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The section on mortars is designed to help owners of buildings recognize and 
GLDJQRVH�PRUWDU�VSHFL¿F�SUREOHPV��7RSLFV�FRYHUHG�KHUH�LQFOXGH�LQWURGXFWLRQ�

to common mortar issues and technical terminology, tests to identify mortar ingre-
dients, and suggested standards for repair and replacement. With this information, 
an owner will be better able to correctly and appropriately repair mortar problems 
ZLWK�WKH�DVVLVWDQFH�RI�D�TXDOL¿HG�FRQWUDFWRU��$�JORVVDU\�RI�WHUPV�IROORZV�WKH�ERG\�
of this chapter. 

Statement of Purpose
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Historical Overview

Ancient and modern recipes for mortar typically call for binders that pro-
mote adhesion of masonry units, as well as aggregates that help the mortar 

UHPDLQ�ÀH[LEOH�DIWHU�VHWWLQJ���6LQFH�DQWLTXLW\��UHFRPPHQGHG�UDWLRV�RI�ELQGHUV�WR�
aggregates have remained unchanged. In his work from 15 BC, Vitruvius observes 
that a good mortar can be obtained from a 1:2 or 1:3 mix of a lime binder with a 
sand aggregate (Vitruvius 1914, 45). Today, a typical bag of premixed mortar con-
tains the same approximate ratio of cement binder to sand aggregate. Ingredients 
LQ�PRUWDU��RQ�WKH�RWKHU�KDQG��DUH�KLVWRULFDOO\�DQG�ORFDOO\�VSHFL¿F��2OGHU�PRUWDUV�
often include close at hand things like hair, straw, rice, and egg yolk. In the United 
States, the most common historical binder is hand-made lime, which is very soft 
after setting. After 1872, it became common to mix hand-made lime with a much 
harder commercially available product called Portland cement. In the 1910s, a 
more pure manufactured lime became commercially available and was typically 
mixed with cement. Between the 1930s and 1950s, cement eclipsed lime as the 
primary binder used in American mortars. These different mortars are not inter-
changeable. The wrong mortar can permanently damage a building.

Mortar in Cottage Grove

Before1899, mortars in rural Oregon were predominately natural lime and are 
very unlikely to contain manufactured ingredients. A cement factory did brief-

ly operate from 1884-85 in Oregon City, but by the 1910s cement was still being 
imported from Europe (Lesley 1924, 66; 171). Even by the late date of 1913 there 
were only two cement manufacturers in the state, and only one lime factory (Or-
egon Bureau of Labor 1914, 93). Cottage Grove’s buildings tended to be made from 
local materials well into the 20th century. From the 1890s to mid 1900s, Charles 
Hamilton Wallace produced handmade bricks on the North side of Cottage Grove 
and was the mason for several downtown buildings (Voss 1993, 8). The natural 
lime binders in his mortars were likely self-made in kilns at his brickyard, and his 
ggregate was likely taken from the Coast Fork. As a caution, the age of a build-
ing does not necessarily tell its mortar type. Some relatively early structures like 
the 1911 National Bank Buildings were made using non-local materials, and other 
older buildings were radically changed later in life (Voss 1993, 9). Instead of using 

History & Characteristics
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age to guess a mortar type, a series of simple tests are the best way to identify mortar 
ingredients, beginning with the “Finger Test” for lime—pictured to the right.

Types of mortars

Five mortar types are commonly used in historic preservation. Following stan-
dard recommendations, measured by volume in part, sand should never be less 

than 2¼ and not more than 3 times the sum of cement and lime. 
Name Cement Lime Sand Crush

S 1 ½ 4 – 4 ½ 1,800 psi

N 1 1 5 - 6 750 psi

O 1 2 8 - 9 350 psi

K 1 3 10 - 12 75 psi

“L” 0 1 2 ¼ - 3 <75 psi

(adapted from Mack and Speweik 1998, 9, 18)

Water should be added to the mix slowly until it is A) thick enough to stick to the 
underside of a trowel held mid-air, yet B) still workable and capable of jiggling 
OLNH�-HOOR���,I�D�EULFN�RU�VWRQH�FDQ�EH�VDFUL¿FHG�IRU�GHVWUXFWLYH�WHVWLQJ��DQ�H[FHOOHQW�
matching mortar can be selected.   As indicated below, brick strength should sig-
QL¿FDQWO\�H[FHHG�UHFRPPHQGHG�PRUWDU�VWUHQJWK��$�SXUH�FHPHQW�DQG�VDQG�PL[�WHVWV�
at 2,500 psi after curing. It is far too strong to use in most old and new buildings in 
Cottage Grove.

