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Summary

In structural engineering it is important to establish a balance between economic and
performance objectives. A design that performs outstanding in one of these aspects often falls
equally short in the other. Value added engineering can be implemented to find the optimal
balance between these two opposing objectives by designing the most cost effective method
that satisfies all performance criteria.

The “New Office Building Project” completed by CHIMO Construction Company is an example
of a project in which cost-savings could be achieved with an economical design. CHIMO
Construction Company presented APEX Engineering with the challenge of completing a more
economical design than the original.

The building project consists of a two-storey, rigid frame office building that was completed in
September 2011. The additional hot-work required to erect the steel and perform moment
connections presented several problems for CHIMO while completing the project. Aside from
the immediate increased cost of ironwork to construct the rigid frames, many working days
were lost due to the inability to perform hot work in poor weather, resulting in lost time and
money and reduced profits.

CHIMO acquired APEX to investigate potential solutions for replacing the rigid frame structure
with an alternative lateral load resisting system to produce a more economical design.

This project involved in depth planning from the beginning as multiple design options required
consideration prior to embarking on a detailed redesign. Through collaborative efforts between
APEX, the client, and Engineering 8700 instructors, various options were discussed,
researched, and disposed of until the final solution of implementing concrete shear walls in the
central core of the building was agreed upon.

This report discusses the design methodology, resources utilized, and findings/conclusions for
the design of each component of the structural building system. Through a complete re-design
of structural steel framing, foundation concrete, concrete shear walls (concrete core), and
diaphragm, APEX Engineering are confident that the findings discussed in this report satisfy
the requirements of the client.

Provided in the report is a detailed, “Class A” estimate for the redesign and a construction
schedule. The estimate and schedule highlight the cost effectiveness of the redesign and
ultimately aid in delivering the client a conclusion to the project.
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1.0 Introduction

This report provides CHIMO Construction Management Limited with the final design, cost
estimation, project schedule and economical analysis for the re-design of New Office Building.
Each section of this report pertains to the major elements of design that were completed
throughout this project: conceptual design, loading, structural steel, concrete core, footings
and foundations. These sections include the design criteria, codes and standards, design
methodology and the final design results. All assumptions and their reasoning made during
the designs are included in these sections. Design calculations, drawings and reference
material can be found in the report appendices. The summary of the cost analysis for this
design is found in the main body of the report. Detailed material lists and the breakdown of the
estimate are found in the report appendix.

2.0 Project Description

The New Office Building construction project was a design-build project completed by CHIMO
Construction Limited (CHIMO) in October 2011. Located at 40 Mews Place in St. John’s, the
building was constructed to house the Newfoundland and Labrador Service Canada
Department.

Figure 2.1 Completed New Office Building Project
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This two-storey building, shown in Figure 2.1, consists of a steel frame structure with a
combination of metal siding, masonry and composite panel exterior. The structural design
included moment frames and full-moment connections for all steel members to resist lateral
loading. However, after CHIMO completed construction of this project, questions arose on the
cost effectiveness of the design.

As a result, CHIMO acquired APEX Engineering (APEX) to complete an alternative design,
cost estimate, schedule and comparative analysis of the New Office Building project. This new
design will replace the rigid frames and full moment connections with a different lateral
resisting system.

3.0 Project Requirements

The main objective of this project was to develop a feasible structural design for 40 Mews
Place, and use this design to perform a detailed economic analysis. A set of working drawings
for the design was created for submission to the client, which is located in Appendix A. Also, a
cost estimate and schedule will be provided for all required structural materials and labor,
located in Appendix C and D respectively.

Full design details for each structural element including calculations, methods, formulas,
assumptions and results will be provided in design reports attached in Appendix B. All S-
FRAME and S-STEEL software analysis will be provided on a compact disc.

Using a set of architectural drawings and recommendations provided by course instructors
and the client, the following specifications were utilized in the design process:

* The second storey floor is to be designed with a live load of 100 psf or 4.8 kPa (moving
filing cabinet drawers) and dead load of 4.2 kPa.

* Arrange the OWSJ in the North-South direction.

* Maximum Vertical Deflection = SPAN LENGTH (L)/300.
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4.0 Project Work Plan

A report titled “Project Plan” has been completed and submitted to both CHIMO and ENGI
8700 Professors. This report contains the required project work scope as well as the original
project schedule. This is available in Appendix E.

5.0 Conceptual Designs
5.1 Alternatives
Prior to any design tasks or calculations, APEX was required to determine the primary

vertical loading and primary horizontal loading systems for the redesign. Various
alternatives were obtained by APEX and are listed in Figure 5.1.1.

DEEED
D 1§
Bt
i

p i

il

Figure 5.1.1 Primary Structure Load Breakdown
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Only one option was decided for the primary vertical loading system, similar to the
existing building with the exception of the joist arrangement. Multiple options, however,
were determined for the primary lateral load resisting system. The need for a new
lateral load resisting system other than a rigid frame was the basis of the project. This
produced many alternatives including concrete shear walls, cross bracing and masonry
shear walls.

After further investigation of the Architectural Drawings in Appendix F, it was
determined that due to the quantity and location of punch windows in the New Office
Building, cross bracing would conflict with these openings. As a result, cross bracing
could not be used to satisfy the lateral resistance requirements of the project. APEX
brought the remaining two solutions to the client, CHIMO. CHIMO requested APEX to
redesign the New Office Building with concrete shear walls rather than a masonry
shear walls due to the difficulty in acquiring the quality of masonry services to perform
the construction of shear walls. CHIMO originally requested APEX explore the option of
locating the concrete shaft in the existing masonry stairwells as opposed to surrounding
the level one and two washrooms with a core. Upon preliminary investigation and
assistance from the course instructor, it was determined that the concrete shear walls
would perform better located in the center of the structure than in the stairwells. APEX
and CHIMO agreed to pursue the central concrete core option.

5.2 Feasibility

Having decided on a horizontal loading system, APEX was now required to determine
the feasibility of the proposed solution. A rough structural steel plan was created in S-
FRAME for the two levels to make room for the concrete core. This plan, shown in
Figure 5.2.1, modified the original preliminary drawing by removing one beam and two
columns on each floor.
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Figure 5.2.1 S-Frame Preliminary Drawings

Next, APEX was able to model the concrete core in S-FRAME using shell elements,
shown below in Figure 5.3.1. Defining a material of nominal concrete and an estimated
thickness of 200-250 mm, S-FRAME was able to produce 120 four node quadrilateral
elements per wall. Each quadrilateral element would then be analyzed in S-FRAME
using Finite Element Analysis.

Sl

Figure 5.3.1 S-Frame Shell Elements

The concrete core acts as four shear walls in the center of the building. In order for a
shear wall to function properly, applied horizontal loads need to be transferred from the
exterior to the wall itself. This can be accomplished by implementing a structural unit
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known as a diaphragm, in which the unit acts as a horizontal beam to transfer in-plane
shear stresses.

In the New Office Building Project, there were two assumed diaphragms: the first floor
slab on deck and the roof decking. APEX was able to model these two diaphragms in
S-FRAME using 50-100 mm general diaphragms. It is important to note that APEX
connected the nodes of each diaphragm with the nodes of the quadrilateral nodes of
the core. Figure 5.4.1 illustrates the modeling of both the first diaphragm and second
diaphragm. An opening for the core is evident in the first floor diaphragm, while the roof
diaphragm fully encloses the core.

- -

Figure 5.4.1 Diaphragms Modeled in S-Frame

To test this horizontal resisting system, experimental horizontal loads were applied in
S-FRAME. The core was able to resist the shear forces and as a result, APEX deemed
this alternative feasible. Further discussion of the design of this core will be detailed
later in the report.

6.0 Building Loading

The building structure consists of a typical beam-column framing system with a centralized
concrete core. This system transfers the loads from the horizontal beams and framing
elements to the vertical supports that ultimately dissipates the loads to the footings and soil.
To calculate building loading, APEX used both client provided specifications and the National
Building Code of Canada (NBCC) 2010. The following sections expound the various loads
utilized in the design process.
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6.1 Roof Load

The roof for the office building is a rectangular, flat projected area. Considerations for
roof loading consist of dead, live, wind and snow loads. The following sections specify
the methods used to determine these loading conditions.

6.1.1 Roof Dead Load

The main dead loads on the roof system are due to the various roofing materials.
These dead load values were selected according to CISC Handbook of Steel
Construction — 9" Edition and were confirmed to be acceptable by the Client.
Table 6.1.1.1 below, lists the roofing materials used and the associated dead

load values.

Dead Load Roof Material Load (kPa)
Single ply roofing membrane 0.15
1.5mm reinforced membrane 0.10
85mm rigid insulation 0.07
Metal deck 0.10
Steel roof framing 0.30
Ducts/pipes/wiring 0.25
Joists 0.23
Fire Protection 0.07
Miscellaneous 0.08
TOTAL 1.35

Table 6.1.1.1 Roof Dead Loads

6.1.2 Canopy Dead Load

An exterior canopy connected to the building structure had a variety of different
materials and metal framing that were considered in the dead load calculation.
These dead load values are listed below in Table 6.1.2.
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Dead Load Material Load (kPa)
6mm protection board 0.06
Insulation 0.06
12.5mm exterior grade gypsum board (top) 0.08
12.5mm exterior grade gypsum board (bottom) 0.08
12.7mm gypsum board 0.08
Metal deck 0.10
Steel roof framing 0.25
92mm metal stud framing (top) 0.25
92mm metal stud framing (bottom) 0.25
15.7mm exterior grade gypsum board 0.08
Ceiling fixtures 0.20
19mm metal liner soffit panel 0.25
Miscellaneous 0.28
TOTAL 2.02

Table 6.1.2.1 Canopy Dead Loads

6.1.3 Mechanical Equipment

Four large units were specified at various locations over the roof area. The
weights for the mechanical equipment were provided by the Client and are
tabulated below in Table 6.1.3.1. A roof plan can be found in Appendix A —
APEX Structural Drawings displaying the orientation and location of each unit.

Mechanical Equipment Load (kN)

Unit 1 8.3
Unit 2 8.3
Unit 3 54
Unit 4 54

Table 6.1.3.1 Mechanical Equipment Loads

6.1.1 Roof Live Load

The roof of the building is a flat easily accessible area and workers are assumed
to provide regular maintenance on the mechanical equipment. Therefore, a live
load was considered in the design. The minimum design live load used on the
roof was 1.0 kPa according to Table 4.1.5.3 of the NBCC.
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6.2 Second Floor Loading Requirements

The client specified a live load of 4.8 kPa for the second storey floor to account for
storage and filing areas in the office space. This value corresponds to the load found in
Table 4.1.5.3 of the NBCC. The second storey dead load was also provided by the
client and was specified as 4.2 kPa. This load incorporates partition loading, typical
ceiling equipment and finishes along with a concrete slab and composite metal decking
arrangement for the floor. The concrete design and decking selection for the second
floor slab-on-deck can be found in Section 8 of the report.

6.3 Snow Loads

Snow loads on a building structure are dependent on the climatic conditions, structure
geometry, surroundings and wind exposure conditions. The simple shape of the roof
made snow load calculations simplistic. However, special considerations of snow load
drifting were calculated for the main entrance canopy, and around mechanical units.
After reviewing the calculations, snow drifting around the mechanical equipment was
considered to be negligible in the design. The following formula from the NBCC was
used to calculate snow loads:

S= /s[Ss(CBCWCsCA) + SR]
Where:
Is = Importance factor
Ss = 1/50 year ground snow load, kPa
Sr = 1/50 year rain load, kPa
Cg = Basic snow load factor
Cw = Wind exposure factor
Cs = Roof slope factor
Ca = Shape factor

An importance factor for a building of normal importance was used and the various
snow load factors were determined according to NBCC procedures. Detailed snow load
calculations can be found in Appendix B.

A uniform snow load value of 3.02 kPa was derived for the roof. The canopy will
experience much higher loading conditions then the rest of the roof due to its small size
and assumed drifting conditions. The loading pattern in this area is triangular and
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ranges from 9.15 kPa to 7.50 kPa. Figure 6.3.1 below depicts the snow-loading pattern
on the roof structure and canopy.

S= 3.02kPa (ULS)

| | | ]

9.15kPa
- 7.50kPa

Figure 6.3.1 Snow Loads

6.4 Wind Loads

The resulting pressures created by wind can cause both compression and uplift forces
on a building structure. Design wind loads were calculated according to The NBCC
procedure using the following formula:

P = lwgCsCyCp
Where:
lw = Importance factor
g = 1/50 year hourly wind pressure (kPa)
Ce = Wind exposure factor
Cy = Wind gust factor
C, = External pressure coefficient

The reference wind pressure, q is based on hourly wind speed for the probability of
being exceeded once every 50 years. These values of q are tabulated in the NBCC
representing different locations throughout the country. The wind coefficients take into
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account variations with structure height, orientation of wind flow and fluctuation of wind
forces.

