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400 N. RIVER STREET 
Masonry Wall Evaluation 
 
400 N. River Street 
Ypsilanti, Michigan 
 
 
INTRODUCTION 
In accordance with the request of Mr. Karl Barr of Barr, Anhut & Associates, Inc. (Barr), Wiss, Janney, 
Elstner Associates, Inc. (WJE) performed a limited evaluation of the west and south exterior masonry 
walls of the structure located at 400 N. River Street in Ypsilanti, Michigan. The building, originally 
constructed in 1861-62 succumbed to fire on September 23, 2009. Subsequent to the fire, wall bracing, 
constructed of lumber and pipe scaffolding, which extends into N. River Street and E. Cross Street, was 
erected to support portions of the west and south walls. The evaluation was performed to provide 
information relative to the condition of the west and south exterior walls. 
 
BACKGROUND 
The exterior walls of the three story 400 N. River building (Building) consist of multi-wythe brick 
masonry bearing walls, which bear on fieldstone foundation walls. The exterior walls are three brick 
wythes thick, measuring approximately 12 inches total. Interior brick masonry walls, oriented 
perpendicular the west and south walls, consist of two brick wythes at some locations and three brick 
wythes at other locations. The floor and roof structures consisted of timber columns and beams, and 
lumber joists and flooring. The ends of the floor joists were let into the brick masonry. The windows and 
doors were wood. Figure 1 is a schematic section through the west and south exterior walls. 
 
The west wall is approximately 120 feet long and 40 feet tall from the public walkway to the top of the 
parapet. Timber lintels, located at the second floor along the west wall, support the masonry at the second 
and third floors. The majority of the west wall at the first floor contains openings for windows and doors. 
The second and third floor portions of the west wall contain regularly spaced punched window openings. 
 
The south wall is approximately 100 feet long. The western portion of the south wall is approximately 55 
feet long and 40 feet tall, and the eastern portion of this wall is approximately 45 feet long and 25 feet 
tall, from the top of the foundation wall to the top of the parapet. The variation of the wall height is 
defined by an offset in the wall. The south wall contains irregularly located door and window openings. 
The western portion of the south wall contains embedded steel components for a steel fire escape that no 
longer is present. 
 
The majority of the wood construction in the southern two-thirds of the building was destroyed by the 
fire. A significant portion of the interior masonry walls have collapsed, as have portions of the south 
exterior wall. 
 
OBSERVATIONS 
WJE was present on site on July 8, 2010 to evaluate the condition of the west and south exterior walls. 
The outboard surfaces of the walls were observed from grade and from the platform of a ladder truck. The 
inboard surfaces of the walls were observed from atop the rubble within the exterior walls. Additionally, 
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brick units were randomly selected to determine the weight of the masonry, and select portions of the 
masonry were sounded. Select wall conditions were photographed. 
 
On July 9, 2010, Midwest Consulting, LLC performed a high-definition survey of the west and south 
walls from grade. The survey uses laser technology to measure the surfaces of the walls relative to a 
vertical plumb plane. The data collected from this survey was compiled to produce a graphic image 
indicating the contours of the outboard surfaces of the walls. The images are included in Appendix A. 
 
The following conditions were observed by WJE during the site visits: 
 
West Wall - Green Portion 
1. The southern two-thirds of the outer wythe of masonry of the west wall has been painted light green. 

For the purposes of this report, the southern two-thirds of the wall will be referred to as the “green 
portion” of the wall (Figure 2). 

2. All of the storefront type windows and doors at the first floor of the green portion of the wall are 
missing. Remaining at the first floor are four brick piers and thirteen steel columns. Temporary pipe 
columns have been added to support the timber lintels at the second floor. The original timber lintels 
have deflected and have experienced significant section loss as a result of the fire and decay (Figures 
3 and 4). 

3. One of the brick piers contains a vertical crack and displaced masonry at the top of the pier  
(Figure 5). 

4. All of the windows are missing. One of the window openings at the third floor had previously (prior 
to the fire) been infilled with brick masonry. 

5. A wood bay at the second floor is fire damaged and displaced from the wall. It is supported by 
temporary pipe columns. The roof, windows and a portion of the south end of the bay are missing. 

