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Executive Summary 
 
 
PROJECT TITLE:  NEPAL EARTHQUAKE RECOVERY – HOUSING OPTIONS 
PROJECT ID:  CEEn_2018CPST_005 
 PROJECT SPONSOR: Bishnu Adhikari – DUDBS 
TEAM NAME:  ABBA Consulting 
 
 
More than half of the world population lives in substandard housing -- no running water, no proper 
sanitation or cooking facilities. There have been multiple efforts from engineers, architects, and planners in 
addressing this global issue, however, with little success. There are two major reasons that many lack access 
to affordable housing and continue living in such a poor environment: limited building material options, 
and limited finances. 
 
Engineers can make a difference in the production and use of alternative construction materials in improved 
low-cost building designs. Due to the lack of awareness on the availability and use of alternative 
construction materials, people in developing countries keep using the same materials (bricks, untreated 
wood, and concrete) over and over. Use of these materials in raw form makes construction tedious, 
expensive, labor-intensive, and time consuming. 
 
There is a massive reconstruction effort ongoing in Nepal to rebuild the private homes and public 
infrastructure damaged in the 2015 earthquake. A recent survey shows that bricks, rocks, and concrete are 
the most commonly used materials for reconstruction. There are no or very few alternative materials 
available for masonry walls other than bricks. 
 
The objective of this project is to develop a list of alternative materials available in developing countries, 
study their present production technologies and find areas of cost-effective options for improving quality 
of production. Use one of the low-cost housing designs and carry out thorough structural analysis for five 
alternative construction materials for walls. 
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Introduction 
 
 
The Nepal Housing Options project is a humanitarian project focused on improving existing building 
technologies and materials in order to increase performance and reduce cost. Our team has been tasked with 
researching and evaluating alternative wall materials based on their present availability, cost-effectiveness, 
and production quality. The final deliverable will be a list of five materials for homes or secondary schools 
with structural analysis for each. Further discussion with faculty has indicated that full, real-world analysis 
may not be possible. However, our team intends to provide as much research and analysis as is feasible. 
 
Nepal’s struggling economy and population mean that the supply of raw materials for building homes and 
other structures is limited. Therefore, our team has made sure to prioritize affordability and accessibility in 
our material evaluation process. Another priority in our evaluation has been a material's resistance to 
seismic events and other natural conditions prevalent in the area. Overall, the team’s goal is to compare and 
contrast existing technologies with recent research and new ventures to find the best options for structural 
use in Nepal. 
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Schedule 
 
 
Phase 1: Research 
Week 1 
October 8, 2018       Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
Week 2 
October 15, 2018     Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Regular Status Report #2 
Week 3 
October 22, 2018     Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
                                 Regular Status Report #3 
Week 4 
October 29, 2018     Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Regular Status Report #4 
                                 Monthly Nepalese Culture Education Experience #1 
November 1, 2018   Select 5-6 materials selected for further analysis 
  
Phase 2: Analysis 
Week 5 
November 5, 2018   Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
                                 Regular Status Report #5 
Week 6 
November 12, 2018 Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Regular Status Report #6 
Week 7 
November 19, 2018 Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
                                 Regular Status Report #7 
                                 Week 8 
November 26, 2018 Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Regular Status Report #8 
                                 Monthly Nepalese Culture Education Experience #2 
Week 9 
December 3, 2018    Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
Week 10 
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December 10, 2018  Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 30% Completion Report 
                                 Compile all known material properties and costs into a spreadsheet. 

Rank materials according to properties and cost.  
Finish design of school. 

Week 11 
December 17, 2018  Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
                                 Monthly Nepalese Culture Education Experience #3 
Week 12 
Christmas Break 
Week 13 
Christmas Break 
                                  
Week 14 
January 7, 2019        Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 

Contact Sponsor 
Complete first draft of structural analysis spreadsheet 
Finish design of home.  

 
Week 15 
January 14, 2019      Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
                                 Complete second draft of structural analysis spreadsheet 
Week 16 
January 21, 2019      Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
   Analyze school and house with structural analysis spreadsheet. 
Week 17 
January 28, 2019      Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
                                 Monthly Nepalese Culture Education Experience #4 
                                 Complete final draft of structural analysis spreadsheet 
Week 18 
February 4, 2019      Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
Contact Sponsor 

Select 3 of the most cost-effective and seismic-resistant materials for in depth 
research. 

