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Included In this Presentation:

e Background and Existing System

e Proposal Problem / Solution

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

e Cost, Schedule and Coordination Analysis

e Recommendation
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Boyds Bear Country Info.

g “Tinllnnma , f: I - .
g Wern ik e Location: Pigeon Forge, Tennessee

P F e Occupancy: Assembly, Mercantile, and Business
@ rlljgl)ll orqe e Size: 112,620 sf

e Number of Stories: 4/5

Primary Project Team:

e Original Owner: Boyds Collections, Ltd.

e Architecture: LSC Design

e Structural: C.S. Davidson, Inc.

e Construction Management: Kinsley Construction

Background
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Gravity System

«wiilll :ﬂ& ' ﬂ-.

30’ x 30’ Typical Bays
60’ Spans in Central Atrium

W16 Beams to W24 Girders
Steel Tube Columns

3” 20 Gauge Deck

with 6%2” Lightweight Concrete
Concrete Block Basement Walls
Wooden Roof Trusses ’

100 psf Typical Live Load

-

- Boyds Bear Country, Lauren Wilke
Pigeon Forge, Tennessee AE Senior Thesis 2007



Lateral System

‘concentric Braced Franies
Bottom Level Surrou ‘r@ ed in
Non:Structural Masonry

—

Cros@s of Tubes

Chevrons of Double Ahgles

Design Controlled by Seismic Loads
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and now...

Background and Existing System
Proposal Problem / Solution

Structural System Redesigns
e Pre-cast Concrete

e Engineered Wood

e Removal of Masonry

Cost, Schedule and Coordination Analysis

Recommendation
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Multiple

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
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Materials

Wood

— Manufactured trusses
— Timbers

Variety of Finish Materials
— Gypsum board
— Plywood, etc....

—



Precast Concrete System

Wood
— Manufactured trusses
— Timbers

Variety of Finish Materials
— Gypsum board
— Plywood, etc....

Ste

Welded connections
uge steel framing

Con
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Engineered Wood System

...... — Manufactured trusses
— Timbers

Variety of Finish Materials
— Gypsum board
— Plywood, etc....

— Bolted connections

Concrete

— Cast-in-place slab on grade
— Shallow foundations
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and now...

e Background and Existing System

e Proposal Problem / Solution

e Structural System Redesigns

— Precast Concrete
- Engineered Wood
- Removal of Masonry

e (Cost, Schedule and Coordination Analysis

e Recommendation
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Floor System — 15’ Double Tees

_ﬁ HIGH CONCRETE
' STRUCTURES, INC.

3 O ’ X 45 ’ B ays A Division of High industries, Inc.
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Manufacturer Load Tables

Structural
Precast Concrete
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Floor System - Girders

IT Beams for traditional girder loading | === & e
30’ length BEEEEREE e
it e TR

36" depth ik

(26) ¥2” dia. lo-lax strands

RRERNAE
gleiglalxl®

Conctes L BEAMS

Strand; 'Is" din. low refaxation,
270ksi, special, A = 0.187 in

L Beams for edge loading
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Manufacturer Load Tables

Structural
Precast Concrete

— -

~ Boyds Bear Country, Lauren Wilke

Pigeon Forge, Tennessee AE Senior Thesis 2007



Concrete Columns

Typical Loading: 5 g
24"x24” square + / —
17°-8” height per floor o o -' ” |

.
(4) #11 bars longitudinal == b
f’C = 8000 pSi :::‘:“D;:mw fs=0.5y |

..........

Edge Loading: s ' Nz
18"x18" square

. peaColumn v3.84. Licensed to: Penn Universty. Licenss ID: 52411-10102854-22545-285EC
17’-8” h ei g ht p er ﬂ oor B s S G e s
Projpct Ba, yds Bear Counry
oumn: TypicalRoof ~ Engineer. Lew
cai = 80 ksi Ag=STEIn2 #11 ba
5008 ksl = 20000 k: 24 ¥, ha
» =00 ksl 00 (-]

(8) #10 bars longitudinal | T e v
f'c = 6000 psi

RISA-3D and
PCA Column
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Lateral System — Precast Panels

One panel at each floor ] (R
26.5’ wide 14” thick
f'c = 7,000 psi |
#5's at 18” o.c. W i mi =
(4) #11’s for uplift

Design Controlled by Seismic Loads

Base Resistance = 111.8 kif |
< 155.2 KIf = 5y/fc-b-d

Max Deflection = 0.17” SR

< 2.3" =L/360 EeEEeEc

“" B ;_;‘3;5;,; ) RISA-3D
’ SEEERREE Finite Element
) ol Precast Concrete | <L TP e e
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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

Hand Calculations
in MathCAD
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Effects on Foundation

Number of columns decrease
Number of footings decrease

/L)) H g L

Weight of building increase
Size of foundations increase

! I
I
N O —

F===7 F=== F=== F=== 77

N

Typ. 12.5'x12.5’ footing increase =

ffffffff

from 30” deep to 36” deep

!
i
2%
Y752
H
o
i
o

Overall ~15% volume increase

L S
Hand Calculations = @& — [ g%
in MathcAD _ Original

””””””””””””””””””””” v G0 v o
éﬁ:%%::::::::{é%ﬂﬁ

Structural
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and now...

e Background and Existing System

e Proposal Problem / Solution

e Structural System Redesigns

- Precast Concrete
— Engineered Wood

- Removal of Masonry

e (Cost, Schedule and Coordination Analysis

e Recommendation
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Floor System — TJM / TJH Trusses

22.5' x 30’ Bays - : TIM™ TRUSS ALLOWABLE UNIFORM LOAD

For economical truss design, see page 3.
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Structural
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Floor System — PSL Girders

22.5' long Parallam PSL

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

-------

Standard sizes

2.0E Parallam® PSL Headers and Beams
Allowable Design Stresses
(100% Load Duration)

Shear modulus of elasticity G = 125,000 psi

Joist loads solved as
distributed load

Modulus of elasticity E = 2.0 108 psi
Flexural stress Fy = 2,900 psil!)
Tension stress F, = 2,025(2) psi

Compression perpendicular to grain F_ = 750 psil?)

