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1.0 Introduction 

1.1 Executive Summary 

Climate change is linked to the emissions of carbon dioxide (CO2) and other gases with relative 
amounts of global warming potential. According to the Intergovernmental Panel on Climate 

Change (IPCC), human activities have caused 1.0C (32.56F) global warming above pre-

industrial levels, it is likely to reach 1.5C (32.83F) between 2030 and 2052 (IPCC, 2018). 
IPCC’s recommendation is to lower CO2 emissions by 40% of 2010 levels by 2030, and to 
achieve net zero emissions by 2050. Concern for climate change and energy costs have resulted 
in increasing emphasis on the use of sustainable materials in ground up and renovation projects.  

The House at Cornell Tech, a LEED platinum building, provided one key takeaway, which was 
the importance of insulation to minimize the loss of heat energy through building walls (Pitts, 
2018). Minimizing energy loss in turn minimizes the amount of CO2 emissions. Conventional 
insulation materials used in modern day buildings are fiberglass made of fine glass fibers, 
mineral wool insulation, polyurethane foam, and multi-foils. These synthetic materials have been 
used more frequently than natural materials due to assumptions that they provide higher quality 
insulation and low cost. Conventional materials such as polyurethane are inherently flammable, 
and chemicals are added to provide fire resistivity. Another option is natural insulation materials, 
which consist of cellulose insulation from recycled paper products, and natural fibers such as 
cotton, sheep’s wool, straw, and flax or hemp (Department of Energy, DOE). Natural materials 
and bio-aggregate composites are typically lower impact and embodied energy, renewable, and 
organic. Research is being conducted on these materials to ensure they conform to building code 
and are compared to traditional insulation materials for benefits such as humidity and heat 
regulation. (Hegyi, 2017).  

Hempcrete, or hemp-lime concrete, is one example of a bio-aggregate composite. It is considered 
a sustainable eco-material mainly due to its use of hemp hurds, a renewable natural material that 
is a byproduct of the hemp fiber industry. Additional sustainable aspects to hempcrete relate to 
supporting local communities socially and economically. Companies like Hempitecture and 
ZILA Works are interested in the performance and sustainability of hempcrete as an alternative 
insulation material. Hempcrete consists of hemp hurds, lime binder, pozzolan, and water. Hemp 
hurds are a byproduct of the hemp industry in the United States. Hemp has become more readily 
available due to the legalization of hemp under the Agricultural Improvement Act of 2018, 
informally known as the 2018 farm bill. This provides more local sources of hemp hurds to 
incorporate in hempcrete mixtures used as building insulation material. Hempcrete is known to 
have fire resistivity, thermal resistivity and hygric benefits.  

The purpose of this project was to test formulations of hempcrete for fire resistivity, thermal 
resistivity, and the reaction to moisture of hempcrete, and to compare it to contemporary 
insulation materials used in construction, such as fiberglass and polyurethane foam. If the test 
results show higher level performance as an insulation material, hempcrete should be strongly 
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considered as an alternative sustainable product. Sustainability relating social and economic of 
hempcrete already surpasses that of contemporary materials because of local sourcing and labor.  

Thermal resistance testing was attempted at Oregon State University’s Department of Chemical, 
Biological, and Environmental Engineering. Reliable data was not obtained due to problems with 
the mix and the sample quality. The team used expired lime binder for most of the testing 
samples so the they were not durable, and the surfaces were not flat enough for the machine to 
properly test the materials. The first batch of samples crumbled during transit to the lab and 
contained too many air voids to test for thermal resistance. Test results were not obtained for 
thermal resistance, but scientific literature was reviewed to compare to other insulation materials. 
Hempcrete is not only a comparable option but potentially a better one in terms of thermal 
resistance. 

The team sent samples to Boeing’s Flammability Lab in Seattle, Washington. This lab used the 
fire resistivity test method from Chapter 1 of the FAA Fire Handbook. Chapter 1 requires 
samples to be subjected to Bunsen burner flames at a temperature of 1760 degrees Fahrenheit for 
between 15 and 60 seconds. The test yielded conclusive results. The hempcrete samples 
exhibited no signs of damage from the flame, ceased burning immediately after the flame was 
removed, and no particles fell from the samples. Even after extending the flame time to 5 
minutes, the samples remained undamaged. 

Moisture testing was conducted at Gonzaga University in the Construction Materials lab. It was 
found that hempcrete displays favorable hygric behavior to that of standard contemporary 
insulation materials. This is best described by the Moisture Buffer Value (MBV) of various 
construction materials; this is a measure of how easily moisture and thermal energy move though 
a surface. For hempcrete this value can be as high as 2.14 while contemporary wall construction 
has an upper limit of only 1.2. For this metric the higher the value the better, hempcrete has 
almost double the MBV of contemporary wall construction, it also is classified as “Excellent” 
per the test specifications. 

Compression testing was conducted using the equipment in the Construction Materials Lab. Data 
collected from the compression testing was found to be inconclusive. The average of hempcrete 
containing 0% Portland cement (PC) was 17.16 psi, for 10% PC was 15.28 psi, and for 30% PC 
was 16.69 psi. This data did not show the expected trend of increasing strength with increase in 
PC content. This is most likely due to how the hempcrete samples were not identically 
compacted in each of the test cylinders. Typically, this test method is used for dense samples 
without air voids, hempcrete has low density and has many voids. 

The total cost of materials and testing for conducting research, testing two batches of each mix 
design and analyzing test results cost $2,153.75. This total includes the estimated cost of 
materials provided by the sponsors (hemp hurds, lime binder, and pozzolan) and material testing 
at Boeing and Oregon State University (OSU). The cost for time spent working on this project 
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totaled $20,000. The following report discusses the test results and implications gathered by the 
project team, as well as future work that can be done to better understand hempcrete.  

1.2. Sponsor Description 

Hempitecture 

Hempitecture: Hemp Construction & Hempcrete Building was founded by Matthew Mead and 
Tommy Gibbons in 2013. The company’s focus is on zero impact to the environment using 
alternative construction materials such as hempcrete. Hempitecture works with clients, architects 
and stakeholders to implement bio-composite performance systems during the design and build 
processes (Hempitecture, n.d.). Their most recent project is the Highland Hemp House, where 
they added hempcrete insulation between wood framing in Bellingham, Washington. The 
exterior of the Highland Hemp House is shown in Figure 1.1.  

 

Figure 1.1. Highland Hemp House in Bellingham, WA. 

In addition to providing consulting services, Matthew and Tommy lead hempcrete and industrial 
hemp focused education workshops. They often travel to conferences around the world to gather 
more information regarding the mixing and use of hempcrete. 

Hempitecture provided the project with the most direction, as they have hands on work 
experience with hempcrete on construction sites and have insight into acquiring materials. They 
provided the project team with the mix design used on site. Tommy Gibbons came to Gonzaga 
University to work with students to create samples for testing.  

ZILA Works 

ZILA Works is developing “a patent pending, predominantly BPA-free, epoxy resin made from 
industrial hemp oil” (ZILA Works, 2017).  They were awarded a $100,000 grant from the EPA’s 
Small Business Innovation Research program for their efforts in solving today’s environmental 
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problems with economically productive solutions. Right now, they are developing a working 
prototype of their hemp epoxy resin.  

1.3 Project Description 

This project stems from the desire to use sustainable and renewable sources in the construction 
industry in order to reduce the carbon-footprint of building materials. The intent was to evaluate 
various performance aspects of hempcrete, a fiber-based construction material. Hempcrete is a 
bio-based insulation material made from hemp hurd, lime binder, pozzolan, and water. American 
Society of Testing and Materials (ASTM) standard test methods were used to assess four quality 
performance criteria of insulation materials. The focal points for testing and research were fire 
resistance, thermal resistance, moisture content and compressive strength.   

1.4 Project Requirements, Constraints, Goals, and Objectives 

Sponsor Requirements and Requests  

The two sponsors of this project are ZILA Works and Hempitecture. Both companies are 
involved in sustainable alternatives to typical construction materials in the Pacific Northwest 
region. The project goal is to research and test certain properties of hempcrete mixes to better 
inform the construction industry. This was achieved through analyzing hempcrete constituents 
and mix ratios, conducting ASTM standardized testing for compression, thermal resistance, 
moisture content, and fire resistance. The purpose of this research and testing project is to 
document, test, and research findings and to inform organizations involved in the construction 
industry on the benefits of hempcrete.  

Constraints  

 Access to limited testing equipment at Gonzaga University to perform necessary ASTM 
tests.  

 Access to limited quantity of materials for proper sample sizing to test in compliance 
with ASTM standards. (i.e. thermal testing requires 100ft2 wall). 

 Project time was limited to one academic year. 

 Project Goals  

1. Identify properties in hempcrete that can provide benefits comparable to contemporary 
insulation materials, such as fiberglass and mineral wool insulation, which meet building 
codes. These properties include compression, thermal resistance, moisture content, and 
fire resistance. 

2. Provide sponsors with a formal document containing research and test results. This 
document will establish baseline information on hempcrete’s characteristics. 

Project Objectives  

1. Measure and evaluate hempcrete properties including compression, thermal resistance, 
moisture properties, and fire resistance. 
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2. Develop hempcrete mixes to test properties and analyze how changes in mix design 
effect change performance in tests. 

3. Research and compose literature reviews documenting available information on 
hempcrete and property testing. 
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2.0 Research, Results and Discussion 

This senior design project consisted of three phases: researching existing hempcrete mix designs 
and projects, mixing hempcrete batches, and testing samples. Research was conducted to 
determine mix ratios for commonly used hempcrete. Hempitecture provided the project team 
with the mix design ratios by weight they use on site, found in Table 2.1 below. 

Table 2.1 Hempitecture’s Hempcrete Mix Ratio by Weight 

Material Ratio by Weight 
Lime Binder 1.00 

Pozzolan 0.08 
Hemp Hurd 0.60 

Water 1.88 
 

Each material was measured out by weight using the scales in Gonzaga University’s 
Construction Materials Lab in Herak. The ratios were based off the amount of lime binder used. 
Hempcrete batches were mixed in 5-gallon buckets. First the lime binder and pozzolan were 
mixed for consistency, then one third of the water was added to create a homogeneous slurry. 
The hemp hurds were then added with some more water. Water was added until a packed softball 
sized ball of hempcrete sheared with pressure applied by one finger. The resulting water was 
measured to determine the amount of water used in the mixture.  

The original design options for this project consisted of variations of three hemp hurds and two 
pozzolans as shown in Table 2.2. The project team created batches with three different hemp 
hurds and visually determined that the American hemp hurd source performed better due to its 
consistent hurd sizes. Hempitecture narrowed the scope of testing to comparing pozzolan types, 
specifically local and European pozzolans.  

Table 2.2 Initial Design Options for Hempcrete Batches 

Mix Design Hemp Hurd Binder/Pozzolan 

EU- European x 

EU+ European ✓ 
CAN- Canadian x 

CAN+ Canadian ✓ 
USA- Kentucky, US x 

USA+ Kentucky, US ✓ 

 

In order to test the mixtures, the hempcrete was packed lightly into molds specific to the testing 
parameters. For the thermal resistance and moisture content tests sample size was 6”x6”x2”, for 



 7

fire resistivity the sample size was 3”x3”x1”, and for the compressive strength testing the sample 
size was 8” ASTM compression cylinder molds. Each batch had a minimum of three samples per 
test, additional samples were created to ensure durable samples could be shipped for testing.  

Sponsors required thermal resistivity, fire resistivity, moisture content, and compressive strength 
testing. The following section contains background, methodology, results, analysis, and future 
work for each of the test areas.  

