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ABSTRACT 
 
This paper addresses the successful repair of multiple failure types within a single geogrid 
reinforced segmental retaining wall. The paper will examine the contracting process that played a 
role in the wall failure along with a summary of the author’s opinion on causation of the failures. 

The wall is approximately 3,000 feet (900m) long with an average wall height of 24 feet 
(7.3m), a maximum wall height of 44 feet (13.4m), and located in a suburb of Minneapolis/St. 
Paul, Minnesota. Construction of this 72,000-square foot (6,650 square meter) wall began in June 
of 2004, and was substantially completed in early November of the same year.  In mid/late 
November of 2004, the first failure occurred.  In April of 2005, prior to the repair of the first failure, 
additional, but different, wall failures began occurring causing the project to come to a halt.  The 
design team realized more extensive problems existed with the retaining wall and additional repair 
plans needed to be developed. 

The primary focus of this paper is to discuss the decision process used to select repair 
options for the various failure modes to ensure a successful repair of the retaining wall. Given the 
large liquidated damages penalty in the General Contractor’s contract, time was one of the primary 
factors in the repair plan. The solutions chosen provided relatively quick, simple, and cost effective 
repair approaches which were completed in the summer of 2005.  
 
INTRODUCTION 
 
The wall structure in question is in a suburb of Minneapolis/St. Paul, Minnesota, and is 
approximately 3,000 feet (900m) long with an average wall height of 24 feet (7.3m). The maximum 
wall height is 44 feet (13.4m), for a total of 72,000 square feet (6,650 square meters). Wall 
construction began in June of 2004 and was substantially completed in early November of the 
same year.  In mid/late November of 2004, the first failure occurred.  A repair plan was developed 
with the intention of correcting the failure the following spring.  In April of 2005, prior to the 
repair of the first failure, additional wall failures began occurring causing the project to come to a 
halt as the design team realized more extensive problems existed with the retaining wall and 
additional repair plans would need to be developed. 
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BACKGROUND 
 
In the summer of 2004, the technical support division of a retaining wall manufacturer was retained 
to prepare construction drawings for a series of proposed retaining walls at a large retail shopping 
center to be built in a suburb of the Twin Cities.  The contracting process was convoluted with 
respect to the retaining wall design.  The Owner had retained a general contractor. The general 
contractor had a separate earthwork division. This earthwork division was responsible for hiring 
the services of a segmental retaining wall installer. The retaining wall installer was then asked to 
provide a design for all the walls on the project.  

The Twin Cities market at that time was known as a “dealer” market.  It was standard 
practice for the landscape dealers to sell to the wall installers, so all product would go through 
these landscape dealers. The dealers purchased the retaining wall units and the geogrid directly 
from the manufacturers and would re-sell it to the wall installer.  This often left the retaining wall 
design in the hands of the retaining wall manufacturers and/or wall installers and generally 
precluded the wall designer from the Owner’s design team.  For this project, the retaining wall 
designer was hired by the local wall manufacturer and was multiple steps away from the Owner’s 
design team. 

Owner/Civil Design Team – General Contractor – GC Earthwork Division – Wall 
Installer – Landscape Dealer – Block Manufacturer – Wall Designer 

 
A separate proposal for providing onsite construction observations/support was prepared 

by the Wall Designer and submitted to the Block Manufacturer who then submitted the proposal 
to the Wall Installer. The proposal was eventually declined by the General Contractor. 

The project consisted of 5 walls totaling about 105,000 square feet (9,700 square meters). 
While civil drawings existed for the site grading showing wall locations/heights, there were no 
specifications addressing the retaining wall design requirements. Geotechnical information was 
available for the proposed building locations but was limited with respect to the retaining walls 
supporting the site. 

The site for the proposed retail center sloped downward approximately 65 feet (20m) from 
east to west, with the western side of the project bordered by a wetland (Figure 1). To begin 
construction of the retail buildings, the site would first need to be relatively level and thus the 
subject wall was the first structure to be built. For the most part, the wall alignment would follow 
the edge of the wetlands. 
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Figure 1 – General Site Layout 

During initial site work and prior to the start of wall construction, a relatively deep area of 
organic soils was encountered along the proposed wall alignment. The proposed wall height in this 
area was approximately 35 feet (10.6m).  The Geotechnical Engineer was asked to further explore 
this area to assist in defining the extent of the organic soils. Based on their investigation, the 
organic deposit extended approximately 250 feet (75m) along the wall alignment and was on the 
order of 30 feet deep (9m) (Figure 2). The soils encountered were predominately mixed layers of 
peat and organic clays overlying glacial till sandy lean clays.  The Geotechnical Engineer 
recommended removal and replacement of the organic soils down to the glacial tills. The 
Geotechnical Engineer also recommended backfilling this area with imported select granular fill 
(SP/SW), however the General Contractor chose to use sandy lean clay/clayey sands (CL, SC) 
from onsite. 

