-FRAME Section is  W250X45
Member is part of group: Section  35
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

266

148

7.600

13.0

x

y
W250X45

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=37.7;
 Clause 10.4.2.1

ky L/ry
200

=
120
200

= 0.599

0.000.00

-384.9

0.00 4.20 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.595
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (114 MPa)
=

385
587

= 0.656

0.000.00

2.4

0.00 4.20 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2022 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
2

420
= 0.006

0.000.00

-6.0

0.00 2.492.49
4.1
4.20 ( m)4.20 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=4.20 m; 2=2.500;
 Clause 13.6(a)

Mfx
Mrx

=
6

186
= 0.032

Axial Compression and Bending cross-sectional Strength Check

1x=0.40; U1x=1.00;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
= 0.241

Axial Compression and Bending overall member Strength Check

1x=0.40; U1x=0.42;
 Clause 13.8.2(b)

Cf
Crx

+
0.85 U1x Mfx

 Zx Fy
= 0.250

Axial Compression and Bending lateral torsional buckling strength check

1x=0.40; U1x=0.42;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
= 0.667

Member: 37 S-FRAME Section is  W250X115
Member is part of group: Section  31
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

270

259

13.5

22.1

x

y
W250X115

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Compression)
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Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=36.9;
 Clause 10.4.2.1

ky L/ry
200

=
63
200

= 0.317

0.000.00

-327.7

0.00 4.20 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=0.844
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (243 MPa)
=

328
3187

= 0.103

0.000.00

4.0

0.00 4.20 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 3645 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
4

758
= 0.005

0.000.00

97.2

0.00 4.20 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 7632 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
97

1587
= 0.061

0.000.00

-16.8

0.00 4.204.200.04.204.20 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=4.20 m; 2=1.751;
 Clause 13.6(a)

Mfx
Mrx

=
17
504

= 0.033

0.000.00

-206.9

0.00 2.132.13

201.4

4.20 ( m)4.20 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
207
237

= 0.872

Axial Compression and Bending cross-sectional Strength Check

1x=0.60; 1y=0.40; U1x=1.00; U1y=1.00;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.623

Axial Compression and Bending overall member Strength Check

U1x=0.61; U1y=0.42; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.431

Biaxial bending strength check  Clause 13.8.2
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.906
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Axial Compression and Bending lateral torsional buckling strength check

U1x=0.61; U1y=0.42; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.431

Biaxial bending stability check  Clause 13.8.2
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.906

Member: 46 S-FRAME Section is  W310X67
Member is part of group: Section  20
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

306

204

8.500

14.6

x

y
W310X67

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Tension)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio  Clause 10.4.2.2
L/ry
300

=
185
300

= 0.618

0.000.00

3.2

0.00 9.14 ( m)

 Axial Load - (kN)

Factored Tensile Resistance Check

Ag=8510 mm
2
;

 Clause 13.2 a (i)
Tf
Tr

=
Tf

AgFy
=

3
2681

= 0.001

0.000.00

62.8

0.00 4.574.57

-62.8

9.14 ( m)9.14 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2601 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
63
541

= 0.116

0.000.00

143.5

4.57 9.14 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=9.14 m; 2=1.131;
 Clause 13.6(a)

Mfx
Mrx

=
143
163

= 0.881

Axial Tension and Bending Strength Check  Clause 13.9(a)
Tf
Tr

+
Mfx
 Zx Fy

= 0.431

Axial Tension and Bending Stability Check  Clause 13.9(b)
Mfx
Mrx

-
Tf Zx
Mrx A

= 0.879
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Member: 63 S-FRAME Section is  W310X31
Member is part of group: Section  23
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

306

164

4.900

7.400

x

y
W310X31

Load Combination 7 1.25D + 1.5S + 0.5L (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 4

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=23.5;
 Clause 10.4.2.1

ky L/ry
200

=
82
200

= 0.412

Equivalent slenderness parameter based on buckling stress Fe

Fe=290 MPa;
 Clause 13.3.2

e =
Fy
Fe

1/2
= 1.098

0.000.00

-2.4

0.00 3.05 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; e=1.098
 Clause 13.3.2

Cf
Cry

=
Cf

AeffFy(1+ 2n)-1/n =
Cf

Aeff (189 MPa)
=

2
567

= 0.004

Effective area for class 4 sections

Agross=3990 mm
2
;

 Clause 13.3.3(a)
Aeff (mm

2
) = 3337

0.000.00

118.8

0.00 2.032.03

-121.2

3.05 ( m)3.05 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 1499 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
121
312

= 0.389

0.000.00

123.0

2.03 3.05 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.01 m; 2=1.142;
 Clause 13.6(b)

Mfx
Mrx

=
123
128

= 0.959

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.3(a)

Cf
 Aeff Fy

+
Mfx
Mrx

= 0.893

Axial Compression and Bending overall member Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.3(b)

Cf
Crx

+
U1x Mfx

Mrx
= 0.894

Axial Compression and Bending lateral torsional buckling strength check

1x=1.00; U1x=1.00;
 Clause 13.8.3(c)

Cf
Cry

+
U1x Mfx

Mrx
= 0.963
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Member: 71 S-FRAME Section is  W360X72
Member is part of group: Section  22
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

350

204

8.600

15.1

x

y
W360X72

Load Combination 7 1.25D + 1.5S + 0.5L (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=61.6;
 Clause 10.4.2.1

ky L/ry
200

=
189
200

= 0.943

0.000.00

-2.1

0.00 9.14 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=2.512
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (52 MPa)
=

2
428

= 0.005

0.000.00

36.8

0.00 4.574.57

-36.8

9.14 ( m)9.14 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 3010 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
37
626

= 0.059

0.000.00

84.2

4.57 9.14 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=9.14 m; 2=1.131;
 Clause 13.6(a)

Mfx
Mrx

=
84
178

= 0.473

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
= 0.178

Axial Compression and Bending overall member Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(b)

Cf
Crx

+
0.85 U1x Mfx

 Zx Fy
= 0.179

Axial Compression and Bending lateral torsional buckling strength check

1x=1.00; U1x=1.00;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
= 0.407

Member: 79 S-FRAME Section is  W410X39
Member is part of group: Section  12
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

400

140

6.400

8.800

x

y
W410X39

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Tension)
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Section classification    (fy=350 MPa);  Clause 11Section Class = 2

Governing geometrical slenderness ratio  Clause 10.4.2.2
L/ry
300

=
107
300

= 0.357

0.000.00

1.8

0.00 3.05 ( m)

 Axial Load - (kN)

Factored Tensile Resistance Check

Ag=4990 mm
2
;