Brick Strength Rec’d Mortar Strength

Very High 10,000 + psi 3600-4108 psi

High 7,000-9,000 psi 1,800-2500 psi

Medium 3,000-5,000 psi 600-1000 psi

Low 1500 psi 150-450 psi

(adapted from Sickels-Taves 1995, 451) 
Water should be added to the mix slowly until it is A) thick enough to stick to the 
underside of a trowel held mid-air, yet B) still workable and capable of jiggling like 
Jello.

Masonry Type Sheltered Moderate Exposed/severe

+VERMXIW��ZMXVM½IH�FVMGO O N S

Limestones, manufactured brick. K O N

Hand-made brick “L” K O

(adapted from Mack and Speweik 1998, 18)

When replacing mortars, it may be prudent to replace higher strength mortars with 
a lower psi type.

Lime Test
6YR�]SYV�½RKIV�EGVSWW�E�QSVXEV�NSMRX��,S[�
HSIW�]SYV�½RKIV�PSSO#

A) Clean: no lime. This exterior chimney 
was built in 1982 and uses a cement binder.

%��&KDON\��VLJQL¿FDQW�OLPH�SUHVHQW��7KLV�H[-
terior chimney was built in 1928 in Eugene 
and likely uses a manufactured lime binder.

C) Very Chalky and Soft: natural lime. This 
interior chimney was built before 1900 near 
Cottage Grove. Its mortar easily crumbles to 
the touch.
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�� Flush

�� Rodded

�� Struck

�� Raised

Types of Joints:

(McKee 1973, 70)

-ORTARÒFEATURESÒCANÒBEÒIDENTIµEDÒTHROUGHÒOBSERVATIONÒANDÒTESTING

Any repair of mortar joints should begin with a careful effort to assess aesthetic and functional features of the original 
mortar before starting the work. Important features include color, aggregate size and appearance, type of binder, mortar 

VWUHQJWK��DQG�EULFN�VWUHQJWK���6HHPLQJO\�RGG�LQJUHGLHQWV��VXFK�DV�KDLU��VKRXOG�EH�LGHQWL¿HG�DQG�PDWFKHG�WR�SUHVHUYH�ERWK�DS-
pearance and functionality. Take note of instances of poor original workmanship and use of incompatible or inappropriate 
materials. These features should not be replicated.

�� Grape-
vine

Types of lime binders: their availability, production, 

and application

Natural Lime (hand made): This item is not commercially available. It is made 
by burning oyster shells and other high-calcite materials like limestone. In a 

dangerous chemical process, the burned lime powder is mixed with water to make 
a putty called hydrated lime. This traditional manufacturing process leaves impuri-
ties in the putty, like shell pieces and cinders, which give strength and hydraulic 
qualities to the otherwise delicate material. It is easy to identify natural lime in a 
mortar joint because of these impurities. Instead of making natural lime, owners 
can purchase a manufactured lime and add impurities to match the appearance and 
strength of the historic mortar.
   
Hydrated Lime (manufactured): This item is available in local specialty stores in 
powder form, and online as a hydrated lime binder or render (see www.usheritage.
com). Because it is more pure than natural lime, it is weaker.  As mentioned above 
in Mortar History, manufactured limes entered general use around 1910 and are of-
ten mixed with Portland cement. To replicate a handmade lime, this product should 
be tempered with cement (Foulks 1997, 112). 

Hydraulic “will harden under water” Lime  (manufactured): This item is available 
as a special order through local suppliers, and online as a hydraulic lime render 
(see http://www.lime-mortars.co.uk). Like hydraulic Portland cement, this product 
contains silicates that allow it to set under water. This product is often preferable as 
D�UHSODFHPHQW�IRU�FHPHQW�LQ�PRUWDUV��JLYLQJ�JUHDWHU�ÀH[LELOLW\�DQG�UHVLOLHQFH�ZKLOH�
retaining strength and water resistance.
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4ESTINGÒ!NÒ%XISTINGÒ-ORTAR�Ò7HATÒ)SÒ)T�Ò#ANÒ)TÒ"EÒ2EP
LICATED�

What Binder? 

If a lime-based mortar comes into contact with muriatic acid (hydrochloric 
DFLG���LW�ZLOO�EXEEOH�YLJRURXVO\�DQG�WXUQ�WKH�ÀXLG�D�JUHHQLVK�FRORU���0RUWDUV�
without lime will not bubble or react to the acid in any way.  A subdued 
reaction indicates a cement + lime binder.

