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_ This study of historic mona¡s and sruccoes was conducted by ceorge Fore of George T.
Fore and Associates of Ralei-eh, Nonh caroiina and Raymond eepi or nirtaing consenãrion
Associates, Inc. of New York. New York. The srudy was initiatèd and admiñistercd bv the
Flisroric ch¿¡¡leston Foundarion. This study is a is .fôllow-up to a 19g7 srudy conducred b¡,
George T. Fore and Associates of masonr,v and carpentry repair iechniques of Charies¡on s hisrori'c
structures. This latter study was-made possi.ble by ttre assistãnce of thc - 

¡uth Ca¡olina Depanmenr
of Archives and History and the lv{arquèrte Chantable Organization.

^ . TIt: activìty that is the s-ubject of this study.has been financed in pan with Federal funds
f¡orn the Nadonal Pa¡k Service, Departrnent of the Ínærior, a¡d administerà bv the South Ca¡olina
De_partment of Archives and-History. However, the conænts and opinionsl do nor necessarily
reflect the views or policies otl the Depa¡tment of the Inte¡ior, nor does ìhe mendon of sad.e names
or commercial products constitute endorsement or recornrxendations by the Department of rhe
Interior.

ß-t--EE=35Ð-rnd_all requirements imposed by or punì@
Regulations (43 CFR l7) issued pursuarìt to thairitle, to rhe €nd rhar, ín åccordance wirh Tirle VI
of the Act and the Regulation, no perso4 in rhe Unit€d States shall, on the .ground of race. color, or
national origin be excluded from participation in, be denied the beneflts of, or be orherwise
subjected to discrimination under any progrxm or activiry for which financial assistance has been
granted fiom the Department of Interior, National Pa¡k Sèrvice, and that he will immediatelv rake
any ÍEasu¡es to effectuate ùris agreement.

In a,ldition to the above, the consultant agrees to comply wirh the Age Discrimination Acr
of 1975. 42 u.s.c. ó101 Et. Seq. which prohibits discriminaiioî in trinngìl ttre uasis or age-
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Introduction

The rechnology and pracrice of masonry constmction has changed considerably since the

e:ul¡- eighteenth centurv. The development of new manufacturing processes and the resulting

chrn,ge in mason{v materials has been tairly sready during this period, but wirh several signilicant

developments. We in the late twentìeth century are separated by several g€rì€rations from the

technology and construction practices of the eighteenth and nineteenth.centuries. When the "trest"

modem masonry pracrices, ma¡erials and techniques are applied to the buildings of this earlrer

pêriod, rhe ¡esults are often frustrating. If one takes a walk through any of Charl€stonls hivonc

disrricts one will encount€r masonry buildings with significant changes in their originai

appearance, more rapid deterioration of the mason¡y in repair areãs and the spreading of the

dererioradon to surrounding are as of masonry.

The rnasonry construction techniques and styles of Cha¡leston's historic buiidings are quite

broad (Illustrations I through 10). Just as the a¡chi.tectural styles of the buildings vary, so do the

mortars and stuccoes. A pointing mortar mix of the ea¡Iy eighteenth century may well be

inappropriate for the repar of a masonr" structure of the èarly nineteenth century. This is often

confising to th€ builder, owner or a¡chitect, for the mortÍìrs, upon close examination, appear to be

indistinguishable from one another. But the distinction between the various mona¡s and sruccoes

is an imponant facror in the preservation of historic structures. Beyond the important cosmetic

function of pointing mortars and finish stuccoes ôre their mechanical functions of moisture

dissiparion and sress absorption. If a change is made in the original relationship be{ween the

masoff-v units and the mortar or stucco the principal purpose of the mona¡ and stucco may be

compromised. Historica.lly, the design of the mona¡ and stucco of a masonrysystem ensured that

these materials were significantly more porous and plastic t¡arì the bricks. The purpose of this

relarionship was to allow all of the deterioradon processes to be concentrated in those materials

which were the easiest to maintain. The periodic repair of pointing mortar and stucco is considertd
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a normal part of the maintenance of a building. In connast, the replacemenr of rhe brick unirs

u,ould require the reconstruction of rhe affected area.

