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Figure 1: Concrete Masonry Unit (CMU) [1]



1.0 Project Introduction 

1.1 Research Goals 

● Develop an insulated, dry-stacked 
modular block made from local waste 
materials (e.g small diameter timber, 
cinders).

● Must have an Insulation value of R-10 
while meeting the minimum strength of 
1900 psi based upon ASTM C90. Figure 2: A collection of CMUs[2]
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1.0 Project Introduction 

1.2 Background Research 

● Insulated modular blocks made with wood 
aggregate are limited. 

● Not structural and simply act as formwork 
intended to support the hydraulic pressure 
of grout.

● High costs due to unavailability of 
necessary materials. Figure 3: FASWALL Green Building Systems [3]
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1.0 Project Introduction 

1.3 Stakeholders

● Dr. Tuchscherer (client)
● Local brick manufacturing companies
● Local logging companies
● City of Flagstaff

Figure 4: Block-Lite a local brick manufacturer  [4] 
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2.0 Research Methods 

2.1 Material Collection 

● Cinders were collected on site at Cinder 
Hills OHV area located in the Coconino 
National Forest 13 miles northeast of 
downtown Flagstaff [8]. 

● Small diameter timber was collected 
from slash piles located around Mt. 
Elden.

Figure 5: Collected cinder from the field [Photo 
taken by: Sam Carnes]
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2.0 Research Methods 

2.2 Small Diameter Timber Analysis 

● K-X Treatment Process by FASWALL Green 
Building Systems. 

● The K-X Treatment makes swelling, 
shrinking and decaying of the wood particle 
impossible due to mineralization [3].

Figure 6: K-X Treated Wood Chips [Photo taken by: Sam Carnes] 
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2.0 Research Methods 

2.2 Small Diameter Timber Analysis 

● The K-X Treatment is conducted in two 
stages
○ First the wood chips are soaked in an 

aluminum-sulphate and water solution. 
○ Second the surface area of the wood 

chips are evenly coated in kaolin 
powder.

● Wood chips must rest for 48 hours prior to 
being used in a concrete mix.  Figure 7: Wood Chips soaking in aluminum-sulphate and 

water solution  [Photo taken by: Sam Carnes] 
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2.0 Research Methods 

2.3 Established a Baseline  
● All baseline materials were donated by 

Block-Lite a local brick manufacturing 
company.

● Baseline Mix
○ 3 parts Sand 
○ 1 part Cement 
○ 3 part Aggregate 

➢ 2 part Fine Cinder 
➢ 1 part Coarse Cinder

● 0.50 Water-Cement Ratio 
Figure 8: Teo mixing the baseline design mix [Photo taken by: Sam 
Carnes] 
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2.0 Research Methods 

2.4 Mix Design 

● 3 design mixes 
○ 10% Wood aggregate replacement 
○ 15% Wood aggregate replacement 
○ 20% Wood aggregate replacement

● Wood aggregate will replace the coarse 
cinder following the same mix proportions as 
the baseline mix. 

Figure 9: Mix Designs (Pictured from left to right: Mix Design #1, Mix 
Design #2, Mix Design #3) [Photo taken by: Teo Albers]
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● ASTM C39
● The test method consists of applying 

a compressive axial load to molded 
cylinders until failure occurs [5].

● 10 test specimens per design mix.
● 40 total specimens tested.

2.5 Compressive Strength Test  

2.0 Research Methods 

Figure 10: Compressive Strength Test  [Photo taken by: Teo Albers]
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● ASTM C496
● Performed by applying a 

diametral compressive force 
along the length of the specimen 
at a constant loading rate until 
specimen failure [6].

● 10 specimens per design mix.
● 40 total specimens tested.

2.0 Research Methods 

2.6 Tensile Strength Test  

Figure 11: Tensile Strength Test  [Photo taken by: Teo Albers]
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● ASTM C666
● Alternately lowering the 

temperature from 4 to -18℃ and 
raising it from -18 to 4℃. [7]

● A total of 300 cycles completed. [7]
● The compressive strength was 

tested at the conclusion of the 300 
cycles.

2.0 Research Methods 

2.7 Freeze-Thaw Test 

Figure 12: Freeze-Thaw Test  [Photo taken by: Sam Carnes]
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2.0 Research Methods 

● Due to the CMUs comparatively high 
density & specific heat values, they offer 
highly effective thermal storage properties 
[9] .

● A thermal advantage  that  is seen by 
CMU over light framing systems is 
applicable in all climate types although 
the benefits of their thermal mass is more 
evident in warmer climates [10]. Figure 13: R-values of common building materials [8] 
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2.8 Embodied Energy Study  



3.0 Results & Analysis  

3.1 Compressive Strength Test  

Table 1: Compressive Strength Testing Results 
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3.0 Results & Analysis  

3.2 Tensile Strength Test  
Table 2: Tensile Strength Testing Results 
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3.0 Results & Analysis  

3.3 Freeze-Thaw Test  

Table 3: Freeze-Thaw Test 
Results 
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Figure 14: Freeze-Thaw Test failed specimen 
[Photo taken by Teo Albers]



3.0 Results & Analysis  

3.4 Embodied Energy Study  

Table 4: Embodied Energy Study Results 
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4.0 Conclusion   
● The compressive strength of the test specimens decreased as 

the percentage of wood aggregate replacement increased. 
● Thermal properties of the test specimens increased as the 

percentage of wood aggregate replacement increased.
● Incorporating mineralized wood chips into a CMU mix has 

significant impacts on its strength and thermal properties.  
● While the design mixes did not meet load bearing standards they 

could still be used as formwork.
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5.0 Future Recommendations   

● Further analysis of the K-X treatment 
○ Minimizing the wood chips size

■ Increased bond within the 
concrete mix

● Using other waste materials within a 
concrete mix
○ Plastic  
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Figure 14: Concrete modular block utilizing plastic fiber reinforcement [11]



6.0 Research Schedule   
Table 5: Team Schedule 
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7.0 Staffing    

Table 6: Project Staffing 
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8.0 Cost of Engineering Services     

Table 7: Cost of Research Services 
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