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ABSTRACT: We recently implemented a quarter-long design project into a retaining wall course. We modeled the project after the 
annual Geo-Challenge activity sponsored by the Geo-Institute of ASCE. Students participating in the Geo-Challenge design, build, 
and test a small-scale mechanically stabilized earth (MSE) retaining wall. We modified an existing Geo-Challenge problem statement 
for use in our course. The project schedule includes: research reinforced soil and MSE walls; participate during discussions on 
reinforced soil; receive project constraints and begin design; conduct strength tests on backfill soil and wall materials; build and test 
the scale wall; and submit a report summarizing results. Students work on the project in teams. In the paper, we present student 
learning outcomes and a lesson plan for this learning activity. We present an example problem statement and design constraints. In 
addition, we reflect on the challenges and lessons learned when implementing and managing a hands-on class design project. 

RÉSUMÉ: Nous avons récemment mis en œuvre un projet de conception d'un quart de long dans un mur de soutènement. Nous avons 
modélisé le projet après l'activité annuelle Geo-Challenge parrainée par le Geo-Institut de l'ASCE. Les élèves qui participent au projet 
Géo-Challenge conçoivent, construisent et testent un mur de soutènement à petite échelle stabilisé mécaniquement (MSE). Nous avons 
modifié un énoncé de problème Geo-Challenge existant pour utilisation dans notre cours. Le calendrier du projet comprend: la recherche 
des sols renforcés et des murs des MSE; Participer aux discussions sur les sols renforcés; Recevoir les contraintes du projet et commencer 
la conception; Mener des essais de résistance sur des matériaux de sol et de murs de remblai; Construire et tester le mur d'échelle; Et 
soumettre un rapport résumant les résultats. Les étudiants travaillent sur le projet en équipe. Dans le document, nous présentons les 
résultats d'apprentissage des élèves et un plan de leçon pour cette activité d'apprentissage. Nous présentons un exemple d'énoncé de 
problème et de contraintes de conception. En outre, nous réfléchissons aux défis et aux leçons apprises lors de la mise en œuvre et de la 
gestion d'un projet de conception pratique. 
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1  INTRODUCTION 

The following paper describes our approach and experience in 
developing and teaching a project-based learning activity for an 
upper-division geotechnical engineering course on earth 
retention systems. We modeled the learning activity after the 
annual Geo-Challenge competition sponsored by the American 
Society of Civil Engineers (ASCE) and the ASCE Geo-Institute 
(Cerato et al. 2012). Students participating in the Geo-
Challenge first interpret a set of constraints. Then, they design, 
build, and test a small-scale mechanically stabilized earth 
(MSE) retaining wall. We modified an existing Geo-Challenge 
problem statement for our course. Other instructors have taken 
a similar approach when developing course projects and/or 
assignments (Coffman et al. 2010). In the paper, we present the 
student learning outcomes, outline a lesson plan, and describe 
assignments for this project-based learning activity. We present 
an example problem statement and design constraints. In 
addition, we reflect on the benefits, challenges and lessons 
learned when implementing a hands-on class design project. 

2  BACKGROUND 

2 .1  Course Format 

We teach the earth retention systems course for civil 
engineering students enrolled at California Polytechnic State 
University, San Luis Obispo (Cal Poly). Our academic year 
consists of four quarters, each eleven weeks long. Course 
instruction takes place over a ten-week period with final exams 
administered during the eleventh week of the term. The subject 
course follows a lecture format and meets in a classroom for 
four hours each week. The course is an optional technical 
elective in the B.S. and M.S. civil engineering programs. 
Course enrollments during the past four course offerings have 
ranged between 24 and 34 undergraduate and graduate students. 

We divided the course into a number of primary subjects or 
“learning modules,” which focus on topics related to earth 
pressure theory and retaining wall design. We present 
terminology, definitions, concepts, theories, problem-solving 
techniques, design guidelines, and other information related to 
these topics using in-class lessons, supplemental notes, 
technical articles, and textbook readings. The in-class lessons 
involve considerable work on the chalkboard (or white-board) 
and include frequent student questioning (Estes et al. 2004). 

2 .2  Learning Outcomes 

Learning outcomes define what the students should know and 
be able to do upon completion of a course topic or learning 
module (Donnelly and Fitzmaurice 2005; Fiegel 2013). In 
developing the course, we identified essential knowledge and 
skills for each learning module. We then developed five to nine 
learning outcomes for each module (Fiegel 2015). The learning 
outcomes provided a framework for developing the course 
materials, lesson plans, assignments, and assessment measures. 