One of the solutions to the problem of maintaining.and preserving our a¡chitecrural heritage

can be found in rhe understanding of the materials from which it was consrurted; how the

nraterials were manufactured, how they were applied, how they respond to various environmental

and stuctural changes and how thçy respond to specific repair techniques. The following stud¡- oi

eighteenth and nineteenth century masonry examines the tvpes and proponions of in-eredients rhlr

r+ere used to produce mortr¡s and stuccoes.
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Sample Selection and Analysis

The mortars and stuccoes o[ the eighteenth and nineteenih centuries are quite varied. The

assoned binders and aggregates thlt are found in Cha¡leston's mortars and stuccoes demonsmare

the continuing search by the early builders to develop more durable masonry consrrucrion. The

euìiest morta¡s and stuccoes consisred of lime binders mixed with course and iine sands, ground

brick and crushed oyster shells. For the mosr pan the lime was made from the burning of ovs,.er

shells and was probabl,v locally produced. The common morta¡ and stucco mixes were somedmes

given a slight hydraulic quality by adding finely ground brick ro rhe mix. In cases where a more

durable morta¡ was required, such as pointing morÉrs, a hydraulic lime was used. This binder

had an advantage over the non-hydraulic lime made from sheils for it not only set in the pr€sence of

water but also was less resoluble.

The principal differences berween the hydraulic and non-hydraulic binders is in the sertrng,

or hardening, process. With non-hydraulic binden rhe lime does not react with the water. The

setdng of the monar depends upon the t¡ansition of rhe lime putty.inro calcium ca¡bonate as it reacts

with carbon dioxide in rhe armosphere. This reaction is somewhar slow and conrinues

indeFrnitely. The hydreulic setdng of morta$ is a ¡eaction between warer and the complex silicates

found in burned clays. This sening process occurs much quicker rhan th€ serring of non-hydraulic

monar and results in a stronge¡ bond berween the aggregare panjcles. The clays rhar w€re

responsible for the hydraulic quality of the lime occur naturally, ro varying degrees, in the

Iimestones that were bumed to make lime.

Following the discovery of natural cemenr stone in New York, Connecticut, Kentucky,

Pennsylvania and Maryland in the 1820's and 1830's the use of fully hydlaulic na{ural cemenr

became widespread. This new binder had been available from Europe si¡ce rhe 1790's, but before .

a more local source was d.iscovered its use had been reserved for lhe morq costly projects. Natural
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cement stuccoes were used on many Charleston buildings from the 1830's until the late nineteenth

cenrur),, rhe most notable examples being St. Philip's Church and the City Ma¡ket (Illustration 8).

The rhirty-two mortar and stucco samples listed in "Mona¡ and Stucco Samples: Location

and Descnpnon represenl lhe major cetagories of materiai composidon and samplc types tlut have

been idenrified in Charleston. Samples one through ten ate lime.rich pointing mortars of the

eighteenrh and nineteenth centuries. For the most paft these consisr of moderately hydraulic lime

puuies wirh rhe addirion of relatively small amounts of aggregates. The second group of mortars,

eleven through fifteen, are lime bedding mortars. These a¡e similar to the pointing monars, but

conrain lower levels of lime and a higher proportion of aggregates. The component materials oi 'lre

lime stuccoes of samples sixteen through twenty-one are more equally proportioned rhan the lime

pointing monars. The natural cement mortars and sn¡ccoes of samples twenty-two through twenty-

four and twenty-five rhrough thirty-two conuin a much higher proportion of hydraulic materials

' than the lime-based samples above. These laner sarnples are all tiom the fust half of the nineteenth

cenüry and reflect the developing technology of cement production.

The technology of anaÌyzing existing monars has paralleled the development of the cement

manufacturing industry. As poniand cement a¡d fuily hydrated limes replãced natu¡al cement and

hydraulic limes the standaids foi monar analysis wè¡e aitered to reflect the characteristics of the

new products. 'Today, all of the American Society for Testing and Materiais standards for

analyzing binders a¡e designed to detect the quantiry or qualiry ofponland cement within morta.rs.

