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Figure 13: Map Three, created by author 
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Map Four Keys 

 

 
Table 9: Main Map 4 Key, created by author 

 

 
Table 10: Locator Map Key, created by author 

 

 



46 
 

 
Figure 14: Map Four, created by author  
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Findings 
 

When looking at the maps, the 267 buildings documented that were built during 

the study period are evident. The buildings have been marked on the Map Three in Figure 

13. A large majority of these buildings were built within the boundaries of the original 

shape of Charleston, therefore it can be said that these 1840s and 1850s buildings were 

built on relatively good soil. Out of the 267 buildings mapped, approximately 82% of the 

buildings are located on original soil. Since less than 20% of the focus period buildings 

were built on made land, the hypothesis that these buildings are having problems due to 

their location relative to made land versus original land was disproven. 

 

 

 

 

 

Table 11: Percentages of buildings relative to location in city, created by author 

 

In conclusion, the original theory of made land causing structural issues to mid-

nineteenth century buildings due to poor soil conditions was disproven. This discovery 

put a much larger focus on material strengths, or more specifically, the mortar testing. 

  

Description of Area Percentage of 1838-1860 
Buildings Located in an Area  
 

Original Land 82% 
 

Made Land 18% 
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CHAPTER SEVEN - MORTAR  
 
Mortar Quality Over Time 
 

Research on professional mortar studies and reports was performed in this study 

in order to further support the testing done for this thesis. Evidence from various 

reputable sources suggested that mortar quality in the 1840s and 1850s is particularly 

poor. The resources investigated were not specifically studying the mortar quality in this 

time period to prove it inferior, but were valuable to this thesis because they each made 

note in their study that the quality of the 1840s and 1850s mortar was of lesser quality. 

The sources used here were a study on three College of Charleston buildings and a report 

on a 1840s building made by a local conservation firm.  

 
College of Charleston Structures – Randolph Hall + Towell Library + Porter’s Lodge 
 

Dorothy K. Krotzer and John J. Walsh published an article, “Analyzing Mortars 

and Stuccos at the College of Charleston: A Comprehensive Approach”, that describes, in 

length, the methodologies used in mortar analysis. The main goal was to find the best 

approach when preforming a mortar analysis. While trying to determine an efficient 

approach, Krotzer and Walsh were able to better comprehend the history of building 

materials used on three significant Charleston buildings located on College of 

Charleston’s. campus. The three buildings of focus were, Randolph Hall, Towell Library, 

and Porter’s Lodge. Randolph Hall is the earliest of these building, built in the 1820s. 

Towell Library and Porter’s Lodge were built in the 1850s, which falls within the period 

of focus for this thesis. 
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To get the most actuate results as possible in Krotzer and Walsh’s study, samples 

were taken from select locations. The method used for the bedding mortars in Krotzer 

and Walsh’s study was standard acid digestion, similar to the method used for this thesis 

study’s mortar analysis. In addition, Krotzer and Walsh’s study used photographic 

imaging methods, which was not used in this thesis. The component percentages could be 

determined by weighing the sand and fines and calculating the amount of binder. 

 

The results of Krotzer and Walsh’s samples give information not only on the 

efficiency of the acid digestion technique but can also reveal a comparison between 

earlier (1820s) mortar the study period (1838-1860) mortar. The sample taken from the 

1820s building, Randolph Hall, contained traces of lime produced from oyster shells. 

This mortar contained fine shell that were heated, or calcined, during the lime production. 

It was evident that the lime binder was made by the calcination of shells based on the 

visible shell in the mortar. On the other hand, the mortar taken from the 1850s buildings, 

Towell Library and Porter’s Lodge, had a lime produced by the burning of a rock instead 

of shells. This finding further supports Dr. Manigault’s observation of mortars made from 

limestone instead of shells were inferior. It is well known presently and in the nineteenth 

century that mortar binder comprised of lime produced from oyster shells is superior to 

mortar with a binder comprised of lime produced from limestone. 30 An architect 

                                                      
30 Dorothy S. Krotzer, John J. Walsh, "Analyzing Mortars and Stuccos at the College of Charleston: A 
Comprehensive Approach" APT Bulletin 40, (no. 1, 2009), 46. 



