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Foreword
The first foray into CEB production in Belize was rich with insight and reward. Soils in the Progresso, 
Copper Bank, and Little Belize areas of the Corozal district were examined, blocks were produced in a 
labor-intensive process, a test house was built, and significant good publicity was achieved. The 
concept of CEB construction has piqued interest in the minds of contractors, homeowners, and 
politicians and the possibility of for-profit medium scale production appears to be economically viable. 
In addition, the likelihood of tripling production capacity is high – an all electric, fully mechanized 
CEB production system has been located on the second hand market. Our challenges going forward 
will be in carving out a market, securing soil at scale, and streamlining production. 

The following document is intended to serve as a guide for those who would continue the work with 
the OSE CEB Press here in Belize. It is not designed to be an exhaustive resource but it should give 
you enough information to produce high quality blocks. I learned many lessons in the 6 months leading
up to the OSE MicroHouse workshop and I have done my best to translate what I have learned into 
writing here. Block making is not an overly difficult process but there are obstacles which can make it 
so for the inexperienced. Ultimately, it is up to the block maker to believe in the quality of the product 
and the value of CEB will be realized. 

The biggest takeaway from the January block production run was the high cost of soil blending. 
Because suitable dirt was not found directly in the ground, we had to blend sandy soil with clayey soil 
to “modify the grain size distribution.” This means twice the blending because we already have to 
blend soil with stabilizer. The added step of blending sand and clay should be eliminated to reduce 
block cost; we must find the right mixture of sandy clayey soil right out of the ground in order to 
maximize value. Otherwise, sand will need to be requisitioned at a higher price per load than earth and 
the soil may need to go through the mixer twice – once for blending with sand and once for stabilizer.

The document I have prepared blends the information gleaned from the many many CEB resources 
available on the net and in libraries with my personal experience as well as the technical aspects of 
machine maintenance and operations. 

 4Fig 1: OSE CEB Press with PowerCube, Copper Bank, February 2020
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Materials
Dirt
Earth for CEB is always subsoil. Do not take topsoil for block production. Organic matter cannot be 
compressed well and ends up decaying, leaving blocks weak. We depend on topsoil to sustain life. At 
quarry sites, attempt to sequester and preserve topsoil for future use. 

We want clayey sands of ~60-80% sand and ~15-20% clay by weight. This soil type is best suited for 
cement stabilized earth blocks. The clay should be non-expansive and of at least medium-low plasticity.
Color is not important. The most important factors are the cohesion, maximum compacted density, 
expansiveness, salinity, and amount of sand. 
Dirt should not be dug too far from the production site. Beyond 20 miles in this part of the world 
becomes uneconomical. Check in the Shipyard area and especially along pine ridges where soil is 
sandier. 

Sands
Sharp Sand
The sand in the dirt is “sharp” sand. Round-grained builders sand from construction supply stores does 
not work. The silty sand at Mr. Ramirez’s farm is marginally suitable but requires too much processing 
and the marl content weakens the blocks. Look at the sand under a microscope. The grains should be 
sharp and angular, like an arrowhead. Another term besides sharpness is “sphericity”. This means how 
round the grains are. You can have a sharp sand grain that is highly spherical. You can also have a 
round grain of low sphericity. We want sharp, low sphericity sands. Also try doing the jar test (see 
below) with your sand to see how much clay/silt is in it.

Quarry Dust
This may be useful. Other projects abroad have utilized quarry dust for blocks. Experimentation should
be done. Quarry dust would be an additive classified as sandy gravel. 

Cement & Lime

We add the minimum amount of cement required. Type of soil and particular end-use of the block will 
determine this amount. 5%-10% by mass is the standard range. 
There are multiple types of cement on the market. Ordinary Portland Cement (OPC) is what we use. 

Hydrated Lime – “Cal Hidrata” – is also available on the market. Data shows that adding both lime and
cement together when making blocks will strengthen the end result. The cement will help bind the sand
particles together while the lime will react with the clay, transforming the two substances into a 
pozzolanic structure – similar to cured cement. For stabilizing only with lime, see appendix for Lime 
pH test. In our experience, the bags of lime available on the market were impure or expired and were 
not suitable for pure lime stabilization.

Water

Water should be free from salt and other impurities. Rainwater is good. 

The way the water is added to the soil is important. A misting sprayer should be used to evenly 
distribute moisture throughout the soil.
A TDS (total dissolved solids) meter is available for testing water salinity and purity.
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Testing Soils

Geotechnical Lab Testing
A geotechnical lab can provide accurate, repeatable, and rapid soil testing. If a lab exists in the Orange 
Walk area, it would be a good idea to establish a relationship. This way, each new quarry site could 
quickly be validated with first-class data that can be passed on to the customer as quality assurance. 
The tests we are interested in are ASTM 422 (Grain Size Distribution), ASTM 4318 (Atterberg Limits),
ASTM D698(Proctor Test), and ASTM D4829 (Soil Expansiveness).

Simple Quick Tests

Cigar Test
The cigar test is the first test you should do when looking at a new soil type. Simply take some soil, wet
it, and roll it into a thin cigar. An unsupported section of pen-sized cigar at least ½” in length should not
break when held off the edge of your palm but an unsupported length of over 1” should break. This 
gives you an idea of how plastic your soil is – how much it can deform without breaking – which gives 
you a preliminary indication of how much clay is present. Too much clay
requires adding sand (Processing $$) while too little clay won’t make a
strong block.

Jar Test

The jar test will give you two useful indications: grain size distribution and
clay expansiveness. The expansiveness of the clay is how much the clay
swells and shrinks in changing moisture levels. The grain size distribution
will show you roughly how much gravel, sand, clay, and silt are in your soil.
Check the appendices for more information on this test.

Sieve Test
The sieve test will tell you exactly how much gravel, coarse sand, medium sand, fine sand, and clay/silt
are in your soil. The sieving process takes time and requires careful attention to detail. The most useful 
information for us as block builders is how much clay, silt, and sand are in the soil. The clay and silt 
(the “fines”) will pass through a #200 sieve (200 openings in screen mesh per inch). 

In order to sieve test quickly, you can simply take a known weight of crushed dry material (1 pound for
example) and put it on the #200 sieve. Using water, flush the fine grained particles through the sieve 
while using a plastic or rubber spatula to stir the material. Be careful not to let the material or water run
over the sides of the sieve. You can collect the water and fine grained materials that pass through the 
sieve but it’s not completely necessary. After no more fine grained material is passing through the sieve
and the sand looks clean, let the sieve completely dry and then collect the dry material and weigh it. 

The difference in weight between the original sample (1 lb in our case) and the sieved sample will give 
you the approximate weight of the silt and clay in the soil. 

