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Mr. Murray Mack, AIA, LEED AP, NCARB 

HMA Architects 

700 W. St. Germain St., Suite 200 

St. Cloud, MN 56301 

 

Re: Fire Damage – Building Condition Assessment  

 Church of St. Mary 

 211 5th Ave. SE 

 Melrose, Minnesota 

  

Dear Mr. Mack: 

 

Braun Intertec Corporation is pleased to provide this letter to report the findings of our condition 

assessment of the building materials exposed to the reported fire and firefighting activities.   

 

Background 
 

A fire damaged the Church of St. Mary building on March 11, 2016.  The fire started on the west end of 

the building near the sacristy on the main level of the building where candles and hymnals were kept.  

The fire was primarily contained to the west end of the building, but the entire space of the building was 

affected by the smoke damage.  There is a brick wall between the sacristy and the apse which we also 

reviewed. The interior of the building has been cleaned and the majority of the interior furniture and 

finishes were removed as part of the cleanup process.  The Church board is currently exploring options to 

rehabilitate the structure.   

 

As part of the rehabilitation process, it has been requested to have an independent, third-party review of 

the existing condition of the structure.  Braun Intertec has been retained to provide a structural and 

architectural review as well as complete laboratory testing on existing brick conditions.    

 

The church is well over 100 years of age, built back in the 1890’s. It was placed on the Historic Register in 

1993. There have been some updates to the building such as the addition of an elevator to make the 

space more accessible. The interior walls are covered in murals and stencils on plaster over the brick 

exterior walls. The remaining interior columns on the main level are wood with a wood cladding that is 

then painted; appears as a plastered column, many of the original stained glass windows remain and are 

in good condition. 
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Scope of Work 
 

The following items comprised of our scope of work for this project: 

 

 Brick samples have been received and will be examined through petrography.  The petrography 

will review the mortar to see if any damage can be discerned from comparing brick that was in 

the path of the fire to an area that was not in direct contact.  The brick will also be examined to 

determine if any cracking or crazing is observed in the areas of direct fire.   

 Site observations were completed by Jason Hanlon (Senior Structural Engineer) and Steve Flaten 

(Principal Architect) to review the on-site conditions and document conditions accordingly.  The 

site observations consisted of visual walk-through and partial removal of some finishes to expose 

framing conditions.   

 Preparation of the report to summarize our opinions and recommendations as well as providing 

the test results of the petrography analysis.   

 

Observations and Comments  
 

Site observations were completed on October 14, 2016 by Jason Hanlon and on November 1, 2016 by 

Steve Flaten.  The following items were noted: 

 

Structural Framing Description 

 

Foundation 
The foundation walls of the structure consisted of stacked rock foundation walls measured to be 30 to 

32-inches thick in exposed locations.  The rocks had mortar placed within the joints to help lock the 

foundation wall system together.  The foundation walls were along all four walls of the sanctuary space 

above.  The foundation wall follows the semi-circle line of the west exterior wall of the building and there 

is an interior semi-circle foundation wall that follows along the outline of the altar space above.   

 

Main Floor Framing 
The main floor framing of the sanctuary space observed below from the basement level consists of a 

2x12 wood sawn lumber floor joists spanning in the north-south direction and spaced at 12-inches on 

center.  The joists are supported by the north and south foundation wall and three interior beamlines 

spanning in the east-west direction.  The flooring was comprised of 1 ½-inch plank board with 1 ½-inch 

hardwood flooring over the plank boards.  The plank boards and the hardwood flooring both span in the 

east-west direction.  The beamlines consist of 12-inch wide by 14-deep timber beams supported on 6-

inch diameter metal (assumed cast-iron) pipe columns.  The columns were found to be generally spaced 

at 14-feet on center in each direction.    

 



HMA Architects 
Project B1609829 
December 30, 2016 
Page 3 
 

 

The floor construction underneath the altar space at the west end of the building was found to be 

comprised of an arched clay-tile, steel beam and concrete deck.  Overall thickness was determined to be 

approximately 18-inches measured at the floor opening for the staircase at the northwest corner.  The 

steel joist framing is orientated in an array pattern from the interior foundation wall to the exterior 

foundation wall.  The framing within the interior foundation wall is orientated with steel beam joists 

framing in the north-south direction and to an interior, east-west steel beam that splits the semi-circle in 

the middle. 

 

There are some of the wood beams at the ceiling of the lower level that have been observed to be deeply 

cracked and checked. This is unrelated to the fire and is an aging and drying issue. These beams may 

need to be replaced or reinforced.  

 

Above Grade Walls 
The main sanctuary space and altar space has high ceilings in excess of 30-feet.  There are two interior 

column lines each offset approximately from the north and south exterior walls and in line with the 

respective beam line below that supports the main floor framing.  Along the west end of the sanctuary 

space (east end of the altar space) a multi-wythe brick wall separates the space between the altar and 

the sanctuary spaces.  This brick wall continues along the semi-circle line matching the interior 

foundation wall below and forming the rear of the altar.   