The results of these tests have piòven rc be quite deceptive when applied to lime-rich or natural

cement mortars. Presently there a¡e no standa¡d or accepted methds for fully analyzing the

composirion of historic mortars.

One merhod of hisroric mortar analysis that has been widely applied is that of E. B. Cliver,

as described in ¡he Bulletin of the AssOciatiqn of Preservation TeohrlolO8y; Vol. VI, No. 1, 1974.

This technique has been used by the National Pa¡k Sewice, many of the gtate historic preservation

offices and conservators in private pracrice. The test method involves rhe measurement of the
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differential weights of a mortar sample befbre and afrer its trearment wirh h¡-drochloric acid. This

rechníque essumes that the difference in the weighrs is directly proportional ro rhe calcium

carbonare content.of the original sample. In practice, this technique has proven to be tluite

unreliable in analyzing the compon€nts of eighteenth and nineteenth cen!ì.rry mortars: This can be

demonstraæd by appLying the method to samples of car 'ully prçpared mortars th:Ìt. have been

cu¡ed in conrolled condi¡ions. The r€sults are consistendy inaccurate. As reponed by Stewan and

iv{oore in 1981 the Cliver method of analysis was shown to be inaccuÍate in ãll of rheir prepared

sample tests. The range of erro¡ in these tests was f¡om 3l4o to 238Va.

The most serious problem with the simple acid dissolution tests is with those catagories of

màterials which they cannot detect, if ftistoric morta¡s contained only varying proportions of lime,

clay and sand this type of rest could show the approximate proponion of the cornpon€nß. But in

addition to these materiais mos¡ eighteenth and ninereenth cgntury mortaJs contain varying amounts

ofsotuble complex silicates which can account for a signilicant ponion of the.binder mechanism.

In the Cliver test the complex silicates dissolved by the hydrochloric acid cannot be distinguished

fiom the ca.lcium ca¡bonate in the sample.

A sirnple test for the semi-quandhtive analysis of ancient mortars has been used for sev€ra.l

years in archaeological studies to demonsûate patæms of mateúal use. This technique has been

sho\,vn to be quite usefui in distinguishing between four mortar components; calcium carbonate,

acid solubles, clay and aggregate. The chiefdeveloper of this technique was Hanna Jedrzej€wska

of Poland. Several papers have been pubtished on this technique, including its comparison *'ith

the Cliver and ASTM methods by Stewan and Moore.

A va¡iadon of the Jedrzejewska method was employed in the anaÌysis of the samples in this

study. The ground and dried sampies were placed in an €nclosed reacdon. vessel. To rhe top of the

vessel was fitted a reservoir .to hold a 25Va solution of hydrochioric acid. The only outlet ftom the

vessel. was rhrough a hose connecæd to a 250m1 gas burette and water reservoir. The resulting

production of ca¡bon dioxide by the reaction of the hyùochloric acid with the sample was
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measured by noting the relative change in water level in the burette. Tl.e volume of the c¡uoon

dioxide was convened into the weight of rhe calcium carbonate by using â conversion standa¡d of

one granr ofcelcium ca¡bonate equal to 222.615 cubic centimeters ofca¡bon dioxide. The weighrs

oi the clay and slntl portions of the sample were determined by gravimetry. The rernlrining porrion

of the sample, that which could not be recovered, were the soluble complex silicftes. Thus, by

determining thrt ponion of the srmple weight loss which was a result of rhe reacrion of the acid

with rhe calcium ca¡bonate the other proportions of the original mon¡¡ could be determined.
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Analysis Data and Interpretation

The results of the morta¡ and stucco analyses a¡e recorded in Table 2. The proþonions of

the tbur principal componenrs of rhe samples are given in both weighr and volurne rarros.

Although the volumetric proporti(r:s of fomrulas are the most familiar lorm of ingredient

comparisons the weight comparisons of Cha¡t I demonstrate the formula differences between the

Iirne monars and stuccoes with low hydraulic qualities and the very hydraulic morta¡s and sruccoes

produced by the naural cements. As one would expect the eight€enth and early nineteenrh cenrury

samples contain a lFh proponion of-lide. The percentages of lime proportion a¡e somewhat

higher than previously reponed. Most of the lime pointing morrars conrain 7 4:7o ro 88% lime by

volume. The lime stuccoes contain 58% to 72Vo Iime by volume. The presence of significant

Ievels of soluble complex silicates in several of the samples indicates that the lime mixes were

slightly to moderately hydraulic. Those mixes conaining less than ten percent solubles can be said

to be non-hydraulic. Those mixes conraining greater rhan ten perc€nt solubles, and panicularly

above rwenty percent, can be said to be moderately hydraulic.

