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Strength and Composition of Willamette Valley Cob: 

An Earthen Building Material 

 

INTRODUCTION 

 

 Cob is an earthen building material composed of sand, clay and straw. In the Pacific 

Northwest, there is a growing interest in using cob for residential construction. Though homes are 

presently being built, there is no applicable building code for this material. Use of alternative 

construction materials such as cob can be permitted only for non-occupancy outbuildings. At 

present, it is not possible to receive permits for a cob house. However, the lack of permitting does 

not stop most people from living in their hand-built homes. 

 To date, very little scientific research has been conducted on cob; most building 

techniques rely on rules-of-thumb and past builder experience. While such knowledge is useful, 

scientific research is required in order to develop material standards. The purpose of this study is 

to establish estimates for the major engineering parameters (e.g. strength, shrinkage, elastic 

modulus, etc.) including both an average value and the degree of variability between samples. In 

order to test the properties of cob mixtures that are actually being used in the field, samples were 

solicited from experienced cob builders from the central and northern Willamette Valley. 

Samples were received wet, formed in the lab, and put through a series of standard engineering 

tests. This is not an in-depth study of cob mixture design, but rather a preliminary survey of 

different builder’s mixtures. The primary purpose of this research is to establish what variability 

between builders can be expected in the field, and what an average value might be for the major 

engineering parameters. Such values could then be used to establish design parameters and 

factors of safety for future cob design. The secondary purpose of this study is to identify 
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correlations between the engineering properties and mix composition. Such correlations are not 

conclusive, but intended to serve as starting points for further research. 

 The results of this study demonstrated that cob has a larger variation in properties 

between builders than conventional building materials such as concrete or steel. However, the 

variability is not so large that it cannot be overcome by conservative design. Average values for 

all parameters can be found which would adequately reflect material properties observed in the 

field. Cob behaves like a combination of concrete and soil, with explanations for observed 

behaviors to be found in an amalgamation of both theories. Several correlations were found, but 

more research is necessary before the structural behavior of cob will be understood well enough 

to be codified. 

 

WHAT IS COB? 

 

 Cob is an earthen building material composed of soil, sand, and straw, and is one of the 

first materials used by humans to create permanent dwellings, with evidence of use dating back to 

around ten thousand years ago4. Though it has been used all over the world, the word “cob” is an 

old English word meaning “lump” or “rounded mass”2. It differs from other earthen building 

techniques in that no forms are used and walls are built up as one monolithic structure, unlike 

adobe which uses pre-formed bricks. Though the name is English, similar types of houses can be 

seen throughout Northern Europe, Ukraine, the Middle East, Southeast Asia, Africa, and the 

Southwestern United States (where it is referred to as “coursed adobe”) 4. In England, the first cob 

homes were built sometime during the 13th century, and became the standard construction method 

in some regions by the 15th century. This occurred mainly in places with clayey soil where other 

materials like wood and stone were rare4. Cob construction in the western world dwindled out 

with the industrialization of brick production in the mid-1800’s, but has experienced a revival 
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starting in the 1980’s in the Devon county of England and the Pacific Northwest region of the 

United States7.  

 “Oregon Cob” is a method of cob construction developed in Western Oregon beginning 

around 19897. It began as a blend of traditional English cob with influences from Africa and Latin 

America, but has since evolved into a unique building practice7. Oregon Cob differs from 

traditional English methods in that the mixture has more straw and sand, with just enough clay to 

bond the components together. Traditional English mixtures had little straw or sand as the 

production of straw was labor intensive and the straw that was produced was needed for livestock 

bedding. Sand usually could not be found on-site and would have had to be transported from 

other locations. The addition of more straw and sand has led to stronger mixtures with Oregon 

Cob, thereby resulting in thinner walls. Varying wall thickness to be thicker where more strength 

is needed and moving away from rectilinear layouts to curved ones has also allowed walls to 

become thinner overall4. A typical example of an Oregon Cob house can be seen in Figure 1.  

 

 

Figure 1: Pacific Northwest style cob house in British Columbia8. 
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 Oregon Cob is usually mixed in small batches using the “tarp method”, developed in 

1994 by Becky Bee4. First, the sand and soil are poured out on a tarp, typically six or eight foot 

square, and chunks of soil greater than golf-ball size are crushed. The soil and sand are mixed by 

pulling one side of the tarp over the pile so it rolls to the opposite end of the tarp. The tarp is then 

laid flat and another side pulled over in order to roll the pile back. This is repeated until the soil 

and sand are homogenous. Next, water is added and the pile is mixed either by treading on it or 

by the tarp rolling method, until the mixture is uniformly wet. If needed, a short time is given to 

allow the soil to hydrate, typically around 20 minutes. The pile is then spread flat on the tarp and 

straw is evenly sprinkled over it. The straw is mixed in by repeated treading with bare feet. The 

cob is regularly rolled with the tarp and more straw added until the builder determines that the 

correct consistency has been achieved according to their preference. Additional water may also be 

added at any time if needed. 

 Walls are constructed on top of a waterproof stem wall of concrete, mortared stones, or 

mortared concrete rubble. The cob is added in small portions by hand, typically a double handful 

between softball and football sized, then compressed downward to ensure good bonding with 

previous layers. The idea is to knit the straw fibers between layers creating a monolithic wall unit. 

This is done using fingers, a short stick known as a cobber’s thumb, or feet if it is a low, wide 

wall. If the previous layer is too dry, it may be pre-wetted to ensure better bonding. Layers are 

added until the sides of the wall begin to bulge out. At this point, the wall is allowed to dry before 

more layers are added, which may take anywhere from a few hours to a few days depending on 

the mixture and the ambient conditions. Each layer is intentionally left with many bumps and 

crenellations on its top surface to provide better mechanical bonding with successive layers. The 

sides are left fairly rough, but are later trimmed and smoothed using a flat blade such as a 

machete or shovel. Cob walls are usually finished with a covering of plaster to improve 

durability. 
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LITERATURE REVIEW 

 

 To date, very few studies have been conducted on cob and no state in the U.S. has a 

building code that specifically addresses cob. The most relevant building code in the U.S. is the 

New Mexico Earthen Building Materials Code5. This is predominantly a code for adobe 

construction, but could be extrapolated to cob with some modifications. It requires a brick 

compressive strength of 300 psi and a modulus of rupture of 50 psi. However, this is a value for 

bricks (approximately 8” by 16” by 6” tested in the flat position), not the cylinders and beams 

used in this analysis.  

