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Figure 4.3.2 illustrate how interlayer adhesion failure caused by the sand affects the force 

resistance capacity of the beam, since the beams without sand had higher load resistance 

capacity than the beam with sand. After comparing the force resistance capacity, the 

flexural stress capacities were compared. It is concluded that beams with no sand have a 

higher stress capacity that those with sand. Although the beams without sand can carry 

more load and withhold more stress they are not as safe as the beams with sand due to the 

brittle failure mode of the beams without sand.  
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Given to the linear relationship between the applied force and bending moment it is of no 

surprise that the maximum bending moment of the beams follow the same trend as the 

force resistance capacity. The modulus of elasticity, is higher for the beams with no sand 

than those with sand.  

Finally, failure modes of beams are different. When filling the beam with sand, an 

interlayer adhesion failure occurs. Whereas, when the beam is not filled with sand, a 

brittle failure occurs.  
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Conclusion 

Due to the poverty level in the world and the rising plastic waste. Utilizing plastics as 

structural members would solve two problems, since it is affordable and would 

dramatically decrease the plastic waste. In this research, composite beams made of plastic 

and fine soil were designed, tested and analyzed to see if the design would be sufficient 

and safe as a structural beam. Beam is controlled by flexural properties due to the 

orientation of the load on the member.  To perform flexural testing and analysis of the 

beams, ASTM D790 was followed. In this research, three beam designs were developed 

and tested where the newer designs were improvements of the previous designs. Design 

improvement were developed in order to address the undesired failure modes like the 

interlayer adhesion failure. After testing and comparing the flexural properties of the 

beams, we can conclude that beams without the fine soil have a higher flexural capacity 

than the beams with the fine soil, which caused the vertical point load to transition into a 

horizontal load within the soil causing the interlayer adhesion failure. Additional research 

is necessary before it is implemented as a real structural member.  
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Future Recommendations and OLC projects 

The following are recommendations for future research: 

1) Investigation of aging effects on 3D printed beams, we came to realization that 

aging of the samples after printing affect the mechanical properties of the 

samples. How aging of the 3D printed PLA samples came into realization is when 

comparing two CT beam samples both with no sand with only difference being 

the time between printing and testing of the two samples. One of the samples was 

printed and tested within 24 after printing was completed, and the other sample 

that was printed 14 days prior to testing. The two samples’ force-displacement 

data and stress strain data were compared and are provided in Figure 6.1. Note 

that the 24 hour sample data was given an offset of 1.5 mm.  
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Figure 6.1. Force-displacement comparison between two CT beams one that aged 

for 14 days and the other CT beam only aged for 24 hours before testing.  

 

Figure 6.1 illustrates how aging plays a major factor in increasing load resisting 

capacity and the elasticity of the beam. Where the maximum force of the 14 day 

sample is 294% higher than the maximum force of the 24 hour sample. Also the 

displacement increased by 220%. Figure 6.2, shows how aging increased the 

stress by 275%. 
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Figure 6.2. Stress-strain data comparison between two CT beams one that aged 

for 14 days and the other CT beam only aged for 24 hours before testing.  

Since aging of the samples was not included in the objectives of this research it 

was not further investigated due to time restrictions. Also no research has been 

performed on aging of 3D printed samples. For that, it is recommended for future 

research.   

2) Using material that would prevent interlayer adhesion failure. For example, Fiber-

Reinforced Plastic (FRP) can be used as a reinforcement which would prevent the 

interlayer adhesion failure and will increase the capacity of the designed beams. 

-25.00

-20.00

-15.00

-10.00

-5.00

0.00

-0.16-0.14-0.12-0.1-0.08-0.06-0.04-0.020

F
le

xu
ra

l 
 S

tr
e

ss
 (

M
P

a
)

Flexural  Strain (mm/mm)

14 days

24 hours



48 

 

FRP comes in many forms, the form that would work with these beams would the 

ones that wrap around the beam.  

3) Improving the design of the beam, by adding a third wall within the beam similar 

to a concrete block, Figure 6.3. Adding a third wall may increase the flexural 

capacity of the beam.  

 

Figure 6.3. This figure represents what was meant by “the third wall” in concrete 

block.  

4) The beams can be analyzed and tested based on scale. To see if size difference 

would increase or decrease the flexural capacity.  

5) Testing columns made of the same material, to see if this composite would be 

sufficient to build an entire structure.  

6) The composite can be also analyzed using different types of soil and recycled 

plastics.  

7) Investigating the fill percentage effect on the beam.  

 

Third Wall 



49 

 

 

References 

Brydson, J. A. (1999). Plastics materials. Elsevier. 

Coble, S. (2003). Materials data book. Cambridge University Engineering Department, 

Cambridge, UK. 

Dodziuk, H. (2016). Applications of 3D printing in healthcare. Kardiochirurgia i 

torakochirurgia polska= Polish journal of cardio-thoracic surgery, 13(3), 283. 

"Failure mechanisms in timber structures: Film project for educational purposes”. (n.d.). 

Retrieved February 10, 2018, from https://www.hb.bgu.tum.de/projekte/failure-

mechanisms/ 

Gretsch, K. F., Lather, H. D., Peddada, K. V., Deeken, C. R., Wall, L. B., & Goldfarb, C. 

