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ABSTRACT:

Journeyman International (JI) is a non-profit organization that pairs emerging
professionals in the architectural, structural engineering, and construction management industries
with humanitarian projects in underdeveloped countries overseeing the design and construction
process. The Mon Briye Primary School is a JI project led and funded by The 610 Project, an
Alabama-based non-profit organization dedicated to the sustainable success of developing
Haitian communities through education. This primary school will be located in Mornes Brieux,
Haiti and consists of three buildings: one classroom building for first to fourth grade, one
classroom building for fifth to eighth grades, and one building for administration. The Mon Briye
Primary School will be the first in the area to provide education and opportunity for over two
hundred and fifty students as well as a guest house for teachers and visitors supporting the
school. The project team consists of two architectural engineering students, an architecture
graduate student and a construction management student. The design will be implemented by
Third Lens, a construction management and design organization that provides services to
front-line ministries in need of new facilities in order to spread the love of God. This report,
created by the architectural engineering students, includes the background, research, challenges,

significant impacts, structural design drawings and calculations for this project.



INTRODUCTION:
Journeyman International (JI) is a non-profit organization that oversees the design and
construction processes of projects in developing countries. They do this by partnering and
mentoring architecture, architectural engineering and construction management students who
apply their knowledge to a humanitarian effort identified by JI. This report is about the project
process of two architectural engineering students, Leah George and Devin Williams, working on
the structural engineering design of Mon Briye Primary School located in Morne Brieux, Haiti.
Haiti has had a long history of natural
disasters, including cyclones, hurricanes,
tropical storms, torrential rains, floods and
earthquakes. After the 7.0 magnitude
earthquake in 2010, the government of Haiti

estimated that 250,000 residences and 30,000

commercial buildings had collapsed or were
severely damaged. In 2016, Mon Briye Project Site

Hurricane Matthew devastated the country as a category 4 hurricane with extreme
flooding and winds up to 145 mph. Over two million people were impacted by the storm and
years later, they are still rebuilding from these natural disasters.

Morne Brieux is a rural area in southwest Haiti. The closest town, Les Cayes, is located
seventeen kilometers away, and currently is where the closest school is located. Half of the
children in the Morne Brieux community do not have access to transportation and therefore do

not attend school. Those with available transportation have to travel the seventeen kilometers



each way to attend school in Les Cayes. The 610 Project, a partner organization that focuses on
empowering Haitians with education, recognized this issue and brought the Mon Briye Primary
School to life. This proposed primary school will provide education to two hundred and fifty

students in the Morne Brieux community from first through eighth grade.
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PROJECT DESCRIPTION:

The design team for this project consists of an architecture graduate student at Montana
State University, Heather Bing, a construction management student, Owen Rice, and two
architectural engineering students, Leah George and Devin Williams, at California Polytechnic
State University, San Luis Obispo. This team has one goal: to design a structure that will
withstand the natural disasters that Haiti is known for in order to give the children of Morne
Brieux a permanent educational opportunity close to their homes.

The location for the Mon Briyeé Primary School was chosen because of the need for an

educational facility in this rural area; as mentioned above, the closest school is currently



seventeen kilometers away. The proposed campus has three buildings: one classroom building

for first through fourth grade students, one for fifth through eighth grade students, and the third

for campus administration. Each classroom will
need to support approximately twenty-five students.
The administration building will house a cafeteria
in the main part of the first floor, with additional
rooms for an infirmary, bathrooms, and storage. A i, y-—

teacher’s lounge will be located on the second

floor. The building levels are tiered due to the steep
and uneven terrain and in the center of the three

buildings is a tiered courtyard where the students
Mon Briye Primary School Campus Layout

can play and enjoy the outdoors.
The structural design for all buildings is a post and beam reinforced concrete and

concrete moment frame system, with open engineered steel trusses for cross ventilation topped

with corrugated metal as the roof system. Each building merges the indoor with the outdoor

environment using an open air concept. The roof systems will support solar panels that will
generate energy for the campus, making the

area self-sustaining.