 In his book, The Natural Builder: Monolithic Adobe Known As English Cob, Steve 

Berlant cites cob research conducted by the engineering firm Lambert & Associates3. As cited, 

this research found a compressive strength of 400 to 610 psi and a modulus of elasticity of 66 psi. 

Within the same citation, Berlant also mentions that the New Mexico building code requires 

values of 300 and 50 psi, respectively. This is incorrect as the New Mexico building code requires 

a modulus of rupture of 50 psi, not modulus of elasticity5. It is unknown whether this mistake was 

in the original report from Lambert, or later made by Berlant. Berlant’s citation of the Lambert 

research included only the firm’s name, a city name, and a phone number, making it difficult to 

locate a copy of the original research. 

 More in-depth cob research has been conducted in the England. The Devon region, in 

particular, contains many historical and contemporary cob houses. In 1995, R.H. Saxton 

published a study titled The performance of cob as a building material6. His research investigated 

the effect of straw and water content on cob. He found compressive strength increases with straw 

content and decreases with a moisture content above about 12%. Of dry samples, defined as 

moisture content less than 12%, compressive strengths varied between 600 to 1200 kPa (87 to 

174 psi). Compression tests were conducted on cylinders very similar to those used in this 

research. 
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 Steve Berlant also cited research conducted by Harries, Saxton, and Coventry titled The 

Geological and Geotechnical Properties of Earth Material from Central Devon in Relation to its 

Suitability for Building in ‘Cob’, which found the compressive strength of cob to be 600 to 800 

kPa (87 to 116 psi) 3. Again, Berlant’s citation is incomplete making it difficult to locate a copy of 

the original research for verification. 

 Despite the scarce and potentially erroneous nature of existing research, these values may 

still serve as a comparison to the results of this research. Some variation is expected between the 

current findings and those of Saxton and Harries et. al, as their research was conducted on 

traditional English Cob, not Oregon Cob. For example, in Saxton’s research no additional sand 

was added to the cob mixture, which differs from the samples tested in this study which all 

contained additional sand. 
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MATERIALS 

 

 Six cob samples were obtained from five experienced cob builders from the central to 

northern Willamette Valley (one builder supplied both samples A and B, they are intended to be 

identical except for the length of the straw fibers). They were requested to provide what they 

would consider a “good” mixture, with which they would be comfortable using to construct a 

house. The definition of what a “good” mixture entailed was left up to each builder’s discretion. 

The intent was to get a reasonable sampling of cob mixtures that would be representative of 

existing cob buildings, which could then be extrapolated to future buildings. Each sample was 

received from the builder in five-gallon buckets and tested within one week of being produced. 

Each builder also supplied a brief description of their mixing technique, in order to determine if 

any variability was introduced. All builders described the same process as was reported 

previously in this paper. It is assumed that no variability was introduced due to slight differences 

in mixing technique. A brief description of construction technique was also requested to ensure 

that testing methods were representative of actual wall properties. All builders described the same 

process as was reported previously, and the standard testing methods were modified accordingly 

as noted in the test descriptions. Lastly, each builder also supplied a separated sample of each 

component to be used in the respective tests, seen in Figure 2.  

 Observations were taken of each component and sample mixture as it was received in 

order to characterize each mixture. Such information could be useful for other builders attempting 

to duplicate a specific mixture. Soil characteristics are summarized in Table 1, including the 

approximate location of each source as given by the builder. Of note, samples E and F were 

observed to contain some amount of aggregate within the soil. Table 2 summarizes sand 

observations including particle angularity. Each builder purchased their sand from an aggregate 

supplier; “sand name” is the term they used when purchasing their supply. Straw lengths and the 
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name used for each builder’s straw is shown in Table 3. Observations of the cob mixtures are 

shown in Table 4, including observed proportions of components and some unusual behaviors in 

samples A, B, and D. The soil/sand mixing ratio is the volumetric proportion of components used 

in the mixture and was provided by the builder. 

 

 

Figure 2: Separate sample components of a cob mixture. 

 

Table 1: Summary of soil observations. 

Sample 
Source 

Location Color Smell 
Visible 

Sand/Rocks Other Observations 
A Philomath Tan/Red 

Brown 
Slight Silage No Some Grass Roots 

B Philomath Tan/Red 
Brown 

Slight Silage No Some Grass Roots 

C Estacada Tan/Grey None No Many Grass Roots 
D East Portland Red Brown Garden No  
E East Portland Dusty Brown Landscaping Sand, Many 

Rounded 
Rocks up to 2” 

Some Bark Pieces 

F Corvallis Dusty Tan Silt Some Semi-
Rounded 

Rocks to 1/4" 
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Table 2: Summary of sand observations. 

Sample Sand Name Angularity Color Other Observations 
A Coarse Washed 

River Sand 
Semi-Rounded Grey  

B Coarse Washed 
River Sand 

Semi-Rounded Grey  

C Sharp Concrete 
Sand 

Semi-Rounded Dark Grey Some Fir Needles 

D Mason Sand Angular Dark Grey Very Uniform and Clean 
E Plaster Sand, Multi-

Purpose Sand 
Semi-Angular Light Grey Added to by Sand and 

Rocks in Soil 
F River Sand Semi-Rounded Dark 

Brown/Grey 
 

 

Table 3: Summary of straw observations. 

Sample Straw Name Avg. Long Fiber, in 
A Hand-cut Field Hay 6 
B Hand-cut Field Hay 12 
C Baled Oat Straw 8 
D Bedding Straw 3.5 
E Baled Straw 7 
F Baled Oat Straw 9 



 

 

Table 4: Summary of cob mixture observations. 

