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1.1 Background

BHI promotes global health equity by developing high quality health infrastructure in settings where there are 
often no building standards and no access to public utilities, such as piped water or the electrical grid. As an 
organization, BHI’s long-term goal is to shift the way design and construction is done in resource-constrained 
settings so as to be more efficient, sustainable and operationally effective. 

How We Build is one step towards achieving that goal – an effort to make accessible to the 
collective experiences and lessons learned of Build Health International’s architecture, engineering and 
construction teams. 

How We Build is a technical reference document to guide practitioners through BHI’s field-tested best 
practices for construction in low-resource settings. It seeks to address the question, 

“How do you design and build health care facilities that are culturally conscious, 
country-specific, resilient, and sustainable?” 

The best practices contained in How We Build will enable design and construction practitioners to build safely 
and securely, while still operating within their resource constraints, whether geographic, climate-based or 
financial. In recognition of these constraints, How We Build focuses on the construction of single-story buildings 
using locally-available materials and equiptment. 

How We Build is an evolving project; this iteration, version 1, guides the reader through the construction 
process from site work through exterior finishes. Subsequent iterations will also include sections for 
pre-construction and close-out, including scheduling and team management. BHI is also developing an 
in-depth annex focused solely on electrical. In addition to installation best practices, this annex will cover 
sources of power, including solar (PV), generators and load calculations.

Build Health International’s work began in 2010, in the wake of the devastating Haiti earthquake 
that claimed over 300,000 lives, millions of homes, and left Haiti’s health infrastructure in ruins. At the 
time, BHI co-founders Dr. David Walton and Jim Ansara were designing a 100-bed community 
hospital in central Haiti, with Boston-based non-profit Partners In Health. Acknowledging the 
immense need to rebuild the country’s health infrastructure, Haiti’s Ministry of Health asked David 
and Jim to change their plans, and instead build a 350-bed national teaching hospital. 

Construction on Hôpital Universitaire de Mirebalais (HUM) began in July 2010, and the hospital 
opened on schedule in October 2012. At 240,000 square feet, HUM remains one of the only large 
construction projects successfully completed in Haiti in the decade since the earthquake. Jim and 
David recognized that the need for designing, building, and maintaining high-quality healthcare 
facilities extended far beyond Mirebalais, both within Haiti and globally. They founded Build Health 
International (BHI) in 2014 to bring the lessons they learned at HUM to other high-need communities. 
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1.2 How to Use this Document

Chapters 
How we build is divided 
into sections by green 
chapter pages. Each 
topic is covered in detail 
walking through each 
step in the construction 
process. 
 

Section Introductions
Each section begins with 
introductory text providing 
broader context and key 
definitions.

3D illustrations and 
structural details
for different perspectives 
and easier understanding
 

Right and wrong icons
Examples of the right and 
wrong ways to do tasks 
on the construction site
 

Layered graphics
Lays out more 
complicated processes in 
numbered stages with 
graphics that build off 
each other

Material and tool 
checklists
for tasks that need to be 
planned out

Highlighted notes 
Green boxes highlight 
good building practices, 
especially in 
low-resource settings

References
Page references to other 
sections for more details

Caution Call-outs
Alerts to dangerous 
and/or commonly made 
mistakes

Alternatives
Considerations of alternate 
ways to carry out a task 
and when each is most 
appropriate

Specific Model 
Recommendations
based on BHI’s experience 
on the field

On-site Pictures
with explanatory captions 
and callouts 

Typical Dimensions
for reference

Context and Definition 
Boxes 
Provide further information 
on topics

Team breakdowns
How to organize teams 
for large-scale tasks

Reference Sheets
for frequently accessed 
information

Inspection Checklists
at the end of key stages of 
construction
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2.1 Foundation Overview

1. Establish control points (pg 13) 2. Grade and clean site  (pg 14)

3. Layout building (pg 16) 4. Dig footings (pg 18)

5. Install utilities that go under or through the footing (pg 17) 6. Compact bottom of trench and place gravel (pg 18)

7. Install reinforcement and pour concrete footings (pg 18) 8. Install 2 course of sub-grade CMU block (pg 22)

8. Install utilities that go under the slab on grade (pg 17) 9. Backfill and compact soil, grade and clean site
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2.2 Establishing Control Points

Control Points or Benchmarks are fixed points on a site that have coordinates in the vertical and 
horizontal plane (ie. xyz, North-East-Elevation). Establishing control points ensures everything 
constructed is related to a fixed common reference so that each construction component “fits 
together” upon completion. Correctly doing this helps avoid costly mistakes.

Some sites have established control points; if these are accessible, correctly documented and evenly 
dispersed across the site they can be used. If not, a minimum of 3 control points must be set up, 
although more are recommended to improve site calibration results. 

Total Station
A total station is an optical instrument used for surveying. It needs to be 
calibrated, level and set to units matching the drawing set. 

One person shoots with the total station, while the other holds a target in 
place at the control point. Since the height of the target is known (usually 
4’), it is easy to calculate what the height of the control point (z coordinate) 
is on the ground.  The total station will record the coordinates of the point. 
Ensure your tolerances are no more than 1 mm.

Choosing the Location of Control Points
Control points should be clearly seen, evenly dispersed around the site and 
not in the way of construction.

Whenever possible use existing structures as control points because they 
are unlikely to change over time and are easy to measure from (ex: the top 
of a curb, corner of a building, foundation of a building etc... )

Sometimes you will need to set up a control point in the ground. To do this:

Setting up Multiple Control Points
1. You can arbitrarily set the first control point to known coordinates or to a 
base reference
2. Shoot and save the coordinates of the remaining control points
3. With 3 or more control points, the total station can be placed anywhere 
on site and calibrated. You can now shoot other coordinates needed to 
grade the site or layout the building.

It is important to clearly mark control points on 
site, so they can be found when needed. 
Carefully document all control points on site 
for future use. 

Note that control points do not necessarily need to match the ones given 
in a drawing, however they must be consistent with each other.

At the total station 
shooting a target

The corner of an existing 
building is an ideal control 
point

A clearly 
marked 
control 
point Resting the target on 

top of a rebar 
marking a control 
point

Holding the target 
directly at a control 
point on the ground 

nail rebar

concrete

1. Dig a hole and place a small piece of rebar 
in the ground. 
2. Fill the hole with concrete leaving the top of 
the rebar exposed and flush with the surface 
so no one will step on it.
3. Mark the top of the rebar with a permanent 
marker and spray paint the area around it. 
Similarly, a nail in concrete can be used.

N=3, E=5, Z=2

N=0, E=0, Z=0

N=1, E=4, Z=-3

1.

2.

3.
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2.3 Grading and Site Preparation

After control points are established and confirmed to match the 
drawings, you must prepare the site for the new building.  Site 
preparation involves cleaning the site by removing elements 
(such as vegetation) that are not part of the construction work. 
Grading is the process of ensuring a site has a level base at the 
desired elevation.

Cleaning and grading the site will happen before construction 
begins. After digging the footings and installing utilities, the site 
will be cluttered and no longer level. You will need to clean and 
grade the site again after the foundation is built and before 
pouring the slab on grade.

1. Remove vegetation from the site (trees, shrubs, roots, stumps 
etc..) And any other elements that are not a part of construction. 
This process is commonly called clearing and grubbing.

2. Topsoil is an organic layer of soil that is unfit for laying the 
foundation. Most sites will have topsoil that must be removed. The 
removed topsoil can be stockpiled and used later for 
landscaping.

3. Use the control points on site as a reference for the intended 
finish floor elevation to grade the site to.

4. Cut and fill is the process of leveling a construction site, by 
removing soil higher than final elevation (cut) and adding soil at 
points lower than final elevation (fill). Work from top to bottom, 
cutting first and then filling. If the soil that is cut is suitable (see pg 
15) it may be used to fill the lower areas. Use heavy equipment if 
appropriate (see pg 23).

3. Use the control points on site as a reference for 
the intended finish floor elevation to grade the site 
to.

Cut

Fill

5. When filling in the lower areas, soil is placed in layers called lifts.
After each lift is placed, the soil is pressed down or compacted 
using a compactor (see pg 15 for importance of this). 
The height of the lift will depend on the soil, but should be no more 
than 8” before compacting. 

CAUTION

Before starting to dig, it is very important to 
locate underground existing utility. 
Disrupting existing utilities could interrupt 
building services or, if electrical utilities, 
could cause a fatal accident. Review 
existing as-built drawings and old site plans 
and ask your supervisor for any other 
information available before digging any 
trench.

control 
point

finish elevation

Grading site before construction

Grading site after foundation has been built

Using a total station to find the 
finish elevation for grading  

Heavy equipment may be 
appropriate given resources 
available (see pg 23) 

max. 8” lift before 
compaction 
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What makes soil suitable for a foundation?

1. It compacts well - Soil should have 98% compaction, 
no organic material and low plasticity. Information on 
this will be included in a soil study.

2. Topsoil is an organic layer of soil that is unfit for laying the 
foundation. Most sites will have topsoil that must be removed. The 
removed topsoil can be stockpiled and used later for 
landscaping.

Importance of compaction under the foundation

As the load under a footing spreads out, pressure is greatest on 
the soil directly under the footing. This is also the soil that has most 
likely been loosened by digging thus reducing its bearing 
capacity.

Bearing Capacity of Different Soils*2. It drains water well - This ensures that water does not 
collect around the foundation, seeping in and 
damaging it over time

3. It has a high enough bearing capacity - this is the 
capacity of the soil to support a load applied to the 
ground. A structural engineer will determine what 
bearing capacity  with a factor of safety is appropriate 
for a building. 
 

During the design phase of a building a geotechnical 
engineer should review the site providing details on the 
condition of the soil on-site.

It is important to recognize that in low-resource settings 
you may not always have access to appropriate fill 
material based on the 3 conditions above. In these 
instances consult with your structural engineer on what 
solutions might be possible.  (ex: backfilling with granular 
material, pouring an extra layer of concrete under the 
foundation etc..)

Width of footing (w)
Critical  zone 
for compaction

Soil pressure reducing

w

w

It is very important to compact soil in the critical zone, and compact all backfill after each layer of soil (lift) is placed. 
If this is not done, the soil under the foundation will settle later under load compromising the building’s structural 
integrity.

kg/m2 kN/m2

Soft, wet clay or muddy clay 5,000 50

100

100

150

150

250

250

250

450

450

450

450

1,650

3,300

10,000

10,000

15,000

15,000

25,000

25,000

25,000

165,000

45,000

45,000

45,000

45,000

330,000

Types of soil

Soft clay

Fine, loose and dry sand

Black cotton soil

Moist clay and sand clay mixture

Loose gravel

Medium clay

Medium, compact and dry sand

Compact clay

Compact sand

Compact gravel

Soft rocks

Laminated rock (sand stone, lime stone)

Hard rocks (granite, diorite, trap)

* Reference values only. Always confirm with results from soil test.
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2.4 Layout

Once control points are established on a site you can begin laying 
out your structure’s foundation to match your drawing plans. 
This process should be done carefully to prevent costly errors that 
are time-consuming to correct later on. 

1. Place the total station where you can see at least 
3 known control points. Once the total station is 
properly calibrated to these control points, you can 
shoot the coordinates of any point on your building 
layout. 

2. Buildings are typically laid out using the centerline 
of columns and walls. The face of a wall or column 
may sometimes be used but this will be indicated 
clearly on the drawings. 

3. Mark the centerlines of your building layout using 
batter boards. Batter boards should be placed at 
least 3 m from the face of the foundation. Set up 
the batter boards as shown:

Footing Outline

4. Use string around the batter board nails to layout 
the offset. Check to ensure the string is level and 
cross at 90 degrees .

5. You are now ready to dig the footings for your 
foundation. 

Batter Board with nail 
at centerline position

2” x 4” lumber stakes
Use enough stakes to 
prevent 1” x 4” from 
moving

1” x 4” lumber
1 foot off the ground, 
specific scenarios may 
require it to be higher.
Make sure 1” x 4” is level  

Use nails to mark position of 
wall centerlines located with 
total station

string line

A

Make sure to label 
each centerline on 
the batter board 
according to the grid 
line on  drawing plans 

string line
cross at 90°

+/- 3m

Place batter boards 3m away 
from the edge of the footing to 
leave enough room to dig. If the 
property does not allow for the 
distance, the batter boards may 
be placed closer. 

Batter boards on site
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2.5 Utilities Under Foundation

Some utilities are required to be routed under a building’s foundation and must be installed before 
digging the footing. The most common reasons for deep underground utilities are:

1. We anticipate that in the future the utilities for a new building will need to cross under the
    construction site 
2. The pitch for the sanitary drain requires it to run below the footing
3. It is good practice (and safer) to run electrical feeders and feeders for sub panels deeper and 
under the footing for maximum protection

The trench details for plumbing are the same whether they are under or over the footings (see pg 
118). However, trench details for electrical utilities are different when they are below the foundation. 
Further, we treat electrical feeders running underground differently than electrical branch circuits 
under a slab on grade (SOG).

Underground Electrical Utilities 
Underground conduit is subject to damage from rocks, people and heavy equipment. If not properly 
protected, conduit can be crushed, perforated or unearthed causing power interruptions that could damage 
an entire facility and in some cases pose serious harm to people. Therefore buried electrical conduit needs to 
be carefully protected, especially when it feeds a power panel or carries any other significant load. 

There are two types of underground electrical that go underneath the foundation:
 1. Electrical feeders to supply power to a building and its sub-panels
 2. Branch Circuits from a new panel 

Concrete 
Footing

2 course of CMU Gravel

Slab on Grade

Diesel
Generator

Main Service Feeder

Generator Room 

Room inside Facility

Sub Panel Feeder

Distribution
Panel
(Submain)

Branch
Circuits

Branch Circuits are scratched into the 
gravel under the Slab on Grade

Transfer 
Switch &

Main OCPD

Utility

Main
Distribution

Panel Distribution
Panel
(Submain)

Electric Feeder is placed 
under the footing in a trench 

 



18

concrete 
blocks

Hook

Width of 
foundation

2.6 Footings

Footings are a part of the foundation and help spread and bear the load of walls 
and columns. To install footings, first a trench is dug to the specified elevation, 
rebar reinforcement is placed inside the trench and concrete is poured. 

Footings are poured for both walls and columns, and typically have different 
depths and reinforcement which will be detailed in the site drawings. 

1. On the batter boards place nails on either side of the centerline nail to 
mark the correct width of the footing. Use string line to make sure the 
footings are straight and spray paint the ground to mark the area that must 
be dug. 

2. Dig the footing to approximate width and depth depending on the 
detail. Based on the hardness of the soil, time resources and labor available 
this could be dug by hand or use heavy equipment (see pg 23)  

3. After digging and leveling the trench, add a 5 cm layer of gravel and 
flatten the bottom of the trench using a plate compacter.

4. Rebar reinforcement will differ 
for columns and walls and 
should be shown in detail on the 
drawing plans. Install as 
specified and raise off the 
ground using concrete blocks to 
ensure the proper concrete 
cover (see pg 58).

Diagram of typical 
wall footings

For importance of 
compaction of soil 
under footings see 
pg 15.

Column and wall footings dug on site

Digging Footings

footing

slab on 
grade
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Column footings are 
typically deeper than 
wall footings and are 
usually poured first. This is 
because the vertical 
reinforcement begins at 
the footings and runs 
through the poured 
concrete column and so 
the placement of the 
footings will determine 
the layout of the 
building. 

Column Footings

Footing

Column footing reinforcement

Wall footing reinforcement

Wall footings may come in different depths 
and widths depending on the structural 
design. Dig trenches to the specified 
elevation and install rebar reinforcement 
according to the drawing plans. Exact 
dimensions and rebar used may vary from 
this example but always include horizontal 
and vertical reinforcement:

- Horizontal foundational rebar are typically 
raised 3” off the ground by small concrete 
blocks. This prevents rebar from poking 
through once the concrete has been poured 
and ensuring the right amount of concrete 
cover. (See pg xx on making concrete blocks 
and pg xx on concrete cover)

- Vertical CMU rebar is the start of structural 
support for the CMU walls. Each rebar 
typically goes through every other cell of an 
16” long CMU block, therefore the rebars are 
placed 16” apart. 

Wall Footings

Wall Footing Example

Column Footing Example

2 course of 
CMU block

small 
concrete 
blocks

Poured 
column

Slab on 
grade

Reinforcement for both free-standing and 
in-wall columns are largely the same 
except reinforcement for in-wall column 
footings will overlap with reinforcement 
for wall footings. 

Similar to wall footings, horizontal rebar 
are typically raised 3” (or as mentioned in 
drawings) off the ground by small 
concrete blocks.

Diagram of typical 
column footings

Ve
rti

ca
l r

ei
nf

or
ce

m
en

t
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Footings of varying depth 

Depending on the structural design, there may be 
footings of different depths and widths that need to be 
dug on site. These will be detailed on the site drawings.

When to use wood forms

If the earth is crumbly and 
can not hold its shape a lot 
of concrete will be wasted 
to fill in all the extra space 
in the trench. In this case it 
is cost effective to use 
wooden forms. Earth form with crumbly 

trench walls

Wooden form for wall footing Wooden form for column footing

Water in footings during excavations

Water can fill the bottom of a footing trench after 
a heavy rain or if the site’s water table is above the 
footing. 

This is dangerous because:

Sump 
Pump

Footing Trench

CF1

CF1

WF2WF1

Top of SOG   100.00m

WF1   99.22m

0.5 m

WF2   99.17m

CF1   98.97m

The site supervisor may also choose to spray paint 
footings of different depths in different colors making it 
easier for the workers to dig to the appropriate depth

Example of a footing drawing plan. Details of the corresponding wall 
footings (WF1 and WF2) and column footings (CF1) will be included on 
the side of the drawing with elevations and other needed dimensions.

Spray painting different 
footings in different colors 
is a helpful visual cue for 
workers on site

Sometimes it is helpful for the workers on site if a diagram 
similar to the one below is included in the plans. This 
shows all the types of footings on site with the elevation 
in relation to the top of the slab on grade (SOG) and 
width. 

Note in this example that the slab on grade is given an 
arbitrary value of 100 not 0. This is so that the footings will 
not have a negative elevation, which can easily be 
misread if the minus sign is overlooked. 

0.5 m

1 m

- Soggy soil is weakened and the sides of the trench 
might cave in, causing damage to laid pipes and 
slowing down the pace of work.

- Water and dirt mix to form mud which might mix 
with the concrete while it is being poured reducing 
its strength. 

To remove water from the trench an adjacent hole 
about 2 feet deeper can be dug. Place a pump in 
the hole to move water out of the trench. Fill up the 
hole before pouring the footings 
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Pouring Footings
CAUTION

Before pouring footings ensure:
- all horizontal rebar is off the ground supported by small 
concrete blocks
- all vertical rebar is perpendicular to the ground and in the 
center of the footing

Footings should be poured all together without interruption so be 
sure that there are enough workers and resources to finish a 
section once it is started. 

If you have to stop pouring a section, stop in a 45 degree plane 
so that there is better bonding between the old and the new 
concrete when you start up again.

Curing Footings

The curing time for footings will depend on factors 
such as the weather and depth, but typically you 
can start laying CMU block the next day after 
pouring in the footings.

To avoid cracking, wet the foundation 1-2 days 
before starting the walls. 

Always vibrate the concrete with a poker vibrator to help it 
consolidate. Be careful not to over or under vibrate. (See pg 
56 on how to vibrate concrete correctly) 

Rebar frequently moves 
out of place under the 
weight of the poured 
concrete. When this 
happens the rebar 
needs to be bent in 
place to go through the 
cell in the CMU later on, 
which compromises its 
structural integrity. 

Pour concrete carefully 
and ensure the 
reinforcement stays 
perpendicular to the 
ground to avoid this. 

Poured footings sloped at 45 degrees when a pour needs to be interrupted

Ensure you have a large enough team and mixed concrete to transport 
and place the concrete for a footing section in one go
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2.7 Sub Grade CMU Wall Build Up

After laying the footing, 2 courses of CMU are installed.  This sub-grade CMU makes up a part of the 
foundation. Since this course is the beginning of the walls for your building, placing them accurately 
is very important. Great care should be taken to ensure the corner block is placed correctly and 
the following blocks are level and aligned. See page 72 for details on CMU and installation.  After 
the CMU and rebar is in place, utilities and the slab on grade can be installed.

A

1. Set up your guide using a string line 
along the length of the wall on one side 
of the CMU. The line is run from 
established points on the batter board 
and is at the same elevation of the first 
level of CMU block. This is to ensure that 
the first level of block laid is level.

2. Wet the footing. This way the cement absorbs the added water 
and not the water from the mortar when it is applied.

3. Apply a mortar bed of +/- 2cm thickness with the string as a guide. 
The mortar is spread over footings and around rebar to bond the 
CMU

4. Begin the first course of block by laying the 
corner block. Make sure to have a string line 
running along two perpendicular sides of the 
block to make sure it is square.

perpendicular 
string line to 
make sure 
block is straight

Align corner block with string line and 
level. Hammer firmly into place 

5. Trim and remove an excess 
mortar. Once installed, use a 
hammer on the top surface of 
the CMU until the mortar bed is 
around 1-1.5 cm thick. Check 
that block is level before 
proceeding. 

6. Fill every other cell with grout (see pg 53 for mix) and 
vertical reinforcement or as indicated in the structural 
drawings.
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2.8  Heavy Equipment

Heavy equipment refers to heavy-duty vehicles designed to carry out 
construction tasks, especially those that involve moving or digging large 
amounts of earth. Large, difficult tasks that require multiple workers and 
many hours, can be done quickly by one trained operator and the correct 
machinery. However, using heavy equipment can be expensive on a 
limited budget. The pros and cons of using heavy equipment must always 
be carefully considered before using them on site in a low-resource 
setting.   

The costs of using heavy equipment on site 
include:
- operation cost
- skilled labor
- maintenance
- fuel
- enforcing stricter safety regulations on the 
work site
- special transport to bring equipment to site 
(flat-bed, lowboy trailer etc.)

Other factors to consider are:
- funds available
- labor available
- soil quality
- timeline of the project
- size of the job
- accessibility of site
- it may be more beneficial to the 
community, in line with the organization’s 
values to hire and engage more local 
workers to perform a task.

Counting the cost
The following table outlines the different stages in construction 
and what equipment is appropriate to use and when; while 
the next page outlines a brief description on each piece of 
equipment. 

Stages of Construction 

The type of soil on site will be an important factor in deciding 
where to use heavy equipment. For example, when digging 
the foundation if the soil is very granular or lose, consider 
excavating by hand to prevent the walls of the trenches from 
crumbling. The following table lists which pieces of equipment 
or appropriate for different types of soil. 

Soil Hardness 
CAUTION

Everytime a piece of heavy equipment is 
used on site there should be at least two 
people minding the equipment. The 
operator who handles the machinery and 
a supervisor who makes sure no one is in 
the way. Heavy equipment moves quickly 
and the operator will have many blind 
spots therefore the supervisor should be 
extremely vigilant to ensure no one is hurt. 
Safety should always come first.

Task Equipment

Grading
- Backhoe
- Skid steer loader
- Grader
- Bulldozer

Moving material

Cut & fill

- Skid steer loader 
- Backhoe
- Front loader
- Dump truck

- Backhoe
- Excavator
- Bulldozer

Digging foundation 
& trenches 

- Backhoe (with 1’-2’ wide bucket)
- Excavator (with 1’-2’ wide bucket)

Type of Soil Equipment

Hard clay
- Backhoe
- Excavator
- Bulldozer

Well compacted 
clay with stones

- Bulldozer
- Excavator

Soft clay, sandy soil - By hand
- Backhoe
- Skid steer loader
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Heavy Equipment Notes

Grader

Bulldozer A tractor on tracks instead of wheels for increased mobility on 
rough terrain. Consists of a large front metal plate used to push 
construction material or soil. Also has a rear claw-like device 
(ripper) to loosen densely compacted soil.

A grader has a long blade in between the front and the rear 
wheels to create a flat level surface during grading. The angle of 
the blade can adjusted to achieve precision grading after the 
rough grading has been done by another machine like a 
bulldozer.

A tractor with a large scooping  bucket attached to its bucket to 
move construction material or dirt. Back hoes and skid steers 
may also have a front scooper attached to them for similar 
purposes. 

Used for pouring large amounts of concrete, especially for roof 
or deck slabs that need to be poured all at once. 

Front loader

Concrete  
pump 
truck

Back hoe

Skid steer loader

Compactor

Plate Rammer Roller

A standard tractor that supports a digging bucket at the end of 
a two-part arm, may have a loader attached at the front. 
Backhoes are smaller than excavators and can only rotate 200o, 
but are more adaptable to different tasks and can be driven on 
roads. Suitable for medium-scale construction.

Also known as Bobcat which is the name of a popular brand of 
skid steer. This is a small, rigid-frame, engine-powered machine 
with lift arms that can have a variety of tools attached to them. 
Typically has a large bucket or front loader attached for moving 
dirt. 

Compactors are used to compact soil. There are three main 
types: the plate, rammer and roller. Choose which one to use 
based on which piece of equipment is available and the size of 
the area you need to compact.

Large piece of heavy equipment that has a digging bucket on 
the end of a two-part arm attached to a platform that can rotate 
360o. Typically on tracks instead of wheels, you need a trailer to 
transport unto site. Suitable for large-scale construction.

Excavator

This is not an extensive list but covers those pieces of 
machinery that are more commonly used on BHI projects. 

Types of Heavy Equipment
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2.9 Underground Inspection Check List

Before the laying of the slab on grade the following must be completed.

 Check slope and elevation of all piping
 Review final location of vertical piping off the ground
 Secure stub up piping before placing the SOG
 Cap in all the vertical piping
 Compact the ground after the trenches are covered 
 Check all wires and piping connection
 Review underground drawings to confirm that all piping have been installed
 Update As-builts with any changes  
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3.1 Drainage Design

Stormwater drainage systems redirect rainwater away from a site to be discharged into a local water 
body or drained into the ground. Good drainage helps prevent the flooding of property and erosion on 
site. In the places where BHI works there is typically little to no public infrastructure to deal with 
drainage (ie. no public sewers), because of this the burden of stormwater management, from 
collection to discharge, needs to be taken on by the organization construction the facility.  

First identify where water is coming from and gathering on site. 

Water typically gathers where there is insufficient pitching. Downspouts will direct large amounts 
of stormwater from the roof which needs to be directed away from the building. (See pg 36)

Good drainage design is important on any construction site, particularly in areas with heavy 
rainy seasons and areas prone to flooding. With the rise of climate change, drainage design 
will become increasingly important. Some factors to consider when designing drainage 
systems are:
 

4. Topography

1. Where water is coming from

Stormwater can be discharged into the nearest water body without any treatment, however it 
might be necessary to slow down the water at the point of discharge so it does not cause erosion. If 
the soil drains well (such as sand), water can be drained into the soil through a drain pit (pg 31). 
Sometimes, rainwater is harvested, and water might be directed to a cistern for storage.

Movement of water in drainage will depend on gravity and so having pitched pipes (minimum of 1- 
2%) is very important. Begin your drainage design from the discharge point and work towards high 
spots to ensure you will have proper pitch. (See pg 116)

2. Where to discharge stormwater

Soil permeability is a measure of how easily water or air can infiltrate through soil. 
Soils with larger grains and greater spacing between individual particles (ex: gravel 
and sand) have high permeability and are good for drainage. More compact soils 
(ex: clay) have very low permeability and are not appropriate for drainage. In 
addition, high traffic areas where soil is frequently compacted can also have 
reduced permeability. A percolation (perc) test can be used to determine the water 
absorption rate of soil and will be needed when designing structures that depend on 
infiltration. 

3. Soil

Always design 
enough access 
points to drains to 
allow the system to 
be cleaned in case 
of blockage

The topography of a site can affect how much surface run-off and 
subsurface ground water there is on site. The greater the slope, the 
greater the surface run-off and the smaller the soil infiltration. Water can 
pool at low shallow spots, if it cannot absorb into the soil fast enough. 
On the other had, steep slopes could result in large amounts of surface 
run-off that can cause erosion or flooding.

Flooding at a hospital in Haiti

Downspout

Downspout

Sandy soil has good 
drainage

Soil with clay does 
not drain well

Less slope, less surface 
run-off, more penetration

More slope, more surface 
run-off, less penetration
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Drainage Pipes 

Drainage systems 
A range of drains, pits, downspouts and gutters make up a site’s drainage system. This will be detailed on the drainage 
site plan, including elevation of pipes for proper pitch, size of the trench, and discharge points. 

The following sections cover typical drains and pits that can be found on site including French drains, Drain Pits, Catch 
Basins, Trench Drains and Swales. 

Corrugated Pipe 
Made out of high density polyethylene, this pipe is low cost, flexible and easy to install. Because the 
interior wall is not smooth the pipe is prone to clogging and can not easily be cleaned using a drain 
snake. To avoid blockage, these pipes are typically laid at a steeper pitch of around 2%. Pipe connec-
tions are snapped together rather than gluing. 

PVC Pipe
These pipes are rigid, making them easy to pitch. They also have a smooth interior, which helps with flow 
and means they can easily be cleaned by a drain snake. Pipe connections are glued with PVC cement.

Perforated Pipe
These could be PVC or corrugated pipe with holes used for subsurface drainage. It is also possible to drill 
holes (typically around 6” apart) into any other pipe to achieve this effect.

Pipe Schedules
This refers to the thickness of a pipe’s walls. For drainage, BHI typically uses Schedule 32.5 or Schedule 40 
with DWV fittings. DO NOT use Schedule 23 or Schedule 26 because they are too thin and the pipe will 
crush easily. 

PVC pipe

Corrugated pipe
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3.2 French Drains

A French drain consists of a perforated pipe, wrapped in filter fabric, 
surrounded by gravel and laid in a trench.  Technically a French 
drain does not require an inlet or an outlet. A drain can be designed 
to collect water along its length and disperse it underground. 
However, typically the perforated pipe will be connected to a drain 
pipe coming from the building. It carries water away to a catchment 
basin, drain pit or water body. 

4. Pour approximately 3” of gravel bedding before 
laying pipe.

5. Wrap the perforated pipe in filter fabric and lay it on 
top of the crushed gravel bed. If holes are only on one 
side, make sure they point down towards the ground 
for best drainage.

6. Cover the top of the pipe with gravel and fold over 
filter fabric. Make sure the gravel is completely 
covered by fabric to prevent dirt from mixing with it. 
Backfill with soil, and cover with landscaping. 

7. Alternatively, if used to drain surface run-off water, 
instead of backfilling the trench leave gravel that is 
free of dirt exposed on the surface. 

perforated 
pipe

filter fabric
trench

gravel 
(free of dirt)

surface 
run-off

clean 
gravel

Diagram of French drain buried underground

French drain with gravel on surfaceSubsurface water absorption in French drain

Building French drain on-site. This pipe 
leads to a catch basin (see pg 32) 

high water 
table

If the soil is not saturated, water moves from the 
perforated pipe into the ground, reducing the amount 
of water discharged. 

If the soil is saturated, water moves from the ground 
into the perforated pipe and away from the site.

1. Determine the location of the drain. This should be detailed in the drawing plans. (If not, refer to drainage design on 
pg 28.) Mark the direction and length of the trench with spray paint, lime or stakes.

2. Dig the trench according to the dimensions in the drawing plans. This will typically be around 18” deep and 9-12” wide 
(wider the better) with a minimum 1% slope.

3. Line trench with filter fabric to protect the gravel from dirt and roots. Leave at least 10“ of extra fabric on each side of 
the trench. Hold the fabric temporarily in place with stones.



31

The size of the dry well will depend on the amount of drainage 
needed. Refer to structural drawings for specific dimensions. If 
possible, locate drain pits on the lowest part of the site.

cap

fil
te

r f
ab

ric

filter fabric

pe
rfo

ra
te

d 
pi

pe

inlet pipe

drainable 
soil

gravel
(1”-2”)

water 
table 

height

If there is no body of water nearby to drain 
stormwater, a drain pit can be used to drain water 
into the soil. Only build a pit drain if the soil on site 
drains well (ex: sandy soil with little clay).

Sometimes, an inlet pipe can be directed into the 
pit. The pipe should not be perforated all the way 
through, to ensure that water is carried far enough 
from the building before it begins to drain into the 
soil. 

Drain pits can 
also be used to 
measure the 
water table 
height on a site 
by opening the 
cap and 
measuring the 
water height in 
the pipe. 

Building a drain pit on site.