 
Figure 2 – Location of Organic Soils 
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INITIAL WALL FAILURE 
 
Given the tight time schedule and large liquidated damages penalty, the General Contractor made 
the decision to begin wall construction to the north and south of this area and then to complete this 
section once the foundation soils were corrected.  Wall construction began in September, with the 
full wall height (35 feet, 10.6m) built to both the north and south of this area with the corrected 
area being constructed last.  In early November, the wall contractor was notified the foundation 
soils were corrected and he quickly finished the wall.  Three days after completion of this section, 
the first failure occurred (Figure 3). The failure began in the portion of the wall located over the 
corrected soils and continued to expand over the next 24 to 36-hours, eventually extending over 
the entire zone (Figure 4) where the foundation correction had been performed. 
 

  
Figure 3 – Start of Wall Failure     Figure 4 – End of Wall Movement 

 
The General Contractor immediately notified the Geotechnical Engineer and authorized 

soil borings in both the retaining wall fill and additional borings at the toe of the wall.  
Unfortunately, nothing was discovered in the soil borings that would point directly to a failure 
mechanism. 

Slope inclinometers were then installed to monitor if the system was continuing to move. 
The slope inclinometers readings were obtained every other day for a period of one month. After 
the first week of readings, the inclinometer data indicated that no additional movement was 
occurring. 

The Geotechnical Engineer subsequently prepared a report with the conclusion that the 
there was a significant settlement of the foundation soils over a relatively short span of the wall, 
and over a relatively brief period of time.  This “differential settlement” placed the wall blocks 
under stresses of sufficient magnitude to cause the block breakage that was observed. The 
differential settlement was measured at 1.33 feet (0.4m) in 10 feet (3m) or roughly 13 percent.  
This differential settlement occurred at both ends of the retaining wall as it entered and exited the 
soil correction zone. The differential settlement can be seen below in Figure 5. 
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With the rapid approach of winter, the decision was made to delay wall reconstruction and 
let the embankment sit over the winter months and further consolidate.  The wall would continue 
to be monitored with the slope inclinometers in addition to vertical and horizontal survey controls.  
The winter months would be spent developing a wall repair plan. 
 

 
Figure 5 – Differential Settlement 

 
 
REPAIR PLAN FOR INITIAL WALL FAILURE 
 
During multiple meetings at both the job site and the office of the General Contractor, several 
repair options were discussed. The primary repair options consisted of the following: 

Option 1 – Installing soil nails into the reinforced soil zone and connecting a new block 
face veneer to the soil nails. The estimated cost for this option was approximately $80,000 and 
would take approximately 2 weeks. 

Option 2 – Installing soil nails into the reinforced soil zone and then using shotcrete over 
the distressed area to prevent further loss of the facing system. The estimated cost for this option 
was $65,000 and would take approximately 2 weeks. 

Option 3 – De-stacking the block face, removal of broken wall units, and re-stacking of the 
block face attaching to the existing geogrid. This option was the most expensive and slowest given 
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the de-stacking process would require expanding the repair zone laterally at a 1 horizontal to 1 
vertical at both ends to tie the repaired area back into the existing structure.  In addition, work 
would have to be done using scaffolding in front of the wall.  Estimated costs were on the order of 
$100,000 to $125,000 with an estimate of 4 to 5 weeks to complete.   
 

Option 4 – Complete deconstruction of the distressed portion of the wall (i.e., removal of 
all blocks, backfill, and geogrid) and reconstruction back to the original design plan.  This was the 
least expensive option, but also the most disruptive.  The estimated cost was approximately 
$60,000 and would require approximately 3 to 4 weeks. 
 

Both the Owner and the General Contractor stated that the repair must be done in a manner 
so that no signs of the original distress would be evident. This requirement eliminated Option 2.  
Based on repair estimates, Option 1 (soil nails) was the quickest and judged by the General 
Contractor to be the least expensive overall given the time savings, followed by Option 4 (complete 
removal/replacement), and finally Option 3 (de-stacking).  The Owner and General Contractor 
chose to move forward with Option 1, and plans for the repair were then prepared by the Wall 
Design team with the intent of moving forward using this option.  Construction would begin in 
spring of the following year once road restrictions were lifted and weather permitted. 
   
ADDITIONAL WALL DISTRESS 
 
Reconstruction of the initial distressed area was scheduled to begin in mid-April.  The slope 
inclinometer and survey data indicated that the wall had reached a point of equilibrium and no 
additional movement appeared to be occurring.  Unfortunately, prior to beginning the initial repair, 
the wall design team was notified of more wall distress (Figures 6 and 7). 
 

    
Figure 6 – Second Wall Failure    Figure 7 – Second Wall Failure 
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Two days after the second failure, a third failure occurred like the second failure (Figure 
8).  Evaluations at the top of the wall indicated that extensive tension cracking had developed 
behind the retaining wall approximately 6 feet (2m) from the back of the retaining wall units, as 
shown above in Figure 6. The tension cracking extended over several hundred feet (60 – 70m) of 
wall (Figure 9). 
 