The analysis of the naturar cement stuccoes and mortars also showed the expected

tendencies of the lime content. The mechânism of narural cement binding is somewhat differenr

than that of the lime formulations. The level of complex silicates represenrs a much higher portion

of the mìx than that found in the slightly hydraulic lime monars. In several of the natural cement

stuccoes the weight of the solubles content exceeds that of rhe calcium carbonate cont€nt. The high

level ofìhe calcium carbonate by volume is accounted for by the addirion of time to the original

natu¡al cement mix i¡ orde¡ to make the stucco mor€ workable.

The interpretation of the formulations of Table 2 must be made in rhe contexr of rhe known

performance qualities of modern materials. The lime-rich formulationi of the first rwenry-one

samples a¡e well beyond rhe performance abiliry of present day manufacrured lime. The early
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tradesman often slaked and stored úre. lime marenals at each project site. The freshly prepared lime

paste could be mixed with reladvely small amounts of clay, brick dust and sand. These mixes, il
made in the same proponions using modem materials, ..r.ould be considered unworkable .

Table 3 contains recommended mixes that approximate the lime, solubles and brick dust

content of the onginal formulas. The principal differences between the original and recommended

formulas are the addition of white ponland cement in rhe ptace of the solubles contenr and rhe

significant increase in the proponion of sand. The sening characteristics of fully hydrated lime

requires an ag$egate ponion of at least twice rhe volume of rhe binder portion. Even at rhis some

of the mifes may prove to be too rich in lime. It is recommended that fine, ungraded sands of a

rounded shape be used in order to increase the binder volume of the lime putty pointing mortars.

The solubles and brick dust, or clay, content of the mixes are responsible for the slight hydrautic

quality of the mortars and stuccoes. white portland cement, being approximately fifty perc€nr

complex silicates and calcium hydroxide, ís suggested as a substitute for the hydraulic componenr

of the formulas. The proþonion of brick dust has been left in rhe recommended formulas. The

brick dust will act as a pigment, so the choice of brick color for producing the dust should be

considered. In calculating the reproduction formulas care was raken to be conservative in

estimating the equivalent amounts of solubles and portland cemenr. The cement will nor have the

exact same effect on rhe setting of the mix as did the solubies.

The recommended reproduction formulas of the natur; cements shouÌd be interpreted with

. caution. The substitution of white portland cement fo¡ the natu¡al cement ponion of the origínal

formulation cannot reproduce the same working characteristics, density, rexrure or durabiliry

tlualities of the historic mate¡ials. Densiry and water absorpúon tests would be required before the

long term effects of these mixes could be determined. These mixes may be used as a beginning

point for reproducing the specific qualities of the natural cements. One might find some success by

substitudng other hydraulic-producing materials for a portion of the portland cemenr. These

include high temperature insula¡on clay (HTI) and pulverized fly ash (PFA),
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Although natural cements are no longer available one commerci¿rllv available mortar

material should be mendoned. The Jahn Restoration Techniques and Resea¡ch company of

l{olland produces a series of reproduction mortars thar a¡e formulared from natural cemen(.

