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Project Introduction

* Design and analyze a timber structure
* Create 2D and 3D models

* Construct and compete against other
teams
* American Society of Civil Engineers (ASCE)

* Intermountain Southwest Student Symposium
(ISWS)

« April 11t 2024
* Logan, Utah — Utah State University (USU)

e Client: Mark Lamer
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Figure 1: TimberStrong Structure [1] 1



ROOF MAY BE PITCHED/GABLE/FLAT/
FLAT WiTH PARAPET, £TC

Constraints

Height < 121t

Framing within 6’x6’ | PR
footprint

WALL TOP PLATE

Floor cantilever must
extend 4°1”

One floor overhang of 1’

WINDOW LOCATIONS ON EACH FLOOR LEVEL
/ BY TEANS. TYPICAL

WAL TOP PLATE

One opening in floor R——
system [ 59" oveRmanc

One window per wall

Door on first story front
wall

Figure 2: Competition Constraints [2]




Initial Design - Timber Grade

Table 1: Timber Grade Decision Matrix

Crit Witd. Witd. Witd. Wwitd.
riteria Score Score Score Score

*Ranked scoring **Rated Scormg

* Cost:
Based on research of inventory at local stores .m

» Efficient Strength for Residential Construction:
Based on research of timber grades used in construction

* Availability Within Local Lumber Stores:
Based on research of inventory at local stores

Figure 3: Timber Grades [3]




Initial Design - Timber Species

Table 2: Timber Species Decision Matrix

o 25 o] 2 o 2 o
(%) Score Score Score Score Score

con | 0 |2 o6 | 1| o1
------- D B

| w0 | 4 | 2 | 2 | 1+ |3 s | |as
s e | |

*Ranked scoring  **Rated Scoring

* Cost:
Based on research of inventory at local stores

* Efficient Strength for Residential Construction:
Based on research of lumber species used in construction

* Availability Within Local Lumber Stores:
Based on research of inventory at local stores Figure 4: Timber Species [4] \



Initial Design - Design Alternatives

DESIGN 1 DESIGN 2 DESIGN 3

Figure 5:
Initial Design
Alternatives

SIDE VIEW FRONT VIEW FRONT VIEW

e R e N S
Initial Design About 1.5' wide. Squares | About 1' wide. Rectangles
Alcmtivs

Cantilever Beam Placement | Front Wall Side Wall Back Wall
Floor Overhang Placement |Back Wall Side Wall Front Wall




Initial Design - Design Decision Matrix

Table 4: Initial Design Decision Matrix

Design Decision Matrix
Sl Weight Weight Weight
Criteria ?,'g eaicec glited
(%) Score Score

-

Aesthetics **
and Creativity

Design 3

Prefabrication
Constructability
Roof™
Constructability

m-n-n

*Ranked scoring **Rated Scoring
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* (Cost: Based on estimates of material amounts in each design

» Aesthetics and Creativity: Based on originality and cohesion in design and theme Figure 6: Chosen Framing Design
* Prefab. Constructability: Based on panel construction ease: repetition in framing

* Roof Constructability: Based on roof construction ease: 90 minutes at competition



Final Design - Loads

Live Roof [20 psf]
— "’-:',;_ “ ! |

Seismic Roof—— = >
| {/Wind Uplift [30 psf]

Cantilever Point Load

[150 Ib]
Seismic Second Floor—=j

[225 plf]
+ structure self-weight

Figure 7: Loads and Placement




Final Design — Design Components

Gravity Design:

* Framing Member Sizes

Lateral Design:

Shear Walls & Diaphragms . g'f_'ff'f'i"’ - shear wall

* Sheathing Size

e Nail Size “--shear wall
* Nail Spacing Figure 8: Framing Members [11] Figure 9: Shear Walls and Diaphragms [5]

* Connections
 Straps and Anchor Bolts



Final Design — Factor of Safety

Factor of Safety = Capacity/Demand

Table 5: Lateral Factor of Safety (FS) Scoring Table 6: Average Lateral Factor of Safety Results

Average Lateral FS Results| Points Awarded

Lateral Design Groug
1.50 < FS < 1.65 54§

Diaphragms 1.54 4
Shear Walls 1.57 4

* Average FS for the lateral design groups
was required for competition

1.65<FS < 1.80
FS < 1.50 or FS > 1.80

Table 7: Gravity Factor of Safety Results

Gravity Design Group | Lowest FS

Roof

Wall Framing

No competition requirements, so FS>1.0 = ¥




Final Design — Predicted Deflection

deflected
cantilever

Figure 10: Deflected Cantilever [12]
Table 8: Deflection Results

Load Placement from Exterior Wall Deflection (in.)