  



 8

2.1 Thermal Resistance 

2.1.1 Background 

Thermal resistance is important for comparing hempcrete to conventional insulation materials. 
Hempcrete is beneficial in terms of sustainability, but is also known to function better as an 
insulator compared to typical insulators. ASTM thermal resistance testing was pursued in order 
to compare hempcretes performance to current insulation materials, such as fiberglass and 
polyurethane foam.  

Thermal resistance is important for lowering energy use, specifically for the purpose of 
regulating temperature and comfort within a building. ASTM C168-19 Standard Terminology 
Relating to Thermal Insulation defines thermal resistance as “the quantity determined by the 
temperature difference, at steady state, between two defined surfaces of a material or 
construction that induces a unit heat flow through a unit area” (ASTM, 2019).  

R-values, the value of the materials resistance to heat, is calculated from thermal resistance 
testing. R-values are found by measuring the constant heat flux through a material of a specific 
thickness. The R-value units are square feet-degrees Fahrenheit-hour per British thermal unit (ft2 
ºF hr/Btu).  

Table 2.3 below shows R-values of some common insulation materials. R-values are very 
valuable when designing insulation for new buildings and updating old structures. Energy.gov 
gives suggested R-values depending on where buildings are located in the United States. It is 
important to find R-values for new insulation materials such as hempcrete in order to draw 
comparisons to other common insulation materials.  

Table 2.3 R-Value of Insulation Materials 

Material R-value Units 

Polyurethane Board 3.7-6.5 ft2 ºF hr/Btu 

Fiberglass batt 2.5-4.2 ft2 ºF hr/Btu 

2.1.2 Method 

The team was lucky enough to have a connection with Oregon State University, School of 
Chemical, Biological and Environmental Engineering, where they have the labs to conduct 
ASTM C518-04 “Standard Test Method for Steady State Thermal Transmission Properties by 
Means of the Heat Flow Meter Apparatus.” This ASTM standard is applicable to testing the R-
value of insulation and can allow for comparisons between hempcrete and other insulations.          

 

Figure 2.1 Heat Apparatus with Heat Flux Transducer and Specimen 
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Figure 2.1 above is from ASTM standard C518-17 Standard Test Method for Steady-State 
Thermal Transmission Properties by Means of the Heat Flow Meter Apparatus. The figure 
displays the heat apparatus with one heat flux transducer and one specimen. The hot plate has a 
constant heat flux that travels through the specimen. The heat that travels though the specimen of 
a specific thickness and then is measured dependent on how much heat is now in the cold plate. 
This test is similar to the interior temperature of a building with heating on the inside and the 
exterior temperature being drastically colder.  

Eight samples were created to be tested at Oregon State University, four of the samples had 
European pozzolan and the other four had American pozzolan. None of the samples made it 
through the shipping process, so no testing was conducted. The figures below show the four 
European samples before they are shipped and the results of the fragility of the samples after the 
shipping process.  

 

Figure 2.2 6”x6”x2” European Samples for OSU Thermal Resistivity Testing  
 

      

Figure 2.3 6”x6”x2” Broken European Samples after shipping 
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2.1.4 Results of Thermal Resistance Testing 

Although the samples did not make it in full pieces the lab was able to use on of the broken 
samples to still conduct ASTM C518-04 with one sample. Figure 2.4 below shows the surface 
contact on each of the plates is relatively uneven and therefore did not give good data. The lack 
of surface contact with the heating plates caused the data to be inaccurate.  

 

Figure 2.4 6”x6”x2” European Sample in the Testing Apparatus  

2.1.5 Discussion 

The data that was found from the Oregon State Lab was that the R-value of the hempcrete 
sample was 2.1 BTU/hr-ft2-F. With a comparison to other hempcrete R-values from Hemp 
Technologies were the values range from 25 to 50 hr-ft2-F/BTU with varying thicknesses. In 
conclusion, the values seem incorrect from the Oregon State Lab. The Lab states that because of 
the lack of surface contact between the samples and the plates on the heat flow apparatus that the 
results found are invalid. 

With the issues of fragility and lack of viable data, we depended more on a review of the 
literature on thermal resistance of insulation materials. In Appendix A: Thermal Resistance, there 
is a formal literature review on thermal resistance in support of fiber-based construction 
materials and the importance of thermal resistance for insulation. Additional questioning on the 
materials used moved us to determine that the lime binder used in the samples may have been 
expired, this is discussed more thoroughly later in this report.   

2.1.6 Future Work 

In order to give hempcrete the push to be used as a common building insulation further testing 
would need to be done. It would be very important to create samples with a fresh hydrated lime 
binder to ensure the best properties of the hempcrete for testing. Additionally, if ASTM C518-04 
were to be used again, it would be important to try and make the samples as flat as possible for 
the best surface contact. In all it would be very important to get viable data from hempcrete 
samples that could show to beneficial thermal properties that it has as a thermal insulation 
material.  
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2.2 Fire Resistance 

2.2.1 Background 

Current building codes specify required safety features of common building insulation materials 
such as fiberglass and polyurethane foam. Flammability and fire resistance are the most 
important among these features.  In order to effectively regulate insulator fire safety, standard 
test methods have been developed to quantify certain fire safety characteristics. ASTM tests are 
the primary references for building codes and requirements.  However, forward-thinking local 
governments have adopted provisions allowing for hempcrete tested using foreign standards.  
For this project, the team used FAA regulated tests due to lack of available ASTM test facilities 
at the university. The FAA tests used are comparable to the 1-hour fire rating standard in the 
United States.   

2.2.2 Methods 

Given the constraints and available resources of the project, the team used FAA approved tests 
for fire resistance testing. More specifically, Chapter 1 of the FAA Aircraft Materials Fire Test 
Handbook, titled “Vertical Bunsen Burner Test for Cabin and Cargo Compartment Materials” 
(insert reference). Boeing uses chapter 1 to measure the fire resistance of materials in the cabins 
of its aircraft. The test specifies that the material sample be placed directly above direct flame 
from a Bunsen Burner for 60 seconds. The flame temperature is specified to reach 1760 degrees 
Fahrenheit.  Figure 2.5 shows the testing apparatus used on the hempcrete samples.   

 

Figure 2.5 Hempcrete Sample in Testing Apparatus 
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2.2.3 Fire Resistance Testing Results 

Table 2.4 shows the results of recent testing conducted by Boeing on samples of hempcrete with 
varying hurd types. The exciting is the time in seconds that the specimen continues to flame after 
the burner flame is removed from beneath the specimen. Burn length is the distance from the 
original specimen edge to the farthest evidence flame damage to the specimen. Drip time is the 
time in seconds that any flaming material continues to flame after falling from the specimen to 
the floor of the chamber. If no material falls from the specimen, the drip flame time is reported to 
be 0, or “No Drip”. 

Table 2.4: FAA Materials Fire Test Handbook Chapter 1 Results 

Sample #  Exciting Time (sec)  Burned Length (in)  Drip   Time (sec)  

A1 0.0  0.7  0 

E1 0.0  1.0  0 

E2  0.0  1.6  0  

E3 0.0  1.0  0 

Average:  0.0  1.2  0 

  

2.2.4 Discussion 

The results from this testing show that hempcrete does not continue to flame immediately after 
the Bunsen Burner is removed. In other words, the hempcrete samples burnt, but did not catch 
fire and did not allow for flame propagation. 

2.2.5 Future Work 

Its highly recommend that further flame resistance testing be done using standard test methods 
for building insulation materials. Since the team lacked the extensive resources required for 
proper testing, FAA fire handbook test methods were used in lieu of more relevant material test 
methods. If this project were to be continued the first test that should be considered is ASTM 
E119-18C Standard Test Methods for Fire Tests of Building Construction and Materials. This 
test is standard for most building materials since it offers a redundant three-hour fire rating and 
tests whole building assemblies. 
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2.3 Moisture 

2.3.1 Background 

A major aspect of the Paris Climate agreements is to drastically reduce the Carbon Dioxide 
generated by operating building climate control systems. One way of implementing this change 
is by adding or updating the insulation on our structures. When installing insulation materials, a 
major factor to be considered is the local levels of rain, humidity and temperature along with 
how effective the materials perform under such conditions. Too much moisture in the walls of a 
building can lead to the growth of mold or even damage to structural components in the most 
severe cases. Moisture content also has a natural relationship with thermal resistance because of 
water’s ability to transfer heat, the more moisture you have the faster thermal energy will move 
through the medium. The movement of thermal energy and moisture through a building envelope 
is critical to serviceability and lifespan of structures and often referred to as hygric behavior. 

Hempcrete is a new building insulation material in the United States. It is based on the use of 
waste hurd from the production of hemp and can have carbon negative footprint making it more 
beneficial to the environment than traditional insulators (Tarun et al. 2016).  Hempcrete used as 
an insulator in buildings is considered to have excellent hygric performance due to its ability to 
easily balance moisture in and the fact that it retains most of its thermal resistance even at high 
humidity levels. Hempcrete is unique in that it is fully porous and has been shown to create a 
more desirable hygrothermal behavior in structures than conventional materials such as 
fiberglass and expanded polystyrene foam. The reason hempcrete’s hygric performance is 
thought of as more desirable is its self-regulating behavior, it is capable of balancing the 
temperature and humidity between rooms such that an entire building will all be similar 
conditions as opposed to having hot and cold regions within a floorplan (Tarun et al. 2016).  

2.3.2 Methods 

The team initially tried to perform ASTM C1616-07 Standard Test Method for Determining the 
Moisture Content of Organic and Inorganic Insulation Materials by Weight. This test failed as 
the samples being tested became too fragile while being dried in the oven and crumbled apart. 
The single set of data which was collected before sample failure can be found in Table 2.5. The 
samples were dried at 230 ± 10 ⁰F for at least two hours per the ASTM. It is possible that at 
lower temperatures the crumbling may have been less severe, but the team intended to follow the 
ASTM even if the method would cause the samples to fail. Due to the failed ASTM test the team 
decided to attempt a different testing method to gain insight about behavior of moisture in 
hempcrete. 

The test performed for moisture properties was not a standardized testing method. The reason an 
ASTM or other standard test was not used is the team could not find a test method which 
provided the desired data. As hempcrete uses lime as its binder it does not behave the same as 
Portland Cement based binders. In fact, hempcrete can often be removed from its formwork in 
less than half an hour without losing structural integrity. Due to this unique property the team 
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designed an experimental procedure to identify a time-rate of drying for hempcrete and used the 
procedure to test if the pozzolan used in hempcrete could affect the dry time.  The Drying-Rate 
Testing (DRT) was based off the team’s knowledge of moisture analysis in soils and consisted of 
a series of massing and drying fresh hempcrete samples. A specific testing procedure for DRT 
can be found in Appendix F. The originally intended time frame for this test was one week of 
data collection, however after three days a different group of students accidentally contaminated 
the samples with fine aggregate for concrete and the weights of all samples were much higher 
than actual. The contaminant could not be removed, and the testing had to be cut short. 

DRT began on February 12th, 2019; the samples were kept in a lab with a temperature of 
approximately 60 ⁰F and a humidity of approximately 55%. The data collected can be seen in 
Figure 2.5, this data was collected over a three-day period.  