 

Roof Framing 
The roof framing is a gable-style roof over the sanctuary consisting of main timber trusses spanning in 

the north-south direction, spaced at 14-feet, and supported at the north and south exterior walls and by 

the two interior column lines below.  The interior columns were measured to be 9-inch square timber 

columns with an estimated total height of approximately 35-feet.  There are main timber purlins that 

span in the east-west direction between the timber trusses and roof rafters that span in the north-south 

direction between the roof purlins.  The ceiling framing varies in type and size to accommodate the 

double-arch conditions for the ceiling.   

 

The roof framing over the altar space is a semi-cone shape using the interior semi-circle brick wall and 

the common wall between the sanctuary and altar space as support.  There is lower roof comprised of 

roof and ceiling rafters in an array pattern along the west wall of the structure.   

 

Structural Condition Observations 

 

Foundation Walls 
The exterior and interior foundation walls were observed to have little-to-no discernable damage as the 

result of the fire at the west end of the structure.  The stacked rock conditions and mortar appear to be 

performing and generally do not appear compromised.   
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Main Floor Framing 
The 2x12 floor framing has water staining visible throughout that is assumed to be from the firefighting 

effort and water leaking through the floor boards.  Overall, the condition of the floor joists and wood 

timber beams appear to be good and performing.   

 

The flooring of the sanctuary space is visibly wavy throughout the space.  The waviness of the floor 

boards does not appear to translate to the underside of the plank boards and the “ruts” in the floor are 

spaced at a pattern of about 24-inches.  It appears this waviness may have been a pre-existing condition 

and may have lined up with the pew layout that was in place based on the pattern observed.  It does not 

appear that the condition is the result of a comprised floor framing structure below. 

 

The condition of the floor construction under the altar and west end of the building was limited due to 

the existing layout.  Of the areas visible, the clay-arched floor appears to be performing and there were 

no discernable distressed conditions.  The steel beams exposed appear to have some level of surface 

corrosion, but the condition would have been preexisting to the fire and not the result of the firefighting 

effort due to the limited timeframe of water exposure and cleanup efforts being completed.   

 

Above Grade Walls 
The brick walls along the west end of the structure have visual differences between the area of source of 

the fire and those areas moving away from the source.  There are some distressed conditions observed 

around the windows near the source in the form of cracking in the mortar joints, but generally the 

conditions along the areas appear to be intact and performing structurally.  There were no observed 

conditions where brick or overall wall displacement was observed.   

 

Roof Framing 
The roof framing around the west end where the source fire was located is severely compromised.  This 

area will need to be repaired immediately as the conditions will most likely fail under any snow weight 

that may occur this winter.  Only half of the framing in this area was exposed, the other half was still 

covered by the ceiling finishes.  The higher roof directly over the altar appears to be performing from the 

exterior, but the interior side appears to be significantly discolored and it is unclear due to access how 

compromised this area may be.  Based on the observations of the ceiling rafters at this area, we would 

expect that the roof framing to be compromised to some degree as well.   

 

The framing over the sanctuary space appears to be intact and structurally sound and stable.  The 

compromised conditions that were visible from the attic space appear to be limited to the ceiling framing 

conditions, particular near the west end of the sanctuary where the firefighting effort was being 

concentrated at.  The ceiling framing for the double-arch conditions at the west end will need to be 

reframed accordingly.      

  



HMA Architects 
Project B1609829 
December 30, 2016 
Page 5 
 

 

Architectural Review 

 

A large amount of material has been removed from the building, including the side altars, pews other 

accessories. The pipe organ still remains to some extent, but is heavily damaged. 

 

Interior finishes are typically plaster on wood lath or direct application to the exterior brick walls. No 

interior insulation was present at the walls. The attic of the sanctuary had some insulation installed some 

time ago in the attic areas. The attic is not sprinklered, and has sustained little damage. The water soaked 

attic insulation, we would recommend, should be removed. The water and weight have caused 

settlement of the insulation resulting in detriment to the insulation value. It will likely be required by the 

building code to install a full sprinkler system throughout the building during any remodeling. The costs 

for this would include the excavation for a larger main, routing of pipes through the building and a “dry 

system” in the attic space for the “hidden areas.” 

 

The flooring is compromised due to water saturation and will likely require the top wearing wood layer to 

be removed and replaced to level the floor. 

 

The plaster on the ceiling has generally lost the “keys” that holds the plaster between the two adjacent 

pieces of wood lath. We also observed plaster that has flaked off the brick, had the many years of paint 

layers curl and pull off the underlying plaster. The bonds of the paint and plaster that have been wet 

since the fire and are now curling would require the removal. Damage also appears to have occurred to 

the lath and some large areas near the fire zone will require removal and replacement with some new 

system. 

 

Restroom facilities in the lower level are aged and not fully accessible for handicap use. The current areas 

of the restrooms are also “landlocked” between the structural walls under the altar and the kitchen.  