Sample 
Soil/Sand 

Mixing Ratio 
Straw 

Content 
Sand 

Content 
Moisture 
Content Heave Color Smell Other Observations 

A 4:3 High Moderate Moderate Moderate Muddy 
Brown 

Strong Silage Water settles to bottom of 
bucket/forms 

B 4:3 High Moderate Moderate Moderate Dark Brown Strong Silage Water settles to bottom of 
bucket/forms, Long fibers 

make it hard to work 
C 3:5 Moderate High Moderate High Dusty Tan Wet Straw   
D 1:2 Moderate High High Very 

High 
Dark Muddy 

Brown 
  Mixture settles with water 

rising to top 
E 3:1 Moderate High Low Low Brown Soil   
F 1:1 High High Low Low Dark 

Brown/Green 
Plants and 

Chicken Manure 
  

10 
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METHODS 

 

 Subjective observations of the cob mixtures and components were taken of each sample 

as described and reported in the materials section. For this research, limitations on the number of 

forms, oven space, and drying time had a large impact on the choices for the number of trials for 

each sample, as shown in Table 5. Before testing any of the received samples, a trial batch of cob 

was produced and put through all the tests except sand equivalency and straw tensile strength. 

This was done to ensure the feasibility of each test and to have one practice set before testing 

actual samples, thereby reducing variability due to human error. No data from those trials is 

included in this report. 

 

Table 5: Testing standards and number of trials for each parameter. 

Property Tested Test Procedure Number of Trials 
Unit Weight ASTM C 231 1 
Air Content ASTM C 231 1 
Water Content ASTM C 566 3 
Sand Equivalent ASTM D 2419* 1 
Soil/Sand Mixing Ratio Provided by Builder N/A 
Sieve Analysis ASTM C 136 1 
Plasticity ASTM D 427 2 for Liquid Limit 

3 for Plastic Limit 
Straw Length Not a Standard Test 3 
Straw Tensile Strength Not a Standard Test 3 
Void Content ASTM C 1252 1 
Shrinkage Not a Standard Test 4** 
Compressive Strength ASTM C 39 3** 
Modulus of Rupture ASTM C 78* 3 
Modulus of Elasticity ASTM C 469* 1 
* Minor modifications were made to standard testing procedures as described in respective 
section. 
** One fewer trial was tested for some samples due to lack of material or extenuating 
circumstances as described in each respective section. 
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BASIC MIXTURE PROPERTIES 

 

Wet Unit Weight:  

 Wet unit weight is the weight of the wet cob mixture per unit volume, in this paper given 

in pounds per cubic foot, pcf. It is a useful value to know during construction for moving 

material. This value was found by filling a rigid testing bucket of known volume with wet 

mixture and weighing it. The bucket was filled in four to six lifts and the cob was consolidated by 

hand between each lift. The cob was struck off at the top using a rigid steel bar. Testing was done 

in accordance with ASTM C 231 with some modifications. In the standard procedure, used for 

testing the unit weight of fresh concrete, the bucket is filled in three lifts and consolidated using a 

standard ¾” diameter rod. The modification was made in order to better reflect actual cob 

construction procedures. 

 

Dry Unit Weight:  

 Dry unit weight is the weight of the dry cob mixture per unit volume, given in pounds per 

cubic foot. It is used in calculating the dead load of walls in the final structure, and in calculations 

of the lateral seismic loads. It was found according to the following equation: 

ntWaterConte

ghtWetUnitWei
ghtDryUnitWei




1
 

This calculation does not account for volumetric shrinkage of the cob during drying. 

 

Air Content:  

 Air content is the volume of air per unit volume of wet cob mixture, given in percent. In 

concrete design, it is a useful value in estimating the freeze-thaw resistance of the final mixture. It 

is unknown whether this also applies to cob. Air content was measured using the apparatus shown 

in Figure 3. The bucket was filled as described in the wet unit weight description. The bucket was 
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then sealed and topped off with water to fill any surface irregularities. The top chamber was 

pressurized to standard pressure, then the pressure was released into the bottom bucket containing 

the cob. The drop in pressure determines the amount of compressible air in the mixture, which is 

read off a dial gauge. Testing was done in accordance with ASTM C 231 with some 

modifications as noted in wet unit weight description. 

 

 

Figure 3: Apparatus used to test air content. 

 

Water Content: 

 Water content is defined as the mass of water divided by the mass of solids in a given 

mixture, given in percent. In this study, it refers to the initial moisture content of the cob mixture 

when it was first received, before drying had occurred. In concrete, a higher water content 

increases the workability of the fresh mixture and decreases the compressive strength of the cured 
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concrete. It is unknown whether the same applies to cob. In soils analysis, specifically clay 

behavior, an increased water content decreases soil stability and increases shrinkage. Initial water 

content was found by weighing cob samples before and after drying in accordance with  

ASTM C 566. 

 

Sand Equivalent: 

 The sand equivalent test is used in fine aggregate (sand) analysis to describe the amount 

of fines (silt and clay) in the sand. It is defined as the volume of sand divided by the total volume 

of sand and fines, given as a percent. It was used in this study to describe the relative proportions 

of sand and fines in the cob mixture. Sand equivalency is tested by mixing a small portion of the 

fine aggregate in the standard Sand Equivalent Working Solution, and shaking it 100 times using 

a standard manual shaker. More Sand Equivalent Working Solution is added and the particles are 

allowed to settle. Readings are taken using a standardized weighted indicator. Testing was 

performed in accordance with ASTM D 2419. However, this test was designed for testing fine 

aggregate with less than 20% fines. It is used in this study to test cob mixes which have more than 

50% fines. Therefore, the results of this test may have higher variability than standard sand 

equivalency tests. Nonetheless, it is assumed the degree of error will be approximately the same 

for all samples, and that percentages of sand and fines may still be compared between samples. 

For this test, most of the straw was removed from the cob mixture before testing as it tended to 

impede proper settling and produce inaccurately high fines readings. 

 

Soil/Sand Mixing Ratio:  

 The soil/sand mixing ratio is the volumetric ratio of soil to sand used in the mixing 

process as provided by each builder. It does not reflect the actual amount of sand or clay in the 

cob mixture as the soil may contain some sand, and the sand may contain some amount of fines. 

 



15 

SAND PROPERTIES 

 

Sieve Analysis:  

 A sieve analysis describes the relative distribution of particle sizes within an aggregate, 

given as a percent by mass and referred to as a gradation. An even distribution results in tighter 

packing in soils and asphalt. The same applies to a lesser degree to concrete; it is unknown how it 

affects cob. Testing was conducted according to ASTM C 136. Each sample was shaken through 

a stack of sieves of decreasing size using a sieve shaker. For this analysis, the #4, #8, #16, #30, 

#50, and #100 sieve sizes were used, in that order. 