2.3.3 Results of Drying-Rate Testing 

Table 2.5 Set of data collected from ASTM C1616-07 before samples crumbled 

European Pozzolan 

Sample  Initial Weight 
(lbs)  

Weight After First 
Drying (lbs) 

Weight After 
Second Drying (lbs) 

Decrease in 
Moisture (%) 

1 0.6705  0.6675 N/A 0.449 

2 0.574  0.5575 N/A 2.959 

3  0.608 0.6005 N/A 1.249 

 

American Pozzolan 

Sample  Initial Weight 
(lbs)  

Weight After First 
Drying (lbs) 

Weight After 
Second Drying (lbs) 

Decrease in 
Moisture (%) 

1 0.5525  0.5395 N/A 2.409 

2 0.5175 0.5050 N/A 2.475 

3  0.5495 0.5435 N/A 1.104 
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Figure 2.6 Graphical Results of the Drying-Rate Testing performed on hempcrete samples 

2.3.4 Discussion 

Even though ASTM C1616-07 could not be completed it was still helpful in determining that the 
hempcrete being used for testing had something wrong with it making it much too fragile to be 
practical. It can be noted as well that after a single drying period there was still too much 
variance in moisture weight to confirm a moisture content for these samples. 

The trends in the DRT data show that for the indoor conditions of this project you can expect 
hempcrete to dry at a rate of approximately 0.001lbs of water per minute of dry time. It can also 
be gathered that neither of the pozzolans used changed the drying behavior of hempcrete as the 
pozzolans were the only dependent variable of this experiment. 

2.3.5 Future Work 

To fully understand the hygric properties of hempcrete along with its other reactions to moisture 
more testing is required. Performing a complete DRT on more samples with a wider range of 
variable would be beneficial to understanding the cure behavior of and construction methods 
needed for hempcrete. Additionally, ASTM 1616-07 could be reperformed with a more durable 
and wider set of samples and variables to establish a baseline for hempcretes moisture content 
under various conditions. Lastly, real world structures which have been made using hempcrete 
could have sensors placed in order to create working empirical isotherm models for applied 
hempcrete. 
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2.4 Binder Analysis 

2.4.1 Background 

Companies like Hempitecture and ZILA Works are interested in the performance and 
sustainability of hempcrete as an alternative insulation material. While hempcrete is a non-
structural material and is used as insulation, there is still interest in the strength and durability of 
the material. The samples shipped to Boeing and OSU broke, which raised the following concern 
regarding damage from impacts to the hempcrete insulation in buildings. The project sponsors 
noted that the lime binder originally provided was over a year old and had been exposed to 
moisture. This may have resulted in a weaker chemical bond in the samples sent to Boeing and 
OSU for testing. While hempcrete samples for this project may have been weaker due to old lime 
binder, there is still concern regarding impacts to the insulation, such as children’s toys and 
individuals coming into contact with walls which are somewhat common occurrences.  

Hempcrete mixes typically only use lime binder and pozzolan, but two possibilities for 
strengthening the mixture is by incorporating magnesium oxide (MgO) or Portland cement. The 
original project goals were to compare two hemp hurd sources and three pozzolan sources to 
compare physical properties and sustainability. Hempitecture was also interested in testing 
magnesium oxide to compare its performance to that of lime binder hempcrete. The project team 
was in contact with Jerry Rademan from Premier Magnesia, LLC who offered to donate a bag of 
magnesium oxide if shipping was paid for. Gonzaga University did not have the ability to pay for 
the shipping through FedEx, so the project team proposed to write a literature review on the 
binder (found in Appendix D). Compression testing was conducted on hempcrete mixed with 
Portland cement using Gonzaga University School of Engineering and Applied Sciences 
compression testing equipment.  

The data collected from compression testing of three samples of each mixture indicate that addition 
of Portland cement does not increase or decrease compression testing.   

2.4.2 Methods 

Since magnesium oxide was not acquired, no test specimens were created to test its physical 
properties. The project team selected Portland cement (PC) as an alternative due to its known 
compressive strength, as well as its accessibility. New lime binder was purchased in order to 
replicate how hempcrete on site would typically perform. Mixtures with the old lime binder were 
extremely fragile and would crumble when picked up.  

Gonzaga University’s Construction Materials Laboratory contains compression and flexural 
testing equipment used for ASTM C39 Standard Test Method for Compressive Strength of 
Cylindrical Concrete Specimens. The compression testing “consists of applying a compressive 
axial load to molded cylinders or cores at a rate which is within a prescribed range until failure 
occurs. The compressive strength of the specimen is calculated by dividing the maxi- mum load 
attained during the test by the cross-sectional area of the specimen” (ASTM C39). When 
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cylinder samples have completed curing, diameters are recorded, and samples are placed in the 
compression testing machine. The load is applied continuously until the sample fractures, the 
maximum applied load is noted. Compressive strength is calculated using the following 
equation: 

𝑓
4𝑃

𝜋𝐷
 

where, 

𝑓 𝑐𝑜𝑚𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ, 𝑝𝑠𝑖 

𝑃 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑙𝑜𝑎𝑑, 𝑙𝑏𝑓 

𝐷 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟, 𝑖𝑛 

The point of failure, or maximum load, was when the hempcrete cylinders began to bulge 
outwards as shown in Figure 2.4.4 below. This means the failure follows non-linear elastic 
behaviors.  

 

Figure 2.7 Hempcrete Specimen Failure 

Batches containing 0% PC, 10% PC, and 30% PC were created to compare compressive strength 
and durability of mixtures without PC to mixtures with PC. The mix designs and photographs for 
each batch are found below in Tables 2.6 and Figures 2.8 to 2.10. 
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Table 2.6 0%, 10%, and 30% PC Content Mix Designs 

 0% PC 10% PC 30% PC 

Material Ratio Weight (lbs) Ratio Weight (lbs) Ratio Weight (lbs) 

Hemp 
Hurds 

0.60 1.50 0.60 1.50 0.60 1.50 

Lime 
Binder 

1.00 2.50 0.90 2.251 0.70 1.75 

Portland 
Cement 

- - 0.10 0.25 0.30 0.75 

Pozzolan 0.08 0.20 0.08 0.20 0.08 0.20 

Water 1.88 4.2675 1.88 4.303 1.88 4.083 

 

 

Figure 2.8 Hempcrete Cylinders with 0% PC 
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Figure 2.9 Hempcrete Cylinders with 10% PC 

 

 

Figure 2.10 Hempcrete Cylinders with 30% PC 

 

2.4.3 Results of Compression Testing 

Table 2.7 shows details on diameter measurements of the hempcrete cylinder samples, and Table 
2.8 shows the applied force at failure and the corresponding compression strength.  
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Table 2.7 30% PC Sample Diameters 

Sample  Dia (in)  Dia (in) Dia (in) Avg Dia (in) 

0% PC Samples 

1 3.9375 3.9375 3.8750 3.916 

2 3.9375 3.9375 3.8750 3.916 

3  3.9375 3.9375 3.8750 3.916 

10% PC Samples 

1 3.9375 4.0000 3.9375 3.958 

2 3.9375 3.9375 4.0000 3.958 

3  3.9375 3.8750 3.9375 3.916 

30% Portland Cement Samples 

1 3.9375 3.8750 3. 9375 3.916 

2 3.8750 3.8750 3. 9375 3.896 

3  3.8750 3.8750 3.8750 3.875 

 

Table 2.8 Compression Testing Data 

Sample  Force (lbs)  Area (in2) Compression Strength (psi) 

0% PC Samples 

1 200 12.04 16.61 

2 210 12.04 17.44 

3  210 12.04 17.44 

10% PC Samples 

1 190 12.30 15.45 

2 190 12.30 15.45 

3  180 12.04 14.95 

30% PC Samples 

1 220 12.04 18.27 

2 190 11.92 15.94 

3  190 11.79 15.87 
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2.4.4 Discussion 

These batches contained fresh lime binder, and were left to cure on a table in the Construction 
Materials Lab. On the day of testing, one of the samples had been bumped or picked up and was 
completely crumbled. When samples were picked up they were light and noticeably fragile. The 
new lime binder did not change the quality of the mixtures. One speculation is that the mix ratio 
used was not correct and had too much hemp hurds for the amount of lime binder added.  

The data collected from the compression testing with Portland cement additions showed an 
average of 17.16 psi for 0% PC, 15.28 psi for 10% PC, and 16.69 psi for 30% PC. The minimum 
compressive strength for structural concrete is 2500 psi, so this material is significantly weaker 
than structural materials. This data did not show the expected trend of increasing strength with 
increase in PC content. The trend is most likely due to how the hempcrete samples were 
compacted in the test cylinders.  

This ASTM compression test is typically used on concrete cylinders, which are really dense and 
contain little to no air voids. The compressive strength for the three batches containing varying 
levels of PC show that it has no correlation with the compressive strength of the hempcrete 
material. Failure occurred differently for each sample due to the amount of compaction the 
hempcrete mix experienced when being placed in the molds. The 0% PC mix most likely was 
more compacted than the 10% PC mix. This in turn created different air void paths, causing 
failure at different locations at different applied force.  

Another concern would be the surface of the cylinders. This is an issue the project team 
experienced when pursuing thermal resistivity testing. While the surface areas of the specimens 
were relatively similar, the angle at which the compression plates applied force on the material 
varied. This was observed when the sample sat at an angle on the compression testing machine.  

Hempcrete should not be used as a structural material, but these results do not indicate hempcrete 
does not perform as an insulator. The concern that hempcrete is too fragile and would result in 
safety concerns for the residents is not unique to this particular insulation material. Other 
insulation materials alone do not prevent puncturing of the wall. When pressures are applied to 
the hempcrete, it does not shatter but retains the bonds between hemp hurds.  

2.4.5 Future Work 

There is a need for more published research and tests regarding the use of magnesium oxide as a 
partial replacement for hydrated lime binder in hempcrete. Comparisons of hempcrete mixtures 
with various amounts of MgO through fire resistivity, thermal resistivity, and compression testing. 
Both fire resistivity and thermal resistivity must be tested to compare to existing insulation 
materials to ensure it meets code requirements for insulation materials. MgO has potential to 
increase the durability and compressive strength of the material, which provides an opportunity 
for portable hempcrete bricks.  



 22

Fresh lime binder did not improve the quality of the hempcrete mixtures, there is speculation that 
the mix ratios used were not correct. Continuation of this project would need to reevaluate the mix 
ratio, either less hemp hurds or more lime binder.  

MgO is more commonly used as a replacement for Portland cement in concrete mixtures. Research 
and testing on hempcrete with some Portland could provide comparative data for MgO and 
Portland cement in an application other than concrete structures. Since hempcrete is a non-
structural material and requires wood framing for support, a mixture of Portland cement with hemp 
hurds may provide a more sustainable alternative to concrete columns and beams in a structure.  

Additionally, the American Society for Testing and Materials (ASTM) has many testing methods 
regarding this topic, one that specifically pertains to hempcrete is C821-14 Standard Specification 
for Lime for Use with Pozzolans. This applies to both hydrated limes and magnesium oxide.  
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3.0 Project Management 

3.1 Schedule 

Throughout the course of the project there were two main iterations of the project schedule. They 
can be seen below in Figure 3.1 and Figure 3.2. The actual occurrence of events can be seen in 
Figure 3.3. The mains cause of variation from the schedule were logistics of materials arriving 
and the changes made to the project scope throughout the working time. As the scope was 
adjusted and the testing regiment evolved the order of events had to be modified as well to 
accommodate all necessary events. The other major change to the schedule was the second batch 
of samples which had to be made in order to replace those which did not survive the shipping to 
their respective test locations. 

 

Figure 3.1 The initial iteration of project schedule created based off project description before 
clarifying scope with sponsors. 

 

 

Figure 3.2 The secondary iteration of project schedule created after the scope and intended goals 
of the project were clarified with the sponsors.  
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Figure 3.3 Actual dates of occurrence for major project milestones.  

3.2 Project Management 

The project began in early September 2018 and was completed at the end of April 2019. Each 
project team member was the project manager for a portion of the nine-month period. Table 
Table 3.1 indicated when each team member would lead the project team.  