For further information on sieve testing, consult the appendices.
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Moisture Content

The moisture content of anything can easily be found with a scale. You will need a ziploc bag or similar
enclosed container. Weigh the container when it is completely dry and record its weight. We used 
ziploc bags and they all weighed around 11 grams dry. 

Then, add your soil to the container and weigh it. The amount of dirt you use is unimportant but you 
want to make sure you record the exact weight of the combined soil sample and container.

Now you let your sample dry either in the oven or in the sun. This could take a couple days. The oven 
speeds up the process. When it is dry, weigh the sample in the container again. 

The formula for moisture content expressed as a percentage of wet weight is:

100 × (((Wet Weight – Container Weight) – (Dry Weight – Container Weight)) ÷ (Wet Weight – Container Weight))

Example:  Your vessel is a coffee jar weighing 300.67 grams. You add the wet soil and the weight of 
the jar is now 561.42 grams. You let the soil dry for a few days in the sun. You weigh the jar again and 
it now weighs 498.37 grams. Plugging our numbers into the forumula above we get:

100 × (((561.42g – 300.67g) – (498.37g – 300.67g) ) ÷ (561.42g – 300.67g))

100 × (260.75g– 197.7g)  ÷ 260.75g
100 × 63.05g ÷ 260.75g

100 × 0.242 = 24.2% water — moist!

Another example in the above photograph shows a sample that contained 10.3% moisture by weight.
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The Brick Yard

Work Area

The work space needs to be covered to protect from rain and sun. The roof should collect water for use 
with the blocks. The dirt should be stored under roof to protect it from rain. 

Wind-driven rain should not be able to touch the dirt piles. Wet dirt is not useful and takes a long time 
to dry in the humid Belize weather.
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Fig 4: Workers operate the OSE Block Press
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The work area should be large enough to facilitate the use of a skid-steer or other front-end-loader 
machine to move the material. 

The floor of the work area should be compacted so that any dirt that falls can be shoveled up without 
digging into the floor or contaminating the block dirt. 

Office Area
An office area should exist near the block production site. The office facilitates the analysis of 
materials, testing of blocks, and operations management. The office should be equipped with the 
following tools and instruments:

1. Precision Scale 0.01g accuracy
2. Large Scale 0.1 lb accuracy
3. Soil Sieve Set
4. Cassagrande Device
5. Various containers and vessels

6. pH Meter, calibration fluids
7. Pocket Penetrometer
8. RO or Distilled Water
9. Microscope
10. Oven

A suitable work table and desk should be provided so that effective, efficient management can occur.
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Machinery Overview

OSE Block Press
The OSE block press consists of 5 main sections:

1. Soil Hopper

2. Compression Chamber

3. Drawer and Primary Arms

4. Legs and Secondary Arms

5. Controller & Hydraulic Manifold

Overall Machine

The first four sections above constitute the fabricated steel components of the machine. Originally 
designed from stock steel sections (U Channel, Angle Iron, Flat Bar, etc.), the OSE CEB press design 
evolved to use welded sections made from cut-outs from a single sheet of each 0.500”, 0.250”, and 
0.125” steel plate. Fabricated by a team of unskilled and semi-skilled workers, with some skilled 
instructors, the machine was completed in 2 days in September 2016. 

Frame Adjustments

Drawer Adjustment

The purpose of adjusting the guides is to
raise or lower the drawer. There should be
a minimum gap between the drawer and the
top surface of the compression chamber but
the drawer should not rub. Acceptable
clearance is ~0.020” – 0.050”

You will need two 1 ½” wrenches. The
three (on each side) threaded rods should be
tightened into the bottom lock nuts. Using
the bottom adjusting nuts, raise the bottom
plate until it just touches the bottoms of the
bushing blocks. You should do this step to
both sides. Then tighten the top nuts so that the bushing blocks are clamped in. The rods should not 
deflect as you tighten the bushings because the bushing blocks should not move. 

With the bushing block clamps tight, move the drawer. Examine the gap between the drawer and the 
compression chamber. 

If the gap is too great, the clamp nuts need to move up on the threaded rod.

If the gap is too small and you hear rubbing, the clamp nuts need to move down on the threaded rod.
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Fig 7: Drawer guide, left side. Nuts, from top to bottom on 
threaded rod: Top Adjusting Nut, Bottom Adjusting Nut, 
Bottom Lock Nut
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Shimming the Press Plate 

The bottom of the press foot has two 1” nuts welded to it.
This is how it is fastened to the cylinder. Between the press
plate and the cylinder there are shims. If the press plate is not
flush with the top of the compression chamber at the full
extension of the press cylinder then the shims must be
changed. A variety of shims come with the machine. The
shims go between the press plate and the plate welded to the
cylinder. 

When you are installing the plate, ensure the area is free from
dirt and debris. You can easily tighten the nuts when the
cylinder is at the bottom of the stroke. You can only check the
alignment when the cylinder fully extended. It helps to have a
partner while you do this. There are two rather ugly plates
that serve as washers for each bolt. Torque the bolts
reasonably tight but remember that the “bolts” are actually
threaded rod with a nut welded on so you don’t want to over-
tighten as they may shear. 
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Fig 9: Diagram showing location of 
press plate shims

Fig 8: View of press plate 

Shim Location
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Shimming the Compression Chamber Sides

Due to manufacturing defects, the OSE CEB Press compression chamber is out of square. Shims are 
needed between the chamber front plates and the compression chamber side channels. As of writing 
this, shims are installed in the machine. 

If you hear a hollow sound when you knock on one side of the block then that side was wider during 
compression and has been pushed out of a shrinking orifice. Shim to compensate. Blocks should not 
sound hollow. 
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Fig 10: Left to Right, Top to Bottom: Compression Chamber Assembly ; Compression 
Chamber Assembly Side View ; Exaggeration of compression chamber shape without 
shims ; Shims, in red shown correcting issue
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Controller Hardware

Arduino

The controller serves as both the computer and the human-machine-interface for the CEB press. The 
heart of the controller is the microprocessor – an ATMEL ATMega 2560 – that is integrated into a 
development platform called “Arduino”. Arduino is a microprocessor development platform that was 
created for beginners in electronics. Arduino is both a collection of microprocessor development 
“boards” –  which make it easy to connect devices to the “chip” – as well as a programming language 
that makes it easier to write and understand code. Code is the programming language that the human 
programmers write and send – through a compiler – to the chip. The chip executes the program (the 
code) repeatedly many thousands of times per second. 

