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Summary of Changes

August 11,2011 Revision

The construction of the INhome brought about a number of changes to the home. Most of the changes
were due to supplier issues or from donations being received. Major aspects of the design are listed and
briefly described in each of the following areas below.

e Architecture/Interior
o The decision was made to change the exterior of the home from a blue to a lighter grayish
blue.
o The roof shingles were changed to a different company.
o Most of the tiling and light fixtures were changed in the home.
o The flooring was changed from a laminated flooring to a composite floor.
o The east door in the living room was changed to a window

e Engineering
o The Living Wall was renamed to the Biowall and was designed and built by an INhome
team member instead of being purchased from a manufacturer.
The control platform for the house was changed from LabView to Automated Logic
The PV array drawings were updated to show the new PV design.

May 3, 2011 Revision
o Mechanical main supply and return duct sizes in the kitchen bulkhead changed from 12
inch diameter to 14 inch diameter
o The PV array changed to central invertor system with 36 240 W SunPower panels.
o The generator was changed to conformto Rule 4-5.

March 22, 2011 Revision

The project has changed significantly since the design development submission in fall of 2010. Nearly every
construction drawing has been changed or refined in some manner. Major aspects of the design are listed
and briefly described in each of the following areas below.

e Architecture/Interior

o Multiple changes have taken place within interior and exterior finishes as well as design.
The major factor that motivated most changes was cost.

o The major flooring material in the home has changed from solid hickory hardwood to
engineered plank flooring in order to facilitate easier access to components under the
flooring in case of unforeseen problems.

o The countertop material in both the kitchen and bath has changed from quartz to a less
expensive solid surface that contains 40% post-consumer recycled content.

o The custom shower is now a tub/shower combination.

o Some of the other plumbing fixtures changed due to the decision not to design the home
with full ADA compliance.

o The walls of the west side screened-in porch were removed.

Purdue University
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All installed tile has changed due to an agreement of support from a manufacturer.
Casework has changed in a more sustainable direction with a veneer product.

Interior as well as exterior lighting fixtures have changed due to donations.

The garage was placed on grade and an elevated walkway was added to the interior of the
garage to maintain an ADA tour path.

The bathroom layout was modified to maximize space.

The kitchen layout was modified

The hall closet was enlarged

The pergola was completely removed from the design

Many more details were added into the construction documents related to the interior
and exterior components of the home to clarify the design.

e Landscaping

O

The landscaping was completely redesigned to accommodate a ramp, deck, and planter
design that will be easier to quickly set up during the competition assembly period.

Rain water cisterns were added as a rain water collection system to the landscape design.
The ramp path was changed to accommodate the new tour path that now enters through
the front door instead of the garage.

Details were added to the landscape plan to show that no spills will occur during the
competition.

e Structural

e}

O

All concrete footings have been eliminated and been replaced with plastic footings that
will be easier and safer to place during the competition assembly.
Design and calculations have been updated to reflect other design changes

e Windows/doors

e}

O
O
O
O

Triple pane windows were selected

Reconfigured north facing windows and changed sizes

Added a door to the office that enters onto a private backyard deck
Eliminated bathroom window facing west

Added a door to the rear of the garage

e Mechanical

O
O

O O O O

Relocated A/C Condenser

The main duct lines now all run within the central module. This allows easier construction
since less duct crosses into other modules.

The duct layout in the bedrooms now runs over the central closet areas.

Two duct run extensions were added into the living room area.

The ERV supplies directly into the zone now instead of into the return line.

Resized the air handling unit to fit the house loads better and run more efficient

e Controls

O
O
o

Switched from ALC controller to LabVIEW for the main control platform.

Heat pump and air handling unit are now controlled solely by the Comfort LinklI.
SchlageLiNK was added to the home to control both the door locks and the lights in the
home.

Appliance controller was removed from the home and appliances will be manually
controlled.

Clerestory windows are to be controlled manually via single pole double throw switch.

Purdue University
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o Automated dampers have been removed from the controls platform.

e Plumbing

o Relocated physical location of supply and waste tanks. The supply tank is now in the
garage and is fully shaded. The waste tank is on the east side of the home.
o Relocated fill and removal locations for tanks

e Fire Protection
o Redesigned to be easily disconnected in central core

November 23, 2010 Revision

Since this is the first project manual submission, there are no revisions to cite for this document. However,
the project as a whole has changed significantly since the submission of the conceptual model and
schematic design review document in early 2010. First, the most obvious change is that Team Purdue has
changed the name of their competition home from flex/home to INhome (Indiana Home). This was done
due to the similar name of Team Florida’s Flex House. The team is excited about the new name and the
prospect of representing the entire state at the 2011 competition. Other major changes include modifying
the exterior to allow for easier transportation of the various modules and also to provide more roof area
for the photovoltaic array.

Purdue University
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Rules Compliance ChecKklist

RULE RULE DESCRIPTION LOCATION DESCRIPTION LOCATION

Rule 4-2
Rule 4-2

Rule 4-3

Rule 4-4
Rule 4-5

Rule 4-6

Rule 4-6

Rule 4-7

Rule 4-7

Rule 5-2

Rule 5-2

Rule 6-1
Rule 6-2
Rule 6-2
Rule 6-3
Rule 7-1
Rule 7-2
Rule 8-1
Rule 8-3

Rule 8-3

Construction Equipment
Construction Equipment

Ground Penetration

Impact on the Turf
Generators

Spill Containment

Spill Containment

Lot Conditions
Lot Conditions
Solar Envelope
Dimensions
Solar Envelope
Dimensions

Structural Design
Approval

Finished Square Footage
Finished Square Footage
Entrance and Exit Routes
Placement

Watering Restrictions
PV Technology
Limitations

Batteries

Batteries

Assembly Sequence Drawing

Specifications for heavy machinery

Drawing of location and depth of ground
penetration

Drawing of site contact plan showing location,
area, and pressure

Specifications for generators

Drawing showing the locations of all liquid filled
equipment, containers, and pipes

Specifications for all liquid filled equipment,
containers, and pipes

Calculations showing that the structural design
remains compliant even if 18 in. of vertical
elevation change exists

Site-Adjustment details and drawings

Solar envelope compliance drawings
Solar envelope exemption requests and
justifications

List of structural drawings to be approved by
licensed engineer

Finished square footage area plan

Moveable component drawing

Accessible public tour route drawing

Drawings showing the location of all vegetation
Drawing showing the layout and operation of
greywater irrigation systems

Specifications for photovoltaic components
Drawing showing the location and quantity of all
batteries

Specifications for all primary and secondary
batteries and stand-alone, PV-powered devices

0-101,
102,103
PM P.120
E-502
E-605

C-101, 103
PMP. 121
P-101
P-102
P-103
L-101
L-102
L-103
221116
221119
221200
221342
223300
32 8000
329433

PM P. 22
S-501
G-201
G-202

N/A

All
structural
drawings/
calculations
G-101
A-601
G-103
L-101

N/A
4814 13
E-604

26 28 00
870025
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Rule 8-4  Desiccant Systems Drawingof the desiccant system N/A
Rule 8-4  Desiccant Systems Specifications for desiccant system components N/A
Rule 8-5  Village Grid Completed interconnection application form. PM P. 68

Drawing(s) showing the locations of the

photovoltaics, inverters, terminal box, meter

housing, service equipment, and grounding A-113
Rule 8-5  Village Grid means E-502

Specifications for the photovoltaics, inverters,
terminal box, meter housing, service equipment, DIV 26

Rule 8-5  Village Grid and grounding means DIV 48

Rule 8-5  Village Grid One-line electrical diagram E-601
Calculation of service/feeder net computed load

Rule 8-5  Village Grid per NEC 220 PM P. 70
Site plan showing the house, decks, ramps, tour

Rule 8-5  Village Grid paths, and terminal box E-605
Elevations showing the meter housing, main

Rule 8-5  Village Grid utility disconnect, and other service equipment E-502
Drawing showing the location of all liquid P-101, A-

Rule 9-1  Container Locations containers relative to the finished square footage 101
Drawingshowing shading of supply water tanks

Rule 9-1  Container Locations per rule 9-1c P-101
Schedule showing quantity, characteristics, and

Rule 9-2  Team-Provided Liquids delivery of all team-provided liquids P-601

Rule 9-3 Greywater Reuse Drawing showing greywater reuse systems N/A
Drawingshowing the layout and operation of

Rule 9-4  Rainwater Collection rainwater collection systems L-102
Drawing showing the locations of liquid-based

Rule 9-6  Thermal Mass thermal mass systems N/A
Specifications for components of liquid-based

Rule 9-6  Thermal Mass thermal mass systems N/A

Greywater Heat Drawing showing the layout and operation of

Rule 9-7 Recovery greywater heat recovery systems N/A
Drawing showing the complete sequence of A-405

Rule 9-8 = Water Delivery water delivery and distribution events P-101

Rule 9-8  Water Delivery Specifications of containers for water delivery 22 12 00
Drawing showing the sequence of water A-405

Rule 9-9  Water Removal consolidation and removal events P-101
Specifications for the containers from which

Rule 9-9  Water Removal water will be removed 22 12 00
Interior and exterior plans showing entire

Rule 11-4 Public Exhibit accessible tour route G-103

Purdue University
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Structural Calculations

Overview

Safety of the public, who will view this home, as well as the eventual inhabitants, was the key factor in the
structural design of the Purdue INhome. Other critical design elements were the cross- country
transportation to and from the competition site, quick and safe assembly and disassembly of the home,
and the use of both temporary foundations for the competition, and permanent foundations at the final
home location.

In order to maximize energy efficiency, new building materials were utilized to produce high rates of
insulation as well as provide required strength and stiffness values.

A modular system was chosen to meet the short assembly period requirements. Due to transportation
requirements, a creative approach was used to determine module dimensions, roof attachment, and
inter-modular connections. Footing attachment and adjustability was resourceful to meet the onsite soil
requirements of the competition, while maximizing dimensions within the solar envelope.

Structural Calculation Table of Contents
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BraCed Wall LINE KBY ...uvieeiiiiiiciiiiee e ettt e ettt e e e e e sttt e e e e e e s et e e e e e s e esanstaeeeaeeesansssnneaesessnnnssnnneaenssene 21
Braced Wall REQUIIEMENTS. ... .eeiiieeei ettt sctrre e e e e e e st r e e e e e e et a e e e e e e sesanbaeeeeeessanssaaneeeessnasnsnnneeseen 22
OVerturnNing CalCUIAION .. ...eeiieiee e e e e e e e e e e e e e e et t e e e e e e e eesasataeeeaesessnnsssneseaseennnnes 28
UpPPEr ROOT FraminNg KBY ....ueiiiiiiiiiiiiiie ettt e et ee st te sttt e sttt e e st te e e e st ae e e ssataeeesasaeeesasseeesnsaeeeessaeesansseeen 29
ROOT FramiNg KEY .eeiiiiiciiiie ettt ettt ettt e e et e e e st e e e sat et e e sbteeessabeeeesnteeessastaeesansaeeesnnseaees seeesnnes 30
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Project Location and Design Criteria

Project #: D10108.00
Project Title: Solar Decathlon - InHome
Client: Solar Decathlon

Purdue University
West Lafayette, IN

Location: West Lafayette, IN

Date Started: 09/26/2010

Codes Used: IBC 2006 Edition
ASCE 7-05
NDS 2005 Edition
ACI 318-05

AISC Steel Construction Manual, 13 Ed.
Ocuppancy Category: |l (ASCE 7-05 Table 1-1)

“Purdue University
U.S. DOE Solar Decathlon 2011 12
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Vertical Loads

Roof: pitch := 4.5

pitch
slope ;= atan o
slope = 20.556-deg
surface := N
Ce =10
Ci=11
Ig:=1.0
Pg = 20psf
pr = O.7-Ce'Ct-IS~pg
pg = 15.4-psf
dl,. == 20-psf
sl == 20-psf
sliyp = 20psf
sleq 1y = 26pst
= 30psf
= 35.5psf