 Clause 13.2 a (i)
Tf
Tr

=
Tf

AgFy
=

2
1572

= 0.001

0.000.00

68.4

0.00 1.521.52

-68.4

3.05 ( m)3.05 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2560 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
68
532

= 0.128

0.000.00

103.6

1.52 3.05 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.52 m; 2=1.264;
 Clause 13.6(a)

Mfx
Mrx

=
104
230

= 0.451

Axial Tension and Bending Strength Check  Clause 13.9(a)
Tf
Tr

+
Mfx
 Zx Fy

= 0.452

Axial Tension and Bending Stability Check  Clause 13.9(b)
Mfx
Mrx

-
Tf Zx
Mrx A

= 0.449

Member: 84 S-FRAME Section is  W530X150    *
Member is part of group: Section  17
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

544

312

12.7

20.3

x

y
W530X150

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Tension)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio  Clause 10.4.2.2
L/ry
300

=
125
300

= 0.416

0.000.00

15.1

0.00 9.14 ( m)

 Axial Load - (kN)
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Factored Tensile Resistance Check

Ag=19200 mm
2
;

 Clause 13.2 a (i)
Tf
Tr

=
Tf

AgFy
=

15
6048

= 0.002

0.000.00

346.5

0.00 4.574.57

-346.5

9.14 ( m)9.14 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 6909 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
346

1436
= 0.241

0.000.00

3.5

1.52 3.043.04

-3.7

3.04 4.574.57
2.9
6.09 7.627.62

-3.8

7.62 9.14 ( m)0.5

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 8445 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
4

1756
= 0.002

0.000.00

946.6

4.57 9.14 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.55 m; 2=1.146;
 Clause 13.6(a)

Mfx
Mrx

=
947

1307
= 0.724

0.000.00

6.1

3.04 9.14 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
6

318
= 0.019

Axial Tension and Bending Strength Check  Clause 13.9(a)
Tf
Tr

+
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.746

Axial Tension and Bending Stability Check  Clause 13.9(b)
Mfx
Mrx

+
Mfy
Mry

-
Tf Zx
Mrx A

= 0.741

Member: 90 S-FRAME Section is  W410X100    *
Member is part of group: Section  7
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

416

260

10.0

16.9

x

y
W410X100

Load Combination 7 1.25D + 1.5S + 0.5L (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=51.7;
 Clause 10.4.2.1

ky L/ry
200

=
146
200

= 0.732
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0.000.00

-345.8

0.00 9.14 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.950
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (82 MPa)
=

346
937

= 0.369

0.000.00

34.9

0.00 4.634.63

-38.3

9.14 ( m)9.14 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 4160 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
38
865

= 0.044

0.000.00

86.4

4.63 9.139.130.09.139.14 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=9.14 m; 2=1.136;
 Clause 13.6(a)

Mfx
Mrx

=
86
387

= 0.223

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; U1x=1.04;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
= 0.200

Axial Compression and Bending overall member Strength Check

1x=1.00; U1x=1.04;
 Clause 13.8.2(b)

Cf
Crx

+
0.85 U1x Mfx

 Zx Fy
= 0.223

Axial Compression and Bending lateral torsional buckling strength check

1x=1.00; U1x=1.04;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
= 0.566

Member: 94 S-FRAME Section is  W410X54
Member is part of group: Section  8
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

404

177

7.500

10.9

x

y
W410X54

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=18.4;
 Clause 10.4.2.1

ky L/ry
200

=
79
200

= 0.396

0.000.00

-97.2

0.00 3.05 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.054
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (198 MPa)
=

97
1211

= 0.080
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0.000.00

127.2

0.00 3.05 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 3030 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
127
630

= 0.202

0.000.00
2.7
0.00 1.011.01

-6.5

1.01 2.032.03
3.8
2.03 3.05 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 2572 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
6

535
= 0.012

0.000.00

-201.6

0.00 1.821.82
82.4
3.05 ( m)3.05 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.01 m; 2=2.500;
 Clause 13.6(a)

Mfx
Mrx

=
202
331

= 0.609

0.000.00-0.10.000.020.02
2.7
1.01 1.431.43

-3.9

2.03 3.043.040.03.043.05 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
4

56
= 0.070

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; 1y=1.00; U1x=1.00; U1y=1.05;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.608

Axial Compression and Bending overall member Strength Check

U1x=1.00; U1y=1.05; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.662

Biaxial bending strength check  Clause 13.8.2
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.679

Axial Compression and Bending lateral torsional buckling strength check

U1x=1.00; U1y=1.05; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.662

Biaxial bending stability check  Clause 13.8.2
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.679

Member: 179 S-FRAME Section is  W360X64
Member is part of group: Section  24
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

348

203

7.700

13.5

x

y
W360X64

Load Combination 2 1.25D + 1.5L + 0.5S (Bending)
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Section classification    (fy=350 MPa);  Clause 11Section Class = 1

0.000.00
153.3
0.00 3.053.05

-211.8

6.27 ( m)6.27 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2680 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
212
557

= 0.380

0.000.00 0.01.251.521.520.01.52 2.502.500.02.50 3.053.05 -0.65.01 6.096.09

5.5

6.096.27 ( m)0.0

 Weak Axis Shear - (kN)

0.000.00

308.3

3.05 6.27 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.57 m; 2=1.140;
 Clause 13.6(a)

Mfx
Mrx

=
308
359

= 0.859

Member: 186 S-FRAME Section is  W530X82
Member is part of group: Section  3
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

528

209

9.500

13.3

x

y
W530X82

Load Combination 7 1.25D + 1.5S + 0.5L (Bending + Tension)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

Governing geometrical slenderness ratio  Clause 10.4.2.2
L/ry
300

=
137
300

= 0.455

0.000.00

117.9

0.00 6.01 ( m)

 Axial Load - (kN)

Factored Tensile Resistance Check

Ag=10500 mm
2
;

 Clause 13.2 a (i)
Tf
Tr

=
Tf

AgFy
=

118
3308

= 0.036

0.000.00

65.7

0.00 2.962.96

-63.9

6.01 ( m)6.01 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 5016 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
66

1043
= 0.063

0.000.00
-1.4
0.00 1.441.440.71.44 2.962.96

-2.4

2.96 4.484.48

3.1

4.48 6.01 ( m)

 Weak Axis Shear - (kN)
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Weak axis shear strength check

Aw= 3706 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
3

771
= 0.004

0.000.00

127.3

2.96 6.01 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.50 m; 2=1.139;
 Clause 13.6(a)