Table 3.1 Project Manager Timeline  

Project Manager  Dates  

Cassidy Lomas  August 29th – October 18th, 2018  

Anthony Adamek  October 19th – December 9th, 2018  

Erik Allen  January 14th – March 5th, 2019  

Coral Ng   March 6th – May 1st, 2019  

 

The role of the project manager was to delegate tasks to each project team member, determine 
internal deadlines for project tasks, and to communicate and set up meetings with Lauren Heine 
and sponsors to update them on the projects progress. 

3.3 Budget 

The original budget estimate for the project was $3,393.16, as shown in Table 3.2. This included 
cost for materials, transportation and housing for the shed building workshop in Seattle. Without 
the $2,338.80 cost for the workshop, the original estimate was $1054.36. This original cost 
estimate did not include any laboratory testing fees.  

The actual budget for this project is found in Table 3.3. and was a total of $2,155.75, with 
$363.75 spent on material and shipping, and $1,790 spent in the form of donations. Billing for 
time was $20,000. Our expense allowance from Gonzaga University’s CEDE office was $1,000, 
so this project budget was within the allowed spending.  
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Table 3.2 Original Budget Estimate 

Item Unit Cost Quantity Total Cost ($) 

Travel $0.53/mile 560 miles $296.80 

Lodging $130/room 2 rooms $260.00 

Printing $0.05/page 500 pages $25.00 

Poster $10/poster 1 poster $10.00 

Testing Molds $48.00/36 molds 36 molds $48.00 

Dust Masks $11.85/15 masks 180 masks $47.40 

Gloves $14.00/pair 4 pairs $56.00 

Glasses $3.99/pair 4 pairs $15.96 

Sub Total:   $759.16 

    

Practice Materials:    

Hemp Hurd* $100/bale 2 bales $200 

Lime Binder* $90/bag 1 bag $90 

Pozzolan* $60/bag 1 bag $60 

Water $0 2000 mL $0 

Batch (2) Materials:    

Hemp Hurd* $100/bale 4 bales $400 

Lime Binder* $90/bag 2 bags $180 

Pozzolan* $60/bag 2 bags $120 

Water $0 4000 mL $0 

10’x10’ Structure:    

Hemp Hurd* $100/bale 10 bags $1,000 

Lime Binder* $90/bag 5 bags $350 

Pozzolan* $60/bag 5 bags $300 

Water $0 10,000 mL $0 

Formwork $1.10/sf 120 sf $132 

Sub Total:   $2,634 

Total:   $3,393.16 

*Provided by sponsors 
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Table 3.3 Final Budget Spending 

 

  

Date Purchased Material Cost 

Expenses through CEDE Office 

11/21/2018 Rubber Gloves and Baking Tray $34.74 

11/21/2018 Buckets and Lids $41.07 

11/26/2018 PowerPozz Metakaolin (40 lb bag) $88.77 

2/21/2019 Shipping – Boeing and OSU $66.24 

3/18/2018 Portland Cement $14.96 

3/18/2019 Concrete Cylinders $59.79 

3/18/2019 Rubber Gloves and Baking Tray $38.18 

3/26/2019 Lime Binder (1 bag) $20.00 

Subtotal  $363.75 

Sponsor Expenses (Donation) 

 Lime Binder (2 bags) $40.00 

 European Pozzolan $40.00 

 Canadian Hemp Hurds (22 lb bag) $50.00 

 European Hemp Hurds (22 lb bag) $50.00 

 Sunstrand Hemp Hurds (22 lb bag) $40.00 

Subtotal  $220.00 

Testing Facility Expenses (Donation) 

 Boeing Flammability Testing Fees (2) $450.00 

 Oregon State University (OSU) Thermal 
Testing Fees 

$400.00 

 Compression Testing Fees $720.00 

Subtotal  $1,570.00 

Time 
 400 hrs @ $50/hr $20,000 

Subtotal  $20,000 
Total w/o Time  $2,153.75 

Total w/ Time  $22,153.75 
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The project sponsors, Hempitecture and ZILA Works, provided the project team with materials 
required for an initial hempcrete mix design. The materials provided as donations were: three 
sources of hemp hurds, two sources of pozzolans, and lime binder. Donated materials cost 
roughly $220.00. Additionally, laboratory fees, estimated to be $1,570, were waived for the 
research conducted using Boeing’s FAA Flammability Laboratory, Oregon State University’s 
Thermal Resistance Measurement System (TRMS 9000), and Gonzaga University’s Concrete 
Compression Testing Machine. Hempcrete mixing was conducted in Gonzaga University’s Civil 
Engineering Construction Material Lab in Herak. The estimated fees for donated materials and 
use of laboratory equipment for are found in Table 3.3.  

The project team originally estimated 884 hours total for project research, testing, and analysis. 
Not all work was tracked throughout the academic year, but roughly 400 hours was put into this 
project. At a billing rate of $50 per hour, the cost for time is $20,000.  

3.4 Meetings 

Weekly Team Huddle: 

Internal project team meetings were held every Monday from 6:00 – 8:00 pm in Herak 103B 
Senior Design Conference Room at Gonzaga University. This time was dedicated discussing and 
preparing for upcoming meetings with sponsors and/or advisor, material orders, upcoming lab 
work, project reports/deliverables and presentations. Project team members met at additional 
times if more work was needed to complete necessary work to prepare for reports and 
presentations.  

Monthly Advisor Update: 

Meetings with the project advisor, Lauren Heine, were held as needed on a monthly basis at an 
off-campus location. Updates were communicated over text and email when schedules did not 
align for off-campus meetings. Meeting minutes were taken and provided to the internal project 
team through an email update. Additional communication between in-person meetings occurred 
via text and email.  

Sponsor Meetings: 

Three conference calls with Hempitecture, ZILA Works, and Lauren Heine were conducted 
throughout the academic school year. Details for each of the three conference calls can be found 
in Appendix D, a brief summary can be found in Table 3.4. below. Most communication was 
conducted through emails with the sponsors and advisor. Gonzaga University team members met 
with Tommy and Mattie to pick up materials and assist with hempcrete mixing. Meeting minutes 
were taken and provided to individuals who attended the call.  
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Table 3.4 Conference Calls with Sponsors 

Date Meeting Notes 

September 14th, 2018  Introduction to team members 

 Project expectations and requirements 

November 16th, 2018  Details on testing for MgO 

 Plans for 10’x10’ shed 

March 6th, 2019  Future compression testing work of samples 
containing Portland Cement 

 

Laboratory Work Sessions: 

Hempcrete mixing, pouring, and testing was conducted in the Civil Engineering Construction 
Materials Laboratory in Herak on Gonzaga University’s campus. Project team members wore the 
following personal protection equipment (PPE) while mixing the batches: gloves, dusk masks, 
and glasses. Mix design and testing data were recorded during lab sessions in a lab book, and 
photographs were taken of project progress. Table 3.5 below indicates meeting times and what 
mixes were conducted.  

Table 3.5 Laboratory Work Sessions 

Date Mixes Notes 

October 22nd, 2018 Practice Batch of Hempcrete Too much lime binder and water 

November 11th, 2018 Practice Canadian and European 
Hemp 

Ran out of pozzolan 

December 14th, 2018 Canadian and European Hemp 
Batches (Testing) 

Change of mix design 

January 18th, 2019 European and Local Pozzolan 
Batches (Testing) 

Wrong sample size 

January 25th, 2019 European and Local Pozzolan 
Batches (Testing) 

Samples broke in transit 

February 12th, 2019 European and Local Pozzolan 
Batches (Testing) 

Sample surface not flat enough 
for thermal testing 

 

3.5 Quality Assurance and Quality Control (QA/QC) 

During the project many hempcrete samples fractured and shattered. Although hempcrete in the 
field is immobile samples had to be moved to complete testing. The team was unable to perform 
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certain testing due to hempcretes poor durability and to mitigate the risk of inconsistent test 
results. The team believes this was due to an aged lime binder that didn’t create the right 
properties in the hempcrete samples (lime binder is known to lose its binding properties as it 
ages).  The team believes the results would have been very different if fresh lime binder was 
used. 

The team went to great lengths to ensure consistent pressure when packing hempcrete into 
molds. Without consideration for packing pressure there is a risk for variability in sample 
properties. Thanks to the precautions taken by the team, there was no noticeably detrimental 
variations between samples. 

Mixing ratios were to be kept constant during the hempcrete pouring process. Any variation in 
composition can have significant effects on testing properties and results. The team was careful 
to ensure all testing ratios were kept constant and that each batch was mixed for the same amount 
of time and to the proper consistency.  
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4.0 Academic Requirements 

4.1 Operation and Maintenance 

All hempcrete samples were cured and stored in the same indoor environment. Measures were 
taken to ensure the hempcrete could properly dry and avoid contact with any outside sources of 
moisture or temperature. Keeping operations and methods consistent helped assure the samples 
quality, pairing high quality samples with careful test procedure produced the highest quality 
data possible with the resources provided. Hempcrete in application will provide various 
maintenance and installation issues. Primarily, it is fragile and will need to have repair costs and 
needs factored into its applied use. Along with repairs, the initial water weight and time of 
installation will be important factors to consider for size and time frame of buildings and 
constructions. 

4.2 Sustainability 

The primary motivation to use hempcrete as an insulation material in construction is because of 
the many ways in which it is sustainable. Hempcrete has a massive potential to be a long-lasting 
and efficient sustainable material that can be used to promote society as human populations 
continue to increase and climate continues to change. Hemp grows quickly in many climates 
with limited need for chemicals. The passing of the Agricultural Improvement Act 2018 was a 
major step for the hemp industry in the United States, this act legalized the growth of hemp. The 
increased accessibility to hemp will result in increased local access to hemp hurds, which are the 
waste byproduct of the main productions. The fact that all components of hempcrete can now be 
procured domestically is good news for environmental sustainability as well. Hemp is known to 
sequester carbon while growing. Local sources of hemp will reduce amount of shipping which 
will decrease the carbon emissions during the processing phase. Hempcrete has been known to 
be “net zero” or “carbon negative” due to its production emissions equaling the carbon 
sequestered. Industrial hemp’s recent legalization in the United States, coupled with its ease of 
growing, ability to sequester carbon and multitude of uses, makes hemp a very attractive crop for 
smaller farms. With smaller farms producing hemp there will be local economic stimulation and 
an excess of hurd; allowing hempcrete, with proper development, to be a highly viable and 
sustainable building material. 

4.3 Impacts on Society 

Hempcrete is made from hurd, the byproduct of processing hemp fibers. The hemp plant is 
naturally resistant to pesticides and can grow in many different climates. Hempcrete acts as good 
insulator and humidity regulator. When used as a building insulation material hempcrete is 
energy efficient and helps decrease the energy consumed providing climate control. Hempcrete 
can also be a carbon zero material which means the amount of carbon absorbed during the 
hemp’s growth is greater than or equivalent to the carbon emitted during the processing and use 
of hempcrete. Not only will society benefit from decreased environmental factors, our buildings 
will also be more comfortable to inhabit, and the production of domestic hemp will stimulate 
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both small and large economies. Hempcrete’s widespread use would have many positive effects 
on society and lead to a more sustainable built environment.   
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5.0 Conclusion 

5.1 Summary of Project Results 

The purpose of this project was to identify properties in hempcrete that can provide benefits 
comparable to contemporary insulation materials, such as fiberglass and polyurethane foam. 
These properties include compression, thermal resistance, moisture content, and fire resistance. 
Sponsors asked for this research and testing to be compiled into a formal document so that 
information on hempcrete’s characteristics can be established.  