Looking down into a 
drain pit

Filter fabric will help 
prevent dirt from mixing 
with the gravel and 
reducing its permeability

3.3 Drain Pit (Dry Well)

A drain pit or dry well is essentially a vertical French drain that helps drain stormwater into the soil. 
There are a variety of dry wells - some are pre-frabricated, others consist of a vertical perforated 
pipe wrapped in filter fabric and surrounded by gravel. The top of the dry well is usually covered 
with cap for access when it needs to be cleaned. 
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Catch basins are installed when:

- a drainage pipe has to turn at a sharp angle
- locations that have a lot of surface run-off, especially on hard surfaces like pavers or a concrete courtyard

BHI typically builds masonary catch basins. Ensure the basin is rendered on the inside and out and sealed well with mortar, 
especially around the inlet and outlet pipes. 

Masonry catch basin 

Masonry catch basin  detail

rendering

grate

rendering

C
M

U

concrete slabtyp. 
15 cm 

5 cm
min

compacted soil

inlet pipe

outlet pipe

3.4 Catch Basin

A catch basin is an enclosed concrete, masonry or plastic 
container underground that has a grate cover to catch surface 
run-off water. It has an inlet and outlet pipe with a height elevation 
difference of at least 5cm.
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rendering

Pitched trench 
(min 1-2%)

Masonry Trench Drain Typical Detail

C
M

U

re
ba

r

concrete slab

Reinforcement 
(typ. #4 or #3 
rebar) and grout 
in every cell of 
CMU block

Note:

- Supporting cross bridges 
might be needed across 
trench depending on length of 
drain, consult with your 
structural engineer. 

Render earth-side of 
trench if worried 

about water 
penetration from 

soil

typ. 
15 cm 

typ. 
15 cm 

gravel bed

compacted soil

3.5 Trench (Channel) Drain

A trench or channel drain is used to collect surface run-off over a long expanse.  It consists of a 
waterproof trench with a grate on top and are ususally placed around buildings and on paved 
surfaces. Trench drains can be bought pre-fabricates or made on site with masonry or formed 
concrete. 

Masonry trench drain Masonry trench drain with 
supporting crossbridges and 
pavement bridge

Formwork and reinforcement for small 
bridge across trench drain

Masonry Trench Drain

BHI typically build masonry trench drains on site. If a bridge needs to run over the drain that will have heavy traffic on it 
extra reinforcement will be needed, consult with your structural engineer. 
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Pre-fabricated Channel Drains
 
Plastic channel drains can be bought 
with outlets for PVC pipe connections at 
the bottom of the drain or on either end. 
Cast iron drains are also available. 

1. Dig the appropriate size trench for the 
drain.

2. Place the PVC leading out of the 
channel drain at the appropriate end 
cap or knock out bottom outlet. Glue 
PVC with cement.

3. Install a bed of concrete around 2-3” 
thick at the bottom of the trench. 

4. Dry fit the channel drain. Ensure the 
drain has a pitch (around 1%) so that 
water will flow towards its outlet.

5. Install concrete around the channel 
drain to hold it firmly in place.

6. Connect the piping outlet from the 
channel drain to the rest of your 
drainage system. Ensure there is a slope 
around the channel drain, so that there 
is no obstruction to surface run-off.

soil

sloped 
toward drain

grass/paved 
surface

1-2% pitch 
towards 

drain outlet

Plastic channel drains can be 
snapped end to end to each 
other. They also come with 
various end caps and knock out 
bottom and side outlets giving 
them flexible usage. 

Pre-fabricated channel drain
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Swales direct stormwater away from buildings, 
slowing down the flow so that there is more time 
for the water to infiltrate naturally into the soil. 

Because of the swale’s shallow curve, they look 
like a part of the landscape. People and 
vehicles are able to cross them easily, making 
them a non-obvious drainage in residential or 
commercial settings. 

Excavating a swale on site Lining swale with stones

side slope

vegetation 
or rocks

Vetiver grass grows quickly in most 
climates, requires little maintenance and 
is especially common in the Caribbean. 
When used in landscaping it can reduce 
erosion by slowing down surface run off 
and is a low-cost technology for soil and 
water conservation. 

3.6 Swale

A swale is a pitched shallow ditch that is covered with vegetation, stones or gravel that helps 
prevent erosion on site. 
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3.7 Downspouts from Roof

All roof systems need to be pitched and waterproofed. However, even the best waterproofing has 
its limits. It is important that the roof’s drainage system carries water away from the roof fast 
enough so that it does not settle and cause leaks. Downspouts direct large amounts of water from 
the roof and away from the building 

Splash Block

Depending on the roof, different drainage systems are used. 

- Metal Pitched Roofs - Gutters or Drip edge (pg 98)
- Flat Concrete Roofs - Pitch, Waterproofing, Drain Inlets (pg 96)

Once the water is drained off the roof it is carried to ground level 
by a downspout. Most stormwater on a site will collect at 
downspouts and should be carried away from the building so that it 
will not seep into the foundation and damage it over time.

If you need to connect a 
downspout to a drain pipe and 
change the flow of water at a 
90 degree angle, ensure a Wye 
tee is used as opposed to a 
regular tee, so that the water 
flows in smoothly. 

A PVC drainage pipe, swale, a 
French or trench drain could be 
installed by the side of a building 
near downspouts to carry water 
away from the building.

Roof drain tie in with wye tee 

Installing drain by the side of a 
building 

fo
un

da
tio

n

topsoil

overhang

Wye tee

back 
fill

fo
un

da
tio

n

French or 
channel drain

Clamp 
downspout 
to the wall

Alternatively, a catchment 
basin could be used here to 
change the direction of the 
flow of water 90 degrees (see 
pg 115)
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4.1 Introduction to Wastewater Systems

The wastewater system will depend on the site, size of the facility and resources available. In 
low-resource settings, draining wastewater by gravity is the first and best option. Appropriate pitching 
is discussed in section xx. This section details the treatment and discharge of wastewater once it has 
been collected from a facility. 

Access Point

Indoor sanitary 
facilities

Grey water Blackwater

Underground Piping

Footing

Septic Tank

Sludge

2% Pitch

Distribution Box
Leach Field

Vent

Access PointManhole

Effluent

- Blackwater: water that contains feces, urine, flush water and anal cleansing water. In hospital settings, this could also include water from 
   sinks, showers etc... that may be contaminated with pathogens. 
- Grey water: water from sinks and showers
- Sludge: the solid waste consisting mostly of feces that settles at the bottom of a septic tank.
- Effluent: the remaining paste once most of the solid waste has been removed from wastewater

BHI typically adopts one of two systems to manage wastewater in their facilities: 

1. Blackwater Treatment System with Infiltration is appropriate for larger facilities that do not have access to a centralized
     sewage system.

Requirements:
- services to periodically remove sludge from the septic tank
- sufficient space with absorbent soil to build a leach field
- access to a constant water source

Access Point

Indoor sanitary 
facilities

Grey water Blackwater

Underground Piping

Footing

Septic Tank

Natural Body of 
Water

Sludge

2% Pitch

Chlorine Tank

Access PointManhole

Effluent

Requirements:
- services to periodically remove sludge from the septic tank
- monitoring of the quality of effluent to minimize
   environmental harm
- access to a constant water source

2. Blackwater Treatment System with Effluent Discharge is appropriate for larger facilities that do not have access to a
     centralized sewage system and sufficient land with absorbent soil for a leach field.

Terminology



39

A septic tank is a concrete 
watertight tank divided into at 
least two chambers. Wastewater 
flows through the tank, sludge 
(fecal waste, heavy particles) 
sinks to the bottom, scum (oil 
and grease) floats on the top 
while effluent (liquid waste) flows 
through for further treatment and 
discharging. 

Over time, the sludge at the 
bottom of the septic tank will 
degrade anaerobically (without 
air). However, this usually 
happens at a slower rate than 
accumulation so the sludge and 
scum must be periodically 
removed.

sludge

scum

liquid

Concrete Slab

access points vent with screen

2% pitch

2% pitch

concrete slab

effluent to 
leach field or 
chlorination

sewage

tee baffleba
ck

fil
l

footing

1. Excavate the ground to the 
design elevation of the bottom of 
the tank.

5. Form and pour 
roof slab, remove 
form-work after 3 
days. Render to 
waterproof. Backfill 
space between 
concrete walls and 
ground to prevent 
erosion. 

6. Lay underground plumbing 
ensuring the pitch matched 
design specifications.

7. Install access covers or 
manholes (made out of steel, 
aluminum or concrete.)

8. Update as-built with the 
location of the septic tank. 

2. Place a 2” layer of gravel at 
the bottom of the tank. Compact 
the ground to work in a clean, 
level space

3. Pour the wall 
footings and slab 
on grade

4. Install CMU and 
rebar and render 
walls and SOG to 
waterproof tank

* See pg 45 for minimum setback distances

4.2 Septic Tank

Septic systems are underground wastewater treatment structures that are commonly used in areas 
without a centralized sewer systems. Essentially it is a water tight tank that allows waste to move 
through it slowly, aiding natural decompositon. 
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Design Considerations 

The size of a septic tank will depend on the size of the facility. The volume of the tank should be able to hold 3 times the 
water entering each day so that the retention time of waste can be at least 48 hours. 

A septic tank will have at least two chambers, with the first chamber being at least 50% of the total length, because this 
is where most of the solids settle into.

More compartments means that wastewater moves more slowly through the septic tank giving it more time to settle. This 
is especially important for tanks where chlorination also takes place, more compartments will mean more time for 
disinfection. 

Anaerobic baffled reactors (ABRs) are improved septic tanks with a series of baffles to slow down water flow and 
increase contact time for improved treatment.

Tee-baffles help reduce the scum and sludge that flows through the system. 

All chambers need to be accessible so that the tanks can be maintained and desludged. 

Vents can help ensure a controlled release of odors and harmful gases.

However the septic tank is constructed, it needs to be watertight and strong enough to resist soil and groundwater 
pressures. 

anaerobic baffled 
reactor (ABR)
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Raw sewage enters through the inlet pipe where it 
settles aided by specially designed plates. The 
settled sewage is then passed through several large 
motorized turbines called aerotors. The constant 
mixing and blade design of the aerotors allows the 
sewage to mix with air and decompose aerobically. 
Sewage is returned multiple times through the 
system until it produces a clean effluent, and a 
pump is used to return sludge to the settling tank. 

Packaged plants are relatively easy to install. They 
come in large storage containers that can be 
installed either above or below ground on a 
concrete slab of minimum 150mm thickness.

This system will require:

- dedicated maintenance: weekly checks, monthly 
greasing, desludging every 3 months and complete 
service every year
- 24h electrical power supply

Blivet container opened to show 
aerotors

Drone footage of blivet on-site

Holding down cleat 
installation detail

outlet pipe

inlet pipe

reinforced concrete slab

backfill

blivet frame

rebar reinforcement 

holding 
down cleat 

galvanized bolts 
or anchors

blivet

electrical 
conduit

Backfill should have no 
sharp material and not 
be compacted 

Concrete slab 
extends outside 

of blivet 
container 

 

Blivet can also be placed 
above ground, or partially 
underground on a concrete 
slab 

Note that Blivet is the trademarked name of BMS’s packages 
sewage treatment systems that BHI uses. (BHI used BMS’s BL 3000 
Blivet Model at HUM)  

4.3 Package Sewage Treatment Plant (Blivets)

Packaged plants are a containerized sewage treatment system and an alternative to a septic tank. 
They vary in size but are typically large 10m x 3m x 3m containers weighing around 6 tonnes. They 
make use of air and electrically-powered turbines and pumps to speed up the settlement and 
decomposition of sewage in comparison to a septic tank. 
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Leach fields require:

- soil with good absorption
- large land area located at minimum setback distances from 
water sources (see pg 45)

When done correctly, leach fields require minimal maintenance 
and may only need to be unclogged after 10 years of use. 
However, leach fields should be monitored carefully to ensure 
that:

- they do not over flood - this may happen especially if the 
facility is running at overcapacity. In this case, effluent may rise 
to the surface and be washed off with surface run off, 
contaminating water sources

- trees and deep rooted plants do not grow into the leach bed 
disturbing the trenches and pipes

- rising water tables in rainy seasons are not high enough to be 
contaminated by released effluent

- there is no heavy traffic above the leach field which could 
crush the pipe or compact the soil reducing its absorptivity.

distribution box

perforated pipes 

gravel bed

vent

Leach field components
If the leach field is more than 4ft below the surface then 
a vent will be needed. Otherwise the leach field is close 

enough to the surface to vent naturally. 

septic tank
distribution 
box

perforated pipes

effluent

gravel bed vent

< 20m

1-2m * See pg 45 for minimum setback 
distances

4.4 Leach Field

A leach field is made up of a network of perforated pipes laid in underground trenches lined with 
gravel and filter fabric. Effluent produced by a septic tank or packaged sewage treatment plant can 
be distributed through a leach field to be absorbed into the soil.
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Blackwater Treatment System with Effluent Discharge 

When a leach field is not possible on a site because of the soil quality or 
lack of land space and a centralized sewage system is not available, 
effluent can be chlorinated and released into large water bodies.

Effluent will need to be monitored for chlorine levels to minimize environ-
mental damage. 

backfill (do not compact)

geotextile fabric

15 cm gravel 
below pipe

pipe more than 
15 cm below 
surface

0.3 - 1.5m 
deep

0.3 - 1.5m 
wide

perforated 
pipe 

Covering leach field with bed of 
gravel

Leach field Diagram

Covering bed of gravel with filter fabric 
before backfill 
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removable lid (<50kg)

watertight 
casing

pipe A
pipe B

pipe C Man hole side view detail 

Manhole cover on site

Manhole being constructed

4.5 Manholes

Manholes are needed at regular intervals along underground plumbing so 
the piping can be accessed for routine inspections and cleaning.

Waterflow in manhole

Manholes should be placed:

- According to code, there needs to be a manhole every 50m.
- Whenever piping meets at a 90 degree angle, there needs to be a manhole to 
ensure that sewage has enough room to flow without clogging the pipe.

It is important to lay the pipe first 
before constructing the manhole to 
ensure placement is done correctly

Spaces between bricks are filled 
with mortar. Using smaller concrete 
bricks will help make the man hole 
more circular in shape

Render both the inside walls 
and outside of the manhole 
to make it waterproof. 

The bottom of the manhole 
is sometimes shaped with 
rendering to encourage the 
flow of water in a particular 
direction. 
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Property line

Cellar or crawl space wall, swimming pool (inground), foundation drain

10 ft

10 ft

10 ft

10 ft

25 ft

25 ft

400 ft

200 ft

100 ft

50 ft

50 ft

2 ft

10 ft

50 ft

N/A

25 ft

5 ft

10 ft

10 ft

20 ft

10 ft

10 ft

50 ft

50 ft

400 ft

200 ft

100 ft

100 ft

100 ft

2 ft

25 ft

100 ft

15 ft

50 ft

10 ft

25 ft

Slab foundation

Water supply line (pressure)

Surface waters (except wetlands)

Bordering vegetated wetland (BVW), salt marshes, inland and coastal 
banks

Surface water supply - reservoirs and impoundments

Tributaries to surface water supplies

Wetlands bordering surface water supply or tributary thereto

Certified vernal pools

Private water supply well or suction line

Public water supply well

Irrigation well

Open, surface or subsurface drains which discharge to surface water 
supplies or tributaries thereto

Other open, surface or subsurface drains (excluding foundation drains) 
which intercept seasonal high groundwater table

Other open, surface or subsurface drains (excluding foundation drains)

Leaching catch basins and dry wells

Downhill slope

Septic tank, holding 
tank, pump 

chamber, treatment 
unit, grease traps

Soil absorption 
system (leach field)

Fine, loose and dry sand

Black cotton soil

Moist clay and sand clay mixture

Medium, compact and dry sand

Compact clay

Compact sand

Soft rocks

Laminated rock (sand stone, lime stone)

Hard rocks (granite, diorite, trap)

Minimum Setback Distances
The following table serves as a reference from the 
Department of Environmental Protection. Make sure to 
conform to all building guidelines. 

4.6 Set Back Distances

All waste water systems: septic tanks, holding tanks, pumo chambers, treatment units and soil 
absorption systems such as leac fields need to be placed far enouhg from water supplies and 
drainage systems so as not to contaminate any water systems. Leach fields typically need to be 
placed further away from water sources than septic tanks. 
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5.1 Introduction to Concrete

Concrete’s durability, strength, affordability and versatility make it the world’s most widely used 
construction material. Understanding the basics is important to make high quality concrete. 

Concrete Materials
Concrete is made up of aggregate, water and cement. The percentages and type of each material will affect the 
physical properties of the concrete.

Aggregate
For a good concrete mix, aggregates should be clean, 
hard and strong particles free of absorbed chemicals, 
coatings of clay or other fine materials. Aggregates 
make up 65-80% of a concrete mix volume and are one 
of two types: 

- Coarse: crushed rock, gravel, screenings (particles are 
typically between 3/8 - 1.5”)

- Fine: fine and course sand (particles pass through a 3/8 
inch sieve)

The size distribution of different particles is called 
grading, and affects the strength and density of the 
concrete. 

The shape of the aggregate is also important. Rounded 
aggregate produces a more workable concrete mic, 
while angular particles make concrete stronger but 
more difficult to use and compact.  

Water
Water is mixed with 
cement to form a paste 
that holds the aggregate 
together like glue. The 
water used should be:

- free from dirt, chemicals 
and rubbish

- NOT sea water, especially 
in reinforced concrete 
which will rust the steel 

Admixtures
Extra pigments or materials that are pixed into the concrete 
to change its properties (ex: time it takes for the concrete to 
sent, water-resistance, color etc..)

Cement
Different types of cement 
powder will produce 
concrete with different 
properties. The most 
common type of cement is 
General Purpose Portland 
Cement.

Cement should be kept dry 
before use. Store it off the 
ground in a dry place, wrap 
in plastic sheets for extra 
protection if needed. 

Materials on site needed to make concrete (sand, gravel, cement, 
water)

CAUTION

Quality of the concrete will largely depend on the quality 
of materials used.

Sand in particular, will need to be cleaned if taken from 
local sources like a river bed. Sand washing stations will 
need to be set up next to where the concrete is being 
mixed. (See pg 49)
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Washed Sand/Gravel 
When mixing structural concrete it is important 
that the aggregate used, both sand and gravel, 
are washed and clean. This is because mixed in 
impurities such as clay will reduce the strength of 
the concrete. 

When using structural concrete BHI will typically 
buy pre-washed gravel and sand, to ensure the 
good quality of concrete produced. 

However, for some non-structural concrete 
purposes (eg: sidewalk, interior SOG) it might be 
cost effective to use locally sourced sand.  

Always check with your structural engineer before 
using sand locally sourced from a river to mix 
concrete.

Rendering  and Sand Washing Stations 

BHI typically uses locally sourced river sand to 
make rendering for the walls. It is important that 
the sand used in the top coat is very fine to give a 
smooth, buttery like texture. 

To achieve this, temporary sand washing stations 
are built on site to wash and sieve river sand. The 
structures include a sloped surface (similar to a 
drafting table) with appropriately sized meshes in 
screens and water spigots.

Large quantities of sand can be washed at these 
stations and only the grains that are able to pass 
through the mesh will be used for rendering. 

Depending on the initial sand quality make 
allowances for losing a proportion of your sand 
during this process. 

 

Sand washing stations on site 
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Concrete Properties5.2 Concrete Properties

Workability
Workability refers to how easy it is to place, handle, compact and 
finish the concrete when it is in its plastic state. It can be tested by a 
slump test (pg 53).

To increase workability:
- Add more cement-water mix
- Use smooth, well graded aggregate

Cohesiveness
Cohesiveness refers to how well the concrete mix holds together when 
it is in the plastic state. 

To increase cohesiveness:
- Use a range of aggregate sizes from large gravel to small sand
- Don’t use too much water, it will make the mix runny and separate

Strength
Quality concrete is strong and durable. Hardened concrete is stronger 
in compression than in tension or shear, so we frequently use 
reinforcement to strengthen it (see pg xx). It is important to test the 
compressive strength of concrete samples used on site (pg xx). 

To increase strength:
- properly compact plastic concrete to increase its density
- allow the concrete to cure for a longer time
- have a lower water to cement ratio (less water, more cement)

Concrete has three states:

Plastic - Immediately after the concrete is 
mixed it is soft and can be molded into 
different shaped. A worker would sink 
into the concrete.

The concrete should be placed in 
formwork and compacted.

Setting - The concrete begins to stiffen. A 
worker could walk across the concrete 
leaving footprints.

The concrete surface should be finished.

Hardened - The concrete begins to set, 
hardening and gaining strength. A 
worker could walk across the concrete 
without leaving footprints. 

The concrete should be cured well for a 
quality end product. 

CAUTION

Never try to make concrete workable by just adding water. This 
will reduce the strength of the concrete.

Water-to-cement Ratio (W/C)
The water-to-cement ratio is the weight of water divided by the 
weight of the cement in a concrete mix, and will vary depending 
on the concrete strength. Before mixing concrete, you need to 
know the required concrete strength and its associated W/C ratio 
(see pg 55 or mixing charts)

W/C ranges from 0.3 - 0.8. The lower the ratio, the stronger the 
concrete.

UseStrength W/C
2500 psi 0.7
3000 psi Typical structural concrete used by 

BHI, minimum for seismic zones

Specific cases

Non-structural concrete

4000 psi

0.6

0.5
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Concrete Properties5.3 Concrete Testing

Testing concrete samples on site is important to ensure the quality and consistency of the concrete 
used. There are two tests that are should be done: the slump test and the compression test. 

Slump Test
This test shows the workability and consistency of the concrete. 

Sampling
It is important that the sample used for testing is representative of the entire concrete load. Make sure to get samples from 
at least three places in the middle of the load as it is discharged. No more than 15 minutes should elapse between 
different samples collected for testing. 

Once the sample is collected, cover it with a plastic sheet. The slump test should be conducted within 5 minutes of when 
the sample is obtained and the mold cylinders for the compression test within 15 minutes.  

1. Clean the standard 
slump cone, dampen with 
water and place on flat 
plate. Fill 1/3 of the cone 
with concrete sample. 
Make sure the sample has 
been made within the last 
5 minutes

This is the only 
slump where a 
measurement 
can be taken 
as shown 

* Slump is based on standard slump cone (300mm in height, 200mm diameter on top, 100mm 
diameter on bottom), and suitable for aggregate smaller than 50mm (2”)

Very low W/C 
and dry mix. This 
type of concrete 
could be used 
for road 
construction

High W/C and 
wet mix. Slump 
test is not 
appropriate.

Need to redo the 
test. 

2. Compact the 
concrete by rodding 
it 25 times (ie. 
pushing a steel rod 
in and out of the 
concrete working 
from the outside to 
the middle.) 

3. Repeat this two more 
times until the cone is 
overflowing. If needed, 
stand on the foot 
pieces on either side of 
the slump cone for 
stability. 

4. Level off the 
surface with a 
steel rod. Clean 
off any excess 
concrete on the 
side of the cone 
or on the plate.

BHI typically 
uses concrete 
with a low to 
medium slump

5. Carefully lift 
the cone 
straight off the 
concrete. Turn 
it upside down 
next to the 
concrete pile 
and place the 
rod across it. 

Workability Slump (mm)*
Very low 0 - 25
Low
Medium

25 - 50 
50 - 100 

Slump (inches)*
0 - 1
1 - 2
2 - 4
4 - 7High 100 - 175 

true zero collapsed shear300 mm

rod

measure

slump cone

flat plate

concrete 
sample

Slump test set up
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Compressive Test
Compressive tests are done in labs to measure the compressive strength of 
concrete samples. Testing might be done for various reasons including:
- verifying the strength of a concrete mix ratio
- quality control
- determining the time at which a structure can be put into use
- scheduling removal of formwork 

Compressive tests should usually be done by a technical with a field testing 
certification. The field technician will also be required to test other properties of 
the fresh concrete, including:
- temperature
- density (unit weight)
- slump (pg 53)
- air content

These results along with at least 2 sample cylinders should be sent to the lab for testing. 

Casting Testing Cylinders

Making and rodding cylinders on field, image 
taken from “Concrete in Practice” by the NRMCA

Sample compressive test report from lab

12” 
(300mm)

Ø 6” 
(150mm)

Ø 4” 
(100mm)

8” 
(200mm)

4. Finish the surface smooth with a 
float and cover the cylinder with a 
plastic lid or bag. 

5. Place the cylinders on a flat 
surface, away from direct sunlight 
at around 20-25ºC, allow the 
cylinders to cure for at least 8 hours 
before transporting them to a lab 
for testing.  During transportation, 
store samples such that they retain 
moisture do not damage.  

1. Cylindrical plastic molds come in 
2 standard sizes for testing. Start 
molding cylinders within 15 minutes 
from when the sample is collected. 

2. Label the outside of the cylinder 
to identify the sample, avoid writing 
label on the lid or the bottom.

5. Tap the sides of the mold 10 
times with a mallet before placing 
the next layer to help the mix 
settle. 

3. For concrete with a slump less 
that 1” the sample should be 
vibrated to be properly 
consolidated. Fill the mold in 2 
equal layers vibrating after each 
layer. Vibrate the mixture until the 
surface is smooth and no more air 
bubbles break through the 
surface.

4. If rodding, fill the mold in 3 
layers for the larger cylinder and 2 
for the smaller, move the rod up 
and down around 25 times after 
each layer.
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5.4 Mix Ratios

Concrete Mix

Mortar Mix Waste Factor

Slump (mm)*

5000 psi 11
9

7.5
6.5

0.77
0.77

0.77
0.77

0.54
0.54

0.54
0.54

4000 psi
3000 psi
2500 psi

per m3

Cement (bags) Gravel (m3)

1 : 3Cement : Sand

Sand (m3)

2.2
1.8
1.5
1.3

5.7
5.7
5.7
5.7

per mixer batch* in buckets**
* Assumes 
0.2m3 (7ft3) 
concrete 
mixer

** Assumes 
5 gallon 
buckets

Cement (bags) Sand (buckets)Gravel (buckets)

The following mix ratio are typical values BHI uses on site. It is based on a standard 50kg bag of cement (see below), 
and clean and approriately sized aggregate and sand (see pg 48-49).

Since most concrete is mixed on site in 0.2 m3 (7 ft3) capacity concrete mixers, it may be more useful onsite to have 
the concrete mix in terms of 5 gallon buckets that go into a mixer at a time.  

Add water to the mix until it reaches appropriate workability as shown. See pg 54-55 on how to mix concrete on site

Mortar is used to join CMU 
blocks together. (see pg 72-73) 

Fino Mix 

1 : 3

see above

Cement : Sand

1 : 4Cement : Sand

Fino is used to pitch a roof. (see 
pg 97)

Grout Mix

2500 psi concrete

Grout is used to fill the cores of 
CMU blocks. (see pg 73)

Rendering Mix
Rendering is used to finish a wall 
surface (see pg 146). Make sure to 
use fine sand for final coat of 
rendering. 

When ordering and 
mixing concrete it is 
always important to mix 
more than needed to 
make up for the 
concrete that will be 
wasted during 
construction. Further, 
some tasks like tiling are 
hard to estimate for due 
to variations in floor 
height.

Bag of Cement 
Outside the US, a standard 
back of cement is 50kg (110 
lb) and around 0.03m3 (1ft3 ).  
The above tables correspond 
to this 50kg size.  Note that in 
the US, standard cement 
bags weigh 94lb (42.6 kg) 
and is about 1ft3 (0.03m3).

8.1
8.1
8.1
8.1

The waste factor helps to estimate how much concrete you will need to order 
and mix for different jobs. 

Footings 10%

Structure Waste factor

Slab on Grade

Roof/Deck Slab

Stairs

Grouting CMU

Bond Beam/Lintels

Columns

CMU Mortar for Rendering

10%

5%

10%

5%

5%

5%

40%

15%Tiling

BHI typically uses Type 1 Portland Cement, in 
Haiti the common brands are CINA and Cemex 
Varreux
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Concrete Properties5.5 Concrete on Site

Once the concrete mix recipe, materials, workers, formwork and rebar reinforcement are in place 
you are ready to start mixing and placing concrete. Concrete dries out quickly, especially in hot 
tropical climates, so plan ahead and work efficiently with your team to ensure that there are no 
delays. 

Locate a shady place on site to be your concrete mix station as shown: 

CAUTION

The concrete mixer will produce a lot of dust that is 
dangerous to breathe in. Ensure all workers are wearing 
face masks. 

It is also preferred if workers wear long sleeve clothing to 
avoid skin contact with the fresh concrete.  

Typical Mixing Team at each Concrete Mixer

1 x Mixer - One experienced worker should be responsible for the 
cement mixer. He will make sure the concrete is well mixed, has 
the right amount of water and is consistently produced. 

1 x Sand - Places sand in the mixer measured out in buckets

1 x Gravel - Places gravel in the mixer measured out in buckets

1 x Cement - Places cement in the mixer measured out in buckets

1 x Transport - Carries the mixed concrete from the mixer to the 
place on site in a wheelbarrow

Note: This can be modified as needed. Materials are heavy and 
might require more than 1 person to safely move. Concrete mixing team on site 

Sometimes it is more efficient and safer to have two people 
carry materials to the mixer

concrete 
mixers

gravel

small backhoe

cleaned sand
water supply 
nearby 

5 gallon buckets to 
measure materials 

cement bags stored 
under tarp to prevent 
them drying out
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 1.  On most BHI sites, concrete will be mixed in a cement mixer of 
0.2m3 (7ft3) capacity.  Do not overload the mixer, as this will cause 
delays in the mixing time. Depending on the size of the job and 
resources available, decide on how many cement mixers will be 
running.

2. Have the concrete mix recipe ready in terms of cement bags and 
buckets of material needed to fill the concrete mixer. (See pg 53) 

3. Place all materials close to the concrete mixer and have mixing 
team in place. 

4. First place a little bit of water (not the entire amount) into the 
mixer, followed by the cement. This will help reduce the amount of 
dust produced.

1. 2.

3. 4. 5.

5. Start mixing the materials to form a cement paste. 

6. Next, add the sand and gravel measured out in buckets. Mix 
until there is no sand visible.

7. Add enough water as needed to make the mix workable and 
at the required consistency. After all the materials are added, 
mixing should take no longer than 2-3 minutes.

1. Mixing Concrete

2. Placing Concrete

1. Unload fresh concrete mix into a wheelbarrow. Immediately carry and 
place it on site. 

2. When pouring concrete in place be careful not to damage or move 
formwork and reinforcement. Spread it in place with a shovel. 

3. If unloading directly from a 
truck, make sure the concrete is 
dropped from no more than 1.5m 

Mechanical, electrical and plumbing services often run through built concrete 
elements. Ensure that these are installed before any concrete is placed. 

Typically if a job is small or if you’re finishing a slab by hand it is best 
to use one mixer. This will ensure that  the concrete mix is produced 
at a rate that gives workers enough time to place and finish the 
surface before it begins to dry.

If a lot of concrete is needed and you have enough workers to 
coordinate efficiently then run more mixers. 

concrete 
mixer

some water cement

sand
gravel

wheel barrow 

shovel

water
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3. Compacting Concrete

4. Finishing and Curing

Immediately after placing concrete it should be compacted by vibrating it. This 
makes the finished product denser and stronger by allowing trapped air to 
escape. BHI typically uses a concrete poker vibrator. 

Using Concrete Vibrator Correctly

If pouring a slab that needs to be finished (see pg 
67) or have control joints cut in(pg 70), do this 
before the concrete hardens. 

Curing is needed to have a strong finished 
product. Ensure the concrete is kept wet at all 
times and try to reduce the rate of moisture 
leaving the concrete (especially in hot 
conditions.) 

Do this by applying extra water to the water 
and/or covering with a plastic sheet. 

concrete vibrator

5-15 seconds

air bubbles rising 
to surface 

Using vibrator on poured footings

Finishing a slab by hand Adding extra water to a slab to let it cure

The vibrator should 
be long enough to 
reach the bottom 
layers of concrete 

Put the vibrator in quickly but 
pull it out very slowly, 
otherwise a hole or weak spot 
will be left in the concrete 

Never use the vibrator to 
spread concrete sideways, 
always do this with a shovel

Raise and lower the vibrator in a definite pattern so that 
the different compacted areas overlap leaving no 
concrete behind. 

Do not let the 
vibrator touch the 
formwork or 
reinforcement 

Vibrate each section of concrete for 5-15 
seconds. Over vibrating could lead to 
segregation of the different concrete 
materials making the concrete weaker. 

The radius of 
concrete that is 
vibrated at a time 
can be seen by the 
air bubbles which rise 
to the surface.
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Concrete Properties5.6 Formwork

Formwork provided a mold into which concrete can be poured and take shape. After the concrete 
has hardened and is structurally strong enough the formwork is carefully removed and reused if in 
good condition. BHI typically uses wooden form work on site. 