Mfx
Mrx

=
127
652

= 0.195

0.000.00

-4.7

4.48 6.01 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
5

95
= 0.049

Axial Tension and Bending Strength Check  Clause 13.9(a)
Tf
Tr

+
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.280

Axial Tension and Bending Stability Check  Clause 13.9(b)
Mfx
Mrx

+
Mfy
Mry

-
Tf Zx
Mrx A

= 0.208

Member: 201 S-FRAME Section is  W410X39
Member is part of group: Section  13
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

400

140

6.400

8.800

x

y
W410X39

Load Combination 7 1.25D + 1.5S + 0.5L (Bending)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

0.000.00

42.8

0.00 1.521.52

-42.8

3.05 ( m)3.05 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2560 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
43
532

= 0.080

0.000.00

64.7

1.52 3.05 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.52 m; 2=1.264;
 Clause 13.6(a)

Mfx
Mrx

=
65
230

= 0.281
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Member: 209 S-FRAME Section is  W530X92
Member is part of group: Section  18
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

534

209

10.2

15.6

x

y
W530X92

Load Combination 7 1.25D + 1.5S + 0.5L (Bending)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

0.000.00

213.1

0.00 4.574.57

-211.5

9.14 ( m)9.14 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 5447 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
213
1132

= 0.188

0.000.00-0.40.00 1.521.52
2.4
1.52 3.043.04

-3.5

3.04 4.574.570.54.57 6.096.09-0.66.09 7.627.62
1.5
7.62 9.14 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 4347 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
3

904
= 0.004

0.000.00

578.7

4.57 9.14 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.55 m; 2=1.146;
 Clause 13.6(a)

Mfx
Mrx

=
579
743

= 0.779

0.000.00 -0.61.521.771.77

3.1

3.04 3.933.93
-2.3
7.62 9.14 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
3

112
= 0.028

Biaxial bending stability check  Clause 13.6(f)
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.806

Member: 210 S-FRAME Section is  W250X89
Member is part of group: Section  36
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

260

256

10.7

17.3

x

y
W250X89

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1
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Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=37.5;
 Clause 10.4.2.1

ky L/ry
200

=
64
200

= 0.322

0.000.00

-1243.6

0.00 4.20 ( m)

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=0.858
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (239 MPa)
=

1244
2456

= 0.506

0.000.00

-8.1

0.00 4.20 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 5905 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
8

1228
= 0.007

0.000.00

35.2

0.00 4.20 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
35
181

= 0.195

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; 1y=0.61; U1x=1.08; U1y=1.00;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.463

Axial Compression and Bending overall member Strength Check

U1x=1.08; U1y=0.79; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.638

Axial Compression and Bending lateral torsional buckling strength check

U1x=1.08; U1y=0.79; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.638

Member: 215 S-FRAME Section is  W530X123
Member is part of group: Section  37
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

544

212

13.1

21.2

x

y
W530X123

Load Combination 7 1.25D + 1.5S + 0.5L (Bending)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

0.000.00
180.6
0.00 4.574.57

-235.8

9.15 ( m)9.15 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 7126 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
236

1482
= 0.159
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0.000.000.00.00 1.521.520.01.52 3.053.05-0.23.05 4.574.57
1.0
4.57 6.096.09

-1.4

6.09 7.627.62
0.6
7.62 9.15 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 5993 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
1

1246
= 0.001

0.000.00

722.8

4.57 9.15 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.55 m; 2=1.203;
 Clause 13.6(a)

Mfx
Mrx

=
723
1011

= 0.715

0.000.00 -0.34.574.824.82

1.3

6.09 7.017.01
-0.9
7.62 9.15 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
1

157
= 0.008

Biaxial bending stability check  Clause 13.6(f)
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.723

Member: 303 S-FRAME Section is  W200X59
Member is part of group: Section  28
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

210

205

9.100

14.2

x

y
W200X59

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Tension)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio  Clause 10.4.2.2
L/ry
300

=
81
300

= 0.270

0.000.00-5.20.00 0.540.54

34.9

4.20 ( m)4.20 ( m)

 Axial Load - (kN)

Factored Tensile Resistance Check

Ag=7560 mm
2
;

 Clause 13.2 a (i)
Tf
Tr

=
Tf

AgFy
=

35
2381

= 0.015

0.000.00

39.5

0.00 4.20 ( m)

 Weak Axis Shear - (kN)
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Weak axis shear strength check

Aw= 3881 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
40
807

= 0.049

0.000.00

-83.7

0.00 2.122.12

82.3

4.20 ( m)4.20 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
84
95

= 0.877

Axial Tension and Bending Strength Check  Clause 13.9(a)
Tf
Tr

+
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.892

Axial Tension and Bending Stability Check  Clause 13.9(b)
Mfx
Mrx

+
Mfy
Mry

-
Tf Zx
Mrx A

= 0.862

Member: 305 S-FRAME Section is  W530X72
Member is part of group: Section  19
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

524

207

8.900

10.9

x

y
W530X72

Load Combination 2 1.25D + 1.5L + 0.5S (Bending + Tension)

Section classification    (fy=350 MPa);  Clause 11Section Class = 3

Governing geometrical slenderness ratio  Clause 10.4.2.2
L/ry
300

=
72
300

= 0.242

0.000.00

84.9

0.00 3.05 ( m)

 Axial Load - (kN)

Factored Tensile Resistance Check

Ag=9160 mm
2
;

 Clause 13.2 a (i)
Tf
Tr

=
Tf

AgFy
=

85
2885

= 0.029

0.000.00

212.5

0.00 3.05 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 4664 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
213
970

= 0.219

0.000.00
-2.8
0.00 1.011.01

5.7

1.01 2.032.03
-3.0
2.03 3.05 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 3008 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
6

625
= 0.009
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0.000.00

-333.9

0.00 1.911.91 83.93.05 ( m)3.05 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.01 m; 2=2.500;
 Clause 13.6(b)

Mfx
Mrx

=
334
482

= 0.693

0.000.000.10.000.020.02

-2.8

1.01 1.511.51

3.0

2.03 3.043.040.03.043.05 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(b)
Mfy
Mry

=
Mfy
 Fy Sy

=
3

49
= 0.061

Axial Tension and Bending Strength Check  Clause 13.9(a)
Tf
Tr

+
Mfx
 Sx Fy

+
Mfy
 Sy Fy

= 0.783

Axial Tension and Bending Stability Check  Clause 13.9(b)
Mfx
Mrx

+
Mfy
Mry

-
Tf Sx
Mrx A

= 0.724

Member: 373 S-FRAME Section is  W460X113    *
Member is part of group: Section  33
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