To make things simple, we will refer to the microprocessor as “Arduino”. The Arduino is the blue 
“board”. Stacked on top of the blue board is a black board and another small blue board with green 
terminals. These add-on boards are sometimes called “shields.” The top blue board is an output board 
and the middle black board is an input board. They both pass information through the pins on the 
outside edges of the boards to the pins of the Arduino microchip itself. 

The purpose of the input board is to take 12v signals from the three drawer position sensors, drop the 
input voltage down to 5v, and pass that signal to the Arduino. A direct 12v connection would destroy 
the Arduino. The input board also receives a 0V signal from the manual control buttons, as well as the 
0V signals from the selector switch.  These 0V signal wires could be directly landed on the Arduino 
without the input board if the drawer sensors are no longer used. 

The output card at the top of the stack has four TTL (5V) relays that can switch 12v power. These four 
relays are rated for 3 Amps of current. The Arduino board sends a 5V signal to the relay and the relay 
allows 12V current from the battery to the corresponding hydraulic valve solenoid. The valve solenoid 
remains powered until the Arduino turns off the output. 

There are two types of input signals to the Arduino. The two input signal types correspond to two types 
of “input pin modes.” The microchip can receive a LOW or a HIGH signal – a 0V ground or LOW 
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Fig 12: Bottom to Top Arduino, Input Shield, 
Output Shield Fig 11: Output Relay 
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signal or a 5V HIGH signal. If you are using 0V as an input, you configure the pin to use “internal 
pullup resistors” – basically the pin will be held at 5v until you connect ground (0V) to it. So these 
inputs are “reverse logic” – when the input signal is on, the pin will have 0V on it. 

The other input type will put a 5V HIGH signal on the input pin when the input is on. The drawer 
position sensors operate this way. The sensors put out a 12v signal which is stepped down to 5V on the 
input card and sent to the Arduino. 

Arduino I/O 
Inputs Pin Mode Outputs Pin Mode

Pressure Switch 53 Int. Pullup Solenoid Up 7 5V High

Size Selector 1” 51 Int. Pullup Solenoid Down 6 5V High
Size Selector 2” 49 Int. Pullup Solenoid Left 5 5V High

Size Selector 3” 47 Int. Pullup Solenoid Right 4 5V High
Size Selector 4” 45 Int. Pullup

Drawer Left Sensor 12 5V High
Drawer Mid Sensor 13 5V High

Drawer Right Sensor 11 5V High
Auto Mode 41 Int. Pullup

Button Up 24 Int. Pullup
Button Down 26 Int. Pullup

Button Left 32 Int. Pullup
Button Right 30 Int. Pullup

Button Middle 34 Int. Pullup

Firmware
The firmware is the code, the program, that runs on the microchip. The language of the code is Arduino
language which is a variant of C++ with many included “libraries” that make it easier to write 
programs. The firmware is edited, saved, and uploaded to the chip using the Arduino Integrated 
Development Environment (IDE) software on a laptop. This software is available online as well as on 
the flash drive found inside the controller box. The IDE part of the name means that you can write your
program, compile it, transmit it to the chip, and monitor the chip all from the same program. 

Arduino Resources
Arduino IDE 1.8.9 
Download

http://arduino.cc/en

Arduino Language 
Reference

http://arduino.cc/en/Reference/HomePage

OSE CEB Press Belize 
Firmware Download

https://wiki.opensourceecology.org/wiki/
File:Controller_v19.01BelizeFinal.zip

OSE CEB Press Controller 
v19.01 Wiki Page

https://wiki.opensourceecology.org/wiki/CEB_Press_Controller_v19.01

OSE Wiki: Aidan 
Williamson Log

https://wiki.opensourceecology.org/wiki/Aidan_Williamson_Log
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Important User-Defined Variables

Program
Line

Name Default
Value

Description

55 PRESS_DELAY 500 Time that the press holds high pressure on the CEB
at the end of compaction stroke.

79 drawerMaxMoveTime 2500 Minimum move time

80 drawerMinMoveTime 1200 Maximum move time

81 drawerReverseOffsetTime 200 Adjust to suit for midpoint button reverse direction

82 drawerTimeScalar 0.42 Adjust to stop drawer at mid point using timing

85 cylVolRatio 1.72 This is the ratio of fluid volume capacities of the 
two hydraulic cylinders. See program lines 15-19 
for derivation

80 quarterBlock 0.26 Default 0.25. Adjusted to suit reality

81 halfBlock 0.51 As above

82 threeQuarterBlock 0.69 As above

83 fullBlock 0.93 As above

112 dePressure 250 Debounce time for pressure switch

113 deButton 3 Debounce time for manual control buttons

Modifying the Firmware

You may need to modify the firmware
if you make a hardware change such
as moving to a different hydraulic
power supply source or changing a
valve, or cylinder, or if you want to
modify block compression time. This
is a fluid power system and we are
relying on timing to operate the
program so you may need to change
program variables as the system fluid
power characteristics change. 

To modify the program, open the
Arduino IDE and open the firmware
file. Arduino program files are of the
file-type .INO

To make it easier to navigate the code,
make sure that line numbers are
displayed. File → Preferences →
Display Line Numbers
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Important user-defined variables are typically at the top of the program but their exact line numbers are 
noted in the chart above. 

In order for the program to compile correctly you need to select the correct board and processor.

Tools→ Board → Arduino Mega 2560

Tools → Processor → ATmega2560

Uploading Firmware

Connect the USB cord to the laptop and the Arduino. In the Arduino IDE you need to select the COM 
port. This may have automatically been set but occasionally you must manually set it. Usually there is 
only one option and it is between COM7 and COM 9

Tools → Port → [select COM port]

Now you are all connected to upload the firmware. Consider changing the Last Upload Date at Line 1 
of the program. 

You can now upload the program by pressing:

Sketch → Upload 

or clicking this icon:

If the upload fails, check for a message in the black output window at the bottom of the IDE. Usually 
uploads fail due to a syntax error typo. Read through your changes and consult the Arduino Reference 
if needed.

Monitoring the Program

You can communicate between the Arduino and the computer using the Serial Monitor function of the 
IDE. 

Tools → Serial Monitor

The serial monitor will display messages sent to it through Serial.print() commands written in to the 
program structure. These are useful for debugging the firmware. 

I have included many messages that will display information as the press steps through its operation in 
AUTO mode. 
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Alternative Original Firmware

The original firmware can be flashed on to the board. The I/O will need to be remapped. Follow the I/O
chart above. 

Original firmware: https://wiki.opensourceecology.org/wiki/CEB_Press_Controller_v19.01

Adjusting Drawer Sensors

There has been much debate on the benefit of drawer sensors. True, they are not absolutely necessary 
for a minimum viable product. However, I saw an increase of ~10% throughput by adding them. I 
believe this alone justifies their use.