Learning outcomes identified for the course module on 
reinforced earth walls included: summarize the different 
elements of mechanically stabilized earth (MSE) and soil nail 
walls; explain typical construction procedures for MSE and soil 
nail walls; list internal and external stability checks performed 
when designing reinforced walls; explain how pullout resistance 
develops for reinforcing elements used in MSE walls; describe 
the different factors that contribute to the pullout resistance of 
soil nails; calculate the required length of embedment for a 
reinforcement element within an MSE wall; and estimate soil 
nail length and maximum tensile forces for a soil nail wall. 
Learning outcomes for the project-based learning activity 
included: interpret laboratory test results for a model test soil; 
design a small-scale MSE wall subject to numerous design 
constraints; construct a small-scale MSE wall from previously 
developed design specifications; and assess the performance of 
a small-scale MSE wall after construction and loading. 
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2 .3  Course Assessments 

We use a number of formative assessments during the term to 
gauge student learning in the earth retention course. Primary 
techniques include student questioning, in-class collaborative 
learning exercises (i.e. problem solving), homework 
assignments, and written reflection exercises. Regular 
homework assignments represent the primary formative 
assessment tool used to quantitatively measure student learning. 
We typically administer five to seven assignments during the 
term, which equates to approximately one assignment every one 
to two weeks. Students are sometimes permitted to work on the 
homework assignments in groups of two to four students.  

The midterm examination and design project constitute the 
primary summative assessment approaches used to evaluate 
student learning. We recently stopped administering a final 
exam in the earth retention course, choosing instead to schedule 
a midterm during the seventh or eighth week of the term. A 
majority of the course learning outcomes are addressed during 
this examination. We replaced the final examination with our 
own version of the Geo-Challenge design problem. 

3  DESIGN PROJECT SUMMARY 

3 .1  Project Description 

We developed the design project using past competition 
guidelines and rules available from the ASCE Geo-Institute 
(Geo-Challenge 2016). Design constraints and test procedures 
for our activity are similar to those specified in past versions of 
the Geo-Challenge competition. We modified several aspects of 
the project to address the course learning outcomes and to 
provide a unique challenge for our students. Unlike the Geo-
Challenge project, students in our course must prepare an 
extensive project report summarizing their analyses and designs. 
In addition, students must assess design performance and 
complete a failure analysis of their wall. For our project, 
students work in four-person teams to design, build, and test 
their model retaining wall. 

The quarter-long schedule for the design project includes 
the milestones listed in Table 1. We link graded course 
assignments with each of the milestones to help motivate the 
students and to keep them on schedule. 
 
Table 1. Schedule and milestones for the quarter-long design project. 

Week Project Milestone 

04 Research reinforced soil and MSE walls 

05 Participate during class discussions on reinforced soil 

05 Receive full project constraints and begin design 

06 Analyze soil and wall materials in the laboratory 

10 Build and test the scale MSE wall 

11 Submit final design report summarizing project results 

 
During the fourth week of the term, we provide classroom 

discussions and example problems on reinforced soil. We 
require the students to research the design and construction of 
reinforced soil walls. In addition, we provide the students with a 
brief introduction to the design project. Each team is then asked 
to prepare a design memo that includes the following: 

 A description of the "external" and "internal" failure 
mechanisms to be examined during the design of 
reinforced soil walls; and 

 A list and written explanation of the soil and wall "data" 
they will need to complete their stability analyses for the 
design project.  

We grade the students on this assignment based on knowledge 
of reinforced soil walls, critical thinking skills, the level of 
detail included when answering the questions, and the quality of 
the technical writing. 

During the fifth week of the term, we provide the students 
with the project design constraints, a sample of the backfill soil, 
a description of the project box and testing apparatus, and the 
load testing instructions. Figures 1 and 2 show annotated 
diagrams of the project box (top, side, and end views) and the 
loading schedule. As noted, the box is made of plywood and 
includes two removable ends. As shown on the side view, the 
two side walls are permanently fastened to the bottom of the 
box. Three threaded steel bars (not shown) connect the two side 
walls of the box near the top to provide support once the 
temporary plywood supports are removed from each end. 
 

 
Figure 1. Layout of the project box and loads (top and side views). 