Foundation walls are of rubble stone and mortar. It is not known if there is any forma of waterproofing 

on the exterior, and if it did exist it would often be a hot tar application that after many years does break 

down.  

 

Roof structure and decking is intact in the majority of the building and should be serviceable, with the 

exceptions noted above in the structural review. 
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Discussion/ Conclusion 
 

The fire in the facility was well limited to the altar area and did not spread beyond, other than smoke and 

some heat. The roof area in the sacristy and apse requires shoring for the winter to prevent failure and 

collapse. It is our understanding that this has been done in preparation for winter.  

 

We would recommend that the large checks and cracks in the lower level beams have additional 

evaluation done once the anticipated loads on the building would be determined, if the building is to be 

remodeled. There are alternatives that an epoxy injection of the cracks may be possible to repair them in 

place, or they could be laminated with plates or other methods to reinforce in place.  

 

The fire did cause some localized heating of the masonry and the mortar in the fire area. Based upon the 

petrographic tests on the mortar, we can conclude that the materials in the fire area show signs of the 

heating and some indications of the heating of the same elements in the mortar. This was compared to 

other areas of the building that were not susceptible to the flames and fire and we found there is not a 

great deal of difference between the materials. Although the mortar has been identified as a lime and 

sand mix, with no cement, it is serviceable and should remain unaffected by the fire. Some desiccating of 

the exterior face of the mortar may present as a soft and powdery surface when scrapped, it will support 

the current loads. The mortar itself is softer and weaker than current day mortar, so any remodeling 

needs to take into account this condition if additional loads are to be imposed.  

 

From a Building Science perspective, there are some conditions that should be taken into account with 

any future design.  

 

1. Insulation — Currently there is no exterior perimeter insulation on the walls. If there is an intent 

to insulate the walls, we must suggest caution. As the mortar is soft and the brick may be porous 

due to years of exposure, there is the possibility of additional water infiltration to the wall 

system. Currently, the heat loss from the uninsulated walls will push the moisture out of the 

building wall and allow drying to take place to the exterior. If the wall is insulated this heat drive 

to push the moisture out of the wall can result in the wall cycling through many more freeze 

thaw cycles of greater severity. The insulation will mean the outside face of the wall and the area 

just under the surface will freeze and may cause damage to the mortar and the brick. 

Efflorescence will also occur as the moisture will try and purge out of the wall as it “thaws” in the 

spring and leaves the deposits on the walls which would likely reoccur year after year.  

 

The attic insulation will need to be removed and replaced, as it is less efficient now that the 

water from the fire hoses has compacted it. The insulation appears to be vermiculite, which 

should be tested and handled with caution as it has been known to contain asbestos.  
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Foundations that are currently mortar and stone have an unknown quality of waterproofing, if 

any on the exterior. If insulation were to be added to the wall, with a vapor retarder, a similar 

condition to what has been described above may occur and damage to the mortar may take 

place, especially at the grade line. Of more concern is the amount of moisture that may be in the 

wall system and may find its way to the interior of the building. With insulation and a vapor 

retarder, it is possible that the outside moisture could condense in the wall and create mold and 

mildew issues.  

 

2. Interior plaster — I would not anticipate that the plaster that remains on the ceiling or walls is in 

good condition. With the keys lost on the wood lath, it is susceptible to failure and sheets of the 

material coming off, if we try to preserve the material. Large areas of the plaster have been 

peeling off the walls toward the front of the church, so we would recommend plaster on the 

brick wall and ceiling be removed and new material put in place so there is a uniform layer, 

attachment and finish. I am concerned that trying to preserve and reuse the wood lath and base 

would still result in failure at a later date. 
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General 
 

In performing its services, Braun Intertec used that level of care and skill ordinarily exercised by 

reputable members of its profession currently practicing in the same locality.  No warranty, expressed 

or implied, is made. 

 

If you have any questions, please contact me. 

 

Sincerely, 

 

BRAUN INTERTEC CORPORATION 

 

 

 

Steven J. Flaten, AIA 

Principal Architect 

 

 

 

Jason S. Hanlon, PE*, MLSE 
Associate Principal, Senior Structural Engineer 
 

 

Attachments: 

Photographs 

Petrographic Report 

Photographs 



 

Photograph #: 1 B1609829 
Date: 11/1/16  

Subject: Front elevation 

 

 
Photograph #: 2 B1609829 
Date: 11/1/16  
Subject: Front elevation 

 

 



 

Photograph #: 3 B1609829 
Date: 11/1/16  

Subject:: North bell tower 

 

 
Photograph #: 4 B1609829 
Date: 11/1/16  
Subject: North elevation 

 



 

Photograph #: 5 B1609829 
Date: 11/1/16  

Subject:: North elevation 

 

 
Photograph #: 6 B1609829 
Date: 11/1/16  
Subject: North side of sacristy 

 

 

 



 

Photograph #: 7 B1609829 
Date: 11/1/16  

Subject:: Sacristy window with some light spalling on brick 

 

 
Photograph #: 8 B1609829 
Date: 11/1/16  
Subject: Plaser and paint that has fallen off the ceiling in sanctuary. 

