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 1 Project Description 

1 
Project Description 

The Town of Southborough has concerns related to the condition of 

the existing retaining wall in the southwest corner of the 

Southborough Rural Cemetery. The Town has received complaints 

from residents that the wall appears to be leaning and could 

potentially collapse. VHB were engaged by the town to evaluate the 

condition of the existing wall and recommend measures to correct 

any deficiencies and mitigate against the reoccurrence of similar 

issues in the future. 

Existing Structure 

A plan of the existing retaining wall is attached as Appendix A.  

The wall is approximately 262 ft. long with a maximum retained height of approximately 8 ft 

6 in. It comprises three distinct sections. From south to north the wall consists of 

approximately 70 ft. of stone masonry, 148 ft. of precast concrete, and a second section of 

stone masonry approximately 44 ft. long. There is also a short return at the north end and a 

flight of steps in similar stone masonry construction.  

There are graves located at the lower level, directly in front of the face of the wall, and at the 

upper level directly behind the wall. 

The two stone masonry sections of wall are of similar construction. The date of construction 

is unknown, but they are assumed to be the same age. Most of the graves adjacent to the 

stone wall sections are from the 1980s. The earliest is dated 1974. 

The central precast concrete section of wall was constructed in 1982. It is not known whether 

this replaced an earlier wall. 

Stone Masonry Wall Details 

The photos below show the north and south stone masonry sections of the wall.  The wall 

faces are of uncoursed rubble masonry construction – large irregular shaped stones with 

smaller stone infill. Most of the joints between stones contain mortar, although in many 

places it is highly weathered, and the joints appear open at the surface. It is not clear 
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whether the stones were bedded on mortar during construction or is of dry construction and 

was subsequently pointed with mortar. 

 

North Wall 

The north wall is approximately 44 ft. long and 8 ft. 6 in. high. The face contains a course of 

large flat stones running through it, which may be the top level of earlier construction which 

was subsequently built up to the present height of the wall. This possibility is supported by 

the fact that the construction above the line is noticeably different from that below. 

However, this remains speculation as there is no documentary evidence regarding the age 

and construction history of the masonry sections of wall. 

 

South Wall 

The south wall is approximately 70 ft. long and 5 ft. 6 in. high.  
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Both north and south stone walls exhibit a visible lean, particularly noticeable towards the 

north end of the south wall and at the north end of the north wall where the wall meets a set 

of stone steps and cracks in the end of the wall are visible. The lean of the walls is discussed 

further in Section 2 of this report.  

Precast Concrete Wall Details 

The photos below show typical panels of the center precast concrete section of the wall. 

There are 29 panels in total, all identical. Each panel is 5’-1” long and 8’-6” high. Fortunately, 

the town was able to provide from their records, the original accepted bid for the precasting 

and construction of the wall.  

The wall was constructed in Nov 1982 by Chase Precast Corporation of North Brookfield MA 

for a total price of $7,000. The Chase proposal is attached to this report as Appendix B. It 

includes three drawings by Chase Precast, a sketch showing the concrete reinforcement and 

two pages of design calculations by Cullinan Engineering Co. Inc. of Auburn MA. The 

drawings show that the walls are L-shape in cross-section with a stem that tapers from 10 in. 

thick at the base to 4½ in. at the top of the wall. The base of the wall is 4’-0” wide, including 

a 2’-4” heel extending into the retained earth behind the wall. The heel slab tapers in 

thickness from 6 in. to 4 in. 

 

 

 

North End of Precast Wall 
 

Intermediate Wall Panel 

The dimensions and details shown on the bid drawings were confirmed by measurement as 

far is what is visible without excavation. The only difference appears to be that there are in 

fact 29 panels rather than the 32 detailed on the precasters plans. The total length is 
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therefore somewhat shorter at approximately 148 ft. rather than the 162’-8” shown on the 

Chase drawings. 

Most of the precast concrete panels exhibit significant cracking and spalling, particularly at 

the ribs. The deterioration of the concrete is discussed further in Section 2 of this report – 

Condition Evaluation. 

Scope of Investigation 

VHB performed the following tasks within the scope of this investigation: 

• Performed a field survey and wetlands delineation of the site of the wall. This survey 

is attached as Appendix C. 