Days before Removing Formwork 
(Percentage strength of 3000psi concrete)

Structural Element Loaded* Unloaded

Free standing column

* Loaded - If something is going to be built on top of a structural element 
(eg: additional floors, heavy roof equipment etc..)

In wall column

Beam

Slab with span less than 10 feet

Slab with span greater than 10 feet

Bond beam/Lintel

14 (80%) 7 (65%)

7 (65%)

14 (80%)

14 (80%)

21 (90%)

3 (50%)

7 (65%)

14 (80%)

7 (65%)

14 (80%)

3 (50%)

Purchasing Materials
When purchasing lumber for formwork, always check the 
dimensions of the structural elements you are forming to make 
sure that you minimize wastage. 

Building Formwork
Good formwork is simple to build, easy to handle re-usable. Try to 
avoid placing formwork in awkward positions or tight corners 
making it difficult to remove once the concrete has hardened. 
Build formwork in small manageable sections whenever possible. 

Formwork also needs to be strong enough to withstand the weight 
of concrete as it is poured in, and the workers moving across it. 
Work with your site supervisor and structural engineer to ensure 
that formwork is able to support required loads. 

and lumber that can’t be reused after every job and storing those 
that can be together on site. 

Reusing Formwork
Reusing formwork is a good way to say time and money on site so try to do it whenever possible. Ensure that all 
nails and tie wire from the lumber before storing them on site

Safety
Pieces if lumber and nails lying around the site can be a serious hazard. Encourage workers to keep the site 
clean, discarding nails 

Formwork on site - a collection of plywood, 2x4s and 1x4s 

Just after removing formwork from structure
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Concrete Properties5.7 Reinforcement

Steel reinforcement helps concrete resist tensile and 
shear forces and control cracking. 

BHI typically uses rebar and tie wire in projects but 
welded wire reinforcement (WWR) may also be used. The 
position, type and size of reinforcement will be detailed in 
the drawing plans. 

Concrete Cover
Reinforcement should always be placed with enough concrete 
covering it to protect it from rusting. Because of this, 
reinforcement will need to be elevated off the ground. This can 
be done using small concrete blocks. 

Further, concrete will need to be placed over the reinforcement. 
This will be indicated in the drawing plans but typical values can 
be seen below:

Before pouring the concrete a supervisor must inspect the slab to 
ensure that:

- all rebar is elevated off the ground to provide appropriate concrete 
cover
- all rebar is tied together firmly at every intersection 
- the proper grade of rebar is used according to the structural design

1. Lay four 2” x 4”s in 
a square and pour in 
concrete

2. When the 
concrete has 
dried a little but is 
not fully cured, use 
a trowel to cut the 
concrete as 
shown.

3. Sometimes tie wire is 
placed in the concrete 
before it is cured to 
make it easier to attach 
to the rebar or WWF.

Making Notched Concrete blocks

During Installation

- When installing reinforcement ensure that the type of rebar or mesh grid used is correct. All rebar should be securely in 
place and fastened together with the correct tie wire, so that when concrete is poured they are not displaced. 

- Rebar or mesh should always be placed such that there is room between the bars to place and compact the concrete. If 
using a poker vibrator make sure the vibrator does not touch the reinforcement. 

- Always use clean reinforcement that is freer from rust, dirt or grease to ensure a strong bond between the steel and 
concrete. 

Structural Element Concrete Cover

Slab on grade/concrete exposed to the ground

Beams and columns/concrete not exposed to ground

Roof Slab

2”

1.5”

1”

Minimum Concrete Cover/Elevation height of rebar 

Concrete block to 
elevate rebar

Top of Slab

x

x
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Notes on Rebar Reinforcement

Rebar Overlap

Rebar Overlap in Beams 

L/3

L/2

L/2

Top Rebar Bottom Rebar 

Structural Element x

Beam

Column

Slab on Grade

24

24

12

Overlap Location

See structural drawings

See structural drawings

Anywhere

x times the diameter

rebar

Rebar Size 

Number Diameter

#2

#3

#4

1/4”

3/8”

1/2”

#5

#6

5/8”

3/4”

#7

#8

7/8”

1”

L/3

* Rebar Number divided by 8 gives 
the diameter in inches
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Structural Element Detail Seismic?

End of structural beam

Bond beam

Stirrups (In beams 
and columns)

Wall foundation

Column Foundation

On-site pictures

Hooks

Side View - Vertical

Plan View - 
Horizontal

135O

12 x diameter

135O

10 x diameter

No - It is for 
development 

length

Yes

Yes

Yes

Yes

CMU block 
plan view

Perspective view

Front View

Perspective view

Perspective view

135O

10 x diameter

To improve the transfer of tensile forces to steel, the reinforcement is often anchored by hooks. Some hooks will help the 
building withstand seismic activity. 
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5.8 Working Safely with Concrete

By taking a few basic precautions concrete is one of the safest building materials available. 
When thinking about safety consider protecting: head, back and skin. 

Protect Your Head

Protect Your Back

Ideally workers should 
wear hard hats or safety 
hats at all times on site. 
Construction sites are 
busy with a lot of 
potential hazards. 

All materials used to make concrete are 
considerably heavy. When lifting heavy objects 
do so with a straight back, legs bent and weight 
as close to the body as possible. Avoid twisting or 
straining your back with a load that is too heavy. 

Whenever possible share have workers share 
carrying heavy loads, or using equipment such as 
wheel barrows, chutes and ramps. 

Site supervisors should allow for breaks and 
rotations of workers on tiring tasks.

Ideally workers should wear proper eye 
protection whenever working directly with 
concrete or cement. This will protect them from 
blowing dust, splattering concrete and other 
harmful elements on site.

Especially when working in dusty 
conditions, a face mask can protect 
workers from breathing in harmful 
substances.
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Protect Your Skin
Fresh concrete can cause skin irritation and chemical burns. In the case of severe third-degree burns or prolonged skin 
irritation, seek medical attention. Sand and gravel can also be abrasive on bare skin.

A long-sleeved shirt, long pants and 
boots help protect the skin from 
coming into direct contact with fresh 
concrete.  

When finishing surfaces, consider 
how best to prevent workers from 
directly touching the surface. A 2x4 
can be laid across a slab to help 
workers position themselves about 
the concrete. 

Clothing that becomes saturated 
with fresh concrete should be 
rinsed out as soon as possible 
with clean water to prevent 
prolonged skin contact. 

Encourage workers to wash 
frequently with clean water and 
soap to prevent skin irritation. 

Waterproof gloves can help 
protect hands from 
concrete and friction. 

If workers need to stand in fresh concrete while 
it is being placed, wear high rubber boots with 
pants tucked in to prevent concrete from 
getting inside.   
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6. Slab on Grade
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6.1 Gravel Bed under SOG

Gravel is used to cover and protect underground utilities before 
placing the concrete slab on grade (SOG). In rainy climates 
where the site can get muddy very often, gravel can help 
provide a good working area.

 Typically, 1/2” to 3/4” gravel is used to provide a level base for 
the concrete SOG.

4. The top of slab (TOS) elevation 
is established earlier on during 
sitework and should be noted in 
the drawings. The top of the 
gravel bed will be determined by 
the SOG thickness (typically 4”)*

Slab on Grade Vapor Barrier

Gravel 

CMU 
block

Top of Slab Benchmark (TOS)

Compacted 
Fill Sanitation Drainage

Electrical Branch Circuits 4” down from 
TOS is top level 
of gravel bed

Stub-up piping a 
foot above TOS

5. Install the gravel so that when 
fully compacted the top of the 
gravel is 4” below the TOS

6. Compact the gravel, then 
scratch in the surface to install 
electrical branch circuits. Make 
sure to compact BEFORE 
installing the branch circuit 
conduit to avoid damage.  

1. Ensure all plumbing conduit is 
backfilled and covered with 
suitable fill.

2. The compacted fill’s soil should 
be dry and compacted at least 
two times in both axis.

3. Ensure that all stub-up piping 
extends at least a foot above the 
TOS so that is not buried under 
stone.

Stub-up piping on site

Footing

Gravel 

*When needed and determined in the design, the SOG may need to be thicker than 4” to support live and dead loads

6.2 Vapor Barrier

A vapor barrier is a plastic sheet used to prevent 
moisture from soil passing in to the slab on grade 
(SOG). Although it is only critical in buildings where 
moisture control is a concern, it is considered good 
practice to install wherever possible. Design 
drawings should indicate if it is needed. 

Footing

SOG

Gravel
Vapor Barrier

Soil
Moisture2 

co
ur

se
 o

f C
M

U

1. Put down the vapor barrier 
just before pouring th SOG to 
avoid people trampling on it and 
tearing the plastic.

3. Cut a length of vapor barrier long enough to go up the walls. 
You can use duct tape to hold the vapor barrier temporarily in 
place. The extra barrier can be cut after the SOG is poured.

4. If more than one piece 
of vapor barrier is needed, 
ensure it overlaps the first 
piece by 6”

6”

Vapor Barrier on site

5. If the SOG requires reinforcement such as rebar or 
welded wire fabric use notched concrete blocks 
above the vapor barrier to elevate the 
reinforcement to the middle third of the slab 
(See pg 58)

2. Make sure barrier runs 
up about 4”-5” stub up 
piping and is securely 
fastened with duct tape

The vapor barrier should cover everywhere under the SOG and have a minimum thickness of six 
mil (0.006”) but 10-12 mil is more durable if available.
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6.2 Vapor Barrier

A vapor barrier is a plastic sheet used to prevent 
moisture from soil passing in to the slab on grade 
(SOG). Although it is only critical in buildings where 
moisture control is a concern, it is considered good 
practice to install wherever possible. Design 
drawings should indicate if it is needed. 
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1. Put down the vapor barrier 
just before pouring th SOG to 
avoid people trampling on it and 
tearing the plastic.

3. Cut a length of vapor barrier long enough to go up the walls. 
You can use duct tape to hold the vapor barrier temporarily in 
place. The extra barrier can be cut after the SOG is poured.

4. If more than one piece 
of vapor barrier is needed, 
ensure it overlaps the first 
piece by 6”

6”

Vapor Barrier on site

5. If the SOG requires reinforcement such as rebar or 
welded wire fabric use notched concrete blocks 
above the vapor barrier to elevate the 
reinforcement to the middle third of the slab 
(See pg 58)

2. Make sure barrier runs 
up about 4”-5” stub up 
piping and is securely 
fastened with duct tape

The vapor barrier should cover everywhere under the SOG and have a minimum thickness of six 
mil (0.006”) but 10-12 mil is more durable if available.
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1. Lay four 2” x 4”s in 
a square and pour in 
concrete

2. When the 
concrete has 
dried a little but is 
not fully cured, use 
a trowel to cut the 
concrete as 
shown.

3. Sometimes tie wire is 
placed in the concrete 
before it is cured to 
make it easier to attach 
to the rebar or WWF.

CAUTION

Make sure to use enough 
concrete blocks to elevate the 
reinforcement off the ground, so 
that when pouring concrete the 
reinforcement is not pushed down 

6.3 Reinforcement for SOG

If the design of the slab on grade (SOG) calls for reinforcement it will be done with either: 
1. Rebar of a given size and pattern to be made on site (eg: no. 3 rebar, 18” apart)
2. Welded Wire Fabric (WWF) bought in sheets or rolls (Depending on available resources, WWF 
might be expensive and difficult to find in the right size.)

All reinforcement must be elevated off the ground so that it is in the middle third of the SOG before 
the concrete is poured. This is typically done with notched concrete blocks made onsite.

4. Before pouring the concrete a supervisor 
must inspect the slab to ensure that:
- all rebar is elevated off the ground to the 
middle third of  the SOG the ground
- all rebar is tied together at every 
intersection (typically with #22 tie wire)
- the proper grade of rebar is used according 
to the structural design

Making Notched Concrete blocks

1. Install rebar/WWF according to structural drawings

2. It is important that the reinforcement is 
held above ground at the middle third of 
the slab. This is to ensure that the 
rebar/WWF is completely encased in 
concrete. Notched concrete blocks can 
be used to do this.

Poured 
concrete SOG

The SOG can be 
poured in sections, 
making the pour 
easier. To do this, 2”x 
4”s held in place by 
rebar stuck in the 
ground and tie wire 
can be used to 
section off parts of 
the SOG as shown.

The largest section 
BHI typically pours in 
one go is 1.5’x1.5’

concrete 
blocks

rebar tied 
at every 
intersection

3. If you need to splice two 
pieces of rebar together, see 
pg 59. Tie the pieces together 
with #22 tie wire

2”
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6.4 Pouring SOG 

The strength of concrete used for the slab on grade (SOG) varies depending on the design, typically 
ranging from 3000 - 5000 psi. It is typically a similar strength to the structural concrete, but sometimes 
the proportion of gravel is decreased and of sand increases to make the mix more workable for 
finishing. (Make sure to check with your structural engineer before doing this).

It is also important to test the compressive strength of the concrete poured to ensure that it is up to 
the design requirements. (See pg 52 for further details).

2. Set up the top of the slab (TOS) 
benchmark elevation at several 
locations around the pour to ensure the 
final SOG is level 

3. If there are any floor drains and the 
floor will be tiled, ensure they are boxed 
out and/or set at the correct level. (See 
pg 124).

5. If the concrete SOG is large enough it can be poured in sections. If this is done, 2” x 4” placed above the reinforcement 
and held in place by vertical rebar driven into the ground can be used to section off parts of the SOG. The concrete is then 
poured in alternating sections up to the face of the 2” x 4”. 

Boxed out 
column

2 x 4 held in place by 
rebar to section SOG pour

Before pour on site showing: elevated rebar tied at every intersection, boxed out columns and 
sectioned off parts of SOG for easier pour

Flooring Finish needed Process and Tools needed

Tile on slab

Coating on slab
(Laticrete spartacote)

Sidewalks

Polished concrete

Rough finish - minor variations in slab height, 
mortar can be used to level surface when 
tiling (See pg 151)

Broom Finish - Textured grooves on surface 
with good grip (See pg 68)

Smooth finish - slab is flat, even and smooth 
with closed pores (See pg 150)

Trowel, bull float

Medium finish - slab is flat and even but 
with open pores (See pg 152)

Trowel, magnesium float  or power trowel and  
grinder to open up pores 

Steel trowel, hard float or power trowel 

Push broom

1. Before the pour, ensure that all the 
rebar is tied at every intersection, 
elevated off the ground and at the 
middle third of the SOG using notched 
concrete blocks. 

6. Control joints need to be placed in the slab to ensure that cracks only occur where we intend. This can be done with a 
finish trowel where the sections of slab meet, or with a saw after pouring. Placement of joints should be coordinated with 
floor pitching. (See pg 70)

4. Box out all free-standing columns. The 
base will be poured together with the rest 
of the column. (See pg 78)

7. Finishing the slab will depend on the flooring:  
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Power Trowels 

A power trowel is a light piece of construction 
equipment that is used to smooth finish concrete 
slabs. Using a power trowel means slabs can be 
poured rougher and quicker, and then run over 
with a power trowel for a smooth finish. 

While effective, it is important that they are used 
by skilled workers to give a quality finish. If no one 
on your team has experience with one, finishing 
the slab by hand might be a better option. 

Floats 

Floats can help give a smooth 
finish to a slab. Bull floats 
provide a rough finish while 
magnesium floats help give a 
smoother surface. Both are 
frequently used together.

Magnesium float used on site Bull float used on site

Magnesium float

Power Trowel

7. Allow the SOG to cure for at least 2 days, 
constantly adding water to keep the slab wet, 
and covered with plastic to prevent it from 
drying out.

Concrete Broom 

A concrete broom can give a textured finish that 
prevents the surface from getting slippery.
Always sweep in a direction perpendicular to the 
most foot traffic
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Formwork for SOG 
In some instances the slab on 
grade is placed above the 
course of CMU block. In this case, 
wooden formwork is needed. 
After the slab is poured, remove 
formwork after the appropriate 
number of days as indicated in 
bold below.

Footing

CMU 
blockCompacted Fill

2”x 4” placed 
every meter for 
bracing 

2”x 4” along 
the perimeter 
of the SOG

3/4” plywood formwork around 
perimeter of SOG. Wet surface 

before pouring the concrete.

Vapor Barrier

Gravel

SOG

Days before Removing Formwork 
(Percentage strength of 3000 psi concrete)

Structural Element Loaded* Unloaded

Free standing column

* Loaded - If something is going to be built on top of a structural element 
(eg: additional floors, heavy roof equipment etc..)

In wall column

Beam

Slab with span less than 10 feet

Slab with span greater than 10 feet

Bond beam/Lintel

14 (80%) 7 (65%)

7 (65%)

14 (80%)

14 (80%)

21 (90%)

3 (50%)

7 (65%)

14 (80%)

7 (65%)

14 (80%)

3 (50%)
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6.5 Control Joints

Control Joints are planned cracks which allow for the movement of 
concrete due to temperature change or shrinkage as it dries. Concrete will 
crack, control joints mean that you control where that cracking happens.

Induced Crack

Control Joint

D 1/4 D

How to Cut Joints
When a slab is poured in sections, the control joints will be where the sections 
meet. Grooving tools or a round finish trowel can be used to cut joints into 
fresh concrete.  You can also use a saw to cut in joints when the concrete is 
hard. Ensure the user handling equipment is skilled because joints can crack 
if not done properly. 

Control joints should be 1/4 of 
the slab depth

Spacing Joints
In general, control joints should be placed every x feet where x is 24 to 30 times the slab 
thickness. But you should also consider floor pitch and inside corners: 

Example 1 - Calculating how often to place a control joint 

A slab that is 4” thick should have a control joint every 8 to 10 feet in both x and y directions:
 4“ x 24 = 96” = 8’
 4“ x 30 = 120” = 10‘

Example 2 - Pitching floor to floor drains

 

Saw cutting joint in concrete

Round finish trowel, the side can 
be used to cut control joints into 
fresh concrete 

This puts a control joint right 
through the floor drain 
which makes is hard to pitch 
the floor.

This is better but the lack of 
space on the top of the 
drain might make it difficult 
to pitch the floor.

This is ideal. It will require 
more formwork initially but 
will be much easier to pitch 
the drain. Pour the central 
shaded section last after 
pouring all the surrounding 
sections

Example 3 - Inside Corners

Cracks typically occur in inside corners so ensure 
that joints are placed correctly here

In hot weather like 
Haiti, concrete might 
crack if joints are not 
cut within 6-12 hours 
after finishing the 
slab.  
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7.1 CMU Walls

BHI primarily builds walls with CMU block. There are several advantages to 
using CMU in tropical, low-resources settings:
- Durable - resistant to moisture, fire, mold and pests
- Strong - resilient against strong storms and earthquakes
- Energy efficient
- Cost-effective and usually can be locally sourced

CMU Blocks

Coursing

Corner Blocks are flat on one side 
and used for openings such as doors

Non-modular dimensions that are not 
multiples of 8 result in masonry units that need 
to be cut (shown in green)

Coursing is choosing modular dimensions that 
are multiples of 8 so that the structure can be 
built with full and half CMU blocks.  

Coursing is dependent on 
consistently applying 3/8” thick 
mortar between blocks 

Stretcher 2-Core CMU block

Standard 
Dimension
(15 5/8”)

Standard 
Dimension

(7 5/8”)

Nominal 
Dimension

(16”)

Nominal 
Dimension

(8”)

16”

Concrete Masonry Units (CMU) are molded concrete blocks used as the primary building component of bearing or shear 
walls. A row of CMU is called a course or layer. Several unit sizes and shapes are available in the market, and the type of 
CMU needed will be specified in project drawings. However the most commonly used by BHI are Stretcher 2-Core CMU 
blocks, the blocks dimensions are slightly shorter than 8”x 8” x 16”, to make space for the added mortar.

Coursing is the practice of 
using layouts of wall heights 
and door and window 
openings that are multiples of 
8 so that only full or half CMU 
blocks are needed (ie. do not 
need to cut masonry units). 
This saves on labor time and 
materials are not wasted. 

While coursing is a practice 
in the US it depends on 
applying a consistent 
amount of mortar (3/8”) 
each course. Sometimes, this 
may not be the standard 
building practice in other 
countries. Talk to your 
masons and structural 
engineer to ensure a safe 
structure suitable to your 
location’s building practices.

In Haiti, masons typically do not consistently apply 
the same amount of mortar between blocks. The 
average mortar thickness is 0.5” and is varied as 
needed to meet dimensions in drawings. This makes 
coursing difficult to enforce. Consider being flexible 
about this practice.

52”

84”

36” 12”

116”

48”

88”

32” 16”

120”

3/8” thick mortar
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Typical CMU Wall Detail

Laying CMU block

footing

1 core

1 CMU block

CMU 
blocks

slab on grade

Subgrade CMU 
wall buildup

Rebar and 
grout in every 
other cell

ve
rti

ca
l r

ei
nf

or
ce

m
en

t

horizontal reinforcement bond beam

bond beam

Mortar 
shown in gray 
for correctly 
placing a CMU 
block on a course

After laying the 
footings, 2 
courses of CMU 
block are 
installed (see pg 
22)

Bond beams consist of vertical and horizontal 
reinforcement and are grouted all the way 
through. (Details for bond beams and lintel are on 
pg 80 - 82.) 

A course of bond beams (or lintel) are needed:
- every 1m or 5 courses of CMU block
-  above and below wall openings of a certain size. 

Note that there should be no openings in a bond 
beam. 

Fill every other core with grout and vertical 
reinforcement. (Grout mix on pg 53)

Below is a typical CMU wall detail with no openings. 
Structural drawings should indicate reinforcement 
needed for different sized openings and  the 
maximum size of an opening that will not require extra 
reinforcement. 

1. Care should have been taken to correctly lay the 
corner block and first two courses of sub-grade CMU 
before pouring the slab on grade (see pg 22).

2. Begin the 3rd course of CMU block by centering 
each block over the connection joint of the course 
beneath. 

3. Place a layer of mortar on top of the CMU course 
underneath and on the sides of the block you are 
putting in place.

4. Set the block in place and hammer it down until is 
level and the concrete is 1-1.5 cm thick.

5. Ensure the gap between flush faces of the CMU are filled 
with mortar (ie. a mortar joint). Remove any excess mortar 
from the joint.

6. Ensure that every other cell is filled with grout and has 
vertical rebar running through or as specified in structural 
drawings.

7. Stop laying block when at least a 1.5’ vertical rebar is 
exposed to splice the next piece of rebar (see pg 59)

8. Repeat laying block until a bond beam or lintel needs to be 
put in place. 
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7.2 Retaining Walls

Retaining walls hold back soil on a slope to maintain two different elevations 
on a site. In mountainous regions or sites with a high risk of floods or 
landslides, retaining walls are crucial for the resilience of a structure. 

Sloped retaining wall at St. 
Boniface Hospital, Haiti

re
nd

er
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g

w
at

er
pr

oo
fin

g
gravel bed

footing

drainage

Appropriate drainage either 
behind or through the wall is 

needed to relieve hydrostatic 
pressure that builds up 

behind the wall. 

Reinforcement 
(specified in 
drawings) and 
grout in every cell 
of CMU block

At least waterproof 
the earth side of 
the wall

1. Excavate the slope back to a safe angle of repose. This is an angle at 
which the it is safe for workers to construct the wall with as little risk as 
possible of the soil above collapsing on them. 

Sometimes temporary shoring can be used to retain the earth during 
construction.

2. Compact soil below footing, place gravel bed and pour footing as 
detailed in structural drawings

3. Lay CMU block with reinforcement as detailed in structural drawings. Fill 
every cell with grout for extra support.

4. Render the wall and waterproof the surface, especially the sides of the 
wall that come into contact with the earth. 
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7.3 Column Formwork 

Columns have wide footings and rebar structural reinforcement to 
help bear the load of the building. After laying the block up to the 
first floor of the building, columns can be poured. Assuming we 
used earth formwork for footings, wooden column formwork can 
be used as a mold for the column. The formwork should have:
 - the right interior dimensions of the column
 - be strong enough to hold the concrete when poured
 - be plumb
 - be relatively smooth on the inside for a better column finish

A building will typically have in-wall and free standing columns.  
Each requires a different kind of formwork.

In-wall

Free 
Standing

Free-standing Column

Vertical 
2” x 4”

3/4” 
plywood

vertical 
rebar

column 
dimensions

2”
 x

 4
”

2” x 4“ Ring 
Support every 16 - 
20 inches

2” x 4“ 
Ring 
Support 
every 16 - 
20 inches

Concrete nails to 
attach base to 
footing3/4” 

plywood

2”
 x

 4
”

Vertical 
2” x 4”

Section B

Section A

3” nail with 1/4” 
galvanized wire

1. Start by making a 2”x4” rectangular base with 
the interior dimensions of the columns. This base 
is nailed to the concrete footing, and the rest of 
the formwork is placed on it

Base of 
Formwork

2”
 x

 4
”

4” (20D) 
nail

3/
4”

 p
ly

w
oo

d
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2. Form the columns with smooth 3/4” plywood 
supported by vertical 2”x4”s and braced every 16-20 
inches with a ring of 2”x4”s. 

4” (20D) nails are typically used. 

3. If a column’s dimensions are greater than 16-20 inches 
kicker supports are used to help keep the formwork 
vertical.

4. If column dimension is greater than 30”, use #18 tie wire 
(1/4” galvanized wire) to hold plywood together. Secure 
on each end by wrapping around 3 inch nail

Kicker 
supports
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In-wall Column

6” - 8” plywood 
overlap with wall

2”
 x

 4
”

Horizontal 
support at least 
every 24”

concrete 
nail

1. After 1 floor of wall has been built, attach 
3/4” plywood to  either side of the spacing left 
for the column. Use concrete nails, to attach 
plywood to wall.

Wall built at 
least 1 floor 
high

3/
4”

 p
ly

w
oo

d

2. Reinforce the plywood with 2”x4”s as shown, 
so that the formwork is strong enough to hold 
the concrete when poured. For smaller columns, 
horizontal 2”x4”s may not be needed.
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7.4 Column Pour

After the formwork is completed and inspected by a supervisor, the columns can be poured. A 
concrete vibrator, concrete mixer, wheel barrow, 5 gallon buckets and shovels are typically needed. 

Use concrete with the appropriate strength and W/C ratio (See pg 53 for concrete mix)

Column pour assembly line

1. Columns typically are in compression and so it is acceptable to pour 
the column in sections. (Note that this can not be done in beams).

2. Do not pour the column all the way to the top of the deck or beam 
but 2 inches or so below it. This is to ensure a stronger joint between the 
deck/beam and column, when the concrete is poured.

3. Use a vibrator on the concrete. Ensure that it does not touch the 
formwork. Do not over vibrate the concrete causing aggregate to drop 
to the bottom, reducing the strength of the column.  (See pg 56).

4. Remove formwork depending on the type of column and whether it is 
loaded. See table below:

deck/beam deck/beam

co
lu

m
n

co
lu

m
n

2”

Days before Removing Formwork 
(Percentage strength of 3000psi concrete)

Structural Element Loaded* Unloaded**

Free standing column

* Loaded - If something is going to be built on top of a structural element 
(eg: additional floors, heavy roof equipment etc..)

In wall column

Beam

Slab with span less than 10 feet

Slab with span greater than 10 feet

Bond beam/Lintel

14 (80%) 7 (65%)

7 (65%)

14 (80%)

14 (80%)

21 (90%)

3 (50%)

7 (65%)

14 (80%)

7 (65%)

14 (80%)

3 (50%)Formwork removed due 
to over-vibrating 
concrete causing 
aggregate to drop to the 
bottom
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7.5 Stairs

Laying out Stairs

Details for stair cases should be included in the drawing plans but 
it is still important to understand how to layout a staircase in case 
a real-life measurement deviates from the drawing. Online stair 
calculators can also be used to easily determine the exact 
specification of your steps.

1. Measure the rise of your stairs, by measuring the height from 
the planned base to the higher level you are building up to.

2. Measure the run of your stairs, by measuring the distance 
between the front-most and back-most part of the stair. 

rise

riser 
(6-8”) 

tread
(11-13”) 

concrete slab

reinforcement

top tread in line 
with upper level 

top tread one step 
below upper level

width

run

3. Measure the width of your stairs, by measuring the distance between the 
leftmost and rightmost part of the stair.

4. Calculate the number of stairs you will need. Divide the rise by the riser 
height (height of each step). Each riser should be between 6-8” for 
comfortable use. If the number is a decimal, round up to the next whole 
number. 

5. Determine the depth of the tread, (top surface of each step). It should be 
at least 11” for comfortable use.

6. Check your values for riser height and thread width to make sure it fits well 
into the total rise and run of the staircase.

If your stairs are built so that the topmost 
tread is a step below the level you are 
building up to, the number of treads will be 1 
less than the number of risers. If not, there will 
be an equal number of treads and risers. 

1 1

2

3

1

22

3

1

2

3

Installing Concrete Stairs

1. Lay the wooden 
boards to support the 
bottom reinforcement. 
Cut out wooden 
formwork to the 
dimensions of the stairs 
could be installed on 
either side.

2. After laying reinforcement according to 
drawings, use 2x4s to construct the wooden 
form work for each step.

3. Pour  3000psi concrete intro formwork, 
leveling, smoothing off surface with a trowel. Do 
appropriate floor finish on the concrete (eg: 
broom finish if outside to prevent slippage)

Reinforcement
Depending on the location and use of the 
stairs, the reinforcement and layout of the stair 
will differ. Refer to the drawing plans for details. 
Ensure that rebar is place so there is 
appropriate concrete cover as specified in the 
drawings. 
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7.6 Bond Beams and Lintel

Bond beams are horizontal structural elements that help give strength to a wall where it may not 
otherwise be braced by a floor or roof. BHI places bond beams around every 5 courses of block 
(every 1m) and above and below large openings for doors and windows. Lintel are similar to bond 
beams but are used specifically to hold the weight of the structure above openings like doors or 
windows. The location of bond beams and lintel will be specified in the structural drawings. 

There are two types of bond beams that BHI typically uses: CMU bond beams and cast in place bond 
beams. 

CMU Bond beams
CMU Bond beam blocks are available on the market but can sometimes be a 
costly option. Use must be coordinated well to prevent waste. To install follow 
the same steps for a typical CMU block (See pg 73).

BHI typically adds two #4 rebar in the longitudinal direction without stirrups. 
Vertical rebar from the course below is continued through. The concrete 
strength (typically 3000psi) and grade of rebar should be specified in the 
structural drawings.

Sometimes the cross webs 
of a typical CMU block 
can be knocked out to 
form a block that can 
accept vertical and 
horizontal reinforcements 
as shown.rebar

Before pouring concrete into CMU bond beam, 
showing seismic lock at intersection

Knock-out Bond 
Beam Block

Bond Beam 
Block

1.

Vertical bars size to match vertical 
reinforcing size. Grout cores solid 1’ min. lap

1’
 m

in
. l

ap

Corner bars same 
size as horizontal 
reinforcing

1’ min. lap 1’ min. lap

1’
 m

in
. l

ap

1’
 m

in
. l

ap

1’ min. lap 1’ min. lap

Dowel size to 
match horizontal 
reinforcing

Dowel size to 
match horizontal 
reinforcing

Typical Reinforcement Details

Note: Details for each project 
should be included in drawing 
plans. 

1: End detail bond beam
2: Corner detail bond beam
3: Intersection detail bond beam
4: Seismic connection intersection 
detail bond beam

2.

3. 4.
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Cast in Place Bond Beams

Bond beams can be fabricated on site using 
formwork, concrete and reinforcements. 

2. Install the horizontal and vertical rebar as shown in the 
structural drawing. If CMU will be installed on top of the bond 
beam, install the vertical rebar for the CMU

4. Vibrate the concrete to ensure the aggregate is split in the cross section 
of the beam (be careful not to over-vibrate)

5. At every 90 degree interception, install 2 pieces of bent rebar for seismic 
connection (see example Reinforcement Details on pg 80)

6. Allow the concrete to cure and remove the formwork 5 days after it is 
poured.

If conduit or another building component crosses 
a section of the beam, make sure these are 
installed BEFORE the pour. Check with the 
structural engineer for the maximum size of 
conduit allowed to cross the bond beam.

Place 1”x4” 
at least 
every 30”

Rebar before attaching formwork for cast in place bond 
beam

Bond beam after pour, showing formwork and conduit crossing section of beam

re
ba

r

stirrups

3. Bond beams should be poured in only one pour

1. Use 3/4” plywood and 2”x4”s to make the formwork 
for the beam as shown. Ensure the formwork is strong 
enough to withstand the pressure of the concrete 
during the pour.