IJresenrly this is rhe only known source of any product conuining natural cement.
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Conclusions and Recommendations

Though the range of samples included in this study of Cha¡leston moñars are cluite wide

oneshouldnotassufnethattheyrepresentthefullb¡eadthofvariadonswithineächcategory-

Several hund¡ed sampies would be required to be nuly representative of Cha¡leston's mortars and

stuccoes. And each of these in turn would have to be duplicated - ":l:::::::::::::::

Althoughtheresultsofthisstudycanbedirectlyappliedtothecurrentpreservauoneffonsrn

Charleston.itisrecommendedthatthestudybeexpandedbyacontinuingprogramofanalysisthat

wilì add to the dan' A follow-up anatysis by the Metropoiiøn Museum of An in New York using

perographic techniques is planned in the nea¡ future'

Severar signifrcant observaúons can be made concerning the monars and stuccoes analyzed

inthisstudy.Thelime.richpointingmortarsofsamplesonethroughtenwerefoundtocontalna

muchhigherpfoportionoflimethanhadbeenpreviouslyidentifred.Thelevelofburnedclaysin

aliofthelimepointing,'beddingandstuccosamplesshowedthattheseformuiaswereslightlyto'

moderateiyhydrauiic.Llkewise,thecomplexsilicatesidentifiedinthenaturalcementsamples..

were shown to be a princlple constituent of the bìnder in several of the samples'

Caution was used in making recommendadons based on the formuiations listed in the

Anarvsis Data' rhe recommended *n*"'":l 
ÏÏ Ï, :::J'ï;.:î." Ï" -":'

original formulations' thus ensuring that the repa[s

Alrhough the naturar cefnenrs, solubres, ciays and the hydraulic and non-hydraulic limes do not

directlycorrespondtomo,demmanufacturedmaterials,thisdoesnotpreciudetheuseofmodern

materialsintherepairofhistoricbuildingsiftheirperforman**t^"*ï::t'canbeequatedwith

those of the historic monar and stucco formulas' The two most important characteristics of histonc

stuccoesandmortarshasbeenobservedtobethei¡relativelyhighporosityandelasticiryas

comparedtothatoftheassociatedbrickunits.lfthisperformancerelationshipbetweenthemoíaf

t



and bricks c¡rì be mainnined rhen rhe preservarion of rhe consm¡crion can be assured.

Due to the time restrictions of this srudy ùre recommended fomrulas could nor be prepared

for evalu¡tion. The lssessment of the long term perfbrmance of the recommended resrorlrion

rnires will require their careful formulation in a laboratory. The porosity oi the cured mortr¡s and

sluccoes should be measured to determine the effect of the addition of higher proporrions of

hvd¡aulic materials. Though this evaluation could not be performed for this study the formulas can

be used with some confidence for most of ùe recomrnended reproducrion formulas fell r¡ ithin the

range of formulas thar have been used in the successful lepai¡ of hisroric smrctur€s.
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Table 1: \lortar and Stucco Samples: Location and Description

1. Mulberry - Lime Poìnring Mona¡, Water Table Rubbed Bricks, 17 t4
2. Middleton Place Ruin - Lime Pointing Monar, câ. 1740
-ì. l3l Chu¡ch Streer - Lime Pointing Mona¡. South Eleva¡ion. ca. I809
.1. Nathaniel Russell House - Lime Pointins Morta¡. Eas¡ Etevadon. 18 i 1

5. Aiken Rheu House - Lime Pointing Mo-na¡, Sourh Elevarion. l817
6. Aiken Rhett, Dependency - Lime Poindng Mona¡, 1817
7. 82 Pirt Street - Lime Poinring Morta¡, West Elevarion, 1840
8a 16 Cha¡lone Sreer Gare Posi - Tuckpoinring Monar, 1834-40
8b . 16 Cha¡lone Sreet Cate Posr - Pigmènred D-a¡k Mona¡. (from 8a)
9. 16 Charloue Sreet Fence - Whire þoindng Monar

I0a *f9 East Battery - Pigmented Dark Mortar, 2nd Floor Easr Elevation, ca. l838
10b #9 East Battery - Tucþoinring Monar (from l0A), 2nd Floor East Elevadon

1 l. Middleton Place Ruin - Lime Bèdding Mona¡, ca 1740
12. 60 Tradd St¡eet, Ga¡den Pany Wall - Lime Bedding Mona¡, Easr Elevation, ljZ6
13. 5-1 T¡add Street, Kirchen Building - Lime bedding Mofiar, Nonh Elevation, ca. 17 40
i4. St. Michael's Tower - Lime Bedding Monar (belõw ridge line), 1761
15. Middleton Place, Rice Mill - Lime Bedding Mortar, Hydraulic Lime, ca. 1800