Adjustment must take ramp-down time into account which is valve dependent. You will figure it out.

The sensors detect parts of the drawer. Manually jog the drawer to a location and set a sensor based on 
that location. For example, if you want to set the sensor for fully extended, fully extend the drawer and 
set the sensor so that it turns on just before reaching this point (taking ramp-down time into account).

You will need either two 17mm or 11/16” wrenches to loosen the lock nuts on the sensors. Be sure that 
when you set the height of the sensor that the sensor does not rub on the drawer. 

You can disable the sensors by simply unplugging the cable from the sensor. 

Auto mode should not be affected.
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Fig 14: Serial Monitor shown during auto mode
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Hydraulics

The OSE CEB Press hydraulic circuit is an open center series arrangement of two double-acting 
cylinders powered by a gear pump. 
Overall System Specifications:

• 15gpm fluid flow at 3600rpm motor speed
• 3000psi maximum fluid pressure
• 7 gallon fuel and hydraulic oil tanks

For more information on machine specifications: www.wiki.opensourceecology.org/wiki/Belize_CEB
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Setting the Block Pressure Bypass Valve (Compression Pressure)

This adjustment should not need to be done regularly. The bypass valve will not easily come out of 
adjustment and in fact, I doubt you will ever need to touch this. If you are absolutely sure you need to 
adjust the bypass pressure, follow the below steps:

1. Machine should be running in manual mode.
2. You should be able to see the pressure indicator dial
3. Bottom out the main cylinder by pressing the UP button until it maxes out
4. Take note of the pressure setting while holding UP.  It is ~2700PSI by default
5. Release the UP button and either adjust the adjustment screw IN to INCREASE bypass pressure

or OUT to DECREASE bypass pressure. 
6. Carefully monitor the machine through a few AUTO cycles. The pressure should not exceed 

3000psi. 2700psi is a safe bet. 

Setting the Pressure Switch

One easy way to set the pressure switch is to use a multimeter. You want to set the multimeter for 
OHMS or Continuity. With the machine running in manual mode:

1. Disconnect the two wires from the pressure switch. 
2. Secure both ends of your multimeter to the pressure switch 
3. Create a high pressure situation by bottoming out a cylinder
4. With high pressure at the manifold, there should be continuity through the switch. If there isn’t, 

turn the screw COUNTERCLOCKWISE until continuity is read. If the switch does have 
continuity at high pressure, make sure it is closing at the correct setpoint in the next step.
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Fig 15: Setting the pressure switch with a multimeter
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5. If there is continuity at high pressure, increase swiching pressure by turning the screw 
CLOCKWISE until continuity is lost at high pressure. Then, unscrew the setting 
COUNTERCLOCKWISE until continuity is restored, then unscrew it another 1/8 to 1/4 turn. 
This ensures the high pressure setting is detected near the bypass pressure setting and not at a 
lower pressure. 

Hydraulic Valves

There are two types of valves that come with the press – black ones and blue ones. The blue valves are 
Eaton Vickers brand. The black valves are Northman and Power Valve USA brands. The black valves 
are All Ports Connected at center valves while the blue valves are Pressure to Tank Ports Connected at 
center. 

If using the black valves, the pilot-operated check valves are required. See Alternate Hydraulic 
Schematic in the appendix for information on how to connect that. Changing the drawer cylinder 
hydraulic valve will change the timing of the drawer; therefore, the drawer position sensors may 
require adjustment. 
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Fig 16: Two of the black 
valves installed on manifold

Fig 17: Wiring of black valves showing flyback
diodes installed. These can also be installed 
inside of controller box
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Hydraulic Cylinders

Press Cylinder

5” x 10” x 2.5” Cross Tube Welded Cylinder

Modifications: Stroke Limiter

Spare Parts: None

The purpose of the stroke limiter is to decrease the
maximum block height. The OSE CEB Press is designed
for an 8” stroke cylinder. When fabricated in 2016, the
correct cylinder was unavailable so a longer stroke cylinder
was used. This has the effect of creating larger blocks than
the machine was designed to produce. Therefore, a stroke
limiter was fabricated to limit the maximum size block to
~4.875”. The stroke limiter clamps to the cylinder’s rod
and uses o-rings to prevent rod damage.

The 4.875” maximum height could be increased by
removing some material from the bottom of the stroke
limiter using a lathe.

Drawer Cylinder

2.5” x 14” x 1.25” Tie-Rod Cylinder

Spare Parts: Seal kit available.

Modifications: None

Suggestions: The hoses leaving the drawer cylinder are
rubbing on the primary arms. I suggest using longer hoses to
connect to the cylinder or removing the 90° fitting (possibly
replacing it with a 45°) so that the hoses take a shorter path
to the manifold. 
The clevis rods on both sides of the cylinder like to wiggle
out of their holes. Make sure to put a pin in the clevis rod to
prevent this. 
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Fig 18: Oversize block sheared upon 
ejection – before stroke limiter installed

Fig 19: Stroke Limiter installed on 
Press Cylinder
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OSE PowerCube
The PowerCube should only be operated by trained individuals. It’s a simple machine but there are 
some key points that the operator should know:

1. There is a choke lever behind and on the left hand side of the muffler. Lift this when cranking in
order to start a cold engine. The Throttle Cable pushed all the way forward also sets the choke 
on but the cable jacket must be held or wiggled so that the cable actually moves within the 
jacket. In practice I find it faster to lift the choke lever behind the muffler manually.

2. The hydraulic fluid must have a path from pump to return at all times. Never attempt to operate 
the machine without hoses being connected properly. Damage to the pump and engine can 
occur otherwise.

3. Hydraulic oil level should be between two thirds and three quarters full when cold

4. Immediately after adding hydraulic oil, disconnect Block Press and connect the fluid output 
directly to the PowerCube fluid return. Run the engine in this configuration for 5 minutes to 
ensure that the oil added to the tank has passed through the return filter. 

5. Radiator fan MUST be operational at all times. If the fan is not spinning, stop the machine.

6. PowerCube should be run at full throttle for normal block pressing operations. 

Hydraulic fluid power is directional, meaning it flows one way through the system. The fluid output 
and input connections are made using quick-connect fittings. 

Output Fittings (male) Input Fittings (female)

In the case of the quick-connect fittings on the valve outputs of the manifold block, fluid flows both 
ways though male and female fittings. Otherwise, the former distinction holds true.
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Machinery Transportation

CEB Press Power Cube

• Secure hoses away from forks
• Slide forks under Primary Arms
• If lifting with chain, secure chain to 

compression chamber sides.