Wind calculations for the roof were completed for each roof joist and beam. Positive
external pressure with combined internal suction (0.448 kPa) was the governing wind
condition and was used when evaluating different loading combinations for the roof.
The internal pressure coefficient was selected as being category 2 with values -0.45
and 0.3 for suction and pressure accordingly. A summary of wind load calculations on
the roof can be found in Appendix B.

External wind pressure was also determined on different faces of the building structure
according to NBCC procedures. Figure 6.4.1 below depicts the wall faces specified by
the NBCC with varying pressure-gust coefficients.

Figure 6.4.1 External Wind Pressures

External wind pressure was an important aspect of the design since the centralized
concrete core and diaphragm action is the only lateral resisting system present in the
entire structure. Table 6.4.1 and Table 6.4.2 below display the associated wind
pressures for each wall face when blowing perpendicular and parallel to the ridge.
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Winds Perpendicular to Ridge
Building Surface 1 1E 2 2E 3 3E 4 4E

Pressure (kPa) 0.420 0.644 -0.728 |-1.120 |-0.329 |-0.560 |-0.308 | -0.448

Table 6.4.1 Winds Perpendicular to Ridge

Winds Parallel to Ridge

Building |, 1E 2 2F 3 3E 4 4E 5 5E 6 6E
Surface
Zg:’“re -0.476 | -0.504 | -0.728 | -1.120 | -0.392 | -0.560 | -0.476 | -0.504 | 0.420 | 0.644 | -0.308 | -0.448
Table 6.4.2 Winds Parallel to Ridge
6.5 Load Combinations
All load cases were considered when determining the maximum loading on the
structure. Five load cases are specified in the NBCC and outlined in Table 6.5.1 below.
Seismic loads were of little influence and were considered negligible for the project.
Load Case Load Combination
Principal Loads Combination Loads
1 1.4D -
2 (1.25D or 0.9D) + 1.5L 0.5S or 0.4W
3 (1.25D or 0.9D) + 1.5S 0.5L or 0.4W
4 (1.25D or 0.9D) + 1.4W 0.5L or 0.5S
5 1.0D + 1.5E 0.5L + 0.25S
Table 6.5.1 Load Cases
Where:
D = Dead Load
L = Live Load
S = Snow Load
W = Wind Load

As mentioned previously, loads on the roof will consist of dead, live, snow and wind
loads. The governing load case determined for the roof was Load Case 3, with a
factored load of 6.72 kPa. This design load was used when calculating the loads on the
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joists and beams in the floor system. The load case calculations for the roof are shown
in Table 6.5.2 below.

Load Combination

Load Case Principal Loads Combination Factored Load
Loads (kPa)
1 1.4D - 1.89
2 (1.25D or 0.9D) + 1.5L 0.5S or 0.4W 4.70
3 (1.25D or 0.9D) + 1.5S 0.5L or 0.4W 6.72
4 (1.25D or 0.9D) + 1.4W 0.5L or 0.58 3.82

Table 6.5.2 Roof Load Cases

Loads on the second storey floor consisted solely of dead and live loads. This
corresponds to a governing equation provided by load case 2 at 12.73 kPa. The load
case calculations for the second storey floor are shown below in Table 6.5.3.

Load Combination

Load Case Principal Loads Combination Loads Factored Load (kPa)
1 1.4D - 6.19
2 (1.25D or 0.9D) + 1.5L - 12.73

Table 6.5.3 Second Storey Floor Load Cases

6.6 Service Load Combinations

Service loads include all loads that the building is subjected to on a daily basis. These
loads include snow, wind and live loads. When analyzing deflection, the building is to
be subjected to only service loads rather than the previous discussed factored loads.
As a result, throughout the re-design, APEX was required to check a vertical member
deflection of span length/300 using service load combination. As the live load was
much greater than the vertical wind load; APEX used the load combinations listed in
Table 6.6.1.
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Load Combination

Load Case Principal Loads Combination Loads Factored Load (kPa)
Roof LL +0.9 Snow 3.718
Floor LL - 4.8

Table 6.6.1 Service Load Combinations

7.0 Building Steel Design

All steel members have been designed using Canada Standards Association (CSA) standards
with a grade steel of 350 W. In order to analyze each member, APEX modeled the complete
building system around the concrete core in SFRAME, as shown in Figure 7.1. This section
will describe the building steel design. All detailed calculations and S-FRAME models are
available in Appendix B.

-kl

Figure 7.1 Building S-Frame Model

7.1 Open Web Steel Joists

Prior to preliminary design, the open web steel joists were orientated in the north-south
direction upon recommendations from the course instructor. Given that the north-south
span was larger than the east-west span, orientating the joists in this direction is more
economical due to their relative low cost when compared to steel beams. Both the roof
and second storey were designed with similar joist orientations taking into consideration
openings for stairwells and mechanical equipment.
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The roof and second floor joists are subjected to various loading conditions described
in Section 6 of the report. APEX selected the maximum factored load case for each
joist and selected an associated joist type from the CANAM Catalogue. Based on
CHIMO's requirements, the maximum allowable deflection for each joist was specified
as L/300. This deflection limit was checked for each joist according to the catalogue by
determining the percentage of service load to produce the governing deflection limit.
Table 7.1.1 specifies all the joists in the building structure displaying its location, joist
type, and member characteristics.

Joist Mass Number of Joists per

Spacing (m) Span (m)

(kg/m) Bays Bay
14.5 13 4 1.446 7.795
11.5 2 4 1.446 4.200
Roof 14.5 3 3 1.430 7.795
13.3 1 2 1.380 7.795
13.3 1 1 1.380 7.795
22.7 16 4 1.446 7.795
15.0 2 4 1.446 4.200
Floor 10.8 1 2 1.150 3.000
171 1 1 1.100 7.795
10.9 1 1 1.400 3.200
22.7 1 2 1.476 7.795
Core 15.6 1 4 1.538 6.650
22.7 1 4 1.538 6.650

Table 7.1.1 Joist Framing System

7.2 Beams and Girders

APEX considered beams to be steel members running in the North-South direction,
while girders to be steel members running in the West-East direction. The major
difference in loading between the two is that the beams are subjected to a distributed
load directly from the roof or floor, while the girders are subjected to point loads from
the open web steel joists. Both of these load combinations for a typical bay are shown
below in Figure 7.2.1.
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Figure 7.2.1 Typical Bay Load Combinations

All structural members were modeled and analyzed in S-FRAME and subjected to both
maximum factored loads and service loads, previously discussed in Section 6 of this
report. After analyzing the maximum shear force and maximum bending moment of
each member, APEX decided to use four groups per floor for member selection. These
included exterior beams, interior beams, exterior girders and interior girders. Figure
7.2.2, below, shows the similarity of bending moments between the exterior roof girders

H
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\

Figure 7.2.2 Exterior Roof Girder Bending Moments
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S-STEEL was used to determine the most-efficient section for each group. As
diaphragm action is present in this building, both floor and roof decking is to be welded
to each joist, which in turn is welded to the girders. This results in an unbraced
structural steel member length equal to the joist spacing. It was important for APEX to
input these unbraced lengths in S-STEEL, to reduce the required cross section of steel
members. Deflection of each member was checked using service loads to ensure that
each member governed the provided L/300 deflection limit. In several cases, APEX
was required to perform iterative section trials in order to balance shear and moment
utilization with deflection limits. A summary of the member selection is shown below in

Table 7.2.1.
Steel Length Max Shear Max Bending Max Deflection Deflection
Section (m) (kN) Moment (kNm) (mm) Limits (mm)
Exterior | Roof | W360x51 | 7.795 35.1 68.4 3.75 26
Beam
Floor 410x67 7.795 34.6 17.7 5.07 26
Interior | poof | W360x33 | 7.795 96.8 152 116 26
Beam
Floor 410x67 7.795 48.7 95 16.1 26
Exterior | poof | Wa10x54 7.23 73.7 159.9 8.4 24 1
Girder
Floor | W530x72 7.23 1435 311.2 8.6 241
Interior | poof | Wa60x61 7.23 270 270 16.7 24.1
Girder
Floor | W610x91 7.23 328.6 502 76 24.1

Table 7.2.1 Beam Member Selection

The building design required additional members to frame openings and support
mechanical equipment on the roof structure. These members were designed in S-
FRAME individually based upon the specific loading requirements of each. See
Appendix A for roof framing plan showing the location of these members.

7.3 Roof Deck

Resting on top of the open web steel joists, the roof deck transfers loads applied from
the exterior roof to the building system. The roof deck also provides support for
insulation and waterproofing membrane. APEX used the CANAM Catalogue to select
the optimum type of steel decking as per the calculated maximum factored load and
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uniform service load. A 38mm deep, 0.76mm thick (22 gauge), single span decking was
chosen to be the most suitable. The properties of the decking and the calculated loads
are listed below in Table 7.3.1.

Thickness Span Maximum Factored @ Uniform Service Load
(mm) (mm) Load (kPa) (LGE))

Depth Span Type

38mm Single Span 0.76 1500 6.72 3.72

Table 7.3.1 Steel Decking

7.4 Slab on Deck

A composite slab on deck system was chosen for the second floor. APEX used the
CANAM Catalogue to select the optimum type of steel decking and concrete thickness
as per the maximum factored resistance. A 38mm deep, 0.76mm thick, composite
decking and 100mm slab thickness (100mm at full flute depth, or 62mm topping) was
chosen to be the most suitable. The composite slab on deck system for the floor within
the concrete core was chosen with an increased span length. Service deflections were
also checked to ensure they were within specified deflection limits. The properties of
the composite decking system are listed below in Table 7.4.1.

- Decking .
Location Depth  Slab Thickness Thickness Span Maximum Factored
(mm) (mm) (mm) (mm) Load (kPa)
Second Floor 38 100 0.76 1500 14.48
Within Core 38 100 0.76 1650 11.20

Table 7.4.1 Composite Decking

7.5 Diaphragm

When testing feasibility in Section 5 of this report, it was assumed that two diaphragms
would transfer lateral loads to the core. These diaphragms include the rood deck and
floor slab with decking. In order for these diaphragms to transfer the later load, APEX
was required to ensure that the diaphragms could resist the maximum lateral force.

After S-FRAME analysis, a force of 48.5kN (1.40 kN/m) was determined to be the
maximum lateral load on the diaphragm. The total resistance for this force is created by
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connecting the joists to the steel decking using 19mm puddle welds. Table 7.5.1,
contains the required connections for the diaphragms and the total resistance provided.

Thickness Connection Spacing Resistance
0.91 mm Puddle Weld 19 mm 34/3 300 mm 53.72 kN

Table 7.5.1 Diaphragm Resistance

7.6 Columns

As previously discussed, two columns were removed from the original building design
to accommodate the concrete core. Similar to beam design, all columns were modeled
in S-FRAME and subjected to the maximum factored load and service load. APEX
assigned groups to columns based on axial force resulting in two groups: corner
columns and remaining columns. After review of the service deflections, it was
determined that column deflection was negligible. Therefore, all columns were
designed in S-STEEL with no iteration for deflection. A summary of this is listed below
in Figure 7.6.1.

Length | Steel Section | Quantity Axial Force (Pf, kN)

Corner Column 8.4 W200x36 4 -270 kN
Remaining Columns 8.4 W200x52 24 -1100 kN

Table 7.6.1 Column Members

7.7 Base Plates

Placed on top of concrete piers or columns, base plates transfer loads placed on steel
columns to piers. In addition, base plates are typically secured with a set of hooked
anchor bolts that are cast-in place.

APEX designed the anchor bolts for shear and bearing requirements only, as all
column to pier connections were analyzed and designed as simple pinned connections.
It was determined that four ASTM A325 — 450mm long, 20mm diameter, with a 150mm
hook satisfied the requirements of each connection. By using the bolt layout designed
for the connections, base plates could be designed to accommodate the bolt
arrangement.

APEX used CSA S-16-09 — Steel Design Handbook to develop a spreadsheet to design
various baseplates. This spreadsheet used column dimension, column compressive
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force, and specified concrete compressive strength to calculate the total area of
baseplate required to distribute the force to the concrete pier. A plate thickness was
calculated and two code checks were performed to ensure the thickness was adequate.
Three different base plates were designed, summarized in Table 7.7.1.

Type Dimensions Pier Type Locations

BP1 200mm x 200mm x 9mm P1 (Corner) A1, A5, F1,F5

BP2 250mm x 250mm x 19mm P2 (Exterior) A2, A3, A4,B1, BS, C1, C5, D1, DS, E1, BS,
F2, F3, F4

BP3 300mm x 300mm x 25mm P3 (Interior) B2, B3, B4, C2, C4, D2, D4, E2, ES3, E4

Table 7.7.1 Pier Selection

7.8 Embedded Plates

Prior to completing the design of the concrete core, a method of connecting the steel
frame and diaphragm to the core was required. In early meetings APEX presented the
client with multiple options:

* Using void formwork to create a pocket in which beams and joists would sit
connected to embedded steel plates

* Embedded steel plates with concrete anchors (studs) cast into the concrete with
a tab welded to the plate following the removal of formwork.

