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Introduction 

 The Arial Home Initiative is a nonprofit organization that builds prefabricated, solar 

powered homes for poor families in underdeveloped countries around the world. Founded by 

Tom Pirelli, Arial Homes hopes to build over one million 

homes within the next ten years. This incredible company is 

seeking to find a way to end homelessness around the world. I, 

Marshall Everett (one of the project authors and the author of 

this section), worked for the Arial Home Initiative as an Intern 

during the summer of 2008. As an intern, I became very 

familiar with the homes that Arial builds, the structural 

requirements of the homes, and the design criteria of the 

homes. It is because of this familiarity with the Arial home and its impact around the world, and 

both of our interests in architecture, that Kate and I decided to do our project on the Arial home. 

We plan to submit this project to Tom Pirelli, the 

founder of Arial Home, with the hope that our project 

might lead to design improvements for the home and 

thus lead to better homes for millions of deserving 

families worldwide. 

 One of the projects I worked on as an intern 

was the design and construction of the middle 

supporting wall of the houses. For this project, all the information and technical specifications 

regarding the Arial Home are taken from personal 

correspondence with the company (Pirelli).  Initially, 

the Arial Homes were made completely out of steel 

panels filled with lightweight polyurethane foam, 

including the middle supporting wall. However, our 

founder wanted me and the other interns to test the idea 

of using a wooden post and beam style center wall in 

Figure 2: A house near a recent build site 

Figure 3: A recently built Arial Home 

Figure 1: One of the authors 
building an Arial Home 



order to lower the cost of each house. The idea was that a wooden interior wall wood not be 

exposed to the elements, thus not at risk for termite damage and corrosion, but would be much 

cheaper than using the steel insulated panels for the center wall. Thus, the other interns and I 

designed and built a center wall out of wood using post and beam construction. 

 The objective of this project is to analyze the structural integrity of the center wall that 

we designed. We wish to determine where the 

maximum stresses occur in the structure and 

where the structure is most likely to fail. We 

want to make sure that the structure is not 

subject to greater stresses than the wood we use 

is able to withstand. Because some of the 

locations Arial Homes hopes to build may acquire 

heavy rain or snow loads, we also want to 

calculate the maximum load that our center wall 

design can withstand. By answering these questions, we hope to recommend to Arial Homes 

whether or not the wooden center wall design is a viable option for their homes. 

 As we interns designed it, the center wall was made of four wood 4x4’s acting as 

columns supporting a beam made of two 2x12’s bonded together. The posts were located at each 

end of the beam and at either side of an off-center doorway. In between the posts (except in the 

doorway) were none-structural sheets of plywood acting as a curtain wall. This structural system 

must support half the weight of the roof panels (the same steel insulated panels used elsewhere in 

the house), as well as the weight of four workers during the construction process. With these 

requirements in mind, our 

analysis will include the 

following: we will find the 

support reactions at each post, 

analyze the compressive stress 

they are under and look at the 

likelihood of buckling, we will 

determine the shear and moment 

diagrams for the beam, we will 

Figure 5: 3D 
floor plan done 
by the author 

Figure 4: 3D rendering done by the author 
of an Arial Home 



locate the maximum stresses the beam experiences, and we will find the maximum deflection of 

the beam. We will then use all this information to determine if the structure is strong enough to 

hold up the roof and workers, and then determine the maximum load the structure can support. 

 

Data 

 The material used when the test wall was built was pine form the local Home Depot. 

However, since Arial Homes are built around the world, the middle wall will most likely be built 

of whatever wood is most readily available in that location. Because of this, we will use Douglas 

fir as the material for this analysis. Douglas fir offers a good approximation of material 

properties for wood, and information regarding Douglas fir properties was readily available.  

 The dimensions of the middle wall and the cross sections of the beam and columns are 

shown in Figures 6, 7 

and 8, respectively. 

As previously 

mentioned, the wood 

middle wall costs 

significantly less than 

the middle wall made 

of steel insulated 

panels, and is the 

primary reason for the 

proposed switch. However, specific costs 

would be determined by local wood and labor 

prices. There are practically no design codes 

or standards that the Arial Home is subject to. 

An Arial Home will never be built in the 

United States, and the third world countries where they are built have little to no building codes. 