• Use a pallet and lift as any cargo
• Or use a chain without a pallet
• Do not let chain damage motor
• Ensure all frame bolts are installed before 

attempting to move

 23

D
R

A
F

T



Operating the OSE Block Press
1. Ensure all hydraulic and electrical connections are properly made. 

2. Ensure the Controller is off and the AUTO switch is off. 

3. Connect the CEB Press Controller to the PowerCube battery using the alligator clips: White to 
Positive and Black to Negative.

4. Start the PowerCube engine. The block press machine should not move. Pressure reading at 
manifold gauge should be between 400-600PSI

5. Turn the controller on. Retract the drawer cylinder using the manual control button. Fully 
extend the press cylinder. The machine is now in the home position. 

6. Pressure reading at manifold gauge should jump to 2800PSI when cylinders bottom out

7. To press a block manually: 

1. Fully extend the drawer cylinder
2. Drop the main cylinder to load desired amount of soil
3. Momentarily press the midpoint button to move the drawer to press position
4. Raise the main cylinder until high pressure
5. Drop the main cylinder slightly to relieve pressure from drawer
6. Fully retract the drawer cylinder 
7. Fully raise the main cylinder

8. To press a block in AUTO mode:

1. Select desired block thickness using selector switch inside controller box
2. With machine in home position, move auto switch to ON position
3. To stop AUTO mode, turn the AUTO switch off. 

The fluid pressure should not exceed 2700 PSI at the gauge. 

If it does, immediately stop the PowerCube and allow system components to rest until cool. Examine 
all hoses for damage or leaks. The pressure bypass valve rarely requires adjustment and a thorough 
investigation of system components should be made in the event that system pressure does exceed 
2800PSI. See section on valve adjustment if required. 

Tips

1. Dirt likes to build up in the corners of the compression chamber. Every so often you will need 
to use a putty knife or similar tool to scrape the corners. Flip the machine out of auto mode, 
drop the press plate all the way down and scrape the corners. Then, raise the press plate and 
clear it off and keep working.

2. Soil will bridge in the hopper. We put a worker up there with a digging bar to prevent binding. 
Recurring bridging indicates that there is too much moisture in the mix.

3. Soil will leak through the holes in the hopper and through gaps between the plates under the 
drawer. Try to collect this material for use as it will contain your valuable stabilizer. 
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Accessory Machinery & Equipment

Pendulum Crusher

The pendulum crusher is a manual device for crushing materials to reduce grain size. It is a simple 
device. There are some adjustments that can be made. You can adjust: gap between rotor and static 
plate, handle location, and angle of rotor rest position. Occasionally the teeth will need to be cleaned 
during operation. To do this, loosen the pendulum weight bolts, rotate the rotor forwards to expose the 
teeth, and use a screwdriver or wire brush to clean off the teeth. Then reposition the rotor and tighten 
the pendulum weight bolts.

The crushing teeth sometimes need to be resharpened. This can be done with an angle grinder. The 
teeth are made of “Hardmelt” welding rod. You can buy this at the hardware store. 

To adjust the gap between the rotor and the static plate, loosen the four 1/2” bolts on the back of the 
plate as well as the four 5/16” bolts that attach the hopper to the frame. The plate can then be slid to the
proper position and the bolts re-tightened. 

Soil Screen

An A-frame type fixed soil screen has been fabricated for the screening
of material. A wheelbarrow can be placed behind the screen to collect
screened material or a tarp can be used. During use for our production
run, we tied a tarp to the sides in a U shape to collect every speck of
dirt we could. 

Alternatively, the screen can be hung as a suspended screen which
allows for greater vibration during operation. We tried both and they
gave similar outputs. 

I can’t recommend the screen in a production environment. It is slow
and labor-intensive though it has its use for small batch testing. 
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Fig 21: Static Plate Adjustment Bolts

Fig 22: A-Frame Soil Screen

Fig 20: Pendulum Weight Adjustment 
Bolts. Shown without weights
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Suggestion for Machine Improvement

OSE Machine
Alignment Pins

The CEB press is held together by bolts. The bolt
holes are all oversized or slotted. This makes it
easy to assemble but means that it takes time to
align each component so that the machine is
square. 

One way to improve assembly time and alignment
is to carefully assemble the machine with
painstaking detail and then drill holes for roll pins,
dowel pins, or even tight-tolerance ¼” bolt holes. This would mean that future technicians would have 
a reference point to put each component together. The pins would not function as fasteners, just as 
alignment points. 

Abrasion Resistant Plating

The compression chamber can be lined with AR-400 plate, available at the steel supplier in Spanish 
Lookout. A 1/16” or 1/8” plate on each chamber surface would improve machine durability over the 
course of the next 10 or so years. As of now, the machine is 100% mild steel which wears easily against
sand and earth. It’s not needed yet but will be eventually.

Remove Added Material From Press Foot 

Before the January 2020 production run I was troubleshooting block cracking which ended up being 
due to the chamber being out of square. At the time, I thought that the gap between the press foot and 
the chamber walls was allowing the blocks to bend as they raised. Instead of adjusting the primary arm 
position on the compression chamber, I added material to the press foot. This was a faux pas. Simply 
grind off the added material – a piece of 1/8” flat – and the press foot will be back to 12” length.

Sheet Metal Dirt Deflectors Within Soil Loading Aperture

The path that the dirt takes from the hopper to the inside of the
compression chamber has many spots where the dirt can get hung
up. This causes bridging. Some sheet metal can be fashioned to let
the dirt slide past these obstacles. 

Drawer Collides with Chamber Reinforcement Bar

When the drawer reaches the full extent of its travel in either
direction the drawer guide nuts will collide with the compression
chamber reinforcement bar. You should notch the chamber
reinforcement bar to prevent unwanted side to side motion that occurs as a result of this. In order to see 
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Fig 23: A square is used to measure primary arm 
alignment

Fig 24: Soil bridging 
beginning in soil aperture

D
R

A
F

T



what I’m talking about, manually extend the drawer all the way forward or all the way back. You will 
see the drawer jerk in a direction at the extents of its travel. Take note of where the drawer guide nuts 
are touching the compression chamber reinforcement bar and use a grinder or torch to remove the 
offending material. 

Drawer Guide Bushing Retainer

The drawer guides are nylon blocks. After pressing a couple thousand blocks, the drawer guides were 
totally worn out. We had some oil-embedded bronze bushings on hand so I had the Mennonite 
machinist bore out the nylon blocks to press the bronze bushings into. He bored them out ever so 
slightly too much and as a result, the bushings are ever so slightly loose in the nylon blocks. Therefore, 
there is a possibility that the bushings will work their way out of their holders. My suggested solution is
to use a 1” washer as a retainer for the bushings. Simply notch both ends of the washers and screw 
them in to the nylon blocks using some coarse threaded screws. 