Throughout the country, 90% of the

homes are constructed from concrete block

| and masonry made on site. The 2010

earthquake showed how ineffective these

Rendering by Heather Bing



traditional practices and materials were at resisting lateral forces. Due to the design demand of an
open air concept, concrete moment frames were chosen as the lateral system. This allows
continued use of available concrete and rebar without major modification to typical Haitian
construction. At the same time, these structures will be able to withstand far greater lateral loads
than traditional construction allowing occupants time to evacuate and thereby preventing

fatalities in a natural disaster.

DELIVERABLES:

Structural calculations for the first to fourth grade classroom building can be found in
Appendix B, followed by the corresponding structural drawings in Appendix C. These
calculations and drawings may be used for the fifth to eighth grade classroom building due to
similar layout and identical material use.

The design process started with preliminary calculations to estimate structural member
sizes. These were used to create a preliminary load takeoff for gravity design. The load takeoff
began with the roof metal trusses using RISA 2-D, with an assumed steel strength of 40,000 psi
(Grade 40 ASTM 615). The RISA 2-D output can be found in Appendix B to show loading and
deflection demands the members were designed for. The ACI (American Concrete Institute)
318-04 code book was used for the gravity member calculations. The assumed compressive
strength was 1500 psi for concrete, and is reflective of the material quality and construction
practices in Haiti. The final gravity calculation was the slab on grade that is based on the United

States standard: 2” thick concrete slab overlay with #3 rebar at 6 on center each way.



Seismic and wind forces were calculated to determine the governing lateral force. The
base shear of the building was found to be 23.5 kips from the S, value of 0.66 and a low
building weight. This governed over a wind load demand of 23 kips. Concrete moment frames,
as opposed to traditional shear walls, were chosen for the lateral system of the building to
support the architectural design reliant on air flow throughout. The analysis software, ETABS,
was used to model the tiered moment frame system in both directions. Load and deflection
demands from the seismic forces applied in ETABS were used to obtain member sizes. These
can be found in Appendix B.

To provide unambiguous construction layout, structural calculations are performed in
english units but final design solutions are provided in english and metric units. The structural
drawings are dimensioned and detailed in metric units for clarity for construstruction personnel

in Haiti.

CHALLENGES:

This project presented many design and analysis obstacles. The first is that Haiti lacks
formal design codes. Following the earthquake in January 2010, the unofficial code
“Construction Code Study for Emergency Measures Haiti” was established. This document
outlines construction guidelines and codes that are acceptable to be used in Haiti. These
documents were difficult to navigate, especially when published in French.

Cal Poly instruction is based on material strengths obtained in the United States and the

equations in the code are based on these values. This posed a challenge as Haitian materials such



as masonry block and concrete have much lower material strengths and thus simplified United
States code equations may not be used. Haitian material strength and behavior was researched to
ensure safe design without relying on equations from American code.

Additionally, typical Haitian buildings are constructed differently from those in the
United States. Designing the Mon Briye School to accommodate customary building techniques
was extremely important to the engineers of this project. By designing the building to common
practice, the quality of the construction would be improved. It will also make it easier for Third
Lens Ministries, the partner organization in charge of design and construction management, to
work with locals. To do this, the structural engineers were in constant contact with Cal Poly
faculty members, mentors, and other professionals who are familiar with Haitian construction.

In the professional design field, contact between the architect and engineer must occur
frequently to ensure cohesive design development. This project presented another challenge in
that the architect was working remotely and had already finished design development before the
project was passed on to the engineering designers. For this reason, contact with the architect
was seldom and very few adjustments to the design could be made.

Above all else, the greatest challenge on this project was designing an unfamiliar lateral
system. It is arguably the most important aspect to the project, and requires special attention to
connection design. However, throughout the undergraduate program at Cal Poly, students are
taught how to read and analyze building codes. This made the challenge of learning a new

section of the ACI code a manageable task.



INDEPENDENT LEARNING CURVE:

Throughout the research, analysis, and design process, the student engineers had to apply
critical thinking, independent learning, and the pooling and utilization of available resources in
order to complete the project successfully. The independent learning developed from the
challenges faced, including deciphering foreign design code, adapting to foreign construction
practices, and designing an unfamiliar lateral system.