Slrd.wp

Slrub.t.max |
sliyb.t R = 300plf

Floor: dlp := 15-psf
ll¢ := 50psf
I == 100psf

Walls: dl, = 10-psf

Soil: Qprg = 1500-pst

Roof Pitch (__/12)

Roof Slope

Roof Surface (S=Slippery, N=Non-Slippery)
Exposure Factor (ASCE 7-05 Table 7-2)

Thermal Factor (ASCE 7-05 Table 7-3)

Snow Importance Factor (ASCE 7-05 Table 7-4)
Ground Snow Load (Per Local Building Department)

Flat Roof Snow Load

Roof Dead Load (15psf + 5psf for PV Panels)
Sloped Roof Snow Load

Roof Unbalanced Snow Load

Living Room Lower Roof Snow Drift Load
West Porch Lower Roof Snow Drift Load
Max. Truss Unbalanced Snow Load

Max. Truss Unbalanced Snow Reaction Load

Floor Dead Load
Floor Live Load

Floor Live Load - Solar Decathalon Tour

Wall Dead Load

Bearing Capacity of Sail

“Purdue University
U.S. DOE Solar Decathlon 2011
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Variables Defined

Uniform Load

Point Load

Distance to Point Load (assumed from left edge of beam u.n.o.)
Length

Cantilever Length

Required Bearing Length

Height

Retained Soil Height

Soil Height above Toe

Column Unbraced Height in X-X Axis
Column Unbraced Height in Y-Y Axis

Maximum Allowable Deflection

Puraue Umversﬁy

U.S. DOE Solar Decathlon 2011 14
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Lateral Seismic Load
PARAMETERS FROM ASCE 7-05 TABLES

S1:=0.0777 Fa:= 1.6
Ss:= 0.1758 Fv:i=24
Site Class = B

SPECTRAL ACCELERATION PARAMETERS
Sms := Ss-Fa = 0.281
Sml := S1-Fv = 0.186

Sds := (%)-Sms =0.188

Sdl := (%)-Sml =0.124

DESIGN RESPONSE SPECTRUM

To := 0.2-S—dl =0.133
Sds

Ts:= S—dl = 0.663

Sds
Tl := s0.0833 from FIG. 22-15
Ct:= .02
x = 0.75
hn:= 18
Ta:= Ct-hn"
R:=2.0 from Table 12.2-1
MW
I:=1.0 importance factor | = 1

0S:=2.5=25 overstrength factor

c.o= %5 _ 0004

()

Cs < Equation 12.8-3:  (Cs::

_ (Sd1-TD)

@

Seismic design category based upon short period response: Class B

=0.17s

Sa = Sds-(0.4 + 0.6-Ej
To

Puraue Umversﬁy
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Purdue INhome

Calculation by: Matt Hebdon
Date: 1/20/2011
Calculation of Wind Pressures for Low-Rise Buildings
2006 IBC 1609, ACSE 7-05
Simplified provisions for Low-Rise buildings per Section 6.4

Building Data:
Location West Lafayette, IN
Terrain Open Terrain
Dimensions
Width 46 ft
Length 54 ft
Eave ht. 9.5 ft
Roof slope (vertical) 5.00 V:12 22.62 degrees
Mean roof ht. 13.75 ft.
Basic Wind Speed 90 mph Figure 6-1
Exposure C Section 6.5.6
Building Category 2 Table 1-1
Wind Importance Factor (Iw) 1.00 Table 6-1
Height and Exposure Coeff. 1.21 Figure 6-2 (Interpolate from table)
Topographic Factor (Kzt) 1.00 Section 6.5.7
Alt Basic Load Comb w 1.3 Wind force adjustment factor for load combinations
Check:

Mean roof ht must be equal to or less than the least horizontal dimension or 60 ft. Whichever is less
If the above condition is met continue, else this method cannot be used to calculate wind pressures.

Edge Strip and End Zone Calculation

10% of least horizontal dimension 4.6 ft
40% of the mean roof height 5.5 ft
not less than 4% of least hor. dim. 1.8 ft
not less than 3 ft. 3.0 ft
Edge Strip Width 4.6 ft
End Zone Width 9.2 ft

Apply End Zone pressures to one corner of building for wind base shear

Puraue Umversﬁy
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West Lafayette, IN
1/20/2011

Basic Wind Pressure”®

Horizontal Pressures Vertical Pressures Overhang
A B C D E F G H Eoh Goh

Load Roof Pitch
Case Flat
Transverse 2262 [16.95|-1.05| 11.8 | 0.05| -11.3 | -10.25| -795 | -7.95 | -17.45 -14.15

Longitudinal 0 128 | NNJA| 85 | NNA | -154 -8.8 -10.7 -6.8 -21.6 -16.9

Use with Alternate Basic Load Combinations of 1605.3.2 (w=1.3)
Revised for Height and Exposure, and Importance Factors, and w
Loading in Transvers Direction (Fig. 2)

Wind Pressure 26.7 | -1.7 |1 18.6 | 0.1 -17.8 -16.1 -12.5 | 125 -27.4 -22.3
Building Surf. Location A B C D E F G H

Loading in Longitudinal Direction (Fig 3)

Wind Pressure 201 [ N/A | 134 | NJA | -24.2 -13.8 | -16.8 | -10.7 -34.0 -26.6
Building Surf. Zone A B C D E F G H NA NA
Notes: 1. Pressures are applied in accordance with the loading diagrams shown in Fig.1.

2. Plus and minus signs signify pressures acting toward and away from the projected surfaces.
3. Transverse and longitudinal loads for a building with mean roof ht 30 ft. Figure 6-2

Basic wind speed of 90 mph.
4. Longitudinal & Transverse Zones listed for gable wall or hip conditions, respectively.

Base Shear Summation of Wind Forces
Transverse Wind Zone Area (square feet)
Transverse area for each building zone (for Vertical zones use tributary area per holdown devise)

Building Surf. Zone A B C D
Transverse 51 87| 223| 240
Longitudinal (See note 4) 0] N/A 0] N/A

Transverse Base Wind Shear by Zone (Pounds)
Transverse Load Case 1 [ 1360 0 4139 19

Longitudinal (See note 4) 0 N/A 0f N/A
Total Horizontal Transverse Base Wind Shear Min. Wind Shear (10 psf)
Transverse 5518 Ibs. 6010 Ibs.

Longitudinal Wind Zone Area (square feet)
Longitudinal area for each building zone (for Vertical zones use tributary area per holdown devise)

Building Surf. Zone A B C D
Longitudinal 67| N/A 235[ N/A
Transverse (See note 4) 0 7 0 0

Longitudinal Base Wind Shear by Zone (Pounds)

Longitudinal 1349] N/A | 3142] N/A

Transverse (See note 4) of -12 0 0

Total Horizontal Longitudinal Base Wind Shear |Min. Wind Shear (10 psf)
Longitudinal 4480  Ibs. 3090 Ibs.

Puraue Umversﬁy
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West Lafayette, IN
1/20/2011

FIGURE 1609.6.2.1
MAIN WINDFORCE LOADING DIAGRAM

Figure 1. Main Wind Force Loading Diagram

“Plrdue University
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West Lafayette, IN
1/20/2011 Positive Value = pressure

Negative Value = suction

-17.8 -16.1

VERTICAL
00 R T T e e
r ROOF ANGLE
d @ e
E T RIDGE
8 HEIGHT
26.7 5 EAVE
o HEIGHT l
I
77 A Z T,
WIDTH ——-|
END ZONE WIND PRESSURES ARE IN PSF
-12.5 -12.5
VERTICAL
. ROOF ANGLE T‘
2 =
= T RIDGE
0.1 § HEIGHT
5 EAVE
o] HEIGHT l
I
18.6 Y/ 7, 7 7 T
WIDTH 4_—4
INTERIOR ZONE WIND PRESSURES ARE IN PSF

Figure 2. Application of MWFRS Loads in the Transverse Direction
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West Lafayette, IN

1/20/2011 Positive Value = pressure
Negative Value = suction
-24.2 -13.8
ol e e s o O o e
VERTICAL
T
i T
20.1 2 '
: E I § RIDGE
2 | HEIGHT
o | EAVE
e HEIGHT l
I |
|
V777 7 L T
L 2 L e .
LENGTH
END ZONE WIND PRESSURES ARE IN PSF
-16.8 -10.7
ol i X
VERTICAL
|
| T
5_:' |
= | RIDGE
S | e HEIGHT
S ' HEIGHT
T |
134 ]
Y 7 7 77 7 7 A
e o e —f
LENGTH

WIND PRESSURES ARE IN PSF

INTERIOR ZONE

Figure 3. Application of MWFRS Loads in the Longitudinal Direction

Puraue Umversﬁy
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BRACED WALL LINE KEY

OO, ® ®
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Braced Wall Requirements
Continuous Wood Structural Panel Sheathing
Length of Bracing

Wind
(SOft 350 _, o

L. . = 3.5ft + (24ft — 20ft)-
wind.unf ( ) (30ft — 20ft)

f =12
(1.0 - 0.7)
= 0.7+ (9ft — 5ft)y———— = 0.94
froof ht ¢ ) (10t — 5ft)
fip.nt = 09

Lyind = fex'froof.ht'ftp.ht'fbwl’Lwind.unf = 0.66ft

Seismic
(4.1ft — 2.71t)

| = 2.7t + (24ft — 20f1t)-
seismic.unf ( ) (30ft — 20ft)

fepe=1.0

/ghwlw:: 1.0
fle =1.0

fdlrf =1.1

L 3.586 ft

seismic ‘= Tst.ht Towl fdl.w fdl.rf Lseismic.unf =
Min. Braced Wall Length

L. . = max

min 48in) = 6.66 ft

(Lwind sLseismic>
Spacing

Smin == 241t

IRC 2009 R613.5.3
R602.10.1.2

Unfactored Length based on Wind (Table R602.10.1.2(1)'
Exposure/Height Factor

Roof Eave-to-Ridge Height Factor

Top Plate Height Factor

Number of Braced Wall Lines Factor

Length based on Design Wind Speed (R602.10.1.2)

= 3.26 ftUnfactored Length based on Seismic

(Table R602.10.1.2(2))
Story Height Factor

Braced Wall Line Spacing Factor
Wall Dead Load Factor
Roof Dead Load Factor

Length based on Seismic Design Category
(R602.10.1.2)

Min. Braced Wall Length Per Braced Wall Line
(R602.10.1.2)

Min. Spacing = 25ft (R602.10.1.4)
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Project Manual I N HOME
(1) Braced Wall Line
Ly =121t Braced Wall Segment Lengths
hy 0= Oft Adjacent Opening Heights

Verify that Segment Length > Table R602.10.4.2 value (based on Adjacent Opening Height)
Lot =Ly = 121t Total Braced Wall Length

check := if (Ltot <Lpins
Full-Height Braced Wall Panels must be located at each end of BWL and at 25-0" o.c. (R602.10.4.4)

"No Good" ,"Okay”) = "Okay"  Minimum Length Check (R602.10.4.3)

hdreq == "no" No Holdown required

Min. 2'-0" Returns at each end of Brace Wall Line. Otherwise, holdown required (R602.10.4.4)

= "yes" : Ibf Hold Each

hd. . := "yes Use: 800 oldown @ Each Corner

(2) Braced Wall Line

L= 241t Braced Wall Segment Lengths
hya0,= Oft Adjacent Opening Heights

Verify that Segment Length > Table R602.10.4.2 value (based on Adjacent Opening Height)

Liote= L1 = 241t Total Braced Wall Length

min’