  



 

Photograph #: 9 B1609829 
Date: 11/1/16  

Subject:: Wood column cover 

 

 
Photograph #: 10 B1609829 
Date: 11/1/16  
Subject: One side of sanctuary looking toward altar 

 



 

Photograph #: 11 B1609829 
Date: 11/1/16  

Subject:: Typical plaster wall in sanctuary next to window. 

 

 
Photograph #: 12 B1609829 
Date: 11/1/16  
Subject: Altar platform with fire shading. 

 



 

Photograph #: 13 B1609829 
Date: 11/1/16  

Subject:: Area of brick test cut by altar 

 

 
Photograph #: 14 B1609829 
Date: 11/1/16  
Subject: Floor structure on main floor 

 



 

Photograph #: 15 B1609829 
Date: 11/1/16  

Subject:: Basement foundation 

 

 
Photograph #: 16 B1609829 
Date: 11/1/16  
Subject: Ceiling paint and plaster peeling 

 



 

Photograph #: 17 B1609829 
Date: 11/1/16  

Subject:: Area of fire start and brick condition 

 

 
Photograph #: 18 B1609829 
Date: 11/1/16  
Subject: Attic insulation 

 



 

Photograph #: 19 B1609829 
Date: 11/1/16  

Subject:: Attic from rear viewing toward altar 

 

 
Photograph #: 20 B1609829 
Date: 11/1/16  
Subject: Historic Register plaque 
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Fr. Marvin Enneking 

St. Mary’s Church 

402 2nd Street SE 

Melrose, MN 56352 
 

Re: Petrographic Analysis of Mortar 

 Six Samples from St Mary’s Catholic Church 

 Melrose, Minnesota 
 

Dear Fr. Enneking: 
 

Braun Intertec Corporation is pleased to provide this letter summarizing the petrographic evaluation of 

six mortar samples submitted for evaluation. 
 

Purpose 
 

The purpose of this investigation is to assess the condition of four mortar samples from a region of the 

church exposed to fire. In addition, two mortars have been submitted from a region not exposed to fire. 
 

Background Information 
 

Samples from various locations within the masonry wall were extracted by Breitbach Construction 

Company and delivered to our Petrography Laboratory, located in Bloomington, Minnesota, on 

October 10, 2016. 
 

The samples arrived labeled and identified as follows: 
 

Sample #1 – Extracted from altar area, approximately Grid C - 1.5. Masonry exposed to fire. 

Sample #2 – Extracted from an area to the right of the altar, approximately Grid A.5 - 2. 

   Masonry exposed to fire. 

Sample #3 – Extracted from an area to the right of the altar, approximately Grid B - 2.  

  Masonry exposed to fire. 

Sample #4 – Extracted from an area to the right of the altar, approximately Grid A – 1.75.  

  Masonry exposed to fire. 

Sample #5 – Extracted from stairwell, approximately Grid A - 12. Masonry not exposed to fire. 

Sample #6 – Extracted from stairwell, approximately Grid A - 12. Masonry not exposed to fire. 
 

Photographs of the samples, as-received, are found in Figures 1 through 6. 
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Findings and Discussion 
 

Based upon the samples submitted, the samples reported as from the region where the fire occurred 

indicate that the temperatures were hot enough to induce thermal damage to chert aggregates but not 

high enough to alter the mineralogy to produce a color change within those aggregates. This suggests a 

temperature of exposure estimated at around 300 to 400⁰C, high enough to fracture the chert but not 

induce a color change. Mortar exposed to such temperatures may produce residual contractions upon 

cooling, primarily from dehydration. Samples from the control area, where fire is not reported to have 

occur, indicate that the mortar has existing cracks, without exposure to fire. Within the mortar samples 

submitted, no residual cement is observed, indicating that the binder is lime only. Lime only mortars tend 

to have autogenous shrinkage, typically occurring shortly after placement. Exposure to fire may enhance 

or compound these preexisting cracks, leading to slightly more friable mortar along the surface of 

exposure. This increased friability is noted on the samples submitted from the region of fire damage. It 

extends a few hundredths of an inch into the mortar before returning to a slightly more stable mortar. 

This effect can be readily identified with the blade of a steel knife or a steel probe. 

 

Of the four samples submitted from the fire damaged area, Sample #4 appears to have been exposed to 

the highest temperature. Chert aggregates within this mortar have a slight alteration in color observed 

along the edges, along with some thermal fractures. The mortar is soft and friable under finger pressure 

to a depth of 1.18-inches (30 mm). 