464

280

10.8

17.3

x

y
W460X113

Load Combination 7 1.25D + 1.5S + 0.5L (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=49.1;
 Clause 10.4.2.1

ky L/ry
200

=
145
200

= 0.727

0.000.00

-350.2

3.21 9.64 ( m)

-332.1

 Axial Load - (kN)

Factored Compressive Resistance Check

n=1.34; y=1.936
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (83 MPa)
=

350
1076

= 0.325

0.000.00

22.3

0.00 3.793.79

-21.0

9.64 ( m)9.64 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 5011 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
22

1042
= 0.021

0.000.00
2.5
0.00 3.213.21

-3.5

3.21 6.426.421.16.42 9.64 ( m)

 Weak Axis Shear - (kN)
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Weak axis shear strength check

Aw= 6459 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
4

1343
= 0.003

0.000.00

60.8

3.79 9.64 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=9.64 m; 2=1.150;
 Clause 13.6(a)

Mfx
Mrx

=
61
477

= 0.127

0.000.00

8.0

3.21 5.465.46
-3.4
6.42 9.64 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
8

218
= 0.037

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; 1y=1.00; U1x=1.03; U1y=1.35;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
+

0.6U1yMfy
 Zy Fy

= 0.170

Axial Compression and Bending overall member Strength Check

U1x=1.03; U1y=1.35; =0.85;
 Clause 13.8.2(b)

Cf
Cry

+
0.85 U1x Mfx

 Zx Fy
+

 U1y Mfy
 Zy Fy

= 0.431

Biaxial bending strength check  Clause 13.8.2
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.109

Axial Compression and Bending lateral torsional buckling strength check

U1x=1.03; U1y=1.35; =0.85;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
+

 U1y Mfy
 Zy Fy

= 0.479

Biaxial bending stability check  Clause 13.8.2
Mfx
Mrx

+
Mfy
 Zy Fy

= 0.164

Member: 376 S-FRAME Section is  W410X60
Member is part of group: Section  11
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

408

178

7.700

12.8

x

y
W410X60

Load Combination 7 1.25D + 1.5S + 0.5L (Bending + Tension)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio  Clause 10.4.2.2
L/ry
300

=
242
300

= 0.807

0.000.00

376.1

3.21 9.64 ( m)

370.5
 Axial Load - (kN)
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Factored Tensile Resistance Check

Ag=7580 mm
2
;

 Clause 13.2 a (i)
Tf
Tr

=
Tf

AgFy
=

376
2388

= 0.158

0.000.00

22.1

0.00 3.213.21

-20.5

9.64 ( m)9.64 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 3142 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
22
653

= 0.034

0.000.00
-0.7
0.00 3.213.21

1.2

3.21 6.426.42
-0.5
6.42 9.64 ( m)

 Weak Axis Shear - (kN)

Weak axis shear strength check

Aw= 3038 mm
2
;

 Clause 13.4.1.1(a)
Vfx

 Aw Fs
=

Vfx
 Aw 0.66Fy

=
1

632
= 0.002

0.000.00

62.4

3.21 9.64 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=9.64 m; 2=1.169;
 Clause 13.6(a)

Mfx
Mrx

=
62
100

= 0.626

0.000.00

-2.2

3.21 5.115.11
1.5
6.42 9.64 ( m)

 Weak Axis Moment - (kN-m)

Weak axis section capacity in bending  Clause 13.5(a)
Mfy
Mry

=
Mfy
 Fy Zy

=
2

66
= 0.034

Axial Tension and Bending Strength Check  Clause 13.9(a)
Tf
Tr

+
Mfx
 Zx Fy

+
Mfy
 Zy Fy

= 0.358

Axial Tension and Bending Stability Check  Clause 13.9(b)
Mfx
Mrx

+
Mfy
Mry

-
Tf Zx
Mrx A

= 0.067

Member: 455 S-FRAME Section is  W310X86
Member is part of group: Section  6
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

310

254

9.100

16.3

x

y
W310X86

Load Combination 7 1.25D + 1.5S + 0.5L (Bending)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

0.000.00

84.5

0.00 3.773.77

-100.1

9.14 ( m)9.14 ( m)

 Strong Axis Shear - (kN)
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Strong axis shear strength check

Aw= 2821 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
100
586

= 0.171

0.000.00

248.7

3.77 9.14 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=9.14 m; 2=1.168;
 Clause 13.6(a)

Mfx
Mrx

=
249
315

= 0.789

Member: 486 S-FRAME Section is  W310X21     *
Member is part of group: Section  21
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

304

101

5.100

5.700

x

y
W310X21

Load Combination 7 1.25D + 1.5S + 0.5L (Bending)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

0.000.00

23.0

0.00 1.651.65

-24.6

3.25 ( m)3.25 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 1550 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
25
322

= 0.076

0.000.00

19.3

1.65 3.25 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=3.25 m; 2=1.132;
 Clause 13.6(a)

Mfx
Mrx

=
19
35

= 0.556

Member: 504 S-FRAME Section is  W360X45
Member is part of group: Section  10
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

352

171

6.900

9.800

x

y
W360X45

Load Combination 7 1.25D + 1.5S + 0.5L (Bending + Compression)

Section classification    (fy=350 MPa);  Clause 11Section Class = 2

Governing geometrical slenderness ratio

kx=1.00; ky=1.00; kxL/rx=41.8;
 Clause 10.4.2.1

ky L/ry
200

=
161
200

= 0.807

0.000.00

-5.9

0.00 6.10 ( m)

 Axial Load - (kN)
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Factored Compressive Resistance Check

n=1.34; y=2.148
 Clause 13.3.1

Cf
Cry

=
Cf

AFy(1+ 2n)-1/n =
Cf

A (69 MPa)
=

6
357

= 0.016

0.000.00

18.6

0.00 2.932.93

-15.7

6.10 ( m)6.10 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 2429 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
19
505

= 0.037

0.000.00

27.3

2.93 6.10 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=6.10 m; 2=1.138;
 Clause 13.6(a)

Mfx
Mrx

=
27
107

= 0.256

Axial Compression and Bending cross-sectional Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(a)

Cf
 A Fy

+
0.85 U1x Mfx

 Zx Fy
= 0.098

Axial Compression and Bending overall member Strength Check

1x=1.00; U1x=1.00;
 Clause 13.8.2(b)

Cf
Crx

+
0.85 U1x Mfx

 Zx Fy
= 0.099

Axial Compression and Bending lateral torsional buckling strength check

1x=1.00; U1x=1.00;
 Clause 13.8.2(c)

Cf
Cry

+
0.85 U1x Mfx

Mrx
= 0.234

Member: 530 S-FRAME Section is  W360X33
Member is part of group: Section  9
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