Full-Height Braced Wall Panels must be located at each end of BWL and at 25-0" o.c. (R602.10.4.4)

cheek:= if (Lyor < Lypin,"No Good" ,"Okay" ) = "Okay"  Minimum Length Check (R602.10.4.3)

= "no" No Holdown required
Al}/gmw no wn requi

Min. 2'-0" Returns at each end of Brace Wall Line. Otherwise, holdown required (R602.10.4.4)

= "no" No Hold ired

hdeq. = "no o Holdown require

(3) Braced Wall Line

L= 8t Ly = T7ft Braced Wall Segment Lengths
1 a0, = 6661t hy oo = 6.66ft Adjacent Opening Heights

Verify that Segment Length > Table R602.10.4.2 value (based on Adjacent Opening Height)

Liote= L1 + Ly = 151t Total Braced Wall Length

cheek:= if (Lyor < Lypin,"No Good" ,"Okay" ) = "Okay"  Minimum Length Check (R602.10.4.3)

min’
Full-Height Braced Wall Panels must be located at each end of BWL and at 25-0" o.c. (R602.10.4.4)

= "no" No Holdown required
Al}/gmw no wn requi

Min. 2'-0" Returns at each end of Brace Wall Line. Otherwise, holdown required (R602.10.4.4)

= "no" No Holdown required
Al}/gmw no wn requi
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(4) Braced Wall Line
L= 4751 Lo= 4ft Braced Wall Segment Lengths
Do, = 0-06ft ha a0~ 0-661t Adjacent Opening Heights

Verify that Segment Length > Table R602.10.4.2 value (based on Adjacent Opening Height)

Liot= L1 + Ly = 8751t Total Braced Wall Length

check := if (Ltot < Lpin» "No Good" ,"Okay") = "Okay"  Minimum Length Check (R602.10.4.3)
Full-Height Braced Wall Panels must be located at each end of BWL and at 25'-0" o.c. (R602.10.4.4)

/agw}/\;: "no" No Holdown required

Min. 2'-0" Returns at each end of Brace Wall Line. Otherwise, holdown required (R602.10.4.4)

/agw}/\;: "no" No Holdown required

(5) Braced Wall Line

L= 9751 Lou= 11t Braced Wall Segment Lengths
hivaos= 0-66ft  hg oo = 6.66ft Adjacent Opening Heights

Verify that Segment Length > Table R602.10.4.2 value (based on Adjacent Opening Height)

Lioti= L1 + Ly =20.75 1t Total Braced Wall Length

check := if (Ltot < Lpin» "No Good" ,"Okay") = "Okay"  Minimum Length Check (R602.10.4.3)
Full-Height Braced Wall Panels must be located at each end of BWL and at 25'-0" o.c. (R602.10.4.4)
/agw}/\;: "ho" No Holdown required

Min. 2'-0" Returns at each end of Brace Wall Line. Otherwise, holdown required (R602.10.4.4)
/agw}/\;: "no" No Holdown required

(6) Braced Wall Line

L= 24t Braced Wall Segment Lengths
h a0, = 6-061t Adjacent Opening Heights

Verify that Segment Length > Table R602.10.4.2 value (based on Adjacent Opening Height)

Lioty= L1 = 241t Total Braced Wall Length

check := if (Ltot < Lipin» "No Good" ,"Okay") = "Okay"  Minimum Length Check (R602.10.4.3)
Full-Height Braced Wall Panels must be located at each end of BWL and at 25'-0" o.c. (R602.10.4.4)
/agw}/\;: "nho" No Holdown required

Min. 2'-0" Returns at each end of Brace Wall Line. Otherwise, holdown required (R602.10.4.4)
A‘}M= "yes" Use 800Ibf Holdown @ North Corner

Puraue Umversﬁy
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(A) Braced Wall Line
L= 7250 o= 6.33ft Ly = 8ft Braced Wall Segment Lengths
Niao, = 41t Noaoy= 4t hy o = 4t Adjacent Opening Heights

Verify that Segment Length > Table R602.10.4.2 value (based on Adjacent Opening Height)

Liogi= L1 + Lp + Ly = 21.58 ft Total Braced Wall Length

check := if(Ltot <L "No Good" ,"Okay") = "Okay" Minimum Length Check (R602.10.4.3)

min’

Full-Height Braced Wall Panels must be located at each end of BWL and at 25'-0" o.c. (R602.10.4.4)
hdreai= "ves" Use 800lbf Holdown @ West Corner

Min. 2'-0" Returns at each end of Brace Wall Line. Otherwise, holdown required (R602.10.4.4)
/\I}M: "no" No Holdown required

(B) Braced Wall Line
L= 8t Lau= 181t Braced Wall Segment Lengths

Nivao,= 6-661ft N2 a0,= 6-661t Adjacent Opening Heights

Verify that Segment Length > Table R602.10.4.2 value (based on Adjacent Opening Height)

Liogi= L1 + Ly = 26ft Total Braced Wall Length

min’
Full-Height Braced Wall Panels must be located at each end of BWL and at 25'-0" o.c. (R602.10.4.4)
/\I}M: "no" No Holdown required

check := if(Ltot <L "No Good" ,"Okay") = "Okay" Minimum Length Check (R602.10.4.3)

Min. 2'-0" Returns at each end of Brace Wall Line. Otherwise, holdown required (R602.10.4.4)
/\I}M: "no" No Holdown required

(C) Braced Wall Line
L= 8t Lau= 351t Braced Wall Segment Lengths

Nivaos= 111t N saos= 2ft Adjacent Opening Heights

Verify that Segment Length > Table R602.10.4.2 value (based on Adjacent Opening Height)

Liogi= L1 + Ly = 1151t Total Braced Wall Length

check := if(Ltot <L "No Good" ,"Okay") = "Okay" Minimum Length Check (R602.10.4.3)

min’

Full-Height Braced Wall Panels must be located at each end of BWL and at 25'-0" o.c. (R602.10.4.4)
/\I}M: "no" No Holdown required

Min. 2'-0" Returns at each end of Brace Wall Line. Otherwise, holdown required (R602.10.4.4)
/\I}M: "no" No Holdown required
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(D) Braced Wall Line
L= 3.251 Lau= 375t Lgo=2ft Braced Wall Segment Lengths
Naos= Oft 2 a0,= 6-66ft N3 a0,= 0-66ft  Adjacent Opening Heights

Verify that Segment Length > Table R602.10.4.2 value (based on Adjacent Opening Height)

Lioti= L1 + Ly + L3 =91t Total Braced Wall Length

check = if (Lygy < Lyyip,"No Good","Okay" ) = "Okay"  Minimum Length Check (R602.10.4.3)
Full-Height Braced Wall Panels must be located at each end of BWL and at 25'-0" o.c. (R602.10.4.4)

== "no" No Holdown required
hdieq. = "no wn requi

Min. 2'-0" Returns at each end of Brace Wall Line. Otherwise, holdown required (R602.10.4.4)

hdeea= "no No Holdown required

(E) Braced Wall Line

L= 8t Braced Wall Segment Lengths
Niaos= 0-061t Adjacent Opening Heights

Verify that Segment Length > Table R602.10.4.2 value (based on Adjacent Opening Height)

Liot= L1 = 81t Total Braced Wall Length

check = if (Lygy < Lyyip."No Good","Okay" ) = "Okay"  Minimum Length Check (R602.10.4.3)
Full-Height Braced Wall Panels must be located at each end of BWL and at 25'-0" o.c. (R602.10.4.4)

= "yes" Use 800Ibf Hold W Edge of D
hdeea. = "yes se oldown @ ge of Door

Min. 2'-0" Returns at each end of Brace Wall Line. Otherwise, holdown required (R602.10.4.4)

hdiea= "o No Holdown required
(F) Braced Wall Line
L= 21t L= 21t Continuous Portal Frame Wall Segment Lengths

Use: Continuous Portal Frame Wall

Use: (4) 800Ibf Holdowns (@ each corner and @ Edges of Garage Door)

Puraue Umversﬁy
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Base Shear

Seismic

Roof Diaphragm

h = 10-ft Height to Diaphragm

W = (dlr)-(1983.ftz) + dly, (10-ft)-(118ft + 110ft + 68ft + 72ft)

W, v = 76460 Ibf Seismic Weight at Roof Diaphragm

Floor Diaphragm
h:=2-ft Height to Diaphragm
2
WerM = (dlf)~(992~ft ) + dl, (4-f1)-(118ft + 1101t + 68ft + 72ft)

Wernm = 29600 1bf Seismic Weight at Floor Diaphragm
p=1.0 Seismic Redundancy Factor
Seismic Base Shear

Vg = p-6890Ibf

Wind Pressure

Transverse Direction

pPT. A = 26.7-psf Zone A Transverse Wind Pressure
pr R = —1.7-psf Zone B Transverse Wind Pressure
pr = 18.6:psf Zone C Transverse Wind Pressure
prp = 0.1'psf Zone D Transverse Wind Pressure

Longitudinal Direction

pL A = 20.1-psf Zone A Longitudinal Wind Pressure

pr.c = 13.4:psf Zone C Longitudinal Wind Pressure

Wind Shear

Apa = 4380 Appi= 940 Ap o= 1760 Ag gy = 274-C Transverse Wind Areas
TA =B Apg=94it Ay =176t App = 2740t

Ap A= O~ft2 AL o= O~ft2 Longitudinal Wind Areas

V= Pra(ArA) + PrB(ATB) + PT.C(ATC) + PD(ATD) + PLA(ALA) * PLC(ALC)
Viv.min = [(AT.A) + (ATB) * (Ar.c) + (Arp) + (AL.A) * (ALC)] 10Psf

o= max(VW, Vw.min

) = 5870 1bf

Maximum Shear Force:
V= max(V ,V ) V = 6890 Ibf Maximum Shear Force
MV w S
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IINIHOME

Overturning Calculations

Lext.min :

U:= M, - M, = -2370480-Ibf -t

No Holdowns required for Overturning Moment

M, := V-10ft = 68900-1bf-ft Overturning Moment

= 46ft Minimum Out-to-Out Length of House

L .
t.
M, = [(dlr)-(1983ft2) ¥ (dlf)-(992~ft2) 4 dl-(14-f)-(118ft + 110t + 68ft + 72ft)}~[$j = 2439380-Ibf-ft

Restoring
Moment
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UPPER ROOF FRAMING KEY

—

e e 6 6 0 |
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ROOF FRAMING KEY
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1ST FLOOR FRAMING KEY
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FOUNDATION KEY
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Wdl = dlI‘

Wyl = Slrub

I .= 12ft

NW

L,:= 2ft
L

max 360

Use: 6-1/2" SIP Panel Roof
Reactions:
dl;¢ == 120plf dl

slip¢ == 120plf sl

W= dlr

WS] .
Trapezoidal Load From Oft to 6.25ft

SlI’llb

Wed v = Slrd 1y

L= 12ft Lan= 21t
L
A =—

M,y = 77010 ft

Viax = 3401bf

S = 29.69in3
M\

F, := 495psi

F. = 575psi

max —

max —
Use: 6-1/2" SIP Panel Roof

Reactions:

ext =

ext

check := if(M < F.-S,"okay" ,"no goo

(RB1) Sip Panel Roof (Bedrooms, Kitchen)

wq = 20-psf

wg = 20-psf

Amax =0.4-in

Wallow = d4.4psf

160plf
= 160plf

(RB2) Sip Panel Roof (Living Room)

wq = 20-psf

wg] = 20-psf

Wid,ly = 26-psf

Amax =0.4in

check := if(M < Fi-S,"okay" , "no good”) = "okay"

d" ) = "okay"

dlg= 120plf dlexe= 160plf
sligte= 180plf Slens, = 180pIf

Attach 2x8 Ledger w/ Simpson SDS Screws @ 8" o.c., Staggered

tl

allow -

= 420plf
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(RB3) Structural Fascia @ Upper Roof
(1.5ft)
= d . = 15' lf
W= dly 5 Wil p
_ (1.5ft)
Weli= sl 5 wq = 15-plf
/\Ifw:: 12.751t AIWA:: 21t