 

Procedures 
 

Petrographic analysis was conducted in accordance with applicable portions of both ASTM C 856, 

“Standard Practice for Petrographic Examination of Hardened Concrete,” and ASTM C 1324, “Standard 

Test Method for Examination and Analysis of Hardened Masonry Mortar,” using an Olympus SZ 40 

stereo-zoom microscope at magnifications up to 80x and a Nikon Eclipse E600 POL petrographic 

(polarized-light) microscope at magnifications up to 500x. Each sample was initially examined and 

photographed in the as-received condition, with a representative portion designated to be extracted for 

microscopical (petrographic) examination. From the representative portions, polished cross-sections and 

thin sections were prepared as noted. 

 

When necessary, samples were vacuum impregnated with an epoxy to stabilize specimens for sample 

preparation. 

 

Petrographic examination was performed in our laboratory in Bloomington, Minnesota. 
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Figure 1. Photographs of Sample #1, as-received. Reported as being from a region exposed to fire. 
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Figure 2. Photographs of Sample #2, as-received. Reported as being from a region exposed to fire. 
  



St. Mary’s Catholic Church 

Project B1609829 

November 28, 2016 
Page 7 of 35 

 

 
Figure 3. Photographs of Sample #3, as-received. Reported as being from a region exposed to fire. 
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Figure 4. Photographs of Sample #4, as-received. Reported as being from a region exposed to fire. 
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Figure 5. Photographs of Sample #5, as-received. Reported as being from a region not exposed to fire. 
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Figure 6. Photographs of Sample #6, as-received. Reported as being from a region not exposed to fire. 
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Figure 7. Photomicrographs of Sample #1, in polished profile, displaying the mortar. The mortar is 

characterized by soft, absorptive and cracked paste. Stabilization with epoxy was required, providing 

a darker hue to the paste-fraction noted in the images above. The field of view, left to right, is 

approximately 9.4 mm.  

7a) 

7b) 
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Figure 8. Photomicrographs of Sample #1, in thin-section, displaying the condition of the paste. The 

paste is comprised of lime only without cement present. Red arrows point to numerous cracks within 

the field of view. Such cracking is typical of lime only mortars. The yellow arrow in 8a points to a large 

lime agglomerate within the paste. Photos taken in both transmitted, plane-polarized light (PPL) and 

transmitted, cross-polarized light (XPL). The field of view, left to right, is approximately 750 m for 

each photo.  

8a) 

8b) 
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Figure 9. Photomicrographs of Sample #1, in thin-section, displaying the condition of a chert aggregate 
(blue arrow). The chert aggregate is cracked but has not undergone a hue change. This suggests that 
the aggregate became warm enough to undergo some thermal distress, but not enough to alter its 
mineralogy. Red arrows point to tears in the paste, most likely due to autogenous shrinkage but may 
include a component of residual contraction during the cooling process. Photos taken in ordinary, 
reflected light (REFL), as well as in both transmitted, plane-polarized light (PPL) and cross-polarized 

light (XPL). The field of view in the photo, left to right, is approximately 750 m in each photo.  

9a) 

9b) 

9c) 
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Figure 10. Photomicrographs of Sample #2, in polished profile, displaying the mortar. The mortar is 

characterized by soft, absorptive and cracked paste. Stabilization with epoxy was required, providing 

a darker hue to the paste-fraction noted in the images above. The field of view, left to right, is 

approximately 9.4 mm.  

10a) 

10b) 
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Figure 11. Photomicrographs of Sample #2, in thin-section, displaying the condition of the paste. The 

paste is comprised of lime only without cement present. Red arrows point to numerous cracks within 

the field of view. Such cracking is typical of lime only mortars. The yellow arrow in 11b points to a lime 

agglomerate within the paste. Photos taken in both transmitted, plane-polarized light (PPL) and 

transmitted, cross-polarized light (XPL). The field of view, left to right, is approximately 750 m for 

each photo.  

11a) 

11b) 
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Figure 12. Photomicrographs of Sample #2, in thin-section, displaying the condition of a chert 
aggregate (blue arrow). The chert aggregate is not cracked and has not undergone a hue change. This 
suggests that the aggregate did not became warm enough to undergo thermal distress or alter its 
mineralogy. Red arrows point to tears in the paste, most likely due to autogenous shrinkage but may 
include a component of residual contraction during the cooling process. Photos taken in ordinary, 
reflected light (REFL), as well as in both transmitted, plane-polarized light (PPL) and cross-polarized 

light (XPL). The field of view in the photo, left to right, is approximately 750 m in each photo.  

12a) 

12b) 

12c) 
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Figure 13. Photomicrographs of Sample #3, in polished profile, displaying the mortar. The mortar is 

characterized by soft, absorptive and cracked paste. Stabilization with epoxy was required, providing 

a darker hue to the paste-fraction noted in the images above. The field of view, left to right, is 

approximately 9.4 mm.  

13a) 

13b) 
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Figure 14. Photomicrographs of Sample #3, in thin-section, displaying the condition of the paste. The 

paste is comprised of lime only without cement present. Red arrows point to numerous cracks within 

the field of view. Such cracking is typical of lime only mortars. The yellow arrow in 8a points to a large 

lime agglomerate within the paste. Photos taken in both transmitted, plane-polarized light (PPL) and 

transmitted, cross-polarized light (XPL). The field of view, left to right, is approximately 750 m for 

each photo.  