16”
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6” - 8” plywood 
overlap with wall

2”
 x

 4
” 

su
pp

or
t e

ve
ry

 2
’

Cast in Place Lintel 
Lintel is needed to hold the weight of the building above openings like doors or 
windows. Although they are similar to bond beams, their function is different.

BHI normally does not use lintel CMU block, instead cast in place lintel can be 
made out of concrete and formwork. The process is similar to cast in place 
bond beams on pg 81 except that lintel formwork require vertical support as 
shown below.

2” x 4” support 
every 1’

2”
 x

 4
” 

su
pp

or
t e

ve
ry

 2
’

2” x 4” support every 1’

2” x 4” on 
either side of 
plywood

3/4” plywood

window sill

1” x 4” at least 
every 30”

1” x 4” at least every 30”

2”
x 

4”

rebar and 
stirrups

3/
4”

 p
ly

w
oo

d

Four #4 rebar, #3 
stirrup every 8”

Lintel

1.5” from plywood*

*Concrete 
blocks can be 
used to elevate 
the rebar into 
the right position 
in the formwork

Vertical Support for Lintel 

Section A

Section B

Formwork for Lintel 

U-shape Lintel 
CMU Block

U-shape Lintel CMU block 
with notch to accept 
vertical reinforcement
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2” x 4” 
support 
every 2’

3/4” 
plywood

Adjustable 
3m/4m 
Jack Support 
every 2’

CMU

1. Vertical Support for Beam Formwork

2. Formwork for In-slab Beam

concrete 
nail wood 

nail

Use #18 tie 
wire to hold 
plywood 
together if 
beam is 
deeper 
than 1’

8.1 Roof Formwork

This is an 
unstable 
configuration 
of CMU 
blocks

First install support for the beams’ formwork.  
Set up benchmarks to ensure it is installed at 
the specified elevation and that the bottom 

of the beam is level.

Next use 3/4” plywood to 
form either faces of the 

beam. Reinforce form with 
2”x4” and tie wire as shown.

tie wire

Section A

*Reinforcement is elevated by 
concrete blocks.

1” x 4” at least every 30”
2”

x 
4”

3/
4”

 p
ly

w
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d

In slab 
beam

1.5” from base*

2” x 4” support every 2’

1” x (beam width) lumber 

Ja
ck

 S
up

po
rt

tie wire 
when 
beam 
depth > 1’

If slab has been poured or ground is 
compact and level, jack can be placed 
directly on a 2”x4” on the floor

2”x 4”

Jack base 
and top 
plates are 
nailed into 
2” x 4” 

Tighten up 
Jack screws
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4. Formwork for Overhang

3. Formwork for Edge Beam

Section View of Edge Beam

tie wire

CMU 
Wall For beams found on the edge of the structure 

the formwork is different from in-slab beams. This 
is because part of the beam can be supported 
by the CMU wall as shown.

Edge 
beam

CMU Wall 

tie wire

additional 2x4s 
(shown in dotted 

lines) can be used 
for extra support if 

needed 
2”x 4”

1”x  (beam width) lumber

3/
4”

 p
ly

w
oo

d

If an overhang is greater than 2 feet use support jacks 
similar to those used for the roof slab or structural beams. 
However, if the overhang is shorter than 2 feet, kickers 
can be used as shown. 

Repeat the kicker every 4-8 ft depending on the size of 
the overhang. Confirm that there is adequate support 
with your structural engineer. 

Note that jacks can also be used to support the 
overhang if needed. 

> 2’ 

Edge 
CMU 
Wall 

Vertical 
reinforcement

2”x 4”

Kicker 
support
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2”x 4” perpendicular to beam

3/4” plywood

2”x 4” parallel to 
beam

Jack 
Support

2”x 4” on CMU block

2”x 4” from beam formwork

Section A

5. Grid for Roof Slab

1. Perpendicular to the beams, 
install 2”x4”s to support the slab 
on grade. The layout will depend 
on the span and thickness of the 
slab. 

(See details 
on pg 85)

(See details 
on pg 84)

2. Parallel to the beams, 
install 2”x4”s underneath 
the structure for 
additional support.

Reinforce the joint 
between two pieces 
of 2”x4” with 
another 2” x 4” as 
shown

Adjustable 3m/4m 
Jack Support resting on 
2”x4” and CMU block in 
stable configuration (See pg 
84)

Ja
ck

 S
up

po
rt

3. Use jack supports at 
least every 40” where the 

grid intercepts. Make sure the 
supports are locked, screws are 
tightened and placed on level 

ground or CMU in a stable 
configuration (See page 84) 

4. Nail 3/4” plywood on 
top of the grid, to hold 
the slab when poured

Jack base 
and top 
plates are 
nailed into 
2” x 4” 

CAUTION

It is very important that the 
formwork for the beams and slab 
are level and do not sag. A lot of 
concrete will be needed to 
compensate for these mistakes. 
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Photo Summary of Installing Roof Formwork

Beginning Formwork for In-slab Beam Beam Formwork 2”x 4”s parallel to beam formwork

2”x 4” grid to support plywood and slab when poured Jack Supports holding up grid Installation of plywood on grid

Overhang formwork Overhang formwork Roof of view from above
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3/4” plywood 

L/4

L/4

L/2

Use small concrete blocks 
to elevate rebar for beam 

1.5” off the base. 

8.2 Roof Reinforcement

Stirrups are placed closer together at the ends of the beam 
where the shear force is greatest. However, if there are 

sufficient resources, they may be placed evenly across to 
make it easier for workers to assemble. Refer to structural 

drawings for the size and spacing of stirrups needed for 
beam reinforcement

1. Reinforcement for Beams

Reinforcement for beams are very heavy and 
so are installed in place on the roof. Once 

assembled, the rebar is dropped into the 
formwork.

Stirrups on roof ready for assembly Assembled rebar for beam 
reinforcement

Reinforcement temporarily held in place by 2”x4” and 
ready to be dropped

Beam reinforcement in place 

s

s/2

L - length of beam
s - distance between 
stirrups at center of 
beam

concrete 
block

End beam 
hook (see 
pg 60)
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Showing spacing between 
rebar and foam block

2. Ribs and Foam Installation

15cm

40cm 20cm

Rebar parallel to ribs

If slab has been poured or ground is 
compact and level, jack can be placed 
directly on a 2”x4” on the floor

Rebar and stirrups (ribs) 
elevated 1.5” above plywood

Rebar grid 
above foam

BHI typically builds “ribbed slab” roof decks composed of rebar (ribs), foam 
blocks and the concrete slab. This method strengthens the slab while 

protecting utilities. 

1. Install the ribs over the formwork according to the 
structural drawings. Rebar must be elevated 1.5” off the 
plywood by small concrete blocks. The top rebar must be 
2” below the top of the final slab. In other words the 
concrete cover is 2”. Secure rebar with #18 tie wire. Stirrups 
are closer together near intersection with structural beams

2. Foam block is a light material that weights 5kgf/m2 and helps reduce the weight 
of the deck. Foam blocks come in different sizes but BHI typically use 16” wide by 6” 
high blocks at lengths that are available in the market. Install foam between the ribs 
with space in between, as indicated by structural drawings

3. Install grid over foam with 
suitable spacing between the 
rebar and foam. Secure tightly with 
#18 tie wire and ensure final height 
is correct for necessary concrete 
cover.

2”x 4”

2”x 4”

Steel Post 
(Shoring)

3/4” Plywood
8” CMU Block

Concrete 
Roof

Foam
Rebar perpendicular to ribsRibs

Concrete cover

Typical Dimensions for Ribbed 
Concrete Slab

0.95m
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8.3 Boxing out Roof Penetrations

Some utilities will require conduit to pass through the concrete roof slab. To do this, box out roof 
penetrations with formwork before pouring concrete. Review mechanical drawings for exact 
placement of roof penetrations for:
 - roof fans
 - supplies and returns for rooftop equipment (ex: air handlers)
 - sleeves for AC split systems
 - sleeves for roof drains

3/
4”

 p
ly

w
oo

d 2”
x 

4”
nails

1. Form box outs using plywood and 2”x 4”s as shown. 

2. Box outs are typically placed where the foam 
normally sits so as not to disturb the placement of the 
ribs.

Remember that when the formwork 
will be removed it will be surrounded 
by concrete. Make sure that nails 
NOT screws are used here so the 
formwork can be removed

Check structural plans to ensure the size of the 
penetration  is not larger than the maximum opening in 
structural plans. If larger, consult your structural engineer 
for additional reinforcing detail.

80cm min
between openings

80cm max 
length of opening

40cm max
width of 
opening

rib

foam

rib

foam
20cm 
slab

5cm slab

plan view

side view
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8.4 Roof Pour Check List

Before pouring the concrete for a roof or deck the following must be completed and checked:

 FORMWORK
 Jack supports are level, stable and fastened tightly
 There are no large holes in the formwork 
 All nails and tie wire are attached securely
 Ensure integrity of wooden formwork (ie. no major water damage)
 Ensure formwork is at correct elevation 
 Ensure formwork is level throughout (use a laser level to spot check throughout
 deck)

 REINFORCEMENT
 Check the size and layout of all rebar, ensure it matches the structural plans (beams, cages, 
 ribs, mesh, hooks, dowels, etc.)
 Rebar are tied together securely with tie wire at every intersection 
 Rebar in beams and slab is at correct elevation in all places
 Ensure proper concrete cover - in any location rebar is close to formwork, foam,
 or top of slab -  check cover and adjust as needed

 MECHANICAL
 Box-outs for mechanical equipment - confirm size and location for all slab
 penetrations (Air handling unit (AHU/RTU), Exhaust fans, Sleeves for air
 conditioning refrigeration and power lines

 ELECTRICAL
 Using the electrical lighting plan and the reflected ceiling plan - Check the location of all lights
 and ceiling fans
 Fans - check appropriate boxes are being used and locations are exact
 Lights  - if lights are surface mounted - lights need to be in exactly correct locations, if there will
 be a drop ceiling - circuits for lights need to be in the appropriate rooms
 Check the location of all fire alarms (if centrally wired)
 Check the location of all power coming to rooftop equipment or running through slab
 Additional strategic conduit (in case of changes, conduit blockages, or MC cable damage)
 Check all conduit and MC cable has appropriate adapters when entering boxes

 PLUMBING
 Roof drains - place sleeves or confirm no rebar in locations that will be cored for roof drains
 Drain lines running through slab - confirm drains are in correct locations, or the locations are
 free of rebar if they will be cored later

 GENERAL
 Vacuum/clean all misc trash, foam, wood scraps that are on formwork so nothing ends up in
 the concrete
 Just before concrete pour begins - make sure to wet formwork so that it does not pull moisture
 out of the concrete
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8.5 Roof Pour

Pouring concrete for the roof is one of the most important tasks in the construction industry. Typically 
BHI uses 3000psi concrete either made at a plant or mixed on site. Before beginning the pour, make 
sure to go over the Roof Pour Checklist (pg 91). Concrete dries quickly, and once pouring has begun 
it is difficult to make any changes without damaging the structure and incurring a large cost.

Pouring the concrete roof can be done with a concrete pump or by hand. The scale of the project 
and resources available will determine which method is most appropriate.

Concrete Pump
This is the easiest way to do a roof poor. The supervisor on-site 
should be responsible for quality control and that the concrete 
ordered is the mix specified in the structural drawings. Make sure to 
test a sample of the concrete used (See page 52).

The formwork is designed to hold the weight of the concrete during 
the pour and while it cures. It is important to minimize the number 
of people on the slab during the pour so as to not overload the 
formwork causing it to collapse. 

Pouring is done in sections, with 2 workers holding either side of a 
2”x 4” and running it over the length of a poured section to even 
out the surface. A concrete broom is then used to finish the 
surface.

Roof pour on site with concrete pump truck

Finishing Surface with 2”x 4” and concrete broom

Manual Pour 
A manual pour requires a lot of coordination, several workers and the 
necessary equipment. The importance of proper coordination must be 
stressed since any mistake made could affect the integrity of the 
structure and/or be very costly. Make sure to discuss all logistics with your 
supervisor, reviewing all possible issues that might arise during the pour. 
Manual pours require long work days (10-12 hours), so ensure workers 
have food, water and rest time to ensure they are able to work long 
days and meet the target date of completion. 

It is possible to split the slab pour into multiple sections connected by 
cold joints. A cold joint is a plane of weakness in concrete caused when 
the first batch of concrete poured has begun to set before the next 
batch is added, causing the two batches to not mix.  Discuss this with 
your structural engineer to ensure the cold joints are at locations that will 
not affect the integrity of the structure. 

cold joint

concrete batch 1

concrete batch 1 concrete batch 2
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TOOLS

 Shovels
 Hard Floats
 Trowels
 Wheel Barrrows
 5 gallon buckets
 55 gallon drum
 Concrete Mix
 Concrete Vibrator 
 Aluminum 2x4 tube (for leveling)
 Laser level
 String line
 Garden hose
 Extension Cord
 Generator
 Lighting (for night work)
 Concrete broom

Before the Pour 

1. Test the concrete you are going to use for the pour to ensure 
that it has the correct compressive strength (see pg 52).

CAUTION

Do not mix concrete on the ground because this contaminates it 
with impurities resulting in weaker concrete. Always use a mixer. 

Ensure that the sand you are using is of good quality and has been 
washed. See pg 49 for details on sand washing stations.

2. Before the roof pour, do a test pour with a slab on grade and 
see how many cubic meters of concrete you can get in place 
with the workers and resources you have available.  Site 
supervisors frequently overestimate how much work can be 
done in a day resulting in unplanned cold joints. 

Set up a concrete 
mixing station on site

An excavator can be used to 
raise concrete to the roof into 
a trough

Workers wait in line to fill up their 
wheelbarrows with concrete and 
move them over to location of the 
roof pour 

A worker with a shovel helps to 
spread the concrete

Another uses 
a concrete 
vibrator

Concrete is spread 
with trowels and 
floats Finish off with 2”x4” 

and concrete broom

Day of Pour  
Ensure work moves fast enough to ensure a wet edge between concrete sections poured, to avoid unplanned cold joints.
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8.6 Curing Roof Slab

The curing process begins immediately after the concrete is poured. As the concrete dries, it quickly 
absorbs the water in the initial mix. Water must be added continuously to all the concrete to dry 
slowly and minimize cracks. For curing roof slabs, BHI typically uses one of the two methods 
described below.

Using Sand/Sand Bags
Sand bags or sand is placed around the perimeter of the slab. The slab is then filled with water, like a pool. 

Since sand bags and sand are porous and will absorb water it is important to keep on adding water for at least 3 days 
to keep the concrete wet.

Using Plastic Sheet
Wet the slab and cover with a plastic sheet to retain the moisture. Keep the plastic on the slab for at least 3 days, 
continuously adding water under the plastic.

Using a Sprinkler
If available and there is enough water on site, an 
adjustable sprinkler can be used to keep the whole slab 
wet. 

The slab must cure for at least 3-4 days 
for it to reach 60-75% of its final strength. 
Depending on the span of the slab and 
whether it is loaded or unloaded, the 
formwork can be removed after 7-21 
days (See table below)

Days before Removing Formwork 
(Percentage strength of 3000psi concrete)

Structural Element Loaded* Unloaded**

Free standing column

* Loaded - If something is going to be built on top of a structural element 
(eg: additional floors, heavy roof equipment etc..)

In wall column

Beam

Slab with span less than 10 feet

Slab with span greater than 10 feet

Bond beam/Lintel

14 (80%) 7 (65%)

7 (65%)

14 (80%)

14 (80%)

21 (90%)

3 (50%)

7 (65%)

14 (80%)

7 (65%)

14 (80%)

3 (50%)
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8.7 Parapet

A parapet is a perimeter wall installed in most concrete roof slabs. Its purpose ranges from fire 
protection, wind uplift resistance, water control to aesthetics. 

Parapet

vertical 
reinforcement 

sloped 
rendering

overhang

BHI typically builds parapets 8” high and can either be 
cast-in-place or built with CMU block. Either way vertical 
reinforcement in the slab is required:

If cast-in-place, use 2x4s to make formwork and 3000 psi 
concrete.

If CMU is used, all cores must be filled with grout of 
minimum strength 2000 psi. There should also be a thick 
mortar joint between the block and the wall. 

Typical parapet detail 

If the parapet is 
used to install a 
handrail on the roof, 
it must be built with 
a Bond beam CMU 
block as it requires 
horizontal 
reinforcement for 
greater strength

Bond beam CMU block installed on site

Render the parapet so that it slope towards the roof. This is to 
ensure that water will runoff into a downspout on the roof and 
not remain stagnant and eventually leak through.

roof drain and 
downspout

slope

bond beam 
CMU block
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8.8 Roof Drainage

Good roof drainage is essential to prevent leakage. Materials are only waterproof for a certain 
amount of time, and if water is left to stagnate, it will eventually find a way into the building. Roof 
drainage ensures that water quickly run-offs the roof surface and is directed to the appropriate site 
drainage system.

The type of roof drainage used will depend on the roof. BHI typically builds flat concrete roofs, so this 
section will focus on techniques adopted for this surface. Drainage systems used for sloping metal 
roofs will also briefly be discussed. 

Depending on the design of the roof, roof drains 
could be placed vertically through the concrete slab 
or horizontally through the parapet as shown. 

Place a PVC sleeve (typically 4” in diameter) at the 
correct location in the formwork before pouring 
concrete.

Details for installing roof drains should be included in 
the drawing plans. Downspouts should be attached 
where needed.

Flat concrete roofs are not truly flat. The surface will 
be pitched towards roof drains (typically attached 
to downspouts).  Roof drains will be installed first 
when the roof slab is poured. 

Roof Drains and Downspouts

Flat Concrete Roofs

roof slope 
(typ. 2%)

slope 

slope 

elastomeric 
paint 

elastomeric 
paint 

fino

fino

roof slope 
(typ. 2%)

optional 
overflow 
roof drain

Roof drain sleeve continues 
beyond bottom of deck

metal clamp

do
w

ns
po

ut

2”

Typical roof drain detail

Alternate roof drain detail, (suitable if the roof level is high and drain is 
pouring out unto a lower roof overhang below) 

strainer 

concrete 
slab 

roof 
drain 

PVC

flange 
water 

proofing  

Roof drains with strainers can be installed over rain drain 
roof penetrations. This helps to keep debris out of roof 
drains and is more aesthetically pleasing.



97

Installing Fino
1. After downspouts and roof drains have been located 
and installed coordinate carefully with the roof plan for the 
appropriate placing of fino.

2. Mark the high points and low point elevations with string 
line. 

3. Start by placing blobs of fino at the high points. Spread 
the fino so that the borders are at one level under the string 
line. 

Example - Calculating High Points 

A flat concrete  roof will have a series of high points 
and roof drains, that are indicated on the roof 
drawing plan. 

The furthest distance that a high point should be 
away from the nearest roof drain is around 15’, an 
appropriate roof pitch is from 1-2%. 

For example, over a length of 15’ at a 1.5% pitch, we 
can calculate the height difference between a high 
and low point:

15’ x 0.015 = 0.225’ = 2.7” height diff between high 
and low point

The fino should be no less than 1.5” and no higher 
than 6”.  If the fino is too high it will be very heavy on 
the roof. Fino should also never be higher than the 
parapet which is typically around 8” 

 

With a known height difference and the constraints 
for the appropriate thickness of the fino, a suitable 
height for the high and low points can be measured 
with a tape and marked by a string line. High points 
can be moved closer to the roof drain if needed to 
reduce the thickness of the fino required to create 
the correct pitch needed. 

In this example the hight point could be set at 4.2” 
and the low point 1.5”

3. Level the fino with a 2x4. After all the borders are done 
marking the high and low points, fill in the in-between, 
smoothing the sloped surface carefully with a 2x4

Blobs of fino at high points  Filling in the boundary lines  

Smoothing over fino with 2x4

Finished section of roof, 
ready for waterproofing

Fino
Fino is a mix of cement and sand that is typically used in 
the Dominican Republic to give pitch to a roof. Fino slopes 
the surface of the roof towards roof drains so that water 
does not stagnate. 

Fino is 1 part cement and 3 parts sand. (See pg 53) Since 
no powdered lime is added to the mix, Fino is not 
waterproof at all and will require an elastomeric paint or 
other waterproofing material to be applied on its surface. 
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Sloped metal roofs will typically have gutters to 
catch run off surface water. BHI drawing sets 
do not usually include detailed drawings for 
gutters, but in general the overhang of the roof 
above the gutter should not be more than 1” to 
prevent water from overshooting passed the 
gutter. 

Roof Drains and Downspouts

Sloped metal roofs 

An downspout adapter is needed to 
connect the rectangular gutter with 
the circular PVC drain pipe

gutter 

max of 1” overhang 
to prevent overshoot

corrugated sheets placed so as 
to not allow water to stagnate

slope

do
w

ns
po

ut

gutter

clamped 
to wall

PVC downspout 
adapter
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8.9 Elastomeric Roof Paint

Once the fino is installed, it must be made waterproof. There are several types of waterproof paint 
with different specifications and instructions on how to apply. The following are typical steps for 
applying waterproof paint, but should be adjusted if different from the specifications.

1. Before applying the paint:
 - check the paint’s expiration date 
 - consult the manufacturer's
   specifications on the thickness of paint
   needed 
 - monitor the weather forecast and try to
 - paint on a day when there is a low
   chance of rain
 - ensure the fino surface is completely dry
   and clean

2. Apply the first coat of paint all in the same 
direction and allow it to dry.

3. Apply the second coat of paint in a direction 
perpendicular to the first. Allow it to dry. If 
needed apply additional coats.

4. The entire roof must be painted, including 
attached vertical structures such as parapets 
and curbs. Paint all the way to the top of the 
parapet and for curbs paint until the end of the 
EPDM membrane (See page 110)

Painting the roof on site

Fino

Latex Paint
Painting roof parapets
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9. Mech HVAC
9.1  Split-System Air Conditioners
9.2  Roof Curbs
9.3  Installing EPDM
9.4  Side Wall Exhaust Fans
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9.1 Split-System Air Conditioners 

Split-system AC units are a good 
alternative to central air conditioning 
because they do not require 
duct-worth, are energy efficient, cost 
effective and relatively easy to install. 
They consist of two main parts: an 
outdoor unit called a Condenser and 
an indoor unit called an Evaporator. 
The two units are connect by a cable 
called a lineset which is made up of 
power lines, and two insulated soft 
copper pipes containing refrigerant.

1. The evaporator inside the building 
extracts heat from the air and passes it 
through the lineset’s refrigerant to the 
condenser outside. 

2. The condenser  releases the heat 
into the environment, and cools 
down the refrigerant. The cold 
refrigerant is passed back into the 
building, and a fan in the 
evaporator helps to blow this cool 
air around the room. 

Heat Cold Air

Evaporator

Condenser

Lineset

Although Split-system AC units are installed after the walls have been rendered and painted, site 
supervisors will need to consider their placement before the CMU walls are built to ensure proper 
placement of drains and penetrations. 

In Haiti, BHI typically installs Safirus Power Model Air 
conditioners by Carrier because it is efficient and available 
locally.

1. Evaporator (pg 103)

Condensate 
Drain

Disconnect and 
Wiring (pg 105)

2. Condenser 
(pg 104)

Conduit/MC cable to Electric Panel

Gravel Soak Pit Concrete Pad

3. Lineset (pg 105)

NMC 
liquid tight 

conduit

The example installation below is one possible simple layout for a split-system AC. Additional information and 
alternative layouts for installation of each component are explained in the following pages. 

Not to scale

4.

Line set includes:
- 2 Insulated copper
  refrigerant lines (black)
- Electrical wire (grey)

Loop at 
condenser
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1. Evaporator

Indoor Placement
When placing the evaporator inside a building consider:

1.The lineset that connects the evaporator to the condenser 
outside is typically only 3m long. It is good practice to place the 
outdoor unit right outside the wall where the evaporator is so that 
an extension does not need to be used. Extensions require more 
refrigerant and are more likely to leak at connection points.

2. In case of the evaporator leaking, do not place it above 
equipment that may be damaged by water.

3. Place units around 2.3 m from the floor and evenly around the 
room to ensure that you have equal coverage.

4. Evaporators need to be accessible by a ladder for regular 
cleaning of the unit filter and other maintenance.

Condenser Drains 
Evaporators pull moisture out of the air, collecting water that is 
drained out through a condensate drain. If coordinated 
correctly, your mechanical and plumbing drawings should 
indicate the placement of evaporator units and their 
corresponding condensate drains. Drains should be placed 
during CMU wall build up. Depending on the location of the 
evaporator inside the building, there are two possible drain 
layouts:

CAUTION
The site supervisor should ensure that condenser drains are 
placed correctly while the CMU walls are being built. If not, 
the walls will need to be to be cut into after they are built 
affecting the integrity of the structure.

1. Drain Exits Rear of the Unit

2. Drain Exits Side of the Unit

This configuration is 
used if it is 
appropriate to have 
an exposed drain on 
the other side of the 
wall (ie. it is an exterior 
wall or the adjacent 
room is a 
storage/mechanical 
room.)

If the room on the other 
side of the wall can not 
have an exposed drain 
(ie. most interior walls, 
rooms with patients or 
sterile equipment), then 
the condensate drain 
must run through the wall. 
The condensate drain is 
connected to a sink drain 
in the wall with a 
dishwater tail piece 

Evaporator

Condensate drain to 
gravel soak pit

Evaporator

Condensate drain to connect 
to sink drain in wall

Drain hose should not be 
glued into PVC pipe because 
in case of blockage, this 
connection will overflow 
instead of water backing up 
into the evaporator

Condensate pumps can be used in 
those special cases where it is not 
possible to drain water by gravity

Ensure the unit is mounted completely 
level so condensate does not backup

Drain is installed at an angle, since 
condensate flow depends on gravity

Condensate pump

Installing Evaporator Unit

Dishwater tail piece  
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concrete 
roof

fino

waterproof paint

spray foam

pourable 
latex

6”

6”

8”
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2. Condenser

Outdoor Placement
When placing the condenser outside a building consider:

1. The condenser gives off a lot of heat and must be placed in an open space so that air can freely circulate around it. Specific clearances 
can be found in the AC manual. 

2. The disconnect must be located right next to the condenser.

3.  The lineset that connects the evaporator to the condenser outside is typically only 3m long. It is good practice to place the outdoor unit 
right outside the wall where the evaporator is so that an extension does not need to be used. Extensions require more refrigerant and are 
more likely to leak at connection points. 

If the evaporator is on the first floor the condenser will typically be on the grade outside. If the evaporator is higher up, the condenser may be 
placed on the wall or roof. 

1. Condenser on grade 

Place condenser on 
poured concrete pad, 
fasten with tap-con 
concrete anchors

Disconnect can be 
mounted on the wall

Cut insulation 
back from 
copper around 
2 - 3” above the 
pourable latex. 

Use spray foam first, 
when it sets it  will 
stop the latex from 
pouring through the 
hole

If the ceiling will be rendered with mortar, let the PVC protrude from the 
roof slab by 3/4” so that is will be flush with the ceiling when rendered. 

If ACT is used and the ceiling will not be rendered the PVC can be flush 
with the slab

Put the sleeves in 
place before pouring 
the concrete roof

2. Condenser on Wall

Ankle bracket 
mounted to 
the wall

Disconnect 
mounted 
on wall

25”

45O

Center of 
Unit

Concrete nail 
at least 3.5” in 
solid concrete

Condenser

Made of out 
2.5”x 2.5”x 0.25” 
angle iron

Disconnect 
mounted on 
unistrut

4” x 4” poured 
concrete sleepers

3. Condenser on Roof

Roof Penetration detail to prevent leaks into the building 

Pour latex to 
create a mound 
over the point of 

penetration to 
allow for rain 

run-off

This is to prevent a hole forming in the 
roof if the insulation disintegrates over 
time
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3. Lineset

Lineset comes unattached with the AC split system unit. It consists of:

- Two insulated soft copper lines for the refrigerant. One brings hot gas from the 
inside to the outside, the other cold gas from the outside to the inside. Each 
copper wire comes flared and is connected to the evaporator and condenser 
with flare fittings. 

- NMC liquid tight or similar UV resistant power cable (The Safirus Xpower model 
that BHI typically uses requires 4 wires, not including ground, while some models 
only require 2)

Protecting Lineset

flared copper flared fitting

Connect soft copper lines with flared 
couplings

Wrap lineset tightly with protective white tape that 
comes with the unit.

In addition, if 
lineset will be 
outside, wrap 
with an 
additional layer 
of black UV 
protective tape. 
This tape should 
be wrapped 
loosely so as not 
to crack when 
the flexible 
lineset is installed.

After you have connected the 
lineset and finished installing the 
AC split system, you should check 
for leaks before turning on the AC 
and running refrigerant through 
the system. (Refrigerant gas is 
initially stored in condenser)

To do this, an experienced 
technician uses a vacuum pump 
to set the system to a negative 
pressure. After 15 min, if the same 
negative pressure is held there 
are no leaks. If not check the flare 
connectors and try again.  

4. Disconnect and Wiring

If lineset needs to 
be passed 
through interior 
rooms they can 
be clamped to 
the wall or 
passed through a 
PVC sleeve

Disconnects are needed to cut off 
power to the system when needed. It is 
typically mounted on a wall or unistrut 
right next to the condenser. NEMA 3R 
disconnects are for outdoor use. 

The power chord from the disconnect to 
the condenser and the condenser to the 
evaporator is a liquid tight non-metallic 
conduit (NMC), since it needs to be 
flexible. 

The power chord from the disconnect to 
the electric panel is a conduit or MC 
cable. 

MC cable to 
electric panel

NMC liquid tight 
to condenser

NEMA 3R 
Disconnect



106

9.2 Roof Curbs

Roof Curbs are raised frames (typically made out of sheet metal or plywood) that are used to 
mount mechanical fixtures such as exhaust fans to the roof of a building. BHI uses curbs that are 
factory made and built on site. Depending on the type of roof, curb details will vary. 

Factory-made Curb
Factory-made curbs 
come fully assembled 
with a minimum of a 4” 
flange to help attach it to 
the roof. They can be 
insulated or not. 

insulation

sheet metal
fino

slab MC cable from 
panel or switch

Check mechanical drawing for location 
of damper if needed (see pg 108)

Roof Types

slab

fino

sealant

damper
damper tray

curb 
(factory 
made)

roof exhaust 
fan

tap-con 
fasteners

slab

fino sealant

damper
damper tray

curb 
(factory 
made)

roof exhaust 
fan

tap-con 
fasteners

added 
framing

damper

damper tray

curb 
(factory 
made)

roof exhaust 
fan

EPDM
tap-con 
fasteners

Flat Concrete Roof Pitched Concrete Roof Pitched Metal Roof

Curb Types

A cricket (shown in green) is formed 
with the fino on the high point of the 
curb to help with run-off water.

disconnet 
(on/off switch)

water 
proof 
paint

sh
ee

t m
et

al

sealant

roof adhesive

tap-con

damper

roof exhaust fan

If there is room inside the roof 
exhaust fan, the disconnect can 
be mounted within the system. 
(BHI typically uses Greenheck 
Varigreen fans)  

Create gap for sealant by 
placing a piece of cardboard 
next to the curb while pouring 
the fino. Remove the cardboard 
when the fino begins to dry and 
fill the gap with sealant.
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1. After pouring the concrete roof, 
before installing the fino, set the 
curb over the hole made for the roof 
penetration in a thick adhesive. Use 
galvanized tap-cons to fasten in 
place and apply another layer of 
adhesive on top.

3. Add an extra layer of fino up the 
galvanized steel of the curb to help with 
run-off. 

Remove cardboard and add sealant. 
Paint over with elastomeric waterproof 
paint. 

2. Tape off the top of the curb so no 
fino, dust or water gets into the building 
during installation. 

Place a piece of cardboard next to 
curb then Install the fino. The height of 
the fino to the curb will depend on the 
pitch needed for the drains. 

Factory-made Curb Installation

On-site Curb
It is often more affordable 
to build curbs on site out 
of plywood. It is important 
that the plywood used is 
12” tall, flat, not 
weathered and not bent. 
Ensure that the curb is 
square and its corners 
overlap.

fino

slab MC cable from 
panel or switch

disconnect 
(on/off switch)

3/
4”

 p
ly

w
oo

d

Tap-con

damper

roof exhaust fan

For site-built curbs made out of 
plywood, always run EPDM all the 
way up under the edge of the 
fan so no plywood is exposed to 
the elements.

screw

EPDM

sheet metal 
corners
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Below Roof Details

No duct

With duct, with ACT

plenum

duct hanger 
(made from flat-stock)

transition 
plate

flexible 
duct/flex

slab

fino

sealant

damper

duct

roof exhaust fan

RGD

zip
 ti

es

ACT 

Disconnect 
(on/off switch)

MC cable from 
panel or switch

slab

fino

sealant

damper
damper tray

curb 
(factory 
made)

roof exhaust 
fan

tap-con 
fasteners

white stamped grill
machine 

screw

Grill will be used if 
there is no ACT, if 
there is ACT this will 
just be an open 
hole

Ductwork

Mechanical Dampers
A damper is a valve or plate that stops or 
regulates the flow of air inside a duct. Back draft 
dampers force air to flow in one direction 
through a duct while control dampers can be 
adjusted to control how can leave a building 
helping create pressure differences between 
rooms.