6. The masonry contains various cracks through mortar joints and through the brick units (Figures 6  
and 7). 

7. Localized portions of the masonry are missing (Figure 8). 

8. Localized portions of the masonry are displaced both vertically and laterally. Specifically, the 
masonry at the second floor above the fire damaged timber lintels, the parapet, and the upper 
southwest corner of the wall (Figures 9 and 10). 

9. The masonry at the southwest corner at the third floor has been tied to adjacent masonry with steel 
cables (Figure 11). The intent of the steel cable installation is to prevent further lateral displacement 
of the masonry at the southwest corner. 

10. The masonry wall is currently laterally braced with lumber and pipe scaffold bracing. 

11. Brick units at select portions of the masonry were sounded with a hammer. Sounding did not indicate 
that the brick units had been adversely affected by the fire. 

12. Based on the quantity of cracks, displaced and missing masonry, approximately 70 percent of the 
exterior wall must be repaired, rebuilt or replaced to provide a weather resistant masonry wall that 
will not continue to deteriorate, and which will not be characterized as “dangerous” once the bracing 
is removed. (See Appendix B). 
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West Wall - White Portion 
13. The northern one third of the outer wythe of the masonry of the west wall has been painted white. For 

the purposes of this report, the northern one-third of the wall will be referred to as the “white portion” 
of the wall (Figure 12). 

14. All of the storefront type windows and doors at the first floor have been covered with plywood. 

15. The six, third floor window openings, and four of the six second floor window openings, have been 
covered with plywood. Two of the second floor window openings contain window frames with glass 
panes. 

16. Some of the wood window sills have been replaced with concrete or cast stone. One window sill is 
missing. The wood window sills that remain are deteriorated. 

17. The masonry contains various cracks through mortar joints and through the brick units. Some of the 
brick units are spalled. 

18. Localized portions of the masonry are displaced vertically and horizontally (in plane). Specifically the 
masonry at the second floor above the northernmost storefront windows, and the top of the masonry 
pier beneath the north edge of the second floor bay (Figure 13). 

19. Based on the quantity of cracks, displaced masonry, and spalled masonry, approximately 5 percent of 
the exterior wall must be repaired, rebuilt or replaced to provide a weather resistant masonry wall that 
will not continue to deteriorate (See Appendix B). 

 
South Wall 
20. All of the windows are missing. Five of the first floor window openings have been infilled with 

plywood. 

21. The masonry contains various cracks through mortar joints and through the brick units (Figures 14 to 
16). Some of the brick units are spalled. 

22. Localized portions of the masonry are missing, including a large portion of the masonry at the second 
floor at the east end of the wall (Figure 17). 

23. Localized portions of the masonry are displaced both vertically and laterally. Specifically the 
masonry at the third floor parapet, the southwest corner, the top of the second floor wall at the east 
end, and the southeast corner of the walls (Figure 18). 

24. The western, three-story masonry wall is currently laterally braced with lumber and pipe scaffold 
bracing. The eastern, two-story masonry wall is not currently braced. 

25. Brick units at select portions of the masonry were sounded with a hammer. Sounding did not indicate 
that the brick units had been adversely affected by the fire. 

26. Based on the quantity of cracks, and displaced, spalled and missing masonry, approximately 40 
percent1

 

 of the exterior wall must be repaired, rebuilt or replaced to provide a weather resistant 
masonry wall that will not continue to deteriorate, and which will not be characterized as “dangerous” 
once the bracing is removed (See Appendix B). 

                                                 
1 Ten percent of the 3-story portion of the south wall and 100 percent of the two-story portion of the south wall 
require rebuilding or replacement. 
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Interior Walls 
27. There are three interior brick masonry walls that are perpendicular to the west wall (Figure 19), and 

one interior brick masonry wall that is perpendicular to the south wall (Figure 20). There are other 
interior brick masonry walls that are not in contact with the west or south walls. 

The northernmost interior wall is intact with the exception of openings purposely created in the wall 
at the time the building had been occupied. Portions of the southernmost interior wall have collapsed. 
The majority of the middle interior wall has collapsed. The portion of the middle wall that remains is 
significantly laterally displaced. The three walls contain cracks, spalls and vertical and lateral 
displacement. 

An interior wall extends in the north/south direction and connects to the south wall. This wall 
contains many openings that were created at the time the building was constructed or at the time the 
building was occupied; however a significant portion of this wall has collapsed. Part of the collapsed 
portion is located adjacent to the south wall. 