14a) 

14b) 
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Figure 15. Photomicrographs of Sample #3, in thin-section, displaying the condition of a chert 
aggregate (blue arrow). The chert aggregate is not cracked and has not undergone a hue change. This 
suggests that the aggregate did not became warm enough to undergo thermal distress or alter its 
mineralogy. Red arrows point to tears in the paste, most likely due to autogenous shrinkage but may 
include a component of residual contraction during the cooling process. Photos taken in ordinary, 
reflected light (REFL), as well as in both transmitted, plane-polarized light (PPL) and cross-polarized 

light (XPL). The field of view in the photo, left to right, is approximately 750 m in each photo.  

15a) 

15b) 

15c) 
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Figure 16. Photomicrographs of Sample #4, in polished profile, displaying the mortar. The mortar is 

characterized by soft, absorptive and cracked paste. Stabilization with epoxy was required, providing 

a darker hue to the paste-fraction noted in the images above. The field of view, left to right, is 

approximately 9.4 mm.  

16a) 

16b) 
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Figure 17. Photomicrographs of the Sample #4, in thin-section, displaying the condition of the paste. 

The paste is comprised of lime only without cement present. Red arrows point to numerous cracks 

within the field of view. Such cracking is typical of lime only mortars. Photos taken in both transmitted, 

plane-polarized light (PPL) and transmitted, cross-polarized light (XPL). The field of view, left to right, is 

approximately 750 m for each photo.  

17a) 

17b) 
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Figure 18. Photomicrographs of Sample #4, in thin-section, displaying the condition of a chert 
aggregate (blue arrow). The chert aggregate is slightly cracked with a slight change in color along the 
edge of the particle. This suggests that the aggregate became warm enough to undergo some thermal 
distress, along with some alteration of its mineralogy. Red arrow points to a tear in the paste, most 
likely due to autogenous shrinkage but may include a component of residual contraction during the 
cooling process. Photos taken in ordinary, reflected light (REFL), as well as in both transmitted, plane-
polarized light (PPL) and cross-polarized light (XPL). The field of view in the photo, left to right, is 

approximately 750 m in each photo.  
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Figure 19. Photomicrographs of Sample #5, in polished profile, displaying the mortar. The mortar is 

characterized by soft, absorptive and cracked paste. Stabilization with epoxy was required, providing 

a darker hue to the paste-fraction noted in the images above. The field of view, left to right, is 

approximately 9.4 mm.  

19a) 
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Figure 20. Photomicrographs of Sample #5, in thin-section, displaying the condition of the paste. The 

paste is comprised of lime only without cement present. Red arrows point to numerous cracks within 

the field of view. Such cracking is typical of lime only mortars. The yellow arrow in 20b points to a large 

lime agglomerate within the paste. Photos taken in both transmitted, plane-polarized light (PPL) and 

transmitted, cross-polarized light (XPL). The field of view, left to right, is approximately 750 m for 

each photo.  

20a) 
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Figure 21. Photomicrographs of Sample #5, in thin-section, displaying the condition of a chert 
aggregate (blue arrow). The chert aggregate is not cracked like several other particles observed in 
mortar from where the fire occurred. Red arrows point to tears in the paste, most likely due to 
autogenous shrinkage. Photos taken in ordinary, reflected light (REFL), as well as in both transmitted, 
plane-polarized light (PPL) and cross-polarized light (XPL). The field of view in the photo, left to right, is 

approximately 750 m in each photo.  
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Figure 22. Photomicrographs of Sample #6, in polished profile, displaying the mortar. The mortar is 

characterized by soft, absorptive and cracked paste. Stabilization with epoxy was required, providing a 

darker hue to the paste-fraction noted in the images above. The field of view, left to right, is 

approximately 9.4 mm.  

22a) 
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Figure 23. Photomicrographs of Sample #6, in thin-section, displaying the condition of the paste. The 

paste is comprised of lime only without cement present. Red arrows point to numerous cracks within 

the field of view. Such cracking is typical of lime only mortars. Photos taken in both transmitted, plane-

polarized light (PPL) and transmitted, cross-polarized light (XPL). The field of view, left to right, is 

approximately 750 m for each photo.  
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Figure 24. Photomicrographs of Sample #6, in thin-section, displaying the condition of a chert 
aggregate (blue arrow). The chert aggregate is not cracked like several other particles observed in 
mortar from where the fire occurred. Red arrows point to tears in the paste, most likely due to 
autogenous shrinkage. Photos taken in ordinary, reflected light (REFL), as well as in both transmitted, 
plane-polarized light (PPL) and cross-polarized light (XPL). The field of view in the photo, left to right, is 

approximately 750 m in each photo.  
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Petrographic Examination of Hardened Mortar 
ASTM C 856 
 
Analyst:  J. Langdon  
 

Sample Information Sample:     Sample #1 
 

Sample Location:  Located approximately at Grid C-1.5. 
 