50 
 

involved with rebuilding Randolph Hall after the Earthquake of 1886 makes this 

statement in Manigault’s account: 

 
“This lime was invariably made from oyster shells, which were gathered at the 
mouths of the various rivers and inlets. The industry of burning lime from shells 
was an important one, and continued so until the cheaper stone limes from the 
Northern States were introduced, and the home-made article gradually was driven 
out of the market. This did not occur, however, until about the year 1838.,.”31 
 
“Laboratory analysis of the mortars of the Cistern-area buildings supports 
Manigault's statement. The evidence indicates that the lime shifted from locally 
available oyster-shell lime to "imported" rock-based lime sometime between 1828 
and 1851. This change may have been the result of a shift in commercial 
availability, cost, or a preference for lime produced from stone instead of 
shells.”32 

 
Note: The stucco revealed similar findings, but the focus of this thesis study is on the 

bedding mortar. 

 
 
Meadors - 30 State Street 
 

To further prove that the mortar produced and used during the 1840s and 1850s 

was of insufficient quality, a report created by a local construction and restoration firm, 

Meadors Inc., provides a contributing account and was analyzed. The report was on the 

study and mortar analysis of 30 State Street, which is believed to have been constructed 

in the 1840s. The mortar analysis report covered multiple samples taken from various 

parts of the building. Below is an excerpt of Meadors findings: 

 
“…consistent with mid-19th century mortar mixes found in Charleston, SC. As 
indicated by the sieve analysis, the quartz aggregate ranged in diameter from 

                                                      
31 Dutton, 228-229. 
32 Krotzer, Dorothy S. Walsh, John J. 46. 
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0.595 mm to 0.149 mm. Approximately 68% of the individual sand grains are of 
the same size with diameter of 0.149 mm. This gradation is typically not 
recommended for modern mortars according to ASTM C144. Additionally, no 
evidence of an oyster shell based binder was found within the sample, indicating 
that the mortar was created during the time when cheaper northern limestone 
based lime was imported for use in Charleston mortars. Current historic research 
indicates this switch in material technology occurred during the 1830s.” 33 
 
The above quote from the Meadors Inc. report emphasizes that the 1840’s and 

1850’s mortar was of lesser quality. 

 
 
Limestone Advertisements 
 

One of the main ingredients in nineteenth century mortar is lime. The lime acts as 

a binder for the mortar. There are two fundamental types of limes, pure lime and 

hydraulic lime. Pure lime is also commonly referred to as high calcium lime or non-

hydraulic lime. To create lime calcium carbonate materials such as limestone, marble, 

chalk, or shell must be collected. To create lime from any of these materials, they must 

first be crushed and burned by heating them to a very high temperature to release as much 

carbon dioxide as possible. Once the carbon dioxide has been released from the calcium 

carbonate, calcium oxide, or quicklime, has been created. To create lime for a mortar 

binder, water is then added to the quicklime. This process is commonly referred to as 

‘slaking’. The end result yields slaked, or hydrated lime. The following image, in Figure 

15, illustrates the process previously described. The calcium hydroxide, however, is not 

the end of the cycle. Over time, carbon dioxide is reintroduced to the hydrated lime while 

                                                      
33 30 State Street Charleston SC: Mortar Analysis Report, (Charleston: Meadors Inc. 2017), 1-42. 
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water slowly evaporates out, thereby reverting the substance back to its original 

compound of calcium carbonate, completing the cycle.  

 

Figure 15: Diagram of the lime cycle created by The Building Limes Forum34 

 
 

Along with a high sand content, another theory of why the mortar mixed in 

between the years of 1838 and 1860 is of lesser quality is the switch from shell lime to 

stone lime. Oyster shell was used for many decades in mortar mixtures in the Charleston 

area. Oyster shells have a consistent lime content allowing for a better binder in a mortar 

mixture. Limestone provides a less consistent lime content causing an unpredictable 

binder quantity. Advertisements were selected that date to the time period of focus that 

are advertising stone lime for the use of mortar. These advertisements were found in 

publications from the mid-nineteenth century. Many of these advertisements were from 

                                                      
34 “About Lime”, The Building Limes Forum. 
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companies that were located in the North selling to cities like Charleston. There are also 

advertisements for Rosendale cement included. Rosendale cement is a natural cement 

produced with limestone. Below, in Figures 16 through 18, are some examples of these 

advertisements. 