 

Void Content:  

 The void content is a volume percentage of voids (gaps between particles) within a fine 

aggregate. It is influenced by aggregate properties such as particle shape, surface texture, and 

gradation. It was chosen specifically as a measure of particle angularity, which has a large impact 

on the compressive strength of aggregates. More angular particles interlock creating higher 

strengths, while rounder particles act like marbles and displace under pressure. A small container 

of known volume was filled with fine aggregate using a standardized apparatus as seen in Figure 

4. The container was then weighed, and the void content calculated from the weight, volume, and 

specific gravity of the aggregate. A lower weight indicates a higher void content. For this 

analysis, a constant specific gravity of 2.65 was assumed rather than measuring it for each 

sample. This was done to save time and because the variation in the specific gravity of fine 

aggregate is relatively small for aggregates of similar mineralogy. The actual amount of variation 

would have had only a small impact on the void content. Testing was done in accordance with 

ASTM C 1252. 
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Figure 4: Apparatus used to test void content. 

 

SOIL PROPERTIES 

 

Plasticity:  

 Plasticity is a property of all cohesive soils; it affects soil behaviors such as stickiness, 

shrinkage, permeability, and strength. As defined by the Atterberg Limits Test, soils are classified 

as silts or clays, and as high or low plasticity. In soils analysis, these values are used to estimate 

soil strength and consolidation. As an example, the clay used to make pottery is a high plasticity 

clay, while the mud on the banks of slow moving rivers is usually a low plasticity silt. The liquid 

limit describes how much total water is required to make soil liquid, a consistency similar to 

smooth peanut butter. The plasticity index describes how much water is required to go from 

plastic, similar to modeling clay, to liquid behavior. The liquid limit is found by incrementally 

adding water to a small sample of soil and testing it using a standard apparatus (the device with 

the black base shown in Figure 5) until it displays liquid behavior. The plastic limit is found by 

incrementally adding water to a sample of soil until it can just be rolled into a coil ⅛” in diameter. 
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The plasticity index is the difference between the liquid limit and plastic limit. All limits are 

measured as water contents of the sample at their respective states. Testing was performed in 

accordance with ASTM D 427. 

 

 

Figure 5: Testing setup for soil plasticity. 

 

STRAW PROPERTIES 

 

Length:  

 In reinforced concrete, the length of the rebar determines how much surface area is 

available for the cement to bond to. Therefore, the strength of the bond increases with the length 

of the reinforcement to the point where the steel yields before the cement-steel bond is at its limit. 

It is unknown whether the same applies to cob. In this analysis, each straw sample was measured 

to determine its average long fiber. Long fibers were defined as the straw fibers that did not 

appear to have broken, but were intentionally cut to a particular length, measured in inches. This 

is not a standard process and had up to two inches of variability in some samples. 
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Tensile Strength: 

 As described above, the strength of reinforced concrete is also affected by the tensile 

strength of the rebar. Tensile strength is defined as the tensile load at failure per cross sectional 

area of the fiber, measured in pounds per square inch, psi. The testing method used in this study is 

not a standard test; it was designed for this study to provide an estimate for straw tensile strength. 

First, each straw fiber was measured for diameter using calipers, from which the cross-sectional 

area was calculated using the basic formula for the area of a circle. Fibers were soaked in water 

before testing to reduce brittle failures due to lateral motion. The fibers were clamped to a vertical 

base, supporting an empty bucket, as shown in Figure 6. The bucket was then filled with gravel 

until the fiber failed, then weighed to find the breaking weight. 

 

 

Figure 6: Apparatus used to test straw tensile strength. 
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MIXTURE ENGINEERING PROPERTIES 

 

Shrinkage:  

 Shrinkage is defined as a percentage change in length or volume of a sample over the 

course of the drying process. Knowing the degree of shrinkage is useful in concrete design to 

minimize cracking of long walls and around other materials with different shrinkages, such as a 

wooden door frame. In soils analysis, shrinkage is affected by properties such as plasticity, sand 

content, consolidation, water content, and drying conditions. For this analysis, shrinkage was 

measured on the standard compression testing cylinders (see the compressive strength section 

below for a description of the forming process). Lateral shrinkage was defined as occurring 

parallel to the cob lifts, and was measured at four locations as shown in Figure 7. Vertical 

shrinkage was defined as occurring across the lifts and was measured at two locations as shown in 

Figure 7. Volumetric shrinkage was calculated based on the changes in length in both the vertical 

and lateral directions. Measurements were made using calipers and were compared with an 

assumed standard 6 by 12 inch cylinder. The builder who provided sample E only provided 

enough material to form three cylinders, therefore the given value for that sample’s shrinkage is 

based on the average of three trials, rather than four trials like the other samples. 
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Figure 7: Approximate locations of vertical and lateral shrinkage measurements on cylinders. 

 

Compressive Strength: 

 Compressive strength is the maximum compressive force a material can support per unit 

area, given here in psi. Cob is primarily used to bear compressive loads, similar to concrete or 

soil. As a result, compressive strength is one of the most important engineering properties as it 

determines the bearing capacity of a wall. Testing was performed on nominal 6 by 12 inch 

cylinders in accordance with ASTM C 39 with some modifications. Standard testing procedure 

designates three lifts and consolidation using a standard ¾” diameter rod, rather than the method 

below. The modification was made to better reflect actual cob construction techniques. First, rigid 

steel forms (see Figure 9) were filled with the wet cob sample. Forms were filled in six to eight 

lifts and consolidation of the cob was performed by hand between lifts (see Figure 8). Cob was 

struck off at the top of the form using a flat steel bar and placed in the oven for drying. The oven 

temperature was kept at 75°C in order to dry samples quickly and thoroughly, but not burn any 

organic matter present in the cob mixture. Cylinders were dried for two days in the forms, the 

forms were then removed, the cylinders were inverted and returned to the oven. After another two 
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days the samples were inverted again and returned to the oven. On day six, the samples were 

removed from the oven for testing. At this point, shrinkage measurements were taken on the 

cylinders. Compression testing was performed using a conventional concrete compression tester. 