Given that both options require embedded steel plates and hot-work to develop the
connections, the client requested that APEX design the embedded plate and stud
option.

The embedded plates were designed for shear forces from the beam/joist reactions,
and concrete pry-out. The design did not require the consideration of negligible tensile
forces. Three different plates were designed based on the three loading requirements
using ASTM A449, steel studs as show in both Figure 7.8.1 and Table 7.8.1.
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PL1 PL2 PL3

Figure 7.8.1 Embedded Plates

Type Dimensions Studs

PLA1 300mm x 200mm x 13mm 6
PL2 200mm x 200mm x 9mm 4
PL3 150mm x 150mm x 9mm 2

Table 7.8.1 Embedded Plates

7.9 Canopy

In addition to the main building design, APEX was required to design an exterior
canopy. This design was considered separate from the main structural steel design in
S-FRAME. All loads applied to the canopy have been previously discussed in Section
6.

APEX designed the canopy structure to model the details provided in the architectural
drawings located in Appendix D. This structure was composed of two small cantilever
beams on top of one long beam, simply supported by two hollow structural steel (HSS)
columns. Figure 7.9.1, below, illustrates the steel canopy support structure.
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Figure 7.9.1 Canopy Structure

Each cantilever beam was assumed to be subjected to both the maximum factored load
and service load, Section 6. Using the tributary area method and the beam diagrams in
Figure 7.9.2, APEX was able to obtain the maximum moment, shear force and optimal
moment of inertia value.
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Figure 7.9.2 Beam Diagram and Formulae

From the beam selection tables in the Handbook of Steel Construction, an appropriate
member was selected for the cantilever beams. The remaining members were modeled
in S-FRAME using both the maximum factored reaction force and service load reaction
force, along with dead loads to be conservative. S-STEEL was then used to utilize
member selection. A summary table below, Table 7.9.3 describes the members of the
canopy structure.
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Classification Type Max M Max Vr Axial Force
Cantilever Beam W200x22 29.4 262 0
Support Beam W200x52 62.7 43 0
Column HSS 100x100x6.4 0 0 -139.74

Table 7.9.3 Canopy Members

8.0 Structural Concrete

8.1 Concrete Core

After completing a feasibility test for the use of a concrete core as the lateral resisting
system as described in Section 4, APEX was required to perform the analysis of the
actual load cases. There were two lateral load cases resulting from wind loads defined
in Section 5. These two lateral load cases were each combined with the vertical
maximum factored load to simulate worst-case conditions. As previously described, the
concrete core was constructed with shell elements and was outlined with all vertically
tested structural members in S-FRAME. Two general diaphragms, the roof deck and
floor slab with deck, transfers the horizontal force to the core.

APEX added 12 integration lines within each wall of quadrilateral shell elements in S-
FRAME. These lines provide all maximum forces and moments that occur in-between
the shell elements. As the core is resisting horizontal force, shear forces in each wall
was APEX’s main concern. Figures 8.1.1 and 8.1.2, illustrate the shear forces for the
two horizontal load cases. In each direction, the two shear walls parallel to the load are
subjected to similar shear forces, while the transverse shear walls are not subjected to
any shear forces.
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Figure 8.1.2 Wall Shear Forces
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In addition to the shear forces, the core was subjected to each reaction from all
connected members. These members included interior girders along gridline 3-BC and
gridline 3-DE for both floors. Point loads were also added in S-FRAME within the core
to represent the reactions from the roof and floor joists.

Once all load cases were applied, APEX was able to select each wall integration line
and analyze in S-CONCRETE. Four walls, similar to Figure 8.1.3, were designed for
worst-case bending, axial and shear results. A summary of the four walls details is
listed in Table 8.1.1.

j:| 3
|
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\

Figure 8.1.3 Wall Section

Wall Length f'c fy Zone A Zone B Panel 1
1 714 25 | 400 8-20M Vert w/ 10M | 8-20M Vert w/ 10M | 24-15M @ 500 V.E.F
' Ties @ 250 mm Ties @ 250 mm w/ 15M @ 500 H.E.F
5 714 25 | 400 8-20M Vert w/ 10M | 8-20M Vert w/ 10M | 24-15M @ 500 V.E.F
' Ties @ 250 mm Ties @ 250 mm w/ 15M@ 500 H.E.F
3 6.15 25 | 400 8-20M Vert w/ 10M | 8-20M Vert w/ 10M | 22-15M @ 500 V.E.F
' Ties @ 250 mm Ties @ 250 mm w/ 15M @ 500 H.E.F
4 6.15 25 | 400 8-20M Vert w/ 10M | 8-20M Vert w/ 10M | 22-15M @ 500 V.E.F
' Ties @ 250 mm Ties @ 250 mm w/ 15M @ 500 H.E.F

Table 8.1.1 Wall Details

As the corner zones for each of these walls were similar, APEX was able to mesh the
corner reinforcement steel in order to create a fully closed concrete core. This corner
reinforcement detail is shown in Figure 8.1.4.
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Figure 8.1.4 Corner Reinforcement Detail

8.2 Slab on Grade

The main floor slab of 40 Mews Place was designed as a slab on grade. Methods
proposed by “Design of Slabs on Grade” by AClI Committee 360 were used to design
the slab sections.

APEX Engineering selected a slab thickness of 100 mm to aid in constructability. The
following equation was used to determine the cross sectional area of steel per meter
length of slab.

As= FLw

2fs

As= Cross-section area of steel
F= Friction factor (1.5 commonly used)
L= Distance between joints
w= Dead weight of slab
2= Shrinkage assumption factor
fs= Allowable stress in the reinforcement

The minimum area of steel was determined to be 14.13 mm?in the E-W direction and
15.22 mm? in the N-S direction. Using “Structural Welded Wire Reinforcement Manual
of Standard Practice” MW19 (Area: 19 mm?) Metric Wire with spacing of 152 mm - 152
x 1562 - MW19 x MW19 was selected.
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8.3 Piers

The piers provide the upright support needed to transfer the loads from the building
structure to the foundations and in the underlying soil. S-Concrete was used to develop
appropriate pier sections with sufficient vertical reinforcement and ties. The following
Figure 8.3.1 depicts a typical pier cross-section designed in S-Concrete.

Figure 8.3.1 Typical Pier Reinforcement

A total of 3 different piers were designed for the individual loads transferred from the
columns. The table below shows the location of each pier, factored axial load used in
the design, geometry and reinforcing details.

Factored Axial No. of

Location Load (kN) Ferifiee Label Reinforcing Dowels
Corners/Canopy 270 6 P1 300mm X 300mm 9-20M 10M @ 300mm
Exterior 540 14 P2 350mm x 350mm 9-25M 10M @ 200mm
Interior 1080 10 P3 450mm x 450mm 8-20M 10M @ 300mm

Table 8.3.1 Pier Details

8.4 Footings

Footings are used to effectively transfer the building loads from the walls and columns
to the to the underlying soil or bedrock. Spread footings for the structure are all square
in dimension and are located underneath piers and connecting columns, while strip
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footings are installed beneath the foundation wall and concrete core. As specified by
the client, the footings rest on undisturbed soil with an allowable bearing capacity of
200 kN/m?2. Also specified were 1200mm earth cover for frost penetration requirements
and a 28-day compressive strength of 20 MPa for footings.

8.4.1 Spread Footing

A total of 3 different spread footings were designed for the individual loads
transferred from the columns. One-way and two-way (punching) shear were
accounted for in determining the individual footing depths. Additionally,
Longitudinal and transverse reinforcement has been specified to resist internal
moments in the base. A summary of the final spread footing design details is
given in Table 8.4.1.1 below and typical footing detail in Figure 8.4.1.1.

Factored Footing Reinforcement
Location Axial Load Base Dimension . . Dowels
(kN) Depth (Both Directions)
Corners/Canopy 270 1000mm x 1000mm 300mm 4-10M 9-10M
Exterior 540 1400mm x 1400mm 350mm 6-15M 9-10M
Interior 1080 2000mm x 2000mm 450mm 10-15M 8-15M

Table 8.4.1.1 Spread Footing Design
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Figure 8.4.1.1 Typical Pier Reinforcement

8.4.2 Strip Footing

As previously mentioned strip footings were placed around the building
perimeter and the concrete core. The loads applied on the exterior wall footings
are relatively low and mainly consist of the weight from the frost wall. The
loading was estimated to be 24 kN/m in this area.

Strip footings for the concrete core have much higher loading and were designed
for a greater capacity. Loads used in the design consist of self-weight of the
concrete and rebar from the core and factored loads from the roof and second
floor. See Figure 8.4.2.1 below for Typical Strip Footing.
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Figure 8.4.2.1 Typical Strip Footing

The horizontal and vertical reactions experienced by the concrete core from the
diaphragm action of the beam framing system also had to be considered.
Therefore, overturning needed to be evaluated when designing. The horizontal
beam reactions produced in S-Frame were used to calculate the overturning
condition of the underlying strip footing. A detailed calculation can be found in
Appendix B. The factored design load determined per meter length of strip
footing around the core was determined to be 221.1 kN/m. The following table,
Table 8.4.2.1 describes the two different strip footings designed and their
associated dimensions and reinforcing details.
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B i Reinf
Location Wall thickness ase Footing einforcement

Dimension Depth Transverse Longitudinal
Frost Wall 275mm 450mm 200mm 15M at 500mm
Concrete Core 250mm 1450mm 400mm 15M at 250mm 6-15M

Table 8.4.2.1 Strip Footing Design

9.0 Cost Breakdown

The redesign of the office building was completed in attempt to provide the client with a
cheaper alternative to the initial design. Therefore, the ultimate goal was to deliver a structural
system that met the performance criteria using value-added engineering. One of deliverables
outlined in the project plan was a “Class A” estimate for the design. This would allow the client
to identify any cost savings achieved with the redesign. The detailed cost breakdown included
in Appendix D outlines the cost of all components of the structural system designed by Apex
Engineering, while a summary of the detailed breakdown is provided at the end of this section.

The estimate has been divided into the individual components of the structural building
system: pier footings, strip footings and foundation wall, concrete core, concrete slab-on-
grade, concrete slab on deck, concrete piers, concrete reinforcement, and structural steel.
Each structural component has been further subdivided into smaller work items required to
complete each task so that pricing could be obtained from an estimating database. The
database utilized in obtaining these prices was RSMeans estimating software. The prices
provided in the estimate include all labour to complete the work, as well as overhead and
profit.

Pier footings, strip footings, foundation walls, and piers have been subdivided into three
components: concrete material, concrete placement and strike-off, and concrete formwork.
Reinforcement for each component was included in a separate section for ease of estimating.
The total cost of the pier footings, strip footings, foundation walls, and piers including the
reinforcement for each was $41,554.64.

The concrete core that was implemented for the lateral load resisting system introduced a new
cost when compared to the original design. To simplify, for the project to be successful in
achieving cost-savings for the client, the cost saved on structural steel placement would have
to outweigh the additional cost of the concrete core. The core was divided into three
components: concrete material (25 MPa for walls as specified by the client), concrete
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placement, and formwork. The estimated cost of the concrete core including reinforcement
was $68,945.31.

Slab-on-grade and slab-on-deck estimates were broken down into material costs, placement,
formwork, saw-cutting of control joints, finishing and welded wire mesh reinforcement. Slab
thicknesses of 100mm for slab-on-grade and a 68mm topping for the concrete slab on deck
resulted in a combined estimated cost of $91,756.40.

The structural steel estimate included the cost of material and labour for all columns, beams,
base plates, embedded plates, anchor bolts, angle, decking and open-web steel joists. The
estimated cost for beams and columns was $297,654.03, while the estimated cost of open
web steel joists and miscellaneous steel was $75,352.56 and $108,913.75, respectively. The
unit prices for structural steel were obtained in linear meter values for a two-storey building
using shear connections. The total cost of the entire structural system was estimated to be
$684,176.70.

Cost Breakdown Summary
Footings, Steel Open Web

AT, Concrete S.0.D. and Beams and Steel Miscellaneous Total
. Core S.0.G. . Steel
and Piers Columns Joists

$41,554.64 | $68,945.31 | $91,756.40 | $297,654.03 | $75,352.56 | $108,913.75 | $684,176.70

Table 9.1 Cost Breakdown Summary

Cost Breakdown

B Footings, Foundations, and Piers
B Concrete Core

@S.0.D. and S.0.G.