 
Figure 2. Layout of the project box and loads (end view) 

As evident in Figure 1, we task the students with designing 
a dual wall system to support sand within a plywood box. As 
with the Geo-Challenge activity, the walls consist of poster 
board facing and brown wrapping paper reinforcement. Tape 
connects the reinforcement to the facing. The walls must 
support the weight of the backfill soil without significant 
deflection. The walls also need to support additional surcharge 
loads applied at the surface of the backfill. In addition, one wall 
must support a lateral load. A primary objective of the project is 
to support the backfill and applied loads while using the least 
amount of paper reinforcement possible. The students build the 
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wall and place the backfill soil with temporary plywood 
supports affixed to each end of the project box. During testing, 
the temporary plywood supports are removed and the surcharge 
and lateral loads are applied. 

3 .2  Project Materials and Testing 

We provide the wall materials to each design team prior to 
construction and testing. We selected poorly-graded sand (SP) 
as the backfill soil for this project. This sand had a subangular 
shape and a mean grain size equal to approximately 
0.25 millimeters. The sand is air-dried prior to placement as 
backfill. Historically, dry poorly-graded sand has been used as 
backfill during the Geo-Challenge competition. 

The wall facing is non-gloss standard poster board 
purchased from a U.S. office supply store (Office Depot Item 
#858277). The reinforcing strips are cut from brown wrapping 
paper, also purchased from a U.S. office supply store (Office 
Depot Item #444835). The tape used to connect the 
reinforcement to the wall facing is 19-millimeter Scotch brand 
"Magic Tape." The students cut the poster board wall facing 
using a template we provide. The template is oversized by 
50 millimeters on either side and along the bottom to 
accommodate folded tabs that overlap with the project box in 
these three locations. Students cut the reinforcing strips to 
match the lengths and widths they specify as a result of their 
design work. For an individual strip to wall facing connection, 
the students may use up to 50 linear millimeters of tape. We 
prohibit the students from using tape to strengthen the 
reinforcing strips or to connect reinforcing strips together. 

During the sixth week of the term, we set aside several 
hours in and outside of class when students can meet in the 
geotechnical lab to test wall and backfill materials. We assist 
the students in performing direct shear and triaxial shear tests 
on sand backfill specimens. Students use the project box to test 
soil compaction methods and to estimate the unit weight of the 
backfill. Students also have the opportunity to test interface 
resistance using the direct shear machine. We help the students 
design and construct direct shear experiments for evaluating 
soil-to-poster board and soil-to-plywood interface friction. For 
evaluating the pullout resistance and rupture strength of the 
reinforcing strips, we constructed the apparatus shown in 
Figure 3. The sample box shown in this figure is approximately 
450 millimeters long, 200 millimeters wide, and 200 
millimeters high. The apparatus permits students to investigate 
the pullout and rupture resistance of reinforcing strips as a 
function of strip length, strip width, and overburden pressure. 
The slotted partition shown in Figure 3 allows the students to 
monitor reinforcement extension. The partition can be moved to 
the left or right or removed entirely, depending on the length of 
the test strip. Poster board, reinforcing, and tape can be attached 
to the partition or the back wall of the box to evaluate 
connection strength and design. 

     
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Apparatus for evaluating reinforcing strip resistance. 

3 .3  Wall Construction and Loading 

The students construct and test their walls during the tenth week 
of the term. Construction and testing take place in the 
geotechnical laboratory or outside the engineering building, 
depending on the weather. The students must fabricate the two 
wall faces (with reinforcement attached) at home prior to 
construction and testing. During check-in, we weigh the wall 
faces and reinforcement for each team.  

We allow several teams to construct and test their walls at 
the same time; we built four test boxes for this purpose. As a 
first step, the students align the two wall faces (with 
reinforcement attached) within each end of the project box. The 
temporary plywood supports at either end of the project box are 
held in place using four eye bolts. The students construct their 
walls from the bottom up by placing dry sand backfill over and 
around the reinforcing strips. The students may employ 
whatever compaction techniques they wish. However, they are 
not permitted to strike or vibrate any part of the plywood box 
(walls, base, etc.) during construction. We limit the construction 
time to one hour. Figure 4 shows a wall under construction 
where the design team has placed just over half the sand 
backfill. The figure illustrates how the reinforcing strips are 
placed one lift at a time. The three threaded steel bars connect 
the two side walls of the box to one another and provide lateral 
support once the temporary plywood end supports are removed.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Placement of sand and reinforcing strips during construction. 