A. (2016). Development of novel 3D-printed robotic prosthetic for transradial 

amputees. Prosthetics and orthotics international, 40(3), 400-403. 

Gross, B. C., Erkal, J. L., Lockwood, S. Y., Chen, C., & Spence, D. M. (2014). 

Evaluation of 3D printing and its potential impact on biotechnology and the 

chemical sciences. Analytical Chemistry, 86(7), 3240-3253. DOI: 

10.1021/ac403397r 

Gutierrez, C. R. R. (2016). Improving the engineering properties of PLA for 3D printing 

and beyond. The University of Texas at El Paso. 

Harper, C. A. (2000). Modern Plastics Handbook: Handbook. McGraw-Hill Professional. 



50 

 

Hejazi, S. M., Sheikhzadeh, M., Abtahi, S. M., & Zadhoush, A. (2012). A simple review 

of soil reinforcement by using natural and synthetic fibers. Construction and 

building materials, 30, 100-116. 

https://doi.org/10.1016/j.conbuildmat.2011.11.045 (09/20/2017). 

Kading, B., & Straub, J. (2015). Utilizing in-situ resources and 3D printing structures for 

a manned Mars mission. Acta Astronautica, 107, 317-326. 

https://doi.org/10.1016/j.actaastro.2014.11.036 (09/20/2017) 

Kopeliovich, D., “Flexural tests of ceramics.” Knowledge source on materials 

engineering, 

<http://www.substech.com/dokuwiki/doku.php?id=flexural_strength_tests_of_cer

amics> (Nov. 1, 2017) 

Lee, D. H. (2014). Deformation Behavior of Honeycomb Foams in 

Compression (Doctoral dissertation, The Graduate School, Stony Brook 

University: Stony Brook, NY.). 

Lin, J. H., Hsieh, C. T., Hu, J. J., Chen, Y. S., Chen, W. C., & Lou, C. W. (2012). Effect 

of heat-treated process on tensile property of PLA plied-yarn. In Applied 

Mechanics and Materials, 184, 963-966. Trans Tech Publications. 

Make It From (2015) Polylactic Acid (PLA, Polylactide), from: 

http://www.makeitfrom.com/materialproperties/PolylacticAcidPLA-

Polylactide/(Accessed: July 2015). 



51 

 

Make It From (2015) Acrylonitrile Butadiene Styrene (ABS), from: 

http://www.makeitfrom.com/materialproperties/AcrylonitrileButadieneStyrene-

ABS/(Accessed: July 2015).  

Panda, B., Tan, M. J., Gibson, I., & Chua, C. K. (2016). The Disruptive Evolution Of 3D 

Printing. 

Panda, B., Paul, S. C., & Tan, M. J. (2017). Anisotropic mechanical performance of 3D 

printed fiber reinforced sustainable construction material. Materials Letters, 209, 

146-149. http://dx.doi.org/10.1016/j.matlet.2017.07.123 

Quora (2017). What is Strain-Stress Curve. Retrieved January 10, 2018, from 

https://www.quora.com/What-is-strain-Stress-Curve 

Randolph, A. F. SPI plastics engineering handbook: of the Society of the Plastics 

Industry, Inc. Reinhold. 

Semuels, A. (2015). The Resurrection of America's Slums. Retrieved March 05, 2018, 

from https://www.theatlantic.com/business/archive/2015/08/more-americans-are-

living-in-slums/400832/ 

Shing, B., & Mehrabi, A. B. (2002). Behaviour and analysis of masonry‐infilled frames. 

Retrieved March 11, 2018, from 

https://onlinelibrary.wiley.com/doi/epdf/10.1002/pse.122 

Wang, S. (2016). Additive Manufacturing Processes For Fabricating A Mini Robot-

Computational Models And Experimental Results. 



52 

 

Vaezi, M., & Chua, C. K. (2011). Effects of layer thickness and binder saturation level 

parameters on 3D printing process. The International Journal of Advanced 

Manufacturing Technology, 53(1-4), 275-284. DOI: 10.1007/s00170-010-2821-1 

Ventola, C. L. (2014). Medical applications for 3D printing: current and projected 

uses. Pharmacy and Therapeutics, 39(10), 704. 

Yao, X., Luan, C., Zhang, D., Lan, L., & Fu, J. (2017). Evaluation of carbon fiber-

embedded 3D printed structures for strengthening and structural-health 

monitoring. Materials & Design, 114, 424-432. 

http://dx.doi.org/10.1016/j.matdes.2016.10.078. 

Zareiyan, B., & Khoshnevis, B. (2017). Interlayer adhesion and strength of structures in 

Contour Crafting-Effects of aggregate size, extrusion rate, and layer 

thickness. Automation in Construction, 81, 112-121. 

Zhang, H. (2016). Characterization of tensile, creep, and fatigue properties of 3D printed 

Acrylonitrile Butadiene Styrene(Doctoral dissertation). 

Zhang, D., Ueda, T., & Furuuchi, H. (2012). Concrete cover separation failure of overlay-

strengthened reinforced concrete beams. Construction and Building 

Materials, 26(1), 735-745. 

 

 

 

 



53 

 

Appendix A: Equations 
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