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Included in this Presentation:
• Background and Existing System 

• Proposal Problem / Solution

• Structural System Redesigns 
• Pre-cast Concrete
• Engineered Wood
• Removal of Masonry

• Cost, Schedule and Coordination Analysis

• Recommendation
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Boyds Bear Country Info.
• Location: Pigeon Forge, Tennessee 
• Occupancy: Assembly, Mercantile, and Business 
• Size: 112,620 sf
• Number of Stories: 4 / 5

Primary Project Team:
• Original Owner: Boyds Collections, Ltd. 
• Architecture: LSC Design 
• Structural: C.S. Davidson, Inc. 
• Construction Management: Kinsley Construction

Background
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Gravity System
30’ x 30’ Typical Bays
60’ Spans in Central Atrium

W16 Beams to W24 Girders
Steel Tube Columns

3” 20 Gauge Deck 
with 6½” Lightweight Concrete 

Concrete Block Basement Walls
Wooden Roof Trusses

100 psf Typical Live Load
125 psf Mechanical Live Load

Existing Structure
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Lateral System

Concentric Braced Frames 
Bottom Level Surrounded in 

Non-Structural Masonry

Crosses of Tubes
Chevrons of Double Angles

Design Controlled by Seismic Loads

Existing Structure
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and now…
• Background and Existing System

• Proposal Problem / Solution

• Structural System Redesigns 
• Pre-cast Concrete
• Engineered Wood
• Removal of Masonry

• Cost, Schedule and Coordination Analysis

• Recommendation

Proposal
Problem

• Proposal Problem
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Multiple Materials
Steel

– Hot rolled structural members
– Metal decking
– Shear studs
– Bolted / welded connections
– Light gauge steel framing

Proposal
Problem

Wood
– Manufactured trusses
– Timbers

Concrete
– Cast-in-place elevated slabs
– Lightweight cast-in-place elevated 

slabs
– Cast-in-place slab on grade
– Shallow foundations

Masonry
– Normal CMU block
– Ivany (high strength) CMU block
– Structural Piers

Variety of Finish Materials
– Gypsum board
– Plywood, etc….
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Precast Concrete System
Steel

– Hot rolled structural members
– Metal decking
– Shear studs
– Bolted / Welded connections
– Light gauge steel framing

Concrete
– Cast-in-place elevated slabs
– Lightweight cast-in-place elevated 

slabs
– Cast-in-place slab on grade
– Shallow foundations

Masonry
– Normal CMU block
– Ivany (high strength) CMU block
– Structural Piers

Proposal
Solution

Wood
– Manufactured trusses
– Timbers

Variety of Finish Materials
– Gypsum board
– Plywood, etc….

Additionally
+  Precast concrete members
+  Concrete member toppings
+  Cast-in-place basement walls
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Engineered Wood System
Steel

– Hot rolled structural members
– Metal decking
– Shear studs
– Bolted / welded connections
– Light gauge steel framing

Proposal
Solution

Wood
– Manufactured trusses
– Timbers

Concrete
– Cast-in-place elevated slabs
– Lightweight cast-in-place elevated 

slabs
– Cast-in-place slab on grade
– Shallow foundations

Masonry
– Normal CMU block
– Ivany (high strength) CMU block
– Structural Piers

Variety of Finish Materials
– Gypsum board
– Plywood, etc….

Additionally
+  Manufactured wood floor trusses
+  Laminated structural wood
+  Wooden floor planks
+  Stud wall framing
+  Cast-in-place basement walls
+  Precast concrete shearwalls
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• Background and Existing System 

• Proposal Problem / Solution

- Engineered Wood
- Removal of Masonry

• Cost, Schedule and Coordination Analysis

• Recommendation

and now…

Structural 
Precast Concrete

• Structural System Redesigns
– Precast Concrete
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Floor System – 15’ Double Tees

Structural 
Precast Concrete

30’ x 45’ Bays

Manufacturer Load Tables

15’ width = Convenient 2 / Bay
45’ to 60’ length
34” depth

12 to 24 ½” dia. low.lax strands
f’c = 6000 psi
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Floor System - Girders

Structural 
Precast Concrete

IT Beams for traditional girder loading
30’ length 
2’ width
36” depth
(26) ½” dia. lo-lax strands

L Beams for edge loading
30’ length
1’ width
36” depth
(18) ½” dia. lo-lax strands

Manufacturer Load Tables
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Concrete Columns

Structural 
Precast Concrete

Typical Loading:
24”x24” square
17’-8” height per floor

(4) #11 bars longitudinal
f’c = 8000 psi

Edge Loading:
18”x18” square
17’-8” height per floor

(8) #10 bars longitudinal
f’c = 6000 psi

RISA-3D and
PCA Column
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Lateral System – Precast Panels
One panel at each floor
26.5’ wide  14” thick
f’c = 7,000 psi
#5’s at 18” o.c. 
(4) #11’s for uplift

Design Controlled by Seismic Loads

Base Resistance = 111.8 klf
< 155.2 klf = 

Max Deflection = 0.17”
< 2.3” = L/360

Structural 
Precast Concrete

5 f'c b⋅ d⋅

RISA-3D
Finite Element
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Lateral System - Diaphragm