High Pressure Indicator Light

LCD Screen

Outfeed Rollers

Vibration Device on Hopper

Pendulum Crusher

Mechanization

Add a crankshaft and motor to the pendulum crusher to improve output and reduce number of workers 
required. 
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Production Process
Before beginning production you should ensure that you have all the ingredients in sufficient quantity 
and proximity. The OSE CEB Press has a theoretical daily output of 2400 blocks. Assuming 5% 
stabilization, you would need 30 square yards of crushed dry dirt to produce this number of blocks. 
This is about two dump trucks in quantity. In addition, 8% mass in water, or about 200 gallons, and 5% 
mass in cement, or about 27 bags would need to be on site. In our experience with a manual mixing 
process we were able to make 800 blocks on our best day. 
These 2400 blocks would also need 15 pallets, or a covered floor area of about 12’ x 25’.

Weights and Measures
In my experience, the following
measures hold true:
A 5-gallon bucket of dry, crushed soil
weighs about 60lbs

You can fit about 4.5 buckets in a
wheelbarrow so a wheelbarrow of
earth is about 270lbs 

A meat hook is provided with the
instrumentation to weight buckets.

It takes about 2/3 of a bucket to make
a block. In other words, you get about
1.5 blocks per bucket of material.

Calculating Batch Quantities
The following information applies to one-bag batch mixing method. That is, you mix the amount of 
material used with one bag of cement for a given percentage stabilization. This is how batch mixing 
was managed during the first production run in Progresso Village. 

1. Determine stabilization percentage. Example: 6% cement by weight
2. Determine total weight of material to be mixed. If a 94.5 pound bag of cement is 6% of the 

entire batch then the entire batch is:  94.5 pounds ÷ 0.06 = 1,575 pounds
3. Determine weight of dirt in batch: Total batch weight minus weight of cement bag:

1,575 lbs − 94.5 lbs = 1480.5 lbs
4. Convert weight determined above to a volume either in buckets, wheelbarrows, or your 

preferred container type. For our example, let’s use buckets. We said a bucket of dry dirt 
weights 60 pounds (but you should measure this yourself). Thus, 
1480.5 lbs ÷ 60 lbs per bucket = 24.7 buckets

5. The number of blocks that the one-bag batch will yield is given by dividing the weight of the 
entire batch by the weight of a single block – about 21 pounds for a 4” block. Our example:
1,575 pounds ÷ 21 pounds per block = 75 blocks

You now have calculated the number of buckets of dirt per bag of cement to make 6% cement 
stabilized blocks in a batch that will yield seventy-five 4” blocks.
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Fig 25: Scale, Buckets and Wheelbarrow
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Mixing

One-Bag Batch Hand Mixing

In the following photographs you can see hand mixing being performed in a “one-bag-batch” – one bag
of cement worth of material. In the first picture, sand and clayey soil have been mixed and a bag of 
cement is seen before being opened. In the second picture, workers mix the materials by turning with 
shovels. The third photograph shows the material spread flat and a worker dousing the material with 
water by hand from a bucket. Workers then mix this by turning until moisture is evenly distributed. The
final photograph shows the pile of mixed, moist material. This pile is now ready to go into the machine.

Test Batch Mixing

If you are making test blocks then it isn’t necessary to run a whole one-bag batch. Instead, you can mix 
by hand in a wheelbarrow. Use a scale to weigh exact amounts. Mix using hands. Lumps of overly wet 
dirt can be broken down by rubbing them between your palms.

A half wheelbarrow full is a manageable amount to hand mix. Otherwise, turning on the ground is a 
better bet. 
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Moisture Content
The moisture content can make or break the block. The water will lubricate the particles, causing them 
to compress to higher density. The water will also activate the stabilizer if used. You can find the 
optimum moisture content (OMC) by making test blocks and weighing them – see objective test below. 
In the field if you are working with a continuous mixing process then you won’t be weighing or 
measuring out water so you will have to use a subjective test performed by an experienced operator. 

Subjective Test

The way we tested for the right amount of moisture during the January 2020 production run was to do 
the “drop test”. For this test, make a clump of your moist soil mix and drop it from shoulder height. 
The clump should break apart into small clusters but not completely disintegrate. If there is too much 
moisture in the block then the clump will stay together; not enough moisture and the clump will 
disintegrate. 

Objective Test

The best way to objectively find the OMC for your soil mixture is to press test blocks at varying 
amounts of moisture and weigh them when dry. The block that weighs the most had the OMC. 
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Fig 26: Determining OMC With Test Blocks - 
Compressed Earth Block Manual of Production
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Curing Process
Cement stabilized CEBs require a moist environment for three weeks and then a dry environment for 
four weeks before being fully cured and dry. In practice, the drying time can be reduced because the 
blocks do not need to be fully dry before being used. They should be fully dry for testing, though. 

Immediately after coming out of the press the blocks should be stacked on pallets, laid on their side in 
order to reduce cracking. A broom should be available to the block layer so that he or she can clean off 
any debris before setting down a block. Any small piece of crumbled block underneath a block can 
cause cracking.
Blocks should not be stacked too high during initial curing. Rushiel Bevans who made CEBs in Belize 
City cited the OEM who provided his equipment as recommending no more than 3 high for curing. 
That’s about 90 per pallet. For the CEB Microhouse Build we stacked them 6 high- 180 per pallet –  (7 
high on some pallets) and didn’t notice any ill-effects on the lower levels. 

After filling a pallet with wet blocks it should be wrapped with plastic wrap or a tightly wrapped tarp. 
After wrapping the top of the pallet with one layer of plastic I put soaking-wet cement bags on top and 
then wrapped them in. Then I wrapped in a label that included Soil Type, Cement Content, and Date 
Pressed.

Pro Tip: Space pallets about a foot apart so that a worker can fit the plastic wrap roll between pallets 
and wrap efficiently. 

Wrapped pallets should be kept out of the sun in an area of high-humidity. If possible, wet the area 
beneath the pallets to increase humidity. You should see condensation on the inside of the plastic wrap. 

Cement stabilized blocks should cure for 21 days in high humidity. After this period they can be 
unwrapped and dried. Drying takes 14 – 28 days depending on environment.
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Fig 27: A block is set down after being pressed
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Quality Control

During Production

As the blocks come out of the press
the workers should be monitoring
block quality. The blocks should be
homogeneous, free from cracks and
surface defects, and should have
uniform density. 

A pocket penetrometer is supplied
with the block press. This device can
be used to quickly get an idea of the
block density as it comes out of the
machine. The penetrometer should
give a repeatable result. If the device
penetrates deeper into the block than
usual then too much water may have
been used. Conversely, less depth
penetration than normal means that
the blocks are too dry.