 
 

  
Figure 16: Lime stone advertisement from 183935 

 
 
 
 

  
Figure 17: Roman cement advertisement from 184436 

                                                      
35 The Southern Patriot. Charleston, (South Carolina May 2nd,1839), 3. 
36 The Southern Patriot. Charleston, (South Carolina August 2nd, 1844), 3 
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Figure 18: Roman cement advertisement from 184537 

 
The advertisements shown in Figures 15 through 17 are important to this study 

because they point to the fact that there was indeed a switch from oyster shell to 

limestone. If people were advertising to sell this product to Charleston, then that means 

that Charleston builders were buying it at the time. With the change in building material, 

the change in building quality becomes more clear. More support for material quality is 

provided in the mortar analysis chapter, taking a closer look at the true composition of the 

mortar mixtures of the period of focus.  

 

  

                                                      
37 The Southern Patriot. Charleston, (South Carolina April 22nd, 1845), 3. 
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Mortar Analysis Findings 
 

Discussion 
  

One of Manigault’s biggest claims from his observations of buildings performing 

poorly in the 1886 earthquake was the problem of mid-nineteenth century mortar being 

weak and manifesting great damage to the building from lateral loads. It was determined 

that the strength and quality of the mortar made throughout the entire century is likely 

inconsistent. In an URM wall, bricks act as individual units leaving the mortar as the only 

material contributing to the tensile strength of the wall. Due to this consensus, it was 

decided to focus on mortar for the material analysis portion of this study. 

 

Mortar samples were collected from six case study buildings. These case studies 

were chosen based on location in the city38, time period of construction, and accessibility 

to the building for sampling. The mortar analysis was similar to the ASTM C1324-15 

(the standard test method for examination and analysis of hardened masonry mortar). The 

main focus of the study was to analyze the original bedding mortar of the masonry walls. 

Some case studies had opportunities for comparisons. In these cases, two separate 

samples were taken from these buildings to compare the mortar composition. For 

example, original bedding mortar of a wall versus the original bedding mortar of a cistern 

or original bedding mortar of a wall versus bedding mortar applied during earthquake 

repair post 1886. 

                                                      
38 Example: A case study was chosen because it is located in the damage area of the Fire of 1838 and was 
built after the fire. 
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Acid digestion and gravimetric analysis techniques were used to analyze the 

mortar by removing the binder and analyzing the aggregate of the samples. General 

binder-aggregate ratios were determined and a broad view of what proportion of 

materials that were used in creation of the mortars was obtained.  

  

The samples were first characterized through microscopic examination of the bulk 

sample with a standard microscope. Photographs throughout the entire process at each 

step were taken in order to keep a clear record of the experiment. These photographs can 

be found in the appendix. The samples were then broken down by hand with a ceramic 

mortar and pestle and dried in a drying oven for 24 hours. 

  

The crushed samples were placed in a 600 mL beaker and submerged in a solution 

of muriatic acid in order to separate the components. These components included the acid 

soluble portion (binder), aggregate (sands, crushed stone, shell, etc.), and fines (clay, 

pigments, etc.). The beaker was placed on a stirring plate and mixed with a magnetic 

stirrer for twenty-four hours in order to thoroughly dissolve the acid-soluble components 

of the binder. 

  

The beakers with the remaining sample were removed and set to filter using filter 

paper and a glass Erlenmeyer flask. The larger aggregate was separated from the fines by 

stirring and suspending the fines in the liquid as it was poured through the filter paper. 
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After the filtration, the larger aggregate and the fines on the filter paper were then dried 

for twenty-four hours in a drying oven, and weighed. The weight ratios of the binder, 

aggregate, and fines could then be determined. In order to determine the particle size 

distribution, the aggregate was sieved through standard a ASTM sieve set for further 

characterization.   