Placement Date:    Not Provided. 
 

Reported Distress Observed:  Exposure to fire. 
 

General Observations 
 

Sample Dimensions: 
Our analysis was based upon cut sections from an extracted section of masonry comprised of both brick 
and mortar. The original as-received maximum dimensions were 329 mm long, 164 mm wide and 100 mm 
deep. The sample was cut length-wise to create a sample approximately 100 mm long x 72 mm wide x 
17 mm thick. Our analysis included thin sections prepared to observe the paste and aggregates in 
ordinary, reflected light, as well as in both transmitted, plane and cross-polarized light. Observations were 
also made on the sample as received. The sample had a mass of 5,167 grams upon arrival. 
 

Aggregate  
Natural sand comprised predominantly of quartz grains with a fair amount of feldspar, chert, amphibole 
and carbonates, along with various other minor lithologies. The particles are rounded to sub-rounded. 
The sand is fairly graded with fair overall distribution. Chert within the sample has become thermally 
cracked but has not undergone a color change. 
 

Paste 
The paste is light gray in color and is found to be both soft and porous throughout. Along the front of the 
masonry unit submitted, soot is observed. During sample preparation, the soot migrated out of the unit 
and into the epoxy. In thin section, no cement is observed, only lime as a binder. Agglomerations of lime 
(lime balls) are observed throughout. The paste is significantly cracked, most likely from autogenous 
shrinkage common in lime only mortars but may also include a component from residual contraction 
during the cooling of the material after exposure to fire. 
 
The paste is friable under finger pressure to a depth of less than 1 mm. 
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Petrographic Examination of Hardened Mortar 
ASTM C 856 
 
Analyst:  J. Langdon  
 

Sample Information Sample:     Sample #2 
 

Sample Location:  Located approximately at Grid A.5-2. 
 

Placement Date:    Not Provided. 
 

Reported Distress Observed:  Exposure to fire. 
 

General Observations 
 

Sample Dimensions: 
Our analysis was based upon cut sections from an extracted section of masonry comprised of both brick 
and mortar. The original as-received maximum dimensions were 121 mm long, 73 mm wide and 98 mm 
deep. The sample was cut length-wise to create a sample approximately 98 mm long x 72 mm wide x 
40 mm thick. Our analysis included thin sections prepared to observe the paste and aggregates in 
ordinary, reflected light, as well as in both transmitted, plane and cross-polarized light. Observations were 
also made on the sample as received. The sample had a mass of 1,055 grams upon arrival. 
 

Aggregate  
Natural sand comprised predominantly of quartz grains with a fair amount of feldspar, chert, amphibole 
and carbonates, along with various other minor lithologies. The particles are rounded to sub-rounded. 
The sand is fairly graded with fair overall distribution. Chert within the sample has not become thermally 
cracked and has not undergone a color change. 
 

Paste 
The paste is light gray in color and is found to be both soft and porous throughout. Along the front of the 
masonry unit submitted, soot is observed. During sample preparation, the soot migrated out of the unit 
and into the epoxy. In thin section, no cement is observed, only lime as a binder. Agglomerations of lime 
(lime balls) are observed throughout. The paste is significantly cracked, most likely from autogenous 
shrinkage common in lime only mortars but may also include a component from residual contraction 
during the cooling of the material after exposure to fire. 
 
The paste is friable under finger pressure to a depth of less than 1 mm. 
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Petrographic Examination of Hardened Mortar 
ASTM C 856 
 
Analyst:  J. Langdon  
 

Sample Information Sample:     Sample #3 
 

Sample Location:  Located approximately at Grid B-2. 
 

Placement Date:    Not Provided. 
 

Reported Distress Observed:  Exposure to fire. 
 

General Observations 
 

Sample Dimensions: 
Our analysis was based upon cut sections from an extracted section of masonry comprised of both brick 
and mortar. The original as-received maximum dimensions were 138 mm long, 81 mm wide and 100 mm 
deep. The sample was cut length-wise to create a sample approximately 100 mm long x 69 mm wide x 
30 mm thick. Our analysis included thin sections prepared to observe the paste and aggregates in 
ordinary, reflected light, as well as in both transmitted, plane and cross-polarized light. Observations were 
also made on the sample as received. The sample had a mass of 1,189 grams upon arrival. 
 

Aggregate  
Natural sand comprised predominantly of quartz grains with a fair amount of feldspar, chert, amphibole 
and carbonates, along with various other minor lithologies. The particles are rounded to sub-rounded. 
The sand is fairly graded with fair overall distribution. Chert within the sample has not become thermally 
cracked and has not undergone a color change. 
 

Paste 
The paste is light gray in color and is found to be both soft and porous throughout. Along the front of the 
masonry unit submitted, soot is observed. During sample preparation, the soot migrated out of the unit 
and into the epoxy. In thin section, no cement is observed, only lime as a binder. Agglomerations of lime 
(lime balls) are observed throughout. The paste is significantly cracked, most likely from autogenous 
shrinkage common in lime only mortars but may also include a component from residual contraction 
during the cooling of the material after exposure to fire. 
 