Over the academic year, hempcrete was tested for fire resistivity, moisture content, and 
compression strength. The results indicated that hempcrete has potential for success as an 
insulation material, since it did not burn under Boeing’s high FAA Bunsen Burner standards and 
since hempcrete dries at a good rate. Compression strength does not apply to insulator materials, 
this test showed that adding Portland cement does not significantly strengthen hempcrete as 
assumed.  

5.2 Future Recommendations 

The test results from this project show that hempcrete has huge potential in the construction 
industry. There are many opportunities to further this research to determine its physical qualities 
in comparison to contemporary insulation materials. The main issue was strength and durability, 
this proved a challenge during shipping of samples. There is speculation that the mix design was 
not ideal, so the most important continuation for this project is to determine the ideal mix design. 
This mix design would maximize durability but minimize cost of materials and labor. The 
following is a summary of future work that stems from this project under each specific test 
category: 

Fire Resistivity: 

 Perform ASTM E119-18C Standard Method for Fire Tests of Building Construction and 
Materials 

 Gather fire resistance information on other common insulators 

 Compare hempcrete ASTM E1P19-18C results with other common insulators to establish 
baseline fire resistance data for hempcrete 

Thermal Resistivity: 

 Perform more testing on hempcrete using either ASTM C518-04 or another applicable 
ASTM standard test method to fiber-based insulation material. 

 In order to gain the proper R-values of hempcrete as an insulation material the future 
sample surfaces would need to be as flat as possible in order to have good surface contact 
for testing. 

Moisture: 
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 Perform DRT on a wider variety of samples to gain insight on how material composition 
can affect hempcretes’ drying process 

 Perform ASTM 1616-07 with proper hempcrete samples such that the test can be properly 
completed 

 Create a scale model of real-world structure to test and establish isotherms for hempcrete 

Compressive Testing:  

 Publish research and tests regarding magnesium oxide (MgO) as a partial or full 
replacement for hydrated lime binder 

 Hempcrete containing MgO and Portland Cement (PC) to see if it could be used as a 
replacement for the wood framing of hemp insulated structures 

 Conduct an American Society for Testing and Materials (ASTM) test method specific to 
lime and pozzolans: C821-14 Standard Specification for Lime for Use with Pozzolans 

These are all potential projects that could stem from the research that this project team has 
conducted.   
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7.0 Appendices 

Appendix A – Thermal Resistance 

Building insulation plays a huge part in 
conserving energy use and subsequently 
lowering greenhouse emissions in the world. 
Building insulation has the ability to 
regulate the interior temperature of 
buildings. With the use of cooling and 
heating systems, insulation helps to keep a 
desired temperature that can be very 
different from the exterior temperature. With 
the intention of using less energy, building 
insulation needs to have good thermal 
properties to accomplish this. In additional 
to thermal resistance, fire resistance and 
moisture content (hygric behavior) are 
important properties associated with 
insulation that are necessary for safety, 
health and comfort.  

For the purpose of regulating temperature 
and comfort within a building, thermal 
resistance is most important for lowering 
energy use. Thermal resistance as ASTM 
C168-19 defines it is “the quantity 
determined by the temperature difference, at 
steady state, between two defined surfaces 
of a material or construction that induces a 
unit heat flow through a unit area.” [2] 

Testing for thermal resistance results in R-
values which is the value of the material's 
resistance to heat. R-values are found by 
measuring the constant heat flux through a 
material of a specific thickness. The R-value 
units are square feet-degrees Fahrenheit-
hour per British thermal unit (ft2 ºF hr/Btu). 
Thermal resistance is the inverse of thermal 
conductance, so thermal conductance has a 
C-value with units of Btu/ft2 ºF hr. Thermal 
conductance as defined by ASTM C168-19 

is “the time rate of steady state heat flow 
through a unit area of a material or 
construction induced by a unit temperature 
difference between the body surfaces.” [2] 

Thermal conductivity as defined by ASTM 
C168-19 states, “The time rate of steady 
state heat flow through a unit area of a 
homogeneous material induced by a unit 
temperature gradient in a direction 
perpendicular to that unit area.” [2] 

It is important to differentiate thermal 
resistance, thermal conductance, and thermal 
conductivity. Both thermal resistance and 
thermal conductance depend upon the 
thickness of the material, whereas thermal 
conductivity is not based upon the thickness. 
[4] Thermal building insulation varies in 
thicknesses so it can be valuable to know 
that a high R-value (thermal resistance) or a 
low C-value (thermal conductance) 
correlates with a better insulation.  

While there are many tests to find thermal 
resistance, it is important to find a test that 
reflects the performance of the varying 
building materials. Even between different 
common insulation materials, such as 
polyurethane and fiberglass, there are 
multiple ASTM standard tests that can be 
used to find an R-value for the insulation.  

Thermal insulations can be made from many 
different materials. Some bio-based 
materials provide eco-friendly options for 
building materials. [7] Some examples of 
non-bio-based insulation materials are fiber-
glass, slag wool, and polyurethane. Some 
bio-based materials that can be used for 
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insulation are cotton, wood, cork and hemp. 
Some insulation materials such as 
polyurethane, are flammable and can be a 
fire hazard and have fire toxicity issues, 
especially when they contain toxic flame 
retardants. Some insulation materials have 
the ability to absorb water more readily with 
changing humidity which allows the 
insulation to regulate the temperature more 
efficiently. With the increased temperature 
regulation it also increases the thermal 
resistance of the insulation material. 

The long term use and the less energy 
needed to regulate a building at a 
comfortable temperature makes the fiber-
based materials worthwhile. [5] An example 
of a material that allows for this is 
hempcrete. Hempcrete is a bio based 
thermal insulation material made from hemp 
hurd that has gained a lot of attention 
overseas in a few countries such as the 
United Kingdom and France. [3] Hempcrete 
has to be applied on site or made into 
blocks, if done properly can be very 
beneficial in lowering energy cost within 
buildings. The thermal properties, especially 
thermal resistance is a valuable property that 
needs to be tested to determine if hempcrete 
can be used as a good thermal insulation. 
Hempcrete has a the ability to regulate the 
internal temperature of a building well 
enough that in some cases a HVAC system 
is not even necessary for comfortable 
building temperature (reference) 
Comfortable ranges are from 68-76 degrees 
Fahrenheit, according to the Occupational 
Health and Safety Administration (). 

Below are R-values of some common 
insulation materials. The R-value is very 

valuable when determining the type of 
insulation for new buildings and when 
updating old structures. Energy.gov gives 
suggested R-values depending on where 
buildings are located in the United States. It 
is important to find R-values for new 
insulation materials such as hempcrete in 
order to draw comparisons to other common 
insulation materials. [6]  

R-value of Insulation Materials 
Material R-value  Units 
Polyurethane Board 3.7-6.5 ft2 ºF hr/Btu 
Fiberglass batt 2.5-4.2 ft2 ºF hr/Btu 

 

For hempcrete and this fiber-based material 
project the team decided to find the thermal 
resistance using ASTM C518-17, Standard 
Test Method for Steady-State Thermal 
Transmission Properties by Means of the 
Heat Flow Meter Apparatus. We found that 
this test method can give a solid R-value for 
a fiber-based insulation material. This test 
method uses a hot plate and a cold plate 
where the test specimen is placed between 
the two plates. This ASTM standard is 
applicable to testing the R-value of 
insulation and can allow for comparisons 
between hempcrete and other insulations. [1] 

  

The figure above is from ASTM standard 
C518-17 and displays the heat apparatus 
with one heat flux transducer and one 
specimen. [1] The hot plate has a constant 
heat flux that travels through the specimen. 
The heat that travels though the specimen of 
a specific thickness and then is measured 
dependent on how much heat is now in the 
cold plate. This test is similar to the interior 
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temperature of a building with heating on 
the inside and the exterior temperature being 
drastically colder.  

As a team we created hempcrete samples 
that were sent to a lab at Oregon State 
University that offered to perform ASTM 
C518-17 test on the samples. The lab ran 
into a few issues that did not allow for 
viable data. First, the hempcrete samples 
were too fragile to be shipped and all of the 
samples were either cracked or completely 
crumbled. The second issue that arose was 
that with a ‘good’ sample the surface contact 
between the hempcrete sample and the hot 
and cold plates was not good. Since the 
plates have a constant heat flux flowing 
through the material without a good surface 
contact it is impossible to have data that 
truly represents the thermal resistance of 
hempcrete. The Oregon State lab got one 
data point that said hempcrete had an R-
value of 2.1 ft2 ºF hr/Btu.  

Given the problems with the surface contact 
and limited samples, we do not believe that 
this data point is reliable. With the lack of 
good data more research was necessary. 
From Hemp Technologies there is some 
experimental data on thermal resistance of 
hempcrete. The R-value for these hempcrete 

samples varied between 4.35-7.14 ft2 ºF 
hr/Btu. These R-values are more accurate 
and reflect the actual thermal resistance of 
hempcrete. 

In comparison to the R-values above for 
polyurethane and fiberglass insulation, 
hempcrete has good values. It is important to 
compare the values to other insulations that 
are so readily available and used currently, 
so that hempcrete can be used as a 
substitute. In fact, hempcrete actually has 
better thermal resistance than fiberglass 
insulation which is currently being used as a 
building material. 

As fiber-based building insulation gains 
more attraction in the United States it can 
lower total energy uses throughout the entire 
world. In the attempt to incorporate new 
fiber-based insulation materials it is 
imperative to get data on samples so that the 
insulation material can eventually be used 
more readily in construction. Since 
industrial hemp is now legal to grow in the 
United States, hempcrete should gain more 
attention. Hemp can be mass produced and 
developed with a lower carbon footprint and 
create a push for sustainable building styles 
throughout the United States. 
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Appendix B – Fire Resistance 

Flammability Testing of Insulation Materials:  

In the United States, most fire tests for 
combustibility (capability of catching fire) 
and fire resistance (duration for which a 
material can withstand heat/flames) in 
building materials is issued by American 
Society for Testing and Materials (ASTM). 
ASTM E84 Standard Test Method for 
Surface Burning Characteristics of Building 
Materials is the most common reference for 
insulators because it can characterize fire 
resistance properties of exposed insulation 
material (ASTM, 2018).  ASTM E84 
measures flame spread ratings and smoke 
developed ratings.  Basic exposed insulation 
material that meet building code 
requirements should meet an ASTM E84 
rating of 25/50 (flame spread rating of 25 
and smoke developed rating of 50) (Pinfa, 
2017).  It’s important to note, however, that 
to meet a 25/50 rating means that the entire 
wall configuration, not just the insulator, 
must be rated at 25/50.  This means that a 
flammable insulator may be protected from 
direct flame contact with drywall or another 
type of finishing cover.  However, if a 
building is intended to have exposed 
insulation for thermal or acoustic purposes, 
this test will directly test the insulation 
material.  

ASTM E136 is used to directly classify a 
material (not just insulators) on a more 
qualitative level as either “combustible” or 
“non-combustible” (ASTM, 2018). To be 
classified as “non-combustible” a material 
must not support fire and will not feed a fire 
when exposed to temperatures high enough 
to thermally decompose organics into 

gasses.  This means most “non-combustible” 
materials have low organic content.  The test 
involves placing samples in a furnace set to 
750oC (1382oF) until failure of up to 30min.  
These highly stringent criteria to meet a 
“non-combustible” classification is why 
ASTM E136 is not always specified in 
building construction materials.  It is mostly 
used for confined spaces and high-
temperature industrial applications. 

