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1 INTRODUCTION 

The advent of widespread usage of reinforced con-
crete and a myriad of related fatal accidents caused 
the regulation of the concrete industry.  Fundamental 
to this was cement regulation. The resulting products 
in a post-regulated environment distinctly differ 
from those manufactured prior to regulation. For 
modern engineers to effectively evaluate the poten-
tial capacity and behavior of structures built prior to 
regulation, a more fundamental understanding is 
needed as to how cements manufactured before 
1909 differ from those in use today. This paper pro-
vides an overview of major chemical and physical 
distinctions between pre-regulated and post-
regulated cements, along with reasonable historical 
performance expectations.  

1.1 Regulatory agencies within the United States 

During the nineteenth century, cement and concrete 
in the United States (US) were unregulated materials 
with respect to manufacturing, testing, and usage. In 
1904, the American Concrete Institute (ACI) was es-
tablished and began to standardize the industry. 
Prior to 1904, the American Society for Testing Ma-
terials (ASTM), an agency originally founded in 
1898 to improve railroad safety, began investigating 
cement properties. Along with other engineering or-
ganizations, these two agencies advocated for in-
creased regulation of cement and concrete design 
and production. The first ASTM requirements for 
tensile strength of cements were published in 1909. 
Prior to that, concrete design was on a comparative 

basis. Many different “authorities” published results 
from their testing of cements in the form of neat and 
sanded concrete, and a designer was forced to indi-
vidually determine a confidence level to ascribe 
those tests.   

Prior to the formation of these agencies, there was 
no data published that was produced in a consistent 
manner related to the physical and chemical proper-
ties of cement within the US. The manufacturing 
processes varied by cement producers, as did the 
chemical compositions of the materials. For modern 
engineers, the period of greatest concern ranges be-
tween 1875 and 1909. These dates demarcate the pe-
riod between Monier’s experiments with iron rein-
forced concrete and some of the earliest official test 
guidelines for cement (Ransome 1912). ASTM 
created these initial guidelines to establish bounda-
ries of allowable tensile strengths for concretes. The 
tests were based on neat and sanded mixes.  

Although Americans were relatively slow to adopt 
reinforced concrete compared to European usage, 
substantial buildings were constructed in the US 
with these materials, including the Academy of 
Sciences in San Francisco, California, the Pacific 
Coast Borax Works in Bayonne, New Jersey, and 
the Loomis Building in Cleveland, Ohio (Ransome 
1912). Unfortunately, a detailed list of buildings 
constructed with pre-regulated cement is not availa-
ble. Consequently, buildings that may have been 
erected with cements that by modern standards 
would be considered substandard, either because of 
their variability or their strength capacity, are hard to 
identify without chemical analysis from destructive 
testing, except potentially by construction their date. 
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Production of these materials was substantial (Fig. 
1) through the turn of the previous century 

  

 
Figure 1. Natural and Portland cement production 1820-1940 

(data adapted from Kemp 2002).  

2 NATURAL CEMENTS 

2.1  Definition 

Natural cements are hydraulic cements produced 
from burning limestone at low temperatures, around 
1000 degrees Celsius (Richardson 1897f). Usage 
dates back to the Roman Empire, which explains 
why natural cements are often called Roman ce-
ments. In the US, natural cements were primarily 
used as mortar for masonry but were also used for 
highway construction and structural members in 
buildings. In the US, millions of tons of this material 
were produced and used throughout the late nine-
teenth and early twentieth centuries. As an example, 
in 1903, natural cement output was about 845,000 
metric tons and begins to mark a decline from pre-
vious years (Eckel 1928).   

2.2 Types of natural cements 

At the end of the nineteenth century, the most typ i-
cal natural hydraulic cements were created from li-
mestone. The differences between cements varied 
because of chemical distinctions in the various li-
mestone deposits. 

Two common natural cements were regularly re-
ferred to as magnesian and lime (Table 1). Although 
similar to each in their production processes, they 
differed in setting time, heat of hydration, rate of 
strength gain, and chemical composition (Richard-
son 1897h). Differences between the two originate 
primarily from the chemical compositions of the li-
mestone (Table 2). Magnesian cements were typical-
ly quarried in upstate New York, where the magne-

sia content in the limestone was generally 13 to 15 
percent, while lime cements were typically quarried 
in the Potomac Valley, where the magnesia content 
was usually lower than 4 percent (Richardson 
1897h). The importance of magnesia content is ex-
plained below. 