L

AN = % Amax = 0.425-in

Use: 2x8 Southern Pine No. 2 in SIPs Panel

Reactions:
dl:= 170plf
sl := 190plf
(RB4) SE Porch Bearing Beam
Wal = 180plf wq = 180-plf
Wel,.= 180plf wq = 180-plf
L= 8.751t Lai= 21t

L R := 1540Ibf
Rman/= S0 Amax = 0:292-in Use: Simpson HUC210-3
Use: (3) 2x10 Southern Pine No. 2 R, jjow = 1870Ibf
(RB5) W Porch Upper Ridge Beam

(12.66ft)
wq = dl . ——— wq = 126.6-plf
ada 11‘ 7 dl p

12.66ft 4.751t =
Weli= slrs'g +sly wp'( ) wq = 197.85-plf R,= 6901bt
' 2 Use: Attach Ledger w/ (4)

L= 5ft La=2ft Simpon SDS3512

L Screws - (2) each side of
A= 0 Apax = 0.167-in ridge
Use: 1.5x7.125 Southern Pine No. 2 Rallow,= 13601bf
(RB6) W Porch Pony Wall Bearing Beam
Wal = dly,-2.66ft wq = 26.6-plf
Point Load @ 8ft
Py == 6401bf
Py := 9701bf
L= 12.66ft A= 83010t

L Use: Attach Ledger w/ (4)

= % Aoy = 0.422:in Simpon SDS3512 Screws

Use: (5) 1.5x7.125 Southern Pine No. 2 Rallow,= 13601bf
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(RB7) W Porch Lower Ridge Beam
L. Q4ft) | a, (4.75ft)

2 2
(16ft)

(16ft)
rd.wp’ >

Wel = Slrs'

+ sl

wg) = 400-plf

Point Load @ 4.75ft
Pai= 5601bf
D= 6101bf

= 71t L= 2ft
L

360 m
Use: (4) 1.5x7.125 Southern Pine No. 1

(RB8) W Porch Bearing Beam (S)

&
g

[

Use: (3) 2x10 Southern Pine No. 2

(RB8a) W Porch Bearing Beam (N)
= dlr'[(8.225ft) + z&}

=

Use: (3) 2x10 Southern Pine No. 2

Wapi= dly(4.50) wq = 45-pIf
L= 12ft
MV

. L 1
Amﬂli = % Amax = 0.4in

Use: (3) 2x10 Southern Pine No. 2

Ay = 0233

' (11f)  (7f0)
W= dlr-[T += Wy = 180-plf
. (11f) | (7f0)
Wl = slrs~|:T +s wg) = 180-plf
L=t L= 2ft
L
Awmax= 5o Ay = 0233

Appax = 0.058-

in

in

. (8.25ft)
Wl = (slrs+slrd.wp)~|: ; +2ft|  wg = 306.25-plf

in

(RB9) W Porch Eave Bearing Beam (W/ Ridge Above)

R = 2620Ibf
MW

Use: Attach Ledger w/ (8)
Simpon SDS3512 Screws-
(4) Each Side of Ridge

Rollown= 27201bf

R := 1190Ibf
MW
Use: Simpson HUC210-3

Rollown= 18701bf

R := —1201bf
MW
Use: Simpson HUC210-3

Rollown= —2401bf
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(RB10) Front Porch Bearing Beams

(6.5ft)
6.5ft

Wel = (slrs)-[( : )y 2ft} wgp = 105-plf
= T8 R = 7001bf

L MW
A v Ay = 0.233¢in Use: Simpson HUC26-3
Use: (3) 2x6 Southern Pine No. 2 Rallow,= 10651bf
Kickout Force:

) (71t)
Tg:= (dlr+ slrs)~ T 1ft|-(6.5ft)-cos(18deg) T = 1112.736 Ibf
. Ts _ ~ 2.023-in° Wood Tension Member Area Required

Aw.req' 550psi Aw.req :

T
th. = S th. = 6.469-in Required Thread Penetration to Main Member

req Ibf req
172 —

m

Use: (3) 2x6 Southern Pine No. 2
w/ Min. (3) SDS25800 Screws
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(L1) Bedroom Window Lintels

121t
W= dlr~[(—2) + 2f{| wq = 160-plf
121t
Weln= (slrs)-|:—( 5 ) + 2ft} wg1 = 160-plf
Wil = Wl Wy wy = 320-plf
L= 2ft
MW
A%\mallv:: % Amax = 0.067-in
Use: Unreinforced Sip Panel Header Wallos= 1268pIf

(L2) Bedroom To Kitchen Hallway Lintels

) (12ft)
W= dlr.[T wq = 120-plf
_ (12ft)
Weln= (Slrs)'|:T wg1 = 120-plf
L = 4.5ft
MW
L

AN = % Amax =0.15-in

Use: (2) 2x4 Southern Pine No. 2
(L3) Bedroom To Exterior Exit Lintel

. (20ft) (12.66f)
Wy = dlr-[T +dly| = W) = 326.6-plf

an
Weln= (slrs)-[%ﬂ)} wg1 = 200-plf
Weli= Wd1 T Wyl Wy = 526.6-plf
L= 3ft
MW
. L .

Aman = % Amax =0.1-in
Use: Unreinforced Sip Panel Header Wallos= 1268pIf
(L4) Clerestory Window Lintels

(14ft)
wa o= dl | ——— w1 = 140-plf
VYt I‘|: 5 dl p
Weln= (slrs)-[%ﬂ)} wg) = 140-plf
L = 4ft
MW

L

AN = % Amax =0.133-in

Use: 2x8 Southern Pine No. 2 in SIP Panel
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a2 022

201
Weli= (Slrs)'|:( ; t)}

M= Walr t Wyl

Use: Unreinforced Sip Panel Header

Wal = 160plf + d1r~|:%ft)J

W= 180plf + slrs'[a—zft)J

M= Wal t Wl

Use: Unreinforced Sip Panel Header

Wl = dlw~10ft

Weli= Oplf

M= Walr t Wyl
= 3ft

3

_ L
360
Use: Unreinforced Sip Panel Header

[

_ dlr.[(24.25ft) s ﬁ}
2

Wsk= Slub R

Use: (2) 2x6 SPF No. 2

(L5) Mechanical Window Lintel

wg) = 200-plf

wy = 440-plf

Ay = 0.067-in

Wallow= 1268plf

(L6) South Living Room Wall Lintels

wq) = 250-plf

wy = 480-plf

Amax =0.1-in

Wallow= 1268plf

(L7) Non-Sips Bearing Lintels

wq = 0-plf

wy = 100-plf

Amax =0.1-in

Wallow= 1268plf

(L8) Garage Man Door Lintel

wg) = 300-plf

Ay = 0.108:in
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£

= dl.{@ + 2ft}

W= Slrub t R
I .= 8.25ft
MV

L
A .

AR %

(L9) Garage Door Lintels

Use: (2) 2x12 Southern Pine No. 2

wg1 = 300-plf

Ay = 0275-in
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(WB1) Kitchen Vault Beam

. (14f)
_ (14
Wl i= (slrs)-[T wgp = 140-plf
L= 14ft
MW
L

o % Amax = 0.467-in

Use: (2) 1-3/4"X11-7/8" Microllam LVL

(WB2) Living Room Vault Beam

Wal= 120plf wqp = 120-plf See RB2 for Loads
Welo= 180plf wg) = 180-plf
L .= 14ft R := 2160Ibf
MW MV
L . Use: Simpson HUC612 Max
A =— Apax = 0.467-in

Rollow= 25501bf
Use: (2) 1-3/4"X11-7/8" Microllam LVL
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(C1) Knee Brace
1901bf
= P4 = 268.701 Ibf
rwdllv cos(45deg) dl
1701bf
=" Py = 240.416 Ibf
cos(45deg)
AI,}A:: 2.5-ft hxunb = 2.5-ft hyunb = 2.5-ft

Use: Steel TS 2x2x3/16"
Or: Steel Pipe 1/2 STD

(C2) Lintel Trimmer Studs (L2,L8)

Pa
Py ) 2 18

Rai 280 100
Ry 270 170
Riotal 550 270
MAX
Py = 2701bf Py = 2701Ibf
AI,}A:: 7-ft M:: 0-ft M:: 7-t
Py+P
( dl sl)
=— L. = 0.469-in
brg ™ 375 psi-3.125-in brg
Use: 2x4 No. 2

(C3) Lintel Trimmer Studs (L9)

Peti= 12401bf P = 12401bf
AI,}A:: 7-ft M:: 0-ft M:: 7-t
Py+ P
( dl sl)
Iy =—"> L., = 2.142-in
N/ 375 1si-3-in brg

Use: (2) 2X4 SPF No. 2
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(C4) Wall Column for RB4 & RB10 (SE Porch/Front Entry)

Pap,:= 800Ibf + 3801bf P4 = 11801bf
Pati= 7501bf + 3401bf P = 1090 Ibf
D=8t Db, = 0-ft Al}/ywnb«:: 0-ft

Use: 1.5x3.125 SPF No. 2

(C5) Exterior Column for RB4 (SE Porch)

Pyi= 12700bf Py = 12701bf
Peyi= 11901bf Py = 11901bf
hi= 81t B, = 8-t Dyaby= T
Py+P
( dl sl)
Ly =——>/ Li,,., = 1.458-in
NS/ 375 06i.4.5-in brg

Use: 6x6 Southern Pine No. 2

(C6) Exterior Column for RB5 (W Porch)

Papi= 6401bf Py = 640 Ibf

D= 9701bf Py = 970 Ibf

ho= 3t D= O-ft Dywab,= 31t
(Par + Pg)

AR 375 06i.3.5-in
Use: (2) 2x4 SPF No. 2

(C7) Wall Column for RB6 & RB8a (W Porch, N Side)

Pay= 490Ibf + 40Ibf P4y = 530 1bf
P = 360Ibf + 80Ibf Py = 440 Ibf
b= 8-t Dy = 0t Dy = O-ft

Use: 1.5x3.125 SPF No. 2
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(C8) Exterior Column for RB7, RB9 (W Porch)

/\I/)\dl\/:: 2110Ibf + 2-3101bf Py = 27301bf
Py i= 27301bf Py = 27301bf
/\ll\ll\:: 8-ft /\ll\lmmb\/:: 0-ft hij‘lllﬂ]ﬂ = 4-ft
_ _Cazra) L atein
i/ 375-psi-3.5-in brg = ™

Use: 6x6 SPF No. 2

(C9) Wall Column for RB8 (W Porch, S Side)

/\I/)\dl«:: 6201bf Py = 620 Ibf
AI/)MN:: 11451bf Py = 1145 1bf
Al,lv\1= 8-t M:: 0-ft Al}zywnb/:: 0-ft

Use: 1.5x3.125 SPF No. 2

(C10) Exterior Column for RB8, RB9 (W Porch, S Side)

/\I/)\dlv:: 1120Ibf + 3101bf Py = 1430 Ibf
D= 26001bf Py = 2600 Ibf
/\lllV\:: 8-ft Al}/m&nb«:: 8-ft Al,lmb\/:z 8-ft
Py+ P
( dl sl)
Ly =—— L., = 3.07-in
iy 375-psi-3.5-in brg

Use: 6x6 Southern Pine No. 2

(C11) Exterior Column for RB8a, RB9 (W Porch, N Side)

Pai= 5401bf + 310Ibf Py = 850 Ibf

Poi= 12301bf P = 12301bf

Al,lv\2= 8-t M:z 8-t thb/:: 8-t
(Par + Pg)