B Steel Beams and Columns

H Open Web Steel Joists

@ Miscellaneous Steel

Figure 9.1 Cost Breakdown
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Upon presenting the total estimated cost of the building to the Client, Apex was informed that
the cost of construction for the original design in 2011 was approximately $638,000.00. The
client provided that given an approximate ten percent uplift in the cost of construction (as an
average for all components in the estimate) between 2011 and 2013, the cost of construction
today for the original design would be approximately $701,800.00. Therefore, the estimated
total cost savings for the new design would be $17,623.00.

10.0 Construction Schedule

As a client specified requirement, a schedule was completed for the construction of the
structure designed by APEX Engineering. The greatest potential for cost-savings on the
project results from the shortened project schedule. The client informed that due to the large
amount of welding associated with rigid frame construction, it was estimated that
approximately three weeks could have been saved on the project if it were designed as shear
connections only and used an alternative lateral resisting system. Given that the welding and
hot-work required for rigid frame connections are highly weather dependent, the cost can
begin to deviate from the estimate or budget quite quickly if poor weather is encountered more
frequently than expected. This is opposed to bolted shear connections, which are not as
susceptible to lost time due to poor weather. The client provided that an extra week of steel
erection could cost up to $25,000 for the labour of ironworkers. Given an anticipated decrease
in three weeks from the construction of the original design to the design presented by APEX,
this could potentially present an additional cost savings of $75,000.

Shown in Appendix E is a construction schedule presented by APEX Engineering for the
construction of the redesigned office building. It is to be noted that this schedule is conceptual,
has limited constraints on resources, and assumes reasonable crews working standard
working hours to complete the tasks. The main purpose of the schedule is to highlight the
concrete core and structural steel tasks being completed concurrently. This simultaneous work
will mean that while the concrete core introduces new cost to the project, it does not impact
the overall project length. The concrete core does not influence the project’s critical path, even
with the compressed steel schedule.

From the construction schedule presented, it can be concluded that the redesign of the
building and absence of hot work for rigid frame connections will indeed shorten the overall
project length by an estimated three weeks, providing major economic benefits to the builder.
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11.0 Conclusion

After preliminary research and discussion, the concrete core shear walls were presented as
the optimal solution to satisfy the structural performance and economic objectives required by
the client. Through an in-depth feasibility analysis, the practicality of the solution was
confirmed, and APEX Engineering focused all efforts towards developing the design. Through
the utilization of several resources all major structural components, including structural steel,
foundation concrete, concrete shear walls (core), were designed to develop a building system.
Following the design of major structural components, minor details were also completed and a
working set of structural drawings drafted. With these drawings, APEX was able to produce a
detailed cost estimate of the structure and construction schedule to ultimately determine the
economic benefit provided by the redesign. Upon presentation of these deliverables to the
client it was determined that cost-savings would be achieved. While the bare material and
construction costs were not substantial, the greatest opportunity for cost savings was provided
by the increased constructability of the design and decreased vulnerability to weather delays
throughout the course of the project. This increased constructability of the project resulted in a
shortened project schedule, providing significant cost savings for the client. APEX Engineering
recommends that the findings in this report be utilized for future considerations of similar
projects. Through the replacement of the rigid frames with the design proposed in this report,
the client will achieve significant economic benefits, and therefore maximize profits.
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N L‘7;5 M
Asoin © 0,003 x 1000 OO 3 Choose Y- ISM .
© 300 mm? = 800mm "’
SPQC.09' QSO mm < 2h o SOO Mo
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APHEX ENGINEBRIM

Taple Al * /NE H30 mim

Available (,c:ng'fh
47575 400 mm . me 40&36«3 whecke,

D [HOD mm  wide =) /’) = HOQ mm oK

O%r F (Cal b L "pﬂj

Me= 09205 1000 x S7Sul STS/D) = 38 %10% M- mm,

Kr: _38,10° L 0.38  » P ooish
/000 x 217°
/~): reg o Q, ’5 « 1000 ¥ (7 As BC/‘Q "en ’
[ O0
L‘/7§.Gmm? Geoae 4 - 1S M Qﬂvo/m
o 806) Mt

Spacing * S0 mu, £ 3h or
S-OO I')’)/))

Table 91 2 Q4= 430 mm

Avai lable C8n9‘f’f/): S75 =75 SOUmm .. QK
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xR

APEX ENGINEERIN

Sﬁcondmry KG;n‘Force m&d‘

Armin = Q.9 7% x HOO x [4Q0
1190 ewm

Select 6 Mo ISM bary 2 AI-‘IQOO i ©

S 1400 = 335 mn, < Sragx .. oK
e

COnnec‘fi_Qm Be*wech Woil e Foo‘f[ﬂ\(j

Br:O.BS@c{'cAa‘* @:‘[y A dowe |
= 0.8S% .65y 90 x 950 « 1000 10’
< 276 kN D> P

Amin dowels © O.Q0 1S 49
0.001S { 950 » 1000 )
375 e ®

2 Pfov;‘de Jowd To match re‘.m‘Focgemem"f" n Wolfl

X050 A

o Mo [SMm

Mo ISM bacy
S DSO("\M
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APEX ENGINBERIN

SIAE on graul

Aeea STeec: E£-w
As= FlLw F=15 (Commom)
2/5 L= 7230mm: /2:) 72’(1
W = [00mm (hickness = 3, a4/,
= (5 )(23 720 H9.25) =(12.5 )(3.ay)
2 (40000 T HI7S pst
- OQZZ 3%.:‘/1 fs = —32- (60000) £ 4O OO P{S

- 0.022(4y5./¢)

Chosse w12 ArRcA = [F0mm® Qk
Diamerez = 490 v

Mass = 0'/‘/7@/”7

MWAI @ Sy = 152mm

Agen STEL MN-S
As=  fLw C= T7725mm = )5 57f¢
Zfs
= (I-5)(25.57)(49.25)
2 ( HOOOO

AR

0 .07 3¢ S9.1
/522 mm > MINIMUM

i

(hooj[ M /7 AQéA z /%nmz 0/£ Mw!] € S
Ol‘ﬂm{ff( = [/%’)m
Mags - 0./97 /(j/m

my)

[00mm  SIAB  wity  /52x 15D~ Mu))9 x MW [

e

J
/’



Date:

Initials:

AB | Description:l (ole pPeciing | Page No. / | 4(

APHX ENGINEERIN

WJR Cow - Flas, D%vf;.

DL- 3.'9/5Pa
(e H.5 EP

JW = (0. 76mm) 2 [00 mm $ued ol T 195 EPa
Spqn—' [-S2F m

CANAM Tables - 38 mm C’o.w/)@odl Dec®
Shab  ‘thi Kness = 100 mm

spein = 650 mm

0’@(( 'jhic(fné’-m : 0;70::';”.—;

Wr= 90 KPPy

we - 125 (155 +3.9) + 1.S0(48)

. [2.9 EPy £ wr ' QK
Def = S Q¢ = S (yg)lissyy” T 0.3 e
394 Ir Toomp 284090 3000) (Z.360,10")
< 1538 =457,
560

oK
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APEX ENGINEBRIN
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APEX ENGINEERIN

OWST  Selection 2 Roof
ngicai qu

Tﬂbu'f'arj Areg = {_"f“lém\( 7.705m
= L7 m”®

Ce: 0.9 (.ba)a/r 0.69 2 Q.70

|2

Rl
. 5:n9h: pl? rcof.nﬁ membrange

- .S mm re:nForcm9 ne mbrang
3S mm rig'.d insulot.or
~ vapor retarder

- mefql deck
~ steel oot Framif\j
DL = .35 Py L 200 Kb (L™ 1O EPu

Le= 17wy LQ - 197 KN

DL 1127w« 135 < 15,9 kn 2 160 EN (provde werht
9€rd<! )

SC = 1L97m® ¢ 2.09 = 34.04 Epn

WL (roof) = +ve €xternal presyure 2 mter.or Juct.on

Tnternal  Pressure (suction)
=) pi 7 Tw g Ce CyCy
T (1.0)€0.8) €0.70) (- 0.45)
~0.959  KPg

Externgl Cressure (POJJ ve )
D pie (10)00.30)(070)(0. 35
0196 KPP

We = 19wy (0196 -(-0.02)) © 5.05 EN ()
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Initials: | A/ | Description:]  OwS_J

] Page No.

DL 1.25x 1,446 © 1.950  Kn/m
SC = 2.00x LUYYe = H.%7 EN/m
WL = O.448 x 1446 = O.648 EN/m

L= 1L.O x [LHHE -~ LL4HE KM /o

Load  Combing tians

u) 4 (1.952)

= 973 EN/m
@ LS (1958) « 1L.S(1y46) + 0.5(4.%7)
679 KN/
@ 195 €1.959) + 1.S(4.37) + 0.5( 1. 446) € Governs
979 EW/m
@  1.95(1.952) + 1.4 (0.648) + 0.5 (4.37)

5.9 EN/m

), = Not Go\/emzn9

70'13’(' S¢ IC'CL’,W'

Case 3 ¢ wi: .79 EN/m
=) Choose 0.5 kp/m  (CANAM)
:> SSO mMm J'bf-ff Df’P/"’

(14. S kg hm)

:)&XCﬁL WQ,;9H‘1L. /L'/.:)( le
1000

S QI4 KR

Factared  Load® 1.9S(16) + 1.S(2404) + ( 050x/1.27)

727 £V /3 56.9 Kw

APEX ENGINEERIN
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APEX ENGINBEERIN

OWSJ _ Selection = Fiest. Floor
Typical __Bay,
DL~ 3.9 €Py

qu'fi'iicm « 1.O kb
L - Ll8 KFa

PL= 379 KPax [(446m = H. 63 EN/m
L= 48 tpPa x LLHY6m = 6.94 gn/m
Pactition = 1.0 EPs x | H46m = [.YN6E EN/m

/b'b’ume =) Joiy+ \/\Ie;r9a""|7L T Q9.7) K\P/m

=) 027 % 98 T 0.993 KEPy
100X

DL: (2.2 -+ 1.0+ 0993) [, 446m > 6.396 ENjm

Care 9 = 19S(6.40) + .50 ( 6.94)
8.4 EN/m

=) CANAm = Choose  Tast 195 FNjm (907 Ko/

DL+ (197w 3.94 1.0 +0.993)
HG 85 KW
L. = H.D’)mu(L{-g)f S4. 10 K0
Wi © 1.9S(Y49.95) + 1,50 (54.0)

[43.5 kN /9 7 7.8 £nwn
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APEBX ENGINEERIN

Jaist Orn@n‘fq‘hon <) Spec}cﬂ &ap;;

e . I .
(y'! l ) ’ | {4 ] &
|| | | |
1 1 = - ———,
i /( - { @ | :[
[ 2 / - —— |
B 7 :
70/
| 1 12 _:_ <
i LB
e
: Fle B -
L2y \,’/\,Of‘)&\/‘l\f’ Jodas  N-§

vorite  Rooihagvo 7 Trdedam, CGrva c |YT76m x 779

./’3
.51 »m

DL = 2.9, ), 476 = H4I79 gwn/m
Poihnin = 1.0 ~ 1476 °  [.4T4 EN/m
CC= 4.2 [N - 700% ENw

(1095» 4,73 )+ (125 L428) + (1.0 < 7.08)
1%.%7  EN/n
9 ooy QS €N/e, el 5037 Kg/n.

0

DL ¢ //.5/¥(3,9+/.O+O,393):r,q ‘
Lo .Sy (4.8 ) - §5.99 kW

Fodeud ¢ oud [ (S0.01) « (1.50)(SS.95)
6.2 EN /00 732 €N
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e

[bay 8512 Pl (ot n-s)

4596 m oft»ui«ﬁ L€h9’th‘6: 5,00 m

Thmmo Qoven = | U6 x 4.7

607 m?