• Reviewed existing documentation provided by the Town. This consisted of the 

original proposal and drawings for the precast concrete wall by Chase Precast. No 

information regarding the stone walls was available. 

• Visited the site on two occasions, taking photos, confirming dimensions and 

performing a verticality survey of the existing stone walls. 

• Analyzed the verticality survey results, preparing charts of the results. These show 

the current condition and may be used as baseline data for future monitoring. 

• Performed calculations to determine the strength of the precast wall and evaluate 

the walls safety in its current condition. 

• Evaluated viable concepts for repair or replacement of each section of wall and 

provided conceptual construction cost estimates for comparison purposes. 

Recommendations for future monitoring, repair and/or reconstruction are provided at the 

end of this report. 
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2 
Condition Evaluation 

The condition of the stone wall sections was reviewed by visual 

inspection. The lean of the walls was measured and recorded, and the 

risk of collapse assessed. No subsurface investigation was carried out 

therefore the thickness and depth of the wall can only be guessed at. 

The concrete wall was also inspected and a panel by panel review of 

condition made, including a comprehensive photo record.  

Wall Condition and Potential for Failure 

Stone Masonry Walls 

The most obvious sign of movement of the stone masonry walls is at the north end of the 

north wall where cracks are visible at the end of the wall adjacent to the stone steps. The 

south wall is also clearly leaning, particularly towards the north end. 

 

 

 

North End of North Wall 
 

North End of South Wall 
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In order to provide an objective measure of the lean of the walls, measurements were taken 

using a plumb line at approximately 6 ft. intervals along the length of each wall. The results 

of this verticality survey are plotted in Figure 1 below. 

Figure 1 Verticality Survey 

Looking first at the south wall, the survey shows the lean of the wall varies from zero at the 

south end to a maximum of approximately 2 in/ft (2 in 12) towards the north end of the wall.  

The north wall is also leaning but to a lesser degree. It can be seen from Figure 1 that this 

wall has a lean at each end but is vertical in the center. The maximum lean is approximately  

1 in/ft (1 in 12). 

The maximum lean of each wall is shown in the sketches of Figures 2. The dashed outline 

behind each wall indicates where the back of the wall may be. Typically, walls of this type 

have a sloping back and are significantly thicker at the base than at the top. This helps the 

wall remain stable under the lateral pressure of earth and water behind. However, without 

construction records or excavating a trial pit behind the wall, the profile is not known and 

can only be guessed at.  
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South Wall 
 

North Wall 

Figure 2 Existing Wall Cross-sections 

Wall Stability and Potential Causes of Failure 

Stone masonry walls such as these are gravity retaining walls. As the name suggests, they 

rely on gravity and the weight of the wall material acting downward to resist the lateral 

forces trying to push the wall over. These lateral forces include the pressure of the retained 

earth behind the wall, water pressure when this retained material becomes saturated, and 

also the pressure of any surcharge – materials stacked above the wall, vehicles or crowds of 

people. In this case there is typically little or no surcharge, so the primary loads acting on the 

wall are the backfill material and any water pressure that may build up. 

The most likely causes for the leaning that is visible in the cemetery walls are as follows: 

1. It’s possible that the wall construction is narrower than is necessary to maintain 

stability. A gravity wall typically has a sloped back and is much thicker at the base 

than the top (see the standard wall design in Section 3). This creates the weight 

needed for stability and ensures that weight acts towards the back of the wall, 

resisting overturning. 

2. Poor drainage may also be a primary cause of the wall movement or at least a 

contributing factor. Water pressure, if allowed to build up, dramatically increases the 

lateral pressure on the wall. Typically, this buildup of water pressure is mitigated by 

backfilling directly behind the wall with free-draining granular material – crushed 

stone or well graded aggregate, something with minimal silt or clay. This is used in 
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combination with either a perforated drain pipe laid the full length of the wall, 

carrying excess water away at the ends, or weep holes through the wall at intervals, 

allowing the water to drain away through the front face.  

The thickness of the wall and the profile of the back face could be determined by excavating 

a trial pit behind the wall. This would also determine how deep the wall extends below the 

lower ground surface.  