The paste is friable under finger pressure to a depth of less than 1 mm. 
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Petrographic Examination of Hardened Mortar 
ASTM C 856 
 
Analyst:  J. Langdon  
 

Sample Information Sample:     Sample #4 
 

Sample Location:  Located approximately at Grid A-1.75. 
 

Placement Date:    Not Provided. 
 

Reported Distress Observed:  Exposure to fire. 
 

General Observations 
 

Sample Dimensions: 
Our analysis was based upon cut sections from an extracted section of masonry comprised of both brick 
and mortar. The original as-received maximum dimensions were 212 mm long, 67 mm wide and 105 mm 
deep. The sample was cut length-wise to create a sample approximately 97 mm long x 66 mm wide x 
14 mm thick. Our analysis included thin sections prepared to observe the paste and aggregates in 
ordinary, reflected light, as well as in both transmitted, plane and cross-polarized light. Observations were 
also made on the sample as received. The sample had a mass of 1,946 grams upon arrival. 
 

Aggregate  
Natural sand comprised predominantly of quartz grains with a fair amount of feldspar, chert, amphibole 
and carbonates, along with various other minor lithologies. The particles are rounded to sub-rounded. 
The sand is fairly graded with fair overall distribution. Chert within the sample has become thermally 
cracked with a slight color change observed along a few chert particles. 
 

Paste 
The paste is light gray in color and is found to be both soft and porous throughout. Along the front of the 
masonry unit submitted, soot is observed. During sample preparation, the soot migrated out of the unit 
and into the epoxy. In thin section, no cement is observed, only lime as a binder. Agglomerations of lime 
(lime balls) are observed throughout. The paste is significantly cracked, most likely from autogenous 
shrinkage common in lime only mortars but may also include a component from residual contraction 
during the cooling of the material after exposure to fire. 
 
The paste is soft and friable under finger pressure to an apparent depth of 30 mm. 
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Petrographic Examination of Hardened Mortar 
ASTM C 856 
 
Analyst:  J. Langdon  
 

Sample Information Sample:     Sample #5 
 

Sample Location:  Located approximately at Grid A-12. 
 

Placement Date:    Not Provided. 
 

Reported Distress Observed:  Control Sample, no exposure to fire. 
 

General Observations 
 

Sample Dimensions: 
Our analysis was based upon cut sections from an extracted section of masonry comprised of both brick 
and mortar. The original as-received maximum dimensions were 132 mm long, 76 mm wide and 100 mm 
deep. The sample was cut length-wise to create a sample approximately 100 mm long x 74 mm wide x 
26 mm thick. Our analysis included thin sections prepared to observe the paste and aggregates in 
ordinary, reflected light, as well as in both transmitted, plane and cross-polarized light. Observations were 
also made on the sample as received. The sample had a mass of 1,131 grams upon arrival. 
 

Aggregate  
Natural sand comprised predominantly of quartz grains with a fair amount of feldspar, chert, amphibole 
and carbonates, along with various other minor lithologies. The particles are rounded to sub-rounded. 
The sand is fairly graded with fair overall distribution. 
 

Paste 
The paste is light gray in color and is found to be both soft and porous throughout. In thin section, no 
cement is observed, only lime as a binder. Agglomerations of lime (lime balls) are observed throughout. 
The paste is significantly cracked, most likely from autogenous shrinkage common in lime only mortars. 
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Petrographic Examination of Hardened Mortar 
ASTM C 856 
 
Analyst:  J. Langdon  
 

Sample Information Sample:     Sample #6 
 

Sample Location:  Located approximately at Grid A-12. 
 

Placement Date:    Not Provided. 
 

Reported Distress Observed:  Control sample, no exposure to fire. 
 

General Observations 
 

Sample Dimensions: 
Our analysis was based upon cut sections from an extracted section of masonry comprised of both brick 
and mortar. The original as-received maximum dimensions were 51 mm long, 65 mm wide and 101 mm 
deep. The sample was cut length-wise to create a sample approximately 63 mm long x 53 mm wide x 
39 mm thick. Our analysis included thin sections prepared to observe the paste and aggregates in 
ordinary, reflected light, as well as in both transmitted, plane and cross-polarized light. Observations were 
also made on the sample as received. The sample had a mass of 400 grams upon arrival. 
 

Aggregate  
Natural sand comprised predominantly of quartz grains with a fair amount of feldspar, chert, amphibole 
and carbonates, along with various other minor lithologies. The particles are rounded to sub-rounded. 
The sand is fairly graded with fair overall distribution. 
 

Paste 
The paste is light gray in color and is found to be both soft and porous throughout. In thin section, no 
cement is observed, only lime as a binder. Agglomerations of lime (lime balls) are observed throughout. 
The paste is significantly cracked, most likely from autogenous shrinkage common in lime only mortars. 
 