 

Idealization 

We approximated the load that would be placed on the upper beam by using the diagrams 

of the house and the weights of the panels. Each panel was 100 lb and 6.5 panels were used on 

Figure 6 

Figure 7 

Figure 8 



each side of the roof, resulting in a total weight of 650 lb per side. We concluded that since the 

roof was supported in two places equidistant from the center of the each roof panel, the resulting 

force placed on each support would equal half of the total weight of each side. On the middle 

support, the force is half the weight of one side of the roof plus half the weight of the other side, 

totaling 650 lb. In addition, we added the load of four construction workers who would need to 

stand on the roof to build the house, and estimated each worker’s weight as 200 lb (based on our 

group member’s experience). This resulted in a total load of 1450lb, idealized as a distributed 

load of 5.7 lb/in over the entire 255.5 in beam. 

In a mass-production setting, each support would be attached to the top beam with pins, 

and would be fixed on the ground. We felt this idealization was essential to solving for the 

support reactions and determining the feasibility of our idea. It will be relevant to the upcoming 

calculations to note that although the pins two middle pin supports do not contribute any 

moment, the beam is continuous through those supports and thus still has a moment at those 

points. 

 

Calculations 

We first determined the equilibrium and load calculations, using the weight distribution 

of the roof and assuming rigid supports. 

 
weight=100lb

6.5(100lb) = 650lb + 800lb =1450lb

w = 5.70lb /in

 

 
+­ F�

y
= 0 = FA + FB + FC + FD - 1450lb 

+¿ MA� = 0 � FB(97.5)+ FC (130.5)+ FD (252)=127.25(1450) 

 
Then, we used the deflection formula to find each support reaction as follows: 
 

 

dD - dA

254.5
=

dC - dA

130.5
=

dB - dA

97.5
� FC =1.34FB - .34FA

� FD = 2.61FB - 1.61FA

 

 
By substituting these constraints into our equilibrium equations, we obtained the solutions: 
 

d =
FL
AE

= fF



97.5FB+ (1.34FB - .34FA)(130.5) + (2.61FB - 1.61FA )(252) =184512.5

FA + FB +1.34FB - .34FA + 2.61FB - 1.61FA =1450

FA = 323.89lb FB = 355.12lb FC = 365.73lb FD = 405.40lb

 

 
 

 
 

We then found the stress in each support to see if it would fail in compression. The 

stresses, however, were far below the ultimate compressive stress. 

 

s A =
FA

A
=

323.89 lb
12.25in2 = 26.44psi

s B =
FB

A
=

355.12lb
12.25in2 = 28.99psi

s C =
365.73lb
12.25in2 = 29.86psi

s D =
405.40lb
12.25in2 = 33.09psi

s u(compressive) = 3.78ksi= 3780psi 

 

 

Figure 9 
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We also calculated the deflections in each beam to see whether they would be significant; they 

were not. 

dA = FA f = 323.89(3.609×10- 6) = .00117in

dB = .00128in

dC = .00132in

dD = .00146in

 

 
Subsequently, we looked at the possibility of buckling in the supports to see if they could 

sustain the load of the roof. Our critical load and critical stress were markedly higher than any 

values we had obtained, thus we decided to focus on the possibility of failure in the top beam. 

 

I =
1

12
bh3 =

1
12

(3.5)4 =12.51in4 A =12.25in2 r =
I
A

=1.01 k = 0.7 Lactual = 84.75in

Pcr =
p 2EI
(KL)2 =

p 2(1.96×106)(12.51)
(.7×84.75)2

= 66.66kip

s cr =
p 2E

(KL /r)2 = 5435.26psi= 5.435ksi

 

 
After we had found the four support reactions and looked at the stresses in each, the next 

step was to determine the shear (V) and moment (M) diagrams for each of the three sections of 

the beam. This is accomplished by implementing the method of sections. For the first segment, 

segment AB, cutting the beam at an arbitrary point and then summing the forces and moments 

yields the following: 
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Applying the method of sections 

to the other two segments yields 



the following Shear and Moment equations: 

 For Segment BC 
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 For Segment CD 
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These functions are plotted in the Shear and Moment diagrams of each of the three segments, in 

figures 11-16: 
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Figures 11-16 



 The next step was to determine where the maximum stresses in the beam occur and what 

those stresses are. Because our bean is slender, it is highly possible that these stresses are the 

highest anywhere in the middle wall structure. In order to calculate the maximum normal stresses 

in the beam, we used three primary formulas: 

The flexure formula:
I
My

x

-
=s  

Where M is the resultant internal moment at a particular location (x coordinate) on the beam, y is 

the perpendicular distance from the neutral axis to the point under consideration, and I is the 

moment of inertia about the neutral axis. 