To overcome these challenges, a variety of tactics were employed. The first resource was
a Cal Poly professor, James Mwangi. Professor Mwangi is an expert on Haitian construction and
has led workshops throughout Haiti to instruct local laborers on proper techniques. He provided
his workshop information and images for understanding. The Journeyman International mentor
for this project, Eric Lehmkuhl from KPFF San Diego, was another available resource. Mr.
Lehmkuhl has experience with projects in Haiti subsequent to the 2010 earthquakes and provided
practical knowledge and example projects to help further expand the engineers’ design
comprehension.

James Mwangi also provided unofficial building codes for Haiti. Many of these codes

were written by other countries for Haiti and were published in French. The student engineers

had to copy and paste sections of the code into Google Translate in order to extract the design
criteria such as material strength and seismicity values for Mornes Brieux. This was an efficient

and accurate tool providing further insight on Haitian construction. ASCE-7 was listed as a

trusted prescription for design and was useful in calculations as a familiar reference.
The concrete moment frames were the greatest test of the engineering students

capabilities. Analysis of the ETABS model results required understanding of acceptable



behavior of moment frames, and identification of what would govern the design. Concrete
moment frame design is not covered in Cal Poly curriculum and therefore challenged the student
engineers with a new chapter of ACI 318. The code communicated that connection
reinforcement to properly resist earthquakes was critical. To do this, explicit detailing was a
priority to ensure proper construction. The consultation of several faculty members allowed the

student engineers to receive feedback on their calculations.

IMPACT:

Journeyman International has provided an opportunity for the student engineers on this
project to have an impact in the world. The students attending Mon Briye Primary School are not
the only ones who will benefit from the project. This design is the first school in this rural area of
Haiti and will have economic, social, political, global, and environmental impacts.

First, this school will have considerable economic impacts. The construction will create
jobs for local masons and laborers as a result of the student engineers staying true to typical
construction. Financially, the project will be supported by fundraising efforts run by partner
organizations along with a potential donor that is interested in providing support. Once the
school is opened, further economic benefit will be handed to the educators and faculty of the
school. Finally, the students receiving an education will be better prepared for taking profitable
jobs, benefiting themselves and their communities.

The town of Mornes Brieux will be impacted socially and a sense of pride will arise from

the construction of the school. The building will be built on the top of a hill above a main road,
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and will be a beacon for opportunity for the community. Additionally, many of the students
attending Mon Briye Primary School did not have the opportunity previously, or had to trek a
long way for their education. The lifestyle of the Morne Brieux community will change since
everyone will have the opportunity to receive an education.

Providing education and labor opportunities will increase the political status of the area
of Mornes Brieux and the country as a whole. After Hurricane Matthew in 2016, the Haitian
government experienced political unrest and the country was in a vulnerable state. The majority
of Haitian citizens do not get along with their government. Haiti has a president that holds
similar power as in the US. Lower administration broken down to three main divisions of
departements, then arrondissements, and finally, comunes. If a city is located near a capital of
departement, it is governed by that administration. However, in secluded rural areas such as
Mornes Brieu, village elders have more power than government officials. For a project like Mon
Briye to be approved, consent must be given by this bureaucratic leader who speaks for the

community. A positive relationship with the community and organizations involved could result

in this project being an example of simple, earthquake resistant construction that can be repeated.

The company that spearheaded this project, The 610 Project, believes that education is the key to
breaking the cycle of poverty in Haiti. The students attending Mon Briyé Primary School will
have the opportunity to grow to become future leaders and policy makers in order to create
positive change in their community, their country, and beyond.

Currently, Haiti has a 60.7% literacy rate, which is the lowest rate in the western
hemisphere. The construction of this school will have a global impact by raising that statistic.

Although the design values used in this project are specific to Mornes Brieux, the concept and

11



construction practices may be replicated in most third world countries. Journeyman International
will have the opportunity to share this project with other organizations and to implement these
practices throughout other countries in need.

The Mon Briye Primary School is designed to be a strong, sustainable and “locally
sourced” structure, minimizing any impact on the environment. The project will be located on a
currently undeveloped area. The land being built on is sloped, but the architect has incorporated
the slope into the building design to maintain the integrity of the land as much as possible. In the
case of a natural disaster, the building has been engineered to provide a safe haven for all
occupants, and would remain a strong and reliable structure for its lifetime. The masonry and
concrete used will be mixed on site and reinforcement brought in from Port-au-Prince, Haiti.
This local sourcing of labor and materials cuts down the carbon emissions otherwise released if
materials were imported and therefore minimizes the negative environmental impact of

construction.