 
Foundation Walls 
28. The foundation walls, which support the two and three story masonry walls, are constructed of 

fieldstone and mortar. Portions of these walls are cracked. Some portions of the fieldstone walls 
beneath interior walls have collapsed. 

 
Weight of Masonry 
29. Samples of randomly selected bricks from four locations within the interior of the building were 

weighed to estimate the unit weight of the masonry walls. Assemblies of 6 bricks each were weighed 
and measured to determine the volume of the assembly. The bricks typically did not have mortar 
remnants. Assuming a 15 percent increase in weight to account for mortar, the unit weights varied 
from approximately 100 to 130 pounds per cubic foot (pcf), with an average value of approximately 
120 pcf.  

 
DISCUSSION 
Unreinforced Masonry 
The masonry of the remaining south and west walls were constructed as, and remain, unreinforced. The 
term unreinforced masonry applies to masonry construction that does not contain steel reinforcing. In 
reinforced masonry, tensile stresses that may develop from flexure (i.e. bending) due to lateral loading 
(i.e. wind, seismic, etc.) are assumed to be resisted by the steel reinforcing; however, in unreinforced 
masonry, these tensile forces must either be countered by the weight of the masonry above or resisted by 
the bond between the brick and mortar. Therefore, at locations where the weight of the wall is insufficient 
to overcome the tensile stresses, the condition of the bond between the brick and mortar is critical and 
deterioration of the mortar within the joints, or separation of the mortar from the brick units, may 
compromise the ability of the wall to resist lateral loads. In fact, it is a common practice in structural 
design of unreinforced masonry walls to assume that the wall does not contain cracks. 
 
Out of Plumb Limits 
The American Concrete Institute’s 2005 Specification for Masonry Structures (ACI 530.1-05), as 
referenced by the 2006 Michigan Building Code (MBC), limits “variation from plumb” (i.e. vertical 
plumb) and “true to a line” (i.e. horizontal plumb) to 1/4 inch in 10 feet or 1/2 inch maximum. These 
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limits are intended to apply to new construction and it would be unreasonable to apply them to masonry 
walls constructed in the late 1800’s; however, they are mentioned here as a reference for what is required 
under the current building code. 
 
For the purposes of this evaluation, a more practical limit for vertical plumbness is provided in the 2006 
Michigan Rehabilitation Code for Existing Buildings (MRCEB), which considers an exterior wall to be in 
a “dangerous” condition when the wall lists, leans, or buckles “to such an extent that a plumb line passing 
through the center of gravity does not fall inside the middle one third of the base” [of the wall]. In the 
case of a 12 inch thick wall, the MRCEB definition for “dangerous” applies if the center of gravity of the 
wall shifts more than 2 inches. 
 
It should be noted that these limits are intended to protect the structural integrity of the masonry elements 
and do not account for aesthetic requirements or for installation of interior structural elements and 
finishes. 
 
West Wall - Green Portion 
The green portion of the west wall contains several conditions that may be considered significant 
structural concerns. Of primary concern is the condition of the timber lintels above the first floor 
storefront window openings. These members support the approximately 25 feet of masonry extending 
above timber lintels, located at the second and third floors. The structural integrity of the lintels has been 
compromised as a result of the damage incurred during the fire, resulting in visible deflection. The 
deflection of the lintels has subsequently caused vertical displacement of the supported masonry above 
the lintels, resulting in relatively widespread locations of mortar joint separations, cracks that extend 
through mortar and brick units, and missing brick masonry. 
 
In addition to the vertical displacement of the upper two floors, the survey data indicates significant 
lateral displacement of portions of the west wall. At the middle portion of the west wall, the lateral 
differential along several vertical lines between the top and bottom of the wall exceeds 6 inches. Near the 
top of the wall, the lateral differential along a horizontal line exceeds 9 inches. In the absence lateral 
bracing, these magnitudes of lateral displacement would cause significant portions of the wall to be 
considered “dangerous” per the MRCEB. 
 