 
Table 1.  Physical properties of natural cements (data adapted 
from Cliffo rd 1897h). 

2.3 Manufacturing process 

The manufacturing process for natural cements be-
gins with the quarrying of hydraulic limestone. The 
stone is then burned in a kiln until the carbonic acid 
burns off and some of the free lime bonds with the 
silica and clay, thereby forming compounds with 
hydraulic energy. This process is called calcination. 
Common lime is obtained by heating, i.e. calcining, 
pure or nearly pure limestone. Such heating produc-
es quicklime, CaO, by driving off the carbon dioxide 
from CaCO3 at a temperature of around 400 degrees 
Celsius. The addition of water to this substance then 
causes the quicklime to slake with the liberation of 
heat and a gain in volume. Natural cements are 
formed by calcining the limestone at a higher tem-
perature around 1100 to 1200 degrees Celsius 
(Kemp 2002), which in the processing was often un-
sustainable in a consistent manner at the end of the 
nineteenth century. After a single burning, the burnt 
stone typically contained excess free lime. When 
mixed with water, this free lime caused a high tem-
perature of hydration, which created overly rapid 
curing, thereby resulting in lower concrete strength 
(Richardson 1897g). After this primary burning, the 
limestone was mill ground or further processed to 
slow its setting time.  
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Natural cement

Portland cement

200 100 50

Rosendale, best, NY 10 7 2

Rosendale, average, NY 24 12 3

Buffalo, NY 32 24 6

Akron, "Star," NY 12 7 2

Milwakee, Wis. 18 10 2

Utica, Ill. 25 15 4

Round Top, Md. 15 8

Cumberland, Md. 19

Cumberland & Potomac, Md. 30 17 4

Antietam, Md. 7

Sherpherdstown, Md. 14

Louisville, "Anchor," Ky. 24 11

Lousiville, "Speed," Ky. 24 16 10

Sellersburg, Ind. 27 12

Fort Scott, Kans. 12 4

Double Star, Kans. 9 3 1

Mankato, Minn. 31 9 1

Union, Penn. 7

Improved Union, Penn. 30 15 3

Anchor, Penn. 10 2

Milroy, Penn. 20

Utah 14 4

Magnesian

Lime

Unspecified

Table 1.  Fineness of natural cements (data adapted from Richardson 

1897h)

Type of 

natural 

cement

Brand
Fineness (% retained)



 

Lime Magnesia
Silica 

comb.
Alumina Iron oxide

Combined 

alumina

Combined 

soda

Sulphuric 

acid

Loss on 

ignition

Silicates 

undec.