Another indication of block moisture content is the block height. Too much water could result in a 
shorter block while too little water could result in a taller block. This is due to the water’s ability to 
lubricate the soil particles. 

The workers should be acutely monitoring the blocks as they emerge and should inform the foreman of 
any variations in quality. 

Strength Testing Blocks

It is important to test blocks thoroughly whenever a new mix
is utilized.  There are several tests that we can do. The most
important of these tests is the Modulus of Rupture Three
Point Bend Test. The “modulus of rupture” refers to the
blocks’ flexural strength – how much the blocks can bend
before they crack. This is distinct from the Compressive
Strength Test which tests how much crushing force the
blocks can withstand before crumbling. Compressive strength
has a linear relation to flexural strength so as long as we get
good numbers of the Three Point Bend test then our
compressive strength will follow suit. 
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Fig 29: Strength Testing Jig

Fig 28: Auroville Earth Institute
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I have fabricated a jig for testing the blocks. It was made for the full sized ~4.75” blocks made using 
the 0 setting on the size selector switch. A modification should be made to the testing jig to allow 
thinner blocks to be made simply by drilling a new hole to mount the pivot. 

The testing jig is used by adding weight to the center of the platform until the CEB being tested cracks. 
The weight on the platform at failure is then measured and recorded. The geometry of the jig is such 
that any weight on the platform applies 5 times that force on the block. So a 100 pound weight on the 
platform puts 500 pounds of weight on the block. The weight of the platform itself on the block is 161 
pounds. 

Example:

You put 10 CEBs on the platform before the test block fails. The
weight of each block is recorded in the table on the right and the sum
of the blocks’ weights is calculated.

The force on the block is calculated as 5 times the weight on the
platform:

213.9 lbs * 5 = 1,069.5 lbs

Next, the weight of the platform itself is added to the force on the
block to calculate force at failure:

1,069.5 lbs + 161 lbs = 1,230.5 lbs

This is the force on the block at failure. We use this quantity in our calculation of the modulus of 
rupture. The formula for this calculation is as follows:

Modulus of Rupture = ( 3 × P × L ) ÷ ( 2 × b × t2 ) 

Plugging in our values we get the following:

(3 × 1230.5 lbs × 8 inches ) ÷ (2 × 6 inches × 4.8752 inches)

This reduces to:

29,532 pounds inches ÷ 285.1875 cubic inches

Which further reduces to: 

103.6 pounds per square inch. 

So in our hypothetical example, the block has more than twice the minimum Modulus of Rupture of 
50psi as defined by the New Mexico Building Code section 14.7.4.23 NMAC.
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Block Density

Blocks should have a dry density of at least 125 pounds per cubic foot. Dry density is the density 
after completely drying. You calculate it this way:

Block Weight (pounds) ÷ [ Block Volume (cubic inches) ÷ 1728 ]

Example: Your dry block is 3.5” tall and weighs 19.3 pounds.

19.3 pounds ÷ [ 12” × 6” * 3.5” ÷ 1728 ]

19.3 pounds ÷ 0.1458 cubic feet = 132.4 pounds per cubic foot

Water Absorption 

Blocks submerged in water for 12 hours should not absorb more than 12% their weight in moisture.

Absorption Percentage = [ (Wet Weight (pounds) – Dry Weight (pounds) )  ÷ Dry Weight ] × 100

Example: You put a dry 20.7 pound block in a bucket of water overnight. In the morning you take it out
of the bucket and weigh it. It now weighs 22.3 pounds. 

[ (22.3 pounds – 20.7 pounds) ÷ 20.7 pounds ] * 100 = 7.73%  – A good block
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Fig 30: A submerged block
Fig 31: Submerged block under load
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Troubleshooting

Blocks cracking as they come out Too much water, soil build up in corners of compression chamber,
compression chamber out of square, too high clay content – add 
sand

Blocks crumble Too much sand, too much stabilizer, not enough water

Blocks are wrong size Not enough soil falling through hopper (bridging), firmware 
setpoint incorrect – see “important user-defined variables”

Nothing is coming out of machine Soil compressed in drawer and not falling into compression 
chamber. Stop machine and clear out drawer

PowerCube makes a noise Check pump–engine coupler. Check fluid level. Check oil level,  

Block Press Makes Scraping Noise Drawer out of adjustment, primary arms shifted

 PowerCube won’t crank Dead battery, starter solenoid failure

PowerCube no start No fuel – check filter and try using choke. 

No spark – check spark. 

No air, check air filter

PowerCube dies when pressing a 
block

Low throttle – increase throttle

No lights on controller No power – check fuse, check / replace 5v regulator

Dead battery – check battery voltage

High Pressure before cylinder 
bottoms out

Debris in hydraulic system – clean out lines

Cylinder moves without activating 
valve

If using black valves, check pilot operated check valve

Both valve types: debris blocking movement of valve spool
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Economics
Due to the weight of CEBs, distribution of earth blocks must be considered early on. Because the 
machinery is essentially immobile, the holy grail of on-site block production cannot be obtained.  

CEB, like CMU, is an attractive building material for any type of construction. Low income clients are 
attracted to the affordability of blocks while high-end clients are looking for an “eco-friendly,” healthy 
building material or one that improves the house’s thermal mass, and improves energy efficiency. 

At first glace, the cost-savings of CEBs can be called into question. Cost per surface area of wall is 
higher than CMU when you only factor in block production; however, if a comprehensive analysis of 
construction cost is done, CEB can be an economical choice. This is because, if done properly, CEB 
requires less cement (including mortar and plaster), less skilled labor, and lower cost raw materials in 
production. 

We are bringing a new product to market and the onus is on us to prove that this is a quality building 
material. Demonstration houses can be built that show the true value of CEB. Partnerships with 
contractors should be made. Already we have seen a spike in interest after the OSE MicroHouse 
workshop and media coverage. Belizeans of all classes and foreign retirees have all requested more 
information about the blocks.