TJoist  Selection

DL = 3.9« L4446 Y 63 ENlnm
Paddair, = 1.0 x LHYE < 1, 4HE 4 funn

LL - B85 14487 6.9Y /e,

(1905 4.62) + (1,952 1.b46) +(1.S0 « 6.94)
: /S,O/ EN /o

=) o 19.5 KN /e sl

DL~ 607T7x (2.0% L0 + 0903) = %55 EN
LU= 607 (4.8) 2914 EN

Fadowl Jood - 1.95(26.95) + 1.50(29.14)
~ 77,07 BN/ T 386 EN

APEX ENGINEERIN

49@«0&
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APEX ENGINEERIN

HZ—@%@ Jﬂ " Flooe |
23m/0 LIS opeey (1 Goish)

Tl va - 11S% 3.0 34S,,°

8@%7(’_%‘?_{@0;*;
DL : 39% LIS~ 2368 FU/n
CodAngrs = 1O x 1S = 115 EN/m

LL= Y3y 1]5: SS9 £N/m

1,05 % 368 + 1L25SA LIS « 1,50~ 57
[H. 20 EN/pny o Cowar 150 ¢4
it
@ 509
DL 345 (294104 0 168) = 1S07 £w 10.9 kgl
ces o3uss (438): 1656 kn J

Foddovd Lo S (507) + 1s0l16.5¢)
COHDT EN /Y 2 L8 En
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APEX ENGINBERIN

Ewﬂ - Foo 1

9-'51'1’)/’() = /l /5 42! -'J[-*'-"tﬂ“'—\
v

Tl Gwe = 1,1Smy 1.9 - 9195 m®

DL S0 ]S 368 EN /e
Perdidoon = 1,0 x 1,15 = 11S EM/m
LL = U3 iS © S50 KU

(95% 3,68 + 1,95« 1,15 4+ .50x5.5
JH.30 EN S sy oo 15 ENjm

W@SSO

DL = 2135 (3.9410+0.163): 9.54 gwu
Le -~ 9485 (4.8) - (0.49 Ky

Fodwed Soed - 195 (4.54) + 1.50 (1049)
977 €N /D 1%.92 EN

[Zewe C |
2.9m /3 = | 10m Oporoimy
Trnde Gy = [1Omy 77795 5.57
Yeae IS LN/ Qoih @ SSO
=1 ﬂg/mr
DL= 4.07(3.9+ 10+0168)- 3742 gy
(L= 857(H8) - HI|Y EN

Foioed Jooel = 1.95(37.43) + 1.30( 9, 4)
102 SEN /0 542 En
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APBEX ENGINBERIN

| Zew D
Tl Qs = 2. %< LY T 4 yg an?

JosT Yelerf'aa
DL=39« 14T Y Uug £N /m
Pachition = 1.0« 1,4 " 1LY EN/m
(L5 YSx 1Y = 6.7 ENim

[9Sx HHE ~ 195 (1.H) + 15O (6.79)
(743 ENfon =) 18 €N Lot
@ SO0
- 199 Fy/m
DL HHE(29+1.0+0.091) 2 [9.67 £
LL = 4H8 (49.8)- 91.S N

Fedtoad  Frerd = 1,95 ¢ 19.67) + 1.S0 (91.5)
S684FN /9 T 0IY Fu
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APEX BENGINEERIN

[t 82r2] (roo) oo w)

/HH(’) el Q'Put.a-z;\? Lfng"'h: L‘/,gn’) v Sm
Tﬂ:\fv Qo = 6.077 n}""

A f-'“"z.i-&{imw

DL = 1,25« 1,446 = 1.9 EN/m

SL = 2.00x 1,446 T Y. %6 EN/Sew
LL = 1. ~ LHNG 7 | .HYU6 EN /e

=

(1,95 /,%) + (150, 4.36) + (0.5 1.446
= 970 EN/m =) CCoear 105 F N m et

@ SO wa,,
= 11.S ﬁj/m
DL E07x 125 .19 N
SL 607 ~ 2,05 - (3.2 EN
LL = 6£07x (1.0): 607 kn

Foddosd SJoved
nos (8.09)+ 150(13.3) + 0.5 (607)
50.77 EN /' 0. EN

(4 96«\5@
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Boy [6] - Roof r’[ T /

Trd oy - /. H3myx 7 795 | ! -\h
~ LIS m? } | T‘-\\
EAN

—
DL 135 %« .43 = .93 EN/m 0.71S
SC= 20% x 1.43 = 4. 39 EN/m

Le 1O x 1H3 ° 4D Fhfm

(1.95x 1.93)+ (1504 4.32) + (05« 1.43)
Q.60 EN/mr <) 10.S ENm fost @ S5O

:) 'LIS [
:)3 t
DL 111sx .35 = |SOS W
SL 1Sk 3.09 ° 334679 £N
Le = 1Sy 1O = 1S EN

1.oS(I50S) + |.5s0(33.67) ~ 0.5(/ IS )
730 FN /2 = 36.0 KN

(3 Youts)
Gooume Q6] KN Youd of Pechusd EppupreX
prodis  poad douds om Wz&%@

@&”M &anF@ﬁBuvb 7\Q
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[w 19 9 Top Floo

groove %‘(}Q‘ﬁ)b‘é 6t 1 m x 1) m }
Trd G- |.38 »/795

@7.(‘5/3’) E l«z‘g n ())90’3'3 @CM‘;@ / : 10-76 f"??
9 .

JZ, [/, 35 x 1138 . /,86 PI:A//M
Ls 200~ 1,28 = 417 €nN/m
L= (O % 1L,38 = .39 ¢n/m:

[9S % 1.86) 4 (1SCAY07 )+ (0S» .38
@5 SSO )

DL = 1076 « 135 [HS ew (3 )oiaJr\:)

SC = (0.76 » 309 © 395 ep
LL = 1076 <« 1O 10.76 EN

Fodt  Cood

LOSCINS )~ (1905 308 ) 7 (05,107 )
79.9 Fv/e = 301 Ew

S el
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APEX BNGINEERIN

5&3 14 7 oy
}-.2).‘76 *-'-7.{'-—*(,7 —A
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Concrete  Core - Roof Design - Joists

D 2 gewk D LI5S0 ¢ 1S3 ma)
s 2943,

DL= .35 Kpy
SCT 3,09 FPuo
W= 0448 EPpy
LL= 1O KPa

DL .25 % 1,38 = 2.08 KwN/m
~LL=  1.Ox (.S38° [.538 EN Jon
WL O HY8 x 1.529 - 0689 EN/fim
SL7 50ax LS38: 4 by n)m

s A S
(1.95% 2.08)~+ (1.0x 1.38) « (150« 4.64)
=L IO EN/mm

v oo [9.0 £N/m W @ SSO mm db[.wz\
(/5.6 ﬁg/m W

TM»QL (oo, © Q.23 on”®

PL = JO. 92 m" x ([.3S)7 138 Kn
LL= 1095 mY o (1.0) = 10.93 EpN
SC 5 /003~ 5 (2.00) 7 30.89 Epn

Fadow  So
195 (13.8) * (.50 (30.89)+ 0.50(10.9%)
64T BENSTI 34N £y

APEX ENGINEERIN
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C/O_ncrde Core — Floor Dﬁy@n = Jaists

D 1T L ——
[ ] f
7150 [ 6620
] , L/
_/ . W meny Hicl
e 6150 mm - o
= BJOET{" 61SQmm = )5327 5 mm Ypacin
— ‘ 9
L‘/ - / < 2
. *’JSM Sﬁk.n‘9
DL+ 2.9 kP

LT Y 8 ERPy

DL = 3.9 FPuy 1.528m ° 492 £ Njm
L .8 ERy [.S37 n, 7. 35 KN [en

[.957(4.99) + 1.50( 7.38)

- [7].372 KN /i
2 Cosesy  SSO mm gco,;;f Degsth > 195 EN/m
(@9@.7 /:\9/m Dot

Trib Arey- [0.95m" W Wﬂ%”/{' : 33.7@ v 2.5 0.223 gy

(4]

Yk Joad g Qoct

DL* 1092 m” x ( 3.9+ 0 093): 3502 KN
LL o 10.9%m® 5 (UF) @ 4970 g p
Feedowd Load 1,25 ( 35.09) + 1.SO fu4 (0)
Y En ST S8 g

APEX ENGINBEXIN
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Concrete  Coce = Foof  Desiga
Dec /:109

* ) Seme  as the rest of the roo £

span = 1SOO mpm
Single span 2§ mm  depth
7Lhic Eress Q.76 mnn

F= 690 £ > 679 Ep
D= 389 o > 279 Kby

APEX BNGINEERIN



Elev. Steel Section Length Max ShearMax Bending MomeniMax Deflectio

A 1-2 Floor W410x67 7.795 34.6 17.7 5.09
Roof W360x51 7.795 0 0 1.18
A 2.3 Floor W410x67 7.795 34.6 17.7 4.81
Roof W360x51 7.795 35.1 68.4 3.6
A 3-4 Floor W410x67 7.795 34.6 17.7 4.73
Roof W360x51 7.795 35.1 68.4 3.5
A 4-5 Floor W410x67 7.795 34.6 17.7 5.07
Roof W360x51 7.795 35.1 68.4 3.75
B 1.2 Floor W410x39 7.795 35.5 69.1 16.1
Roof W360x33 7.795 70.2 136.7 13.6
B 2.3 Floor W410x39 7.795 37.3 73.6 14.5
Roof W360x33 7.795 70.2 136.7 13.4
B 3-4 Floor W410x39 7.795 35.5 69.1 16
Roof W360x33 7.795 70.2 136.7 13.4
B 4-5 Floor W410x39 7.795 35.5 69.1 16
Roof W360x33 7.795 70.2 136.7 13.6
C1-2 Floor W410x39 7.795 35.5 73.6 16
Roof W360x33 7.795 70.2 136.7 13.5
C2-3 Floor W410x39 7.795 48.7 95 10.7
Roof W360x33 7.795 96.8 152 9
C3-4 Floor W410x39 7.795 48.7 95 16.1
Roof W360x33 7.795 96.8 152 11.6
C 45 Floor W410x39 7.795 35.5 69 16.1
Roof W360x33 7.795 61.8 113 11.6
D 1-2 Floor W410x39 7.795 35.5 69.1 16.1
Roof W360x33 7.795 70.2 136.7 13.5
D 2-3 Floor W410x39 7.795 48.6 95 10.6
Roof W360x33 7.795 91.5 128.1 9.3
D 3-4 Floor W410x39 7.795 48.6 95 10.6
Roof W360x33 7.795 91.5 128.1 11.5
D 4-5 Floor W410x39 7.795 35.5 69.1 16.1
Roof W360x33 7.795 65.9 121 11.5
E {2 Floor W410x39 7.795 35.5 69.1 16.1
Roof W360x33 7.795 68 136.7 13.6
E 2.3 Floor W410x39 7.795 35.5 69.1 15.9
Roof W360x33 7.795 68 136.7 13.4
E 3-4 Floor W410x39 7.795 37.3 69.1 16
Roof W360x33 7.795 68 136.7 13.5
E 4.5 Floor W410x39 7.795 35.5 69.1 16.2
Roof W360x33 7.795 68 136.7 13.6
F -2 Floor W410x67 7.795 17.7 34.6 5.04
Roof W360x51 7.795 35.1 68.4 3.75
F 2.3 Floor W410x67 7.795 17.7 34.6 4.7
Roof W360x51 7.795 35.1 68.4 3.7
F3-4 Floor W410x67 7.795 17.7 34.6 4.7
Roof W360x51 7.795 35.1 68.4 3.8
F 4-5 Floor W410x67 7.795 17.7 34.6 5
Roof W360x51 7.795 35.1 68.4 3.7




Floor

W530x72

7.23

113

1 AB 237 5
Roof W410x54 7.23 73.7 159.9 5
1B-C Floor W530x72 7.23 143.5 311.2 8.4
Roof W410x54 7.23 73.7 159.9 8.4
1C-D Floor W530x72 7.23 143.5 311.2 8.4
Roof W410x54 7.23 73.7 159.9 8.4
1D-E Floor W530x72 7.23 143.5 311.2 8.4
Roof W410x54 7.23 73.7 159.9 8.4
1 E-F Floor W530x72 7.23 143.5 311.2 8.6
Roof W410x54 7.23 73.7 159.9 8.6
5 A-B Floor W610x91 7.23 256.6 548 7.7
Roof W460x61 7.23 140.4 290 13.6
5 B-C Floor W610x91 7.23 286.9 622.3 10.3
Roof W460x61 7.23 147.2 319.7 17.2
5C-D Floor W610x91 7.23 219.5 476 8.4
Roof W460x61 7.23 112 243.4 16.4
5 D-E Floor W610x91 7.23 286.9 622.3 10.3
Roof W460x61 7.23 270 243 8
5 E-F Floor W610x91 7.23 286.9 622.3 10.4
Roof W460x61 7.23 147.4 319.7 20.1
3 A-B Floor W610x91 7.23 286.9 622.8 10.3
Roof W460x61 7.23 143.5 306.7 13.4
3B-C Floor W610x91 7.23 328.6 502 7.6
Roof W460x61 7.23 270 270 16.7
36D Floor W610x91 7.23 328.6 502 7.6
Roof W460x61 7.23 270 270 16.7
3D-E Floor W610x91 7.23 328.6 502 7.6
Roof W460x61 7.23 270 270 8
3E-F Floor W610x91 7.23 286.9 622.3 10.3
Roof W460x61 7.23 147.4 319.7 20.1
4 A-B Floor W610x91 7.23 286.9 622.3 10.4
Roof W460x61 7.23 147.4 319.7
4B-C Floor W610x91 7.23 286.9 622.3 10.3
Roof W460x61 7.23 70.9 148.2 20.2
4 C-D Floor W610x91 7.23 180.1 423.8 7
Roof W460x61 7.23 112.2 243.4 17.1
4 D-E Floor W610x91 7.23 286.9 622.3 10.3
Roof W460x61 7.23 136.9 279.6 16.4
4E-F Floor W610x91 7.23 286.9 622.3 10.4
Roof W460x61 7.23 147.4 319.7 18.5
5 A-B Fioor W530x72 7.23 143.5 311.1 8.6
Roof W410x54 7.23 73.7 159.9 20.2
5B-C Floor W530x72 7.23 143.5 311.2 8.4
Roof W410x54 7.23 73.7 159.9 8.4
5C-D Floor W530x72 7.23 99.1 221.9 13
Roof W410x54 7.23 73.7 159.9 5.6
5D-E Floor W530x72 7.23 143.5 311.2 8.4
Roof W410x54 7.23 73.7 159.9 8.4
5 E-F Floor W530x72 7.23 143.5 311.2 8.6
Roof W410x54 7.23 73.7 159.9 8.6
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APEX ENGINEERIN