CONCLUSION:

Completing this senior project has been a rewarding experience for both student
engineers. This was their first opportunity to work on a real project from start to finish, and as a
result, it has been pivotal to beginning a career in structural engineering. It was refreshing to
design beyond the classroom and to know the building could be a reality.

Calculations and drawings will be submitted to J.I. who will pass them on to the
partnering organizations. They will then be reviewed and accepted for construction to begin as

soon as possible. Staying involved in the project is a priority, and the structural designers plan to
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continue contributing as the project progresses. They hoped to visit the site before calculations
started to meet who the project would potentially impact. Although there was not the opportunity
during the course of this project, the students are determined to visit during the construction
process or when construction is complete. The highest reward after the countless hours put into

this project will be to see the final product, and the positive impact it has on its community.

PERSONAL REFLECTIONS:
LEAH GEORGE

Journeyman International provided an invaluable experience during the last quarter of my
college career. This project was especially meaningful for me, as I hope to work on structural
humanitarian projects as a regular part of my professional career. This process taught me how to
incorporate what I learned at Cal Poly to situations very different from those in the United States.
It was a difficult task, but the rewards far outweighed the challenges. I gained additional skills in
time management, communication, and teamwork, which will benefit me in my future career.

What will make this project most rewarding is seeing it come to life. Even though I did
not have the opportunity to travel to Haiti, I was continuously doing research that made me learn
and appreciate the culture of Haiti and the Haitian people. I plan on staying involved in the
project, and hope to work with Journeyman International again. Overall, [ am extremely grateful
for the opportunity that was provided to me through the partnership with Journeyman

International, The 610 Project and Third Lens Ministries. I plan to do more structural



humanitarian projects like the Mon Briye Primary School in my future and throughout my

carcer.

DEVIN WILLIAMS

This Journeyman International Project was my first exposure to structural humanitarian
work. I am excited by the fact that although I have only gone through United States standard
construction and codes in a classroom setting, I now have experience in applying general
engineering and use of code for projects with unique location and design parameters. The most
fulfilling work to me is using the knowledge and skills I have acquired to help others. I am
grateful for the opportunity to begin what I hope is a long career of work that helps to improve

the safety and lives of others. Learning as much as possible about the people and community that

the project is planned to be built for was an essential part to the drive and fulfillment of my work.

I hope that the opportunity presents itself to visit the construction site, or the completed school to
see its actual impact and meet some of the individuals in the community that will be involved.
This would be the greatest reward for our work.

At the start of this project, I had not taken any courses in concrete design. When Leah
and I took on this project we did not think that would be a hindrance because there were many
materials present in the project that I could design for while she focused on concrete. As the
project progressed we decided that the design required all framing and lateral design to be

concrete. Although it was a great challenge for me, it became a personally testament that I could
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contribute as much as possible through learning code for a new material and with Leah’s
experience, create drawings that communicated the elaborate concrete moment frame
connections the project required. This was a valuable experience for me in being pushed to learn

on my own with resources in writing and people as guidance. For this reason I believe it was a

perfect senior thesis project to prepare me to begin work for my professional career.
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APPENDIX A

Architectural Design

Mon Briye Primary School

Mornes Brieux, Haiti

Drawings by:

Heather Bing

Journeyman International
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LCRODX-DES-BOUQUET S HA T AN A R AN A S S O O e

By looking at how we perceive our surroundings and the relationship between people and place, we see that
our environment can nudge us into ways of being, thinking, and feeling. Perception and relationships are im-
portant because superior design can achieve goals beyond providing physical needs.

There is no single recipe for this endeavor, but to begin it is necessary to recognize that a building design ex-
ists in three realms of human understanding; behavioral, mental and emotional. The physical relates to the
way we behave in a building, the mental, as we have thoughts that cross our minds as we experience a place,
and we have emotions that arise based on our surroundings. It is essential that the designer imagine the in-
teraction between her project and the individuals that will inhabit the space.

