
Background 
Our customer, Dr. Lucas Craig, has requested that we 
design a t ree house for his backyard (Figure 1). It must 
utilize his two 100 watt grape solar panels and 
accommodate 3 children & 2 adults at once. Other 
sustainable features, such as wind turbines and passive 
solar, must be researched as potentia l add -ons. 

Design Requirement s 

Mandatory Desirable Wants 
Designed for a Does not exceed a Porch at the front 

15-in 0 pine tree budget of $5,000 entrance 

Room size of at Designed for A w indow on every 

least 40 ft 2 year-round use wall 

Generate and Sustainable Built -in folding 
supp ly at least 500 features provided tables on two sides 

watts as optiona l add-ons of the interior 

Research 
• A suitable tree must be dense, have a diameter greater 

than 1 ft, and not be too young or too old [1] 
• The tree house area must be greater than 40 ft 2 to 

comfortably house 5 people [2]. but cannot exceed 144 
ft 2 without requiring a permit [3] 

• For maximum safety, the tree house should be low to 
the ground, have barriers placed at exposed edges, 
and avoid using rope ladders to prevent falli ng (4) 

• A t ree house can cost as low as $4,000 to build (5) 
• Weathe r data can provide the average sunlight hours & 

wind speed (Figure 2) to help find the effectiveness of 
solar panels & wind turbines [6] 

Preliminary Analys is 
• The customer's tree exceeds minimum requirements . It 

is a pine tree with a 1.25 ft diameter and has matured 
enough to not rapidly expand. 
0 a C/n Age= GFpine * D 
D=4 8in/n Age= 5 * 15.3 in 
D = 15.3 in Age= 76.4 years 

D =Diameter 
C =Circumference= 4 ft= 48 in 
GFpine = Grow th facto r of pine= 5 

Table f: Calculations for tr H ar• f8J 

• Due to the dense south ern 
forest blockin g the sun, 
the sola r panel s will be 
placed in the yard. A solar 
path f inder was used to 
determine that the best 
position is 15 yard s north . 

• While tree houses that cost less than 
$5,000 are possible, they are typically 
a simpl e platform. More complex tr ee 
houses will requir e more materials and 
a carpenter for aid, who can charge 
$100-200/hour for labor (Figur e 5). 
This will cause th e proje ct to go over 
budget. 

F,6 5; £1timatedco1t1 f<Kbuildinsa trae hocm,(5} 

.,,,,. 2: (Top) average sunlight and 
JOltom) av•r•s• wind speed [61 

Design Analysis 
Ite m Name Quantity Cost 

Slidin g Patio Door $480 

Single Hun g Window $466 

Pressure -Treated Handrail $168 

Vinyl Siding 2 1 $195.00 

Tar Paper $30 

Galvalume Steel Roof Panels $204 

Fiberglass Insulation $160 

Exter ior Plywoo d (0.5" x 4' x 8') 12 $515.75 

Interior Plywood (11/32 " x 4' x 8 ') 12 $29 2.00 

Supports and Posts (4" x 4" x 8') $81.50 

Concre te Deck Block $41.50 

Ceiling/ Flooring Joists (2" x 8" x 8') $80 

Ship Ladder Railing (2" x 12" x 8') $50 

Ship Ladder Steps (2" x 8" x 8 ') $23 

Tota l $2,787 

Table 2; Material costs of the tree house (71 

H1u1tin g LQad CQQling LQad 
The heating load (Qh) was found by mult iplyi ng the The cooling load (Qc) was found by add ing the cooling 

coefficient (U), area (A), and temperature di ff erence (LIT) loads of the room (Qr), glass (Qg), and people (Qp) 
Property Value Property Value 

Sum Heat Transfer Coefficient (:W) 0.8107 BTU/ hr/tt 2/° F 
Room Cooling Load (Qr) 422 BTU/hr 

Sum Area (I:A) 322 ft 2 

Indoor Tempe ratur e (Tin) 68°F Glass Cooling Load (Qg) 2926 BTU/hr 
Outdoor Tempera ture (Tout) -5.6°F 