=— Liyg = 1.585-in
iy 375-psi-3.5-in brg

Use: 6x6 Southern Pine No. 2
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(C12) Wall Column for RB10 (Front Entry)

Alz;db:: 3801bf Pq =380 Ibf
AI:MV:: 3401bf Py =340 Ibf
Al,lv\:: 8-ft A}}mm)w:: 0ft M:: 0-ft

Use: 1.5x3.125 SPF No. 2
(C13) Exterior Columns for RB10 (Front Entry)

Pa= 6801bf P4y = 680 Ibf

L= 6101bf P = 6101bf

Al,lv\:: 8-ft A}}mm)w:: 8-ft M:: 8-ft
(Par + Pg)

gy~ 375-psi-3.5-in
Use: 6x6 Southern Pine No. 2

(C14) Columns for WB1 (Kitchen)

Pgyi= 1040Ibf Py = 1040 1bf

D= 980Ibf P = 980 Ibf

ho=11ft Do, = O-ft Dy, = 11t
(Par + Pg)

=— Ly, = 1.539-in
gy 375-psi-3.5-in brg

Use: (2) 2x4 SPF No. 2
Or: (2) 1.5x3.125 SPF No. 2

(C15) Columns for WB2 (Living Room)

/\I/:\.dl\/:: 9001bf P4 =900 Ibf
/\II:\’MV:: 12601bf PSl = 1260 Ibf
/\1}/\:: 11-ft M:z 0-ft /\ll\lml'ﬁb\/:: 11-ft
Py +P
( dl sl)
L TSy Ly, = 1.646-in
kg 375-psi-3.5-in brg

Use: (2) 2x4 SPF No. 2
Or: (2) 1.5x3.125 SPF No. 2
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(J1) 1st Floor Joists

W= dlp wqp = 15-psf
L= 12ft
MW

. L .
AIZ]EM = % Amax =0.41n

Use:9-1/2" TJI 210 @ 16" o.c.

R := 8751bf
A%
Use: Simpson 1TS2.06/9.5

Rollow= 15501bf
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(FB1) Floor Beam 1 (Private Mod, W Side)

waro= dle3ft + dl - 10ft + dlp-2ft wq = 190-plf
W= llp2ft wyp = 100-plf
Weli= sl 31t wgp = 60-plf
L= 12ft

MWV

Supports:

| .= 6ft, 6ft

A\

Use: (2) 9-1/2" Microllam LVL

(FB2) Floor Beam 2 (Private Mod, E Side)

waro= dle3ft + dl - 10ft + dlp-2ft wq = 190-plf
W= uf.th wy = 100-plf
Weli= sl 31t wgp = 60-plf

Point Load @ 5.25ft from DB15
L= 140

Pll = 920

L= 12ft

MW

Supports:

1= 6ft,6ft
Use: (2) 9-1/2" Microllam LVL

(FB3) Floor Beam 3 (Wet Mod, W Side)

waro= dl2ft + dl - 146t + dlp-2ft wqp = 210-plf
W= llp2ft wyp = 100-plf
Weli= sl 21t wg) = 40-plf

Point Load @ 4ft from RB5

/\]l;\)dl\/:: 270

L= 12ft

MW

Supports:

1 .= 6ft,6ft

W

Use: (2) 9-1/2" Microllam LVL

R := 810Ibf
MW
Use: Simpson HUC410

Rollown= 16251bf

R := 880Ibf
MW
Use: Simpson HUC410

Rollown= 16251bf

R = 970Ibf
MW

Use: Simpson HUC410

Rollown= 16251bf

Puraue Umversﬁy
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(FB4) Floor Beam 4 (Wet Mod, E Side)
W= i3t + 2dl 146+ dip-2ft wgp = 370-plf
= llp2ft wy = 100-pIf
Wari= Sl 31t Wy = 60-plf

Point Load @ 10.75ft from DB18
/\I/)vdl\/:: 80
D= 520
Point Load @ 14.25ft from DB17
/\I/)vdl\/:: 100

L= 650

L= 241t R = 1320Ibf
MW

Supports: Use: Simpson HUC410

L= 71t 6ft, 61t, 51t
Use: (2) 9-1/2" Microllam LVL

(FB5) Floor Beam 1 (Private Mod, N Side)
(12ft)

Rollown= 16251bf

Walo= 120plf + dIj-8ft + dlg- wqp = 290-plf
. (12ft)

W= e 5 wyp = 300-plf

Wel= 160plf wg = 160-plf

Point Load @ Oft from FB1

Pai= 440
D= 230
D= 140
Point Load @ 29ft from FB2

/\I/)vdl\/:: 450

o

£ E

=290

= 140

3

= 20ft

Supports:

1= 71t,7.51t,7.51t, 71t

W

Use: (2) 9-1/2" Microllam LVL
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(FB6) Floor Beam 6 (Private/Wet Marriage Wall)
(12ft)
war = 2-120plf + 2dl_-12ft + 2dle-—— w1 = 660-plf
A p W S dl p
(12ft)
wiy ;= 2lle-——— wip = 600-plf
ARl f P 11 p
Welo= 2-120plf wg = 240-plf
Trapezoidal Load from Oft to 5ft
(12ft)
wap o= dle-—— w4 = 90-plf
aa f P dl p
(12ft)
wiy ;= e ——— wy = 300-plf
ARl f P 11 p

Point Loads @ Oft from RB6, RB8a, DB12, FB1

Pai,i= 490Ibf + OIbf + OIbf + 4401bf Py = 930 Ibf
Pyii= OIbf + 2301bf Py = 230 Ibf
Pi= 360Ibf + Olbf + 1401bf Py = 500 Ibf

Point Loads @ 5ft from FB3

Pay= 4801bf Py = 480 Ibf
Pii= 2801bf Py = 280 Ibf
Poi= 90Ibf P = 901bf

Point Loads @ 29ft from FB2

Pay= 4401bf Py = 440 Ibf
Pui= 1801bf Py = 180 Ibf
P = 1401bf Py = 140 Ibf

Point Loads @ 36ft from FB4

Pa= 23701bf P41 = 23701bf
Pipi= 6901bf Py = 690 Ibf
Pel= 380Ibf P = 3801bf
I .= 36ft

MWV

Supports:

L= 2.56t,2.50t, 3ft, 41ft, 4ft, 4ft, 31t, 2ft, 3ft, 3.5ft, 3.5ft
Use: (2) 9-1/2" Microllam LVL
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(FB7) Floor Beam 7 (Wet/Living Marriage Wall)

Trapezoidal Load from Oft to 8.25ft, and from 21.75ft to 31ft

(12ft)
W= 160plf + 120plf + 2d1 - 16ft + 2d1f-T wq = 780-plf

_ (12ft)
W= 211f-T wyp = 600-plf

Welo= 160plf + 180plf wg = 340-plf

Trapezoidal Load from 8.25ft to 21.75ft

W= 2dlf~@ wqp = 180-plf
W= 211f-%ﬁ) wyp = 600-plf
Point Loads @ Oft from RB7, FB3, FB1

Pai= 1140Ibf + 550Ibf + 4401bf Pyp = 21301bf
Pip= 3301bf + 2301bf P; = 560 Ibf
Poty= 1480Ibf + 90Ibf + 1401bf Py = 17101bf

Point Loads @ 8.25ft from WB1, WB2
Lai,= 10501bf + 9101bf Py; = 1960 1bf

Pety= 980Ibf + 1260Ibf Py = 2240Ibf

Point Loads @ 21.75ft from WB1, WB2, FB1

Pai= 10501bf + 9101bf + 4401bf Pg) = 2400 Ibf
Pyi= 2301bf Pyj = 230 Ibf
D= 980Ibf + 1260Ibf + 1401bf Py = 2380 Ibf

Point Loads @ 31ft from FB4

Pai= 28301bf P41 = 2880 1bf
Pi= 890Ibf Pj; = 890 Ibf
Pel= 4501bf P = 450 Ibf
L= 31ft

MW

Supports:

J= 211,318, 31, 21t, 6ft, 4ft, 2ft, 21ft, 4ft, 3ft
Use: (2) 9-1/2" Microllam LVL
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(FB8) Floor Beam 8 (Living Mod, S Side)
12ft 7ft
Wal = 160plf + dl,-81t + dlf~(—2) + dlf'(—z) wq = 382.5-plf
12ft 7ft
W= llf~( ) + llft'( ) wy = 650-plf
Wel,.= 180plf wg = 180-plf
Point Loads @ Oft from RB8, DB9, FB1
LPa,= 610Ibf + 1601bf + 4401bf Py = 12101bf
D= 10401bf + 2301bf Py = 1270 Ibf
Pei= 580Ibf + 1401bf P = 720 Ibf
Point Loads @ 15.25ft from RB10
Pa,= 3601bf P4; = 360 Ibf
Do= 3401bf P | = 340 Ibf
Point Loads @ 22ft from RB4, RB10, DB1, FB1
Pai= 790Ibf + 3601bf + 2401bf + 4401bf Py = 18301bf
Pii= 16001bf + 2301bf Py = 1830 Ibf
LPei= 7501bf + 3401bf + 1401bf P = 12301bf
L := 22ft
MW
Supports:

L= aft 4t 4t 4ft, 4ft, 21t
Use: (2) 9-1/2" Microllam LVL
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(FB9) Floor Beam 9 (Garage Mod, N Side)
wam A0 s dlf~(9—2ﬂ) wyp = 427.5-pIf
Wi uft.%ﬁ) w)| = 450-plf
Wep= 291plf wg) = 291-plf

Trapezoidal Load from 6.66ft to 12ft

oft

WS” = dlf(_z) Wdl = 67.5'p1f
ft

Wi= uﬁ.%) wyp = 450-plf

Point Loads @ Oft from DB15, FB4

Pa= 1401bf + 701bf P4 = 2101bf
D= 9201bf + 170Ibf Py = 1090 Ibf
Po= 1101bf Py = 1101bf
L= 12ft

MWV

Supports:

L= 31t,3ft,31t, 31t
Use: (2) 9-1/2" Microllam LVL

(FB10) Floor Beam 10 (Garage Mod, S Side)
(28ft)

Wape= + dl, 8t Wy = 360-plf

W= 291plf Wy = 291-plf

Point Loads @ 2ft from L9

Pyii= 11601bf Py = 11601bf
Py ;= 1200Ibf Py = 1200 Ibf
L= 2ft

MV

Supports:

1= 2ft

A\

Use: (2) 9-1/2" Microllam LVL
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2ft
W= dll{(—z) + 2ft} + dlw-12ft

(2ft)
W= sl 1| —— + 2ft
WS rub|: 5 j|

Point Loads @ Oft from FB10

Lai= 360Ibf

Pety= 2901bf

Point Loads @ 10.75ft from DB18

Paii= 50Ibf

1= 3301bf

Point Loads @ 14.75ft from DB16

Lai= 2501bf

Pie= 16301bf

Point Loads @ 24ft from FB9

Lapi= 590Ibf
D= 10501bf

Pety= 3401bf

L = 24ft
AW

Supports:

1.= 12ft, 12ft

W

Use: (2) 9-1/2" Microllam LVL

(FB11) Floor Beam 11 (Garage Mod, E Side)

wg = 60-plf

P = 290 Ibf

P = S01bf

Pyj = 330 Ibf

Py = 250 Ibf

Py = 1630 1bf

P|; = 1050 1bf

P = 340 Ibf
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Deck Hand Rail

W= S0plf
Pip= 2001bf

[ = 4.5ft

NW

Use 2x4 SPF No. 2 Handrail

Deck Hand Rail Columns

Py.i= 2001bf

may; = 4.66ft Maximum Moment Arm (Force Applied @ Top of
Column-Measure to bottom of Deck Bearing Beam)

may, = 6in Moment Arm of Resisting Bolt (Allowing 1.25in to top of Deck Bearing Be
My
P, = — = 18641bf
P
Ay = L 0.052~in2 Minimum Bolt Area to resist Force
T4 36ksi
Use 1/2" Bolt
P

4 _ 3.883.in°

Ay . =
brg ™ 480psi

Use 3"x3" Plate Washer @ Top & Bottom

= 8.804~in2

.2
A= (3in)(3in) — 11'-—('5::1)

Use 6x6 SPF No. 2 w/ 1/2" Bolt w/ 3"x3" Plate Washer
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(DJ1) Deck Joist - 7 ft max span

Wai = dlp w1 = 15-pst
W= g wyp = 100-psf
L= 71t
MW

. L .
Amaaa = % Amax = 0.233-in

Use:2x8 Southern Pine No. 2 @ 16" o.c.