Def Jec ti00,  Check
F£aal bay &2 /3
SLs

EO.QSL = 00(0300)° 2.715 Kb > 2.718 KPu
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**MODIFY CELLS HIGHLIGHTED IN RED ONLY**

BP1 Column Base Plates
Column Dimensions
b= .80b= 132
d= .95d= 191
[PLATE AREA
Area Req= 24434 mm’
TRY
B = mm *OK*
C = mm *OK*
Area= 48000 mm’ *OK*
PLATE THICKNESS
m= 25 mm
n= 34 mm
Greatest of:
t,= 51 mm
to= 69 mm *GOVERNS*
Check t,>n/5: 6.8 *OK*
Check t,>m/S: 5 *OK*
Chosen t,= 9 mm

Factored Load (C;) = KN
fle= Mpa
@Oc= 0.65
Br=  0.01105
= 300 Mpa
Os= 0.9
- B
)
m - b i
l i
0.95d d
1 1
m
1
- n - 0.8b -~ n
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Column Base Plates

**MODIFY CELLS HIGHLIGHTED IN RED ONLY**

Column Dimensions

.80b= 132
.95d= 191
PLATE AREA
Area Req= 49774 mm?
TRY
8 mm
C= mm
Area= 62500 mm® *OK*

Factored Load (C;) = KN
fle= Mpa

PLATE THICKNESS

m=
n=

Greatest of:
t= 7.7
t,= 15.1
Check t,>n/5: 11.8
Check t,>m/S: 6

Chosen t,= _

30 mm
59 mm

mm
mm *GOVERNS*

tOK#
#OK#

mm

Oc= 0.65
Br=  0.01105
fy= 300 Mpa
Os= 0.9
ol B
1
m i b =
H '
0 95d d
] '
m
'
- n - 08b -~ n
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Column Base Plates

**MODIFY CELLS HIGHLIGHTED IN RED ONLY**

Column Dimensions

Factored Load (C;) = KN
fle= Mpa

.80b= 163
.95d= 196
PLATE AREA
Area Req= 97738 mm®
IRY
B mm
[ mm
Area= 102400 mm’ *OK*

IPLATE THICKNESS

Greatest of:

Check t,>n/5:
Check t,>m/5:

173
22.1

15.8
124

Chosen t,= -

62 mm
79 mm

mm
mm *GOVERNS*

*OK‘
*OK*

mm

DOc= 0.65
Br=  0.01105
fy= 300 Mpa
Qs= 0.9
ol B
[}
m e b -
! ]
0.95d d
| 1
m
1
- n - 08b - n
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Appendix C — Cost Breakdown



Concrete Mix 20 Mpa m3 29.04 $241.64 $7,017.23
Pier Foundations Placement and Strikeoff Pumped m3 29.04 $27.28 $792.21
Concrete Formwork Plywood m? 58.08 $66.06 $3,836.76
Concrete Mix 25 Mpa m3 53.00 $253.72 $13,447.16
Fs::: :::::lg;vz“: Placement and Strikeoff Chute m? 53.00 $27.28 $1,445.84
Concrete Formwork Plywood m? 48.40 $139.21 $6,737.76
Concrete Mix 25 Mpa m3 15.50 $253.72 $3,932.66
Concrete Core Footing | Placement and Strikeoff Chute m3 15.50 $27.28 $422.84
Concrete Formwork Plywood m? 22.00 $139.21 $3,062.62
Concrete Mix 25 Mpa m? 3.42 $253.72 $867.72
Concrete Piers Placement Chute m? 3.42 $59.65 $204.00
Formwork Plywood m? 6.84 $92.51 $632.77
Footings, Foundations 10-25M, Grade 400 tonne 1.30 $2,988.65 $3,891.22
Concrete Core 10-25M, Grade 400 tonne 3.71 $2,686.25 $9,974.05
Concrete Core
Concrete Reinforcement Foundation 10-25M, Grade 400 tonne 0.37 $2,988.65 $1,114.77
Piers 10-25M, Grade 400 tonne 0.73 $3,385.55 $2,478.22
SOG & SOD Wire Mesh m? 2254.32 $6.63 $14,946.14
Crane Handling tonne 6.12 $33.29 $203.73
Concrete Mix 25 Mpa m3 63.41 $253.72 $16,088.64
Concrete Core Placement Pumped m? 63.41 $55.22 $3,501.56
Formwork Modular Plywood m? 507.29 $60.81 $30,848.18
Concrete Mix 25 Mpa (Pumped) m? 112.72 $253.72 $28,599.32
Placement Pumped m? 112.72 $42.65 $4,807.51
Formwork Plywood Im 134.66 $14.98 $2,017.21
Conerete Slab on Grade | Control Joints/Saw 3mm x 40mm m 514.00 $2.69 $1,382.66
Cutting
Finishing Bull Float, Power Screed, m? 1127.16 $6.44 $7,258.89
Machine Trowel
Concrete Mix 25 Mpa (Pumped) m3 84.54 $253.72 $21,449.49
Placement Pumped m? 101.44 $39.79 $4,036.30
Concrete Slab on Deck
Finishing Bull Float, Power Screed, m? 1127.16 $6.44 $7,258.89
Machine Trowel
W200x36 Im 139.40 $184.79 $25,759.73
Columns
W200x52 Im 139.40 $261.97 $36,518.62
W410x54 Im 72.30 $273.76 $19,792.85
W460X61 Im 101.92 $306.14 $31,201.79
W360x51 Im 62.36 $259.41 $16,176.81
W200x22 Im 3.60 $170.92 $615.31
W200x52 Im 5.81 $261.97 $1,522.05
W200x36 Im 12.40 $201.71 $2,501.20
Beams W530x72 Im 72.30 $361.30 $26,121.99
W610x91 Im 101.92 $499.86 $50,945.73
W410x67 Im 62.36 $334.18 $20,839.46
W410x39 Im 146.98 $199.63 $29,340.62
W310x31 Im 7.03 $165.87 $1,166.07
W360x33 Im 202.67 $169.54 $34,360.67
HSS100x100x6.4 Im 7.00 $113.02 $791.14
Steel 200x240x9 m? 0.19 $318.13 $61.08
250x250x19 m? 0.88 $633.56 $554.37
Baseplates 320x320x25 m? 1.02 $849.24 $869.62
300x300x13 m? 0.18 $422.64 $76.08
Embedded Plates m?2 0.38 $550.00 $209.00
Anchor Bolts 19x300 ea. 112.00 $14.54 $1,628.48
Angle 75x50x9 Im 187.86 $125.54 $23,583.94
Decking 38mm deep, 22 ga. m? 2270.82 $36.08 $81,931.19
14.5kg/m tonne 488.00 $47.45 $23,155.60
11.5kg/m tonne 40.00 $42.14 $1,685.60
13.3kg/m tonne 24.00 $45.38 $1,089.12
ows) 22.7kg/m tonne 672.00 $66.82 $44,903.04
15.0kg/m tonne 40.00 $51.12 $2,044.80
10.8kg/m tonne 10.00 $41.60 $416.00
17.1kg/m tonne 8.00 $54.54 $436.32
15.6kg/m tonne 32.00 $50.69 $1,622.08

TOTAL

$684,176.70
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APEX Engineering
Memorial University
St. John’s, NL

A1B 3X5

February 4, 2013

Karl Green and Dave Leonard
CHIMO Construction Limited
1 Crosbie Road

St. John’s, NL

A1B 3Y8

Subject: New Office Building 40 Mews Place Redesign Project Plan

Dear Mr. Green and Mr. Leonard,

Please accept the following proposal from APEX Engineering for the redesign of the New Office
Building located at 40 Mews Place. This project plan is a requirement of ENGI 8700, as well as a tool
to be utilized throughout the project by CHIMO Construction Limited and APEX Engineering.

The enclosed project plan provides a description of the project, methodology to be used throughout
project execution, tasks associated with design, project schedule, and any other key items vital to
delivering the project.

If you have any inquiries regarding this work plan, please do not hesitate to contact us.

Sincerely,

Apex Engineering

Alexander Byrne Jamie Downey

Christopher Ryan Thomas Wadden

cc: Dr. S. Bruneau; Dr. A. Hussein; Mr. J. Skinner

APEX ENGINEERING
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1.0 Project Description

The New Office Building construction project was a design-build project completed by CHIMO
Construction Limited (CHIMO) in October 2011. Located at 40 Mews Place in St. John’s, the
building was constructed to house the Government of Newfoundland and Labrador Service
Canada Department.

Figure 1.1 — Completed New Office Building Project

This two-story building, shown in Figure 1.1, consists of a steel frame structure with a
combination of metal siding, masonry and composite panel exterior. The structural design
included moment frames and full-moment connections for all steel members to resist lateral
loading. However, after CHIMO completed construction of this project, questions arose on
whether this design was cost-effective.

As a result, CHIMO acquired APEX Engineering (APEX) to complete an alternative design,
cost estimate and schedule of the New Office Building project. The new design will consist of
replacing the rigid frames and full moment connections with an alternative.
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2.0 Project Requirements

CHIMO has contracted APEX as the consultant for the re-design of the New Office Building
project based on the following deliverables:

2.1 Building Design

APEX will complete a re-design of the commercial building. Initially, a new design
concept will be required in which the majority of moment connections are eliminated.
With this concept, all structural components such as structural steel, foundations,
footings, floor system, masonry and miscellaneous concrete will have to be designed.
Both hand calculations and structural analysis software, following applicable standards,
will aid in determining these items.

2.2 Design Drawings

When building design has been completed, APEX will produce design drawings using
AutoCAD. These drawings, which require CHIMO approval, will represent all structural
components. This will include the building plan, profile and section views.

2.3 Cost Breakdown and Construction Schedule

APEX will work with CHIMO to produce a Class “A” construction estimate with an
accuracy of £5%. Both Microsoft Excel spreadsheets and RS Means estimating
software will be used extensively to determine an accurate estimate. Also, APEX will
use Microsoft Project to break down tasks and develop a detailed construction
schedule.

24 Final Report & Presentation

Upon completion of design requirements, cost estimation and scheduling a final report
and presentation will be compiled describing conclusions and design recommendations
by APEX.
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3.0 Methodology

3.1 Project Approach

On January 15", 2013, APEX was partnered with CHIMO to develop the design,
drafting, cost estimation and schedule of the New Office Building re-design project. A
project of this complexity requires extensive planning and preparation prior to
completing any design work. This will ensure that all tasks required for project
deliverables have been accounted for and assigned.

In the early stages of the project it is important to have a clear understanding of the
goals set out by CHIMO. Within the first few weeks of the project, weekly meetings and
email correspondence aided APEX to ensure all requirements were clear. From these
requirements, APEX has created a preliminary schedule and assigned tasks to each
team member in order to maximize optimal efficiency.

As this project is primary based on cost-effectiveness, APEX plan to budget time on
different design options. It is important that the most cost-effective method be chosen
prior to in-depth design and drafting. In order to achieve this, APEX will discuss all
options with ENGI 8700 course instructor, Dr. Amgad Hussein, and CHIMO.

Once the design method has been chosen, the remaining tasks become very
systematic. While time consuming, the design of the building should remain similar
regardless of what design is chosen. Therefore, changes to APEX’s schedule should be
minimal and tasks assigned to team members will remain the same.

Throughout the drafting process, members of APEX will keep track of all material, which
in turn will be used for the cost estimate. CHIMO will review the structural drawings and
will assist APEX with the cost estimate and schedule.