Another common fire resistance test method 
is the “one-hour” fire rating.  This test is 
supposed to measure the performance of 
building systems (wall, floor, or roof) 
exposed to intense fire. These systems may 
include drywall, framing, and insulation 
material.  The test simulates a fire from one 
apartment to another through a shared wall. 
In this test, building systems are subjected to 
a temperature of about 1,700oF.  This is 
based off ASTM E119 Standard Test 
Methods for Fire Tests of Building 
Construction and Materials, which specifies 
a flame temperature of 2000oF and a time of 
three hours (ASTM, 2018). A 
system/material receives its “one-hour” 
rating if it can resist this heat and fire 
exposure for one hour.   This rating is 
common for building and insulation 
materials. Underwriters Laboratories (UL) is 
responsible for listing all of the 1,800 
designs with this rating. It is construction 
industry standard and required by FEMA to 
use these listed designs.  It’s important to 
note, once again, that this rating is for whole 
wall/ceiling/floor systems and do not test 
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individual components like thermal 
insulation.   

Known Codes & Regulations on 
Hempcrete: 

Currently, there is very little information on 
hempcrete in building codes and regulations 
in the United States.  However, the City of 
Portland Alternative Technology Advisory 
Committee cites fire testing carried out by 
the CSTB, the French national organization 
responsible for research and certification in 
the construction industry (City of Portland, 
2011).  The testing involved exposing 
300mm thick hempcrete block walls to 
flames for 1 hour and 40 min.  After that 
time, the blocks themselves did not fail but 
the mortar joints did.  This means that 
hempcrete qualifies as a 1-hour fire rated 
material in the European Union.  The 
Alternative Advisory Committee accepted 
this result as equivalent to one-hour ratings 
in the US and deemed hempcrete exempt 
from any conflicting building codes. This 
may be one of the first examples of 
hempcrete being accepted in US building 
codes. 

FAA Fire Resistance Testing: 

Given the constraints and available 
resources of the project, the team used FAA 
approved tests for fire resistance testing.  
More specifically, chapter 1 of the FAA 
Aircraft Materials Fire Test Handbook, titled 
“Vertical Bunsen Burner Test for Cabin and 
Cargo Compartment Materials” (FAA2019). 
Boeing uses chapter 1 to measure the fire 
resistance of materials in the cabins of its 
aircraft.  The test specifies calls the material 
sample to be placed directly above direct 

flame from a Bunsen Burner for 60 seconds.  
Figure 1 shows the apparatus used to test the 
hempcrete samples.   

 

 

Figure 1: Hempcrete Sample in Test 
Apparatus 

Table 1 shows the results of recent testing 
conducted by Boeing on samples of 
hempcrete with varying hurd types.  The 
exciting is the time in seconds that the 
specimen continues to flame after the burner 
flame is removed from beneath the 
specimen. Burn length is the distance from 
the original specimen edge to the farthest 
evidence flame damage to the specimen. 
Drip time is the time in seconds that any 
flaming material continues to flame after 
falling from the specimen to the floor of the 
chamber. If no material falls from the 
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specimen, the drip flame time is reported to 
be 0, or “No Drip”. 

Table 1: FAA Materials Fire Test Handbook 
Chapter 1 Results 

Sample  #  Exciting Time (sec)  Burned Length (in)  Drip   Time (sec)  
A1 0.0  0.7  0 
E1 0.0  1.0  0 
E2  0.0  1.6  0  
E3 0.0  1.0  0 

Average:  0.0  1.2  0 
 

The results from this testing show that 
hempcrete does not continue to flame 
immediately after the Bunsen Burner is 
removed.  In other words, the hempcrete 
samples burnt, but did not catch fire and did 
not propagate flame. This means hempcrete 
meets the criteria for use in aircraft, 
although it would not likely be practical.  
The FAA states that for fire protection in 
general aircraft, “Thermal/acoustic materials 
in the fuselage, if installed, must not be a 
flame propagation hazard.”  (FAA, 
§23.2325).  FAA Chapter1 testing can be 
closely compared to ASTM E119 Standard 
Test Methods for Fire Tests of Building 
Construction and Materials. ASTM E119 
also specifies exposure of samples to open 
flame for a specified period of time and 
measures visual evidence of flame 
propagation.  However, ASTM E119 
specifies a required flame temperature and is 
applied to a broader range of materials. 

Fire performance Characteristics of 
Other Insulation Materials: 

Fiberglass and mineral wool insulation are 
noncombustible.  However, certain types of 
foam insulation are highly combustible.  

International Building Code stipulates that 
foam plastic insulation, such as polyurethane 
foam, must meet a rating maximum of 
75/450 when tested against ASTM E84 or 
UL 723 standards (2012 IBC Sec. 2603.3).  
The code states that “Such testing shall be 
related to the actual end-use configuration 
and be performed on the finished 
manufactured foam plastic assembly in the 
maximum thickness intended for use”.   

Although flame retardants may be added to 
such foams to improve fire performance, 
many of them have inherent health risks.  
The United States Environmental Protection 
Agency (US EPA) studied the effects of 
long-term exposure to various chemical 
compounds found in these flame retardants.  
The Agency found certain halogenated 
flame retardants used in polyurethane foam 
to have a “moderate” hazard for eye 
irritation, skin sensitization, neurotoxicity, 
carcinogenicity, and reproductive toxicity 
effects (EPA, 2015). 

Future Work: 

Its highly recommend that further flame 
resistance testing be done using standard test 
methods for building insulation materials. 
Since the team lacked the extensive 
resources required for proper testing, FAA 
fire handbook test methods were used as a 
placeholder. If this project were to be 
continued the first test that should be 
considered is ASTM E119-18C Standard 
Test Methods for Fire Tests of Building 
Construction and Materials. This test is 
standard for most building materials since it 
offers a redundant three-hour fire rating and 
can be compared to other insulation 
materials.
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Appendix C – Influence of Moisture on hempcrete 

Introduction 

The movement of moisture and thermal 
energy through a structure are critical to 
indoor climate control functionality and 
efficiency. These processes are defined as the 
hygrothermal behavior of a structure. When 
focusing on just moisture characteristics it is 
commonly referred to as the hygric or 
hygroscopic performance of the structure. 
Hysteresis is a phenomenon commonly seen 
in hygrothermal analysis; it is the 
characteristic that a material may reach a 
certain physical threshold but not show a 
change in performance for some time after 
reaching said threshold.  

Insulation is critical to the energy efficiency 
of buildings, to reduce the heating and 
cooling costs both economically and 
environmentally. A major aspect of the Paris 
Climate agreements is to drastically reduce 
the carbon dioxide generated by operating 
building climate control systems. One way of 
implementing this change is by adding or 
updating the insulation on our structures. 
When installing insulation materials, a major 
factor to be considered is the local levels of 
rain, humidity and temperature along with 
how effective the materials perform under 
such conditions. Too much moisture in the 
walls of a building can lead to the growth of 
mold or even damage to structural 
components in the most severe cases. 
Moisture content also has a natural 
relationship with thermal resistance because 
of water’s ability to transfer heat, the more 
moisture you have the faster thermal energy 
will move through the medium. For example, 
it was found that expanded polystyrene foam 

exhibits up to a 13 percent decrease in 
insulation capacity at 80 percent moisture 
content and a standard room temperature of 
24° C (Khoukhi 2018).   

Most contemporary structure insulation 
materials have high levels of embodied 
energy and carbon. Embodied energy and 
carbon are measures of the theoretical carbon 
dioxide required to create, deliver and install 
a material. Hempcrete is a new building 
insulation material in the United States. It is 
based on the use of waste hurd from the 
production of hemp and can have carbon 
negative carbon footprint making it more 
beneficial to the environment than traditional 
insulation materials (Tarun et al. 2016). 
Hempcrete is also a unique material in that it 
is fully porous and has been shown to create 
more desirable hygrothermal behavior in 
structures than conventional materials such 
as fiberglass and expanded polystyrene foam. 
The reason hempcrete’s hygric performance 
is thought of as more desirable is its self-
regulating behavior, it will balance the 
temperature and humidity between rooms 
such that an entire building will all be similar 
conditions as opposed to having hot and cold 
regions within a floorplan (Tarun et al. 2016).  

Composition 

The majority of hempcrete testing in relation 
to hygric properties has been done on scale 
models. De Bruijn and Johansson performed 
two such experiments in order to create 
models that accurately explore the 
relationship between moisture and insulation 
capability (Bruijn 2013). Their primary area 
of concern is that in cold wet climates (i.e. 
Scandinavia) hempcrete will not adequately 
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perform. They tested two “wall mixes” of 
hempcrete with varying percentages of hemp. 
Their most crucial finding was the relation 
between relative humidity (RH), thermal 
resistivity (TR) and the percentage of hemp 
hurd in the hempcrete mixture. It was found 
that a mixture using 62.5% hemp hurd by 
volume will show more desirable hygric 
behavior than an hempcrete mixture 
containing 53.6% hemp hurd by volume. It 
was deemed that a higher thermal resistance 
is the most desirable quality as it is intended 
to serve as an insulator. The other notable 
results are that at lower humidity hempcrete 
has a higher thermal resistivity. However, 
there is only negligible change in insulation 
capability until you reach 95% RH at which 
the change becomes large enough to consider 
the hempcrete noticeably less insulative, it is 
unclear if other insulation materials would 
perform better or worse under this extreme 
criterion. It is unlikely that this decrease will 
ever be observed in realistic application in the 
United states as there are few states which 
ever experience an RH level above 85%. The 
primary conclusions are that the higher the 
percentage of hemp in hempcrete the better it 
will perform as an insulator and that as RH 
increases hempcrete demonstrates negligible 
and delayed onset decrease in insulation 
performance (Bruijn 2013). If hempcrete is to 
be used in a higher humidity region (i.e. 
Florida), it is recommended that a higher 
percentage of hemp be used in the mix design 
to offset the potential of decreased 
performance. While this issue will not be 
prevalent in the United States there are 
regions of the world for which hempcrete 
would not be an ideal material because of its 
reaction to humidity. Research must be done 

on local climates before deciding upon a 
material to use for construction. 

Installation 

Collet performed similar research but instead 
of focusing on the composition of the mixture 
there was a comparison of the performance 
depending upon how the hempcrete was 
poured (Collet et al. 2013). The three tested 
methods were pre-casting hempcrete wall 
panels with vibration compaction, spray 
application of hempcrete like contemporary 
fiberglass or foam spray application and 
lastly hand packed cast in place hempcrete 
walls. The overall results show relatable 
trends between humidity and thermal transfer 
as well as the hysteresis seen from exposure 
to higher RH and the thermal performance’s 
delayed response to elevated levels. The most 
important take away from this research is that 
the hand packed cast in place hempcrete was 
found to have the least reaction to RH of the 
three placement methods tested. This was 
shown by testing moisture diffusivity, 
moisture permeability, and water content at 
various levels of RH. The hand packed 
hempcrete was the performance leader in all 
three categories meaning it is the optimal 
method for application regarding hygric 
behavior (Collet et all 2013). The final 
concept which should be gathered from this 
report is the moisture buffer value (MBV) of 
hempcrete. MBV is a measure of a materials 
ability to absorb and desorb water vapor from 
the surrounding air essentially regulating the 
humidity and keeping it constant. Indoor 
humidity is a major comfort factor and 
hempcrete displays desirable regulatory 
ability with an MBV of 2.14 which is 
classified as “excellent” by the NORDTEST 
Project whose test methods were used for 
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analysis (Collet et all 2013). In a different 
study it was found that the best MBV of 
standard contemporary building materials 
was 1.2 with gypsum board (sheetrock) 
registering at 0.6 (Rode et all 2007). 
Gypsum’s performance is important as 
contemporary insulation materials are almost 
always encased in sheetrock as part of the 
wall composition. These tests were all 
performed with the NORDTEST method 
allowing for easy comparison of data (Rode 
et all 2007). See Figure 01 for a general 
interpretation of the NORDTEST MBV scale 
used in these experiments. 