Back draft damper and 
damper tray installed in 
roof curb

Control damper can be 
adjusted to allow free flow, 
restricted flow or partial flow. 
Can be installed at different 
points along the duct.

1. Run duct through the 
plenum (space between slab 
and ceiling tiles) up to the roof 
curb and attach to the 
transition plate to hold in 
place. Use duct sealant on 
edges.

3. In the plenum the duct is 
held up by duct hangers - flat 
stock are long pieces of 1” 
sheet metal, bent and screwed 
to the concrete slab to hold the 
duct in place. Use duct sealant 
at joints between ducts.

2. Run wiring through the curb 
but outside the duct and up 
through the transition plate to 
the disconnect. If there is room 
inside the roof exhaust fan, the 
disconnect can be mounted 
within the system. (BHI typically 
uses Greenheck Varigreen 
fans)  

4. The duct is connected to 
flexible duct or flex with 
zipties? If the room is 
air-conditioned the flex should 
be insulated to prevent 
condensation on its surface.  

9.  The flex connects to an RGD 
(Registers, grills and diffusers) which lies in 
plane with the ceiling tiles. This allows air 
to move in and out of the room.
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Bubble Wrap Insulation 

If air inside a duct is at a 
different temperature from the 
air in the room it is in, it needs 
to be insulated to prevent 
condensation from forming on 
its surface. This happens when 
some rooms are 
airconditioned. 

Bubble wrap or bubble foil can 
be used to effectively insulate 
ductwork. (Other options 
include fiber glass insulation or 
insulated ductwork, but BHI 
typically uses bubble wrap as it 
is affordable and easy to 
install)

duct

bubble 
wrap strips

1. Use strips of bubble wrap around the ductwork before wrapping the 
insulation as shown to help create an air gap between the duct and 
insulation. This increases the R value of the bubble wrap. (4” wide strips 
every 3’, modify as needed). Duct installation spacers can be used if 
available

2. Wrap bubble wrap around ductwork 
and tape overlap with foil tape. 

3. Bubble wrap can only be used on 
fixed ductwork not flex. Insulated flex 
can be used and the transition 
between the ductwork and flex is 
sealed with foil tape. The transition 
between the flex and RDG should also 
be sealed with tape

insulated flex

duct wrapped 
in bubble wrap

foil tape at 
transition

Bubble wrap insulation

Foil Tape

Wall and Floor Duct Penetrations

Metal ductwork will rattle when the fan is on if it comes 
into direct contact with the wall or floor. To minimize this 
noise, the ductwork is covered at the point of 
penetration with bubble wrap or spray foam and then 
caulked for a smooth finish. Both methods shown below 
are suitable for wall and floor penetrations. 

1. Wrap bubble wrap insulation 
around duct at point of penetration

floor/wall

du
ct

2. Fill space between insulation and 
floor/wall with mortar. Do a smooth 
finish to match the rendering

mortar

bubble 
wrap

3. Cut back bubble wrap at an angle 
so it can not be seen. Fill in gaps 
around duct with caulk, then paint.

caulkpaint

Duct should not touch the floor/wall. 
Fill in the gap with spray foam (below) 
or bubble wrap (right)

1. Fill gap with spray foam, and wait 
till it hardens.

2. Cut back spray foam at an angle 
so it can not be seen. Fill in gaps 
around duct with caulk, then pain. 

spray 
foam

Duct Floor penetration Duct Wall penetration Paintable Caulk

Ductwork Details
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9.3 Installing EPDM

EPDM (ethylene propylene diene terpolymer)  is a durable synthetic 
rubber roofing membrane that is used for waterproofing. BHI uses EPDM 
around curbs and other roof penetrations. It is important that you read 
through all the manufacturer’s instructions before installing. EPDM will not 
stick well if there is any dust or grease on the surface. Clean surfaces 
thoroughly before beginning. Depending on whether your surface is flat 
or pitched, different techniques will be used to install EPDM. 

Installing on Flat Roof

EPDM is 
available in 
rolls or 
specifically 
pre-molded 
such as corners

perimeter of curb

6” overlap

curb

6” overlap

curb

flat EPDM

flat EPDM

pre-
molded 
corners

EPDM corner pieces 

flat EPDM with slits 
around base

corner pieces 
overlaping

1. Clean all surfaces of any 
dust or grease

2. Cut a flat piece of EPDM to 
the length of the perimeter of 
the curb with a 6” overlap.

3. Cut 4 half slits in the flat 
piece where the EPDM will 
bend around the corners of the 
curve. 

4. Dry fit the cut pieces to 
ensure they fit well before 
applying the adhesive.

5. Apply bonding adhesives to 
both surfaces. Let it dry 
completely for half an hour 
before installing the EPDM. If 
the adhesive is wet when the 
EPDM is applied, bubbles will 
form under the its surface and it 
will not stick well.

6. Similarly apply the EPDM 
corners after the flat piece is 
attached to the base.

7. Caulk all edges.

For site-built curbs made 
out of plywood, always 
run EPDM all the way up 
under the edge of the fan 
so no plywood is exposed 
to the elements.

EP
DM
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Installing on Pitched Roof

curb

curb

curb curb curb

pre-molded 
corners

high low

All EPDM pieces should 
overlap like roof shingles 
to allow water run-off. 
Start with pieces at the 
lower end of the roof and 
overlap pieces higher up.

On concrete pitched 
roofs, a cricket (shown 
in green) is formed with 
the fino on the high 
point of the curb to 
help with run-off water.

1. Clean all surfaces of any dust or grease. Remember to cut and dry 
fit all EPDM pieces and wait for adhesive to completely dry for half 
and hour before installing anything.

2. First install the pre-molded corners. Followed by a flat piece at the 
lower end of the curb, both sides, and last the higher end of the curb 
as shown above. 

Location of Curb on Metal Pitched Roof

high

low

water 
buildup

hi
gh

 p
oi

nt

After installing metal sheet, cut in roof openings 
for curbs. Coordinate openings with the roof 
corrugations to avoid water from collecting as 
shown.
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9.4 Side Wall Exhaust Fans

Side wall exhaust fans help improve the ventilation of a building by 
directing air from one room to another that is more ventilated, (such 
as air from a bathroom to a stairwell). Their proper installation will 
require coordination through out the construction process. 

In Haiti, BHI 
typically installs 
Greenheck 
Sidewall Direct 
Drive Fan

exhaust 
fan

wall

tap-con 
fasteners

M
C

 c
ab

le

MC cable to panel, 
sensor or light switch

grille 
(indoors) or 
damper 
(outdoors)

el
ec

tri
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l 
m
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toggle 
switch

DURING CMU WALL BUILDUP (Rough Electrical) 

If the fan is intended to always be on the MC cable will run 
directly to the panel. If you only want it turned on when 
the light is on, connect it to a sensor or the light switch. 

If a piece of equipment can not be unplugged then it 
needs an on/off switch nearby. Electrical masonry boxes 
are placed in the wall according to electrical drawings. 

AFTER RENDERING (Finish Electrical)
After walls have been painted and rendered, install the 
fan using tap-cons to fasten as shown. 

The extension ring, switch plate and toggle switch are also 
installed at this point.  

Finished opening before fan install Installed side exhaust fan

Grills are used indoors 
because they are cheaper 
and there is no need for 
protection from rain and 
wind.

Dampers help 
keep out rain and 
wind and are used 
if they open to an 
exterior wall.

In Haiti, BHI typically uses 
- single gang masonry box: TP690 Gouse Hinds
- extension ring: 4” square TP422 Gouse Hinds 
- switch plate: TP512 Gouse Hinds
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10.1 Introduction to Plumbing

Water is essential to life. From drinking and cooking, to cleaning and flushing 
toilets, managing clean and dirty water is crucial for any functional building. 
Broadly, water on a site can be put into three categories:

Installing plumbing must be coordinated through out the construction timeline. It is 
typically broken up into rough plumbing and finish plumbing. This section will first go 
over the best practices involved at each stage of plumbing and then detail the 
installation for BHI’s most common fixtures.

Stormwater Wastewater

Grey
water

Black 
water

Potable Water

Collection and 
discharge 

discussed under 
Site Drainage (pg 

27) and Roof 
Drainage (pg 96)

Water that 
contains urine 
and feces

Water from 
sinks, showers, 
cleaning etc..

Run-off water from rain Clean drinking water*

CAUTION

*In the US, water supplied to fixtures (in 
the tap, shower, toilet etc..) is typically 
drinking water. However, this is not the 
case in most parts of the world. The term 
potable water in the following sections is 
not intended to mean that water from 
these fixtures is safe to drink without 
further processing such as filtration or 
boiling.

Trenches for plumbing and electrical 
may be combined if at different levels 
but conduit should not be mixed. 
Plumbing typically takes precedence 
over electrical (ie. change the route of 
an electrical line if it interferes with a 
plumbing line), unless the electrical line 
is a large 3” or 4” feeder. (Too many 
bends in large feeders makes it difficult 
to pull wires)

Treatment and 
discharge 

discussed under 
Waste Water 

Systems (pg 37)

Sourcing, purifying 
and pressurizing 
discussed under 

Potable Water (pg 
133)

Collection of waste 
water from fixtures and 

providing potable water 
to fixtures is discussed 

under Plumbing

Digging and Pouring Footings 
(pg 18)

Pouring Slab on Grade
(pg 67)

CMU wall build-up (pg 72) 

Pouring Roof Slab (pg 92)

Rendering and Painting Walls
(pg 145)

Finish Floor
(pg 149)

Rough Plumbing 
Consists of any 
plumbing that is 
done before the 
building finishes 
have been installed. 
This includes, laying 
of pipes under the 
slab, stubbing up 
drains and water 
piping out of walls 
and floors etc..

Finish Plumbing 
Consists of installing fixtures after the walls have been rendered and 
painted, the flooring is complete or counters have been installed

Underslab Plumbing 
This involves laying the lines for waste and 
potable water and stubbing them up 
through the concrete slab before it is 
poured. Sometimes the pitch for a sanitary 
drain line will require that it runs under the 
footings as well

In Wall Plumbing
Pipes that run through the masonry block 
while the wall is being built up. Bringing up 
vents to the roof is also an important part of 
this process. 

Underground Inspection 
Checklist (pg 25)
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10.2 PVC Notes

Schedule 40 vs DWV PVC 
DWV PVC looks very similar to standard white schedule 40, the only 
difference is that DWV is not designed for pressurized use. DWV stands for 
Drain - Waste - Vents, and since sewage lines use gravity and appropriate 
pitch to allow water to flow, there is minimal stress on the PVC parts. Because 
of this DWV have thinner walls and different ends parts and fittings than 
schedule 40, which must be able to withstand higher pressures.

In general, DWV is used for pitched waste water lines and schedule 40 is used 
for pressurized potable water lines. Ensure that you use the appropriate 
conduit and fittings for each function.  

End Parts
There are many different types of PVC end types, the main two are:

Slips
Slip fittings are smooth and do not have threads or barbs. An adhesive will 
need to be used to secure a slip fittings.

Hub

Primer and 
glue

Connecting PVC with an adhesive

1. Scrape off any PVC shaving and clean surface of 
pipe.
2. Apply primer and glue on the connecting 
surfaces of the joint shown in gray above.
3. If one of the pipes has a hub, fit PVC so
that the inner tube is resting on the step of the outer 
tube in the hub. If the PVC does not have a hub use 
a coupling.
4. Immediately after fitting, rotate one of the tubes 
45-90 degrees in one direction to ensure a good 
bond. 
5. Hold still for a 30 second count before letting go. 

If the conduit has a diameter larger than 2 inches, it 
may require 2 people for assembly. 

Threads
A threaded fitting does not need an adhesive, but sealants can be 
used to prevent splitting and leaks. On a female-threaded fitting the 
threads are on the inside and on a male-threaded fitting they are on 
the outside. Many threaded fittings will have a slip fitting on one end so 
they can easily be connected to a pipe.

Any transitions from brass, galvanized steel or copper to PVC requires 
the use of Teflon tape and pipe dope to fill up the space between 
threads and prevent leaks. 

A socket, is a slip that 
goes over the end of 
a pipe. A coupling 
like the one shown 
here can connect 
two pipes together.

A spigot fits inside a 
socket, so it is about the 
same size as a regular 
pipe. Spigots are used 
when you want to 
attach two fittings 
together. 

Some pipes come with 
a hub, on either one or 
both sides. This makes it 
easier to connect pipes 
together.

Some countries, like Haiti, 
receive a lot of PVC fittings 
that are rejects in the US. 
Make sure that if you’re 
buying PVC fittings outside the 
US to test each one with a 
piece of pipe and ensure it fits 
snugly before purchasing. 

CAUTION

Right angle bends
Knowing the proper placement of 
sanitary tees, eyes and 1/8 bends is 
important when bending conduit 
around a right angle bend.

Thrust block 
Mortar can be placed over a sharp 
bend at a PVC junction to help offer 
extra support if water will be gushing 
into the walls at high pressure. 

Sanitary tee allows 
air in vent to flow

Wye & 1/8 bend 
restricts vent air 
at junction

Sanitary Tee can 
cause waste to 
backflow 

Wye & 1/8 bend 
allows flows to 
merge  

Vents

Thrust block on-site

Pipe dope 
and Teflon 
tape
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2” pipe - 2% pitch

10.3 Pitching Lines

Both wastewater and stormwater lines are drained by gravity and 
need to be pitched correctly to function. Pipes are typically 
pitched between 1-2%.

Ideal pitch is 2% for 
conduit smaller than 4” in 
diameter, and 1% if larger

Too much pitch means 
liquids will flow too fast 
leaving solids behind

Not enough pitch means 
waste water will remain 
stagnant causing leaks.

4” pipe - 1% pitch

30 ft 50 ft

Concrete Slab

Gravel and Sand

Invert of pipe

1000’

1000’-10”

6”

2”

2”

Example - Calculating Pitch 

If the elevation of the top of the slab (TOS) is 1000’. 
The invert of pipe at A is the TOS minus the thickness of the slab, the sand and 
gravel on top of the pipe and the pipe‘s diameter. 

 Inv. @ A = 1000’ - 6” - 2” - 2” = 999.17’

The invert of the pipe at B depends on the pitch and distance from A:

 Elevation of B below A = 30‘ x 0.02 = 0.6’
 Inv. @ B = 999.17’ - 0.6’ = 998.57’

The invert of the pipe at C depends on the pitch and distance from B:

 Elevation of C below B = 50’ x 0.01 = 0.5’
 Inv. @ C = 998.57’ - 0.5’ = 998.07’

As a general rule, if a pipe has a diameter 
greater than 4” the pitch is 1%. Anything 
smaller will have a pitch of 2%.

A B C

A

1. Where to start

2. Determine Elevation and Calculating Pitch

If you are connecting your wastewater line to an existing utility then this will be your limiting factor when pitching the pipes. 
It is best to start at the utility and work your way up towards the fixtures in the building. 

If not connecting to an existing utility or there is a lot of extra room to pitch the pipe, you can start work at a high point and 
work downwards towards the plumbing mains. 

DO NOT start laying pipes in the middle and work in two directions. It is much harder to control the pitch this way. 

Pitch is calculated from the bottom or the invert of the pipe. The first step of installation is typically to determine how far the 
pipe needs to go and the elevation (depth) of each end of the pipe. Existing elevations can be measured and laid out with 
a laser level or other surveying equipment. 

The following simplified example shows how you might calculate the key elevations to place the inert of a pipe, if you were 
starting at a set elevation in a building and working your way off site. 
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3. Digging Trench

It is important that the bottom of the trench dug for the pitched line is smooth, compacted and follows the desired slope. 
Trenches are typically bedded with sand, to support the pipe and make sloping easier. See pg 37 and pg 27 for specific 
details on digging trenches for wastewater and site drainage lines. 

Install pipe section at a time, either starting at the lower end 
and working your way up, or at the higher end and working 
your way down depending on the situation. The female (hub) 
end of the pipe section should face uphill to minimize water 
collecting at the joints and causing leaks. 

After the pipes have been laid it is important to check that 
each one is pitched correctly. This can be done using a level. 
You can use shims under one end of the level to raise it as 
shown. When the bubble is in the center, the pipe has the 
correct pitch. 

Alternatively some levels come marked with lines that 
indicate the approximate slope of a surface.

4. Laying Pipe

hub facing downhill hub facing uphill

4’

1”

Height to raise level = Length of level x pitch

Example
4’ x 0.02 = 0.08’ = 0.96” ≈ 1”

Raise this 4 foot level by 1” and then you can place it along all 
sections of the pipe, if the bubble is in the center of the level then 
you know that the pipe has a 2% pitch

When the outside end of the 
bubble touches the second 
ring of this particular level’s 
vile it is measuring 
approximately a 2% grade

Sometimes pitch might called out using different unit:

1% pitch is approximately equal to ⅛” per foot
2% pitch is approximately equal to ¼” per foot
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10.4 Rough Plumbing

All wastewater and potable water lines and stub-ups need to be installed and protected before 
the pouring of the slab on grade. When laying wastewater (DWV) the most important thing to 
consider is pitch, since flow depends on gravity. However, potable water lines are pressurized to 
have firm connections that can withstand high pressures and prevent leaks. 

Under Footings
Wastewater lines need to be pitched to drain properly. 
Depending on the depth of the footings and the pitch 
needed, sometimes sewage lines may need to run 
through the footings. In this case, it is best to install 
plumbing before pouring footings. 

If approved by your structural engineer, you can leave 
box outs in footings to run plumbing later. Box out 
footings should only be gaps in concrete, footing rebar 
needs to be continuous through out. 

Wastewater Lines (DWV)

Wastewater lines carry sewage and gray water away 
from the building and to a wastewater treatment utility 
such as a septic tank.  Flow is driven by gravity and so 
lines need to be pitched correctly to function. (See pg 
116 on pitching best practices and pg 115 on PVC 
notes). 

1. Drawing plans typically indicated the elevation of 
the invert (bottom) of the pipe at key points. Set correct 
elevation for each point with a total station or laser 
level. Run a string line between the elevation of two 
points to ensure the correct pitch. 

2. Dig plumbing trench 2“ below string line (to leave 
room for sand bedding) 18” - 24” wide, to allow room 
for workers to lay the pipes. 

Where to start laying pipes
If you are connecting your wastewater line to an existing 
utility then this will be your limiting factor when pitching the 
pipes. It is best to start at the utility and work your way up 
towards the fixtures in the building. 

If not connecting to an existing utility or there is a lot of 
extra room to pitch the pipe, you can start work at a high 
point and work downwards towards the plumbing mains. 

DO NOT start laying pipes in the middle and work in two 
directions. It is much harder to control the pitch this way. 

2” sand underneath pipe

4” sand on all 
other sides

Back fill trench 
to original 
elevation

>12” below 
grade

18” - 24”

3. Add 2” of sand at the bottom of the trench before 
laying the pipe. 

4. Lay pipes and check pitch with level elevated level. 
If pitch is not right at any point, change the height of 
the sand at the bottom. 

5. Cover pipe with sand at least 4” on all sides.

7. Place label tape ontop of sand, (typically yellow for 
sanitary lines) and back fill the trench to the original 
elevation. The pipe should be at least 12” below the 
grade. 

Laying out location of fixtures and drains
BHI typically uses a total station to layout the exact 
location of fixtures and drains on site. It is also possible to 
take dimensions off of closest walls.

How to tie in to an active drain line
Use mechanical joints instead of glue. Glue is weakened 
by excess water, and needs an hour to dry, which is not 
practical if you need to turn off water to the building.

1. Glue the connecting 
PVC assembly and let it 
dry before starting the 
installation.

2. Coordinate with 
leadership to turn off 
water to the building.

3. Cut the active line and 
tie-in the PVC assembly 
with Fernco couplings
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Potable Water Lines

Potable water lines are pressurized and so they do not need to 
be pitched. However, all fittings and connections need to be 
strong enough to withstand the high pressure flow. 

1. Scratch lines into gravel bed after it has been compacted. 

2. Place 1-2” of sand below and on top of the lines. It is 
important to do this to prevent the water lines from being 
encased in concrete and making them difficult to dig out if 
there is a leak in the future.  

3. First dry fit all PVC lines before using primer and glue. (see 
pg 115 on PVC notes). 

Make sure you use only pressure fittings and not DWV fittings

4. Valves are needed before every tie-in to an existing water 
line and at the point where main lines enter the building. This is 
so that water can be shut off to certain sections of the building 
if needed.

5. Photograph locations of water lines and update as-builts if 
any changes are made from original drawing plans. 

6. Let glue dry for around an hour and then pressurize pipes to 
ensure there are no leaks.

Valve Boxes

Ideally, good quality union valves should be used 
eventhough these can be expensive.

Build a valve box around valves for easy access. 
These are built out of block with gravel bottoms for 
water to drain into the ground. Render the block 
walls, and pour a thin concrete lid with a rebar for 
a handle. A lid is important to protect the valve 
from deteriorating in sunlight.

Water lines on top of gravel bed before covering with sand

Valve Box with concrete lid and 
rebar

Valve box showing water line

Pressure Test

If an existing water utility is available, the easiest 
way to pressurize pipes is to tie it in to the water 
lines, open the valves and check for leaks. 

If water is not readily available on site, or lines run 
through dry wall which would be damaged if there 
is a leak, air can be used.

Make sure all the faucets 
are turned off, connect an 
air compressor and 
pressurize the pipes to 
about 60 psi with air. 
Disconnect the air hose, 
and leave the pressure 
gauge in place for 24 
hours. If the pressure has 
dropped after this time 
there is a leak.

Pressure tests make it easy to identify which joints 
have not been glued and where there might be a 
small leak. If a leak is found, cut it out and replace 
the piping. 

sandgravel
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Protecting Pipes on-site
It is very important to cover and protect plumbing conduit on-site, 
especially if the concrete slab is poured a few days after the plumbing is 
laid. Protecting conduit includes:

Cap all open ends of pipes
If caps are not available, tape 
can be used. This will prevent 
dirt and other construction 
materials such as rocks and 
concrete from getting into the 
pipe and clogging up the lines. 
If this is not prevented at this 
early stage it will be very 
difficult to unclog lines once 
the building is finished. 

Tying this stub-up to a 
rebar helps keep it 
plumb

Stub-up held in place by mortar

Boxing out floor drains with 2”x4”s

Plumbing installed in CMU block

Covering up open ends of conduit on sit

Ensure stub-ups remain vertical and 
plumb
This can be done by driving rebar on 
either side of the pipe and holding it in 
place with wire. It is also possible to a 
pour a blob of concrete to hold a pipe 
in place

Make workers on site more aware
Spray paint can be used to make some 
stub-ups more visible. The importance of 
protecting conduit on site should be 
emphasized. Try to keep the site as 
clean as possible during construction. 

Box Outs 
Depending on the floor finish and 
purpose of the drain, some stub ups will 
need to be boxed out (ex: floor drains 
in tiled floor, see pg 124). The floor 
around the drain will be poured later to 
ensure correct pitch. 

Make sure to consider the complete 
installation process needed for each 
fixture  and consult the drawing plans 
carefully.

Accuracy of Rough in Location 
Some fixtures, such as floor drains, the 
exact location can be off by a few 
inches and not affect its function to 
much.  

But some fixtures, like toilets need to 
have the rough in done at exactly the 
right location so that the back of the 
toilet does not hit the wall (ex: see pg 
122). If a stub-up is put in the wrong 
place, it will have to be dug up later in 
the construction process and this is an 
expensive and difficult task.

 

Remember that measurements for 
fixtures away from the wall and floor is 
based on finish wall and floor heights. (ie. 
after the tiling/rendering etc... have 
been installed. Make sure to add this 
thickness to the CMU block when placing 
fixtures.

Underground Inspection Checklist 
After laying all the underslab plumbing, check the underground inpsection 
checklist (pg 25) to make sure everything is in place before pouring the 
slab. 

In-Wall Plumbing 
All in-wall plumbing should be 
extended as the CMU block walls 
come up. Connect PVC pipe using 
couplings and extend in 3’ sections at 
a time. Do not extend pipe up too 
high that masons can not easily lift a 
block over the pipe. 

Pipes should be installed in a way that 
does not affect the structural integrity 
of the wall:

- Pipes should come up through the 
CMU holes. If the pipe is off center, skip 
the block, and fill with concrete later.

- Where pipes pass through horizontal 
rebar reinforcement in bond beams, 
ensure that the rebar remains 
continuous. Pipes should be installed 
between two pieces of rebar, and no 
rebar should be cut. Pipes should never be run horizontally in 

load-bearing walls. These are effectively void 
spaces and seriously lower the structural 
integrity of a wall.

CAUTION

Formwork holding concrete in place to fill 
in gaps around plumbing
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10.5 Finish Plumbing and Fixtures

Finish plumbing consists of installing fixtures after the walls have been rendered and painted, the 
flooring is complete or counters have been installed. If rough-in has been done correctly all drains 
and water lines should be in the correct location making installing the fixtures a straight forward 
process. Most fixtures will come with detailed instructions on how to install them.

Summary of Standard Rough-In Heights

These are typical values for rough-in installation heights. See the following 
pages for detailed instructions. AFF stands for above finish floor.

Fixture Conduit Location

Toilet 4” Drain 12” from back finish wall
>18” from side finish wall

8” AFF
6” to left of toilet center

18” AFF

40” AFF

80” AFF

18” AFF

20” AFF
2” to the right of the drain

1/2” Waterline

1 1/2” Drain

1/2” Waterline 
for shower valve

1/2” Waterline

1/2” Waterline 
for shower 
arm/head

1/2” Waterline

Standard sink

Shower

Hose bibbs
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10.6 Toilet Install

Toilets require a drain in the floor and a waterline through the wall. 
Unlike most fixtures the installation during the rough-in stage needs 
to be very accurate to ensure that the installed toilet is at the correct 
distance from the walls. 

In Haiti, BHI 
typically installs 
American 
Standard - Cadet 
Pro Elongated 
Bowl - 
#3517C.101.020

DURING DIGGING AND POURING FOOTINGS (Rough in) 

Placing Drain
BHI typically installs toilet drains with 4” diameter. It is important that the drain is placed exactly 
12” from the back finish wall so that when installed there is 1” between the back of the toilet 
and the wall.  The drain should also be at least 18” off the side finish wall for accessibility. Make 
sure to add the thickness of the wall treatment to the 12” when placing the drain.

The drain stub-up be a few inches above the finish floor. When finished, cap but don’t glue stub 
up to make sure no debris gets into the drain line.  Pour concrete around drain completely level 
so the toilet will sit on a flat surface. 

1”

12”X”

finish w
all treatm

ent 

4” diameter 
drain

1/2” diameter 
waterline

CMU

12”

finish wall

rough wall

X”

>18”

4” 
diameter 
drain

plan view

8”

X”

6”

finish floor treatment 

Placing Waterline
The 1/2” waterline is exactly 8“ 
off the finish floor and 6” off the 
center of the drain to the left. 
Make sure to add the thickness 
of the floor treatment to the 8“ 
when placing the waterline.  

When finished, cap and glue 
waterline stub up. Pressurize 
waterlines as soon as glue dries 
to catch leaks or damage early. 

floor slab

Toilets to not need a 
trap below the slab 
because they have 
one built in.

If drain or waterline are not placed in the correct place they 
will have to be moved, wasting time and resources and 
potentially affecting the structure’s integrity

Toilet drain and water pipe on site

CAUTION
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AFTER INSTALLING FINISH FLOOR (Finish Install) 

It is good practice to finish installing the toilet only after the 
floor (tile or spartocote) has been installed. This is because 
toilets can create small spaces that are difficult to get 
around when trying to install the floor. Detailed instructions 
for installing a toilet should be available from the 
manufacturer.

1. Remove cap off drain and cut flush with floor using a 
cutting wheel starting from the inside of the pipe.

Installing wax rings and johnny bolts

Wheelchair accessible W.C. 

Dimensions for grab bars Dimensions for grab bars and toilet roll dispenser

Ambulatory accessible W.C. 

Silicone sealant

16-18” 17-19”

12” max

7-9”

15” m
in

54” min

42” min42” min

24” min 12” 
min

60” min
56” m

in

48” m
ax

2. Install tapcon flange into concrete floor. BHI typically order closet flanges that sit inside the 4” pipe drain. 
If the flange sites outside the drain, concrete will have to be chipped away to make room and this is likely to 
damage the pipe.

3. Install wax ring and johnny bolts, and attach the toilet bowl to the base. Cut and cover the johnny bolts. 
Continue to install the angle stop, closet supply, tank according to manufacturer’s instructions. 

4. Seal the bottom of the toilet with the floor using a silicone seal to help keep the bathroom mould free.

5. Install the toilet seat and tighten well as these loosen over time and get lost.

Accessibility

The ADA Standards for 
Accessible Design include 
details for size of toilets, 
placement of grab bars and 
toilet dispensers and other 
details. Whenver possible, BHI 
tries to adhere to these 
standards, including at least 
one wheelchair accessible WC 
for every 5 toilets. Refer to the 
ADA standards for more details.  
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10.7 Floor Drain Install

Floor drains are found in rooms that are expected to have a lot of 
water such as a bathroom, a waiting room exposed to rain or a 
patients room that is designed to be easy to clean. 

In Haiti, BHI typically 
installs AB&A 4989 
(round grate) or AB&A 
48791 / AB&A 4855BSQ 
(square grate)

A square grate model is 
preferable for the floor 
drain if tiles are used. 
This makes cutting and 
pitching the tiles neater.

The models above will fit 
on either 2” or 3” PVC.

DURING DIGGING AND POURING FOOTINGS (Rough in) 

1. Locate floor drain based on plumbing drawings
2. Floor drains require a trap under the slab (make a note about 
what a trap is in general sec.)
3. Stub drain up into the air a few inches above the finish floor 
elevation. Cap but don’t glue the stub up to prevent debris from 
getting into the drain. 
4. Bury all pipes in sand and cover with gravel before pouring the 
slab on grade. 

Depending on the finish floor treatment, the process of pouring the 
slab on grade will be different:

Remember to protect PVC 
stubs to avoid cracks in drain 
lines that are harder to 
identify (See pg 120)

CAUTION

3. Dry fit the floor drain. If the floor drains used are adjustable set the drain to 
its middle height so it can easily be adjusted after pouring concrete. 
4. Ensure tiles are pitched towards at least 12” around the drain in all 
directions to prevent pooling. 
5. Remove 2”x4” box and glue in floor drain to PVC with PVC glue and 
primer.
6. Fill in empty space around drain with concrete up to the height of the 
slab. Install tile.
7. Adjust floor drain as needed to be flush with the finish floor

Floor drains showing traps 
and under sand

trap

Floor drains under gravel, ready 
for concrete slab pour

Tile flooring
When working with tiles, you may not precisely know your finish floor 
elevation. This is because the slab can be rough and adding more or less 
mortar in different places is used to make the tiles level. Therefore, it is best to 
pour the pitch for the drains AFTER tile install has begun to get the finish floor 
elevation correct. 

1. Box out the drains with 2” x 4” before 
pouring slab. (see pg 67)
2. Pour slab and begin to install tiles. The 
finish floor elevation is now known. (Typically 
2” above rough slab)

Laticrete Spartacote flooring
Spartocote is only 1/8” and the SOG is 
sanded down before installation.  This 
means the slab height is approximately 
the same height as the finish floor, and so 
the drains do not need to be boxed out 
before concrete pour. 

1. Before pouring slab cut the drain pipe 
flush with the floor. If drain is adjustable 
set to its middle height. 
2. Dry fit before gluing in with PVC glue 
and primer. Cover drain with tape.
3. Pour slab. Pitch floor at least 12”  
around the floor drain, do not place any 
control joints near drain to avoid pooling.
4. Install spartacote flooring (See pg 
152). Avoid sanding the floor drain, 
removing its chrome finish. Tape cleanly 
around and over drain and ensure it 
stays on throughout, re-tape if needed.