The tremendous influence our surroundings have on us makes design a tool we can use to promote stronger,
healthy communities. The beautiful country of Haiti is located in the Caribbean, part of the Greater Antilles.
Haiti has been devastated and destructed by earthquakes, hurricanes, flooding and tropical storms. | am pro-
posing to design a Primary School located in Haiti as part of the island’s continual rebuilding and growth. It will
focus on designing spaces that are needed for physical shelter but transcend the requirements of shelter to
include emotionally supportive and cognitively engaging environments.

The planning of the Primary School in Mornes Brieux, Haiti aims to provide a place for children to begin their
education, focusing on children and education as a tool to move out of poverty. The rural area consists pri-
marily of agricultural industry without a school for the rural children. The building needs to feel welcoming
and inspiring for children, should fit in with the surrounding environment and act as a beacon for the commu-
nity. The building should incorporate local materials and colors to blend with the lush surroundings and the
beautiful ocean views. It will incorporate shaded areas to spend time outdoors and natural ventilation indoors
to provide a comfortable learning environment. The architecture will aim to support students learning by in-
cluding colors, texture and natural lighting. The school design will aspire to allow space for both the students
and teachers to feel part of the school community and allow room for expression.
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between court}yards in front.

C. Robust design of post and beam reinforced concrete
structure for natural disaster resiliency.

D. Small rectangular grid for robust structure.

Aspiration # 3: B/
Flexibility Sk

@ A.Reuse and adaptability over time; post and beam structure
with infill that can be modified in the future.

0' 8' 16' 32' 64'

B. Mix of indoor and outdoor spaces, taking
MULTIPURPOSE CLASSROOM advantage of the sunny climate.

22" FLOOR LEVEL ELEVATION

C. Power generation for future and current needs

= PRIMARY 3 CLASSROOM
o 28 FLOOR LEVEL ELEVATION D. Variety of shared spaces, with both small and large
&) ' . MA'N FLOOR J SlTE PLAN SRIMARY 1 CLASSROOM gathering areas, both covered and uncovered.
| ]L\ 32" FLOOR LEVEL ELEVATION E. Small patios and balconies adjacent to classrooms could
assrooms and play spaces =y .
staggered with sunken circular \ . L ' be used for future classroom expansion.
play space, with all buildings | At )
opening to large central m&[\/ ) -
| ASPIRATIONS

PRIMARY 6 CLASSROOM
40’ FLOOR LEVEL ELEVATION

Aspiration # 4:
‘ Sustainability y{

PRIMARY 8 CLASSROOM

TEACHERS 34’ FLOOR LEVEL ELEVATION

A. Maximize storm water management on site; recapture LOUNGE

and re-use of water via cisterns located adjacent to on-site
community well.

B. On-site renewable energy production with solar panel
array.

Two admin spaces at top with
back and forth ramps sloping sl C. Design supports site areas designated for natural
down tired classrooms. . .
vegetation at base of courtyards. Planting trees for shade,
and saving existing large tree.

D. Maximize and redundant passive strategies for
temperature control; high ceilings, large openings,
opening facing predominant breeze, roof form to allow
hot air to escape via stacked ventilation, large roof
overhangs shading walls and openings.

= / TIERED
E. Access to views of the exterior, prioritizing views to ocean / COURTYARD
and courtyard play spaces. / BELOW

Tiered and staggered classrooms

T CrlS e e Al F Natural daylighting to penetrate classroom with narrow

courtyard spaces building floor plates and large openings.
G. Advanced ecological engineered wastewater treatment
— e - ,--"': system. Waste water pulses through different ecological
- systems that process and filter through biological process
| via bacteria and plants rather then transported
g and treated chemically SECOND LEVEL FLOOR PLAN
— [ |

Aspiration # 5: ;
Life-enhancing ) \

L7

.k - " A. Spaces that engage users cognitively; cheerful uplifting :
f : colors inspired by the surrounding landscape, exposed
":!J) structure allowing users to imagine the building process,

patterned window openings, signage and texture bamboo
J V railings creating an engaging tactile human scale experience.
]

B. Inclusive, social cohesion with a variety of play spaces
of varying sizes both covered and open. Nestled into
sloping topography with tiered courtyards, embraced by
the buildings.