The walls do not appear to have any weep holes. The nature of the backfill material and 

whether there is a drain behind the wall could be investigated by trial pit. The concrete wall 

panels do have weep holes and several of these had a quantity of sand and silt which had 

washed out from behind the wall. This is evidence that the backfill material may contain a 

significant quantity of fines and not be free draining. 

Without knowing the properties of the backfill material and the profile of the back face of 

the walls, it is not possible to determine the stability of the walls by calculation. The walls do 

have a visible and measurable lean and without mitigation measures it is expected that there 

will be continued movement. Experience with other walls of this type has shown that 

movement tends to continue slowly, and that sudden failure is unlikely to occur. However, it 

is recommended that measures to stabilize the wall be put in place sooner rather than later 

and that in the meantime, the lean of the wall should be monitored at regular intervals. 

Precast Concrete Walls 

The concrete walls show no signs of instability, either in terms of leaning of the wall stem or 

uplift of the base. However, there is considerable cracking of the panel faces and in particular 

at the vertical thickening ribs. In many cases this cracking is severe - concrete has spalled 

and the reinforcing bars have been exposed. Typical examples are shown in the photos 

below. 

 

 

 

Typical Cracked Rib at Panel Joint  Typical Cracked Center Rib 
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The cracking of these thickening ribs does not appear to be structural in nature. It is likely 

that the cracking is caused by a combination of factors: 

• The as-cast durability of the concrete may be less than that of a modern precast 

component and has probably deteriorated over its 40-year life. 

• The repeated action of freeze-thaw on the relatively thin ribs may have contributed 

to the deterioration of the concrete and initiated cracking. 

• The reinforcing bars in the ribs that have failed are often very close to the surface. 

Adequate concrete cover to the reinforcing bars is probably the most important 

factor in a long-lasting concrete element. 

Twenty-one out of the twenty-nine wall panels exhibit some visible cracking of the vertical 

ribs. In many cases this cracking is extensive with large cracks or spalls. However, preliminary 

calculations indicate that the walls have sufficient strength. The damage is therefore mostly 

cosmetic at this stage, although if allowed to progress, sooner or later panels will begin to 

fail.  
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3 
Repair Options 

The stone masonry wall could be taken down and rebuilt. The precast 

concrete wall panels could be repaired or replaced. Alternatively, the 

whole length of wall could be removed and replaced with new. 

Stone Masonry Walls 

Take down and Re-build 

Seemingly the simplest option for the stone masonry wall is to take down the wall, or at least 

those parts that are leaning, and rebuild using the same stone, supplementing where 

necessary with new. There are however still some significant unknowns with these walls.  

It is not known how thick the walls are and whether the back faces have an adequate batter. 

It is also not known whether the walls have free draining backfill. Either of these items could 

be contributory factors in the leaning of the walls and not correcting them would simply lead 

to similar problems in the future.  

 

Typical Stone Masonry Wall to MassDOT Standards 
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The re-built walls would need to have a stable cross-section, possibly requiring a significant 

amount of new material. They would also require free-draining gravel backfill and adequate 

drainage weepholes. The cross-section of a typical stone masonry wall following MassDOT 

standards is shown above. 

The estimated cost of rebuilding both the north and south wall sections in stone is $75,000. 

Replace with Modular Block Wall 

Given the extent of the wall that would need to be taken down and replaced and the 

additional excavation and materials that may be needed, it may be a better option to replace 

the stone walls in their entirety with a new modular block wall. There are many proprietary 

modular block walls with a wide variety of finishes. However, they all rely on the same basic 

form, using interlocking precast blocks. They have proved to be economical and long-lasting 

solution for retaining walls of the height required here. The cost would be approximately 

$85,000. 

Precast Concrete Wall 

Repair Option 

The wall panels have suffered significant deterioration, particularly to the vertical ribs which 

in many cases require removal in part or entirely and re-casting. This will be a slow and 

costly process. There are also other smaller spalls and cracks in need of repair. Work of this 

type is notoriously difficult to estimate, but for comparison purposes, the cost is estimated 

to be in the region of $90,000. It should be recognized that even if all the current cracking is 

repaired, the wall remains in a deteriorated state and further cracking and spalling is likely to 

develop over the next few years. 