 96.355)25.11)(3(
12
1

12
1 33 === bhI in4  

The shear formula: 
It

VQ
=t  

Where V is the internal resultant shear force at a 

particular location (x coordinate) on the beam, I 

is the moment of inertia about the neutral axis, t 

is the thickness of the beam (3 inches), and Q is the first moment of the area above the given 

location on the cross-section about the neutral axis (a function of y).  

And the Principle Stresses formula: 2

2

2,1 22 xy
yxyx t

ssss
s +��

�

�
��
�

� -
±

+
=  

Where xs  is calculated by the flexure formula, ys  is the normal stress perpendicular to the axis  

of the beam (0 for our beam), and xyt  is calculated from the shear formula. The principle stress 

formula gives the maximum or minimum possible normal stress acting at any angle at a 

particular point on the beam.  

At this point, we made a prediction. After analyzing the normal stresses and the shear 

stress for our beam at various points, we noticed that our normal stresses were much higher than 

our shear stresses. Additionally, we noted that the principle stress formula is dependent on the 

square of the two stresses. We thus predicted that the maximum principle stresses would depend 

only on where the internal normal stress was a maximum and not on shear stress at all. In order 

to test this hypothesis, we performed a series of substitutions. First, we substituted the moment 

formulas for each segment of the beam into M in the flexure formula. Then, we substituted our 
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new flexure formula into xs  in the principle stress formula, using y = -5.625, to get the 

maximum internal resultant stress. We substituted the shear force equation for each segment into 

the shear formula, and evaluated the shear formula such that shear stress was at a maximum. 

Because the maximum shear occurs at the neutral axis, Q for our calculations was Q = (area 

above neutral axis)(distance to center of area above neutral axis) = 

46.47)2/625.5(*)3)(625.5( = .  We then substituted the new shear formula for xyt  in the 

principle stress formula. Our thought was that if the maximum principle stress was not dependent 

on shear stress even when shear stress was a maximum, then we could disregard it in our 

calculations of maximum stress. Using MatLab, we examined the maximums of the resulting 

principle stress formulas for each segment. The results are as follows: 

 

For Segment AB, the maximum principle stress occurs at x = 56.80 inches. 

For Segment BC, the maximum principle stress occurs at x = 119.12 inches. 

For Segment CD, the maximum principle stress occurs at x = 183.28 inches. 

 

Thus, our prediction was correct. The points of maximum principle stress were precisely the 

same locations where the shear force and shear stress was zero and the moment and normal stress 

were at maximums. Because the normal stresses in our beam were much higher that the shear 

stresses, the maximum principle stresses were the maximum axial normal stresses. 

 Next, the principle stresses were calculated at each of the above points. The relevant 

values are listed, and the principle stresses were calculated using the flexure formula and the 

principle stress formula. 

At x = 56.80 inches 

M = 5818.75 lb-in, xs = 145.416 psi, V = 0 lb, xyt  = 0 psi, 1s  = 145.416 psi, 2s  = 0 psi 

At x = 119.12 inches 

M = 5818.75 lb-in, xs = 91.95 psi, V = 0 lb, xyt  = 0 psi, 1s  = 91.95 psi, 2s  = 0 psi 

At point C, x = 130.5 inches 

At x = 183.29 inches 

M = 13394.0 lb-in, xs = 211.66 psi, V = 0 lb, xyt  = 0 psi, 1s  = 211.66 psi, 2s  = 0 psi 



Thus, the maximum normal stress our beam felt was 211.66 psi along the axis of the beam at 

point x = 183.29 inches. This stress was felt in equal magnitude in compression at the top of the 

beam and tension at the bottom. 