0' 8' 16' 32' 64'

C. Energized shared spaces with views to vegetation and

. PRIMARY 4 CLASSROOM
views to the ocean.

40’ FLOOR LEVEL ELEVATION

D. Daylight penetration, natural ventilation and views

to integrate qualities of nature in the human made PRIMARY 2 CLASSROOM
environment. 44’ FLOOR LEVEL ELEVATION

E. Welcoming, friendly and inviting that has a connectedness
to the sight and an interesting form with optimism.

F. Surroundings that contain a balance of several action
choices along with hints at how to behave. Multiple readings
allowed by users.

Large outdoor gathering space
- Morning assemblies

Water needs
clustered

All classrooms with
views to oceans

/ -Tire playground

Classrooms open up to
courtyard

Bathrooms adjacent to
sloped topography for
wastewater treatment

Tiered courtyard
with view to ocean

Planted trees with
sunken circular
seating for shade

Dining area & offices
-Views to ocean

MATERIALS

Classroom floor levels, with
centralized courtyard. Small
outdoor gathering spaces at

All classrooms with

e;ch classroom facing ocean / views to oceans
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Location: Mornes Brieux, Au Cayes 18 ° 6'33.68”N, 73° 51'4.88”"W e Infirmary ...occooviiiii 10 sg m (108 sq ft) )
e 8x Primary School Classrooms.......... 42 sq m (450 sf) each Twin Bed Open Air .- 1
Desks for 25-35 students =378sgm (2) Chair b ey W/ /
Teaching Wall with chalk board Cabinetry Storage on wall / ' Shade V ‘ 40'
s ,z;r‘b movable or on wall ®  STOrAge. i 15 sgm (161 sq ft) / LA\  / g 5’400 sf Classrooms (9)
ﬂéw;}iﬁf(@ Cubbies & hooks along wall Closet for Solar Panel Battery Storage /] W&/ /KN o k) 800 sf | 1
N 3 Closet for cleaning/school supplies Mechanical Closet for water pump S \ > L 3E6EF IT Classroom ( )
i e 21T ClassroomM.....ccovievieeeiieeiiieeeieeen, 75 sg m (800 sf) School Supplies Storage . S 3(4 C S .
= @) ’
' N Desks Kitchen Supply Storage Room \1\‘-’0) Cros§ . f ® 8 q0) Offices (3)
' i Projector e (Cistern(s) Ventilation : 8 Q. 538 Sf Teachers Lou nge
_/\/:"\ N\, IT Closet/Storage e Bioseptic Filtration Area )] F
) = N Closet for cleaning/school supplies e Septic Tank/Leech Field 6 108's Infi rmary
e ' e Student Restrooms.........ccceeeeviveeeine. .. 20 sq m (215 sf) total e Water Well + =
-0 3 female and 3 male- WC & sinks Structures A GL) ig—); S; Student Restrooms
; Detached from classrooms
" Ciceat + S
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- e ! = Impreve Cirzolovhen Enclosed or open air.
(e S - School fc’urh“qrd
| RN . Seating & tables for v Storgge
| e« Exterior Play Ar€a......ooomoroooooooooo 558 sq m (6,000sf) required 322 st |Kitchen
Recreation, playground Teacher’s
e Courtyard Gathering Area...........c.ccocveeenn.. Lounge 220 sf Stora ge
e Kitchen- Attached or freestanding.......... 30 sq m (322 sf) n . .
Propane 6 Burner Range = 2,150 sf Dlﬂlng Pavilion
Prep Counter-top g 2,200 sf Courtya rd
Sinks /
. - Q
Shading ) i Refrlgerator— If energy production supports* Dining O Q
_-.’.x':fn..-i‘ oVeang [yoh o8 da ' Pantry for dry food Pavilion SToct 5 8 q0) 2'500 st Playground
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(ovey entivg, Solar teLk S o m
N 8{"? : e Hooks for coat storage C = Classrooms - -
'ﬁ_ e - Movable chairs & tables 0= Offices _CI) (- Cisterns
i Shedingte r e Headmaster’s Office........cccoceevrnnne. 14 sq m (150 sf) L = Teachers Lounge E C_) Well
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: o Volunteer Office. ..., 10 sq m (108 sf) R= Restrooms L +— Septic irable Adj
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