As stated in the forward, the real costs to produce block are in the material preparation before pressing. 
Blending dirt is an energy intensive process. Only machine mixing can keep up with the block press. 
Observed cost of manual blending: $0.20 BZ per block. Projected cost of machine blending: $0.06 BZ 
per block. 
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Block Cost Calculator

The block cost calculator is a spreadsheet that can be used to predict, manage, and track block 
production costs. The calculator was created using data from the initial production run in January, 2020
in Progresso Village. The data on the leftmost table compiles this observed data and derives the 
“calculated values” in yellow. 
The table on the right lets the user input values to calculate projected costs. Grey cells are values 
propagated from the left table while white cells are user input.
From the per-block production costs we can predict the payoff time for machine investment. The “Cost 
Projections” page calculates profit over time. This page also includes a calculations of machine payoff.
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Fig 32: Screenshot from Block Calculator

Fig 33: Block Cost Calculator Profit Projections
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The Workshop Model
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Appendix

Alternate Hydraulic Schematic
With pilot-operated check valve on drawer valve.
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Soil Testing Resources

Lime pH Test

 40

pII Testing Procedure for Lime Stabitizption

i
Screen soil to be tested through #40 sieve (recommended by Durango enginedr, however,

our testing to date does not seem to indicate that the screening matters)
Determine % of lime to be tested (e.g.5oA
Multiply %by 25 grams and weigh on scale (e,g,1,25 g)
Weigh 25 g. of soil less test amount of lime on scale (25.00g.-l .25 g.=23.75 ,)Fill 120 ml test vial (#1) to the 100 ml mark with distilled or R.o. water
Place roughly lz of water from vial #l in the test vial to be used (#2)
Place test soil (23 .7 5 g.) and lime ( 1 .25 g.) in vial #2 and secure cap
Shake vigorously
Add the other Yz of water from vial #1 to test viral#2
Shake vigorously
Allow to settle
AsrM calls for 30 shakes at 10 minute intervals for I ho'r
Allow to settle
Within l5 minutes insert pH tester, stir gently with reading butble close to soil, and read

pH when meter reading is stabilized
Repeat with dl lime o/o's to be tested
Ideal pH for lime stabilizationis 12.4
Some soil/lime combinations will not reach 12.4 andin those cases the best stabilization

will occur at the _highest level that can be reached with the lowest o/o lime (i.e., if 6%
lime creates a pH of I 1.9 nd 1%lime also creatos a pH of I 1.9 you would use 6Zo)

pH Pocket Pal Tester (itun*A4350-01)from HACH:
800-227-4224
970-669-30s0
970-669-2932 (tax)
www.hach.com
intl@hach.com (email)
Home Office: P.O. Box 389
Loveland, CO 80539 (distributor in Ames, Iowa also)

. A technical-support person at HACH indicated that ifASTM oalled for 30 shakes every l0
minutes for an hour that the pH would be fransferred to the waten and the readings would be
accurate. HACH also indicated it would not beprudent to submerge the pH testl into the slurry
becauseparticulates would attach to the glass and might affect futie,rudingr.

Some feel that partial stabilization occurs.ong. th: pH is above 10. If that is tnre, there maybe times when cost is a factor and ideal stabilization isiess important. In those cases blockmanufacturing and soaking will reveal that level at which sorne satisfa ctory stabilization isreached' Seuri-stabilization is satisfactory foi {y arnlioation if the strrctgre is to be plasteredand has a roof. Therefore, a small percentage oriime might be used,i.e. i; th* ideal to savemoney on the cost of lime.

Page I of2
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Soil Testing Procedure (Aidan 2018)
10/18/18

Aidan Williamson
Prepared for Scott Mader

Soil Analysis Procedure

We're going to sieve our soils to determine their mixture and then examine the fines to determine clay vs. silt content. A 
USCS soil classification will be approximated.
Perform each step for each soil site to test. Document in detail the process used and the results from each step in a 
laboratory notebook or electronic document.

1. Take notes detailing specific soil site conditions:
-Location, dimensions, characteristics of extraction site
-Estimated amount of soil available
-Organic material presence
-Homogeneity of samples 
-Depth of extraction

2. Take at least five 5 gallon samples from the site in sealed containers
Label samples. For each sample do the following:

3. Measure and record in-situ moisture content. Put two identical 1lb samples from each sealed container in labeled 
zip-lock bags or other small sealed container. Let one sample dry in an oven or solar oven. Weigh the dried 
sample. Extrapolate moisture content.

4. Analyze angularity of sand from each dried sample under a microscope or magnifying glass. Record a qualitative 
characterization.

5. Perform "Fruit Jar Test". Add a mixed (homogenous) soil sample to a lidded container up to a demarcated half-way
point. Fill the container the rest of the way with low salinity water. Shake the container and let it settle. Repeat 
agitation. Make sure the sample settles on a level surface. Measure and record the difference in height of the soil 
sample relative to the half -mark. 

a) Soil did not expand over the line – Non Expansive
b) Soil expanded 1/8in (3 mm) over the line – Slightly Expansive
c) Soil expanded 1/4in (6 mm) over the line – Expansive
d) Soil expanded 1/2in (12 mm) or more over the line – Very Expansive

6. Using a known mass of soil, perform Dry Sieve Test (ASTM D422/D2487) to determine distribution of grain sizes. 
Sieves should range from #4 to #200. On material remaining on #200 screen, perform a Wet Sieve Test. Dry the 
wet-tested material record the mass of each sieve's contents. Record and plot results.

7. Using the fine grained soils from the sieve test, perform  Atterberg Limits Tests: ASTM D4318 to determine the 
soil's plastic limit, liquid limit, and plasticity index. 
Record results.

8. Optional: Hydrometer test to determine grain size distribution in particles smaller than 75μm (passing #200 
sieve). 
The Atterberg Test results can be used instead of a hydrometer test to approximate clay content.

9. Using the information determined from the above tests, determine the closest approximation of the USCS soil 
classification from ASTM D2487
Record and rationalize the determination.

10. Compile results from each soil sample tested into a report. Bundle that in to the Soil Feasability Report
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List of Project Assets

1. OSE Block Press

2. Power Cube

3. Pendulum Crusher

4. Soil Screen – 3/8” expanded metal

5. Set of Soil Sieves - #2 #4 #10 #40 #200 
Hardwood 12”x12” square stack 
Includes catch pan

6. 0.01g Scale

7. Cassagrande Device with parting tool

8. pH Meter with 5 test bottles

9. TDS Meter

10. USB Microsope

11. Block Strength Test Jig

12. Spare powercube coupler

13. Spare Controller – 2x

14. Spare Relay Board – 2x

15. Spare Hydraulic Valve 2x (1 with mount 
screws)

16. Spare Hydraulic Hose – 2x

17. Spare Pilot-Operated Check Valve – 1x

18. Potentiometers for adding to controller – 5x

19. Shovels, short square bottom – 4x

20. Shovels, short spade bottom – 3x 

21. Spare sensors – 5x

22. spare sensor wire – 3x

23. Spare trailer connector wire

24. Spare 12v to 5v regulators 

25. Hoe -2x

26. Steel Rake – 2x

27. 55 gallon Drums – 3x

28. Pallets – 25x

29. Tarps – 5x 

30. Fuel filters 1/4”

31. Fuel Filters 5/16” 
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Useful Links
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