Brand CaO MgO SiO2 Al2O3 Fe2O2

and iron 

oxide
and potash SO3 CO2 + H2O Total

Rosendale

Hoffman, 1897 34.64 14.82 16.49 10.96 4.68 15.64 1.80 1.04 4.50 12.43 101.36

Hoffman, 1890 35.84 14.02 18.38 15.20 0.93 3.73 11.46 99.56

Newark & Rosedale 34.14 19.61 24.43 8.68 1.52 3.57 6.35 98.30

New York - Eastern

Hudson River 36.67 14.35 18.17 11.30 1.32 4.27 13.11 99.19

New York & Bridge 33.18 19.61 11.28 9.40 4.40 14.64 92.51

Rock Lock 35.35 14.75 14.82 17.50 1.41 4.68 12.18 100.69

New York - Western

Akron Obelisk 37.54 26.14 13.94 10.02 2.12 4.58 6.81 101.15

Star  41.60 22.24 16.20 4.40 2.80 7.20 1.62 2.06 6.90 4.00 101.82

Buffalo 39.20 26.52 13.24 4.40 2.00 6.40 1.85 1.39 6.80 3.24 98.64

Pennsylvania

Slegfried 45.95 11.53 5.78 6.86 0.69 26.17 13.83 110.81

Milroy 41.90 29.73 13.56 5.00 0.74 6.40 4.68 102.01

Western

Sellersburg, Ind. Anchor. 38.28 11.94 18.52 4.78 3.24 8.02 1.97 10.39 6.24 95.36

Milwaukee 33.40 22.60 13.80 4.00 2.80 6.80 2.51 2.59 9.50 11.20 102.40

Louisville 46.64 12.00 20.42 4.76 3.40 8.16 2.57 6.75 3.74 100.28

Utica, Ill. 29.99 19.79 9.58 2.76 2.16 4.92 1.77 1.35 15.96 17.42 100.78

Kansas

Ft. Scott 49.80 12.16 17.60 4.00 5.00 9.00 2.04 4.50 4.20 99.30

Minnesota

Mankato 45.51 15.02 16.30 3.34 3.80 7.14 2.03 1.94 10.00 5.06 103.00

Potomac

Shepardstown 34.83 11.33 22.89 9.36 1.25 1.49 5.13 13.62 99.90

Antietam 29.38 13.37 14.54 10.44 3.25 13.69 1.15 7.15 18.96 98.24

Lime Cements

Round Top 45.66 2.86 21.68 8.34 4.14 12.48 1.31 8.13 7.96 100.08

Cumberland & Potomac 39.54 3.80 20.42 8.38 5.38 13.76 10.20 9.80 97.52

Cumberland 41.96 3.19 20.25 14.76 7.97 9.41 97.5414.76

10.02

6.86

5.00

9.36

17.50

11.30

Table 2.  Chemical composition of natural cements by brands (data adapted from Richardson 1897g)

9.40

8.68

15.20

Percent composition



To combat excessively high hydration heat, three 
methods were employed. Air slaking the dry ground 
cement particles was one method, which allowed the 
free lime to naturally slake, through a chemical reac-
tion with air. The large storage facilities and time 
required, however, discouraged use of this process. 
The burnt stone could also be sprinkled with water 
to produce the same effect. The amount of water va-
ried for each type and size stone and, thus, had to be 
established through experience. The final option was 
to steam the burnt stone in baskets until the free lime 
was slaked (Richardson 1897g).  

Following the removal of excess lime, the stones 
were then repetitively crushed and sieved to ensure 
the product’s fineness. The sieving process consisted 
of separating the larger grained stones from the 
smaller ones by passing them through a series of 
wire meshes, which were designated by a sieve 
number that indicated the quantity of holes within a 
2.54 cm square area of wire mesh. 

2.4 Fineness 

The percent retained on the #100 sieve and above 
acted as an indication of cement fineness. Typical 
magnesian cements ranged between 7 and 24 per-
cent retained on or above the #100 sieve.  The fine-
ness of lime cements ranged between 3 and 20 per-
cent retained on or above the #100 sieve. The lime 
cements had a much broader range of fineness 
across different brands, (Table 1) but were generally 
finer than those of the magnesian cements (Richard-
son 1897h).   

2.5 Chemical composition and specific gravity 

The chemical composition of natural cements varied 
greatly between different brands (Tables 2 & 3). The 
range of magnesia content varied about 3 percent to 
30 percent. Despite all materials being manufactured 
from limestone, the differences between the stones 
resulted in significant chemical and physical proper-
ties. For instance, magnesian cements typically had 
a percentage of magnesia between 15 and 27 percent 
(Richardson 1897g). The high amounts of magnesia 

created slower setting cements better suited to use in 
mortar for brick construction. For projects where the  
structure had to withstand early loading, faster set-
ting cement was desirable. For these projects the 
lime cements were preferred, where the magnesia 
content was kept below 3 to 4 percent (Richardson 
1897g). As per the actual amounts of magnesia 
present in typical magnesian and lime cements after 
burning, Table 3 provides a basic chemical composi-
tion of these cements.   

The highest specific gravity of magnesian cements 
was about 3.04, slightly less than Portland cement. 
A typical range given of natural cements was be-
tween 2.70 and 3.04 (Richardson 1897g). The lower 
the specific gravity, the more water is needed to ob-
tain the same strength as a mix of Portland cement 
with the larger specific gravity.  

2.6 Physical properties 

There is only limited performance data available 
on these historic materials, but critical physical 
properties that could be easily measured were tensile 
and compressive strengths. 
 

Table 4.  Comparison of magnesian and lime ce ments (data 

from Richardson 1897d, g, & h).  

Table 3.  Statistics of chemical compositions for natural cements (data adapted from Richardson 1897g)

Lime Magnesia
Silica 

comb.

Combined 

alumina

Combined 

soda

Sulphuric 

acid

Loss on 

ignition

Silicates 

undec.