The scope of structural repair work required to incorporate the green portion of the west wall into future 
construction is potentially extensive. The damaged timber lintels require replacement or reinforcement. 
This will require the supported masonry above to not only be shored during the lintel repair, but raised 
vertically to an elevation above that of the originally constructed masonry elevation to overcome the 
vertical displacement that occurred due to the lintel deflection. In addition, the laterally displaced portions 
of the wall must be brought back to within reasonable levels of plumbness. All of this movement imposed 
on the existing wall will undoubtedly create more joint separations and cracks in the brick masonry, 
which will require repair, in addition to those areas already noted as needing repair. Therefore, the 
amount of tuckpointing and brick replacement required has the potential to increase significantly as a 
result of the lintel replacement/repair. The engineering and construction logistics associated with such 
work are complex and, in our opinion, it will be more practical and cost effective to demolish and rebuild 
the green portion of the west wall. 
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West Wall - White Portion 
Based on our observations from the exterior, there is no indication of significant structural concerns 
within the white portion of the west wall. There are some localized areas of cracked, displaced, or spalled 
masonry; however, these areas may be repaired in place without significantly affecting the remainder of 
the wall. Although we did not enter the remaining building space behind this section of the west wall, the 
second floor, third floor, roof, and the perpendicular end walls appear to be intact and providing lateral 
support for this section of the west wall. 
 
South Wall 
At the eastern, two-story portion of the south wall, approximately one-quarter of the wall has collapsed. 
The survey indicates lateral displacements ranging from approximately 4 to 6 inches along vertical lines 
between the top and bottom of the remaining portions of the wall. This section of the wall is unbraced and 
is therefore currently considered by the MRCEB to be a “dangerous” condition. Furthermore, if the 
unbraced portion of the wall were to collapse outward (i.e. to the south), debris would fall into E. Cross 
Street, outside the limits of the current protective barrier. If this section of wall is to be used in future 
construction, repair will require restoring the plumbness of the wall to within reasonable levels. Doing so 
will cause further distress to the mortar joints, and the amount of tuckpointing and brick replacement 
required to restore the wall will increase beyond that which has already been noted as being required. 
Similar to the green portion of the west wall, in our opinion, it will be more practical and cost effective to 
demolish and rebuild the east portion of the south wall. 
 
At the western, three-story portion of the south wall, joint separations and cracks were typically observed 
along the parapet and adjacent to window openings. The distressed areas are localized and could be 
repaired by tuckpointing and replacement without affecting the remaining portion of the wall. The survey 
indicates that the lateral displacements are typically between 2 and 4 inches along vertical lines between 
the top and bottom of the wall, which is less that the value required by the MRCEB to be considered a 
“dangerous” condition. If it is to be used in future construction, however, the current out-of-plumbness of 
the wall will need to be incorporated into the future construction or the plumbness of the wall will need to 
be restored to within acceptable limits for the new construction, which as discussed above, will likely 
increase the amount of required tuckpointing and masonry replacement.    
 
Interior Walls 
This investigation was limited to the south and west exterior walls; however, it should be noted that the 
collapsed and laterally displaced conditions of the interior walls that intersect the west and south walls 
indicate that these walls should no longer be considered as providing support for the west or south walls.   
 
Further Engineering Evaluation 
When considering whether to restore or replace portions of the south and west walls, it should be noted 
that further engineering investigation will be required for portions that are to be restored and used in 
future construction.  
 
Based on the extent of damage to the building as a whole, the MRCEB requires that the building be 
evaluated by a registered design professional to determine compliance with the provisions of the MBC; 
however, if the building were demolished and rebuilt, no evaluation is required. 
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In addition, our investigation was limited to observation of the visible conditions of the west and south 
walls. Prior to developing a restoration plan, additional engineering investigation is necessary to further 
define the structural condition of the walls and to determine the plausibility of restoration. As an example, 
our investigation did not include materials testing and only very limited portions of the foundation walls 
were visible. Further investigation may uncover deficiencies in the existing material properties or in the 
structure of the foundation, thus significantly increasing the scope of required repair work or potentially 
rendering the option of restoration obsolete. 
    
Lastly, our observations indicate that there are portions of the walls that will require potentially complex 
engineering and construction methods if they are to be restored rather than replaced. For example, 
methods must be developed to restore the position of the portions of the west wall that are both laterally 
and vertically displaced several inches. Further engineering will be required to develop restoration 
methods to address the unique issues of this project, including development of new temporary bracing 
that allows access to the walls to perform the masonry repairs and does not impede upon the public right 
of way. 
 