The completion of the final report and presentation will be ongoing throughout the four-
month term. All team members will contribute to both documents to evenly distribute the
workload. If a problem in the schedule arises, APEX and CHIMO will meet and discuss
possible solutions to remain focused on the project goal.
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3.2 Organization and Team Roles

APEX has a core of hard working individuals that work well as an organization. Working
together for several years, each member of APEX has acquired a specific role in project
delivery. While major decisions, components, design stages and report writing will be
conducted jointly by APEX, lead roles have been assigned and are shown below in
Figure 3.1. Further detail on this topic is available from APEX’s summary of
qualifications (SOQ), attached in Appendix ‘A’.

ngineering

Figure 3.1 - Apex Engineering Organization Chart

3.3 Communication

Weekly internal meetings will be conducted within APEX to ensure all members have
completed assigned tasks, track project progress and solve any problems occurred.
Meeting notes for each team meeting will be recorded in each individual’s logbooks.

Weekly external meetings between APEX and CHIMO will take place on Wednesday’s
from 1-2pm. These meetings will occur at 1 Crosbie Road, St. John’s, NL, with Karl
Green and/or Dave Leonard, depending on client availability. APEX will provide CHIMO
a Meeting Agenda prior to each meeting and Meeting Minutes on the following Friday.
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As an ENGI 8700 requirement, APEX will present weekly progress reports to colleagues
and course instructors every Monday. These reports will summarize all APEX activity
during the prior week.

For other immediate matters or concerns, the primary means of communication will be
via clients email and a meeting can be put in place if any actions are required. Assigned
course instructors will be carbon copied on all client correspondence.

CHIMO's role for the New Office Building Redesign project will be to provide guidance
throughout each stage of the project design and be available if any information is
required. Also, CHIMO will ensure that APEX’s final design package is professional and
well presented.

3.4 Design Principals

APEX strives to provide quality structural design and ensure that all components of the
structure meet acceptable standards and guidelines. The New Office Building Re-
Design project will incorporate limit state design principals, structural analysis, computer
modeling and hand calculations using the following standards:

* National Building Code of Canada (NBCC), 2010

e (Canadian Standards Association (CSA)-S16-01: Limit States Design of Steel
Structures

* CSA A23.3-04: Design of Concrete Structures

* CSA A371-04: Masonry Construction for Buildings

3.5 Cost Breakdown

The redesign of the New Office Building is primary based on cost-effectiveness. As a
result, APEX Engineering will perform a Class ‘A’ cost estimate (within 5% error). This
level of accuracy will allow CHIMO to directly compare costs of the two design
techniques.
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3.6 Outcome

The principal goal for this project is to identify whether there is a cost-effective
alternative design for the New Office Building project. APEX aims to design and analyze
the most efficient alternative and compare directly with the original design. Also, APEX
will ensure that all requirements and deliverables for CHMO are delivered on a timely
and professional manner, in conjunction with the ENGI 8700 requirements.
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4.0 Tasks

In an effort to approach the project in an effective manner, the project has been divided into
tasks with individual team members assigned to each task based on their skill-set. Each task
has been given a specific time allocation to ensure that responsible personnel complete tasks
in a timely manner such that the project remains on schedule. Resources required to complete
each task have also been outlined in the following Figure 4.1 Task Breakdown:

Task Sub-Task Personnel | Time Allocation Required Resources
T™W - National Building Code of Canada
(NBCC) - 2005
Solution Analysis
and Selection N/A CR 2 days - Internet
JD . L
AB Client Communication
TW -NBCC - 2005
Load Selection AB 3 Days - Structural Building Systems notes
- Client Support
TW - CSA S16-09 - Design of Steel
) AB Structures
Steel Design Level 2 CR 5 days
-NBCC - 2005
JD
T™W - CSA S16-09 - Design of Steel
. truct
Structural Design Steel DeS|gn Level 1 éi 5 Days Structures
D -NBCC - 2005
. . - CSA A23.3 -04 - Design of Concrete
Footm%/g;uzdatlon T™W 4 Days Structures
9 AB - NBCC - 2005
- CSA A23.3 -04 - Design of Concrete
Structures
(i:rkﬂcat:gar:rcfggsti w 4 Days - CSA A371-04 — Masonry
y 9 Construction for Buildings
AB - NBCC - 2005
Drafting and JD
Drawing N/A 8 Days - AutoCAD
. CR
Production
CR - RSMeans
Constructi Cost Breakdown TW 4 Days - Client Support
onstruction AB - Microsoft Excel
Estimate and
Schedule CR . .
Schedule TW 3 Days - Microsoft Project
AB
Weekly Progress JD Ongoing - Miscrosft Word
Reports
Documentation SchedTule/:i/_Illestone CR Ongoing - Microsoft Project
and Reporting racking
Final Report ALL 1.5 Weeks - Microsoft Word
Final Presentation ALL 4 Days - Microsoft Power Point

Figure 4.1 — Task Breakdown

APEX ENGINEERING
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4.1 Solution Analysis and Selection

When CHIMO presented APEX with the project, the method and solution to achieve
CHIMO’s requirements was open for discussion. CHIMO’s main requirement was to
remove the costly moment frame rigid connections and replace with shear walls. This
would be possible through the implementation of concrete or masonry shafts, either in
the stairwells or central core of the building. Another option to remove the full moment
connections would be to install cross bracing throughout the building. Given the layout
of the building and lack of interior partitions, this would likely be an unappealing option
from an architectural perspective. APEX is currently exploring different methods of
introducing shear.

4.2  Structural Design

After determining the specific approach to redesigning the building to remove moment
connections, the main priority becomes the structural design. The design of the
structure has been subdivided into smaller tasks, which must be successively
completed to obtain requirements for each subsequent component of the design. These
tasks are as follows: load selection and calculation, structural steel design which has
been separated into level 2 and level 1, concrete footing and foundation design, and
finally structurally concrete or masonry design. The following describes the importance
of the design sequence and the expected outcomes for each task.

4.2.1 Loads

Prior to beginning structural design loads must be calculated to complete the
design of all structural components. The scope of this project requires the
calculation of wind loads for the area as the client has already provided snow
loads. With the load calculations complete, APEX will be able to select
appropriate joist sizes to obtain all loads required to begin the design of the steel
roof structure.

4.2.2 Structural Steel Design

Once acquiring all loads, the design team will be able to begin the design of steel
members. This task has been subdivided into level two and level one. First the
team will begin the design of steel roof beams and girders. Once these members
have been designed, the team will be able to design the columns based on the
load contribution from the roof structure. The first level will follow the same
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sequence given that the dead load of the second floor has been provided. It is
anticipated that cost savings may be achieved in this component of the design,
as members will be designed to carry shear forces only, rather than both shear
and moment forces. The resources that will be required to complete this task is:
CSA S16-09 — Design of Steel Structures, NBCC, and S-Frame software.

4.2.3 Concrete Footing and Foundation Design

The completion of structural steel design will provide the design team with all
vertical loads required to complete the design of concrete footings and
foundations. This will consist of square pier footings for the piers connected to
the first level columns, a strip footing around the perimeter of the building with a
frost wall, and a footing for the concrete shaft(s), which will be introduced. This
will likely be completed in conjunction with the design of the concrete shaft itself
as the contributing load from the shaft will be a factor in the size and type of
foundation required. The resources that will be used to complete this task are:
CSA A23.3-04 — Design of Concrete Structures, NBCC, and S-Frame software.

4.2.4 Concrete or Masonry Design

This structural item depends on the moment connection replacement design,
chosen by APEX. The concrete or masonry design will consist of concrete
shaft(s) that will provide resistance to lateral forces. In this task, the calculated
wind loads will be crucial to the design of the shaft. The resources that will be
used to complete this task are: CSA A23.3-04 — Design of Concrete Structures,
CSA A371-04: Masonry Construction for Buildings, NBCC, and S-Frame
software.

4.3 Drafting

Prior to the completion of structural design, the drafting of the structural drawing set can
begin. A separate team will be assigned to the drafting while the design is completed.
The client will be provided with a complete set of structural drawings. The software to be
used in completing this task is AutoCAD®. Client support and communication will also
be an important element of this task.
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44 Cost Breakdown

A detailed cost estimate will be completed for the project as a primary client
requirement. Throughout the drafting stage, all materials used will be tracked within a
spreadsheet. These quantities will then be used to calculate a Class ‘A’ estimate.
Resources to be utilized in completing this task will be RS Means, Microsoft Excel, and
client support.

4.5 Construction Schedule

Included with the cost breakdown will be a construction schedule. This schedule will
allow the client to view the schedule impact of the structural redesign. Resources to be
utilized in completing this task are Microsoft Project and client support.

4.6 Reports and Documentation

The following requirements of the course ENGI 8700 will be completed and submitted
on the required dates:

4.6.1 Weekly Progress Reporting

All meetings with the client will require an agenda prior to the meeting and a set
of meeting minutes following the meetings. These meetings along with project
progress will be summarized in weekly progress reports, which will be presented
in a weekly business meeting.

4.6.2 Schedule Updating

The project schedule completed prior to project commencement will be updated
on a regular weekly basis and submitted with the final report submission. This will
allow the team to track progress and ensure the project remains on time and the
completion date is achievable.

4.6.3 Final Report
Once all client requirements have been satisfied, a final report will be completed

highlighting the efforts of APEX in completing the project. This report will be
submitted to the Faculty of Engineering at Memorial University on April 04, 2013.
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4.6.4 Final Presentation

Included with the submission of the final project report will be a supplementing
presentation to the ENGI 8700 class and instructors summarizing the effort of
APEX to complete the project. This presentation will take place on April 04, 2013.

5.0 Project Schedule

Delivering a project in a timely manner is equally important as the quality of product
delivered. In order to ensure that this goal is achieved, it is important to create a
schedule and milestones that serves as a project timeline for the team. Major tasks
have been subdivided into smaller more easily defined task in which a duration and
begin date can be assigned.

This project schedule will allow APEX to accurately track the progression of the project
and ensure that the project remains on schedule and the completion date remains
achievable. The schedule will be updated with progress each week with the weekly
progress report. Given that the durations and start dates for each task are estimates,
actual start and finish dates will be recorded to ensure assist in maintaining the
schedule.

The attached project has two major completion dates. The first date, March 25, 2013 is
a date agreed upon between APEX and CHIMO representatives for completion of all
project requirements and deliverables aside from the final presentation. This date allows
sufficient time for a review process with the client, and flexibility in the schedule should
any significant problems be encountered. The second major completion date is April 04,
2013 in which substantial completion of all deliverables is required as well as the project
presentation. APEX will make every effort to meet the dates specified in the following
schedule in Figure 5.1.



February 6, 2013

ID [Task Name Duration |Start an '13/03 Feb '13 10 Feb '13 17 Feb '13 24 Feb '13 03 Mar '1% 10 Mar '1% 17 Mar '13 24 Mar '11 31 Mar '13 07 A
wirlsiTlT[smwlF sITT[sImwlF s[T]T][sImwlFs[TIT]sImwlF s[TIT]s[Mm]
1 INEW OFFICE BUILDING REDESIGN 47 days Mon 04/02/13 v v
| 2| Project Plan Submission O0days Mon 04/02/13 04/02
|3 Ssolution Evaluation/Selection 2 days Mon 04/02/13
| 4| STRUCTURAL DESIGN 21 days Wed 06/02/13 v]
5| Loads 3days Wed 06/02/13
| 6| Joist Selection 1day Sat09/02/13
7] Steel Design 9days Mon 11/02/13
8| Level 2 4days Mon 11/02/13 El
|9 Level 1 4days Sat16/02/13
10| Concrete Design 8days Thu21/02/13 ——
|11 Foundation/Footings 4 days Thu21/02/13
112 Structural Concrete 4 days Wed 27/02/13 §
13| Drafting 8days Fri01/03/13
|14|  Cost Breakdown 4 days Fri 08/03/13
115|  Construction Schedule 3days Tue12/03/13
16| Final Report Preparation 8days Fri15/03/13
117 Client Submission Date 0days Mon 25/03/13 25/03
118 Final Presentation Preparation 4 days Mon 25/03/13
19| Review and Finalize Documents 8 days Mon 25/03/13
120]  Final Submission O0days Thu04/04/13 ¢|04/04
Task S External Milestone Manual Summary Rollup e
Split Inactive Task ) Manual Summary p———
Project: 8700 Project Schedule Milestone L 4 Inactive Milestone Start-only C
Date: Thu 31/01/13 Summary PSS  Inactive Summary U~ Finish-only ]
Project Summary Pl Manual Task CAd  Deadline ¥
External Tasks W Duration-only Progress —

Pagel

Figure 5.1 Project Schedule
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6.0 Project Costs

The costs for project completion are minimal and will be allocated equally between group
members. Associated costs include printing of engineering drawings, printing and binding of
report deliverables, transportation related costs for site visits, and other miscellaneous supply
costs including binders and logbooks. A break down of APEX’s project costs is shown in

Figure 6.1.
Item/Activity Estimated Cost
Engineering drawing printing $65
Deliverables printing/binding $20
Transportation $20
Supplies $45

7.0 Deliverables

Figure 6.1 — Project Costs

There are several deliverables required from APEX for the re-design of the New Office project.
These are listed below in Table 7.1.