Parameters CaO MgO SiO2

and iron 

oxide
and potash SO3 CO2 + H2O

Mean 38.68 15.52 16.47 10.06 1.83 1.53 7.80 9.56

Standard deviation 5.62 7.28 4.46 3.68 0.37 0.58 5.06 4.65

Lower extreme 29.38 2.86 5.78 4.92 1.25 0.69 3.57 3.24

Median 37.91 14.55 16.40 9.18 1.80 1.39 6.78 9.61

Upper extreme 49.80 29.73 24.43 17.50 2.51 2.59 26.17 18.96

Range 20.42 26.87 18.65 12.58 1.26 1.90 22.60 15.72

Magnesian Lime

Typical brands Rosendale

Round Top, 

Potomac 

Valley

Low High

Slow Rapid

Low High

High Low

None Some

Lime (CaO) 37 42

Magnesia (MgO) 18 3

Silica (SiO2) 15 21

Combined alumina & 

iron oxide (Al2O3 & 

Fe2O2)

11 14

Sulfuric acid (SO2) 1 1

Table 4.  Comparison of magnesian and lime cements (data 

adapted from Richardson 1897d, g, & h)

Heat of hydration

Strength gain

Initial

Long term

Resistance to frost

Basic chemical composition
Average percent 

composition



 
Figure 2.  Tensile testing arrangement (Skempton 2001).  

 
2.6.1 Tensile Strength  

Researchers at the end of the 19th century believed 
that the data gained from tensile tests were of greater 
value than that from compression tests, because the 
tensile test measured the weakest performance 
mode. Figure 2 is a schematic representation of a 
tensile testing apparatus. Briquettes of the material 
were cast in a form in the shape of a letter “I” and 
loaded along the y-axis. Typical tests included mixes 
of cement with only water (neat cement), and those 
with varying quantities of sand, cement, and water 
(referred to in the literature as part quartz concrete). 
The results in Table 5 were generated from a mix of 
2 parts sand (quartz) and 1 part cement.  

Generally, magnesian cements tended not only to 
gain strength at a much slower rate than lime ce-
ments but reached a lower final tensile strength a 
(Figure 3). Due to inherent inaccuracies with tensile  

 
Figure 3. Neat cement tensile testing results from various natural ce-

ments (data from Richardson 1879h).  

 

testing, results varied greatly between technicians. 
resulting in data sufficiently accurate for only gener-
al comparisons. Problems with this test included 
premature crack propagation at the corners of the 
briquettes and inconsistent testing briquettes both in 
concrete mixtures and shape (Cummings 1897d).  

 
2.6.2 Compressive strength 
In an attempt to further understand the properties of 
cements; compressive tests were conducted in a 
manner similar to the tensile tests. Several 7 day and 
28 day results are provided in Table 5. As mentioned 
below, these tests are difficult to compare to com-
pressive tests done today due to the different consid-
eration of concrete mixes as being just sand, water, 
and cement. Although little testing information ex-
ists within the US, in Europe compressive tests were 
conducted on such historic materials (Skempton 
2001).  

2.7 Quality Control 

The quality control for natural cements consisted of 
visually spot checking the sprinkled burnt stone to 
ensure that most of it had slaked properly and that 
the ground cement in each barrel sold was properly 
blended (Richardson 1897g). These quality control 
measures for slaking and sieving were considered by 
many to be insufficient and eventually led to design-
ers’ distrust of natural cements for structural con-
crete. Many of the natural cements sold on the mar-
ket at the end of the nineteenth centurey were 
considered too fast setting to be effectively used in 
structural concrete (Brooks 1911). 

3 EARLY PORTLAND CEMENT 

3.1 Brief history 

Joseph Aspdin invented the first form of artificial 
cement in England in 1824. He ground and then 
burned limestone and clay in a kiln and found that 
the resulting mix acted as a hydraulic cement, which 
hardened with the addition of water (Skempton 
2001). Eventually referred to as Portland cement, 
this material was first imported to the US in 1865, 
received a US patent in 1871, was manufactured in 
the US in 1872, and first produced in excess of one 
million barrels in 1896 (Concrete 1909).   