I 0.78

0.59
0.52

0.5 in.< Deflection<1.0 in. ¥




Modeling — 2D Structural Drawings

Structural Drawings: Competition Requirements

e Shear wall connection details

* Anchorage to the foundation
* Framing plans
 Plan view, elevations, and cross-sectional details

* Sheathing type and fastening schedule

Figure 11: Floor Framing



Modeling — 2D Structural Drawings

22°x34” Construction Sheets:

1. Fastener Schedule

2. Anchorage to Foundation

3. Floor Plan

4. Roof Plan

5-6. Elevations

7-10. Framing and Sheathing Plans
11-12. Connector Placement

13. Details

E1: ELEVATION NORTH FACE

Figure 12: Elevation Drawings
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Connectors

Final Design:

* Log cabin-style

architecture and

aesthetics
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* Roof ridge beams with

gable shape and

chimney

\
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e Centered and stacked

windows
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e Balanced cantilever

Figure 14: Revit Model

Figure 13: Revit Framing
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https://youtube.com/shorts/IGWqpx4lVNs?feature=share

Construction — Materials

e Lumber: $813
* Connectors/Fasteners: $274
* Aesthetic Materials: $239

Total Structure Cost: $1,326

Figure 15

: Material Movement [6]
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Construction — Prefabrication

Prefabrication Competition Rehearsal

> At NAU > At NAU

» Cut lumber » Practice construction

» Frame wall » Prepare supplies and
panels and floor materials

! -
[ . axi

—____— i~

Figure 16: Prefabrication [7] Figure 17: Prefabrication [1] Figure 19: Rehearsal Build [8]
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—— Virtual presentation in March

CO m p e t l t [Lon Panels staged prior to competition

90 minutes time limit

Restricted to 20’ x 20’ area until finished
Limited to battery powered drills
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Measured deflection at 3°-9” = (0.58”

. . i
COWlp etifion | Placed 2™ out of 7 teams Predicted deflection at 3°-9” = (0.59”
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Figure 21: Final Structure [6] Figure 22: Deflection Testing [6] .



Construction Lessons [.earned

* Clarity on plan sets
* Dimensions that are helpful in the field
* Planning material amounts

* Working with suppliers

Figure 23: Construction Team [8]
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Impacts 1
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Figure 24: Timber House Framing [10]

Table 9: Impacts of Timber Use in Residential Houses

Social Economic Environmental

Provides design versatility and Low initial material costs, labor e Timber is a renewable
aesthetic appeal costs, and construction time resource/sustainable building

Vulnerable to moisture, damage, and High maintenance costs and material
insects insurance rates for homeowners Deforestation during harvesting and
demolition waste is put in landfills
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Questions?



Roof Design Results
Design Result

) )
Average Roof Diaphragm Factor of Safe

6” Diaphragm Nail Spacing em Edges and Beam along Opening

2x4 Member Size

1% Story Front Wall
2™ Story Front Wall

Sidewalls
1% Story Back Wall
274 Story Back Wall

1% Story Sidewalls

All Shear Walls
SST LSTA24

STB2-50234R25
1.568

Shear Wall Nail Spacing

24



Ponderosa TimberJacks - 2024 Design - 12/03/2023

Rafter Design
Design for one interior rafter on the roof panel that includes the chimney. This design will be conservative

(largest tributary and largest load), so the design of the interior rafters and the other half of the roof can
be the same design.

Loads
PL =17 Ibf Dead load self weight of the chimney 2x4's and sheathing.
PLjjp+2=8.5 Ibf Half goes to interior rafter
Trib.;:=19.167 in On-center spacing of the interior rafters

wyp=L, «Trib,,,=31.945 plf

wp:=SHTrib,,,,+w,,.=2.973 plf

Using ASD Lgad Combination 1.0D+1.0L

W= 1.0 wy41.0.w, ,=34.918 plf  Distributed Load on the Exterior Rafter

Solve For
Rea, s :=52.633 Ibf Reaction of the rafter at the ridge beam
Reayp, =99 Wbf Reaction of the rafter at the top plate
M, ..:=476 Ibf «in Maximum moment
Ve =64.17 Lbf Maximum shear

EXT. RAFRW W/ CHIMAKEY
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Budget

Material Cost Estimate

Description Quantity Unit Cost

Lumber

2x4-8ft Hem Fir
2x4-10ft Hem Fir
4x8ft-3/8 in OSB

(o))

iece| S 5.87

w |
w
00
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(2}
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she $ 29.73
Lumber Subtotal

wn
H
=
(e))]
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00
=
w

Simpson Strong-Tie Connectors
LSTA18 Light Strap Tie 12 strap | § 1.26
LSTA24 Light Strap Tie 1.68
LSTA36 Light Strap Tie 3.05
STB2-50234R25 Anchor Bolt (Box of 25) 1 | box | $21.91
H3 HurricaneTie piece [ S 4.49
Connector Subtotal
Simpson Strong-Tie Fasteners

2

15
15
12
22
18
64

wn
wn

ii

wn

222 ConnectorSubtotal[$

21.32
40.55
62.88
13.98

43
41
63
14
50
210

Strong Drive CSV Construction Screw (Box of 240)
Strong Drive SDWS Framing Screw (Box of 150)
Strong Drive SDWS Framing Screw (Box of 250)
Strong Drive SD Connector Screw (Box of 100)
Strong Drive SD Connector Screw (Box of 500)

wr |||
H
(o)
(e2}
H
wn

ii

Fastener Subtotal

-

Aesthetic Materials
Behr Exterior Paint
Staples
Wallpaper

|

o
[
=}

i

o) 30.98
Pack 9.99

S 49.50
Aesthetic Subtotal

31
10
S 198
S 239

wn

Total Cost of Materials| $ 1,326