16. Brick House, Edisto - Lime Srucco, Quoins, ca. 1725
17. Brick House, klisto - Lime Stucco. Niche Decoration. ca. 1725
I8. 54 Tradd Steet, Kirchen House - Lime Stucco, Nonh Elevation, ca. 1140
19. 60 Tradd Sreet - Lime Srucco, Easr Elevation Quoin, 1726
20. Manigault Gatehouse - Lime Stucco. South Elevation, ca. 1802
21. 2nd Scots hesbyterian Church - Lime Stucco, Nonh Elevation,r 18 I 1

22. 328 East Bay - Natural Cement Pointing Morra¡, West Elevation, 1838
23. Bennet Rice Mill - Natural Cemenr Pointing Moru¡, 1844
24. #9 Limehouse - Naru¡al Cement Pointing lúona¡, Scored and Pencilled, 1856

25. St. Philips Tower Base - Natural Cement Srucco, Torus Molding Easr Eleiadon , 1839
26. Ciry Ma¡ker - Natu¡al Cemenr Stucco, West Elevation, 1841
27. Dock Street Theatre - Natural Cement Stucco,2nd Floor East Elevation, ca. 1835
28. Aiken Rhett House - Natu¡al Cement Stt¡cco, South Elevation, 1835
29. Aiken Rhett House - Natu¡al Cement Stucco, Art Gallery Nonh Elevarion, 1858
30. I Meeting Sreet - NaturaiCemenr Stucco, ca. 1850
31. City Jaii, ivfagazine Sreet- Natu¡al Cement Stucco, Nonh Elevation, ca. 1850
32. 6 Chalmen Street, Slave lvfa¡ket - Narural Cement Stucco, South Elevation. 1859
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Table 2: Charleston llortars and Stuccoes
Analvsis Data

SrrnDlc 'Srmple Sand Fines +*Cas 9obi¡ne 7o Acid 7o Fines 9¿ Sa¡C Volum€ Ralios
Numb,er \\crght Wcight Weight Dispì¡ccncnr Soluble .."L:,\S: C:S

I 1.00

I 2.00

3 2.00

-1 2.00

5 1.00

6 2.00

7 ì..00

8¡ ?.00

8t 2.00

9 2.00

10a 2.00

lot 2.00

11 2.00

12 2.00

13 2.00

t4 2.00

15 2.00

16 ?.00

r't 2.00

l8 2.00

19 2.00

zo 2.00

21 5.00

12 5.00

23 2.00

21 5.00

25 5.00

26 5.00

27 5.00

28 5.r0
29 5.30

30 5.00

3 r 5.00

32 5.00

0.05 0.:0
0.80 0.t0
0.10 0.20

0.r0 0.50

o.t0 0.0i
0.20 0.05

0.1.0 0.30

0.10 0.40

0.10 0.50

0_r0 0.50
. 0.40 0.50

0.r0 0_40

0.90 0_20

l. t0 0.40

0..10 0.50

0_50 0.40

r.50 0.40

0.60 q.10

t.lo 0.2û

o.50 0-20

0.i0 0.30

0.50 0.30

2.80 0.80

2.40 0.50

0..10 0.50

2.¿0 0.80

2.80 0.40

2.10 0.i0
4.30 0.40

2.30 0.60

2.10 0_40

2.60 0.80

3.50. 0.10

3.1.0 0.?0

r?7.50 19.1+

182.,i0 40.99

190.00 65.14

l30.Jo 63.0r

1'17.50 62.33

279.50 62.i8
285.00 64.02.

282.50 63.46

282.50 63.46

292.50 65.70
I155.00 34.82

z9?.50 65.70

182.50 40.99

92.50 20.78

235.00 52.19

270.00 60.65

r37.50 30.89

20250 45 .,19

150.00 33.69

212.50 54.11

2'12.50 6 t_21

287.50 64.58

252.50 22.69

260.00 23.36

142.50 32_01

287.s0 25.83

262s0 23.59

235.00 2l.l r

r30.oo Il.68
97.50 8.59

242.50 20.56

240.00 21.56

162.50 14.60

271-50 24.91

5.26 10.00

9.00 t0.00
19.36 10.ùo

6.99 25.00

30.17 .2.50

24.11 2.50

t0.98. 15.00

I1.54 20.00

6.54 ?5_00

4.30 25.00

20.18 25,00

9.30 ?O.00

4.00 10.00

4.22 20.00

?.21 25.00

20.00

20.00

19.51 5.00

1:31 10,00

10.53 10.00.

