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1.0 Research Goal & Background 
 
 
1.1 Project Description 
The goal of this project is to create an alternative building product. The alternative building 
product will be an insulated, dry-stacked modular block made from local materials (e.g. cinders, 
cement) and local waste products (e.g. fly ash, small-diameter timber) [1]. The new building 
product must be created in order to reach an insulation value of at least R-10 while meeting all 
necessary strength requirements [1]. Additionally the block will need to meet all modern design 
demands of building construction.  
 
1.2 Project Background  
In the current market insulated modular blocks made with wood fiber aggregate are limited. The 
blocks that are available are not structural and simply act as formwork intended to support the 
hydraulic pressure of grout. Additionally due to costs the availability of current blocks relies 
heavily on regional availability of the necessary materials. Existing systems are made of 
approximately 15% to 25% cement and 75% to 85% mineralized wood fibers [1]. At heights over 
3 to 4 feet the blocks need to be braced out-of-plane in order to prevent shifting relative to one 
another. Structural properties, the requirement to grout, the need to brace out-of-plane, and the 
required insulation value of R-10 are all disadvantages of current modular blocks. Different 
materials and different ratios of cement to mineralized wood fibers could produce a better 
product with increased structural properties.  
 
1.3 Stakeholders  

The current stakeholders of this research include Dr. Tuchscherer whom is our team's client. 
Additional stakeholders include local brick manufacturers and local logging companies.  

 

2.0 Research Methods  
 
 
2.1 Material Study 
 
2.1.1 Establish Baseline  
A collection of existing concrete mixes will be gathered in order to create a baseline for further 
design mixes that will optimize wood fiber aggregate. Concrete mixes that will be collected 
include, quikrete, rapid set, and sika. The mixes will be tested for their compressive strength 
following the procedure outlined in ASTM C140 [8].  
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2.1.2 Small Diameter Timber Analysis  
An analysis of the determination of the necessary steps needed to make the small diameter 
timber usable within a concrete mix. The team will reach out to David Autey, a timber scientist to 
discuss the necessary mineralization process that the small diameter timber must undergo 
before being used in a mix.  
 
 
2.2 Prototyping 
 
2.2.1 Material Collection  
All materials will be gathered locally from the Flagstaff area. Small diameter timber will be 
obtained from Ribelin logging company while all cinders will be collected on site at cinder hills 
OHV area located in the Coconino National Forest 13 miles northeast of Flagstaff.  
 
2.2.2 Design 
A total of 48 prototypes will be constructed out of three different mix ratios. The mix ratios will be 
based off the results from the baseline study. Prototypes will be right circular cylinders 
measuring 8” in height and 4” in diameter per ASTM C470 [9].  
 
2.3 Product Testing 
 
2.3.1 Embodied Energy Study 
An embodied energy study will be completed in order to define the insulative properties of the 
prototypes. The team will meet with Alan Francis a professor at NAU to discuss the appropriate 
insulative test required.  
 
2.3.2 Compressive Strength  
The Compressive strength of the dry stacked modular brick will be gauged following the 
procedures of ASTM C39 [10]. The test method consists of applying a compressive axial load to 
molded cylinders until failure occurs. The compressive strength is then calculated by dividing 
the maximum load by the cross sectional area of the prototype. The test specimens should be 
allowed at a minimum 28 days to fully cure and reach its ultimate strength, however the sample 
specimens are removed from the moisture tight container 48 hours prior to the 28th day of the 
curing cycle of the samples [10]. 
 