 
Eleven samples were taken from six case study buildings built in the period of 

focus (1838-1860), or containing a portion built in the period of focus, and all located in 

Charleston. In addition, all the samples were bedding mortar to ensure the mortar 

collected was made during the time being studied as opposed to a later repointing 

campaign. When more than one sample was taken from the same building, the two 

samples were from different building campaigns of the structure to compare them, or the 

samples were from the same buildings campaign but taken from distinctly different 

locations to ensure more actuate results. Two samples were taken from 5 East Battery, 

one from the original 1840s portion of the house and the other from an addition added 

after the 1886 earthquake. This allowed a comparison between mortars of two separate 

building eras, thereby proving if the earlier mortar was inferior. Two samples were taken 

from the crawl space of 94 Rutledge Street. These samples were taken from the 1840s 

house. One sample was taken from an average wall and the other from a wall surrounding 

the cistern. The reasoning here was to determine if the builders laid a separate mortar 

knowing one wall would be subjected to much more water (The cistern wall). Two 

samples were taken from two locations at Grace Church Cathedral on Wentworth Street. 

One sample was taken from the attic above the west facing side aisle and the other was 
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taken from tower accessible through the main, central attic. Both of the Grace samples 

are original bedding mortar. The next sample was taken from 4 Gadsden Street. Since the 

house had been demolished prior to the start of this study, mortar was scraped off of an 

original brick found on site. The mortar collected was original bedding mortar and was 

collected to study a mortar from an 1838-1860 building that had been deemed structurally 

unsafe. Another set of samples was taken from the crawl space of St. Mary’s Catholic 

Church on Hassel Street. This building was rebuilt right after being destroyed in the Fire 

of 1838. The original intent for these samples was to compare mortar from a wall built 

during the church’s original construction in the early 1800s to mortar from a wall 

constructed right after the fire. After investigation, the wall that was thought to be an 

original was, in fact, most likely build during the 1838 reconstruction. The St. Mary’s 

samples now show the composition of a mortar being used directly after the Fire of 1838. 

The last set of samples were collected from 26 Meeting Street. The first sample was taken 

from the main portion of the house which was constructed in the 1820s and the second 

was taken from a hyphen addition that was added on between 1852 and 1872. Using this 

sample as an example of 1850s mortar, it allowed a comparison between a mortar from 

an era before the period of focus and mortar from during the period of focus. 

Of all the mortar taken, the samples taken from Grace Church Cathedral were of 

the smallest in quantity. This cut back was a consequence of hard to reach locations at 

which the masonry was exposed in this building. Enough sample, however, was collected 

in order to make an effective analysis. It should also be mentioned that the results 

obtained from a sample set of eleven do not provide definitive answers for every 
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nineteenth century masonry building. The results, while limited, do provide answers 

about mid-nineteenth century mortar for the sake of this study. 

It is very difficult to assign an exact definition to what a quality historic mortar 

composition is composed of. Historically, a 1:3 binder to aggregate ratio has been 

considered a respectable mixture for a relatively strong historic mortar.39 This is a rough 

estimation and is assuming that the mortar is mixed perfectly every time, which is not 

likely. It is also assuming a consistent quality in aggregate, however, aggregate material 

changes depending on event, year, and location. To further expand on that note, oyster 

shell can act as a binder and an aggregate while sand can only be used as a loose 

aggregate. 

According to the “Standard Practice for Determining the Component of Historic 

Cementitious Materials” created by the National Center for Preservation Technology and 

Training, a mortar sample can be classified by the percentage of hydraulic material 

(lime/binder) present. Below is a table representing percentages of lime or binder in a 

sample and if it falls under a weak, moderate, or strong category. These values are helpful 

for roughly characterizing the hydraulic component of a lime based mortar. It is 

important to keep the following values in the table below in mind when reading the case 

study compositions graphs on the following pages.40 

 

                                                      
39 Gerard Lynch, Brickwork: History, Technology and Practice, (Donhead Publishing Ltd. London, 1994), 
166-128. 
40 “Standard Practice for Determining the Component of Historic Cementitious Materials”, (National 
Center for Preservation. 2004), 22-24. 
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Lime Component 
Classification 