(DJ2) Deck Joist - 9 ft max span

W= dlp wqp = 15-pst
W= g wyp = 100-psf
L= oft

Aax= 3_15() Apax = 0.3-in

Use: 2x8 Southern Pine No. 2 @ 12" o.c.

(DJ3) Deck Joist - 12 ft max span

Wai = dlp w1 = 15-pst
W= g wyp = 100-psf
L = oft
MW

. L .
Amaaa = % Amax = 0.3-in

Use: (2) 2x8 Southern Pine No. 2 @ 12" o.c.

R := 5401bf
MW
Use: Simpson JB28

Rollow= 10501bf

R := 5201bf
MW
Use: Simpson JB28

Rollow= 10501bf

R := 6901bf
MW
Use: Simpson HUS228-2TF

Rollow= 34551bf
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(DL1) Deck Ledger (8.75' Max Span)
(8.75ft)

Wal= dlg 5 wqp = 65.625-plf
8.751t
W= g ( ) wyp = 437.5-plf
Wiot ©= Wqp + W1 Wiot = 503.125-plf
P45 = 3401bf Simpson SDS25312 Shear Capacity
P
d
Seain, = == Smin = 8-109-in
Wiot

Use: 2x8 Southern Pine No. 2 Ledger w/ Simpson SDS25312 screws @ 8" o.c. staggered

(DL2) Deck Ledger (12' Max Span)
(12ft)

Wal= dlg 5 wqp = 90-plf
12ft
M= Hft'(—z) wyp = 600-plf

Weati= Wdl + W] Wiot = 690-plf

Podey= 3401bf Simpson SDS25312 Shear Capacity
P
d
Seain, = = Smin = 2-913-in
Wtot

Use: 2x8 Southern Pine No. 2 Ledger w/ Simpson SDS25312 screws @ 4" o.c. staggered
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(DB1) Deck Bearing Beam 1
(19ft)
W= dle-——= wq = 142.5-plf
A f P dl p
o= g (19f1) wyy = 950-plf R ;= 18401Ibf
2 Use: Simpson HUC28-2 (Ma:
L= 4.51t,4.5ft Okay w/ Cont. Ledger Ext.
Use:(3) 2x8 Southern Pine No. 2 Rallows= 16251bf
(DB2) Deck Bearing Beam 2
(7ft)
W= dle-—— wq = 52.5-plf
A f P dl p
(7ft)
wy = llg-——= wy = 350-plf
il P 1 p

Point Load @ Oft,7ft from C13
Pa= 6801bf P4y = 680 Ibf

Pety= 6101bf P = 6101bf

L= 71t 4ft, 5t
Use:(2) 2x8 Southern Pine No. 2

(DB3) Not Used
(DB4) Deck Bearing Beam 4

4 .51t

4 .51t
Wik = llft~( 5 ) wyp = 225-plf
.= 7ft
MWV

L

o % Amax = 0.233-in

Use:(2) 2x8 Southern Pine No. 2

(DB5) Deck Bearing Beam 5

41t
41t
Wik = llff% wyp = 200-plf
I .= 4.5t
MWV
L .
A = — Amax: 0.15-in

Use:2x8 Southern Pine No. 2
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(DB6) Deck Bearing Beam 6
(10ft)
Wy = dle-——— wq = 75-plf
A f 5 dl p
(10ft)
wiy = g wip = 500-plf
Y, ft 5 11 p
I .= 5ft
MW
. L .
AIZJBM = % Amax =0.167-in

Use:(2) 2x8 Southern Pine No. 2

(DB7) Deck Bearing Beam 7

. (9.5ft)
_ (9.5ft)
L .= 3.5ft
MW
L

AN = % Amax =0.117-in

Use:2x8 Southern Pine No. 2

(DB8) Deck Bearing Beam 8
(5ft)

W= dlf-T wqp = 37.5-plf
Sft
W= llft-% wyp = 250-plf

AIM:: 7.5ft,7.5ft,7.5ft
Use:(2) 2x8 Southern Pine No. 2

(DB9) Deck Bearing Beam 9

(17f0) R= 12001bf

M= dlg- 5 wqp = 127.5-plf Use: Simpson HUC28-2 (Max)
171t =

W= Hft'( > ) wy = 850-plf Rallow= 18751bf

Point Load @ Oft from C10

La= 14301bf Py = 1430 Ibf

L= 26001bf Py = 2600 Ibf

L= 3.251t,3.254t
Use:(3) 2x8 Southern Pine No. 2
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(DB10) Deck Bearing Beam 10
(241t)
w = dle wq = 180-plf
IC N S dl p
W= g (2421ft) wy = 1200-plf
Point Load @ Oft from C8
Pi= 2730Ibf Py = 2730 1bf
Pep= 2730Ibf Py = 2730 Ibf

L= 2751, 2751t Loai= 21t

Use:(4) 2x8 Southern Pine No. 2

(DB11) Deck Bearing Beam 11

18.751t
S dlf.% wyp = 140.625-plf
18.75ft
/\I/"w: 3ft, 21t /\I/"va/\:: 21t
L .
max -~ % Apgx = v-in

Use:(3) 2x8 Southern Pine No. 2

(DB12) Deck Bearing Beam 12

12ft

Well = dlf'( 5 ) wqp = 90-plf
12ft

Wi = llft~( 5 ) wy = 600-plf

Point Load @ 7.5ft from C11

Pgy= 850Ibf P4y = 850 Ibf
P = 12301bf Py = 1230 Ibf
L= 55017560 L= 2ft

Use:(2) 2x8 Southern Pine No. 2

(DB13) Deck Bearing Beam 13

. (13.5ft)
_ (13.5ft)
L =475t
MV
L .
max = % Amax = 0.158-in

Use:(2) 2x8 Southern Pine No. 2
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(DB14) Deck Bearing Beam 14

oft
ft
W= uft.%) W) = 450-plf

L= 6.33ft,6.331t,6.331t
Use:(2) 2x8 Southern Pine No. 2

(DB15) Deck Bearing Beam 15

144t

Wl = dlf~( 5 ) wqp = 105-plf
14ft

Wik = llft~(—2) wyp = 700-plf

L= 3.5t,3.5f
Use:(3) 2x8 Southern Pine No. 2

(DB16) Deck Bearing Beam 16

13ft
13ft
L= 5ft
MW
L .
A Aax = 0.167-in

Use:(3) 2x8 Southern Pine No. 2

(DB17) Deck Bearing Beam 17

] (4ft)
Wl = dlf~T wqp = 30-plf
. (4ft)
W= llft'T wyp = 200-plf
L ;= 6.5ft
MW
L

Amﬂli = % Amax =0.217-in

Use:(2) 2x8 Southern Pine No. 2

(DB18) Deck Bearing Beam 18

) (41t)

WS” = dlfT Wdl = 30~p1f
] (4f1)

L := 6.51t,5ft

MW

Use:(2) 2x8 Southern Pine No. 2

R = 1060Ibf
MW
Use: Simpson HUC28-2

Rollown= 11601bf

Use: Simpson HUC28-3 (Max)

Rollown= 13901bf

R := 1880Ibf
MW
Use: Simpson HGUS26-3

Rollown= 34101bf

R := 7501bf
MW
Use: Simpson HUC28-2

Rollown= 11601bf

R := 6001bf
MW
Use: Simpson HUC28-2

Rollown= 11601bf
R := 380Ibf
MW

Use: Simpson HUC28-2

Rollow= 11601bf
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Min. psf 1000
Max. psf 1500
Dim. (in.) | Ftg. Mark | Min. Cap. | Max Cap.
Circular  Diameter 10 F1 545.4154| 818.1231
16 F2 1396.263| 2094.395
16 F3 1777.778] 2666.667
. 18.5 F4 2376.736| 3565.104
Square  Side Length 20 F5 | 2777.778] 4166.667
24 F6 4000 6000
Label Location DL (Ibf) LL (Ibf) |SL (Ibf) [TL (Ibf) |Ftg. Mark [Check
FTG 1 FB1 1480 750 450 2380|F3 Okay
FTG 2 FB2 1620 1650 450 3195|F4 Okay
FTG 3 FB3 1860 1110 300 2917.5|F4 Okay
FTG 4 FB4 1420 270 460 1967.5|F2 Okay
FTG 5 2230 1540 330 3632.5(F5 Okay
FTG 6 1250 1040 570 2457 .5|F3 Okay
FTG7 2440 2460 1310 5267.5(F6 Okay
FTG 8 FB1 2140 2150 1150 4615(F6 Okay
FTG 9 2440 2460 1310 5267.5(F6 Okay
FTG 10 1260 1100 570 2512.5|F3 Okay
FTG 11 1680 1110 740 3067.5(F4 Okay
FTG 12 2150 2590 680 4602.5|F6 Okay
FTG 13 2250 2110 1500 4957 .5|F6 Okay
FTG 14 2420 2150 870 4685(F6 Okay
FTG 15 2720 2450 980 5292.5(F6 Okay
FTG 16 FB6 2680 2410 960 5207.5|F6 Okay
FTG 17 2600 2330 930 5045|F6 Okay
FTG 18 1190 1060 430 2307.5|F3 Okay
FTG 19 1830 1640 660 3555|F4 Okay
FTG 20 2570 2090 910 4820(F6 Okay
FTG 21 2680 2410 960 5207.5(F6 Okay
FTG 22 3290 1510 710 4955(F6 Okay
FTG 23 2670 990 1940 4867.5|F6 Okay
FTG 24 2160 1580 960 4065(F5 Okay
FTG 25 2510 2120 990 4842.5|F6 Okay
FTG 26 3010 180 2740 5200|F6 Okay
FTG 27 1250 3850 130 4235(F6 Okay
FTG 28 |FB7 740 2420 0 2555|F3 Okay
FTG 29 1030 2550 230 3115|F4 Okay
FTG 30 2860 550 2550 5185|F6 Okay
FTG 31 2590 2120 1020 4945(F6 Okay
FTG 32 3170 2390 1370 5990|F6 Okay
FTG 33 3710 1530 810 5465|F6 Okay
FTG 34 1830 2300 1000 4305|F6 Okay
FTG 35 1770 2950 820 4597 .5|F6 Okay
FTG 36 1490 2510 680 3882.5[F5 Okay
FTG 37 |FB8 1630 2600 790 4172.5|F6 Okay
FTG 38 1940 2670 1060 4737.5|F6 Okay
FTG 39 1290 2220 570 3382.5(F4 Okay
FTG 40 2040 2150 1330 4650(F6 Okay
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FTG 41 720 1630 450 2280|F3 Okay
FTG 42 FBY 1480 1490 1000 3347.5|F4 Okay
FTG 43 1260 1590 810 3060|F4 Okay
FTG 44 1730 3130 1000 4827.5|F6 Okay
FTG 45 |FB10 1520 0 1490 2637.5|F3 Okay
FTG 46 1190 0 560 1610|F2 Okay
FTG 47 |FB11 3090 1840 900 5145|F6 Okay
FTG 48 880 330 370 1405|F2 Okay
FTG 49 DB1 800 5340 0 4805(F6 Okay
FTG 50 240 1600 0 1440|F2 Okay
FTG 51 DB2,DB4 950 1800 610 2757.5|F4 Okay
FTG 52 |DB2,DB4,DB5 1230 3610 610 4395(F6 Okay
FTG 53 |DB2,DB6,DB5 480 3160 0 2850|F4 Okay
FTG 54 |DB2,DB6 300 2010 0 1807.5(F2 Okay
FTG55 |DB4 120 790 0 712.5|F1 Okay
FTG 56 |DB4,DB5 390 1440 0 1470(F2 Okay
FTG 57 |DB5 170 550 0 582.5|F1 Okay
FTG 58 |DB6 190 1650 0 1427.5(F2 Okay
FTG59 |DB6,DB7 320 2080 0 1880|F2 Okay
FTG60 |DB7 130 830 0 752.5|F1 Okay
FTG 61 DB8 110 750 0 672.5|F1 Okay
FTG 62 310 2060 0 1855(F2 Okay
FTG 63 DB 1590 1040 2600 4320|F6 Okay
FTG 64 520 3450 0 3107.5|F4 Okay
FTG 65 2950 1460 2530 5942 .5|F6 Okay
FTG66 |DB10 420 2820 0 2535|F3 Okay
FTG 67 710 4730 0 4257.5|F6 Okay
FTG68 |DB11 490 3280 0 2950|F4 Okay
FTG 69 DB12 420 2830 0 2542 .5[F3 Okay
FTG 70 1290 2950 1230 4425(F6 Okay
FTG 71 DB13 240 1600 0 1440|F2 Okay
FTG 72 DB14 170 1640 0 1400(F2 Okay
FTG 73 470 3130 0 2817.5|F4 Okay
FTG74 |DB15 460 3060 0 2755|F4 Okay
FTG75 |DB16,DB17 350 2280 0 2060|F2 Okay
FTG76 |DB18 220 1660 0 1465(F2 Okay
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Detailed Water Budget