Box out drain and 
then pour slab

Fill in concrete 
around drain

>12”

Pitch floor at least 
12” around drain

Leave adjustable screw at middle 
height, so drain can be adjusted 
as needed to be flush with floor

2”

3”

Can fit 2” (inner fit) and 3” (with 
couple) Schedule 40 DWV
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10.8 Hose Bibb Install

Hose bibbs (or outdoor spigots) are faucets that can easily have a hose 
attached to them. BHI uses hose bibbs in a variety of locations, not just 
outside the building. 

Interior hose bibbs can be used in mop sinks, bathrooms and bucket 
showers. Exterior hose bibbs are used for watering, cleaning equipment 
etc.. BHI typically uses keyed hosebibs outdoors for added security. Brass 
hose bibbs are more affordable and can be used outside.  

Single handed hose 
bibbs used indoors. 
In Haiti, BHI 
typically installs 
Central Brass 
#005-H1/2P

Keyed hose bibbs 
used outdoors. In 
Haiti, BHI typically 
installs Central Brass 
#0576-1/2

1. Locate hose bibbs based on plumbing drawings

2. Bring up 1/2” waterline up into CMU wall at the 
correct location. Typically stub out wall height is 18” 
above final grade to leave enough room for a typical 
5 gallon bucket (14.5“ height), but this may vary 
depending on use. 

3. Before stubbing out of wall, vertical PVC is 
connected to a threaded male adapter to a 
galvanized elbow to a 6” galvanized nipple as shown. 
This is to make the faucet stronger and harder to break 
outside the wall.

4. Use Teflon tape and pipe dope at galvanized 
fittings to fill up the space between threads and 
prevent leaks. 

DURING CMU WALL BUILDUP (Rough in) 

Hose bibb rough in on site

AFTER WALLS ARE 
PAINTED (Finish Install) 

1. Remove 6” nipple and cap. 
It should unscrew relatively 
easily with little to no damage 
to the finish wall.

2. Replace with shorter 2“ - 3” 
nipple. This will allow the hose 
bibb fixture to sit closer to the 
finish wall.

3. Use Teflon tape and pipe 
dope at galvanized fittings
 

Mop Sinks

Mop sinks are very convenient easy-to-build 
cleaning stations. A part of the floor is sectioned 
off with a curb and a hose bibb and floor drain 
are installed.  The floor can be tiled or laticrete 
and the curb poured concrete or block.

Mops sinks have greater pitch (3%) than regular 
floors and the height of the curb will vary 
depending on its purpose.

C
M

U 
W
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l

1/
2”

 P
VC

 w
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lin

e

threaded 
male 

adapter

galvanized elbow 6” nipple

ty
pi

ca
lly

 1
8”

 

2”/3” 
nipple

fin
ish

 w
al

l

hose bibb

floor drain

curb

Consider placing 
the hose bibb on 
the sidewall (not 
facing the curb 
as shown above). 
This will prevent 
water from 
shooting out and 
wetting the user.
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10.9 Shower Install

Bucket Showers 
Bucket showers are typically used in patient 
bathrooms. This is because they are more 
accessible for patients that need a someone 
to help them shower. In rural Haiti, they are 
also similar to how most patients would 
shower at home.

Bucket showers are sturdy and easy to install. 
They consist of a floor drain (see pg 124) and 
a hose bibb install (see pg 125). Note that 
the hose bibb will be higher than a typical 
outdoor hose bibb (around 24” - 36” for ease 
of reach). 

Full height Showers 
Shower fixtures should come with detailed installation instructions from the manufacturer, 
including dimensions. The dimensions given here are a standard example based on the 
American Standard R701, that BHI typically installs. 

Curbs vs Depressions
Curbs and depressions around a shower 
are a good way to keep water from 
flooding the rest of the bathroom. Curbs 
are typically installed in full-height 
showers while depressions are used 
where drainage or accessibility is more 
critical (ex: patient showers)

~40” 
AFF

~80” 
AFF

2 3/8” +/- 1/2”

AFF - above finish floor

shower 
valve

45 degree 
PVC elbow

1/2” 
PVC

escutcheon 
(shower handle)

finish wall

Shower Valve Rough in
It is important that the shower valve is located the 
exact distance from the finish wall as stated in the 
manufacturer’s instructions. This is not always a 
straightforward task. 

If the shower valve is set too far forward, the 
escutcheon will not sit flat on the wall and if it is set 
too far back in the wall the handle will not engage 
the valve. This can be fixed with a shower valve 
extension but this can be expensive. Additionally, If 
the wall treatment is around 1” thick, then the 
shower valve, and the water line will need to be 
located in the block of the wall to be positioned 
correctly.

Manufacturer’s instructions 
will give the exact dimension 
that the shower valve needs 
to be from the finish wall. 

Bucket shower with laticrete up walls

For easier placement, and to avoid having to place the water line in the block, 45 
degree PVC elbows can be used above and below the valve to offset it into the 
correct place as shown. Make sure to secure the shower valve to the wall with tie 
wire so that it does not move during use. 

Shower head rough in typically is installed at 80” AFF, leaving room for a tall person to 
stand under a shower arm. Typical 1/2” PVC is used for waterlines, Ensure to glue all PVC 
caps and pressurize to check for leaks after rough in. 

Shower floor drains are similar to floor drains installed on pg 124.

During Finish plumbing, after the walls have been rendered install the escutcheon and 
shower handle (ie. trim kit) using necessary threaded connections. Any transitions from 
brass, galvanized steel or copper to PVC requires the use of Teflon tape and pipe dope to 
fill up the space between threads and prevent leaks. 

Notes on Installation 
Make sure the wall is tiled or covered in spartacote (pg 152) in the places that will 
frequently get wet. 

Always install the water lines and fixtures on a side wall, so at high pressure water will 
hit the opposite wall instead of spraying out of the shower
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10.10 Sink Install

There are many different types of sinks all made for different utilities. BHI typically installs: bathroom 
porcelain sinks, hand washing stations, in-counter sinks and concrete basin sinks. We typically only 
install sinks with cold water, although a small local water heater can be used if hot water is needed 
(see pg 130).

Sinks will come with installation instructions from the manufacturer with required dimensions. The 
following details outline general notes and typical dimensions but these might vary.

16” 
AFF

2” to right 
of drain

18-20” 
AFF

32” 
AFF

32” 
AFF

rim of 
sink

water line

drain

Typical rough-in install heights

Leak Test
After installing any type of sink always test the fixture for leaks. Use a strainer 
to block the drain, then fill the basin with water. Pull the strainer so that a lot 
of water enters the drain and trap all at once. Look under the trap for any 
leaks and fix as needed.

Goose-nec
k faucet

basket 
strainer clean-out 

tee

lavatory 
supply hose

escutcheon
angle stop

trap 
adapter

PVC union 
P-trap

tail-piece

2-3”

Typical Sink Install Parts

 Waterline
 PVC male thread adapter (1/2”) 
 Angle stop (1/2”)
 Lavatory supply / faucet connector 
 (1/2” - 3/8”, length varies)
 Brass cap (1/2”) - cap hot water side of sink
 faucet if not using this line
 Escutcheon (1/2”) - optional, used if wall
 around water line is not aesthetic

 Drain line
 DWV clean out tee with plug (1.5”)
 PVC union P-trap (1.5”)
 Trap adapter (1.5”)
 Flanged tailpiece (1.5”) - BHI typically
 purchases double ended flanged tailpieces
 which are cut in half and used for 2 sinks
 Basket strainer

Mold and Mildew Resistant Silicone Caulk
All edges around the sink that come in contact with a 
counter or wall should be caulked with a mold and 
mildew resistant caulk. Tape off surface around sink 
using painters tape to keep caulk line neat. Remove 
tape after caulking and leave to dry. (BHI typically uses 
GE Silicone 2 + Kitchen and Bath Sealant)

Rough-in Heights
The typical heights shown on the left are for a typical sink but should be adjusted as 
needed. Remember that lower drain heights are safer than high ones because they are 
easy to fix with a long tail-piece extension. A high drain may mean breaking opening 
the wall or setting a sink too high. 
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1. During rough-in, install 1/2” waterline and 1 1/2” drain line using 
the typical install heights.
2. After rendering and painting the walls, layout sink bracket on 
the wall so that the rim of the sink is at 32” AFF.
3. If concrete block wall, fasten the bracket to wall using 
tap-cons. If drywall use appropriate blocking between metal 
studs (see pg 161).
4. Install sink on wall, follow any instructions from the 
manufacturer. Connect drain and water lines.
5. Apply a silicone sealant around edges of the sink where it 
touches the wall and leak test the fixture.

Stub outs from wall for sink 

Example detail of concrete laundry sink

Formwork on concrete sink

Porcelain and stainless steel wall hung sinks

In-counter Stainless Steel Sink
(BHI typically installs:
110" x 14" x 10" Regency #600DI1101410 stainless steel sink 
Above fixture comes with 8” goose-neck faucet)

1. During rough-in, install 1/2” waterline and 1 1/2” drain line using 
the typical install heights. If the counter is a non-standard height 
adjust heights accordingly.

Concrete Sink
BHI typically builds a concrete sink that can be used for washing laundry or dishes. The 
example given here can be modified as needed. 

2-3”

mounting 
bolts

The hole cutout in the counter top for the sink should just be 
slightly larger than the mounting bolts on the underside of the 
sink. Always be conservative when cutting the hole. If it is too 
small it is easy to drill out holes for the bolts but if it is too large for 
the sink the entire counter will need to be replaced.

Cut out for sink in counter top
The distance between the front 
of the sink to the edge of the 
counter should be around 2-3”, 
further than this and the taps 
will be uncomfortable to 
reach.

Wall Hung Sinks 
Wall hung sinks could either be porcelain sinks typically found in 
bathrooms or stainless steel sinks that can be used as hand 
washing stations. 

(BHI typically installs:
17" x 15" Regency #600HS171H (1 hole model) stainless steel sink 
Faucet: T&S Brass - B-0310-119X-WS (Lever handle)
Install kit: T&S B-0230-K 1/2" NPT Elbow Installation Kit - note this kit 
comes with 2 elbows, but the above sink install requires just one 
elbow, so order 1 kit per 2 sinks).

2. During finish plumbing, after the walls are painted and rendered and the counter tops have been installed, cut out a hole for the sink in 
the counter top.
3. Install strainer, drain and faucet before installing the sink in the counter. Install sink with plates underneath to keep it in place. 
4. Apply a mold and mildew resistant silicone caulk around edges of the sink where it touches the counter. 
5. Leak test fixture (pg 119) and install back splash on counters where applicable.

1. During rough plumbing when the walls are 
coming up, bring up water line to faucet height 
at around 40” AFF, and drain to 20” AFF. This can 
be changed depending on the height of the 
sink, depth of the basin, number of basins tied 
together etc..

2. Before floor is installed and walls are 
rendered, build up the legs for the sink with CMU 
block. Reinforcement can be tied into block 
legs, back wall and side wall with overlap as 
shown.

3. The basin will be poured concrete into a formwork. Use concrete with around a 
5-7cm slump, 4000 psi and with peastone not gravel in the mix. 

4. The pour will need to be coordinated carefully with the installation of the basket 
strainers and tail pieces. First install the tail pieces on basket trainers and place in 
appropriate location. You will likely need to cut into the formwork to make room for this 
assembly. 

40” AFF

30” AFF

22” AFF

18” AFF

12” AFF

faucet

rebar (#4) tied into 
rear wall, side wall 
and leg supports

drain

block legs on either 
side
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1. During rough-in, install 1/2” waterline and 1 1/2” drain line using 
the typical install heights.
2. After rendering and painting the walls, layout sink bracket on 
the wall so that the rim of the sink is at 32” AFF.
3. If concrete block wall, fasten the bracket to wall using 
tap-cons. If drywall use appropriate blocking between metal 
studs (see pg 161).
4. Install sink on wall, follow any instructions from the 
manufacturer. Connect drain and water lines.
5. Apply a silicone sealant around edges of the sink where it 
touches the wall and leak test the fixture.

Stub outs from wall for sink 

Example detail of concrete laundry sink

Formwork on concrete sink

Porcelain and stainless steel wall hung sinks

In-counter Stainless Steel Sink
(BHI typically installs:
110" x 14" x 10" Regency #600DI1101410 stainless steel sink 
Above fixture comes with 8” goose-neck faucet)

1. During rough-in, install 1/2” waterline and 1 1/2” drain line using 
the typical install heights. If the counter is a non-standard height 
adjust heights accordingly.

Concrete Sink
BHI typically builds a concrete sink that can be used for washing laundry or dishes. The 
example given here can be modified as needed. 

2-3”

mounting 
bolts

The hole cutout in the counter top for the sink should just be 
slightly larger than the mounting bolts on the underside of the 
sink. Always be conservative when cutting the hole. If it is too 
small it is easy to drill out holes for the bolts but if it is too large for 
the sink the entire counter will need to be replaced.

Cut out for sink in counter top
The distance between the front 
of the sink to the edge of the 
counter should be around 2-3”, 
further than this and the taps 
will be uncomfortable to 
reach.

Wall Hung Sinks 
Wall hung sinks could either be porcelain sinks typically found in 
bathrooms or stainless steel sinks that can be used as hand 
washing stations. 

(BHI typically installs:
17" x 15" Regency #600HS171H (1 hole model) stainless steel sink 
Faucet: T&S Brass - B-0310-119X-WS (Lever handle)
Install kit: T&S B-0230-K 1/2" NPT Elbow Installation Kit - note this kit 
comes with 2 elbows, but the above sink install requires just one 
elbow, so order 1 kit per 2 sinks).

2. During finish plumbing, after the walls are painted and rendered and the counter tops have been installed, cut out a hole for the sink in 
the counter top.
3. Install strainer, drain and faucet before installing the sink in the counter. Install sink with plates underneath to keep it in place. 
4. Apply a mold and mildew resistant silicone caulk around edges of the sink where it touches the counter. 
5. Leak test fixture (pg 119) and install back splash on counters where applicable.

1. During rough plumbing when the walls are 
coming up, bring up water line to faucet height 
at around 40” AFF, and drain to 20” AFF. This can 
be changed depending on the height of the 
sink, depth of the basin, number of basins tied 
together etc..

2. Before floor is installed and walls are 
rendered, build up the legs for the sink with CMU 
block. Reinforcement can be tied into block 
legs, back wall and side wall with overlap as 
shown.

3. The basin will be poured concrete into a formwork. Use concrete with around a 
5-7cm slump, 4000 psi and with peastone not gravel in the mix. 

4. The pour will need to be coordinated carefully with the installation of the basket 
strainers and tail pieces. First install the tail pieces on basket trainers and place in 
appropriate location. You will likely need to cut into the formwork to make room for this 
assembly. 

40” AFF

30” AFF

22” AFF

18” AFF

12” AFF

faucet

rebar (#4) tied into 
rear wall, side wall 
and leg supports

drain

block legs on either 
side

5. Cut and dry fit all undersink plumbing (traps, trap adapters, connection between the 
two basins), to make sure the configuration is properly pitched to the wall. 

6. Remove dry fit plumbing, leaving only the strainer and tail piece. Protect the strainer 
and tail piece so that not masonry enters them.

7. Pour the concrete. The top of the strainer will be the finish basin height. Smooth finish the 
concrete.  

8. When the concrete is dry, carefully remove formwork so as not damage the tail piece or 
strainer. 

9. Render and sand to get as smooth a finish as needed. Paint the sink with epoxy paint

10. During finish install, after the paint has dried, install dry fitted undersink plumbing and 
confirm they are still correctly pitched.

11. Leak test the fixture.

Rendering concrete sink, showing stub outs

Finished concrete sink

Depending on the space and pitch available, 2 traps can be installed 
(one for each basin) or 1 trap can be installed after the two basin drains 
connect together.
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10.11 Hot Water Heater Install

BHI typically does not install hot water showers or sinks, but if required, we install a small, local water 
heater. This helps keeps energy and maintenance costs low. Sinks with hot water are used in specific 
cases such as in a surgical suite or for glassware sterilization. 

washer 
and nut

washer 
and nut

NMC - liquid 
tight electrical 

to heater
disconnect

drop-in 
anchors

hot water 
heater

drain pan

ACT

unistrut frame

hose connector

CPVC line and 
valve - hot 
water out, cold 
water in 

th
re

ad
ed

 ro
d

Hot water heaters should be placed close to the sink/shower 
head they are attached to. This can be above the ceiling grid 
(as shown to the right) or sitting on a bench under the sink.

Ensure to use a drain pan under the heater in case of leaks and 
to make use of CPVC that is specifically designed for hot water 
use 

Heater under sink on bench Heater above ACT grid Close up of heater showing disconnect  and hose 
connectors
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10.12 Drain Cleanout Install

Drain Cleanouts provide access to a building’s main sewer line. They are meant to go unnoticed until 
there is a problem such as a clogged drain, then they provide access to the line which can be 
cleaned out with a drain snake. Drain cleanouts can be placed both inside or outside a building, as 
long as they are in line with the plumbing mains. Note that cleanouts do not have traps.

Exterior Cleanout in Low Traffic Area
This is the simplest and most cost effective cleanout. It should be located just outside 
the building but not in an area with a lot of traffic (ex: a flower bed or planter would be 
appropriate but not a sidewalks). The profile of the cleanout’s cap can be extruded 
since it will be located out of the way. 

Exterior Cleanout in Sidewalk
A cleanout can be placed on an exterior sidewalk or high traffic area if the cap used 
lies flat against the sidewalk so that it is not a tripping hazard. 

Install a PVC female threaded coupling at the top of the cleanout that is flush with the 
sidewalk when it is poured. During finish plumbing a brass plug can be installed, or a 
more durable brass square key plug.  

Interior Cleanout in Sidewalk
Similar to a cleanout an interior cleanout will need to be flush with the floor so as not to 
be a tripping or contamination hazard. Interior cleanouts or varying affordability can 
be bought. BHI typically uses AB&A #4841 A4.

Installing an interior cleanout is similar to a floor drain install (pg 124) except the floor 
does not need to be pitched. 

Typically the main drain line and cleanout will be a 4” PVC. The clean out will branch 
out from the main. During rough plumbing, stub out the clean out, and cap it during 
construction so that nothing enters the pipe. During finish plumbing, the cleanout can 
be cut down and covered with a suitable cap. 

plumbing 
mainThis is an example of how 

cleanouts will be laid out on a 
building plan. The end clean 
outs are in line with the plumbing 
and just outside the building. 

Cleanout stub-up during rough plumbing

Cleanout just outside building and in line with 
plumbing main

Outdoor extruded 
cleanout cover

Brass square key plug Brass cleanout cover

Interior cleanout flush 
with tiles
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fino

10.13 Vents

Plumbing vents help regulate the air pressure in the plumbing system. They let 
in fresh air into the pipes to help water flow smoothly and carry sewer gases 
up to the roof and out of the building. Lack of plumbing vents or clogged 
vents will result in sewer gas rising up through fixtures in the building, making 
the interior very smelly. Built up negative pressure in the drain system will also 
cause clogged or slow-flowing drains, that over time will result in built up 
sediment in pipes and more blockage.

sink

roof

floor

lavatory

dr
y 

ve
nt

vent

sewer gas

Water collected in traps can 
prevent sewer gas from rising up 
through the fixture. Traps do 
need to be installed in vents 
because individual fixtures 
should have their own traps. 

Vents are typically 1/2 the diameter 
of the waste line (ex: 2” vent for a 4” 
toilet drain)

A sanitary tee should be 
used here to allow air to flow 
(see pg 115)

concrete 
roof

waterproof 
paint

vent

Vent Stub Outs on the Roof

Location
Ensure that vents are not placed near any windows 
or air-intakes so that sewer gas will not re-enter the 
building. Vents should also not be placed on a 
parapet, as these can be seen from the ground level 
and is not aesthetically pleasing.

Waterproofing
Vents penetrate right through 
the roof, so waterproofing is 
needed.

If it is a concrete roof and the 
vent is coming up from a 
block wall, a mound of fino 
and waterproof paint can be 
used.

When bringing up a vent from 
drywall or through a metal 
roof BHI uses Oatey Roof 
Flashing 14052 Master Flash 
(.24” - 4” diameter) for extra 
protection. 

CMU 
wall

In many low-resource settings, vents are frequently done incorrectly or not installed at all. Ensure 
that every fixture in a building has a vent, per plumbing code.

Vent stub up on concrete 
roof

Vents are generally placed above 
every fixture but it is possible to have 
multiple fixtures that are close 
together tie into a single vent. This 
minimizes roof penetrations and the 
chances of leaks and is more 
efficient. 

There are numerous venting designs 
and requirements to ensure you are in 
agreement with the plumbing code, 
so make sure your venting systems is 
designed by a master plumber or 
someone with significant experience. 

A wet vent is a drain pipe that is a larger size 
that what is required for its utility. The extra 

space in the pipe allows for a large air space 
above the sewage which can provide 
venting airflow in the same pipe as the 

waste flow.

Wet venting reduces the number of individual vent 
pipes required by a drainage system. There is a 
detailed code that should be followed on the number 
of fixtures that can be attached this way, the sizing of 
the pipes, the distance between fixtures and so on. 

Similar to wet venting, circuit (or branch) venting, 
makes use of half-full flow in drainage pipes, to 
circulate air in the top half of the pipe. Circuit venting 
systems can combine a greater number of fixtures 
and sometimes consists of a relief vent.

Pipes should never be run horizontally in load-bearing 
walls. These are effectively void spaces and seriously 
lower the structural integrity of a wall.

CAUTION
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10.14 Potable Water 

Water is considered potable if it:
- contains no pathogens
- contains no or only a harmless concentration 
of toxic chemical products
- is not cloudy or opaque
- is not salt water
- has no taste, color or smell
- is not corrosive

Choosing a Site
One of the first things that should be considered when choosing a location for a 
health care facility is if there is enough water to supply the facilities’ projected 
needs.

The water sources on site should be assessed thoroughly to verify the quantity, 
quality, affordability and accessibility of water during different seasons through out 
the year.  Water-related diseases in the area should also be taken into account. 

Water Sourcing
Any site will have three potential potable water sources: rainwater, ground water 
and surface water. Ideally a facility will make use of multiple sources.
 

Inpatient 200

liters per day
per person 

Outpatient

Staff
Resident 

10

40

150

Estimating water usage for a health facility - 
Note that in many under-resourced settings 
facilities will run at over-capacity 

1. Rain Water

2. Ground Water

3. Surface Water

aquifer

well/bore 
hole

> 3m
spring

surface run-off

surface run-off

river/stream/lake/swamp

infiltration

Rain water in rural settings can be a clean source of water if harvested 
properly. Water from roof catchments should be cleaned to deal with 
contamination from dirty surfaces. Even in sites with frequent rains, rain 
water can be an unreliable water source unless the facility has a large 
storage capacity, such as a reservoir, to make up for dry periods. 

Water can be called ground water if it is found more than 3m below the 
surface. It originates from water that infilitrates through the soil, and then 
slowly makes it way towards the ocean. It is generally free from 
pathogens if protected from sewage. 

Wells and bore holes can be dug to access water which can then be 
extracted manually or with a pump. Springs occur  when ground water 
naturally makes it way up to the surface allowing for easy access. 
Aquifers and springs need to be protected to prevent contamination. 
They also may have variable water yield or even dry up completely 
depending on the season and usage. 

Surface water includes runoff, rivers, streams, lakes and swamps. It is the 
easiest source of water to locate and access but is exposed to all kinds 
of pathogens, chemical and physical contaminants. Water found 
above 3m below the surface is considered to be surface water because 
is has not been filtered by the soil. 

BHI typically chlorinates all potable water to kill 
pathogens. However, it is safest to further filtrate tap water 
before drinking. In Haiti, most hospital staff drink bottled 
water bought from a third party. 
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Storage 
After water is extracted from a source it is stored on site, usually in a 
cistern or tank.

Cisterns are heavy duty structures built to store large quantities of water. 
They can be built both under and above ground. The sizing of the 
cistern will depend on the estimated water usage of the facility, but 
normally a site should have at least enough water stored for 1-2 days of 
use. BHI typically builds cistern out of CMU, then renders the walls so that 
they are waterproof.

Tanks come in different sizes and are useful for smaller facilities that 
might not have the resources for a larger cistern. In Haiti, it is common to 
see multiple 500 gallon tanks on the roof of households, schools and 
other buildings.  

Pressurization
From storage, the water needs to be pressurized to run in the water 
supply. This can be done by a pump or gravity. 

In the US, water is pressurized at 40 psi, but in BHI’s facilities we pressurize 
water at 25 psi. This is sufficient for most uses and helps save water and 
energy costs. If greater pressure is needed for certain fixtures (eg: 
service sinks, certain toilets) a separate water tower or pump can be 
attached to that fixture. 

Pumps
Most facilities will need a pump system to transport and pressurize 
water. Pump systems can be complicated and will require a dedicated 
operations and maintenance team to function well. Consider having 
two pumps on site in any facility, so that if one breaks down the other 
can be used as a back up. Pumps will often require there own electrical 
source (eg: diesel generator) to ensure continued service.

Water Towers 
Water towers make use of gravity to pressurize water. They have less 
moving parts than a pump and so require less maintenance. However, 
depending on the setting and resources available, it might not be 
feasible to place and build a tower high enough to supply the needed 
pressure. In this case a pump will be needed to add pressure.

Cistern being built on site with CMU 

Above-ground cistern located at highest point on site  

Water tower on compound   

Chlorine pump

Water meter

Pump house   

Example - Calculating Water Tower Pressure 

1. Pressure created by 1- story water tower 
0.4333 x 10feet  ≈ 4.3 psi 

Purification (Chlorination)
BHI chlorinates all water going into taps in all of their facilities to kill pathogens and prevent the spread 
of disease. Chlorine can be added to water at any point after it is extracted from the source. The 
easiest way to chlorinate water is to add the recommended amount of chlorine directly into water in 
the cistern. A more regulated method is to use a chlorine pump which will dose the water as it flows 
through it. A facility may also decide to invest in a chlorine generator which produces chlorine out of 
salt. Chlorine levels should always be monitored to ensure the water is safe. To do this, test water 
chlorine levels from a fixture furthest away from the chlorine source. 

Metering 
It is recommended to set up water meters through out a facility so the that water usage can be 
monitored. Checking all water meters every 1-2 days will allow a facility to identify and stop leaks 
reducing water wastage. Plan for installing water meters during construction as it can be more 
expensive to do so once the building is being used. 

Pressure (psi) = 0.4333 x height (feet)

2. Height needed for minimum required pressure
25psi / 0.4333 ≈ 58 feet 



135

11. Metal
11.1   Structural Members
11.2   Best Practices
11.3   Structural Metal Installation
11.4   Welding
11.5   Decorative Metal 

136
137
138
141
143



136

11.1 Structural Members 

Steel structural members are manufactured in a wide variety of cross section shapes and sizes. Using 
industry standard names for structural members helps prevent miscommunication on site. 

BHI typically uses A36 and ASTM A992 steel, which are both common structural steel used in the US. 

Description Diagram Example Notation

W-shape
(Wide flange 
I-beam)

Notes

W 24 x 76

web is 24” deep
76 lb per linear foot 

w
eb

flange

flange

flange

The most widely used structural member, 
this I beam is designed so that its flanges 
provide strength in the horizontal plane 
while the web gives strength in the 
vertical plane. Used in beams, columns, 
truss members and other load-bearing 
applications.

HP-shape
(Bearing Pile 
I-beam)

HP 14 x 73

web is 14” deep
73 lb per linear foot 

w
eb

w
eb

Similar to the W-shape, except the flange 
and web thickness are the same. Typically 
used for columns.  

L-angle
(Equal leg or 
Unequal leg)

C 9 x 13.4

web is 9” deep
13.4 lb per linear foot 

Used in locations where a single flat face 
without a flange on one side is required. It 
is normally not used alone as a beam or 
column but assembled together with 
other structural shapes connected by 
rivets or welds. 

C-shape
(American 
Standard 
Channel)

L 7 x 4 x 1/2
 3 x 3 x 1/4

longer leg is 7”
shorter leg is 4”
leg thickness is 1/2” 

Angles may be used in combinations of 
twos or four to form main members. Single 
angles are used to connect main parts 
together. 

le
g

leg

Plate

PL 1/2 x 18” x 30”
plate thickness is 1/2”
plate width is 18”
plate length is 30” 

Plates are used as connections between 
other structural members or as 
components to built-up  members. Plates 
are referred to by their thickness and 
width in inches or  approximate weight 
per square foot for a given thickness. (ex: 
PL 1x1”x1” is called a 40 pound plate)

HSS
(Hollow 
Structural 
Sections)

HSS 7.5 x 0.5
HSS 24 x 12 x 1/2

tube radius is 7.5”
HSS thickness is 0.5”
rectangle is 24” x 12” 

HSS are cold-formed, welded steel tubes 
that are produced in square, round and 
rectangular shapes. They are referred to 
by their cross sectional dimension and 
thickness. 
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11.2 Best Practices - Structural Metal

BHI typically builds concrete structures in Haiti but has worked with structural metal. Below are some 
general tips to building with structural metal in under-resourced settings. 

When building steel beams and columns, BHI typically sources 
material and fabricates structural members in the US. This is to 
ensure the highest quality if this can not be assured in the 
country BHI is working in. Structural components for stairs are 
also sourced from the US. 

Other structural metal such as components for metal roofs 
(trusses, corrugate sheet metal, gutters, fasteners etc...) can 
be sourced locally. 

Sourcing Material

Unlike concrete structures, steel requires periodic 
maintenance. Ensure all steel components are coated to 
prevent against corrosion especially if they are near the 
ocean. Talk to your engineer about how frequently 
maintenance with be needed after construction. 

Maintaining Steel Structures

Ensure that qualified iron workers and welders are employed 
on site with experience hoisting and assembling structural 
members safely in high locations. 

Qualified Labor

Connections between structural members is the most 
important part of any steel construction job. If the 
connections are weak, it does not matter how strong 
the individual members are, failure will occur.

There are numerous ways to connect members 
together either through bolts or welding. Specific 
details will be given in the structural drawings.

Connections

Every aspect of a steel structure will be engineered and 
detailed in the shop installation drawings. It is important that 
these are carefully followed and understood by the site 
supervisor and workers on the ground. 

Installation Drawings 

It may be tempting to use an alternate form of 
connection that is not specified in the drawings, 
especially when it comes to welding. (ex: using a 
weld of different strength or less thickness on site). 
This can be very dangerous as every construction 
detail has been engineered to ensure a safe 
structure. 

CAUTION

One of the biggest 
safety concerns for 
workers on 
construction site is 
falling from a high 
height. Other 
hazards include 
but are not limited 
to scaffolding 
collapse, failure to 
use proper 
personal 
protective 
equipment (PPE), 
repetitive motion 
injuries etc.. 

Safety

To reduce risks on site ensure that

- all workers are wearing appropriate PPE ( ex: 
safety glasses/masks and gloves for welding) 
- all harnesses are tested before use
- ladders are propped up safely
- a minimum of two laborers working on any 
task
- fire extinguishers readily available on site.
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1. Anchor Bolts

2. Bearing Plates

11.3 Structural Metal Installation

Every aspect of a steel structure will be engineered and detailed in the shop installation drawings 
and may vary significantly from project to project. This section outlines the typical stages involved in 
constructing a steel structure. Details shown are examples and it is important that structural drawings 
are carefully followed and understood by the site supervisor and workers on the ground.   

Typical stages of steel construction: 

Anchor 
Bolts

Bearing 
Plates Columns Girders Beams Bar Joists/Trusses

Anchor bolts are the first metal structural element put in place. 
They are set in position and held in place during the concrete 
pour of the footings. The anchor bolts that protrude through the 
concrete are designed to have column bearing plates installed 
on top of them.

Column-bearing plates are made of steel and come in different 
thickness. They come pre-drilled with holes to be placed over the 
anchor bolts and are connected directly to the columns.

J-anchor 
bolt

J-anchor 
bolt

metal 
shim

column- 
bearing plate

grout-pouring 
holes

connecting 
angle

concrete 
column 
footing 

column 
bearing plate

hole for 
anchor bole

Anchor bolt bent out of place on 
site. Other anchor bolts are covered 
in plastic to prevent rusting. 

Take care to place anchor bolts in the 
correct position and standing vertical so the 
bearing plates can be lined up accurately. 

1. Place the bearing plate into position over the anchor bolts. Fasten the 
anchor bolts with washer and nuts. 

2. Metal shims are 3-4” metal squares of different thickness. Place these under 
the edge of the 4 corners of the plate to adjust its height and make it level. 

3. Use a laser level/string lines/builder’s level to ensure that all the bearing 
plates are at the correct height in relation to each other, according to 
drawing plans. Be especially careful if bearing plates are separated by a 
considerable distance. 