The cob cylinders were loaded to failure, which was defined as severe cracking and more than 

one inch of deflection. Stresses were calculated based on the shrunken area of the cylinders. The 

builder who provided sample E only provided enough cob for three cylinders. As a result the 

value for compressive strength is the average of three trials, not four like the other samples. When 

testing sample A, the cylinders were removed from the oven after four days. When the first 

cylinder was tested in compression, it was found to still be wet in the center. The remaining 

cylinders were returned to the oven for two additional days before continuing testing. This was 

the first sample to be tested in compression and all subsequent cylinders were dried for six days 

as described above. As the first trial of sample A was still wet, the average compressive strength 

reported is the average of only the remaining three cylinders. 

 

 

Figure 8: Crenellations left by finger consolidation used between each lift. 
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Modulus of Rupture: 

 The modulus of rupture is the maximum tensile force a material can withstand per unit 

area, given in psi. It is used in beam design as materials such as cob or concrete usually fail due to 

tension rather than compression. It is used to calculate the resistance of a wall to lateral loads 

such as wind and seismic events. Testing was performed on nominal 6 by 6 by 21 inch 

rectangular beams in accordance with ASTM 78 with some modifications. Standard testing 

procedure designates using three lifts consolidated using a standard ¾” diameter rod instead of 

the described procedure. The modification was made in order to better reflect actual construction 

procedures. Rigid aluminum forms (as shown in Figure 9) were filled with wet cob samples in 

four to five lifts, with the cob being consolidated by hand between lifts. Cob was struck off at the 

tops of the forms using a flat steel bar and the formed beams were dried in an oven for two days 

at 75°C. On day two the forms were stripped and the samples were inverted for another two days 

of drying. On day four the samples were inverted again and returned to the oven. On day six, the 

samples were removed from the oven for testing. Length, width, and height of the dried beams 

was measured in order to calculate the stresses at failure. Beams were loaded to failure using a 

compression tester fitted with a beam loading jig as shown in Figure 16. Failure was defined as 

severe cracking and more than one inch of vertical deflection. The modulus of rupture was 

calculated using the shrunken area of the beam according to the equation: 

           
2bd

PL
R   

        where: 
    R = modulus of rupture, psi 
    P = load at failure, lbs 
    L = span length, in (18 in) 
    b = beam width, in 
    d = beam depth, in 
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Figure 9: Forms used to produce cylinders and beams. 

 

Modulus of Elasticity: 

 The modulus of elasticity is the change in stress (force per unit area) per unit of strain 

within the elastic limit of a material’s behavior, given in psi. A high modulus of elasticity denotes 

more brittle behavior, while a lower one denotes more ductile behavior. To test the modulus of 

elasticity, a strain gauge was attached to the base of the compression tester. It measured the 

deflection of the bottom testing plate during testing of the last cylinder of each sample, as shown 

in Figure 10. Strain readings were taken at approximately each 100 lbs of load until the cylinder 

began showing signs of nearing failure. The values reported were calculated from the initial 

linear-elastic portion of each stress-strain curve. The stress-strain curves shown in Figure 17 were 

normalized to facilitate comparison. Testing was conducted according to ASTM C 469 with the 

same forming modifications as noted in the compression test description. 
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Figure 10: Location of strain gauge in modulus of elasticity testing. 
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RESULTS AND DISCUSSION 

  

BASIC MIXTURE PROPERTIES 

 

 The variation between samples in these basic mixture properties is relatively low as 

shown in Table 6. Unit weights are largely governed by the density of the sand and clay 

components which are fairly constant. The air content varies by about 3%; this is likely due to 

differences in mixing procedure, which affects how much air was mixed in, and age of mixture, 

which affects how long air has had to escape. It is unlikely air content is affected by the 

proportion or type of straw as the mixture was entirely saturated at the time of testing causing any 

voids in the straw to be filled with water. The water content also has little variation, with the 

exception of sample E, which has a lower water content. As the amount of water added is 

determined subjectively by the consistency or feel of the mixture according to the builder, this 

may be due to a lower plasticity of the clay (as discussed later) or simply builder preference. 

 

Table 6: Results of unit weight, air content and water content testing. 

Sample 
Wet Unit 

Weight, pcf 
Dry Unit 

Weight, pcf 
Air 

Content, % 
Water 

Content, % 
A 117.0 92.7 4.7 26.2 
B 118.2 93.8 4.1 26.0 
C 122.0 99.2 4.5 23.0 
D 118.6 95.0 6.2 24.9 
E 123.0 103.7 6.4 18.7 
F 116.2 93.9 6.8 23.8 

Average 119.2 96.4 5.5 23.8 
Std. Dev. 2.7 4.2 1.1 2.8 
COV* 0.02 0.04 0.21 0.12 
*Coefficient of Variation 
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 The sand equivalency test showed all samples had sand and fines proportions within 

15%, as shown in Table 7. This was not reflected by the soil/sand mixing ratio, which varied by 

up to 600%. An explanation might be that the local soil may contain some sand, and the sand may 

contain some amount of fines. For example, the uniquely high soil/sand mixing ratio for sample 

E, 130% greater than average, does not match the fines content, which is only 13% greater than 

average. This means the soil used in that particular mixture contained a large amount of sand, and 

as a result less additional sand needed to be added to the mixture. Figure 11 shows the results of 

the sand equivalency test. 

 

Table 7: Proportions of sand and fines in samples. 

Sample 
Sand 

Content, % 
Fines 

Content, % 
Soil/Sand 

Mixing Ratio 
A 30.9 69.1 1.33 
B 30.8 69.2 1.33 
C 30.6 69.4 0.75 
D 45.9 54.1 0.50 
E 42.4 57.6 3.00 
F 43.9 56.1 1.00 

Average 37.4 62.6 1.3 
Std Dev 7.4 7.4 0.9 
COV 0.20 0.12 0.67 
 

 

Figure 11: Results of sand equivalency test with samples in order A to F from left to right. 
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SAND PROPERTIES 

 

 With the exception of sample D, all mixtures had similar gradation curves, as shown in 

Table 8 and Figure 12. If the sand within the cob behaves like a fine aggregate, all mixtures 

should compact similarly, except sample D. When compacted, sample D would have more voids 

between sand particles due to having fewer particles greater than 1mm than the other samples. If 

this were true, it could have an impact on the cob strength, as it does for compacted aggregates. 