8.79 15.00

r 5.00.

5.31 16.00

18.64 10.00

23.00 25-00

t4.r1 t6.00

12.41 8.00

?6.88 10.00

8.00

34.55 r r.76

26.6t 7.55

t0.44 16.00

13.40 2.00

14.00

48.00 4--l: 1.8: tr :6
,20.00 2.4:0.9rl:I
44 0O 3:0-9: l :3.5

56.00 5,5 : 1.5 : 1:8.9
42.00 3.9 :2.1 : | :5.3
86.00

45.t0 1.4 : 2.9: I :4.8
45.28 5:3:5: t :7.5
52.00 2.5 :0.6: 1 :.1.1

70:00. 3,4: I <: O,25: l'0.9

62.00 '**.

5.0O 24:0.08:2 rl
.10.00 7.? :0,9: 1: i
5.00 t9:l:l:l
5.00 18.6: I :.1 : I
i.00 l8 :4.?:0.i: I

10.00 9.3 : 2 :0.2 .1

i0.0O 9.5:0-7:l:1
5.00 18.8 : I.8:3 : I
5.00 I8.8 : I :4: t
5.00 13.t :0.7:4: 1

20.00 3.3:l:1.3:1.3
5.00 13: 1.5 : 3.2: i

45.00 7.7:0.4:I:5.7
55,00 1.9 : 0.2 : t :3.5
20.00 3.9 :0.1 : l: I
25.00 ***+
75.00

30.00

55.00

25.00

15.00

25,00

56.00

1.6-8:3.8:1:?.i
16-3:0.1 : l:7
12:. I : l:3-2
7.6:0.6: I: 1.3

2.7:0.3:l:4.4

*Al[ weighs given in grams
+*Cas displacemeû! gíven in r¡l

***Lime : {cid Soluble : Clay : Sand
*'*'Sìim Greare¡ ùan %10O .

ü
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Chart 1. Distribution of Component Materials
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Í Table 3: Data Interpretation

Sample Volume Rarios
Nü.rLber ÈrÈ*L: AS: C: S

hterpretation Foamul irs

1 24:0.08:2:l
2 7.7:0.9:l:i
-ì 19: i: :: I
-l 18.6: I :4: I
5 18 :4.? :0.5 : I
ó 9.3:2:0.2 :I
7 9.5:0.7:1:t
8a 18.3: 1.8 i 3: t
8b 18.8: t : {: t
9 i3.l:0.7:4: I

10a 3.3:1:1.3:1.3
10b 13: t.5: 3.2: t

16.8 : 3.8 : I :-7.5

16.3:0.1 :1:7
12:I:l:3.2
7.6:0.6: I : 1.3

2.7:0-3:1:4.4

t2:0:l:26
7.5:0: I : t7
9.5:1.5:l:11
5.5:0:1:ì1.25
4:l:0:10
4.5: ].0: tt
9.5 :0: I :21
9.5 : I : 1.5:24
4.75:0:t:lt_5
3-25:0:l:8.5
3.5:l:1.25:11.5
8.5:l:2:23-5

7-75:0:t:l?.5
' 4.7i : 0.5 : 2-5: t6.I5

4;0:l:10

4.25: I : 0.25 : [1
1:0:0:2
l:0:0:2
7.5:0:I:17

2.5:2: I : lt
1.5:l:l:7
2:l:1:8

4..1: 1.8 : l:6
2.4:0.9:l:l
3:0.9:I:3.5

9 :7 :3.25 :26.5

t6
17

1S

t9
20
2l

22

23

¿)