Next, we found the maximum in-plane shear stress for each segment of the beam. The 

formula for maximum in plane shear stress (maximum shear stress regardless of orientation 

angle) is 2

2

max 2 xy

yx t
ss

t +��
�

�
��
�

� -
= . We again hypothesized that this function would be 

dependent on normal stress only, and a similar method used as the one used in finding the 

maximum principle stress validated the hypothesis. Thus the maximum in plane shear stresses 

also occurred at x = 56.80 inches, x = 119.12 inches and x = 183.29 inches for segments AB, BC 

and CD, respectively. Since at each of these points, the shear stress is 0, the shear stress formula 

reduces to 2/max xst = . Using the values for xs  listed above, the maximum in plane shear 

stresses are as follows: 

 

At x = 56.8 inches, 2/max xst = = 72.71 psi 

At x = 119.12 inches, 2/max xst =  = 45.97 psi 

At x = 183.29 inches, 2/max xst =  = 105.80 psi 

 

Thus, the maximum shear stress our beam feels is 105.8 psi at the point x = 183.29 inches along 

the beam. 

In order to determine at what factor of safety our middle wall is operating, we look at the 

calculated values of stresses compared with the ultimate strength of Douglas fir. The stress that 

comes closest to the corresponding ultimate strength is the normal stress in the beam at x = 

183.29 inches. This is the location at which the middle wall structure is most likely to fail. On 

the bottom of this beam, a stress of 211.66 psi is acting in tension. The ultimate strength of 

Douglas fir in tension is 300 psi. Thus, the safety factor for our middle wall structure is: 

===
66.211

300
..

applied

allowedSF
s
s

1.42. While 1.42 is not a remarkably high Factor of safety, it is well 

above one and shows that our structure is safe. I 

 



Finally, we calculated the deflections in our beam through the method of integration. 

First, we drew an approximate picture of what we expected the deflection curve to look like 

(Figure 18). We used the moment function and integrated it to get the deflection formula, using 

the fact that the deflection was zero at each pin to obtain the missing constants. These are the 

steps we took in Segment AB to obtain the final equation and the maximum deflection: 

  

Segment AB: 

 

EI
¶2v
dx2 = M(x) = FA x1 -

w
2

x1
2

EI
¶v
dx

=
FA

2
x1

2 -
w
6

x1
3 + C1

EIv =
FA

6
x1

3 -
w
24

x1
4 + C1x1 + C2

v(x1 = 0) = 0 = C2

v(x1 = 97.5)= 0 = 2857082.43+ C1(97.5)

� C1 = - 293034

v(x1) =
1

1.9×106(355.96)
323.89

6
x1

3 -
5.7
24

x1
4 - 293034x1

�  

�  
�  

�  

�  
�  

vmax(x1 = 50.76)= - .0139in

 

 

For Segment BC we followed the same steps to find the equation of the curve and the maximum 

deflection: 

 

EI
¶2v
dx2 = FB (x2 - 97.5)+ FAx2 -

w
2

x2
2

EI
¶v
dx

=
(FA + FB)

2
x2

2 - (97.5)FBx2 -
w
6

x2
3 + C1

EIv =
(FA + FB )

6
x2

3 -
(97.5)FB

2
x2 -

w
24

x2
4 + C1x2 + C2

v(x2) =
1

1.9×106(355.96)
(323.89+ 355.12)

6
x2

3 -
(97.5)355.12

2
x2 -

5.7
24

x2
4 + 941093.22x2 - 10611981.26

�  

�  
�  

�  

�  
�  

vmax(x2 =114.23)= - .00113in
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Again, we repeated the procedure for Segment CD: 

EI
¶2v
dx2 = FC (x3 - 130.5)+ FB (x3 - 97.5)+ FA x3 -

w
2

x3
2

EI
¶v
dx

=
(FA + FB + FC )

2
x3

2 - (97.5FB +130.5FC )x3 -
w
6

x3
3 + C1

EIv =
(FA + FB + FC )

6
x3

3 -
(97.5FB +130.5FC )

2
x3 -

w
24

x3
4 + C1x3 + C2

v(x3) =
1

1.9×106(355.96)
(323.89+ 355.12+ 365.73)

6
x3

3 -
(97.5×355.12+130.5×365.73)

2
x3 -

5.7
24

x3
4 + 3316734.583x3 - 49694589.64

�  

�  
�  

�  

�  
�  

vmax(x3 =189.14)= - .0313in

 

As expected, the greatest deflection was in segment CD. However all of the deflections were 

quite small. 