Hand Calculations
iIn MathCAD

Compression parallel to grain  Fy = 2,900 psi

Herizontal shear parallel to grain F, = 290 psi

— -
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Floor System — Southern Pine Plank

Select Structural Grade Southern Pine Plank
2 X 6 boards

Span over joists spaced 2’ o.c.

NATIBNJ\.I. DESIGN | SPECIFICATION

Fﬂwl_’.mmmlun

Amarizan
Forest &
Papar

Assoclation
Amarizan Wesd Counall

Hand Calculations
iIn MathCAD
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Wooden Columns

Southern Pine 50 N1D14
Engineered wood members =
1st to 4t floor columns ~17’ tall N D s
braced at 10’ from lower floor o —
Roof columns 9’-8” tall

nnnnnnnn

Amerlan Waod Saunell

Typleal Column Sizes _ [in]
| Typleal Loading| Idech. Loading |
Suppciting Roof TXT TXT
4" Floor 2x%12 12 %12
3M Floor 15 x 15 16 x 16
2 Floor 13 %18 20x 20
1%t Floor 20 x 20 22 x 22 - =

Hand Calculations
iIn MathCAD

— = —
o
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Lateral System — Precast Panels

e

One panel at each floor
E-W Resisting 26.5" wide 12” thick | D : i
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 28

< 155.2 kIf = 5y/fc-b-d

Max Deflection = 0.461” SR

< 2.3” = L/360 SEsEssRE

) RISA-3D
SEEEE 5jj§: Finite Element
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Effects on Foundation

e s

Number of columns increase ! ' : T T D :
Number of footings increase E E

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
iIn MathCAD

/////

””””””””””””””””””””” v G0 v o
éﬁ:%%::::::::{é%ﬂﬁ

Structural
Engineered Wood
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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 maiie =
Vibration
TJH and TJM trusses reach 70’ long s S

R S élidging clip supplied and

Girder spans minimized to 22.5’ T T instlled by eve
Bracing may be applied to control further if necessary

67 Cross Bracing with 2x4 Nailer
Fire-Proofing
Verified against required APA wood dimensions
Building fully sprinkled

Splice nailer together with
—— three 10d x 3" nails each side
= through 2x4%24 block (1" on
either side of splice).
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and now...

e Background and Existing System

e Proposal Problem / Solution

e Structural System Redesigns

- Precast Concrete
- Engineered Wood
— Removal of Masonry

e (Cost, Schedule and Coordination Analysis

e Recommendation

. Removal of
- Masonry s
2 ; , S ek T
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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

Hand Calculations

Changed in both systems _
iIn MathCAD
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and now...

e Background and Existing System
e Proposal Problem / Solution

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

e Cost, Schedule and Coordination Analysis

e Recommendation
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Cost Comparison

e Original Steel System
— $3,033,683.69  (ICE 2000)

e Precast Concrete System

— $2,244,938.39  (Supplier quote / ICE / RS Means)
— $78,800 Savings

e Engineered Wood System

— $1,612,566.71 (ICE 2000 / RS Means)
— $1,420,000 Savings

e Masonry to Concrete Change Alone

— $292,404.91 to $259,237.35 (ICE 2000 / RS Means)
— $33,000 Savings
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Schedule Comparison

[Nov3 03 |Oec7 02 [Jand 02 [Feoi 4 |Fenid D4 |Mards, r26 04 [May 23, OF [Jun20 04 Jui 18 04 Augl
TIM|F|TIS[WI[S|T[MIFITIE|W [SIWISITIMIFITISIW

Original schedule set at 6 months %'m
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

=T
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Coordination Comparison

Original System Precast Concrete System
[ | = |
Hot nollad sinachera mambers Wedded menn ber conneclione
Sakal riackding I igh gee igr slnl fmming
Sheaarshads Cofrrete
Beolted Fwwolded conne clione Pre- caed concmie nennbes:
Light gauge steal iraming hember loppings
Comereto Cand-inrplete relaining Fioumndadion vwalls
CastHnpiaca slovalad siab Coelinpliote tioh on grade
Lighisaight ¢ ask-inplace alovabad 5 labs B Boww foured allio ns.
Castinpiaca aah on grada Wl
Shalow immndalions ManINSCANEd NUSEEE
asoiny Timbere
Mosmal Clll) block Worlety of Anksh Haterkals
kanv (high sinangih) CilU block Gypesamn boand _
Jromchal Plecs Piywood, elc. .. Engineered Wood System
anufachmad inissas
Timboes omber connaclons
Wakloty of Anlsh [oterials: ot
Oypaum boand Pro—cast ¢ oncrole choearwalle
Physeond, oic._ .. I C-ast-inplaca retaining / ioursdalion walls
Cool In phoco alab on groda
Shallow foundalions
¥l
anutach mad Soor inisses
Larnirrstnd shnschorl reanbe s
Floor planis
AT nool Eesas
Shod weall framing
Yarledy of Anlsh Hatevlalls
Copraum boand

CM Breadth

- e —
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and finally...

e Background and Existing System
e Proposal Problem / Solution

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

e (Cost, Schedule and Coordination

e 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 i o

- Larger foundations
- Overall interior aesthetic to be hidden
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Questions?

—
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