Deliverable Description Date Due Submission Method
A brochure, presented to all clients on match Jan. 10 Submit via email (PDF) to
Statement of Qualifications night, that includes the description, mission P course instructors and hard
) 2013 i
statement and experience of APEX copy to clients
A report that describes APEX’s project, Submit via email (PDF) and
Work Plan Report requirements, methodology, tasks, schedule, Feb. 4, 2013 hard copy to course
costs, deliverables and risks instructors and client
Agendas are provided to the client prior to a
Meeting Agendas and meeting in order to describe what topics will be Submit via email (PDF) to
A covered. Minutes will be taken throughout the Weekly : .
Minutes : . course instructors and client
course of the meeting, summarized and sent
back to the client.
Presented at an ENGI 8700 weekly status .
: : i ) Submit a hard copy to
meeting, the report will provide project status, !
Weekly Reports : o Weekly course instructors after
tasks completed, upcoming activities and ;
: weekly presentation
issues
Submit electronically
A full set of structural drawings (including (AutoCAD) to client and hard
. ; . Mar. 25, .
Structural Drawings structural steel, footings, foundation, etc.) are 2013 copy to course instructors
to be created with AutoCAD and client. This will also be
presented in the Final report.
Submit hard copy to course
Structural Calculations Includes all written calculations and computer Mar. 25, instructors and client. This
structural analysis results 2013 will also be presented in the
Final Report

APEX ENGINEERING
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Submit hard copy to course

Cost Estimate A Class "A" estimate for the complete Mar. 25, instructors and client. This
construction of the project is required 2013 will also be presented in the
Final Report
Submit hard copy to course
. A schedule for the construction of the project is Mar. 25, instructors and client. This
Construction Schedule . : ,
required 2013 will also be presented in the
Final Report
Final Report Final report submission for the project to Mar. 25, Submit hard copy to the
include all work completed by APEX 2013 course instructors and client

Presented in-person to both
the instructor and client. A
Apr. 4, 2013 copy of the slides are to be
submitted hard copy to
course instructors

Summary of final report describing the project,

Final Report Presentation . -
design work and conclusions

All loose work throughout the term (agendas, Submit hard copy to course

Project Binder minutes, SOQ, etc.) compiled into a project Apr. 4, 2013 )
. instructor
binder
Log Books All notes taken thrqughout the term to be Apr. 4, 2013 Submit hard copy to course
recorded in a log book instructor
Table 7.1 — Project Deliverables
8.0 Risks

APEX is committed to providing quality work in a timely, efficient manner using proper planning
and time management techniques. However, it is important to highlight associated
vulnerabilities in the project execution that may hinder deadlines.

8.1 Limited Access

Limited access to technical information and software will affect timelines and deadlines.

As a result of costs or limited accessibility, software required by the APEX team may not
be readily available. Also, if unforeseen circumstances take place and needed technical

information becomes unavailable, project production may be hindered.

8.2 Software Familiarity

Software familiarity is one of the major issues that could slow productivity. The majority
of the software programs to be used are relatively familiar to the group members.
However, AutoCAD drafting software is generally a new program for all members and
may need additional concentration to complete this requirement timely and efficiently.

APEX ENGINEERING
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8.3 Client Availability

Client availability throughout the project may become difficult. Being able to make
contact with the client during weekends, evenings or during bad weather and awaiting
information may cause delays in production. However to help reduce the risk, weekly
updates and progress report will be used to maintain regular contact and track
associated tasks.

APEX is aware of the risks involved in the execution of this project. It is important that work be
properly allocated between all members and the team is confident that with close monitoring of
the schedule, the project will be completed within all deadlines.



April 3, 2013 APEX
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Appendix F — Architectural Drawings
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Sean
Area Measurement
1118.30 sq m 
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Sean
Area Measurement
14.32 sq m 

Sean
Area Measurement
0.41 sq m 

Sean
Area Measurement
4.77 sq m 

Sean
Area Measurement
6.34 sq m 

Sean
Area Measurement
4.39 sq m 

Sean
Area Measurement
0.63 sq m 

Sean
Area Measurement
5.58 sq m 

Sean
Area Measurement
9.94 sq m 

Sean
Area Measurement
20.60 sq m 

Sean
Area Measurement
20.68 sq m 

Sean
Area Measurement
6.80 sq m 

Sean
Area Measurement
6.80 sq m 

Sean
Area Measurement
62.54 sq m 

Sean
Area Measurement
1036.83 sq m 

Sean
Area Measurement
11.31 sq m 

Sean
Area Measurement
1 sq m 


0y CO'C—MV—8LL1

JoqunN Sumeaq

NOSWVS O £q pexoeYy)

MMa £q umeag
0L0C 1snonvy areq
00lL:L oreog

NVid ONIMI30 d3193743d
d0014d ANODJ3S

a1l Sumeaq

IN ‘S.NHOr 1S 30Vid SM3IN

(0¥ "ON 2IAID)
ONIQTING 321440 M3N

j09foag

woo-dnolbaigsologojul :|IDy—a
99¢ V1V AN ‘s, uyor 1S
20D|d 91Gs0I) |
£G¢1e xog "0'd

L16G-6¢L (60L) x04
0065-6¢/ (602) ‘1BL

OWIHIC A

st

8XS 0LV bpoub)

09" juasnopioddays@ojul 4N s.uyor 1S
69¥9—-¢GL 60L XPd ppoy AHubld /£
¢CLL—ESL 60L 1BL £¢09 xog "'0'd
O N | S 1L O3 1L I HD YV

sjuejnsuo)

Z
m
=
o
<

pioddays'o'g
/S
S

4015055
dwreig
SuoIsIAdy
978 uotnjdirosaq ‘ON
oL'LL'6L 1INY3d ¥04 a3nssi (01|
Y}ION 90UaI93J9y
MHOM SIHL

HLIM ONIJ3300dd 340438 3LS NO
SNOISN3INIQ AdIY3IA OL dOLOVHINOD ¢

‘ONIMVHA SIHL NO¥4 F1VOS 1ON 04 I

:5910N

FHNLONYLS 3AISYIANN OL d3SOdX3 (dX3

NOILVAI13 ONIT3D HSINI4 (00¢E

JANLONYLS d3ISOdX3I ANNOHV
ANV X030 VIIN 3AISY3ANN
Ol ONIJ00dd 3dld NO—AVHdS

(Q3aLvy 3MI4) Q¥V0g WNSAD

ayvod WNSdAD

JTIL QYVANVLS
3711 ONMIFO JILSNOJV

O \EREN

c0¢ |0¢

SAIVLS Ag807 L=l

7N
tz

=
A

(209

i Q v0¢
33S
| ‘(44v wwo0/Z ® | V3av | g9
| s/n) avaHxing N3dO \
ayvod 23ma>o|_ DI/ | 09/ 0¢8| 089
_ &
! 3
_ _ I e _
1 TN = SR -
i 3noav |- -l 11 3noav | .
|3 | _ 1 {1 3nis | N
UEETRES Tan - L e o))
| R @ |
! et » E. ' K = O
) ® ] ()
0 g : 5]
1 ] = e - == i
4008 OL L60d]]| ..
| ¥30av1 SS300V— 1S b _
I /NvRy | oTeoe] e lsee) e
=1 NEM L M
L L IIVINES

L0¢

V3dv

N3d0

[0i¢]

SUIVLS

[40}%

L/

NVid ONIMI30 431031434 13A3T1T ANOOJ3S

NOILOdS JLNAMS

ONNI3O

aNOA3g

d3HSINI4 JIL J1LLSNOJV

avaHXINg 3AISY3IANN

44v 0042

%034 V1IN
3AISY3IANN
OL @3d0vy8

00 wwgoy ©
ONINVYS4 anls
VLN wWwge ———

ANOA3d
3QIS Qyvod
ANSAAD QRVId ——

X030 400y 3QISY3IANN OL

d30vy8 sanls '00 wweoy ©
ONINVY4 aNLS VSN wWwze aNvy
Q¥v08 WNSdA9 wwg'gl d3dols

\ SIN\089 0OSy wwrioegl X MGZGlL
\
(1oNYLS
33S) ONINVH4
Y030 71331S
: JYNLONYLS 3AISHIANN
0L @30V¥8 SANIS "00 WwSoy
. ©® SNINVY4 ANLS TVIIN wwze
n NO Q¥VOS8 WNSdA9 Wwg'Zl
(10nyLs 33S) o
30IS HOV3 Wv3g 133ls =5k (1oNYLS 33S) SIAIS
I : JLYNYILTV 1V TINNVHO 133LS
ANV1SdN aoomAld oow__m..
0l @3vas 400y 15 NS oL
NO d3dyVviId dOdVA __ ONIMO0TE AOOM dNn-L11INg
.I\JI \\\\\ . ’/: (74 \L _
/ / N\ /N / / %_ X \\ (INIOd HOIH) \ w00zZ'8
|\ Y034 vI3IN 13
_ . 3AISY3IANN
| L (- NOLLYINSNI
e e e S OB S VDS N9 i o Liva HLM ALAVD T4 “(3a1S
N . @, S 311SOdd0) AOOMATd wwigl
N o HLM 00 WWSOoy © ONINVAA
1y (¥313WI¥3d TIN4) INVO 3uald \ “ o:wm WLAN wwze NO (3AIS
SIHL) Q¥V08 WNSdA9 Wwg'Zl
gyN0 ALNMIS OINO dn Q3AY¥VO J _ _ g9nN0 3INAMS 3nod
‘INVIENIN 400N ONIONOANIZY _ n
¥3A0 INVYEWIW J19IX3 14 ! p
| _J Ny TIN4) dro o i
gYN0 a3LvOlNav43ud X %
3LNAMS 3WOd OL a3 Tvas ; |
ANV 83N0 40 dOL ¥3A0 “dn — —
Q3O INVHENIN ONIJ00Y 1I4

I g3N0 3JLNAMS 31volNav4i3dd

ONIHSY14 VLN PO¥C _

dOL 3LNAMS a3Nod

0L0Z ‘61 ¥3IGNIAON F1va Ad3LL01d


Sean
Area Measurement
1.62 sq m 

Sean
Area Measurement
8.76 sq m 

Sean
Area Measurement
2.37 sq m 

Sean
Area Measurement
1.66 sq m 

Sean
Area Measurement
21.94 sq m 

Sean
Area Measurement
22.24 sq m 

Sean
Area Measurement
0.54 sq m 

Sean
Area Measurement
5.51 sq m 

Sean
Area Measurement
7.32 sq m 

Sean
Area Measurement
6.16 sq m 

Sean
Area Measurement
28.65 sq m 

Sean
Area Measurement
16.63 sq m 

Sean
Area Measurement
1128.43 sq m 

Sean
Area Measurement
94.47 sq m 
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Sean
Area Measurement
5.36 sq m 

Sean
Area Measurement
56.23 sq m 

Sean
Area Measurement
50.87 sq m 

Sean
Area Measurement
2.31 sq m 

Sean
Area Measurement
78.30 sq m 

Sean
Area Measurement
46.30 sq m 

Sean
Area Measurement
48.28 sq m 

Sean
Area Measurement
6.27 sq m 

Sean
Area Measurement
65.70 sq m 

Sean
Area Measurement
55.68 sq m 

Sean
Area Measurement
90.09 sq m 

Sean
Area Measurement
53.44 sq m 

Sean
Area Measurement
3.03 sq m 

Sean
Area Measurement
15.53 sq m 

Sean
Area Measurement
54.58 sq m 

Sean
Area Measurement
3.53 sq m 
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Sean
Distance Measurement
1.38 in

Sean
Distance Measurement
3.09 m 

Sean
Perimeter Measurement
12.72 m 

Sean
Perimeter Measurement
5.48 m 

Sean
Distance Measurement
1.38 in

Sean
Distance Measurement
0.92 m 

Sean
Distance Measurement
1.53 m 

Sean
Distance Measurement
1.31 m 

Sean
Distance Measurement
3.23 m 

Sean
Distance Measurement
0.64 m 

Sean
Distance Measurement
1.30 m 

Sean
Distance Measurement
4.44 m 

Sean
Distance Measurement
2.55 m 

Sean
Distance Measurement
2.97 m 

Sean
Distance Measurement
2.03 m 

Sean
Distance Measurement
1.14 m 

Sean
Distance Measurement
0.15 m 

Sean
Distance Measurement
0.86 m 

Sean
Distance Measurement
3.61 m 

Sean
Distance Measurement
2.06 m 

Sean
Distance Measurement
3.62 m 

Sean
Distance Measurement
1.53 m 

Sean
Distance Measurement
1.92 m 
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Sean
Distance Measurement
4.91 in

Sean
Area Measurement
10.05 sq m 

Sean
Area Measurement
8.84 sq m 
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