As a final computation, we calculated the absolute maximum distributed load that the 

structure could carry, with an operating factor of safety of 1.0. To do this, we first realized that 

the force reactions must be a linear function of the distributed load w since w is the only load 

present and our equations for the support reactions were all linear. Thus we calculated the 

support reactions as a function of w by dividing by w = 5.7; 

 

FA = 323.89, 323.89/5.7 = 56.8, FA = 56.8(w) 

FB = 355.12, 355.12/5.7 = 62.3, FB = 62.3(w) 

FC = 365.8, 365.8/5.7 = 64.2, FC = 64.2(w) 

 

Since the maximum stress occurs in segment CD, we plugged in the new support reaction 

functions into the moment equation for segment CD and evaluated at x = 183.29 (the point of 

maximum stress): 
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Plugging this function into the flexure formula yields the maximum stress as a function of w: 

 w
w

I
My

x 23.37
96.355

)625.5(67.2355
=

--
=

-
=s   



Setting this stress formula equal to 300, the ultimate strength of Douglas Fir in tension, yields a 

maximum w of 8.06 lb/in. Multiplied by 255.5 inches, this yields a maximum total load of 

2059.09 lbs distributed over the beam. 

 

Conclusion 

From our stress calculations on the supports, we concluded that the supports holding up 

the roof could be made much smaller, since our highest stress (33.09 psi) was significantly less 

than the ultimate compressive stress of Douglas Fir (3780 psi). We decided, however, that 

smaller beams, such as those with a cross-section of 1.5 in x 1.5 in, would be more difficult to 

obtain and demand that the width of the top beam be reduced as well. We thus recommend no 

change in the support size, since four-by-fours are the most readily available and cost effective 

option. 

Additionally, we looked at the possibility of buckling in the columns, and found that each 

member could support up to 66.66 kips (far above our highest force of 405.40 lb) and a critical 

stress of 5.435 ksi. Based on these analyses, we came to believe that if failure occurred, it would 

most likely take place in the top beam, rather than the supports. 

The computation of the principal stresses in the top beam gave us our highest value for 

stress. This stress occurs in segment CD, at x = 183.29 in. All of our principal stresses took 

maximum values were the moments were maximum within each segment. The distance of 

183.29 in was also where the global maximum moment occurred, leading us to conclude that the 

place where there is greatest risk for failure within the beam is wherever the moment is 

maximized. This stress totaled 211.66 psi, which is lower than the ultimate tensile stress for 

Douglas Fir of 300 psi, the smaller of the two stresses we could have designed against. 

Using the ultimate tensile stress of Douglas Fir, we found the maximum load that could 

be placed on the roof. Our result was a load of 2059.1 lb with a weight distribution of 8.06 lb/in. 

Practically, this means that at least two additional 200 lb workers could stand on the roof without 

collapse, though three would most likely cause failure of the structure. After the house is 

completed and the weight of the workers is removed, the house could withstand up to 39.5 ft3 of 

snow equally distributed over the surface of the roof, with the weight of compact snow 

measuring 30 lb per cubic foot (Ministry of Labour Ontario 

http://www.labour.gov.on.ca/english/hs/alerts/a17.html). With the surface area of the roof 



measuring 442.525 ft3, this translates to 1.07 inches of snow. Thus, we do not recommend 

substituting the wood beam for steel in cooler climates where there is significant snowfall. 

 Through the method of integration we used our moment equations to find equations for 

the deflection of the top beam in each segment. Each deflection was less than 1/16 of an inch, the 

largest totaling around 1/32 of an inch, a negligible amount in every day life. Thus we do not 

believe that the deflections will cause any danger to the inhabitants or be unstable in any way. 

 Based on the maximum tensile stress in our beam, as measured against the ultimate 

tensile stress of Douglas Fir, we have concluded that our structure has a factor of safety of 1.42. 

This safety factor is perfectly safe for the construction of the home, and is smaller than it will be 

once the workers are not standing on top of the roof. Therefore, we have concluded that it is safe 

and feasible to replace the steel top beam with a wood beam of cross section 3 in x 11.25 in, a 

much more cost effective solution. 

 Further cost considerations lead us not to consider finding the maximum spacing between 

supports. The current spacing is fixed based on the standard size of plywood sheets that compose 

the walls of the home. The addition of more sheets would increase the cost of the home, rather 

than decrease it, as is our aim. 

 In conclusion, we were able to prove that the middle wall as designed is structurally 

sound. If the cost benefits over a steel paneled middle wall are great enough, a wooden middle 

wall would be a viable option in some climates (without much snow). We hope that this project 

will help Arial Homes make informed decisions about the production of future homes and will 

eventually help more homeless people from around the world find warmth and shelter. 
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