350

127

5.800

8.500

x

y
W360X33

Load Combination 7 1.25D + 1.5S + 0.5L (Bending + Tension)

Section classification    (fy=350 MPa);  Clause 11Section Class = 1

Governing geometrical slenderness ratio  Clause 10.4.2.2
L/ry
300

=
218
300

= 0.727

0.000.00

2.7

0.00 5.76 ( m)

 Axial Load - (kN)

Factored Tensile Resistance Check

Ag=4170 mm
2
;

 Clause 13.2 a (i)
Tf
Tr

=
Tf

AgFy
=

3
1314

= 0.002

0.000.00

19.1

0.00 2.832.83

-16.7

5.76 ( m)5.76 ( m)

 Strong Axis Shear - (kN)
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Strong axis shear strength check

Aw= 2030 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
19
422

= 0.045

0.000.00

27.0

2.83 5.76 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=5.76 m; 2=1.138;
 Clause 13.6(a)

Mfx
Mrx

=
27
46

= 0.588

Axial Tension and Bending Strength Check  Clause 13.9(a)
Tf
Tr

+
Mfx
 Zx Fy

= 0.160

Axial Tension and Bending Stability Check  Clause 13.9(b)
Mfx
Mrx

-
Tf Zx
Mrx A

= 0.580

Member: 567 S-FRAME Section is  W250X24
Member is part of group: Section  5
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

254

145

5.000

6.400

x

y
W250X24

Load Combination 7 1.25D + 1.5S + 0.5L (Bending)

Section classification    (fy=350 MPa);  Clause 11Section Class = 4

0.000.00

49.6

0.00 1.521.52

-50.8

4.574.57 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 1270 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
51
264

= 0.192

0.000.00

63.6

1.52 4.57 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=1.51 m; 2=1.068;
 Clause 13.6(b)

Mfx
Mrx

=
64
81

= 0.785

Member: 574 S-FRAME Section is  W200X21
Member is part of group: Section  4
Note: Neglecting: axial<1.0 kN, shear<1.0 kN, moment<1.0 kNm
Note: Member in braced frame(s).

204

133

5.000

6.400

x

y
W200X21

Load Combination 7 1.25D + 1.5S + 0.5L (Bending)
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Section classification    (fy=350 MPa);  Clause 11Section Class = 3

0.000.00

32.8

0.00 1.731.73

-32.8

3.46 ( m)3.46 ( m)

 Strong Axis Shear - (kN)

Strong axis shear strength check

Aw= 1020 mm
2
;

 Clause 13.4.1.1(a)
Vfy

 Aw Fs
=

Vfy
 Aw 0.66Fy

=
33
212

= 0.155

0.000.00

28.4

1.73 3.46 ( m)

 Strong Axis Moment - (kN-m)

Bending Stability Check

Lu=3.46 m; 2=1.131;
 Clause 13.6(b)

Mfx
Mrx

=
28
48

= 0.590
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 3. Summary of Governing Load Cases for Each Selected Member
Member

No.
Group
Name

Steel
Section

Governing
Load Case/Comb

Governing
Clause Ratio Pass/Fail

Status
14 Section  32 W250X131 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.978 Pass
9 Section  32 W250X131 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.971 Pass
63 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Beam-column stability 0.963 Pass
65 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Beam-column stability 0.963 Pass
47 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.959 Pass
51 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.959 Pass
58 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.584 Pass
45 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.584 Pass
67 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.481 Pass
53 Section  23 W310X31 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.481 Pass
43 Section  23 W310X31 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.13 Pass
55 Section  23 W310X31 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.13 Pass
71 Section  22 W360X72 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.943 Pass

312 Section  22 W360X72 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.943 Pass
381 Section  22 W360X72 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.943 Pass
2 Section  27 W250X33 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.912 Pass
1 Section  27 W250X33 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.912 Pass
6 Section  27 W250X33 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.912 Pass
3 Section  27 W250X33 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.912 Pass
22 Section  29 W250X58 Comb 2, 1.25D + 1.5L + 0.5S Compression 0.907 Pass
5 Section  29 W250X58 Comb 2, 1.25D + 1.5L + 0.5S Beam-column stability 0.877 Pass
37 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.906 Pass
38 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.879 Pass
15 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.818 Pass
10 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.811 Pass
13 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.772 Pass
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Member
No.

Group
Name

Steel
Section

Governing
Load Case/Comb

Governing
Clause Ratio Pass/Fail

Status
8 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.753 Pass
33 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.687 Pass
34 Section  31 W250X115 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.678 Pass

303 Section  28 W200X59 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.892 Pass
306 Section  28 W200X59 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.892 Pass
18 Section  28 W200X59 Comb 2, 1.25D + 1.5L + 0.5S Compression 0.751 Pass
16 Section  28 W200X59 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.591 Pass
11 Section  28 W200X59 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.591 Pass
4 Section  28 W200X59 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.591 Pass
20 Section  28 W200X59 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.591 Pass
21 Section  28 W200X59 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.591 Pass
17 Section  28 W200X59 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.591 Pass
62 Section  20 W310X67 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.881 Pass
64 Section  20 W310X67 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.881 Pass
66 Section  20 W310X67 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.881 Pass
46 Section  20 W310X67 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.881 Pass
49 Section  20 W310X67 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.881 Pass
54 Section  20 W310X67 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.881 Pass

496 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.864 Pass
481 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.864 Pass
500 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.864 Pass
498 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.864 Pass
483 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.864 Pass
485 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.864 Pass
501 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.812 Pass
499 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.812 Pass
484 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.812 Pass
479 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.812 Pass
482 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.812 Pass
497 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.812 Pass
50 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.419 Pass
48 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.419 Pass
60 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.419 Pass
61 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.419 Pass
52 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.419 Pass
59 Section  20 W310X67 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.419 Pass

179 Section  24 W360X64 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.859 Pass
181 Section  24 W360X64 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.788 Pass
183 Section  24 W360X64 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.504 Pass
171 Section  24 W360X64 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.283 Pass
178 Section  24 W360X64 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.252 Pass
182 Section  24 W360X64 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.235 Pass
376 Section  11 W410X60 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.807 Pass
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Member
No.