Weak  
 

Moderate  
 

Strong  

Lime Percentage 
Range 

5-15% 16-25% 26-36% 

Table 12: Lime component classification value table41 

To further show that a higher lime content will produce a stronger mortar, two 

graphs made provided in “Physical-Mechanical Characterization of Hydraulic and Non-

Hydraulic Lime Based Mortars for French Porous Lime” by Al-Mukhtar and Beck are 

provided below. Al-Mukhtar and Beck studied the degree of compatibility between a 

certain type of limestone and mortar and to see what lime content was most compatible 

with a strong mortar. These two graphs are a simple representation that the higher the 

lime content, to a limit of 60%, the strong the mortar will be.   

 

 
Figure 19: Compressive strength vs. lime content graph (left) Tensile strength vs. lime content graph (right) 42 

 

To show that a higher clay (fines) content will produce a weaker mortar, two 

graphs made provided in “Tensile Bond Strength of Soil-Cement Block Masonry 

                                                      
41 “Standard Practice for Determining the Component of Historic Cementitious Materials”, 23. 
42 M. Al-Mukhtar, K. Beck, “Physical-Mechanical Characterization of Hydraulic and Non-Hydraulic Lime 
Based Mortars for a French Porous Limestone” (Madrid, Spain, 2006), 5. 
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Couplets Using Cement-Soil Mortars” by B. V. Venkatarama Reddy and Ajay Gupta are 

provided below. Reddy and Gupta studied the strength of mortar relative to the content of 

clay and cement in a mortar. For this thesis, the focus is on the results collected from the 

clay content analysis. The study states: “…bond strength of cement-soil mortar decreases 

with increase in clay content of the mortar.” The two graphs below are a simple 

representation that the higher the clay content, to a limit of approximately 30%, the 

weaker the mortar will be.   

 

 

Figure 20: Compressive strength vs. clay content graph (left) Tensile strength vs. clay content graph (right)43 

 

There are other methods for testing the structural capacity of mortar. Push tests 

are a method where a device is used to push on a brick to determine at what point the 

mortar fails. This measures the shear strength of the mortar in a building. Push tests were 

considered for this study but, unfortunately, this test method is slightly destructive. There 

                                                      
43 B. V. Venkatarama Reddy, Ajay Gupta, “Tensile Bond Strength of Soil-Cement Block Masonry Couplets 
Using Cement-Soil Mortars” (2006), 1-7. 
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was not accesses and/or permission provided by all buildings owners to preform 

destructive testing so it was not implemented. 

For this study, the quality of the mortar was mainly measured by determining the 

percentage of binder found in each sample. 

 
 
Hypothesis for 1838-1860 Mortar –  
 
High sand content + low lime (binder) content + lack of sharp aggregate. This rough 
hypothesis was formed by general observations of mid-nineteenth century mortar.44 

 

 
All the raw data is available in the appendix. The test results refined from the data 

are on the following pages, as well as a discussion of the implications: 

  

                                                      
44 Hypothesis made by author. 
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1840’s Mortar 

 
Figure 21: 5 East Battery Original Components 

 

 
Table 13: 5 East Battery Original percent passing 

    

 
Figure 22: 5 East Battery Original percent passing 

Sieve Number % Passing
10 99%
20 95%
40 56%
60 20%
100 6%
200 1%
Pan 0%
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Figure 23: 5 East Battery Original aggregate 
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1880’s Mortar 

 
Figure 24: 5 East Battery Addition Components 

 

 
Table 14: 5 East Battery Addition percent passing 

    
Figure 25: 5 East Battery Addition percent passing 

 

Sieve Number % Passing
10 99%
20 94%
40 38%
60 5%
100 1%
200 1%
Pan 0%
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Figure 26: 5 East Battery Addition aggregate 
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1840’s Mortar 

 
Figure 27: 94 Rutledge Average Battery Components 

 

 
Table 15: 94 Rutledge Average percent passing 

    

 
Figure 28: 94 Rutledge Average percent passing 

Sieve Number % Passing
10 99%
20 96%
40 16%
60 7%
100 3%
200 0.4%
Pan 0%
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Figure 29: 94 Rutledge Average aggregate 

  