3.2 Manufacturing process 

Portland cements were ground into a powder, 
burned, and then reground into a finer powder, un-
like natural cements, which were burned in a kiln 
prior to grinding. Portland cements were also burned 
around 1700 degrees Celsius, a substantially higher 
temperature than the natural cements. With the firing 
temperatures at this level, tricalcium silicates and  
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Table 5.  Various physical properties of natural cements (data adapted from Richardson 1897h)

1 day 7 days
28 

days
3 mos. 6 mos. 1 year 7 days

28 

days
3 mos. 6 mos. 1 year 7 days 28 days 7 days 28 days

Rosendale, best, NY 689 1420 2758 3103 3151 3447 552 1034 1724 2551 3103 3.04 **

Rosendale, average, NY 517 1034 2068 2241 2586 3172 310 896 1448 1862 2344 11,976 4233 3.04 **

Buffalo, NY 552 1655 2137 2103 * 1999 * 2386 * 552 1048 793 * 710 * 669 * 6874 8963 4826 6757

Akron, "Star," NY 772 2068 2206 2186 * 2510 * 2544 * 745 1586 1048 * 1027 * 793 * 9136 19,388 4826 8963

Milwakee, Wis. 827 1103 1613 2330 2255 * 2565 * 414 552 931 * 1048 * 1076 * 6295 10,046 3489 5667

Utica, Ill. 1310 1717 2317 1772 * 1669 * 1786 * 814 965 1379 841 * 924 * 10,604 13,596 7412 9997 2.70 **

Round Top, Md. 689 1724 2068 2827 3075 3627 841 1758 2358 2668 3551 2.84 **

Cumberland, Md. 689 2068 2586 2558 2710 1076 2048 2455 2413 3020

Cumberland & Potomac, Md. 689 2068 2172 2558 2710 1296 1551 2779 2737 3006

Antietam, Md. 448 1007 2068 483 855 1117 1558 1600

Sherpherdstown, Md. 483 1103 2068 731 1448 1827 1937 2523

Louisville, "Anchor," Ky. 758 1531 2137 2255 * 2537 * 2868 * 676 1048 758 * 993 * 1110 * 11,976 19,271 3447 7343

Lousiville, "Speed," Ky. 1241 1710 2717 496 1131

Sellersburg, Ind. 276 414 2206 207 896

Fort Scott, Kans. 359 689 1103 248 593 5302 8660 2875 4688 2.79 **

Double Star, Kans. 800 1448 2103 1903 786 1765 2744 7391 16,561 6812 10,135

Mankato, Minn. 1296 1641 2386 1786 * 1931 * 2199 * 772 1103 827 * 869 * 1055 11,466 15,775 3964 5750 2.81 **

Union, Penn. 1172 1586 2586 1034 1724 2151

Improved Union, Penn. 965 1510 2165 2234 2737 1000 1593 2041 2475 2758

Anchor, Penn. 1034 2068 621

Milroy, Penn. 345 1172 2758 483 1379

Utah 552 1407 1931 2689 359 1586 336

** (data adapted from Richardson 1897g)

Specific 

gravity
Type of 

natural 

cement

Lime

Magnesian

Neat compressive 

strength (kPa)

2 Part quartz 

compressive 

strength (kPa)

Neat tensile strength (kPa) 2 Part quartz tensile strength (kPa) ***

*** Cement mixer is 1 part natural cement to 2 part sand

* Data included in original table but from separate testing source

Unspecified

Brand



aluminates were produced, which affected the set-
ting time and hydraulic bonding reaction (Kemp 
2002). This process yielded a finer, stronger, and 
more consistent product (Skempton 2001). 

3.3 Chemical composition and specific gravity 

The tricalcium silicates are the primary bonding 
agents within Portland cement today, yet many of 
the chemical compositions for pre-regulated Port-
land cement existed in the same chemical form as 
natural cement (Table 6). For the past 100 years 
there have been important changes in the production 
of Portland cement. Where early Portland cement 
was typically burned once, modern Portland cement 
undergoes several complex processes including 
burning of the stone through a rotating kiln, the ad-
dition of additives, like gypsum, within the actual 
cement clinker to increase the consistency of the fi-
nal product, and finally through a similar, but 
slightly more complex grinding process which pro-
duces an extremely fine powder able to pass through 
sieves that would retain water (Kosmatka 2002).  

Regardless of procedures for the production of 
Portland cement over the decades, the specific gravi-
ty has remained relatively unchanged at 3.15, a val-
ue substantially higher than natural cements (Rich-
ardson 1897g); the higher specific gravity requires 
less water to generate the same strengths as those 
created with natural cements.  