However, the cob mixtures contain a large amount of fines and straw which may interfere with 

this interlocking behavior, causing the mixture to behave more like concrete, in which gradation 

has less of an effect on strength. Testing was inconclusive as to which model is correct. All 

samples had similar void contents; again, except for sample D, as shown in Table 9. The larger 

amount of voids in sample D may be due to the angularity of the particles, as noted in the sample 

descriptions, or it may be due to the poorer gradation; this could be clarified with further testing. 

 

Table 8: Results of sieve analysis. 

Sieve No. 
Sieve Size,  

in (mm) 
Percent Passing 

A B C D E F 
4 0.187 (4.75) 100 100 100 100 90 95 
8 0.094 (2.38) 83 87 85 98 84 78 
16 0.046 (1.18) 68 74 66 93 67 64 
30 0.024 (0.60) 53 61 44 79 48 51 
50 0.012 (0.30) 21 26 15 41 27 17 

100 0.006 (0.15) 4 5 2 2 14 3 
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Figure 12: Gradation curves from sieve analysis. 

 

Table 9: Results of void content test. 

Sample Void Content, % 
A 40 
B 41 
C 43 
D 50 
E 43 
F 44 

Average 43.6 
Std Dev 3.3 
COV 0.08 
 

SOIL PROPERTIES 

 

 Though the soil component of cob is often referred to as the clay, all samples in this study 

were in fact low plasticity silts as shown in Table 10 and Figure 13. In the Willamette Valley, the 

top layer of soil tends to be a silt with occasional pockets of clay1. As most of the builders used 

soil from their own yards, it was unlikely they would happen to hit a true clay pocket. The use of 

silt instead of clay means these samples are not as sticky as they could be and have a very narrow 
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range of water contents from plastic to liquid states. Sample E has an exceptionally low plasticity 

which likely contributes to that mixture having a lower water content as it would take less water 

to get sample E to a workable consistency. 

 

Table 10:  Results of plasticity testing. 

Sample 
Liquid 
Limit 

Plasticity 
Index 

USGS 
Classification Soil Type 

A 36 9 ML Low Plasticity Silt 
B 37 6 ML Low Plasticity Silt 
C 41 13 ML Low Plasticity Silt 
D 28 3 ML Low Plasticity Silt 
E 23 1 ML Low Plasticity Silt 
F 38 6 ML Low Plasticity Silt 
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Figure 13: Sample plasticity values on an Atterberg Limits chart. 

 

STRAW PROPERTIES 

 

 While the coefficient of variability (COV) of the breaking weight was only 0.30, the 

COV of the calculated straw tensile strength was 0.58. This discrepancy may be due to the 



30 

method used for calculating the tensile strength. The area of a circle was used as an 

approximation to find the cross-sectional area of the straw fibers. However, straw is hollow and 

the radical variation in tensile strengths implies that this may have been too much of an 

approximation. Still, Figure 14 indicates some correlation between breaking weight and fiber 

diameter. Though the calculated values of tensile strength are most likely inaccurate, it is 

assumed they may still be used for relative comparisons between straw samples of stronger and 

weaker fibers. 

 

Table 11: Summary of straw properties. 

Sample 
Average Long 

Fiber Length, in 
Average Fiber 
Diameter, in 

Breaking 
Weight, lbs 

Approximate Tensile 
Strength, psi 

A 6 0.05 5.4 2400 
B 12 0.06 7.2 2600 
C 8 0.16 13.3 700 
D 3.5 0.09 11.2 1900 
E 7 0.11 10.0 1100 
F 9 0.16 10.3 500 

Average 7.6 0.11 9.6 1533 
Std Dev 2.9 0.05 2.8 891 
COV 0.38 0.45 0.30 0.58 
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Figure 14: Straw fiber diameter versus breaking weight indicating some correlation. 
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 MIXTURE ENGINEERING PROPERTIES 

 

 In all samples, the lateral shrinkage was greater than the vertical shrinkage, as shown in 

Table 12. This may be caused by the forming procedure in which lifts were compacted vertically, 

not horizontally. Unformed cob is isotropic; therefore this difference in shrinkages is likely 

caused by the construction process, and is not a property of the material itself. 

 

Table 12:  Summary of shrinkages in cylinders. 

Sample 
Lateral 

Shrinkage, % 
Vertical 

Shrinkage, % 
Volumetric 

Shrinkage, % 
A 2.2 1.2 5.5 
B 2.1 1.3 5.4 
C 1.8 1.4 4.8 
D 0.7 0.1 1.5 
E 1.1 0.5 2.7 
F 1.6 0.6 3.8 

Average 1.6 0.9 4.0 
Std Dev 0.6 0.5 1.6 
COV 0.37 0.62 0.41 
 

 The values found for compressive strengths, 65 to 129 psi, as shown in Table 13, are 

similar to the range of compressive strengths reported in Saxton’s and Harries’s research, 87 to 

174 psi and 87 to 116 psi, respectively. However, they are lower than the compressive strengths 

from the New Mexico adobe building code, minimum 300 psi, and the research performed by 

Lambert & Associates, 400 to 610 psi. As discussed previously, the New Mexico code uses a 

different testing procedure and is intended for adobe, not cob, which may account for the 

difference in values. It was assumed the values from the Lambert & Associates research were 

erroneous, which is somewhat supported by the large difference between their results and those of 

this study.  
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Table 13: Summary of engineering properties of mixtures.  

Sample 
Compressive 
Strength, psi 

Modulus of 
Rupture, psi 

Modulus of 
Elasticity, psi 

A 101.5 34.6 2700 
B 106.9 31.5 2000 
C 90.4 23.5 2200 
D 65.1 10.8 30000 
E 118.6 23.6 10000 
F 128.8 26.2 4700 

Average 101.9 25.0 8600 
Std Dev 22.4 8.3 10904 
COV 0.22 0.33 1.27 
 

 It was observed during compression testing that some samples tended to fail along a well-

defined shear plane, as seen in Figure 15. The same samples tended to have a more brittle type 

failure with the cylinder suddenly cracking instead of slowly deforming. Compacted, stiff soils, 

such as sands, also tend to form similar shear planes though they tend to progressively deform 

instead of suddenly cracking. Concrete tends to suddenly crack in a similar manner, along either 

diagonal shear planes or vertical tension planes depending on the mixture. It was observed that 

other samples tended to fail by slowly deforming and bulging outward, as seen in Figure 15. This 

more ductile failure is similar to compacted, soft soils, such as clays, but is very unlike concrete. 