Replace with New Concrete Wall 

The wall could be replaced with a similar precast concrete cantilever wall. This could perhaps 

be done panel by panel, reducing the need for temporary support of the retained earth if the 

whole existing wall were removed prior to replacement. Cost of a new concrete wall is 

estimated to be approximately $205,000. 

Replace with Modular Block Wall 

The concrete panel wall could be replaced with a new modular block wall similar to the 

option for the stone walls. This would be more economical than a new concrete cantilever 

wall, with a cost estimate of approximately $140,000. 
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4 
Recommendations 

Neither the stone masonry wall nor the precast concrete panels are 

considered at risk of sudden failure. However, the stone wall is 

expected to continue moving and the concrete will continue to 

deteriorate. Replacement should be planned for, and in the short-

term, the lean of the masonry walls should be monitored. 

Movement Monitoring 

As shown in Section 2 of this report, a verticality survey was carried out, measuring the 

variation in the lean of the stone walls along their length. It is recommended that similar 

surveys be carried out at regular intervals (say 6 months) and compared with previous results 

in order to monitor the rate of movement of the wall. 

Reconstruction 

Re-building of the stone masonry walls in kind may require a significant amount of 

additional material and backfill. If work of this extent were being carried out, it is 

recommended that instead the wall be replaced with a new modular block wall of a design 

and finish chosen by the town to be sympathetic to the surrounding landscape of the 

cemetery. 

Repairing the concrete wall will be difficult and costly and even if all currently visible cracks 

and spalls are repaired, this will still be a 40-year-old wall which will soon be subject to 

further deterioration and cracking. Replacement is the recommended option.  

Using a suitable modular block wall, it is recommended that the whole wall, both stone and 

concrete sections, be replaced. The cost of reconstruction is estimated to be approximately 

$225,000. 

 

Note regarding Cost Estimates 

It should be noted that although cost estimates given in this report include materials and 

labor for the repair, demolition, construction and backfilling of walls, they are preliminary in 

nature and are for comparison purposes only. They do not include any engineering or design 

costs nor do they include mobilization or other ancillary costs associated with a construction 

contract. 
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Survey Plan and Wetlands Delineation 
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General Notes
1) THE PROPERTY LINES SHOWN ON THIS PLAN ARE BASED UPON AN ACTUAL FIELD SURVEY

CONDUCTED BY VHB, INC. IN SEPTEMBER, 2020 AND FROM DEEDS AND PLANS OF RECORD.
2) THE EXISTING CONDITIONS SHOWN ON THIS PLAN ARE BASED UPON AN ACTUAL

ON-THE-GROUND INSTRUMENT SURVEY PERFORMED BY VHB, INC. IN SEPTEMBER, 2020.
3) THE LOCATIONS OF EXISTING UNDERGROUND UTILITIES SHOWN ON THIS PLAN ARE BASED ON

FIELD OBSERVATIONS AND INFORMATION OF RECORD. THEY ARE NOT WARRANTED TO BE
EXACTLY LOCATED NOR IS IT WARRANTED THAT ALL UNDERGROUND UTILITIES OR OTHER
STRUCTURES ARE SHOWN ON THIS PLAN.

4) HORIZONTAL DATUM IS BASED ON MASS. GRID SYSTEM, NAD 1983. ELEVATIONS SHOWN ON THIS
PLAN REFER TO NAVD OF 1988.

5) THE WETLANDS SHOWN ON THIS PLAN WERE FLAGGED BY VHB ENVIRONMENTAL DEPARTMENT
AND FIELD SURVEYED BY VHB IN SEPTEMBER, 2020.

6) THE TREE SYMBOL OUTLINE SHOWN ON THIS PLAN DOES NOT REPRESENT THE ACTUAL TREE
CANOPY.

7) THIS SURVEY WAS PREPARED WITHOUT THE BENEFIT OF A CURRENT TITLE REPORT AND MAY BE
SUBJECT TO ADDITIONAL INFORMATION DISCLOSED IN SUCH.
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