26

27

28

29

30

31 3

5.5 : 1.5 : l:8.9
3.9 :2.7 : L :5.3

1.4 : 2.9 : I :4.8
5: -l-5: I :7.5
2.5 :0.6: I :4.1
.4: 1.6 : 0.25 : 10.9

4:1.5:lrt3
l-25:2.75:t:10

1.5 : 3.5 : L : 12

3.75:1:2:t3.5
1..75 r.1.5 : 0.25 : 10.5

T
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Illustradons I and 2. The appearance of a regular geometry in eight€enth and nineteenth

century masonry is produced by the fine tooling of the mortar joints. A close

examination of the mason¡y reve¿ls that the bricks are actually somewhat irregular. The

white lime mona¡ was very plastic when freshly mixed, and was easily ooled and shaped

to form the various joint prohles. Shown here is m example of ribþn joint tooling
from the first quarter of the njneteenth century.

16
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Illustrations 3, 4 and 5. The
appezìrance of a very regular
geomet¡y coutd be achieved by
several techniques. Above, ât 9
Limehouse SEeet, a nâtural
cement moÍai similar in color
to .the bricks was applied in a

flush joint. The whiæ lime
"morlar join6' were painted in,
or pencilled. From a disu¡ce,
this created tie appearance of
finely tooled mortar joints. At
center, at 9 East Battery, a

combinadon of the æchniques
shown i¡ Illustrations 2 and 3

wâs employed. The masonry
was pointed with a lime morta¡
finished with a ribbon joint.
TTe uneven edges of the brick
were hidden by rubbing a brick-
colored moru¡ into the space

betwe€n üe brick edges and the
\¡r'hite mortar. Below, at 16

Charlo$e Street, is an exarnple
of tuck pointing. The finished
appearance of this masoüy is
very similar to thât of the
example at center. The
technique of tuck pointing,
though, is somewhat mor€
refined. The mortar joint was

first filled flush with a brick-
color, pigmented morÞr. The
su¡face of úre mortar was tien
sço¡id and then a fine bead of a
white lime mortar was
stencilled into the score line.

Ræ
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Illustrations 6,7 and 8. Stucco
has been a important hnish for
Charleston's historic buildings.
Il wâs typically used to imirare
ashlâr stone construction and
molded.stone elements, such as

' quoins, cornices and architràves.
Many buildings of exposed
brick consEucúon were later
stuccoed to conceal new
additions or repaìrs. At rop is

. the . Manigault gâte house on
: Meeting Street.. The unpainæd
original lime Stucco is inracr

' above the level of the splash
zone. From the courtyard of the
Aiken-Rhett House, at cenrer,
can be seen the principal
additions to the originally
exposed-brick residence. The
1830's addition of the wing at
left and the 1850's addirion of
the a¡t gallery at the far righr
fall within the transition period
when the natùral cement
stuccoes were beginning to
replåce the lime stuccoes. Borh
of these additions, as well as úe
original portions of the house,
were stuccoed with the natu¡al
cement stuccoes. The l84l
City Marker, at bottom, is an

example of the full use of a
natufal cement stucco. The
cornice and capitals of the
Market were cut from
brownstone. The stucco used
on all othe¡ elements of the
building was formulated to
match both the color and Þxture
of the stone. Because of its
durability the stucco did not
require painting.

I
t.

I
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IllusEations 9 and 10. Above is an example of the full history of the stucco materials
used in the eighteenth and ninefe€nth centudes. The original wlúte lime stucco has been-

repaired several times, first with natu¡al cement stuccoes, seÊn as the dãk patches, and

more recently with Portland cement stuccoes, seen as the medium grey patches. It is
interesting to note that üle lime and natu¡al cement stuccoes are weathering at simila¡
rates, indicåting thât the two mate¡ials have similff porosity char¿cteristics. The Pordand

cement stucco is somewhat more dense, as indicaæd by úe more rapid deærioration of the

surrounding lime stucco. Below is a micrograph of a nineteeith cenftry lime stucco.

The oyster shell lime used in the lime sn¡cco mixes in Chârleston was gererally non-
hydraulic. One way of producing thìs quâlity in the succo was to add crushed and ground

brick to the mix. In this sample the particles of brick are the medium and dârk paÍicles.
The lumps of white a¡e ground oyster shell added to "seed" the mix witi calcium
cãbonaæ.