Figure 01 – Standard MBV Scale (Collet et 
all 2013) 

Conclusion 

From the sources used it can be determined 
that the hygric behavior of hempcrete is 
affected by both the amount of hemp present 
in a mix and its method of installation. The 
optimal combination would be a high 
percentage of hemp in the mixture and then 
to apply the mix in place by hand packing. 
With this combination there will likely be 
reasonable insulative capabilities and a 
comfortable room humidity due to the high 
MBV of hand packed hempcrete. Future 
work is recommended to investigate full 
scale testing of hempcrete structures as well 
as producing accurate isotherms for use in 
analysis and design of hempcrete mixtures.
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Appendix D – Magnesium Oxide Partial Replacement of Lime Binder  

Introduction  

Climate change is linked to the emissions of 
carbon dioxide (CO2) and other gases with 
relative amounts of global warming 
potential. According to the 
Intergovernmental Panel on Climate Change 

(IPCC), human activities have caused 1.0C 

(32.56F) global warming above pre-

industrial levels, it is likely to reach 1.5C 

(32.83F) between 2030 and 2052 (IPCC, 
2018). IPCC’s recommendation is to lower 
CO2 emissions by 40% of 2010 levels by 
2030, and to achieve net zero emissions by 
2050. Concern for climate change and 
energy costs have resulted in increasing 
emphasis on the use of sustainable materials 
in ground up and renovation projects.  

The House at Cornell Tech, a LEED 
platinum building, is a residential high-rise 
building for Cornell Tech students, faculty, 
and staff in New York City. One key 
takeaway from this project was the 
importance of insulation to minimize the 
loss of heat energy through building walls 
(Pitts, 2018). Minimizing energy loss in turn 
minimizes the amount of CO2 emissions. 
Conventional insulation materials used in 
modern day buildings are fiberglass made of 
fine glass fibers, mineral wool insulation, 
polyurethane foam, and multi-foils. These 
synthetic materials have been used more 
frequently than natural materials due to 
assumptions that they provide higher quality 
insulation and low cost. Some conventional 
materials, such as polyurethane foam, 
contain chemicals added to provide fire 
resistance. Flame retardants added to 
polyurethane foam are typically halogenate 

organic chemicals that are toxic to humans 
and persistent in the environment. Another 
option is natural insulation materials, which 
consist of cellulose insulation from recycled 
paper products, and natural fibers such as 
cotton, sheep’s wool, straw, and flax or 
hemp (Department of Energy/DOE, n.d.). A 
life cycle assessment of these natural 
materials and bio-aggregate composites have 
shown that they can have lower 
environmental impacts, reduced embodied 
energy and can be rapidly renewable (DOE, 
n.d.). Research is being conducted on these 
materials to ensure they conform to building 
code and are compared to traditional 
insulation materials for benefits such as 
humidity and heat regulation. (Hegyi, 2017).  

Hempcrete, or hemp-lime concrete, is one 
example of a bio-aggregate composite. It is 
considered a sustainable eco-material due to 
its use of hemp hurds, a renewable natural 
material that is a byproduct of the hemp fiber 
industry. Companies like Hempitecture and 
ZILA Works are interested in the 
performance and sustainability of hempcrete 
as an alternative insulation material. These 
compaies are interested in optimizing its 
performance and environmental benefits. 
One possibility is partially or fully replacing 
lime binder with magnesium oxide (MgO). 
This would increase the materials desirable 
physical qualities, such as fire resistivity, 
thermal resistivity, and moisture resistance, 
while also maintaining hempcrete’s carbon 
footprint. Most available research and testing 
data are focused on the physical properties of 
hempcrete and contain less of a focus on the 
sustainability of the constituents. This 
document compares research on the 
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performance properties and sustainability of 
lime binder versus MgO hempcrete.  

Material Description 

Hempcrete, or lime hemp concrete, is very 
similar to concrete through its mixing process 
and its constituents, but is a non-structural 
material used as an alternative insulation 
material. Typically, projects incorporate 
hempcrete insulation between the building’s 
wooden framework. Hempcrete consists of 
hydrated lime binder, pozzolan, hemp hurd, 
and water. Some mixtures include 
magnesium oxide (MgO) in order to 
strengthen the hempcrete. An example of a 
typical mixture design for hempcrete 
component materials from field experience 
are found in Table 1 below, the ratios are 
based on the quantity of lime binder added to 
the mixture. If incorporated into the 
hempcrete mixture, MgO would only replace 
a portion of the lime binder.  

Table 1. Mix Design Ratios by Weight for 
Hempcrete with Only Lime Binder 

Material Ratio 

Lime Binder 1.00 

Pozzolan 0.08 

Hemp Hurd 0.60 

Water 1.88 

 

Hydrated lime binder is used in modern 
cement mixes to strengthen bonds between 
aggregates of the concrete. Since pozzolan is 
a non-cementitious material, it must react 
with calcium hydroxide in the hydrated lime 
binder to create calcium silicate, which is 
cementitious. Typically, pozzolans are 
volcanic ash, calcinated clay, and 

metakaolin, and replace cement in concrete 
mixtures. The process for creating pozzolans 
requires heating to expose oxygen into the 
chemical structure of the material (Hadis, 
2017). Hemp hurds, or shivs, are the inner 
portion of the hemp stalk and are considered 
a waste byproduct of the hemp fiber industry. 
The length and width vary in size depending 
on how they are processed, typically hurds 
are 2-3 cm in length and 0.1-0.2 cm wide. 
Hemp hurds are the “aggregate” of the 
hempcrete mixture. Magnesia, or magnesium 
oxide (MgO) is typically added to concrete 
mixtures to increase compressive strength 
and tension strength values. In MgO 
concrete, which will be discussed later in this 
paper, the amount of MgO in the mixture 
ranges from 3.5% to 5% (Du, 2005).  

Hydrated Lime Binder 

The main component of hydrated lime binder 
is created through applying heat and adding 
water to limestone, or calcium carbonate 
(CaCO3). When CaCO3 is heated and burned 

at 1544F it forms quicklime, or calcium 
oxide (CaO), and releases CO2.  

𝐶𝑎𝐶𝑂  𝑠 → 𝐶𝑎𝑂 𝑠 𝐶𝑂  𝑔  

When applying lime in hempcrete mixtures, 
water is added to hydrate the material 
forming hydrated lime, or calcium hydroxide 
(Ca(OH)2) and releases heat.  

𝐶𝑎𝑂 𝑠 𝐻 𝑂 𝑙 → 𝐶𝑎 𝑂𝐻  𝑠  

Carbonation, or reabsorption, of CO2 from 
the atmosphere occurs when the sample of 
hempcrete sets and dries. This process of 
carbonation petrifies the hemp and reforms 
limestone.  

𝐶𝑎 𝑂𝐻  𝑠 → 𝐶𝑎𝐶𝑂  𝑠 𝐻 𝑂 𝑔  
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Some hydrated lime binders contain some 
MgO in their mixtures, although the MgO 
does not necessarily react. According to the 
National Lime Association (NLA), lime 
binder is available in the United States in 
three forms (1) high calcium hydrated lime 
(72% to 74% calcium oxide), (2) normal 
dolomitic hydrated lime (46% to 48% 
calcium oxide, 33% to 34% magnesium 
oxide) and (3) pressure dolomitic hydrated 
lime ( 40% to 42% calcium oxide, 29% to 
30% magnesium oxide) (NLA, n.d.). Since 
constituents of these lime binders contain 
some MgO and are used in hempcrete 
mixtures, it is assumed that MgO does not 
detract from the curing process of hempcrete.  

Magnesium Oxide 

MgO is typically produced from magnesite, 
or magnesium carbonate ore (MgCO3). 
MgCO3 is sourced mainly from mines in 
China, North Korea, and Russia, and is 
considered a “Critical Raw Material” in 
Europe. An alternative source for MgCO3 is 
the wet route, or precipitation as Mg(OH)2 
from seawater or mining brines. This process 
is less common due to a high energy intensive 
process for extracting MgO at such low 
concentrations, which negatively impacts 
embodied energy. Additionally, the quality of 
the MgO material depends on the purity of 
the source. If there are any hematite (Fe2O3) 
or silica (SiO2) impurities, it can negatively 
affect the quality of the MgO. The process of 
obtaining MgO is similar to how hydrated 
lime binder is created. When MgCO3 is 

burned at up to 2640 F it decomposes into 
MgO and carbon dioxide, CO2, as shown in 
the chemical equation below. 

𝑀𝑔𝐶𝑂 𝑠 → 𝑀𝑔𝑂 𝑠 𝐶𝑂 𝑔  

When the additive MgO is hydrated it 
chemically reacts and becomes magnesium 
hydroxide, Mg(OH)2. The volume of 
Mg(OH)2 is greater than that of MgO and 
water alone, causing an increase of volume 
during the reaction. MgO concrete expands 
over a 7 to 1000-day period which minimizes 
crack development. While expansion is 
favorable in moderation, addition of too 
much MgO to a mixture can cause expansion 
during hydration very late into the concrete’s 
life. This can lead to disintegration. To avoid 
this late expansion, international standards 
limit MgO content to 4% to 6%. 

MgO is most commonly used in MgO 
concrete and is desirable due to its tendency 
to expand over time. Similar to hydrated lime 
binder, there are some trace amounts of MgO 
that are already in Portland cement. MgO 
concrete is considered a stable material due 
to its irreversible reaction with water. This 
means the expansion process during curing is 
stable as well. Addition of hydrated lime 
binder in the mixture will reduce MgOs 
expansive properties, and should be 
minimized in concrete (Du, 2005). That 
being said, MgO concrete expansion can be 
controlled with a better understanding of how 
lime affects the mixtures. Pozzolans, such as 
fly ash, do not affect the reaction and 
expansion of MgO and water significantly.  

Application of MgO concrete in construction 
is an important consideration. Drastic 
changes in temperature does not cause 
cracking, minimizing the cost of construction 
due to fewer fees required maintain the 
structure. Continuous placement of the MgO 
concrete is required to occur without any 
delay for ideal expansion effect. Construction 
schedules are positively impacted due to 
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quick cure time of MgO concrete and the 
required constant application of the mixture.  

Compressive and tensile strengths of MgO 
concrete increase with additional MgO, 
temperature, and time. A study conducted at 
the Technical University of Kosice found that 
MgO cement increased water absorbability of 
the composites, and the density which causes 
an increase in compressive strength 
(Stevulova, 2012). The desirable aspects of 
MgO in cement are that: it does not require 
wet curing, increases fire resistivity, 
decreases thermal conductivity, resists 
abrasions and chemicals, and aids in rapid 
hardening of mixtures containing various 
filler materials (Li, 2008).  

Research published in Pollack Periodica and 
Publisher of Open Access Journals (MDPI), 
showed an experimental mixture of 
hempcrete without Portland cement 
contained 29% MgO by volume. The ratio of 
materials by volume for the MgO mixture is 
found in Table 2 below.  

Table 2. Mix Design Ratios by Volume for 
Hempcrete with Only MgO (Stevulova, 

2017) 

Material Ratio 

MgO 0.29 

Hemp Hurd 0.40 

Water 0.31 

 

This research group fully replaced lime 
binder and the pozzolan. The cure time and 
strength results showed that there is a high 
possibility of utilizing MgO-cement as a 
binder in hempcrete (Kidalova, 2011).  