Air Volume Flow (Q) 21.6 ft 3/ min Peop le Cooling Load (Qp) 1350 BTU/hr 

Property Equation Answer 

Difference in Temp. (Li.T) Li.T =Tin -Tout 73 .6°F 
Property Equation Answer 

Infiltration Losses {hs) hs=ll)(q)(ll. T 1749 BTU/hr 

Heat Transfer Rate (Qh) Qh = r( U )(A )( Li.Tl ♦ hs 30008TU/hr 
Cool ing Load (Qc) Q =Qr• Qg -t Qp 4700 BTU/h r 

Table 3, Calculation of the heating I~ (9} Table 4: Calculation of lhe cooling I~ [9} 

Stress Loads 
Statii; l Liv11 LQad SnQw Load WindLQad 

The static load is the sum of all stat ic The sloped snow load (Ps) is the The w ind load (F) was found by 
parts, w hile the live load is the sum of max imum expected accumu lati on of mult ip lyi ng the surface area of t he 

all moving parts snow wall (A) by the wind pressure (P) and 
Weqf.afSllll,cl.wedl drag coeffic ient (Cd)-- _l Property Value Propert y Value- Roof Slope Factor (Cs) 0.475 ' - Wall Area (Aw) 56ft 2 

t - •~-••· Exposure Factor (Ce) 1 

"/ ✓ 
., ., ., ✓ / ✓ 

Roof Area (Ar) 16ft 2 

/' ✓ .;✓ Thermal Factor (Ct) 1.2 

-- Impor t ant Factor (ls) 1 
Wi nd Veloc it y (V) 35mph 

w.,,__a,L,,t,~ 
Ground Snow Load (Pg) 60 1b/ ft 2 Drag Coeffic ient {Cd) 2-

- I 
Property Equation Answer Pr operty Equa tion Answer 

' I Flat Roof 
Pf = 0.7 )(Ce)(I - Snow Load 50.41b / ft 2 Area (A) A=Aw+Ar 72 ft2 

(Pf) 
Ct)( Is x Pg 

I! Air Pressure (P) P : 0.00256 X \/2 3.1 lb/ft2 

Sloped Snow ·- . -=-=I Ps=Cs)(Pf 23 .94 lb / ft 2 

Load (Ps) Wind Load (F) F =A)(P )(Cd 2,935 lb --
re 7: Graphs of the stat ic loads and live loads (10] Tab4• 5; Calculetlon of th• 1foped snow load (IOJ Table 6: Calculation of the wind I ltd IOJ 

Susta inable Analys is 

Sust ainabl e 
Add-On s 

Pros Cons 

Passive Solar Heat ing 
Provid es natu ral hea ting 

during the Winte r months 
Needs an unobstructed view of 

t he sun to funct ion 

Solar Shing les 
More compac t and du rab le 

t han solar panels 
Generates less energy t han 

solar panels 

Compost Toilet 
Portab le and creates compost 

fo r plants 
Req uires regular maintena nce 

to avoid odors 

Sola r Post Cap Lights 
Self-sustainable and pro vide s 

light at night 
Not as bright as battery / 

hardwired lights 

Rainwater Fil trat ion 
System 

Provides filt ered rainwater fo1 
drink ing. cook ing. etc . 

Expensive and requ ires regular 
maintenance 

Tabla 7; Evaluation of various sust 
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Figure 8; Energy production for two 100w 10lar panels (topJ and 

• 400w wind turbirKI (bottom) 

Result s 
We successfully d esig ned a tree house 
for the cus tomer's tree that ut ilizes 
so lar pane ls, ca n fit t he f ull fa mily in 
th e same room , and can receive 
add ition al sus t ainab le add -ons. 
Unfor t una te ly , th e requirements of t he 
p rojec t ca used t hi s p roject to go over 
budg et and the tro ubl eso me aspec ts of 
the tree hou se's location fo rce d severa l 
res tr ic t ions on the fina l design. 
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