4. When the plates are aligned, fill the space between the plate and the top 
of the concrete footing with grout. There is usually a hole at the top of the 
bearing plate for the grout to be poured into. 

5. Wait before the grout hardens before installing the column.

Washer 
and nuts

grout 
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3. Columns

4. Girders

Column beams are attached directly unto the 
column-bearing plates with connecting angles. The 
placement of the angles will depend on if they are 
bolted to the web or flange of the column beam. The 
angles could be bolted or welded into place 
depending on the size of the column. Sometimes the 
column may be welded directly unto the bearing plate; 
in this case no connecting angles will be needed. 

Girders are the main structural horizontal members that support 
perpendicular beams at each level. They span from column to column and 
are typically connected to columns by a bearing or seated connection.

I beams are usually used for columns as they are strong and 
easy to connect to other members.

If a column is not long enough and needs to be spliced to 
another column, make sure that the joint where the two 
members meet is at least 2’ above a story level.

Columns are connected together using splice plates which 
can be bolted or welded to the flange of the beam.  

If the columns members 
that are being 
connected together are 
the same size, they will 
typically be connected 
butt-to-butt with a splice 
plate over the joint

In a bearing connection 
the girder is placed on 
top of the column and 
bolted or welded in 
place with a cap plate.

In a seated connection, 
the girder is attached to 
flange of the column 
using angles. 

If the columns size is 
reduced at the joint then 
filler plates are used under 
the splice plate and a 
bearing plate between the 
differently sized members. 

Column Base Plate 
Connections 

Column welded to 
base plate on site, 
showing top of j-bolts 
embedded in the 
footings

Seated Connection

Weld base

Bearing  
plate

splice plate

splice plate

I-beam

Angles bolted to flanges Angles bolted to web

bolts

bearing connection

seated connection

bolts

filler plate

bearing
plate

I-beam

girder

girder

cap 
plate

co
lu

m
n

co
lu

m
n
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5. Beams

6. Bar Joists and Trusses

Girder spanning across columns, beams run 
perpendicular across girders to make up support for 
the roof load

Trusses used in Haiti Projects Library in FDB.

beam
beam

beam

girder girder

Beams, similar to girders, are horizontal structural members that are 
connected to girders or columns. They typically span across girders helping 
to carry floor loads. Beam to column connections are similar to girder and 
column connections. There are many alternate beam-to-girder connections:

Bar Joists and Trusses are similar to beams 
and span between girders, however they 
have a bearing surface. They are typically 
light weight and made from smaller 
structural elements. Sometimes the 
presences of bar joists and trusses 
eliminated the need for beams between 
the girders. 

Beams can be directly attached 
to the web or even flange of the 
girder

If the flanges of the beam and 
girder need to be flush, a coped 
beam is used. This is when a 
portion of the beam is cut as 
shown.

coped beam end
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11.4 Welding

Welding is a fabrication process that uses high heat to melt metal parts and fuse them together as 
they cool. It is different from brazing or soldering which use lower heat and does not actually melt the 
base metal, instead a different metal is used to act as a glue between the parts.

When welding structural parts, each weld is calculated by a structural engineer to ensure the joint will 
not fail. It is very important that the weld specified in the drawings is understood and correctly done 
by a skilled welder.
 

Stick Welding 
While there are different types of welding, stick welding 
is typically used on BHI projects. This is because stick 
welding is:

- Versatile: suitable for indoors, on a construction site, in 
remote areas etc.
- The equipment needed is inexpensive and portable
- The process is less sensitive to wind and drafts
- It can be used on most metals and alloys

Stick welding is a form of arc welding, meaning heat is 
generated by electricity. 

Filler Rod
Filler rod is made of the same material or an alloy of the 
base metal. The tip of the rod is melted during the 
welding process and pools into the joint, helping to 
replace some of the base metal lost. 

It is coated with flux that, when heated, creates a 
shielding gas around the arc which keeps oxygen 
away from the weld that would react with the metal. 

Stick Welding Rod Classification
The type of filler rod needed for a 
particular weld will be mentioned 
in the structural drawings and 
specified by your structural 
engineer. 

1. The first letter ‘E’ stands for electrode

2. This 2 digit number specifies the tensile strength of the 
weld metal measure in ksi

3. The next single digit represents the most difficult welding 
position you can use the electrode in.

4. The last digit is combined with the previous digit to 
describe the type of flux coating and the suitable welding 
current needed 

1. 2. 3. 4.

BHI always uses welding rods that are 70 ksi for 
structural purposes even if 60 ksi rods are more 
common in Haiti. This is to ensure that the joint 
connection is stronger than the metal and less likely to 
fail. Make sure that the correct welding rod is uses on 
site. 

CAUTION

E - 70 18

Stick welding trusses on site

Welding machines are 
portable and can be 
connected to a diesel 
generator if an electric 
source is not accessible.

The ground clamps is connected to one of the 
metal parts or a working table that the part is 
placed on to complete the circuit. Clamp to 
clean metal for best results.

welding 
machine

ground clamp

filler 
rod

shielding 
gas

flux coated 
filler rod

arc

weld 
base metal 

electrode 
clamp
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1 Any position

Digit Most difficult welding position

2

3

4

Horizontal and flat

Flat only

Overhead, horizontal, vertical 
down and flat

10

Digits

11

High Cellulose sodium 

Coating Type

High Cellulose potassium

DC+ 

Welding Current

AC/DC+/DC-

12

13

High titania sodium 

High titania potassium

AC/DC-

AC/DC+

14

15

Iron powder titania

Low hydrogen sodium

AC/DC+/DC- 

DC+

16

27

Low hydrogen potassium

Iron powder iron oxide

AC/DC+

AC/DC+

AC/DC+/DC-

18

20

Iron powder low hydrogen

High iron oxide

AC/DC-22

24

High iron oxide

Iron powder titania AC/DC+/DC- 

AC/DC+/DC- 

28 Low hydrogen potassium iron 
powder AC/DC+

3.

4.

3rd Digit in Stick Electrode Classification 

Last 2 Digits in Stick Electrode Classification 

Types of Welds 
While there are different types of welding, stick welding 
is typically used on BHI projects. This is because stick 
welding is:

- Versatile: suitable for indoors, on a construction site, in 
remote areas etc.
- The equipment needed is inexpensive and portable
- The process is less sensitive to wind and drafts
- It can be used on most metals and alloys

Stick welding is a form of arc welding, meaning heat is 
generated by electricity. 

Safety

When welding workers 
should wear welding full 
face shields to protect 
themselves from UV 
radiation, particles, 
debris, hot slag and 
chemical burns.

Workers should also wear 
non-flammable clothing, 
ear protection and boots 
and gloves. 

There are numerous types of welds. The type and location of a weld will be marked in the structural drawings. Below are 
the most common welds used on a project, green marks the location of the weld.  

Plug weld Butt Welds

Single-V butt weld Square Butt weld Single bevel butt weld

Fillet weld 
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11.5 Decorative Metal Work

BHI frequently makes use of Haitian metal work for doors, skylights, 
handrails, planters and other non-structural components. Incorporating 
decorative metal work into buildings makes use of local labor and 
materials and helps reflect the cultural aesthetic.

While metal work can be used in numerous ways, this section details a 
standard door, and building practices that can be applied to a variety of 
projects. Haitian Decorative Metal work 

used as a filler panel in a 
breezeway

Standard Panel

Most designs are based on a standard panel, 
typically a 32”-36” square,  that is used at a 
building block for all other forms. Ensure the 
design of the panel does not allow a person to 
pass through.

Maternal Health Care Facility and Haiti Projects Library in 
Fond-des-Blancs, Haiti, making use of standard panels.

Standard Door

1” Angle iron  used as 
door header

2” Angle iron  and 1 wedge anchor to 
attach door frame to wall (see pg 144 
for anchoring details)

Hinge in normal 
orientation (See pg 144 
for alternates)

2” x 4” extension for 
lockset, if there is no 
space on the door 
frame. Tap the door 
frame where the latch 
plate will set.  

2” x 8” plate with 2 
wedge anchors to 
attach frame to floor 
(see pg 144 for 
anchoring details)

2” x 2” steel 
tube door

2” x 4” steel 
tube door frame

Install doors with a door 
handle instead of a 
deadbolt keyed on both 
sides. This is a potential fire 
hazard as people can not 
get out of the building 
without a key.

Build door frames on the ground then 
stand them up and anchor them to the 
ground during installation.

Cover all metal with anti-corrosive 
primer. Remember that this coat 
will need to be reapplied 
periodically. 

When welding on site ensure that 
proper personal protective 
equipment is worn by all workers on 
site. This includes but is not limited to: 
welding hoods, gloves and safety 
glasses. 

CAUTION

Example Uses of Decorative Metal Work

Hand rails Sky light

French door Trellis
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fra
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edoor
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m

edoor

angle 
backstop

fra
m

edoor

Normal configuration of a  
hinge leaves a gap between 
the door and the frame, 
which lets insects in.  

This removes the gap, but is 
not the correct way to install 
a door hinge.

The angle backstop covers 
the gap between the door 
and frame and the hinge is 
installed correctly.

Insect Proofing
When building in tropical climates it is important 
to reduce the amount of insects that can enter a 
building. This involves including screening and 
reducing gaps.

Insect Screening
Mosquito screening, framing and cord is normally 
available locally and can be used to make 
custom sized screens for doors, windows and 
other openings. 

If panels are screwed in, screening can sit 
between them. (Panels can be unscrewed to 
replace screening when needed)
If panels are welded on for greater security, 
screening can be places in frames sitting inside 
the door, held in place using angle clips.

Expanded sheet metal mesh can also be used for 
added structure and security. 

Metal mesh screen in 
frame and held with 
angle clips

2” x 8” x 3/16” sheet 
metal plate

4” x 6” x 3/16” sheet 
metal plate

2” angle iron, 4” length

Screen in between metalwork 
panels

Hinge Orientation to reduce gaps

Anchoring 
Metal frames are attached securely to concrete with 
metal plates and wedge anchors. 

BHI typically uses 3/8” x 3” or 3/8” x 4” wedge anchors, 
although 1/2” x 6” wedge anchors can be used for 
places with high loads (ex: roofs with updrafts) 

Medallions

Haitian Medallions can be used to add aesthetic value to any 
metal framing. These round medallions are purely decorative and 
are tack welded on. 

If more security is needed but you still want ventilation, 
rectangular medallions can be welded to frames with screening 
for further insect protection or privacy. Panels can also be 
screwed on with self-tapping peanut screws if security is not a 
concern. 

2”x 4”

2”
x 

4”

2”
x 

4”

2” 4”

6”
8”

1”

2”block

renderingMake sure to fasten any plate at least 2” 
from the edge of the block. Otherwise, you 
are anchoring the plate to rendering, and 
this will crack off easily.

Make sure to blow out dust 
out of the hole drilled into 
the concrete before 
installing the anchor.  

Plates
Metal plates can be welded unto 
frames and then anchored into 
concrete. There are different plate 
configurations depending on the size 
of the frame and its configuration 
but some common examples BHI 
typically uses are shown below. 

frame
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12. Wall Finishes
12.1   Rendering
12.2   Painting

146
147
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12.1 Rendering and Plastering

Rendering is the processes of covering up walls using a mixture of cement, sand, water and lime, to 
give it a smooth surface, that is visually appealing and waterproof. Rendering and plastering are 
essentially the same except rendering is applied to exterior walls and typically contains a higher 
percentage of cement, while plastering is for the interior. Typically 3 coats are applied, with a total 
thickness of 3/4”.

First Coat
1. The rough first coat provides a key or grip for the remaining coats. It is a 
liquid mix of water and cement. There is no mix design for this coat, but the 
mortar must be liquid enough to stick to the surface.

2. Prepare the surface to be rendered:
 - make sure there is no wood or nails on the surface
 - use a string line tied to a wood form to ensure the thickness of   
  the rendering
 - Wet the surface to increase the bonding of the render to the   
   concrete block

Rendering Mix

The mix ratio 
cement : sand is 1:4 

(see pg 53)

Add enough water to form a smooth 
paste. For the final coat make sure to 
use only fine sand. 

Ensure the sand is clean with no 
contaminated materials. Do this by 
washing the sand on-site with a 
screen mesh and a lot of water.
(see pg 49)

String line 
attached to 
wood form

Float Trowel

3. Render the first coat using a float and trowel as shown below and 
allow to dry.

Second Coat
The second coat levels the surface but does not make it completely smooth. 
At this stage all imperfections of the first coat should be covered. The mortar 
used is less liquid making the rendering coat more workable. Allow the second 
coat to dry before rendering the final coat.

Third Coat
The third and final coat is the finishing coat. 
It is the thinnest layer at about 3/16” - 1/4” 
thick. After rendering the surface should be 
smooth and ready to be painted.

Rendering finished

Best practices for rendering 90° corners: 

- Apply mortar on both sides of the corner 
- Use a carpenter square as a template to 
create the perfect 90° angle
- Make sure the mortar is still wet when 
molding the corner. Remove any extra 
mortar in the corner and, if more is needed, 
add more gradually until you have the 
perfect 90° corner.

Best practices for rendering a window sill: 

Windows must have a minimum pitch to the 
outside of the building to avoid getting rain 
water inside the building. The pitch is 
typically 2-3% and creates a perfect corner 
between the wall and window sill. This 
corner can be made similarly to the steps 
above for rendering right angles.
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12.2  Interior Paint

After rendering, all interior CMU walls should be painted with at least one coat of primer and two 
coats of paint.  There are several types of paint with different specifications and instructions on how to 
apply. The following are typical steps for applying interior paint, but should be adjusted if different 
from the instructions on the paint. 

TOOLS

 Paint Roller
 Brushes of different sizes
 Sand Paper/Mechanical Sander
 Sponge
 CMU plaster
 Plastic (for protecting the floor)
 Ram Board (for protecting the floor)
 Ladder
 Paint Tray
 Blue Tape 

1. Before applying the paint, remove all imperfections 
on the wall with sandpaper or a mechanical sander. The 
right sandpaper texture to use will depend on the 
desired finish for the wall surface. Clean off all dust with a 
wet sponge.

2. Lay down a plastic sheet or ram board to protect the 
floor from paint and use blue tape to protect any edges 
(eg: sockets, window frames etc..)

3. Apply the primer base coat. (The primer may be a 
different color than the final coats)

4. All remaining imperfections on the surface should now 
be clearer. Repair them with CMU plaster and 
sandpaper

5. Apply the second coat of paint. If imperfections are 
visible be sure to fix them before applying the final coat.

6. Touch-up as needed during the rest of construction

Applying the final coat of paint onsite with paint roller
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13. Flooring
13.1  Polished Concrete
13.2  Ceramic Floor Tile
13.3  Laticrete Spartacote Flooring

150
151
152
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13.1 Polished Concrete

Polished concrete is a low budget flooring solution. It can be very 
slippery and should not be used in places where water is expected 
such as bathrooms or outside. While polished concrete typically 
involved numerous grinding and polishing steps, BHI typically builds in 
low resource settings where a more simplified approach is needed. Polished concrete floor in interior of 

warehouse in Haiti

1. Finishing the concrete floor needs to be done when the 
concrete is not fully cured, (concrete is half dry, half wet) See 
pg 67 on pouring SOG and pg 70 on cutting in control joints. 
Because of this it is ideal to pour the concrete slab early in the 
morning or late afternoon when it is less hot so that the slab 
cures slower.  

If finishing by hand, a 
trowel can be used to 
finish the slab while it is 
being poured.

A bull float can also 
be used for a smooth 
finish when the 
concrete is still wet.

A power trowel gives 
the smoothest finish if 
used properly. The 
concrete will need to be 
wet, but still dry enough 
to walk on

Slab with sealant on left 
vs regular slab on right

Finishing Concrete Slab

2. Once the floor is dry a buffer can be used to 
lightly sand the top surface of the concrete floor. 
This is done to clean the surface before applying 
the concrete sealant. 

3. Clean the floor to remove the dust from the buffer 
before applying the sealant. Sweep first and then wash 
with water.

CAUTION

If the concrete is allowed to dry before you give the 
surface the required finish you will have to remove the top 
layer and pour it again. This is time consuming and effects 
the strength of the slab.

DO NOT put a wet layer of concrete on top of a dry layer 
because the concrete will not bond together and the top 
layer will come off over time.

To avoid this, ensure that the team that is pouring the slab 
is large enough to work through the space quickly before a 
part of the floor has time to dry.  

4. In humid environments, concrete sealant helps to 
protect the concrete slab. It also gives the slab a glossier 
shine. To apply, simply pour it on the floor and spread 
evenly across the surface with a rubber squeegee. 
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13.2 Ceramic Floor Tile

Ceramic floor tiles are a popular flooring. They are easy to clean, 
durable, affordable and suitable for many different types of spaces.

Use a string line, or laser level to mark the line running 
through the center of the room in each direction. You 
can start laying a row of tiles in the center of the room in 
each direction with spacers in the middle. Adjust as 
needed to make the tiles look centered in the space.   

Layout 
Before beginning installation. Measure the room and 
check to see that is square. 

If it is not square, make the tiles on the corner of the room 
larger so that the slanted wall is less obvious.  A tile cutter or 
wet saw can be used to cut the ceramic tile. 

Installation
1. After dry laying out the tiles, you are ready to install your 
tiles. Ensure the floor slab is clean with no dust.

2. Place thinset or thickset over the concrete slab. Install the 
tile in place and tap in place with a rubber hammer. Check 
that the tile is level. 

Spacers help 
with tile layout, 
ensure that they 
stand upright as 
shown 

Depending on how flat the concrete slab 
under the tile is, you may use thinset or 
thickset mortar to fix the tile in place. 

Thin-set Mortar is a blend of cement, fine 
sand and a water retention compounds. 
Thinset should be used where the slab is 
mostly flat with minor elevation differences 
up to 3/8” thick. For elevation differences 
greater than this, use thickset. Whenever 
possible, try to use thin-set mortar for tiling 
as it is cheaper than thick-set mortar. 

Notes on Aesthetics

When laying out tiles, try to pull them out from 
different boxes. This will ensure that if there is a tonal 
difference between the tiles in different boxes they 
will be randomized through out the room and be 
less noticeable.

Tiles with patterns will typically have directional 
arrows on the back. Ensure all the arrows are 
pointing in the same direction to create the 
intended pattern. 

Thick-set Mortar is a thicker bed of mortar applied over a 
surface before setting the tile. It is useful to level out an uneven 
surface or to create a slope. (See pg 124 on floor drains)

Thin-set mortar thickness 
measured on site

Dry layout floor tile first to 
ensure tiling will be centered.

When laying out tiles make sure you do not tile yourself 
into a corner. Make sure you allow the mortar to dry 
before stepping on a tile.  

3. Seal the joint between tiles with 
grout. Grout comes in different types 
and colours and will be specified in 
the architectural drawings. Apply it 
into the joints with a hard-edged 
rubber float held at a 45 degree 
angle. Wipe off excess grout with a 
wet sponge when the grout begins to 
harden. 
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13.3 Laticrete Spartacote Flooring

Laticrete Spartacote flooring is a polyaspartic concrete floor 
coating that provides a long-lasting durable finish. The advantages 
it offers over other flooring systems are:

- Seamless flooring allows for sanitary surfaces. It is ideal for labs, 
patient rooms and other clean spaces.
- Quick installation: With a team of x, BHI can install 3000-4000 sf of 
spartacote flooring in a day, with flooring ready for use in 24 hours
- Install teams can be small and local

While Spartacote installation is comparatively quick and easy, 
there is little room for errors. A successful install requires proper 
planning and coordination starting as early as 12 weeks before the 
installation.

6 WEEKS BEFORE
Prepare concrete slab
1.  Pour the slab (See pg 67), pitch for floor drains if needed (pg 124) and 
plan for control joints in the slab (pg 70)
2. Any bumps, height variations will show once the laticrete has been 
installed. Sand or patch any imperfections.
3. The concrete slab finish needs to be at final elevation, flat and even with 
open pores and exposed aggregate.  To finish the slab either:
 - Work slowly to hand finish the slab with a magnesium float at 
correct elevation, grind off top layer or “cream”
 - Pour concrete much faster, and power trowel once concrete is 
hard enough to walk on. Saw cut joints in and open up concrete pores with 
a grinder

12 WEEKS BEFORE 
Check all materials and tools needed for spartacote installation have been procured and are on the way to the site. 
See pg xx for complete list.  

Exposed aggregate and open pores

Imperfections in slab that should be patched

4 WEEKS BEFORE
Fill in control joints
Control joints in the slab will take in a lot of spartacote if left open, significantly reducing your coverage. BHI typically 
uses sand and a laticrete patch product called “Fast Fix” to fill in control joints. Fast Fix sets quickly so read all 
instructions and mix small quantities.

sand
fast fix

edge of 
control joint 
rounded by 
finishing 
trowel

Fill control joints with dry sand and Fast Fix Fast Fix installed well Sand below Fast Fix was wet causing it to 
bubble

pigmented 
base coat

decorative 
chips

clear top coat

Laticrete 
Spartacote layers
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Use a concrete grinder on top of slab 
If the top of the slab is too smooth or has surface level mortar called “cream” it will need to be grinded down, to 
expose the concretes pores and aggregate. A concrete grinder can be used to do this. Ensure to read all the 
instructions before use as it is an expensive piece of equipment.  Note that for hard to reach corners and small areas a 
belt sander can be used with rough 40/60 grit sand paper.

Cement and water rises 
to the top making 
surface level mortar or 
“cream”

Concrete is too 
smooth with no open 
pores or exposed 
gravel

Open pores and 
exposed gravel

Concrete grinders can be used on wet or dry surfaces:

Wet Sanding helps keep the dust contained on the 
floor, in a thick slurry (which can be cleaned up 
afterward with a wet or dry shop vacuum.)Concrete 
grinders have a hose connection to help wet the 
surface. The hose will require some water pressure 
which can come a small tank at an elevated height 
(such as a ladder or on the roof).

Dry Sanding will kick up more dust into the air so 
ensure that all workers are wearing masks and gloves. 
Dust will also get on the walls, especially at the bottom 
where the cove base will be installed, so make sure to 
clean this off very well.  Clean up dust with a dry shop 
vacuum when finished. 

CAUTION

Concrete grinders use a lot of power and should be 
used with a #8 SO or similar extension cord. If a wire 
with a smaller power rating is used it could overheat 
and damage the motor 

Install Cove Base (after walls are rendered)
Spartacote flooring should go a few inches up the wall. Cove bases are 
rounded fillets found at the corner where the wall meets the floor which 
provide a surface for the spartacote coating to be laid on. They are formed 
with mortar made specifically for this purpose. BHI typically uses Maper 
Mapecem quickpatch or laticrete cove gel.

1/2 of 4” PVC

2”

2”

1. Nail a string line 2” above the floor and 2“ from the base of the wall to 
mark the edges of the cove base.
2. Spread mortar at the base of the wall and let it set for a few minutes.
Mold the  2” radius cove base with half of a 4” pipe
3. Run a wet PVC over the molded cover base for a clean finish.

Cove bases can be time consuming, so make sure to start early. They should 
not be installed where an object will be floor mounted right next to the wall 
such as door frames, metal work or toilet partitions. 

Cove base install

No cove base here 
where door frame will 
be installed

1 WEEK BEFORE
Doors and Frames are hung
Frames should be taped at the bottom. 
Ideally all doors should be taken down so there are less hidden sections during 
flooring install.

Toilets are NOT installed
This will create small spaces that will make spartacote installation difficult. 
Wall-hung plumbing can be installed.

Spartacote coming up wall in a shower

If you paint the walls after spartacote 
install, make sure to protect the floor. 

All walls are painted EXCEPT where spartacote will be installed
At most apply a coat of primer where spartacote will be installed on the 
walls. Glossy or semi-glossy paint will make it hard for the spartacote to stick 
to the wall. The areas you SHOULD NOT paint are: 
 - 4” - 6” off the base where the cove base is
 - Walls that typically get wet (eg: bathrooms, showers, mop sinks etc
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Building is watertight
It is important that not rain can get into the building during the flooring install. Ensure that all metal roofing, windows 
and louvers are installed and roof penetrations are sealed or covered.

3 DAYS BEFORE
Clean the Floor
In order for the laticrete to stick properly the floor needs to be clean and not dusty. 
Sweep the floor and then mop thoroughly. 

Ensure the Concrete Slab is Dry
If the water content in the concrete is too high, as water leaves the slab the 
spartacote will separate from it. Make sure that you minimize water content by:
 - Allow the slab to cure for at least 2 weeks before install. 
 - Any slab exposed to rain needs to be covered so it can also dry for 2 weeks
 - The final wet mop should be 72 hours before flooring install
 - When mopping the floor, do not let water sit too long in pools and absorb  
    into the slab

Moisture Test
Test if the slab is dry enough by duct taping a vapor barrier or trash bag on all 
4 sides to the slab. Leave it overnight. If it is damp under the plastic the next day, 
your concrete slab is too moist for install. 

The floor being too dusty is the 
most common problem BHI 
experiences during spartacote 
install. 

If the floor is too dusty and the 72 
hour window for a final wet mop 
has passed, you may clean the 
floors using minimal water and 
squeegees to quickly clean the 
slab. Only do this is absolutely 
necessary, since if done wrong, this 
could affect the flooring install. 

CAUTION

1 DAY BEFORE
Mark and Tape
Mark and Tape all areas adjacent to where the spartacote will be applied 
including
 - Top of the cove base (4” - 6” above final floor elevation)
 - Bottom of door frames
 - Mop sink curbs
 - Walls where spartacote will come up (showers and mopsinks)

Leave a day to do all taping as it could take longer than expected. 

1. Clean/dust off all surfaces where tape is to be applied with a wet cloth. If the 
wall is dusty the tape will not completely stick and the edge will bleed.
2. Use a chalkline/pencil and a 4’ or 6’ level to mark height. If using red chalk, take 
extra care to be neat to avoid problems covering up markings later on.
3. Use thick blue painters tape or duct tape to mark and cover the edges. 

Ideally this can be done by a team of two, one person with a hand level and 
pencil and the other with tape.

On the day of install reinstall any tape that might have fallen off.

If the slab or cove base height varies, it is best to keep the spartacote 
line level, especially on long runs where the line of site is continuous. 

Tape top of cove base at 4” and protect base 
of door frame

Tape top of cove base at 4”, be sure to 
reattach tape that falls off 

Mop sink mid install
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INSTALL DAY
Planning Path of Install
Installation will move fast because Spartacote dries quickly and needs to 
be applied right after mixing. For a successful installation, plan how you 
are going to move through the building before hand and if possible do a 
dry run with everyone involved. General good practices are:

 - Set up a mixing station for the spartacote product outside but
   close to the buildings access points
 - Start with rooms furthest away from the mixing station working
    your way out of the building. 
 - Only install in hallways after every room accessible through it has
    been done.   

Spartacote Install
This is a typical BHI install, products and procedure may differ depending 
on the size of the building, products available and intended use of the 
space.  

1
1

1

2 2

2

3

2

3

4

4

1

Mix 
Station

Trash

Tools and 
Extra Products

In this example, the mix station is 
placed near 2 entry points in the 
building. The darker shades 
should be done first, working your 
way out of the building to the 
lighter colors. 

Typical Install Team 
(For 4000-6000 SF in 7-8 hours)

1 x Mixer - Stays at the mix station 
all day and is responsible for 
mixing product

2 x Large rollers/Squeegees - 
Spreads product broadly over 
slab

2 x Small Edge Roller/paint brush 
- Spreads product where the 
large roller cannot (small corners, 
cove base etc..)

2 x Chip Throwers - Wear spiked 
shoes and evenly throw chips 
over slab

2 x Liquid Runners - Carry 
product between mixer and 
rollers

2 x Chip Runners - Carry chips 
between a chip box in a central 
location and chip throwers.

The Runner roles are ideal for 
workers with less experience

Have the team watch install 
videos and talk through their 
roles, timings, and plan moving 
through the building. If possible 
do a physical dry run with 
everyone involved. 

1. At the mixing station, 
mix pigment, part A and 
B of Spartacote Flex SB 
according to 
instructions. Mix only 
what workers can install 
right away. If the batch 
is too big,  there will be 
no time to use it before 
it gets tacky. 

2. The liquid runner will 
bring buckets of the first 
pigmented coat ready 
to be applied with 
squeegees or rollers. A 
small edge roller or 
paintbrush can be used 
for small corners and the 
cove base. 

RollerSqueegee

If the slab is 
uneven/rough use a 
roller - the 
squeegees will not 
remove extra 
product well. If the 
slab is smooth use a 
squeegee - the roller 
will leave too much 
product and you will 
get less coverage 

3. Chips can be thrown 
for full or partial 
coverage depending 
on the amount of 
material you have and 
the look you are aiming 
for. Chips are thrown up 
so they float back to the 
ground for an even 
distribution (although 
chips will need to be 
thrown directly unto the 
walls where needed.)   
Chip throwers wear 
spiked shoes to walk on 
the recently applied 
product. 

4. Leave the first coat 
and chips to dry for 
about an hour. 

5. Remove excess chips 
by scraping off loose 
chips and using a 
blower, vacuum or 
broom as shown. 
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6. Similar to the first 
coat but with no 
pigment mix and 
apply the final top 
coat. Squeegees and 
rollers are used to 
apply the product 
with smaller rollers for 
the corners.

7. While one person broadly 
spreads the product, the 
second on spikes evens out 
spots left behind by the 
squeegee. 

If back-rolling is not 
done properly, the 
top coat may pool 
causing high spots 
when it dries as 
shown

The final top coat 
was not applied in 
this corner causing 
the chips to catch 
all the dirt and form 
this patch. 

POST-INSTALL
Check entire building
Carefully inspect the building for missing sections. Pay special attention to corners, and wherever spartacote goes on 
the walls

Patch as needed
If a section of spartacote is missed or damaged, you can 
patch it after installation. If the substrate is not damaged, 
patch over material. Otherwise, cut out the damaged section 
with a box cutter and scraper. Then clean the area 
underneath with paint thinner before reapplying. 

Finished spartacote flooring
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14.1 Millwork

Millwork consists of the wooden finish touches to a building such as moldings, trims, counters, 
cabinets etc. They are typically custom made to fit the function and size of a space. In health care 
facilities, BHI makes and assembles some specialized millwork such as cabinets, desks and nursing 
stations. We aim to make furniture that is affordable, easy to assemble on site and durable.

While millwork can be include numerous project, this section details a standard nursing stations, 
and building practices that can be applied to a variety of projects. 

Nursing Station Other Millwork Examples
Counter tops are made of MDF 
laminated board. Depending on usage 
this could be on one or both sides. 

Shelves in storage

Lab tables at HUM 

Kitchen cabinets and 
counters

Cabinets and corner desks

Counter support brackets 
used to prop up counters.

Angle brackets are used to 
clamp the station to the 
floor. Adjustable angle 
brackets are especially useful 
for desk feet because their 
height can be adjusted to 
make the table level even if 
the floor is not.  

PVC/HPDE Base board installed at the 
base of the counter, to protect furniture 
from water damage during cleaning. 

Stainless steal pan 
head screws. Silicone 
caulking should also be 
installed in every crack 
at the base to prevent 
water damage. 

Clamping Furniture to floor

Whenever it makes sense to 
do so, it is best to clamp 
furniture to the floor in a 
health care setting (eg: 
desks, patient benches, 
cabinets etc). This increases 
security, saves time 
rearranging furniture, and is 
more practical in spaces that 
see a large number of visitors

Metal corner 
guards 

T-moulding  
around counter 
edges 

If installing T-molding or edge molding make 
sure it is done professionally, if not it is likely to 
peel off over time

14.2 Dry Wall 

Dry wall or gypsum board is a durable, light weight panel used to 
construct interior walls and ceilings. It is used a lot in the US because it is 
easy, quick and cheap to install. However, in warmer, tropical climates 
drywall is susceptible to damage by insects and moisture. It can also be 
more expensive, if panels need to be bought abroad and local labor are 
not familiar with installation and maintenance. 

In Haiti, BHI typically builds concrete walls but does use drywall in certain 
cases. Installation of MEP, interior finishes and millwork will require 
different consideration when using dry wall. 

paper covers 
both sides

back face is typically rough 
and grey, this is installed 

against framing

finished face is typically smooth 
and white, other colors may 
indicate special-purpose drywall

1. Layout the walls. Mark the face of at 
least one side of the wall with chalk or 
paint on the ground. 

2. Install the top and bottom track. 
Attach them to the concrete using pin 
drives. 

3. Place the metal studs according to the 
structural drawings (typically 12” or 16” on 
center and facing the same direction). 
Attach them to the top and bottom track 
with self tapping metal screws.