Once the backfill is placed and the walls are fully 
constructed, the students place the surcharge loading platforms 
and empty 19-liter (5-gallon) buckets behind each wall. The 
temporary supports are then removed simultaneously from each 
end of the box. The walls are left undisturbed for a minimum of 
one minute to check stability. The students then apply the 
surcharge load by slowly filling each bucket with 23 kilograms 
of sand. The walls are then left undisturbed for an additional  
two minutes. Any wall deflections are examined.  

After the surcharge load is applied, we flip a coin to 
determine which wall face is selected for the lateral load 
application. A lateral load of 7 kilograms is then applied to the 
selected wall face for two minutes. A successful wall design 
supports the surcharge and lateral loads with minimal deflection. 
Figure 5 shows a wall system that supported both the surcharge 
and lateral loads. The reinforcing strip connections are visible 
on the left wall face. The temporary plywood supports are 
stacked in the background. The two buckets shown in the photo 
are each filled with 23 kilograms of sand. A hanger weight, 
string, and hook have been used to apply the 7-kilogram lateral 
load to one of the surcharge loading platforms.  
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Figure 5. Completed wall subject to surcharge and lateral loads. 

3 .4  Project Report Requirements 

In addition to research, analysis, design, and testing, we require 
the students to summarize their project work in a team report. 
Students submit their reports during the final week of the term 
after testing their wall designs. We assess the project report 
using a scoring rubric. Required elements of the report include:  

 A detailed and well-written summary of the design 
constraints for the project. 

 A section describing the method of approach used to 
design the walls. The students list the assumptions they 
made when performing their analyses. They describe the 
stability checks they addressed in designing the wall. 

 A detailed description of the analyses. The students 
present and defend their analyses. Their work must be 
supported by calculations. 

 A summary of the wall design. The students prepare 
design drawings of the wall and the reinforcing 
elements. The drawings must include plan, side, and end 
views with all dimensions noted. Separate details may 
be provided for the reinforcement design and the 
reinforcement-to-wall connection. A written set of 
specifications must accompany the design drawings. 
The specifications must provide a list of instructions for 
assembling the wall and placing the backfill during 
construction. 

 An assessment of the final wall design and its 
performance during load testing. The students must 
analyze any problems or failures that develop during 
construction and testing. 

4  LESSONS LEARNED 

We administered this design project during the three most 
recent offerings of the earth retention course. Nineteen 4-person 
project teams participated in the activity. Eleven walls 
supported the surcharge and lateral loads without failing. Listed 
below are some of the lessons we learned in developing and 
implementing this project-based learning activity. 

 The project should be distributed early in the term to 
provide the students with sufficient time to research and 
develop their wall designs. 

 It is important to set aside time for the students to work 
in the laboratory. Structured laboratory activities help 
the students to better understand the design constraints, 
to practice their lab testing skills, and to recognize the 
importance of materials testing in geotechnical design. 

 Project assessments should include grading incentives 
for designing safe and efficient walls. Students should 
not be rewarded for overly conservative designs.  

 Graduate students demonstrated similar levels of 
engagement, enthusiasm, and academic performance 
when compared with undergraduate students. 

 Of the eight observed wall failures, half resulted due to 
poor construction. This represents a teachable moment 
for the instructor; the performance of geotechnical 
designs depends on quality control during construction. 

 It is relatively easy and inexpensive to build several 
project boxes, which allows teams to construct and test 
their walls at the same time. We did not emphasize 
competition as part of this assignment. The testing 
"event" at the end of the term provides students with the 
opportunity to share best-practices, learn from one 
another, and acknowledge innovation. 

 As evident in the assessment of student work and the 
instructor teaching evaluations, student performance and 
engagement have improved in the earth retention 
systems course since implementation of the hands-on, 
project-based learning activity. 

5  CONCLUSION 

In this paper we discussed the development and implementation 
of a project-based learning activity for an upper-division earth 
retention systems course. We modified the ASCE Geo-
Challenge activity for this purpose. The project motivated 
student and instructor interest in the course subjects and 
assignments. Based on our success, we encourage other 
educators to consider similar learning outcomes and project-
based learning activities in their own courses. We are happy to 
share our course materials and additional project details with 
interested students and instructors.  
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