3.4 Physical properties 
 
3.4.1 Tensile strength 
Early Portland cements generated at higher tensile 
strengths than natural cements during the course of 
the first year, and thus were thought to be superior 
(Fig. 3). Yet, early tests also indicated that as Port-
land cement continued to age over a period of years,  

 

Figure 4.  Tensile strength of Portland and natural cement over 

5 years (Cummings 1897b). 

 

tensile strengths began to decrease, while those 
made of natural cement continued to increase in ten-
sile strength up to 100 percent (Cummings 1897b). 

3.4.2 Compression strength 
Compressive strength tests of early American Port-
land cements are difficult to locate; however, many 
tests conducted in Europe on similar cements result-
ing in 28 day compressive strengths for 1:3 part ce-
ment to sand mixes between 5520 kPa and 19,300 
kPa (Skempton 2001). Although data is difficult to 
compare across continents due to the differences in 
the native stone, the same general conclusions were 
found in the US, namely that even pre-regulated 
Portland cement was consistently stronger than natu-
ral cement. In 1916, Portland cement was advertised 
as being to develop equivalent strengths to that of 
natural cements in “leaner” mixtures meaning those 
with less water (Kidder 1916). As with modern con-
crete this offered many benefits including higher ul-
timate strengths and less likelihood for freezing dur-
ing setting because of the reduced free water.  

3.5 Quality control 

The other difficulty in the period of cement is that at 
the end of the 19th century, demand for Portland ce-
ment often outpaced the production capabilities to 
generate a consistently high quality product. Ac-
cording to contemporary sources, manufacturers 
would often sell inferior cements as Portland ce-
ments, in order to make a profit. These inferior ce-
ments consisted primarily of ground clinker and im-
properly burned cement rock. Natural cement 
producers also sold ground, over burnt stones as 
Portland cement, even though, as explained above, 
the process of production was distinctly different 
(Richardson 1897g).   

4 COMPARITIVE ANALYSIS 

4.1 Natural and early Portland cements 

Distinctions between natural cements and artificial 
cements were based on the production processes for 
each. From the specific processes, the cements 
gained their chemical and physical properties. Natu-
ral cements utilized the inherent hydraulic bonding 
properties of limestone, whereas artificial cements 
increased the stone’s bonding properties by increas-
ing the surface area by grinding the limestone prior 
to burning and by increasing the burning tempera-
ture, therefore, allowing more of the quicklime to 
bond to available silica and form tricalcium silicate. 
This process produced a more uniform and consis-
tent final product. The result was a larger initial ten-
sile and compressive strength for Portland cements 
over natural cements (Fig. 4).   
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Eventually builders concluded that natural ce-

ments were unfit for construction. By 1909, text-
books claimed, “Natural cement is not suitable for 
concrete.” (Concrete 1909). Natural cement produc-
tion decreased 78 percent between 1903 and 1913, 
dropping from around 845,000 metric tons per year 
to 90,000 metric tons per year (Eckel 1928). Even as 
early as 1896, Portland cement production was ap-
proximately twice that of natural cement production 
in the US (Fig. 1) (Kemp 2002).  

4.2 Pre-regulated and modern cements 

The chemical and physical properties of pre-
regulated cements between 1875 and 1909, a period 
when reinforced concrete came into use, were incon-
sistent, varying in degree between the different types 
of cements and the different brands. Unlike modern 
cement, early cements rarely produced a concrete 
mixture with similar tensile and compressive 
strengths in testing briquettes and cubes. By the 
1930s, the variability in setting time of natural ce-
ments eventually caused their demise. Portland ce-
ments of this period, although more consistent, still 
had flaws in the production procedure, namely with 
quality control. With the apparent variance in histor-
ic cements, modern engineers when confronted with 
such projects may consider coring multiple samples 
from various locations within a building that dates 
from this time frame to ensure an accurate prediction 
of the concrete capacity of the structure. Unlike to-
day, where the production process for cements is 
heavily regulated by ACI, PCA, and ASTM, the late 
19th century in the US can for all essential purposes 
be considered as unregulated.  

5 CONCLUSIONS 

Today’s designers often mistakenly assume modern 
performance values for historic materials. Such a 
course of action may prove especially imprudent 
when evaluating buildings constructed with pre-
regulated cements as the material did not consistent-
ly achieve 20,000 kPa. Adequate precautions  

 
should be taken when considering materials from 
this period. 
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