Team Purdue generated a water budget for the competition based off of the type and frequency of water-
related contests. The contests accounted for were the 20 hot water draws at 15 gallons each, 10 clothes
washing cycles at 12 gallons each, five dish washing events at 10 gallons each, and four water vaporization
events at 1.25 gallons each. A large portion of the water budget was allocated for the fire protection
system. An additional 280 gallons of water were required for fire protection just in case. A 100 gallon
safety factor was also included. In total, all contests and activities required 1000 gallons. It should be noted
that all water consumed was provided by the team. This included water for cooking and drinking.

Table 1: Water Budget

WATER USE CALCULATIONS
FUNCTION (GALLONS) EVENTS [\[eaf=)

Hot Water Draws 20 additional 10% included

Laundry 120 12.0 10 WF=4.33, cap=2.6 cu ft

Dishwasher 50 10 5

Water Vaporization 5.0 1.25 4 5 Ibs water = 0.6 gal, use 1.25 gal/event
Fire Protection 280 280 1 40 gpm for 7 minutes

Testing 40 5 8

Initial DHW Tank Fill 50 50 1

Living Wall basin 25 25 1

Safety Factor 1

AR REQURED | 1000 feslers |

To accommodate for 1000 gallons of water, the team has selected a 1050 gallon cone bottom storage tank.
The supply tank measured 72” diameter by 85” high. The supply tank rested in a completely shaded corner
of the garage. Access to the supply tank inlet was through the back garage door. To collect waste from the
house during competition there was an intermediate ejector sewage pit located in the garage. This ejector
pit held 19.5 gallons of water until the pump initiated. This ejector pump sent waste to a 1050 gallon flat
bottom tank located outside the garage. This vertical tank was 86" diameter by 54” high. Both supply and
waste tanks had 16” main way openings at the top of each tank.
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Summary of Unlisted Electrical Components

All electrical components installed in the INhome will carry an approved testing agency’s listing per Section
6-7 of the SD 2011 Building Code.
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Summary of Reconfigurable Features

Team Purdue’s INhome contains mechanically actuated clerestory windows that are operated by a toggle
switch on the wall. The purpose of the windows is to allow for natural ventilation to occur in the home,
and the actuators allow this process to occur easier than if the windows were manual.
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Interconnection Application Form

Team Purdue: Lot 201

PV Systems
Module Manufacturer Short Description of Array DC Rating of Array
(sum of the DC
ratings)

SunPower SPR-238 9 Modules connected in seriesto central inverter 2160 W

SunPower SPR-238 9 Modules connected in series to central inverter 2160 W

SunPower SPR-238 9 Modules connected in series to central inverter 2160 W

SunPower SPR-238 9 Modules connected in series to central inverter 2160 W

Total DC power of all arrays is 8.6 kW (in tenths)

Inverters

Inverter Model Number Voltage Rating (kVA or KW)  Quantity

Manufacturer
SunPower SPR-8000m 240V (AC) 8kWac 1
Total AC power of the inverter is 8kW (in whole numbers)

1. One-line electrical schematic: E-601
Calculations of service/feeder net computer load and neutral load: next page

3. Plan view of the lot showing the house, decks, ramps, tour paths, the service point and the
distribution panel or load center: E-605
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Service Calculation

Am
Service Loads Calculations VA Rating
Rating

(eZ)CEOA appliance outlet circuit at 1500 VA (7)x(1500) = 10,500

(Cooktop, 7.7kVA) + (Oven,

Oven & Cooktop 2.4KVA) = 10,100
Dishwasher nameplate rating 1,200

Remainder of General load @ 40% (24,852VA) x (0.4) = 9,941

TOTAL NET GENERAL LOAD (10,000VA) + (9,941VA) = 19,941

Heat Pump and Supplementary Heat nameplate 2,760

TOTAL NET GENERAL LOAD 19,941

Fire Protection Pump 3,300

TOTAL (19,941VA) + (10,342VA) = 30,283

CALCULATED LOAD FOR SERVICE (30,283VA) / (240V) = 126.2A
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Energy Analysis Results and Discussion
1. Introduction

Team Purdue conducted a thorough energy analysis of the INhome using a variety of methods, including
energy modeling and investigating the end-uses of electricity in the home. As the design of the INhome
evolved, the level of detail and accuracy of the analysis did, as well. Each component of the study had a
significant impact on the design of the INhome, allowing Team Purdue to create a cost-effective and energy-
efficient design.

The energy analysis was critical in order to ensure proper performance of the INhome during both the
competition week in Washington, D.C., as well as during normal operation in West Lafayette, Indiana. Due to
the similarities of these climates, which are further demonstrated in this report, few compromises were made
to the effectiveness of design for either climate.

Innovative technologies, as developed by the student team for a variety of multidisciplinary research and
educational endeavors, are investigated in this analysis. The incorporation of these projects has had a notable
effect on INhome performance, while providing both the public and the educational sector with an invaluable
learning tool.

2. Design Considerations and Objectives
Passive Design Meets the Midwest

Passive design has proven its effectiveness in reducing energy consumption in homes, and is gaining
momentum as a design standard in nations across the world. Passive design features, when integrated into
initial home planning, can result in energy savings without additional, unnecessary equipment. Utilizing
passive design features in the INhome has had a significant impact on its overall concept. However, as the
INhome embodies the Midwestern traditional home, the size, shape, and architectural features remain true to
this architectural style. Finding a balance between these two design metrics has impacted nearly every aspect
of the home design.

Natural daylighting and window orientation are critical in order to provide passive solar heating and space
lighting without significant energy usage. The INhome accommodated this through the implementation of
extensive glazing on the southern fagade. To be exact, 73% of the INhome’s windows face south. Additionally,
the windows on the north side of the home have a lower solar heat gain coefficient, providing diffuse light
without extra heat gain to the space. The clerestory windows serve dual purposes — extensive daylighting is
provided to more than 60% of the home through their use and, when opened, natural ventilation can flow
from the lower windows on the south facade through them, as illustrated in Figure 1 below.
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Figure 1: Natural ventilation paths through the south facade and clerestory windows

Another key feature of the INhome that employs passive design principles includes the utilization of
strategically placed overhangs to optimize daylighting and solar gains into the space. During the winter, when
the sun is lower in the sky, the sunlight reaches into the main living space, heating the area. Alternately,
during the summer months, the overhang obscures the sun’s rays, allowing only diffuse daylight into the
space, and mitigating extra solar thermal gains. This phenomenon can be seen in Figure 2 below.

Summer sun

Winter sun

Figure 2: Seasonal Solar Radiation through the South Fagade

Traditionally, homes featuring passive design have been limited to long, narrow sections, with a single indoor
space. This design concept does not fit the practicality of Midwestern living, and the INhome has been
adjusted to reflect the needs of a modern homeowner. In order to maximize the volumetric living space while
maintaining an efficient footprint, the south roof has been given a slope of 22 degrees.

Climate Considerations

In order to design a home that is both well-suited to the Indiana climate, as well as functional during the Solar
Decathlon competition week, design considerations had to be taken into account for the climate conditions of
Washington, D.C., as well. Fortunately, West Lafayette, Indiana and Washington, D.C. have similar latitudes.
While climatic differences do exist due to proximity to the Atlantic Ocean and altitude, the similar climate
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conditions allowed for development of a home that is practical in both scenarios. The comparison made in
Figure 3 below demonstrates the nearness of the average temperatures experienced by the two locations.

Environment Monthly Average Outdoor Dry Bulb Temperature [F]
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Figure 3. Annual Outdoor Dry Bulb temperature for Washington D.C.

During late September, in the midst of the competition, the Washington, D.C. average high temperature
ranges from 50°F-70°F. The most notable differences in climate conditions occur during December and
January, when the Lafayette average daily high is significantly lower than in Washington D.C. This has been
incorporated into the design of the INhome, through the use of highly insulated panel systems, as well as the
inclusion of auxiliary heat sources for the coldest winter days.

3. Overall Energy Modeling Approach

Engineering for efficiency is one of the cornerstones of the Purdue University INhome design team. In order to
make this goal a reality, a full understanding of the function of the home is critical. Simulation of the INhome
through the use of computer modeling allowed for predictions of performance and educated design decisions
that would not otherwise be possible.

EnergyPlus, developed by the United States Department of Energy, was used to conduct the vast majority of
the building energy modeling. According to the U.S. Department of Energy, "modeling the performance of a
building with EnergyPlus enables building professionals to optimize the building design to use less energy and
water" (“EnergyPlus Simulation Software”). This software has been elemental in demonstrating performance
characteristics.
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A detailed energy model, developed from the final footprint, envelope construction, window placement, and
shading structures of the INhome was created within EnergyPlus. This modeling process began more than a
year before the start of construction of the home, allowing for iterations and improvements to both the model
and the engineering design which has been influenced by its energy predictions. The end result is a highly
accurate prediction of the anticipated performance of the INhome, both during the 2011 Solar Decathlon and
in its final location. The isometric model of the INhome in EnergyPlus can be seen in Figure 4 below.

Figure 4. Isometric view of the Google SketchUp OpenStudio EnergyPlus model — Southwest facade.

Estimating overall energy consumption of the home is a critical element in determining the viability of the
home for net-zero. The impact of this overall prediction affects the required size of the photovoltaic array,
which in turn greatly impacts the affordability of the home. This can potentially be detrimental to the viability
of the home in today’s marketplace. In order to accurately assess this performance, as well as to get a
preliminary size for the mechanical equipment, the monthly heating and cooling loads on the space were
determined. This was done for the Lafayette, Indiana location, as this is the final location of the INhome. It
can be seen from the Figure 4 that the Indiana climate, while realizing a greater heating demand than cooling,
experiences a full six months of both heating and cooling, thus necessitating a system that can be optimized
for either condition. In order to most accurately assess these potential loads, the building internal heat gains
and losses were estimated using the energy model.