      
Figure 8 – Third wall failure   Figure 9 – Location of additional failures 

 
For those of us who have spent a long time in this industry, this is probably the most 

common mode of failure seen with segmental retaining walls.  It is generally associated with water 
accessing both the 1-foot wide column of stone fill immediately behind the face units and the hand 
compaction zone and causing hydro consolidation.  This consolidation pulls the reinforcement 
downward, overstressing the connection of the segmental unit to the geogrid as shown in Figures 
10 and 11 below.  The wall design drawings called for a hand compaction zone 3 feet behind the 
facing units; a distance which is typical in the industry.  The Earthwork Contractor and Wall 
Installer chose to extend this hand compaction zone to 6 feet behind the facing units due to 
“division of work” between the Earthwork Contractor and Wall Installer.  The Wall Designer was 
never notified of this change.   
 

      
     Figure 10 – Settlement behind wall     Figure 11- Grid no longer between block 
FINAL RETAINING WALL REPAIR 

Approximately 9” (225mm) of settlement 
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With the extent of the additional wall failures, there was no longer a cost savings using soil nails 
(Option 1).  The extensive tension cracking running parallel to the wall indicated it was only a 
matter of time before the occurrence of additional wall failures. The choice was made to go with 
Option 4, complete reconstruction of the retaining wall at the failure locations. At this point, it was 
the quickest and most cost-effective approach for wall repair that could potentially be completed 
before the contract deadlines. 

One major concern to address was how the extent of the repair would be determined in the 
field.  Only correcting the areas where the failures had occurred was not going to be good enough 
given the extent of the tension cracking already developing behind the wall.  

Eventually the decision was made to start at the location of the second and third wall 
failures and work laterally following the grid layers in an attempt to salvage as much of the wall 
as possible (Figures 11 and 12). The correction would stop where it was determined that the 
geogrid at the facing was still fully in-place between the wall units and intact with no visible 
ruptures or tears.   
 

  
        Figure 11 – Wall repair                   Figure 12 – Termination of wall repair 

 
Since the repaired wall sections would be tying back into portions of the retaining wall that had 
been sitting for nearly 6 months, there was concern of post construction consolidation occurring 
in the repaired areas of the wall if the onsite soils were used. To prevent this, select granular soils 
(SP/SW) were imported for all wall repairs.  This gave the advantage of making elevation 
corrections during construction, reducing the potential for wall movement after repair completion. 

While excavating the poor soils and correcting settlement at the wall face, the wall 
correction extended relatively close to the first failure, so the same approach was used for repair 
(Figures 13 and 14).  All wall repair was completed within a 6-week timeframe. 
 

Approximately 3” (75mm) of settlement 
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Figure 13 – Repair of initial wall failure       Figure 14 – Repair of initial wall failure 

 
CONCLUSIONS/OBSERVATIONS 
 
The contracting process for obtaining the wall design contributed significantly to the poor 
performance of the retaining wall.  The General Contractor and Earthwork Contractor made 
decisions that negatively impacted the wall design.  Soil conditions from the borrow site changed 
from silty sand (SM) to clayey sand/sandy lean clay (SC/CL), and the retaining wall design should 
have been modified. However, since the Wall Design Team was so far removed from the Owner’s 
design team, they were never notified of the change in soil conditions.  

The Geotechnical Engineer did not realize how fast a wall contractor could install a 
retaining wall, especially if the Earthwork Contractor is supplying the reinforced fill with large 
construction equipment. The rest of retaining wall was substantially completed by the time the 
foundation soils were corrected, allowing the Wall Contractor to put his entire crew on a relatively 
small area.  The 30 feet of sandy lean clay fill used for foundation correction was rapidly loaded 
with an additional 35 feet of fill, in less than a one week period. 

There were more than 450 compaction tests performed in the retaining wall backfill.  
However, there were NO tests performed within 6 feet (2m) of the back of the retaining wall units.  
The retaining wall plans designated the hand compaction zone as 3 feet behind the facing units 
and specifically highlighted this zone for testing; this requirement was never enforced.  The 
decision by the General Contractor and Wall Installer to extend this zone to 6 feet, compounded 
the problem by extending a poorly compacted zone even further, subsequently leading to the 
extensive settlement behind the facing units from hydro consolidation.  Historically, this is the area 
that is most likely to fail on a segmental retaining wall.  This emphasizes the need to thoroughly 
test the “hand compaction” zone directly behind the wall. 

A willingness to participate in the wall correction by the Wall Design Team, despite having 
no contract in place, sped up the reconstruction process since they were most familiar with the 
design requirements.  This also enabled reconstruction to move forward quickly since outside 
consultants would not need to be retained. The General Contractor completed the wall on time, 
avoiding the liquidated damages penalty. 
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There were numerous discussions on liability and who had financial responsibility for the 
wall repair.  At times these discussions were quite contentious. However, despite the contentions, 
the Owner, General/Earthwork Contractor, Wall Installer, Geotechnical Engineer, and Wall 
Design Team all recognized the need to rapidly repair the wall.  All too frequently a wall failure 
will cause participants to disengage from the project to avoid liability.  This is exactly the opposite 
of how to manage liability.  It is important to stay involved in the project and show empathy for 
the situation.  Always try to be part of the solution.  It is always less expensive to fix the wall as 
quickly as possible and avoid the litigation process.  
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