This pattern was not noticed until part way through the testing and it had not been recorded which 

samples had failed in which manner. Observations of failure type should be included in any 

subsequent testing. 
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Figure 15: Observations of compression cylinders showing (left) brittle and (right) ductile failure. 

 

 The moduli of rupture were found to be between 11 to 35 psi, as shown in Table 13. They 

were all less than required by the New Mexico adobe code, and those found by Lambert & 

Associates, which are 50 and 66 psi, respectively. Explanations for this difference have already 

been discussed and are not considered to be of concern. In the flexural testing, all samples failed 

due to a crack forming in the middle third of the beam, as seen in Figure 16. However, the rate of 

crack formation differed between samples, again reflecting a more brittle rather than ductile type 

failure. It was also observed that in most trials, the straw fibers broke along the flexural crack that 

formed in the beam. In a few trials, the straw did not break but simply pulled out of the 

surrounding cob. Again these patterns of failure were noticed part way through testing and the 

failure mode of each particular sample had not been recorded. Observations of failure type should 

be included in any subsequent testing. 
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Figure 16: Typical flexural crack in modulus of rupture sample. 

 

 The modulus of elasticity had more variation than any other value with the COV being 

1.27, as shown in Table 13. The found values are at least 30 times greater than the moduli of 

elasticity reported in Berlant’s book. It is assumed that the values he reported were meant to be 

moduli of rupture, to which they were much closer in value, and that this was a mistake on his 

part. Samples D and E demonstrated relatively high moduli of elasticity compared with the other 

samples, shown graphically as the initial slope of the lines in Figure 17. This describes a more 

brittle type failure, which could be confirmed with observations of the failure type for each 

cylinder. Only one cylinder per sample was tested for modulus of elasticity due to time 

limitations and the available amount of sample. Further trials may demonstrate the radical 

variation is due to human error during testing. However, for this analysis, it is assumed the values 

found are accurate. 
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Figure 17: Normalized stress-strain curves from modulus of elasticity testing. 
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DISCUSSION OF CORRELATIONS 

 

 As part of the secondary purpose of this research, several correlations were found 

between various properties of the cob mixtures and their components. An attempt was made to 

find correlations with a basis in theory, either from soils or concrete analysis, with R2 values 

greater than 0.7. This study did not sample a large enough number of cob mixtures to establish 

causality. Further research with a more specific focus will be necessary in order to adequately 

prove causality. 

 

SHRINKAGE 

 

 In soils, high shrinkage due to change in water content is related to a high clay content of 

the soil, which may be true for cob as well. A correlation is seen between shrinkage and fines 

content, as seen in Figure 18. This could also be described as an inverse correlation between 

shrinkage and sand content. In soils, a high clay content results in a high plasticity index, 

however; a comparison between shrinkage and the plasticity index of the soil in samples yields an 

R2 value of 0.49. As soil is only one component of the cob mixture, it is concluded the total 

amount of fines has a larger impact on shrinkage than the plasticity of those fines. 

 Modulus of rupture also shows a strong correlation with shrinkage, as seen in Figure 19. 

However, there is no theory in soils or concrete analysis that would explain this correlation. It is 

concluded there is no casual relationship between these two parameters and the two properties are 

only related through a third variable such as straw content. This is somewhat supported by the 

fact modulus of rupture was measured on the beams and shrinkage on the cylinders. Additionally, 

the correlation does not hold for compressive strength (R2 = 0.08) or vertical shrinkage  
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(R2 = 0.57), but it does for lateral shrinkage (R2 = 0.84). Further investigation may be able to 

explain this correlation with basis in accepted theory. 
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Figure 18: Volumetric shrinkage versus fines content indicating a linear correlation. 
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Figure 19: Volumetric shrinkage versus modulus of rupture indicating a linear correlation. 
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STRAW 

 

 Soils have a relatively low tensile strength compared to their compressive strength. 

Therefore, it is assumed that the straw fibers supply a large part of the tensile resistance in cob, as 

measured by the modulus of rupture. This assumption is analogous to the accepted interaction of 

rebar and concrete in reinforced concrete, as described in the straw properties description. 

However, a graph of fiber length versus modulus of rupture implies that this is not the case, as 

shown in Figure 20. The correlation would be stronger if sample A was excluded. However, 

samples A and B were produced to be identical except for fiber length, therefore such an 

exclusion is not justifiable. That these two samples have such similar flexural strengths appears to 

imply fiber length is irrelevant to modulus of rupture.  
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Figure 20: Straw fiber length versus modulus of rupture indicating a nonlinear correlation. 
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 Sample D contradicts this conclusion as this sample has both the shortest fiber and lowest 

modulus of rupture. A potential explanation might be that modulus of rupture is dominated by the 

tensile strength of the straw for long straw fibers. However, at a length of 4 to 5 inches the straw 

fibers become short and the correlation falls apart. The soil cannot adequately bond to the reduced 

surface area of the short fiber and it pulls out of the cob before ever reaching its tensile limit. This 

could explain why sample D has a straw tensile strength 24% above average, yet its modulus of 

rupture is 57% below average. This interactive behavior is analogous to the effect length and 

tensile strength of rebar have on the modulus of rupture in reinforced concrete. This conclusion is 

supported by the graph of straw tensile strength and modulus of rupture, shown in Figure 21. 

With sample D included, the R2 value is 0.08. When it is excluded on the basis that the straw is 

too short to provide adequate bonding surface area, the R2 value increases to 0.79. 
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Figure 21: Straw tensile strength versus modulus of rupture indicating a nonlinear correlation. 

 

 

 



40 

STRENGTHS 

 

 A correlation is observed when graphing modulus of elasticity against modulus of 

rupture, as seen in Figure 22. This confirms observations made during testing that the weakest 

samples tended to be more brittle. An exponential relationship was found to be the best fit for 

describing this relationship. If this correlation is in fact exponential, it would explain some of the 

radical variation in modulus of elasticity between samples. However, modulus of rupture is a 

derived property, controlled by straw tensile strength or other factors. Yet, the correlation does 

not hold between modulus of elasticity and straw tensile strength, in which R2 equals 0.01, or 

0.16 if sample D is excluded as before. However, this may be improved by a more accurate 

measure of straw tensile strength. The correlation also does not hold between compressive 

strength and modulus of elasticity, where R2 equals 0.15.  