CONCLUSIONS 
WJE performed an evaluation of the conditions of the remaining west and south exterior walls. The 
evaluation consisted of visual inspection from grade and from a ladder truck, hammer sounding of brick 
at select locations, weight measurements of select brick samples, and a high-definition laser scan survey. 
Based on our observations and experience with similar projects, the following WJE opinions regarding 
restoration the walls for use in future construction are provided: 

1. Several indications of significant structural distress were observed in the green portion of the west 
wall including deflected timber lintels, vertically displaced portions of masonry, laterally displaced 
portions of masonry, missing masonry, cracked bricks, joint separations, and bond separations 
between the mortar and the brick units. Given the extent of repair required and the complexities of 
performing those repairs, it is our opinion that replacement will be a more practical and economical 
solution. 

2. Limited indications of structural distress were observed in the white portion of the west wall. It is our 
opinion that this wall may be restored and used in future construction. 

3. Several indications of significant structural distress were observed in the eastern, two-story portion of 
the south wall including collapsed masonry, laterally displaced portions of masonry, missing bricks, 
cracked bricks, joint separations, and bond separations between the mortar and the brick units. Given 
the extent of repair required and the complexities of performing those repairs, it is our opinion that 
replacement will be a more practical and economical solution. Additionally, in its current unbraced 
condition, collapse of this portion of the south wall, toward the south, presents a hazardous condition 
in that some of the masonry would fall outside of the current protective barrier fencing. 

4. Limited indications of significant structural distress were observed in the western, three-story portion 
of the south wall, including localized areas of laterally displaced portions of the masonry, cracked 
bricks, joint separations, and bond separations between the mortar and the brick units. It is our 
opinion that this wall may be restored and used in future construction; however, it may be more 
practical and economical to replace this section of wall if the west wall and adjacent section of the 
south wall are to be replaced, as recommended above. 

5. For those areas of the walls considered for restoration, further engineering evaluation is required to 
meet the requirements of the building code, to better define the structural properties of the walls, and 
to develop restoration methods to address the unique needs of this project. 
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Figure 1. Wall sections. 
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Figure 2. Elevation view of the green portion of the west wall. This 
photograph was taken facing east. 
 

 
Figure 3. Example of sagging timber lintels along the green portion of the 
west wall. 
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Figure 4. Charred timber lintel along the green portion of the west wall, 
 

 
Figure 5. Cracked brick pier and displaced masonry above in the green 
portion of the west wall.  
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Figure 6. Example of cracks through the brick and mortar joints in the 
outboard surface of the green portion of the west wall. 
 

 
Figure 7. Example of cracks through the brick and mortar joints in the 
inboard surface of the green portion of the west wall. 
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Figure 8. Missing and vertically displaced brick in the green portion of the 
west wall. 
 

 
Figure 9. Outward lateral displacement of the top of the green portion of the 
west wall. This photograph was taken facing north. 
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Figure 10. Displaced brick and wide mortar joint separations near the top of 
the southwest corner of the green portion of the west wall. 
 

 

Figure 11. Displaced and cracked brick at the south 
end of the west wall. This corner has been tied back to 
the adjacent portions of the wall with steel cables. 
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Figure 12. Elevation view of the white portion of the west wall. This 
photograph was taken facing east. 
 

 
Figure 13. Example of brick and mortar joint cracks in the white portion of 
the west wall. 
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Figure 14. Example of cracks through the brick and mortar joints in the 
western, three-story portion of the south wall. 
 

 
Figure 15. Example of cracks through the brick and mortar joints in the 
outboard surface of the eastern, two-story portion of the south wall. 
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Figure 16. Example of cracks through the brick and mortar joints in the 
inboard surface of the eastern, two-story portion of the south wall. 
 

 
Figure 17. Collapsed portion of the eastern, two-story portion of the south 
wall. 
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Figure 18. Laterally displaced masonry along the eastern, two-story portion of 
the south wall. 
 
 

 
Figure 19. Overhead view showing the three interior walls that are 
perpendicular to the west wall. This photograph was taken facing north. 
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Figure 20. Overhead view showing the interior wall that is perpendicular to 
the south wall. This photograph was taken facing east. 
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