Modeled Building Shell

The structure of the home, comprised of Structurally Insulated Panels (SIPS), provides excellent insulating
values far exceeding those required by local building codes. The walls and roof of the INhome, comprised of
SIPS, have R-values of 26 and 56, respectively. These values were accurately reflected in the model according
to their thermally resistive properties. The window glazing properties, as further described in the window
properties optimization description below, were compared via parametric analysis to determine the most
beneficial type. Additionally, the entire 984 square feet of conditioned space within the INhome is considered
as one HVAC zone, serviced by a single unitary heating and cooling system. The garage, which is unconditioned
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and uninsulated, is modeled as a series of shading devices that are attached to the home. Using these basic
characteristics, the heat losses and gains to the INhome were determined, as can be seen in the figure below.

Monthly Modeled Heating and Cooling Loads

1600
1400 Il
S 1200 /
=
= 1000
i 800 I
= \ /
& 600
9 400
[
200
0 L CE——
o ; 2 X < < < <
o,bk* \),bk* S ?9‘\\ ®'8\ & \&* S & @\OQ’ &
S N \ > & & & P>
2 @ v & o S &
1352 > Q
e==wHeating Loads on INhome (kWh) @ Cooling Loads on INhome (kWh)

Figure 5. Modeled Monthly Heating and Cooling Loads on the INhome for a Representative Year

Modeled Mechanical System

From the heating and cooling load information, an assessment of the mechanical needs of the INhome was
done, and equipment sized appropriately. Based on peak demands during both the winter and summer
months, the maximum required size from the energy model was approximately one ton (or 12,000 Btu/h) for
cooling, and 1.5 tons (18,000 Btu/h) for heating. For this particular design scenario, a two-ton dual compressor
heat pump, reaching up to 19 SEER in air-conditioning mode and 9.0 HSPF in heating mode, was selected to
meet the cooling needs, as well as a majority of the heating needs, of the home. The complete benefits of
choosing this particular system are discussed in the Systems Details section of this analysis. As the Solar
Decathlon competition required the use of all-electric components, an auxiliary electric resistance heater (5
kW) was integrated into the variable speed air handler to ensure proper function of the system during more
extreme Midwestern winter days. The variable speed air handler accurately adjusts volumetric flow depending
on the amount of heating and cooling required. This was also accommodated for in our anticipated energy use.

EnergyPlus was set to autosize required supply air rates. Minimum supply air flow rates for fresh air
requirements were based on ASHRAE 62.2-2003 ventilation standards of 3 CFM/1000ft* of conditioned space
plus 7.5 CFM/person. This determined a required minimum flow rate of 25.4CFM for three occupants.

There are several important things to note with this design minimum flow rate. First, this is the occupied rate.
However, when the home is unoccupied this flow rate is even less than 3 CFM.

Additionally, filtration and fresh air generated by the Biowall, as described in the Systems Detail section of this
report, should be accounted for within the home. This model does not account for this additional air
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purification. Therefore, the minimum air flow rate required through use of the Biowall in combination with
the ERV may result in a reduction of overall electricity. From this mechanical arrangement and system
configuration, the annual heating and cooling energy demands could be determined, which can be seen below
in Figure 6.

INhome Heating and Cooling Energy
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Figure 6. Modeled annual cooling and heating energy requirements for the INhome.

It can be seen from Figure 6 above that the heating electricity requirements far exceed those of the cooling
electricity during the summer months. This is due largely to the more moderate Indiana summers, as
compared to the much colder winter climate as experienced in the northernmost regions of the state.

Glazing Sizing, Properties, and Optimization

In order to optimize the passive design properties of the windows and corresponding overhangs, the length of
the roof overhang for both the south facing overhangs and clerestories was parametrically evaluated to
maximize solar heat gains in the winter and minimize solar heat gains in the summer. The clerestory and south
living room overhangs were independently modeled at 12, 18, and 24 inches respectively. It was found that
when the INhome has a 12-inch overhang on all roof sections, it consumes the least energy on an annual basis.
However, in order to gain the most roof area possible to accommodate photovoltaic panels, a 24-inch
overhang was selected for the south roof. The clerestory overhang was reduced to 10 inches in order to be
easily constructed and transported. This configuration allowed for maximum daylighting into the space
without compromising overall appearance or power production in the home.

Next, a window glass analysis was performed to determine the benefits of the passive solar design used. Triple
pane casements and awnings were selected for the south facing windows and clerestory windows because
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they have a high solar heat gain coefficient of 0.38 and a very low U-Value for windows of 0.22 Btu/hr*ft’*F.
This means that in direct sunlight, heat will be transmitted to the interior more easily, but are well insulated
when shaded. The resulsts are illustrated in figure 5.

South Facing Living Room Window
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Figure 7. South-facing living room window performance

The practical efficiency of window selection and placement is proven in Figure 7. The south-facing window
heat gain has a higher average around 600 Btu/h during the winter months and lower around 300 Btu/h during
the summer months. Therefore, total heat gain is minimized during the summer months and then maximized
during the winter months. Similar results occur when investigating the clerestory windows. Figure 8 illustrates
the annual performance of the clerestory windows.
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Figure 8. South-facing clerestory window performance
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The south facing windows are not only used for heating during the winter. Natural daylight is also diffused
from the south and illuminated throughout the home year round. The bathroom, kitchen, utility room, and
family room all benefit from this natural lighting. As seen below in Figure 9, daylight levels are highest during
the winter months and lowest during the summer months due to the passive solar design. It should be noted
that low direct sunlight is not desired during the summer since it is both harsh lighting that causes glare as well
as causing an undesired cooling load on the space.

Sunlit Fraction of South Facing
Windows

B LivingRoom m Clerestory

1.2
1 i — S
0.8 +—
0.6
0.4
0.2 +—
0 | T T 1
Q Q Q
c)’b@ (\oo o,Q@ q’b@ (\oo o,Q(o o (\00 r;,Q&
X o X ( 2 (2 & < &
%6’ ’b&(’ ’Dé’ \0(\ \\)(\ \0(\ 0 ‘OQI 6\\0
\} QO A\ QJ& &6\ z(,?’
Q K Q
Figure 9. Sunlit fraction of south-facing windows
Other Model Attributes

Lighting, electrical loads, and occupancy were also adjusted to reflect the reality of the INhome. Lighting loads
were based on the total design load of about 500W. This resulted in a power density of 0.5W/ft>. The lighting
was taken as 0.4 fraction radiant which is based on the Lighting Handbook from llluminating Engineering
Society of North America.

Two main electrical gains were modeled. The first was the electric induction cooking range. A best guess
operating wattage of 4 kW was used as each heating element has different rated wattages and could be used
in various combinations. No suggested schedules existed for a single appliance like a stove, therefore a
schedule was developed around mealtimes to reasonably estimate usage times. The second equipment load
modeled was the general equipment gain load based on ASHRAE 90.2 Table 8.8.1 Low-Rise Residential Single
Zone Internal Heat Gain Profile. This includes all residential plug loads such as TV's, task lighting, fans, small
appliances, computers, etc. This resulted in a load of 3.8 W/m”2 based on the ASHRAE 90.2 standard.
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It was assumed that the home would house three long term residents and the occupancy schedule was based
on standard single family residence occupancy schedules included in the EnergyPlus database. A standard
activity level was taken from the 2005 ASHRAE Handbook of Fundamentals, page 8.6, Table 4.

Figure 10 below illustrates the electricity breakdown within the home by end use. It can be seen that a
majority of energy is being used in the HVAC system. The building loads include all plug loads and other various
internal energy uses such as appliances and electronics.

Modeled Energy Consumption by End Use
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Figure 10. Electricity Usage by End Use

The HVAC system dominates the electrical use during the colder months, which is to be expected with the
climb in heating demand in the home. It can be seen that the percentage of energy used in space conditioning
drops significantly during the warmer summer months.

4. Comfort Zone and Fluid Dynamic Modeling

In order to ensure our final HVAC design fell within the bounds of the comfort zone requirements as set forth
by the Solar Decathlon andto ensure a comfortable ambient environment, a computational fluid dynamic (CFD)
model was developed using the software Fluent. This provided a detailed prediction of the temperature
gradient that can be expected within the INhome during normal operation. This model was created with the
assumption that the variable speed air handler would operate at 600 CFM, which is the minimum
recommended value for operation with the auxiliary resistance heat. During normal operation of the HVAC
system, there is little need for the blower to operate a speed higher than this value.
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Of specific consideration in this case were the kitchen, dining, and living rooms. These were modeled using
CFD software due to the high ceilings and large volumetric space of this open area, and in order to ensure
proper mixing of the air. This particular model was analyzed for late September, when the competition
actually takes place. Note that the CFD analysis was taken at 6 feet, or approximately eye level.

Figure 11 below demonstrates that the room has a very even temperature distribution. There is a 0.54°F
(0.3°C) temperature change from the coolest spot to the warmest spot throughout the main living area. The
coolest part of the house is located in the middle of the house, near the kitchen supply diffuser. The warmest
spots of the house are located in the living room, along the west wall and near the front door.

SEEEEEEEE

PETREIIEIELLY
Z

-

:

(I S I S N S e S S I S R S I S D D S I S R D I D R D I I I 2

A A A A A A A A A A A A A A A A A

Te-01

Figure 11. Plan view temperature (degrees C) distribution at the 6’ level, in late September

This analysis was validated through the use of temperature monitoring with thermocouples in the home after
completion. During the more extreme climate conditions of late July, the overall temperature differential of
the entire house was 2.0°F (1.1°C), which was the variance in temperature between the Private Core and the
Public Core. The temperature readings validate the accuracy of the Fluent model, and give certainty to the
ability of the home during the Solar Decathlon competition to meet comfort zone requirements.

5. Competition Week Energy Budgeting

Solar Decathlon Competition Week — Energy Predictions

During the specific dates of the competition, special care was taken to ensure the optimal performance and
net-zero energy balance of the home. As the event took place in Washington, D.C., location adjustments were
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made to validate building performance in this location. Fortunately, due to the similar climatic conditions of
Washington, D.C. to Indiana, especially during warmer or transitional months, no adjustments were needed to
ensure success in both regions. From the analyses completed for the competition week in September, it was
found that an estimated 161 kWh of electricity will be required to power the home. As the second and third
weeks of September are transitional in nature, and weather can be highly variable, allowances were made in
the week’s energy budget to accommodate any type of space conditioning scenario. Based on historical
typical meteorological year (TMY) data, the following energy demands can be expected in the home, as
demonstrated in Figure 12 below.

Competition Week Hourly Energy Demand
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Figure 12. Hourly Energy Demand of the Home during the Competition Week, as Modeled in EnergyPlus

The overview provided through energy modeling results served as a spectacular point of reference for the
overall predicted performance of the INhome, enabling the team to size the correct heating and cooling
equipment and understand how changes in the building envelope characteristics impact its energy
consumption. However, in order to ensure the most accurate sizing possible of the photovoltaic array for the
needs of the home, further analysis was needed.

Energy consumption in the home during the competition week was designed to be representative of a given
time frame in actual home use. The appliance use, home occupancy, and thermal requirements of the space
were quite realistic, and provided a baseline for determining the energy needs of the home. Therefore, Team
Purdue determined the anticipated electrical usage for each component of the building. Initially, this was
based upon rated values and other historical data for appliances and mechanical components. Eventually, due
to the construction schedule of the INhome, time was allotted for complete testing and monitoring of nearly
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every component of the home. Each appliance, fixture, and equipment was tested using digital multimeters to
determine its energy consumption during certain modes of operation. After this, a whole-house monitoring
system, eMonitor, was implemented to track and record each circuit’s energy consumption at any time. This
provided the validation necessary to accurately budget for energy consumption during the competition and in
the years to come.

From Figure 13, it can be seen that the total daily energy consumption as anticipated by the EnergyPlu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>