5. Take care of rough electrical, 
plumbing  and blocking (pg 161) as 
needed. 

6. Install one face of the drywall with 
drywall screws. (See pg 161 on drywall 
layout).

6. Place insulation between metal 
studs as shown. 

7. Install the other face of the drywall 
sealing in the insulation.

top 
track

bottom 
track

metal 
stud

dry 
wall

joint

cut for 
outlet

Before hanging any 
panels make all 
necessary cut outs for 
electrical boxes and 
fixtures 

Do not install the dry wall panel all the way to 
the ground. Instead rest it on a piece of wood 
so that there is a 1/2” - 3/4” space between 
the bottom of the dry wall panel and the top 
of the concrete slab. This space will be 
needed to finish the flooring. 

1/2” - 3/4” 
off concrete 
slab

drywall 
screw

8. Install corner beads and tear-aways 
as needed before finishing the wall (pg 
161).

corner 
detail

4. Attach all door frames before 
drywall installation (see pg 168)
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14.2 Dry Wall 
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paint on the ground. 

2. Install the top and bottom track. 
Attach them to the concrete using pin 
drives. 

3. Place the metal studs according to the 
structural drawings (typically 12” or 16” on 
center and facing the same direction). 
Attach them to the top and bottom track 
with self tapping metal screws.

5. Take care of rough electrical, 
plumbing  and blocking (pg 161) as 
needed. 

6. Install one face of the drywall with 
drywall screws. (See pg 161 on drywall 
layout).

6. Place insulation between metal 
studs as shown. 

7. Install the other face of the drywall 
sealing in the insulation.

top 
track

bottom 
track

metal 
stud

dry 
wall

joint

cut for 
outlet

Before hanging any 
panels make all 
necessary cut outs for 
electrical boxes and 
fixtures 

Do not install the dry wall panel all the way to 
the ground. Instead rest it on a piece of wood 
so that there is a 1/2” - 3/4” space between 
the bottom of the dry wall panel and the top 
of the concrete slab. This space will be 
needed to finish the flooring. 

1/2” - 3/4” 
off concrete 
slab

drywall 
screw

8. Install corner beads and tear-aways 
as needed before finishing the wall (pg 
161).

corner 
detail

4. Attach all door frames before 
drywall installation (see pg 168)
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9. After installing the drywall, 
finish the surface by applying 
a first coat of joint compound 
(mud) with a trowel over all 
joints and screw heads.

10. Apply tape over every 
joint and press into the fresh 
joint compound with your 
trowel. 

11. Apply a second layer of joint compound over 
the tape. Sand off any excess compound and 
rough areas for a smooth finish before painting the 
wall. 

top track

bottom track

concrete floor

concrete ceiling

in
su

la
tio

n

self tapping 
metal screw 
(1/2”)

m
et

al
 s

tu
d

dry w
all

drywall 
screw 
(3/4” - 1”)

tape and joint 
compound

tape and joint 
compound

Pin drive 
(1/2” - 7/8”)

1/2” - 3/4” 
off concrete 
slab

1/4” gap

It is important 
to leave a 1/4” 
gap between 
the insulation 
and the top 
and bottom 
track

Metal studs 
face the same 
direction 
except when 
framing 
windows and 
doors

insulation metal 
stud

Section A

Plan View

drywall
drywall 
screw

Set all drywall screws so 
that the head is below 
the surface but does 
not break the paper. 
This is needed for a 
smooth finish. 

To check that the screw is set deep enough, run 
your trowel over its head. If the screw protrudes 
above the surface you will feel it. 

corner bead
corner detail

drywall

intersection detail
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9. After installing the drywall, 
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Set all drywall screws so 
that the head is below 
the surface but does 
not break the paper. 
This is needed for a 
smooth finish. 

To check that the screw is set deep enough, run 
your trowel over its head. If the screw protrudes 
above the surface you will feel it. 

corner bead
corner detail

drywall

intersection detail

Blocking means putting horizontal bracing in the dry 
wall. This could be done to offer support when 
mounting a piece of equipment to the wall or at a 
butt joint for extra reinforcement. The type, height and 
location of blocking will be detailed in the structural 
plans. 

Below is a typical example of blocking detail. Drawing 
plans will indicate where special blocking is needed 
for sinks, shelves or other equipment as well as listing 
the mounting heights of different pieces of 
equipment. 

Blocking

drywall

m
et

al
 s

tu
d

3/4” plywood

2x2 wood 
blocking

wall mounting 
equipment

m
et

al
 s

tu
d

2x2 wood 
blocking

Corner Beads are needed to protect exposed corners of 
drywall, which can easily get damaged when an object 
hits against it. BHI typically uses metal corner beads for 
better durability in clinical settings but paper corner beads 
are also available. 

To attach, cut the corner bead to the right length, center it 
on the corner and nail in. Leave a 1/2” - 3/4” gap between 
the floor and the end of the bead to finish flooring. 

Corner Beads

Tear Aways corner beads are 
used to make a clean edge 
on a piece of drywall when it 
is adjacent to a different 
material such as wood, 
concrete or metal.

To install, cut tear-away to 
length and dry fit. Attach with 
adhesive and wait till it is fixed 
in place. Coat with joint 
compound and smooth over. 
Once joint compound is dry 
remove the tear-away for a 
clean edge.  

Tear Aways

Finish the surface by applying 
joint compound and smooth 
over with the wall. Ensure the 
nails lie beneath the surface of 
the corner bead so that they do 
not protrude through the joint 
compound.  

Metal corner bead

Blocking detail 
example

Tear-away at transition 
between wall and 
window frame. 
Tear-away flap is 
beginning to peal back.

Dry wall comes in many sizes but is typically 4’ wide and 8’ or 
12’ long, with a tapered edge. The tapered edge helps give 
a smooth finish at each joint, after the mud and tape is 
applied. 

Sometimes, panels will need to be cut to fit a space giving a 
straight edge. Always match a straight edge to another 
straight edge to create a butt joint. A straight edge next to a 
tapered edge will not give a smooth finish. 

Layout your drywall panels in a brick-like formation. This 
reduces the weak links in the wall.

Dry Wall Layout

tape
joint 
compound

Tapered Joints are 
ideal

Minimize butt joints by 
planning your panel 
sizes well

Avoid putting dissimilar 
edges next to each 
other
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If you need to install blocking after the dry wall is already up you will 
need to cut the wall. Cut the wall as shown, to expose one and half 
metal studs and  attach blocking. 

After installing the blocking, install a new dry wall 
sheet if the hole is big enough. If not, patch up the 
hole with a piece of dry wall. Leave paper on the 
edge of the new piece as show for a smooth 
overlap. Cover and smooth over edges with joint 
compound.  

cr
ip

pl
e 

st
ud

ja
m

b 
 s

tu
d

door 
opening

Dry Wall Door Framing and Installation 
It is preferred to double up on studs on either side of the door as shown below. Ensure that the rough 
opening is the specified dimension and is level and plumb. See pg 168 for door installation. 

dr
yw

al
l w

ith
 

in
su

la
tio

n

drywall with insulation

2x4 wood 
header

metal header 
track

hollow metal 
door frame

hollow metal 
door frame

door stop

door

door

two metal 
studs at jambs

Section A - Header 
detail

Bending header track Screwing studs together

Section B - Jamb stud detail
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14.3 ACT

Acoustic Ceiling Tiles (ACT) is a type 
of suspended ceiling. It is a versatile 
option because ceiling tiles can 
easily be removed to access 
components above the ceiling like 
ductwork and electrical wiring. 

ceiling tile

Laying out ACT 
The layout of the ACT grid should be included in the site drawings. 
ACT grid either a 2’ x 2’ or 2’ x 4’ grid pattern. Layout the grid so 
that the border panels at the ends of the room are equal and as 
large as possible. 

Installing ACT 
1. Determine the exact height the ACT ceiling will be installed. There should be a 
minimum of 3-4” between the ceiling and the roof slab. Additional clearance will be 
required if recessed lighting is used. The height of the ceiling should be given in the 
drawing plans.

2. Use a level to draw a line around the room at the position of the ACT ceiling. 
Fasten the L-bracket wall angles (edge molding) to the wall so that the bottom flange 
rests on the level line you have drawn. Overlap the wall angle at inside corners.

3. Install any electrical wiring needed in place. 

4. Install eye bolts into the slab above where the suspended ceiling would be and 
securely tie suspension wire about every 4 feet.

5. Run a level string from the bottom of the L-brackets on either side. This will help you 
level the main tees as you install them. 

6. Place main tees according to the determined layout resting each end on the 
L-brackets around the room. Cut and splice tees as needed to meet the length of the 
room. Secure the main tees in place with the suspended wire.

7. Install the cross tees by inserting their ends into the slots in the main tees.

8. Drop the ceiling panels into position by tilting them slightly and lifting them above 
the ACT grid and letting them fall into place. 

Draw a center line through the room in 
both directions 

Draw the 2’x4’ or 2’x2’ grid starting from 
the center lines, so that the corner tiles are 
of similar sizes   

Mark the places where light fixtures and 
other ceiling fixtures and outlets will be 
placed.

Placing L-bracket at ceiling height 
around the room 

Securing main tee in place with suspen-
sion wire while resting on L-bracket 

Finished grid, with main and cross tees 
and suspension wire holding up grid. 
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14.4 Doors

Doors are a fundamental component in any building and yet can be logistically challenging to order 
and install correctly. Depending on the use and location of the door, different hardware and installation 
steps will need to be taken. Door schedules help to organize this process. Whenever possible, BHI tries 
to reuse doors and hardware to help reduce costs. 

Door Terminology 
It is important to know what is being referred to when using door terminology. The 
following list is not extensive but covers most of what BHI installs in our projects. 

Parts of a Door

Door Swing

To order the correct door you need to 
know if it is left-handed or 
right-handed and if it is an inswing or 
outswing door. 

To determine the swing of a door, 
stand outside* the door with your 
back facing it. The hand nearer to the 
door knob will tell you whether it is 
left-handed or right handed. If the 
door opens into the interior it is 
inswing, otherwise it is outswing 
(reverse). 

* With indoor doors, the exterior typically 
refers to the hallway, or the larger room (eg. 
bathroom door, exterior will be the larger 
room not the bathroom) 

Left Hand (In Swing) 

Right Hand (In Swing) 

Left Hand Reverse (Out Swing) 

Right Hand Reverse (Out Swing) 

strike jam
bhi

ng
e 

ja
m

b
hi

ng
e

lockset

door and door frame

bore hole

backset

rough opening

wall

deadbolt

door 
lever

interior

exterior

hinge

Door Prep for Lockset
Some doors may not come with an installed lockset.  
The door latch is inserted through the cross bore into 
the bore hole where the door knob is then mounted.

Before ordering door knobs, measure:
- borehole diameter (typ. 2 1/8”) 
- cross bore diameter (typ. 1”)
- door thickness (typ. 1 3/8 - 1 3/4”)
- backset - distance between center of the bore 
hole to the edge of the door 
(typ. 2 3/8” or 2 3/4”)  

cross 
bore

deadbolt
strike

latch 
strike
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CMU

Rendering 

solid full lite 3/4 lite 1/2 lite 1/4 lite 

door 
frame

finished opening

finished opening

rough opening

rough opening

nominal opening

rough opening

finished opening

C
M

U 
Re

nd
er

in
g

nominal 
opening

nom
inal opening

Dimensions
Door schedules typically include 3 
door dimensions shown below: 

plan view

wall opening

door and door frame

Lite Doors
Some doors come with glass panes 
inserted in them. The term “Lite” is used 
to describe the how much of the door 
is covered by glass.

Locksets
Depending on the purpose of the door a different lockset will be 
needed. The following describes the most commonly used standard 
locksets. Other locksets that are less common and only needed in 
specific instances. 

Lite kits can be bought and used to 
insert a glass panel into a solid door. 

Lockset Function

Entry

Uses 

Typically used for front 
or back doors that 
you need to lock 
behind you. May also 
be called “office” 
doors in certain 
instances. 

- Can lock door with turn/push 
button from the inside.
- Key needed to unlock the door 
from exterior 
- Can always be opened from 
the interior

- Always locked and requires a 
key to open door from exterior.
- No interior turn/push button
- Can always be opened from 
the interior

- Can be left locked and 
unlocked with key from  exterior.
- No interior turn/push button
- Can always be opened from 
the interior

- No lock, no key
- Can always open from both 
interior and exterior

- Not a standard lock set but 
typically included in BHI door 
schedules
- Passcode required to enter 
secure locations
- Can always be opened from 
the interior

- Simple lock on the outside, not 
intended to be a secure lock
- Typically no key
- Can lock from the inside with a 
interior turn/push button
- Can always be opened from 
the interior

Storeroom Appropriate for supply 
closets, medical 
records etc.. The door 
is always locked when 
closed to ensure that 
it is not accidentally 
left open. 

Appropriate for 
offices, rooms that 
can only be locked 
with a key, not by an 
interior turn/ push 
button. Can not 
accidentally lock 
yourself out of a room. 

Mainly bathrooms, 
sometimes bedrooms. 
Intended for privacy 
and not security

Classroom

Privacy

Passage Interior rooms where 
you do not require 
any form of security or 
privacy.

Keypad Suitable for rooms that 
should only be 
accessed by certain 
people (eg: staff 
quarters)
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Common Door Hardware

Hardware

Hinge

Description

Threshold A strip of metal or wood that runs 
across the bottom of a door frame. 
Some door frames come with 
thresholds pre-installed. It provides 
a seal under the door that helps 
with heating/cooling and reduces 
bugs, dusts and drafts.

The number and type of hinges 
needed for a particular door will 
vary widely. This should be 
specified in the door schedule and 
care should be taken to order and 
install the appropriate hinge

Pull/Push 
Plate

Ensures that a door closes 
automatically behind you. 
Typically includes a damper to 
control the force and speed of 
the closing door. They should 
always be fitted onto fire doors

Door Closer

Added to doors to clearly 
indicate which side should be 
pushed or pulled 

Door Sweep Seals gap between the bottom 
of the door and the floor. It 
helps prevents bugs, dust, drafts 
and moisture from getting into 
the house. Can help save on 
heating or cooling cost. 

Door Silencer

Kick plate Armor plate

Mop plate Stretcher plate
Small rubber pads that are 
placed on the face of a door 
stop. When the door is closed it 
rests on the door stop instead of 
coming into direct contact with 
the frame. 

Cane Bolt Sliding bolt designed to secure 
single and double doors and 
gates in the open or closed 
position. Can be corrosive 
resistant and used in exterior 
doors and gates. 

Gate Latch Secures inward and outward 
swing doors and gates and can 
easily be release by hand. For 
extra security a padlock can be 
added. 

Dead Bolt A deadbolt is typical installed 
as a secondary lock on a door 
for added security (see pg xx). 
The lock can be turned from 
the interior, making it harder to 
enter without the correct key. 

Sliding Hardware 
Set 

Set of hardware parts designed 
for a specific sliding door to 
move smoothly and quietly. 

Hardware

Floor stop

Description

Installed on the floor to prevent 
a door from opening too far 
and damaging nearby walls or 
obstructing a path

Wall bumper Similar to floor stops but 
installed on the wall to prevent 
a door from opening too wide 
and damaging a nearby door. 
Could also be located near the 
door handle to stop it from 
colliding against the wall

Hinge pin stops

Rubber strips used to seal the 
edge of the door around the 
jamb and the header. Cuts 
down the infiltration of sound, 
light, drafts, moisture and helps 
with heating/cooling.

Gaskets

Installed into the hinge 
assembly, this limits the range of 
motion of a door to prevent it 
from swinging too far open and 
damaging a nearby wall

Metal or plastic plates protect 
door that frequently come into 
rough contact. 

Kick plate - on push side of 
doors that are often “kicked” 
open
Armor plate - on push side of 
doors that are pushed open by 
carts
Mop plate - protects the 
bottom from water damage 
during cleaning 
Stretcher plate - seen in 
hospitals to protect the door 
from where a stretcher might 
crash into it
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Door Schedule 
A door schedule is a table which lists all the doors and relevant information 
needed for a job. Below is the template BHI uses in our projects. (All the 
headings in the schedule have been discussed in previous sections.)

Sample Door Schedule

Since each door will require different hardware they are grouped into different codes 
that are described in another “Hardware schedule” table:

List of hardware in each set

Door No.

Location

To Room: 
Name 

Door 
Type 

New/
Reuse SwingDoor 

Material

Door 
Louver

Hardware 
Set Lockset Hinges Closer

Room

Opening Dimensions

Nominal Size
Width Height Width Height Width Height

Finished Opening Rough Opening 

From To

Material

Frame

Type

Comments

1A    IDC-1   IDC-2   Procedure Room

4D    C-1       IDC-3   Staff Toilet

C  Steel    New LH/RH

A Wood        Reuse       LH

Metal Gate         CMU

KD HM           Drywall

12”x12”             5B         Classroom        1 Y             Kick plate on corridor side
 
          9C           Privacy 3 N Floor stop

Hardware Set Qty Notes Typ. Room Usage

Closer

Lockset Hinges Deadbolt

Closer Kickplates Floor Stop Silencer ... Threshold Sweep Gasket

              5B      2           ...         Exam Room     Classroom         1  1

             9C      5   ...           Staff Toilet        Privacy            3     

           x             x  x                 x                           x                                     x

    x  x    

5’-6”       7’-0“     5’-10 1/2”     7’ - 1”         6’-1/2”  7’- 2”

3’-0”       7’-0”      3’-4 1/2”    7’-2 1/4”   3’-6 1/2”   7’-3 1/4”

Each door is given a unique door 
number which usually consists of a 
number and letter.

From indicates the exterior side of the 
door. With indoor doors, the exterior 
typically refers to the hallway, or the 
larger room (eg. bathroom door, 
exterior will be the larger room not the 
bathroom) 

The door type will be accompanied 
by a legend that describes what each 
code means. The type code tells you if 
the door is solid, has an installed glass 
pane (see pg 165 on Lite doors), is 
metal work etc...

Installation process will differ 
depending on the type of wall 
(see pg 168)

varies varies

Type A - solid Type D - 1/2 lite

7’ 7’(See pg x)

(See pg x)

(See pg x) (See pg x)

In practice, door schedules will 
be included on construction 
drawings and an separate excel 
sheet, so that it can be searched 
and sorted easily.

Sub sheets of the door schedule 
can be made to make looking 
through the information easier. 
For example: Door frame 
schedule, door panel schedule, 
door louver schedule etc...

Many door schedules might also 
include in a separate table the 
list of manufacturers/vendors for 
each of the components 
including model numbers, links, 
prices and other notes.
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Door Installation 
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Specifics of installation will differ depending on the door so be sure to refer to the 
manufacturer’s instruction. The following is an outline of how BHI typically installs 
doors on projects.  

Rough Opening
Door frames can be installed before the wall comes up, this will ensure that the 
frame fits exactly into the wall. However BHI, typically installs door frames after 
the wall has been built but before its surface is finished. 

The rough opening in the wall will be specified in the door schedule and is a 
few inches wider than the door frame to ensure a proper fit. In most projects, 
doors will either be installed in dry wall or CMU block:

Install Door Frames 
1. Assemble the door frame and put in place in the 
rough opening. 

2. Place wooden shims in the gap between the door 
frame and the wall.  Shims used should be around 
6-8” long so they extend out of the door frame and 
are easy to cut. 

3. Check to make sure the frame is level and plumb, 
use extra shims to ensure this is the case. 

4. A piece of wood cut to appropriate length, called 
a spreader, can be used at the bottom and middle of 
the door frame to ensure its width is correct.

5. Anchor door frame to CMU block or drywall studs 
with recommended type and number of anchors. 
Make sure the anchor is designed for pre-installed 
wall.

6. Cut shims so they are flush with wall. Fill the space 
between the door frame and wall with backer rod. 
Apply sealant.

7. Install needed hardware on door frame and door 
according to manufacturer’s instructions.

8. When the floor is finished, install the door, make 
sure there is enough room under the door for it to 
open unobstructed. When the wall is finished, install 
trim around door if needed. 

(See pg 162 for details)

KD door frame, 
ready for shipping

Shims holding door frame in place

Spreader at door frame base

Installing backer rod

Installing door

(See pg 80 for details)

During wall build up, check that the 
rough opening is correctly sized and is 
level and plumb to avoid problems later 
on.

Shipping and KD door frames
Door frames can either come 
fully assembled or knocked-down 
(KD). KD frames are easier to ship 
and will require minimal assembly 
before they can be installed. 
Instructions should be included 
from the manufacturer.

Many door frames will also be 
shipped with a shipping bar to 
prevent the frame from twisting 
out of place. This should be 
sawed and grinded off. 

Prepping and Painting Reused Doors
Most of the doors BHI uses are donated 
and will need to be prepped before 
installation.

Before hanging the door on the frame:
- Sand down the door with sand paper 
(#400). 
- Fill in any imperfection with wood filler.
- If door hardware is already installed, 
cover it with blue marking tape to 
protect it from the paint. 
- Use a 4-5” roller or spray paint to apply 
primer and a coat of paint

- Install the door and check to make 
sure there was no damage during 
installation. 
- Apply the second and final coat. 
Leave it open to dry so that paint does 
not stick to the door frame. 

Backer Rod

Backer rod is a cylindrical foam that is 
used to fill cracks and gaps between 
building materials. Typically sealant is 
used over a backer rod, so that less 
sealant is needed to fill up a gap as 
shown.
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Specifics of installation will differ depending on the door so be sure to refer to the 
manufacturer’s instruction. The following is an outline of how BHI typically installs 
doors on projects.  

Rough Opening
Door frames can be installed before the wall comes up, this will ensure that the 
frame fits exactly into the wall. However BHI, typically installs door frames after 
the wall has been built but before its surface is finished. 

The rough opening in the wall will be specified in the door schedule and is a 
few inches wider than the door frame to ensure a proper fit. In most projects, 
doors will either be installed in dry wall or CMU block:

Install Door Frames 
1. Assemble the door frame and put in place in the 
rough opening. 

2. Place wooden shims in the gap between the door 
frame and the wall.  Shims used should be around 
6-8” long so they extend out of the door frame and 
are easy to cut. 

3. Check to make sure the frame is level and plumb, 
use extra shims to ensure this is the case. 

4. A piece of wood cut to appropriate length, called 
a spreader, can be used at the bottom and middle of 
the door frame to ensure its width is correct.

5. Anchor door frame to CMU block or drywall studs 
with recommended type and number of anchors. 
Make sure the anchor is designed for pre-installed 
wall.

6. Cut shims so they are flush with wall. Fill the space 
between the door frame and wall with backer rod. 
Apply sealant.

7. Install needed hardware on door frame and door 
according to manufacturer’s instructions.

8. When the floor is finished, install the door, make 
sure there is enough room under the door for it to 
open unobstructed. When the wall is finished, install 
trim around door if needed. 

(See pg 162 for details)
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(See pg 80 for details)

During wall build up, check that the 
rough opening is correctly sized and is 
level and plumb to avoid problems later 
on.

Shipping and KD door frames
Door frames can either come 
fully assembled or knocked-down 
(KD). KD frames are easier to ship 
and will require minimal assembly 
before they can be installed. 
Instructions should be included 
from the manufacturer.

Many door frames will also be 
shipped with a shipping bar to 
prevent the frame from twisting 
out of place. This should be 
sawed and grinded off. 

Prepping and Painting Reused Doors
Most of the doors BHI uses are donated 
and will need to be prepped before 
installation.

Before hanging the door on the frame:
- Sand down the door with sand paper 
(#400). 
- Fill in any imperfection with wood filler.
- If door hardware is already installed, 
cover it with blue marking tape to 
protect it from the paint. 
- Use a 4-5” roller or spray paint to apply 
primer and a coat of paint

- Install the door and check to make 
sure there was no damage during 
installation. 
- Apply the second and final coat. 
Leave it open to dry so that paint does 
not stick to the door frame. 

Backer Rod

Backer rod is a cylindrical foam that is 
used to fill cracks and gaps between 
building materials. Typically sealant is 
used over a backer rod, so that less 
sealant is needed to fill up a gap as 
shown.

14.5 Windows and Louvers

Windows and louvers bring light and ventilation into the interior of a 
building. This becomes very important in settings where resources might 
limit the possibility of having mechanical ventilation and artificial light 
sources. While there are countless window and louver designs, BHI 
typically installs sliding windows, fixed safety glass windows, jalousie 
windows and architectural louvers.  Frosted glass is used in spaces like 
wards and bathrooms where privacy is needed.

Jalousie windows have movable 
louvers that can be opened and 
closed to control air flow and light. This 
differs from architectural louvers which 
cannot be adjusted but remain fixed in 
a particular position. 

Window Schedule 
A window schedule is a table which lists all the windows and louvers and relevant information 
needed for a job. Below is the template BHI uses in our projects. 

Window No. Window Type Width Height Sill Height Glass typeLevel

Rough 
Width

Rough 
Height

Finished
Width

Finished
Height

Description

3’-8 1/2”

3’-1/2” 3’-1/2”

2’- 2 1/2”

Type S1
Sliding Window
3’-6”W x 3’-0”H

Type W1
Fixed Safety Glass 
2’-10”W x 2’-0”H

Type J2
Jalousie Window
2’-0”W x 2’-7”H

Note: Labeled 
dimensions are 

rough openings, 
see schedule for 
finished openings

Type L3
Architectural Louver

2’-10”W x 1’-6”H

3’
-1

 1
/4

”

2’
-3

 1
/4

”
10

”

2’
-3

 1
/4

”
10

”

3’
-6

”

2’
-1

0 
1/

4”
8’

-1
0 

1/
4”

S1-1          Level 1         S1               3’-6”       3’-0”            3’-6” Hammered       Sliding Window

J2-5     Lower Level         J2               2’-0“       2’-7”       8’-10 1/4”      Hammered       Jalouise Window

3’-8 1/2”          3’-1 1/4” 3’-7“        3’ - 1”       

2’ 2 1/2”         2’-10 1/4” 2’-1”        2’-9”

Each door is given a unique 
door number. Sometimes the 
number will include the 
window type code

This is the nominal width 
and height of the window 
(actual window size)

Measured from the top of slab or finished floor 
to the bottom of the window. (We assume 
that the difference between the top of the 
slab and the finished floor is negligible)

The window type will be accompanied by a graphical legend and table that describes what 
each code means as shown:

Rough width and height 
give the dimension of 
the wall opening

Finished width and height 
give the dimension of the 
wall opening after it has 
been rendered

In practice, window schedules will be included on 
construction drawings and an separate excel sheet, so 
that it can be searched and sorted easily.

Sub sheets of the window schedule can be made to 
make looking through the information easier. For 
example: Quantity of each window type
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Window Installation 
Specifics of installation will differ depending on the window so be sure to refer to the manufacturer’s instruction. The 
following is an outline of how BHI typically installs windows on projects.  Installing windows and louvers is very similar to 
installing doors (pg 168), only with the additional sill height dimension. 
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1. During CMU wall build up leave a 
rough opening in the wall for the window 
frame. The dimensions will be specified in 
the drawings and window schedule and is 
a few inches wider than the frame to 
ensure a proper fit. A lintel may need to 
be installed for extra support (see pg 80). 
Check that opening is level and plumb.

2. Render the wall and the 
opening. The outside window sill 
ledge should be sloped away from 
the building at 1/4” per foot to 
encourage water runoff. Form the 
slope while rendering. Prime the 
surface on the wall around where 
will frame will be installed

4. Place wooden shims in the gap between 
the frame and the wall.  Shims used should 
be around 6-8” long so they extend out of 
the window frame and are easy to cut.  

5. Check to make sure the frame is level 
and plumb, use extra shims to ensure this is 
the case. 

6. Screw in frame to CMU block with 
recommended type and number of anchors 
surrounding wall. 

7. Cut shims so they are flush with wall. Fill the 
space between the door frame and wall with 
backer rod. Apply sealant. 

8. Use blue tape to protect the window frame 
before painting the surrounding wall. 

3. Place window frame in 
opening. The frame will typically 
sit more towards the inside of the 
opening, leaving a window 
ledge on the outside.
 

Avoid placing the window so that it is 
flush with the interior wall, it should sit at 
least 1” in front. If the rendering is not 
completely plumb it will be very 
obvious with the straight edge of the 
window flush against it.

Section A

Section A
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15.1  Concrete Sidewalk
15.2  Ramps
15.3  Pavers 
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15.1 Concrete Sidewalk

A concrete slab sidewalk is often installed on the perimeter around a building to help with access. 
Sidewalk details are not typically included in structural drawings.

1. Make the formwork for the sidewalk out of 2”x 4” 
and rebar to the correct specifcations. 
Create 2m long sections as shown.

Poured concrete 
slab sidewalk

concrete 
blocks

2 m 

rebar tied 
at every intersection and overlap

2”x 4” to 
make 
formwork

2. Reinforcement is not 
always needed. Install rebar 
if required based on 
drawings and elevate to 
middle third of slab with 
concrete blocks.

3. Pour the concrete 
sidewalk in alternating 
sections to avoid cracks. 

Building

Poured 
Concrete

Poured 
Concrete

Pour 
first

Pour 
first

Pour 
first

Pour 
second

Pour 
second

Control Joint 2 m 

5. Make a control joint between sidewalk 
panel sections using a trowel (See pg 70)

6. Finish the sidewalk with a concrete broom, 
sweeping in the direction perpendicular to foot 
traffic.

7. Allow the sidewalk to cure for 1-2 days, 
continuosly adding water to avoid cracks

4. After  the concrete begins 
to dry, remove the formwork 
from the poured sections and 
form and pour the remaining 
sections.

Sidewalk Formwork Pouring sidewalk in alternating sections

Sidewalk panel with reinforcement Control Joint in Slab
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15.2 Ramps

Ramps provide safe access to built spaces for users with wheelchairs, 
walkers, strollers or stretches. BHI follows ADA requirements when designing 
and building ramps.

1. Pick the location of the ramp, choose a point with easy access and a 
wide enough doorway. 

2. Measure the height between the upper landing location and the 
ground level. This will be the rise of the ramp.

3. Determine the suitable slope, if using a standard 1:12 slope multiply 
the rise by 12 to get the total length or run of the ramp. 

4. Depending on the space available and the ADA requirements, the 
ramp may be divided into shorter segments. For example, L-shaped or 
U-shaped ramps take up less space than a straight ramp. 

5. BHI typically builds ramps out of reinforced concrete. Structural 
drawings will include needed details and constructing the ramp will 
follow typical techniques detailed in previous sections.

The maximum slope for a ramp is 1:12 (although 
1:16 is a more comfortable slope for most users)

The maximum rise for any ramp segment is 30”, 
after this a flat rest platform should be provided

The minimum clear width of a ramp is 36”.
Top of the handrail should be 34-38” above the 
finished floor surface.

All ramps must have a top and bottom landing as 
wide as the ramp itself and at least 60” long.

Handrails are required on both sides if the rise is 
greater than 6” or the run is longer than 72”

ADA requirements

rise (1)

run (12)

rest platform

top landing

bottom landing

max 30”

> 6”

min 36”
34-38”

min 60”

min 60”

> 72”

Landings used 
for direction 
changes should 
be a minimum 
of 60” x 60”

Dig footings and place 
reinforcement

Backfill slope with dirt 
and compact

Place reinforcement 
for ramp slab and 
formwork on either 
side

Pour concrete ramp, 
give slab a broom finish 
for better grip

Pour footings Install CMU block on either 
side of the ramp 
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15.3 Pavers

Pavers are a durable, aesthetically pleasing option for finishing exterior 
surfaces. They are easy to install, do not require any bonding agent or 
concrete between or under the individual stones and can bear the weight of 
foot and vehicle traffic.

curb

pavers

compacted 
sand

pavers

string line

curb

1. Pavers should always be surrounded by a curb to prevent 
them from moving out of place. This can be existing infrastructure 
such as a step, or can be installed specifically for the pavers.

2. Level and compact the sand under 
where you are planning to place the 
pavers. You might be required to dig 
the ground so that the pavers can be 
placed at the required height

Pavers are typically placed directly on leveled and compacted soil, 
however there are circumstances where concrete should be placed 
under the pavers. This could be if the soil is difficult to compact or if a 
underground conduit needs extra protection under a high traffic area

5. After putting the pavers in place, it is important to fill in 
all the gaps between the individual blocks with sand. To 
do this, cover the pavers with sand and then pour water 
over the surface to encourage the sand to wash into the 
gaps. Sweep over the pavers, and repeat this process 
two more times. 

3. To ensure the pavers are placed level, attach string 
line outside the perimeter of the space. 

4. Place pavers tightly together. You might need to cut 
them to fit where they meet the curb. 
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