Reinforcing Steel in Pour Strips

(2) #6’s in North-South Direction
(4) #6’s in East-West Direction

Structural 
Precast Concrete

Hand Calculations
in MathCAD



Boyds Bear Country, 
Pigeon Forge, Tennessee

Lauren Wilke
AE Senior Thesis 2007

Effects on Foundation
Number of columns decrease
Number of footings decrease 

Weight of building increase
Size of foundations increase

Typ. 12.5’x12.5’ footing increase
from 30” deep to 36” deep

Overall ~15% volume increase

Hand Calculations
in MathCAD

Structural 
Precast Concrete

Precast

Original
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• Background and Existing System 

• Proposal Problem / Solution

- Precast Concrete

- Removal of Masonry

• Cost, Schedule and Coordination Analysis

• Recommendation

and now…

Structural 
Engineered Wood

• Structural System Redesigns

– Engineered Wood
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Floor System – TJM / TJH Trusses

Structural 
Engineered Wood

22.5’ x 30’ Bays

Manufacturer Load Tables

Each Joist:  
30” deep
30’ span 
Spaced at 2’ o.c.

TJM’s under 100 psf Live Load
TJH’s under 125 psf Live Load
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Floor System – PSL Girders

Structural 
Engineered Wood

22.5’ long Parallam PSL 

Typ.  10.5” wide x 28” deep
up to 10.5” wide x 34” deep

Standard sizes

Joist loads solved as
distributed load

Hand Calculations
in MathCAD
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Floor System – Southern Pine Plank

Structural 
Engineered Wood

Select Structural Grade Southern Pine Plank 
2 x 6 boards

Span over joists spaced 2’ o.c.  

Hand Calculations
in MathCAD
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Wooden Columns

Structural 
Engineered Wood

Southern Pine 50 N1D14 
Engineered wood members

1st to 4th floor columns ~17’ tall
braced at 10’ from lower floor

Roof columns 9’-8” tall

Hand Calculations
in MathCAD
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Lateral System – Precast Panels
One panel at each floor
E-W Resisting 26.5’ wide  12” thick
N-S Resisting 20’ wide 12” thick
f’c = 7,000 psi
#5’s at 18” o.c. 
(4) #11’s for uplift

Design Controlled by Wind Loads

Base Resistance = 102.8 klf
< 155.2 klf = 

Max Deflection = 0.461”
< 2.3” = L/360

Structural 
Engineered Wood

5 f'c b⋅ d⋅

RISA-3D
Finite Element
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Effects on Foundation
Number of columns increase
Number of footings increase 

Weight of building decreases
Size of foundations decrease

Typ. 12.5’x12.5’x30” deep to 
10’x10’x28” deep

Overall ~25% volume decrease

Hand Calculations
in MathCAD

Structural 
Engineered Wood

Wood

Original
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Special Considerations
Deflection

Combination of all deformations ~1.0” under full loads 
Commercial building limit L/600 

considers first 50 psf Live Load  - under limit

Vibration
TJH and TJM trusses reach 70’ long
Girder spans minimized to 22.5’
Bracing may be applied to control further if necessary

Fire-Proofing
Verified against required APA wood dimensions
Building fully sprinkled

Structural 
Engineered Wood
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• Background and Existing System 

• Proposal Problem / Solution

- Precast Concrete
- Engineered Wood
- Removal of Masonry

• Cost, Schedule and Coordination Analysis

• Recommendation

and now…

Removal of 
Masonry

• Structural System Redesigns

– Removal of Masonry
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Masonry to Concrete
8” to 16” Masonry used in

- Basement / Retaining walls
- Surrounding steel tubes
- Elevator Shafts
- Stairwells

Walls replaced with 
16” thick Cast-in-Place walls 
with 24”x24” pilasters
f’c = 4,000 psi
- conservative design

Elevator shafts and stairwells of 
precast concrete panels

Changed in both systems

Removal of 
Masonry

Hand Calculations
in MathCAD
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• Background and Existing System 

• Proposal Problem / Solution

• Structural System Redesign
- Precast Concrete
- Engineered Wood
- Removal of Masonry

• Cost, Schedule and Coordination Analysis

• Recommendation

and now…

CM Breadth

• Cost, Schedule and Coordination Analysis
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Cost Comparison
• Original Steel System

– $3,033,683.69    (ICE 2000)

• Precast Concrete System
– $2,244,938.39    (Supplier quote / ICE / RS Means)
– $78,800 Savings

• Engineered Wood System
– $1,612,566.71    (ICE 2000 / RS Means)
– $1,420,000 Savings

• Masonry to Concrete Change Alone
– $292,404.91 to $259,237.35    (ICE 2000 / RS Means)
– $33,000 Savings

CM Breadth
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Schedule Comparison

Original schedule set at 6 months
Required more than 9 to complete

thus difficult to accurately compare

Both systems require less work on site
lower chance for delay
faster erection time

CM Breadth
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Coordination Comparison
Original System

CM Breadth

Precast Concrete System

Engineered Wood System



Boyds Bear Country, 
Pigeon Forge, Tennessee

Lauren Wilke
AE Senior Thesis 2007

• Background and Existing System 

• Proposal Problem / Solution

• Structural System Redesign
- Precast Concrete
- Engineered Wood
- Removal of Masonry

• Cost, Schedule and Coordination Analysis

• Recommendation

and finally…

Recommendation

• Recommendation
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Final Recommendation:
Precast Concrete System

+ Fewer materials, fewer trades on site 
+ Larger bays, larger members, fewer pieces to place 
+ Decreased construction time
+ $78,800 Savings on structure
+ More open floor plan

- Larger foundations
- Overall interior aesthetic to be hidden

Recommendation
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Questions?