  
Phase 3: Testing 
Week 19 
February 11, 2019    Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
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                                 Begin lab testing as needed. 
Week 20 
February 18, 2019    Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 

Begin optimization- Combining materials or changing how they are installed 
Week 21 
February 25, 2019    Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
                                 Monthly Nepalese Culture Education Experience #5 
Week 22 
March 4, 2019          Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
                                 Report of Constructability of Materials 
Week 23 
March 11, 2019        Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
Week 24 
March 18, 2019        Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
  
Phase 4: Conclusion 
Week 25 
March 25, 2019        Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
                                 Monthly Nepalese Culture Education Experience #6 
Week 26 
April 1, 2019            Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
                                 Finish proposal of most effective materials.               
Week 27 
April 8, 2019            Team Meeting: Follow-up on previous week’s assignments and make new 
assignments 
                                 Contact Sponsor 
Finish PowerPoint, poster, and presentation 
Finish Final Report 
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Assumptions & Limitations 
 
 
Our team made quite a few assumptions before proceeding into the project we have completed thus far. The 
reasoning for these assumptions is because we haven’t been able to formally meet Mr. Adhikari and present 
our ideas while comparing them to what he truly wants. These assumptions are our interpretations of the 
information given to us by him since the beginning.  
 
Based on the number of materials, we decided to present some 15 items that we thought would be available 
in Nepal. As a result, the research reported here was done by several individuals, universities, companies, 
etc. that have already tested these materials we chose to research. The limitations with this approach is that 
Mr. Adhikari is likely to have a better idea of the materials he wishes us to research into and those that are 
available. Also, the research teams that tested the material we have chose might have used a particular 
branch of the material we had in mind that is not the same material available in Nepal. For example, the 
mycelium bricks could have been made by a different type of mushroom that isn’t in Nepal.  
 
Another assumption made was the way we would determine if the material was actually available in Nepal. 
Some research was done for these materials by selecting companies already in business in Nepal that have 
utilized these materials. This, however, limits us more in depth knowledge about whether or not the 
materials these companies used are available for the average Nepali citizen instead of those that only live 
in the city areas or individuals that can actually afford these material pricing. More research about the 
economics available for the average Nepali citizen will be done to help refine the materials’ availability.  
 
One final key assumption made was the design size of the school. Our school was made with the intentions 
to fill about six full classroom size of students of the equivalent United States Middle School ages. It could 
be that most Nepali schools are only one to two classroom sizes and therefore, our design is too big. Our 
limiting knowledge of Nepal without actually visiting there or speaking with someone who is native to 
Nepal.     
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Design, Analysis & Results 
 
 
The design for this project is two-fold: architectural and structural. We are to design a school and home for 
the average person living in Nepal and to determine a seismic resistant material that is cost-effective for 
them to use. 
 
Architectural design is based loosely upon Nepali structures already in existence modified to allow for easy 
structural application. For the secondary school, we decided upon a U-shaped building, with classrooms 
lining the two legs of the U, and administrative offices and a common meeting hall centered on the base. 
To simplify structure, column layout is based upon early Christian basilica structure. This eliminates 
structural offloading to any kind of buttress and creates a directional focal point to the room allowing for 
the common meeting hall to be utilized for school and community assemblies. 

 
Figure 1 Basic Basilica Form 

The classrooms and administrative offices feature a double-roof structure visually similar to many existing 
Nepalese structures. This roof was designed to create an atrium-like feel to the classrooms, with high 
clerestory windows allowing for natural light to filter in at all times of day, reducing the need for electric 
lighting in the school. 
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Figure 2 Example of Nepali Roof Structure 

 
Figure 3 Double-Roof Detail for Classrooms 

 
To determine which materials were most viable, we researched the cost, availability and material properties 
of each possible material. The material properties that we were most interested in are the compressive 
strength, tensile strength and shear strength. These values are tabulated below. There are several material 
properties that were difficult to find due to the lack of research done about them or their availability. This 
is the reason that there are several blanks in the table. Additionally, many of the prices are the prices that 
would be found in the United States. These prices may not be accurate in Nepal. With these limitations, we 
are merely using our research as a place to begin narrowing down our list of potential materials.  
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Table 1 Alternative Building Material Properties 

 
 
We will rank the materials according to its cost, availability and material individually. To find an overall 
ranking we will scale the importance of cost, availability and material properties as 1:1:2 respectively. The 
material’s ability to resist seismic and vertical loads is the most important characteristic, but it must also be 
affordable and available for people in Nepal. We will use this select the materials that we will continue to 
research.  
  