Group
Name

Steel
Section

Governing
Load Case/Comb

Governing
Clause Ratio Pass/Fail

Status
377 Section  11 W410X60 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.807 Pass
93 Section  11 W410X60 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.766 Pass

507 Section  10 W360X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.807 Pass
504 Section  10 W360X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.807 Pass
588 Section  10 W360X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.762 Pass
518 Section  10 W360X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.538 Pass
521 Section  10 W360X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.538 Pass
522 Section  10 W360X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.403 Pass
519 Section  10 W360X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.403 Pass
589 Section  10 W360X45 Comb 2, 1.25D + 1.5L + 0.5S Slenderness 0.339 Pass
590 Section  10 W360X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.169 Pass
209 Section  18 W530X92 Comb 7, 1.25D + 1.5S + 0.5L Biaxial Bending 0.806 Pass
214 Section  18 W530X92 Comb 7, 1.25D + 1.5S + 0.5L Biaxial Bending 0.798 Pass
185 Section  18 W530X92 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.669 Pass
180 Section  18 W530X92 Comb 2, 1.25D + 1.5L + 0.5S Biaxial Bending 0.317 Pass
455 Section  6 W310X86 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.789 Pass
460 Section  6 W310X86 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.769 Pass
456 Section  6 W310X86 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.719 Pass
567 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.785 Pass
570 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.75 Pass
569 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.662 Pass
568 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.628 Pass
571 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.263 Pass
572 Section  5 W250X24 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.261 Pass
305 Section  19 W530X72 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.783 Pass
302 Section  19 W530X72 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.783 Pass
170 Section  19 W530X72 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.527 Pass
184 Section  19 W530X72 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.377 Pass
27 Section  30 W250X67 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.776 Pass
25 Section  30 W250X67 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.746 Pass
19 Section  30 W250X67 Comb 2, 1.25D + 1.5L + 0.5S Beam-column stability 0.699 Pass
12 Section  30 W250X67 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.602 Pass
7 Section  30 W250X67 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.602 Pass

203 Section  30 W250X67 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.412 Pass
202 Section  30 W250X67 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.412 Pass
84 Section  17 W530X150    * Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.746 Pass
211 Section  17 W530X150    * Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.74 Pass
69 Section  17 W530X150    * Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.738 Pass
72 Section  17 W530X150    * Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.735 Pass
83 Section  17 W530X150    * Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.733 Pass
68 Section  17 W530X150    * Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.728 Pass

212 Section  17 W530X150    * Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.726 Pass
70 Section  17 W530X150    * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.724 Pass
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Member
No.

Group
Name

Steel
Section

Governing
Load Case/Comb

Governing
Clause Ratio Pass/Fail

Status
310 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.732 Pass
311 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.732 Pass
96 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.732 Pass

216 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.732 Pass
217 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.732 Pass
304 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.732 Pass
92 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.732 Pass
90 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.732 Pass

517 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.732 Pass
502 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.732 Pass
379 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.732 Pass
380 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.732 Pass
375 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.71 Pass
206 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.618 Pass
205 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.614 Pass
89 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.488 Pass
88 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.488 Pass
85 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.488 Pass

516 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.488 Pass
503 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.488 Pass
378 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.474 Pass
78 Section  7 W410X100    * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.426 Pass
75 Section  7 W410X100    * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.426 Pass
81 Section  7 W410X100    * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.426 Pass

204 Section  7 W410X100    * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.269 Pass
73 Section  7 W410X100    * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.23 Pass
80 Section  7 W410X100    * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.23 Pass
77 Section  7 W410X100    * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.23 Pass

530 Section  9 W360X33 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.727 Pass
531 Section  9 W360X33 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.727 Pass
505 Section  9 W360X33 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.385 Pass
508 Section  9 W360X33 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.385 Pass
532 Section  9 W360X33 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.364 Pass
373 Section  33 W460X113    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.727 Pass
374 Section  33 W460X113    * Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.727 Pass
215 Section  37 W530X123 Comb 7, 1.25D + 1.5S + 0.5L Biaxial Bending 0.723 Pass
208 Section  37 W530X123 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.644 Pass
94 Section  8 W410X54 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.679 Pass
91 Section  8 W410X54 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.679 Pass

192 Section  8 W410X54 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.646 Pass
195 Section  8 W410X54 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.646 Pass
193 Section  8 W410X54 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.646 Pass
169 Section  8 W410X54 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.384 Pass
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Governing
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Governing
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199 Section  8 W410X54 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.261 Pass
35 Section  35 W250X45 Comb 2, 1.25D + 1.5L + 0.5S Beam-column stability 0.667 Pass
32 Section  35 W250X45 Comb 2, 1.25D + 1.5L + 0.5S Beam-column stability 0.616 Pass
23 Section  35 W250X45 Comb 2, 1.25D + 1.5L + 0.5S Compression 0.615 Pass
26 Section  35 W250X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.599 Pass
28 Section  35 W250X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.599 Pass

191 Section  35 W250X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.599 Pass
194 Section  35 W250X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.599 Pass
188 Section  35 W250X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.599 Pass
36 Section  35 W250X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.599 Pass
39 Section  35 W250X45 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.599 Pass

210 Section  36 W250X89 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.638 Pass
31 Section  36 W250X89 Comb 2, 1.25D + 1.5L + 0.5S Beam-column strength 0.631 Pass

207 Section  36 W250X89 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.322 Pass
213 Section  36 W250X89 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.322 Pass
576 Section  4 W200X21 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.59 Pass
574 Section  4 W200X21 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.59 Pass
575 Section  4 W200X21 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.579 Pass
577 Section  4 W200X21 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.579 Pass
573 Section  4 W200X21 Comb 2, 1.25D + 1.5L + 0.5S Slenderness 0.568 Pass
488 Section  21 W310X21     * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.556 Pass
489 Section  21 W310X21     * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.556 Pass
486 Section  21 W310X21     * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.556 Pass
487 Section  21 W310X21     * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.556 Pass
492 Section  21 W310X21     * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.541 Pass
493 Section  21 W310X21     * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.541 Pass
491 Section  21 W310X21     * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.541 Pass
490 Section  21 W310X21     * Comb 7, 1.25D + 1.5S + 0.5L Bending 0.541 Pass
56 Section  21 W310X21     * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.445 Pass
44 Section  21 W310X21     * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.436 Pass

478 Section  21 W310X21     * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.372 Pass
495 Section  21 W310X21     * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.372 Pass
494 Section  21 W310X21     * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.372 Pass
480 Section  21 W310X21     * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.372 Pass
42 Section  21 W310X21     * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.191 Pass
57 Section  21 W310X21     * Comb 2, 1.25D + 1.5L + 0.5S Bending 0.191 Pass

186 Section  3 W530X82 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.455 Pass
190 Section  3 W530X82 Comb 7, 1.25D + 1.5S + 0.5L Biaxial Bending 0.236 Pass
79 Section  12 W410X39 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.452 Pass
74 Section  12 W410X39 Comb 2, 1.25D + 1.5L + 0.5S Beam-tension strength 0.452 Pass
82 Section  12 W410X39 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.226 Pass
76 Section  12 W410X39 Comb 2, 1.25D + 1.5L + 0.5S Bending 0.226 Pass
30 Section  34 W200X46 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.411 Pass
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Status
29 Section  34 W200X46 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.411 Pass
24 Section  34 W200X46 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.411 Pass