Sustainability 

Hempcrete itself is a bio-aggregate 
composite material that is being researched 
and used because of its sustainability aspects. 
It is being compared to conventional 
insulation materials such as: polyurethane 
foam and fiberglass. Polyurethane foam 
requires an intensive processing, additional 
chemical treatment for fire and thermal 
resistivity, and are generally toxic materials. 
Fiberglass can sometimes have negative 
health affects when off-gassing occurs from 
the ink in the newspapers, as well as when the 
small glass shards are inhaled. Table 3 shows 
a comparison of the benefits of conventional 
versus natural building materials. 
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Table 3. Comparison of the Benefits of Conventional versus Natural Building Materials 

Conventional Natural 

Non-renewable resource and materials Renewable building materials 

High embodied energy Low embodied energy 

High transportation cost Local materials lower transportation costs 

Extraction and processing occur in different 
locations and negatively affect the 

communities 

Materials extracted and processed locally and 
support the local economy 

Significant energy and chemicals required for 
processing 

Little energy required for processing 

High external air pollution No external pollution 

Internal pollution due to toxic additives 
Natural materials cause few health problems 

if handled properly 

Damage to eco system at end of life disposal 
Materials can be recycled or returned to earth 

to decompose naturally 

There are only comparisons between MgO 
and Portland Cement due to its more common 
use in MgO-Cement. Aside from the physical 
properties that MgO provides cement 
mixtures, MgO is also a potential lower-CO2 
alternative to Portland cement. The 
production of MgO requires lower 
temperatures, and consequently less energy, 
than the production of Portland Cement from 
CaCO3. MgO is considered as a “carbon-
neutral” material, because it has the ability to 
absorb CO2 from the atmosphere to form 
carbonates and hydroxycarbonates. The 
absorption of CO2 during its use could 
potentially offset the amount of CO2 emitted 
during the production phase.  

When comparing quality of materials, it is 
important to consider the cost of each. Table 
4 contains cost of a 50-pound (0.02 tonne) 
bag of hydrated lime binder from Lowe’s, 

and cost per tonne of low and mid-grade 
magnesia in China (ANFPR, 2018).  

Table 4. Cost Comparison of Hydrated 
Lime Binder and Magnesium Oxide 

Material $/50-lb 
Bag 

Shipping 

Hydrated 
Lime Binder 

$15.48 Local 

90% and 
92% MgO 

$4.80 - 
$6.00 

$40 

94% and 
95% MgO 

$13.60 - 
$14.00 

$40 

 

The unit costs for 50 lbs of each material are 
quite close in range, but MgO is only a partial 
replacement for lime binder. This means a 
hempcrete mix with MgO contains one more 
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material requiring shipping and handling 
fees. Lime binder can be obtained at most 
stores containing typical home construction 
materials, while MgO is acquired on a 
commercial scale. This affects the cost of the 
material because shipping for lime binder is 
very low and shipping for MgO costs double 
the price of the material. On a purely cost 
comparison of the two materials, hydrated 
lime binder would be the ideal choice due to 
its local sourcing.  

Future Research and Testing 

There is a need for more published research 
and tests regarding the use of magnesium 
oxide as a partial replacement for hydrated 
lime binder in hempcrete. Comparisons of 
hempcrete mixtures with various amounts of 
MgO through fire resistivity, thermal 
resistivity, and compression testing. Both fire 
resistivity and thermal resistivity must be 
tested to compare to existing insulation 
materials to ensure it meets code 
requirements for insulation materials. MgO 
has potential to increase the durability and 
compressive strength of the material, which 
provides an opportunity for portable 
hempcrete bricks.  

MgO is more commonly used as a 
replacement for Portland cement in concrete 
mixtures. Research and testing on hempcrete 
with some Portland could provide 

comparative data for MgO and Portland 
cement in an application other than concrete 
structures. Since hempcrete is a non-
structural material and requires wood 
framing for support, a mixture of Portland 
cement with hemp hurds may provide a more 
sustainable alternative to concrete columns 
and beams in a structure.  

Additionally, the American Society for 
Testing and Materials (ASTM) has many 
testing methods regarding this topic, one that 
specifically pertains to hempcrete is C821-14 
Standard Specification for Lime for Use with 
Pozzolans (ASTM, 2014). This applies to 
both hydrated limes and magnesium oxide.  

Conclusion 

From research and data from MgO-cement 
and hempcrete with some MgO, the addition 
of MgO into hempcrete mixtures used for 
insulation could improve compressive 
strength of the mixture. Hydrated lime binder 
and magnesium oxide are both obtained by 
removing CO2 by heating. Hydrated lime 
binder requires less heat and energy than 
MgO, making it more environmentally 
sustainable. The cost of partially replacing 
lime binder with MgO is more costly due to 
shipping, and so less economically 
sustainable.  
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Appendix E – Conference Call Meeting Minutes 

September 14th, 2018 

Preliminary Meeting Notes 

Attendees: Jason Puracal, Mattie Mead, Tommy Gibbons, Lauren Heine, Anthony Adamek, Erik 
Allen, Cassidy Lomas, Coral Ng 

Companies: 

 Hempitecture: alternative natural building design 

 ZILA Works: sustainable development, innovation of built environments (net zero and 
carbon footprint) 
o Hemp based epoxy resin for skis and snowboards 

Hempcrete Project: 

 Previous project consisted of aggregate replacement 

 Hempcrete is a nonstructural material used as an insulation substitute (dry wall, fiberglass) 

 Tests: ASTM, energy efficiency, absorption, quality 
o Mattie will upload ASTM standards for us 

 Goal: educate on what the material is and its uses (document to show research to 
municipalities) 
1) What is it? (insulator) 
2) Quantify? (compaction, fire proofing, moisture content) 

 Materials: compare two hemps (local and imported) and 2-3 binders (local and imported) 

 Sunstrand – leading US fiber processing company in Kentucky, will provide 300 lb of 
hemp hurds from this company 

 Typically cost due to labor and not materials, very popular building material in Europe 

 End goal is building a 10’x10’ structure to model/test long term 

 One of the only hemp producers in Washington state is in Colville, north of Spokane  

 Timeline – water/moisture restraint, sensors? 

 Compare to conventional materials (fiberglass) 

 

November 16th, 2018 

Attendees: Jason Puracal, Mattie Mead, Tommy Gibbons, Lauren Heine, Anthony Adamek, Erik 
Allen, Cassidy Lomas, Coral Ng 

Materials: 

 Magnesium Oxide (MgO) – Erik Allen is calling sales representative so that we can 
compare non-MgO to MgO hempcrete 

 Sunstrand – will send 100 lbs of hemp hurds to Lauren Heine’s house 
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Testing: 

 Boeing – contacting Bill Mountain about fire and thermal resistivity testing (will be 
sending 4 mixture types) 

10’x10’ structure: 

 Date: Initially February but there is not enough time and bad weather, now it will be in 
early/mid-March or early April 

 Design: received but need a cost estimate 

 Cost: $2,000-$2,500 for hempcrete walls (depending on how much materials is donated), 
church has approved building on their property and can use accounting system 

 GoFundMe and IndieGoGo 

Workshop: 

 Gonzaga University students can share their findings 

 Opportunity for hands on experience 

Gonzaga University Project Report Update is December 5th, 2018 from 3:10 to 6:10 pm 

 

March 6th, 2019 

Workshop:  

 Still going to happen at the end of April, probably April 27th/28th in the Seattle area 
(church) 

 GoFundMe is redone without Gonzaga University logos – students to give permission to 
use videos via waiver 

Plan: 

 Compression testing: incorporating Portland cement (0%, 30%, 60% and 100%) with a 
minimum of 3 samples per batch 

 Issues with fragility of samples: 
o Lime binder was from the Highland Hemp House project, so it is a year old (has 

reacted with air and water, it does have a shelf life) 
o Domestic pozzolan may also be an issue 

 Potential issues with Portland Cement 
o Lacks ability to absorb moisture – could cause destabilization  
o Ratio in 5%-10% 
o Similar to lime or pozzolan addition in mixture  
o Does not take less/more time to make 
o Portland cement is more compact/denser, and wetter 
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Appendix F – Drying-Rate Testing Procedure 

Sample Size: 6” by 6” by 2” 

Samples: 3 of each mixture (6 total). Labeled with red and black spray paint. 

Hempcrete Mixtures:  

Table F.1 American Pozzolan  

Material  Weight (lbs)  

Hydrated Lime  2.3705 lbs  

American Pozzolan  0.3175 lbs  

Used Water  5.1295 lbs  

Sunstrand Hurd  1.420 lbs  

 

Table F.2 European Pozzolan  

Material  Weight (lbs)  

Hydrated Lime  2.370 lbs  

European Pozzolan  0.3175 lbs  

Used Water  5.1785 lbs  

Sunstrand Hurd  1.420 lbs  

 

Procedure: 

Hempcrete samples were mixed and placed in cardboard molds for 15 minutes. 

After removal from molds the samples were placed onto wax paper sections in order to help 
prevent crumbling and loss of material. The wax paper was weighed beforehand and subtracted 
from sample weight before data analysis. 

The first sample masses were collected at 20 minutes after being mixed. This is T = 0 minutes. 

For the first hour and a half the weight was taken every 15 minutes using a scale accurate to 4 
decimals ±0.0005 lbs. 

The team attempted to take weights on a regular schedule but due to class and other 
commitments it was not measured on a strict schedule. Actual measurement times can be seen in 
the raw data below. 

After three days of data it was determined that the drying was occurring at a constant rate, and 
the experiment was concluded.  
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Raw Data Collected: 

Table F.3 Raw Drying-Rate Test Data  

 

 

 

Time Elapsed Day Time Weight #1 Weight #2 Weight #3 Time Weight #1 Weight #2 Weight #3 European American

(min) (mm/dd) (hr:min) (lbs) (lbs) (lbs) (hr:min) (lbs) (lbs) (lbs) (lbs) (lbs)

0 12‐Feb 11:42 1.1185 1.1530 1.1865 12:57 1.1315 0.8295 0.9475 1.1527 0.9695

15 12‐Feb 11:57 1.1180 1.1520 1.1870 1:12 1.1315 0.8215 0.945 1.1523 0.9660

30 12‐Feb 12:12 1.1155 1.1490 1.1850 1:27 1.128 0.8265 0.944 1.1498 0.9662

45 12‐Feb 12:27 1.1130 1.1460 1.1815 1:42 1.1255 0.822 0.9385 1.1468 0.9620

60 12‐Feb 12:42 1.1110 1.1435 1.1790 1:57 1.1225 0.822 0.9385 1.1445 0.9610

75 12‐Feb 12:57 1.1085 1.1400 1.1760 2:12 1.1185 0.819 0.9355 1.1415 0.9577

90 12‐Feb 1:12 1.1060 1.1380 1.1735 2:27 1.1155 0.819 0.9375 1.1392 0.9573

270 12‐Feb 5:27 1.0650 1.0955 1.1385 5:27 1.089 0.8005 0.919 1.0997 0.9362

1195 13‐Feb 8:52 0.9325 0.973 1.0195 8:52 0.9615 0.6835 0.789 0.9750 0.8113

1383 13‐Feb 11:59 0.9065 0.9475 0.994 11:59 0.9375 0.6615 0.769 0.9493 0.7893

2467 14‐Feb 6:03 0.688 0.735 0.766 6:03 0.711 0.4805 0.5675 0.7297 0.5863

3352 15‐Feb 8:50 0.627 0.661 0.6855 8:50 0.642 0.4435 0.5195 0.6578 0.5350

3532 15‐Feb 11:46 0.619 0.65 0.6725 11:46 0.6315 0.439 0.513 0.6472 0.5278

Average WeightAmerican PozzolanEuropean Pozzolan