Material Name Composition Unit Weight Compressive 
Strength

Tensile 
Strength

Shear 
Strength

Mycelium Bricks Mycelium 
(mushroom) 40 kg/m^3 30 psi 34-55 kPa 83-241 

kPa

Hempcrete Hemp Hurd, 
Lime, Water 275 kg/m^3 0.02-1.22 MPa 0.12-0.23 

MPa Negligible

Rammed earth Clay, Earth, 
Wood Forms 2000 kg/m^3 >2 MPa

Equations 
recorded 

elsewhere

Equations 
recorded 

elsewhere

Plastic bricks Plastic 100g 10-30 MPa 13-22 KPa

Cob
 Unburned 

Clay 
Masonry

1860 kg/m^3 1.6-1.9 MPa Negligible

Wrapped 
Concrete

Carbon 
Fiber, 

Concrete
2200 kg/m^3 55-100 MPa 3.5-8 MPa 9.5-27 

MPa

Straw bales Straw 6.9 MPa Negligible
Bamboo rods Bamboo 666 kg/m^3 53 MPa 153 MPa 15 MPa

Laminated 
bamboo beams

Bamboo, 
Resin 686 kg/m^3 77 MPa, 22 

MPa
90 MPa, 2 

MPa 16 MPa

Bamboo scrimber Bamboo, 
Resin 1163 kg/m^3 86 MPa, 37 

MPa
120 MPa, 

3 MPa 15 MPa

Bamboo 
corrugated sheet

Bamboo, 
Resin 710 kg/m^3 39.72 

MPa
Fiberglass 

(roofing or walls) Fiberglass 95 lb/ft^3 140-250 MPa 55-300 
MPa

55-300 
MPa

Concrete Standard 
Concrete 2300 kg/m^3 12-80 MPa 2-5 MPa 6-17 MPa

Wood Douglas Fir 350-900 
kg/m^3 4-34 MPa 2 MPa 5 MPa

Brick Clay 1300-1700 
kg/m^3 25-60 MPa 9.5 MPa

Steel Steel 7500-8500 
kg/m^3 350-1000 MPa 370 MPa 600-900 

MPa

Conventional 
Materials

Wood 
Alternatives

Concrete 
Alternatives

Identity Engineering Values
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Lessons Learned 
 
 
There have been quite a few lessons we have learned. One of the biggest is not utilizing our resources as 
best as we could. We have not been able to communicate very much with Mr. Adhikari and this limits our 
understanding of the civilian life in Nepal as well as the exact scope of our entire project. Since we have 
not been able to visit or communicate with him that much, the best thing we have done is research from 
other organizations that have done work in Nepal. These companies haven’t responded to us either, but we 
have pressed forward. Analyzing the economic status and the average income provided by resources on the 
internet about Nepal have suited our needs thus far.  
 
Having a project with a sponsor that lives out of country with a 12 hour time zone difference is particularly 
difficult to overcome. However, we have collaborated together as a group and compared multiple different 
ways to make up for the lack of meetings with our sponsor simply do to natural reasons. And yet, the scope 
of our project, we can confidently say, is being met with much enthusiasm and determination to do the best 
job we can. We are satisfied with our results thus far.    
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Conclusions 
 
 
In our research, we have developed a catalog of materials with potential as well as initial floor plans for a 
home and secondary school. Further research in each items’ material properties and structural analysis 
will be the primary focus for the upcoming Winter semester. Additionally, team members will finalize the 
floors plans for analysis, continue economic and availability research for the materials, and collate the 
research and analysis into a single document. This document will be reviewed by the faculty mentor and 
the project sponsor. Overall, it seems that there are several promising materials, such as bamboo, that 
could be utilized to improve earthquake resistance while reducing the risk of injury in a failure with 
lighter materials. There have been difficulties in obtaining local costs and availability, making our cost 
comparison less precise. However, the team is confident that the final product will be usable in the real 
world a resource for evaluating building material options. 
 
Due to the nature of the sponsor’s work, the team has had limited contact and feedback on progress thus 
far. The team hopes to have further interaction in the coming months to ensure that the deliverables fulfill 
the needs of the client as fully as possible given any surrounding circumstances. 
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