197 Section  34 W200X46 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.411 Pass
196 Section  34 W200X46 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.411 Pass
187 Section  34 W200X46 Comb 7, 1.25D + 1.5S + 0.5L Slenderness 0.411 Pass
201 Section  13 W410X39 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.281 Pass
200 Section  13 W410X39 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.277 Pass
198 Section  13 W410X39 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.141 Pass
189 Section  13 W410X39 Comb 7, 1.25D + 1.5S + 0.5L Bending 0.139 Pass
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Discipline Location Description Quantity Unit Labor 
Hours

Material Labor Equipment Total Ext. Total Ext. Total O&P Detailed Description

Concrete Elevated Slabs Concrete 163.3 m3 0 236.46$      -$        -$                236.46$             38,542.98$            42,482.69$                     Structural concrete, ready mix, normal weight, 31 MPa, includes local aggregate, sand, Portland cement (Type I) and water, delivered, excludes all additives and treatments
Concrete Elevated Slabs Edge Forms 120 m 0.21 0.66$           7.54$      -$                8.20$                 984.00$                 1,484.40$                        C.I.P. concrete forms, elevated slab, edge forms, to 150 mm high, 4 use, includes shoring, erecting, bracing, stripping and cleaning
Concrete Elevated Slabs Rebar 1321 m2 0.06 5.60$           2.40$      -$                8.00$                 10,568.00$            13,130.74$                     Welded wire fabric, sheets, 150 x 150 - W4 x W4 (4 x 4) 2.83 kg/m2, ASTM A185M, incl labor for accessories, excl material for accessories
Concrete Elevated Slabs Concrete Finishing 1321 m2 0.13 -$            4.71$      -$                4.71$                 6,221.91$              9,247.00$                        Concrete finishing, floors, basic finishing for unspecified flatwork, bull float & manual float, excludes placing, striking off & consolidating
Concrete Foundations Concrete 204 m3 0 236.46$      -$        -$                236.46$             48,237.84$            53,168.52$                     Structural concrete, ready mix, normal weight, 31 MPa, includes local aggregate, sand, Portland cement (Type I) and water, delivered, excludes all additives and treatments
Concrete Foundations Formwork 12.8 m2 1.86 31.89$         66.60$    -$                98.49$               1,260.67$              1,767.68$                        C.I.P. concrete forms, column, square, plywood, 400 mm x 400 mm, 1 use, includes erecting, bracing, stripping and cleaning
Concrete Foundations Formwork 91.6 m2 0.93 13.37$         33.30$    -$                46.67$               4,274.97$              6,057.51$                        C.I.P. concrete forms, footing, spread, plywood, 2 use, includes erecting, bracing, stripping and cleaning
Concrete Foundations Formwork 530.8 m2 0.78 40.84$         28.24$    -$                69.08$               36,667.66$            47,097.88$                     C.I.P. concrete forms, footing, continuous wall, plywood, 2 use, includes erecting, bracing, stripping and cleaning
Concrete Foundations Concrete Finishing 1051 m2 0.52 -$            17.40$    2.54$              19.94$               20,956.94$            30,752.26$                     Concrete finishing, walls, bush hammer, green concrete
Concrete Shear Cores Concrete 269 m3 0 236.46$      -$        -$                236.46$             63,607.74$            70,109.47$                     Structural concrete, ready mix, normal weight, 31 MPa, includes local aggregate, sand, Portland cement (Type I) and water, delivered, excludes all additives and treatments
Concrete Shear Cores Formwork, Walls 588 m2 1.4 30.77$         51.42$    -$                82.19$               48,327.72$            66,661.56$                     C.I.P. concrete forms, wall, job built, plywood, to 2.44 m high, 1 use, includes erecting, bracing, stripping and cleaning
Concrete Shear Cores Formwork, Walls 588 m2 1.84 34.13$         67.86$    -$                101.99$             59,970.12$            83,507.76$                     C.I.P. concrete forms, wall, job built, plywood, over 2.44 m to 4.88 m high, 1 use, includes erecting, bracing, stripping and cleaning
Concrete Shear Cores Formwork, Walls 588 m2 2.2 27.42$         80.93$    -$                108.35$             63,709.80$            91,122.36$                     C.I.P. concrete forms, wall, job built, plywood, over 4.88 m high, 1 use, includes erecting, bracing, stripping and cleaning
Concrete Shear Cores Concrete Finishing 1763 m2 0.52 -$            17.40$    2.54$              19.94$               35,154.22$            51,585.38$                     Concrete finishing, walls, bush hammer, green concrete
Concrete Shear Cores Rebar 30.9 Met. Ton 0 90.02$         -$        -$                90.02$               2,781.62$              3,082.28$                        Reinforcing steel, shop extra for detailing, under 45 metrictons, A615M, grade 300, material only, included in delivered price
Concrete Slab on Grade Concrete 125.6 m3 0 236.46$      -$        -$                236.46$             29,699.38$            32,735.13$                     Structural concrete, ready mix, normal weight, 31 MPa, includes local aggregate, sand, Portland cement (Type I) and water, delivered, excludes all additives and treatments
Concrete Slab on Grade Edge Forms 132 m 0.21 3.27$           7.42$      -$                10.69$               1,411.08$              1,977.36$                        C.I.P. concrete forms, slab on grade, bulkhead with keyway, wood, 150 mm high, 1 use, includes erecting, bracing, stripping and cleaning
Concrete Slab on Grade Rebar 1674 m2 0.06 5.60$           2.40$      -$                8.00$                 13,392.00$            16,639.56$                     Welded wire fabric, sheets, 150 x 150 - W4 x W4 (4 x 4) 2.83 kg/m2, ASTM A185M, incl labor for accessories, excl material for accessories
Concrete Slab on Grade Concrete Finishing 837 m2 0.14 -$            5.07$      -$                5.07$                 4,243.59$              6,344.46$                        Concrete finishing, floors, basic finishing for unspecified flatwork, bull float, manual float & broom finish, includes edging and joints, excludes placing, striking off & consolidating
Earthworks Earthworks Excavation 1977 m3 0.02 -$            0.89$      1.41$              2.30$                 4,547.10$              5,733.30$                        Excavating, bulk bank measure, 1.1 m3 capacity = 95.6 m3/hr, backhoe, hydraulic, crawler mounted, excluding truck loading
Earthworks Earthworks Backfill 1689 m3 0.01 -$            0.57$      0.66$              1.23$                 2,077.47$              2,685.51$                        Backfill, structural, common earth, 78 kW dozer, 15 m haul, from existing stockpile, excludes compaction
Earthworks Earthworks Compaction 1689 m3 0 -$            0.13$      0.14$              0.27$                 456.03$                 608.04$                           Compaction, riding, vibrating roller, 2 passes, 300 mm lifts
Earthworks Earthworks Backfill - Structural Fill 837 m2 0.05 3.53$           1.96$      0.18$              5.67$                 4,745.79$              5,909.22$                        Fill, gravel fill, compacted, under floor slabs, 100 mm deep
Steel Elevated Slabs Decking 1321 m2 0.09 36.94$         4.06$      0.44$              41.44$               54,742.24$            63,275.90$                     Metal floor decking, steel, non-cellular, composite, galvanized, 38 mm D, 18 gauge
Steel Steel Superstructure Open-Web Steel Joists 17.78 Met. Ton 7.35 2,300.40$   310.62$  174.01$          2,785.03$          49,517.83$            57,856.48$                     Open web bar joist, K Series, 36-tonne job lots, spans up to 10 m, shop fabricated, incl shop primer, horizontal bridging
Steel Steel Superstructure Open-Web Steel Joists 1 0 460.08$      -$        -$                460.08$             8,180.22$              8,986.72$                        Open web bar joist, K Series, for lots 18 to 26 tonnes, add
Steel Steel Superstructure Structural Steel 112.8 Met. Ton 9.8 3,942.90$   418.07$  149.01$          4,509.98$          508,725.74$          590,990.78$                   Structural steel project, offices, hospitals, etc, 90 metric ton project, 3 to 6 stories, A992 steel, shop fabricated, incl shop primer, bolted connections
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OUR ROLE 