 

y = 77148e-0.109x

R2 = 0.7255

0

5000

10000

15000

20000

25000

30000

35000

0 5 10 15 20 25 30 35 40
Modulus of Rupture, psi

M
od

ul
us

 o
f 

E
la

st
ic

it
y,

 p
si

 

Figure 22: Modulus of elasticity versus modulus of rupture indicating an exponential correlation. 
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 In concrete there is a strong correlation between compressive strength and modulus of 

rupture. Figure 23 indicates the correlation isn’t as strong in cob. Specifically in concrete, the 

correlation is between modulus of rupture and the square root of compressive strength. However, 

checking this correlation in cob only yields an R2 value of 0.43. Therefore, other factors must be 

influencing both properties, with compressive strength and modulus of rupture reacting 

differently to these factors. 
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Figure 23: Compressive strength versus modulus of rupture indicating a weak correlation. 

 

 In soils analysis, sandy soils have a higher compressive strength than clayey ones. A 

graph of compressive strength versus sand content suggests that sand provides a large part of the 

compressive strength in a cob mixture, as shown in Figure 24. However, sample D does not fit 

this pattern; with sample D included the R2 value is 0.002. Excluding sample D improves the 

correlation, as was seen in the interaction of flexural strength and straw tensile strength. An 

explanation for this correlation might be that compressive strength is controlled by a combination 

of sand providing resistance to compression, and straw providing resistance to lateral expansion.  
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Figure24: Compressive strength versus sand content indicating a nonlinear correlation. 

 

SAMPLE D 

 

 In this analysis, sample D continually showed up as the exception or the outlier. 

Therefore, determining why it behaved as it did is necessary for a complete understanding of 

cob’s material behavior. 

Sand Equivalent: Sample D had the highest sand content, 23% above average (Table 7). 

However, samples E and F had similar values of only a few percent lower. Samples D 

also had the lowest soil/sand mixing ratio, but as discussed in the section, this does not 

reflect the relative amounts of actual fines and sand in the final mixture. 

Sieve Analysis: While every other sample had very similar gradations, only the sample D  curve 

was significantly different (Figure 12). It had a smaller percentage of large particles, with 

a fairly uniform distribution less than 1 mm. It was reported to be mason sand, and was 

the only sample to look obviously graded. 
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Void Content: Sample D had the highest void content at 50% (Table 9). With that sample 

included, the average was 43.6% and the standard deviation was 3.3%. With it removed, 

the average is 42.3% and the standard deviation is 1.5%. 

Plasticity: Sample D had the second lowest point on the plasticity diagram (Figure 13), sample E 

had the lowest. Therefore, it is not necessarily unique, but may share some properties 

with sample E. 

Straw Properties: While this sample had fairly average values of straw diameter, breaking load 

and tensile strength, it had significantly shorter fibers (3.5 in, when the average was 7.6 

in as indicated in Table 11). 

Shrinkage: This sample had the least shrinkage (0.7% lateral, 0.1% vertical, 1.5% volumetric, 

average was 1.6%, 0.9%, and 4.0% respectively as shown in Table 12). More unique is 

that during the drying process, some of the compression cylinders showed no shrinkage 

and one cylinder actually expanded. The beams also showed vertical expansion, as it was 

horizontally restrained by the forms. This was definitely unique among tested samples, 

and is difficult to explain in terms of basic soil mechanics, as high plasticity soils are 

supposed to shrink with a decrease in water content. 

Strengths: Sample D had the lowest compressive strength at 65.1 psi, which was 35% below 

average, and the lowest modulus of rupture at 10.8 psi, 57% below average (Table 13). 

Modulus of Elasticity: With a modulus of elasticity over an order of magnitude larger than some 

(30,000 psi, while the average was 8,600 psi with sample D included, Table 13; 4,320 psi 

without sample D included), the value for sample D seems almost erroneously large. 

With this sample included, the standard deviation is larger than the average, at 10,904 psi, 

which drops to 3,351 psi with it excluded. 

Despite the exceptional behavior of sample D, the sample size for this study is too small to justify 

excluding it. Further testing may show that this sample was a fluke; however, with the current 

data, sample D must be considered to be within the normal variation limits of cob. 
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CONCLUSION 

 

 It was found that cob from the Willamette Valley tends to have large variation in 

properties between builders, definitely more than conventional building materials such as steel 

and concrete. However, this variability is not so large that it cannot be overcome by increased 

factors of safety and conservative design. Average values were found for all necessary design 

parameters, which would be adequately reflected in the actual performance of a cob structure. 

While some properties such as unit weight, plasticity, and sand content had relatively low 

variation, some such as modulus of elasticity had very large variability. Several correlations and 

plausible causalities between mixture composition and behavior were identified. These 

correlations showed that explanations for the interaction of components within a cob mixture can 

be found in a combination of concrete and soils theory, but that cob does not behave exactly like 

either material. Further testing will be necessary to adequately prove any relationships. 

 This research also demonstrated that conventional testing methods used in concrete and 

soils analysis can be easily adapted to test cob. Furthermore, test results may be considered both 

reliable and accurate, and with practice, consistent results may be achieved. Further research is 

still needed, but there is no reason cob mixture design and construction could not be codified, in 

order to provide safe and structurally sound cob buildings for the population at large. 

 

FURTHER RESEARCH 

 

 Variation in the results and correlations found in this study indicate most of the factors 

influencing the material behavior of cob are not fully understood. Examples of specific properties 

and correlations of interest which could be the focus of future studies were noted throughout the 

discussion sections of this paper. The effect of the straw fibers is one large area of interest. The 
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theory regarding the interaction of fiber length and tensile strength requires confirmation; 

however, a better method for determining the fiber cross-sectional area is needed. There may also 

be effects related to the behavior of the straw fibers as they dry. Soil plasticity could have a large 

impact on strength; however, this study only tested low plasticity silts. More research could be 

conducted using soils with more varied plasticity values, also using other tests to more accurately 

measure the clay content. The effect of sand gradation and angularity were not well explored by 

this analysis, both of which could be more accurately measured with additional tests. There are 

more refined methods for analyzing modulus of elasticity which were not employed in this study, 

but which may reduce some of the variation in this parameter. Lastly, testing of full-scale walls 

and testing of cob as it ages could reveal more relevant information for actual building 

construction. 
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