2.3.3 Tensile Strength  
The tensile strength of the dry stacked modular bricks will be analyzed in accordance to ASTM 
C496 [11]. ASTM C496 is the testing method for the splitting tensile strength of cylindrical 
concrete specimens. The procedure includes applying a diametral compressive force along the 
length of a cylindrical concrete specimen until failure occurs [11]. To analysis the tensile 
strength the maximum load sustained by the specimen is divided by the appropriate geometrical 
factors.  
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2.3.4 Freeze-Thaw  
The freeze-thaw capabilities of the team's dry stacked modular bricks will be most likely be in 
line with the ASTM-666 where the samples will be tested for the two most prevalent types of 
structural strength corrosion, internal micro cracking and surface scaling.  Internal Cracking is 
seldom present in properly air sealed concrete, however if an unprotected dry stacked modular 
brick that has poor network it can theoretically lead to the ultimate failure of the dry stacked 
modular brick. Internal cracking takes place when a dry stack modular block has voids that are 
generally not filled with water but with air, however when the water seeps through the voids and 
freezes, internal stresses generated from the approximate 10% expansion in the waters volume 
as the water transitions from a liquid state to a solid. Surface scaling occurs when there is some 
sort of deicer (i.e. salt) present in the dry stacked modular brick. With the presence of salt, the 
evaporation process is much more time consuming which consequently will increase the degree 
of saturation for the dry stacked modular brick; since scaling is microscopic surface quality of 
the sample, its only influencer’s is its water/cement ratio, curing techniques, as well as its final 
placement.  The testing method that will be used to evaluate the freeze thaw characteristics of 
the specimens require that these said specimens be in a fully saturated state prior to being 
subjected to a highly intensive freeze thaw cycles. The cylinders will be subjected to 5-8 freeze 
thaw cycles per day with a total of 300 cycles at the conclusion of the freeze-thaw test. Currently 
the industry has two primary methods to expose samples to freeze thaw cycles. Method 1 has 
the samples to be both frozen and thawed out in water, while method 2 subjects it to a less 
severe freeze thaw cycle where the sample is frozen in the air and is thawed out in water. The 
controlled temperature range that is used for freeze-thaw test varies from 40F-0F; and the 
internal decline in strength can be measured by measuring the resulting change in length or the 
change in the samples modulus of Elasticity [6].  
 
 
 
2.4 Feasibility Study 
 
2.4.1 Block Lite Tour  
The methods of research will have the team contact local flagstaff brick company Block Lite. 
The team hopes to receive a guided tour from the company Block Life in order to obtain a more 
in depth understanding of the company’s manufacturing techniques and practices that have 
made them a successful company. The team will research the constructability of the modular 
block.  
 
2.4.2 Current Available Options  
Investigation of the techniques that the market currently practices for constructing their dry 
stacked modular bricks. The team will compile research on the process that is necessary in 
modern day brick manufacturing. The current modular blocks using small diameter timber on the 
market need to be braced when used as a stem wall. The team will research a strategy in where 

6 
 



 

the modular block does not need to be braced and can be constructed simply using grout to 
place the blocks.  
 
3.0 Project Management 
 
 
3.1 Schedule 
The project will be completed from the proposed plan over the course of 5 months. 
Table 1 lists the tasks anticipated to complete the project. 
 

Table 1: Proposed Schedule 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Additionally the proposed gantt chart is presented below in Table 2. The critical path is 
highlighted in red within the gantt chart.  

 

 

 

7 
 



 

 

 

Table 2: Gantt Chart  

 

Upon completion of the project the team will have demonstrated the feasibility of a new 
dry-stack modular block as well as analyzed the structural and insulative properties of at 
least three proposed prototypes.  

 
4.0 Staffing and Cost of Engineering Services 
 
  
4.1 Staffing  
The project team will staff the research as follows in table 3 located below.  
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Table 3: Staffing  

 

 
4.2 Cost of Engineering Services 
The cost breakdown of the project is located below in table 4. All personnel, equipment, 
and travel costs are included in the total cost of engineering services. All base pay rates 
include overhead and benefits using a x3 multiplier. The research cost estimate was 
determined by using the average base pay of civil engineers with 1-2 years field 
experience for their respective job descriptions. 
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Table 4: Cost Estimate Breakdown 

 
 
5.0 Project Deliverables 
 
 
5.1 50% Report  
A 50% report deliverable will be completed to ensure that the team is working towards the end 
goal and staying on schedule. The 50% report will contain all of the team’s current research and 
developments up to the halfway point of the project. Additionally the report will go through a 
single draft process prior to its final submission in order to review the teams presented 
information. 
 
5.2 Final Report  
A final report will contain all of the research, developments, and findings that the team has 
made throughout the project's time frame. The team’s final proposed modular block design will 
be presented within the final report.  
 
 
5.3 Website  
A website will be created to further summarize all necessary information for any parties 
interested in the project. 
 
5.4 Presentation  
The team’s final deliverable will be a final presentation in front of several parties summarizing 
our findings and the team’s final design proposal.  
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6.0 Project Limitations  
 
 
6.1 Challenges  
One of the challenges that the team will have is that typically brick manufacturers do not 
typically post their mix ratios for the public. At the most they typically only post their water 
cement ratio but other than that obtaining information will need to be obtained via a guided tour 
with one of the brick manufacturers. Other challenges that the team will face is that there is 
limited data on eco dry stacked modular bricks of having sufficient structural properties as well 
as having a correct R-value of 10. 
 
6.2 Exclusions  
Throughout the course of the project the team will refrain from doing an environmental 
assessment of the proposed design mix.  Additionally the team will not research the available 
materials in any place other than Flagstaff, AZ. The team will not research the construction 
process that the modular blocks may be used for.  
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