Requirements: 
!  Design of vertical load resisting 

system: 
!  Roof  
!  Elevated slab system 
!  Slab-on-grade 
!  Structural steel 
!  Foundations 

!  Provide structural drawings 
!  Include cost estimate 

!  NOT required to design lateral load 
resisting system 

STRUCUTRAL DESIGN CONSULTANTS 



INITIAL PLANNING 
!  Project Plan > Organization 

!  Project Schedule > Effective Time Management 

!  Individual Tasks 

!  Set Deliverables 



DESIGN METHODOLOGY 

!  Determined design loads 

!  Designed floor systems: 
!  Slab on grade 

!  Elevated slabs 

!  Steel deck and open-web steel joists 

!  Modeled structure in S-Frame 

!  Structural steel design 

!  Foundation design 



DESIGN ASSUMPTIONS 

!  Concrete shear cores 

!  Curved third storey 

!  Snow drifting onto terrace 

!  Geotechnical information 



STRUCTURAL LOADS 
!  Loads were determined as per NBCC 

2010 criteria: 
"  Dead Loads 

-  Mechanical equipment 
-  Self-weight of structure 

"  Live Loads 
-  Roof live load 
-  Live load for commercial space 

"  Snow Loads and Snow Drift Load 
-  Mechanical equipment 
-  Second level terraces 

"  Wind Loads 
 

!  Factored Load Combinations from NBCC 
 



DECK AND JOISTS 

!  CANAM Steel Decking and Open-Web Steel Joists 

!  Manually Determine loadings (Roof and Floors) 

!  Select Appropriate Decks and Joists from CANAM 
guides for each floor 

 



SLAB ON GRADE 

! Designed based on CSA 
23.3 – 04 

! Used welded wire mesh 
reinforcement 

! Saw cutting based on 
ASTM standards 



MODELING 

! S-Frame 
!  Model generated based on 

gridlines of architectural 
drawings 

!  Shear cores simulated as stiff 
beams and columns with cross-
bracing 

!  Joists modeled for load transfer 
and self weight, not for design 



MODELING 
! Modeling Procedure and Assumptions 

!  Pinned supports and member end moments released 



MODELING 

! Modeling Procedure and Assumptions 
!  Area loads applied using panels and load transfer tool 

North Terrace 

Area Load Point of Application 

Load Transfer Direction 



MODELING 

! Modeling Results  
!  Member Moments 



MODELING 

! Modeling Results  
!  Member Shear 



MODELING 

! Modeling Results 
!  Member Deflection 



BEAM & COLUMN DESIGN 
! S-Steel Methodology  

!  S-Steel design member selections 



BEAM & COLUMN DESIGN 
! Results: Full Structural Member Utilizations 



FOUNDATION DESIGN 
!  Design followed procedures from Dr.  Amgad Hussein’s Concrete Lecture 

Notes 
!  Interior and exterior spread footings 
!  Exterior wall footings 
!  Shear core wall footings 



FOUNDATION DESIGN 
!  Loads Transferred through 

Columns to Foundations 



FOUNDATION DESIGN 
!  Worst loading case governed for design for similar foundations 

 



DRAFTING 



DRAFTING 



COST ESTIMATION 
Concrete Quantity  Unit Total Cost Total Cost Incl. O&P 
Concrete 762  m3 $180,088 $198,496 
Edge Forms and Blockouts 252  m $2,395 $3,462 
Formwork, Walls 1,764  m2 $172,008 $241,292 
Formwork, Other 635  m2 $42,203 $54,923 
Concrete Finishing 4,972  m2 $66,577 $97,929 
Rebar, Welded Wire Mesh 2,995  m2 $23,960 $29,770 
Rebar 31  Met. Ton $2,782 $3,082 

$490,012 $628,954 

Earthworks Quantity  Unit Total Cost Total Cost Incl. O&P 
Excavation 1,977  m3 $4,547 $5,733 
Backfill 1,689  m3 $2,077 $2,686 
Compaction 1,689  m3 $456 $608 
Backfill - Structural Fill 837  m2 $4,746 $5,909 

$11,826 $14,936 

Steel Quantity  Unit Total Cost Total Cost Incl. O&P 
Structural Steel 113  Met. Ton $508,726 $590,991 
Decking 1,321  m2 $54,742 $63,276 
Open-Web Steel Joists 18  Met. Ton $57,698 $66,843 

$621,166 $721,110 

Total Cost ! ! $1,123,005 $1,365,000 



CONCLUDING REMARKS 

!  The team collectively 
spent _____ hours 
completing the required 
deliverables 

!  Unfamiliarity with some of 
the tasks resulted in some 
back loading of work  

!  The team learned that 
planning and organization 
is the key to successful 
project 



THANK YOU FOR YOUR TIME 
We will now answer any questions  