What Aggregate?

The binder test dissolves lime, leaving behind aggregate. If then sent 
through a series of sieves, the aggregate itself can be separated by size. 
This allows for matching of the original aggregate’s proportions, strength, 
texture, and color—helping the new mortar to blend in. The mortar aggre-
gate pictured below was taken from a Cottage Grove building, and matches 
sand gathered in the Coastal Fork of the Willamette River. 



Cottage Grove, OR

Masonry Conservation Handbook 28

MORTARS

Some Things Are Problems, Some Are Not

A good mortar is weaker than the masonry around it. Cracks that follow a mor-
tar joint, but do not break bricks or stones, indicate that the mortar is doing a 

good job. The mortar is able to adjust to any movement in the building structure, 
DQG�KDV�VDFUL¿FHG�LWVHOI�WR�VDYH�WKH�PDVRQU\�DURXQG�LW��,Q�D�JRRG�PRUWDU�MRLQW��KDLU-
line cracks are actually known to heal themselves. This is called microcrystalline 
bridging. Mortar cracks as large as 1/16th of an inch are usually not problems, but 
should be monitored (Weaver and Matero 1993, 5). A good mortar joint also helps 
UHOHDVH�ZDWHU�WKDW�¿QGV�LWV�ZD\�LQWR�WKH�ZDOO��,I�PRUWDU�LV�GHQVHU�WKDQ�WKH�VXUURXQG-
ing masonry, it will not help discharge water. The masonry will likely develop salt 
FU\VWDOV�DQG�SRVVLEO\�ÀDNH�DSDUW�RU�³VSDOO�´�,I�D�GDPS�MRLQW�LV�FKHPLFDOO\�VHDOHG�RU�
replaced with a hard impermeable cement,  moisture will be forced  into the sur-
rounding masonry and irreversibly damage it.

Problems & Causes

What Aggregate?

A mortar sample can be weighed, and then subjected to the acid binder 
test. Since the acid dissolves lime,  only the aggregate will be left behind 
for lime-based mortars.  If the aggregate is then thoroughly dried, and its 
weight compared to the original sample, an estimate of the mix’s propor-
tions can be made through simple arithmetic.

What Else?

Pay attention to any items, like hair (which does not dissolve in muriatic 
acid), that add to the function and appearance of the original mortar.
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Figure 1: 

Cracking and spalling caused by a replacement cement mortar that is too 
strong to accommodate movement and too dense to release water.  

Figure 2:

A missing “butter” joint in a stone cornice, with water staining. The joint 
should be repointed only after investigating and repairing other potential 
causes of the failure. 

Figure 3:

Damp mortar covered with moss. The mortar is performing well under dif-
¿FXOW�FLUFXPVWDQFHV��7KH�URRW�SUREOHP�ZLWK�WKH�ZDOO�LV�³ULVLQJ�GDPS´�DQG�
LV�QRW�D�PRUWDU�VSHFL¿F�SUREOHP��

Figure 4: 

Salt crystallization on a modern brick and cement wall. Repointing with a 
OLPH�PRUWDU�PLJKW�KHOS�¿[�WKH�SUREOHP�
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Reversibility: The Golden Rule

As a golden rule, all interventions in an 
historic building should be reversible. Oth-
erwise the building’s integrity may be com-
promised.

�� Power tools should not be used on a 
repointing project. The tools will al-
most always damage the fragile edges 
of bricks and other masonry. It will be 
costly or impossible to repair the dam-
age. 

�� &HPHQW�PRUWDUV�VKRXOG�EH�XVHG�RQO\�DI-
ter careful, informed consideration. Ce-
PHQW�LV�YHU\�GLI¿FXOW�WR�UHPRYH�ZLWKRXW�
damaging adjacent masonry. Cement 
is also harder and denser than most 
other historical materials, and is likely 
to cause irreversible damage to the sur-
rounding masonry.

�� 'R�QRW�SXW�D�³EUHDWKDEOH´�VHDODQW�RYHU�
PRUWDU�RU�PDVRQU\�� �6HDOV� DUH�GLI¿FXOW�
or impossible to remove, and can cause 
irreversible damage. 

�� 5HWDLQ�RULJLQDO�PDWHULDOV�ZKHQHYHU�SRV-
sible because they are irreplaceable.

Repointing and Repair of Historic Mortars

Repair work should start only after the source of a mortar problem has been de-
¿QLWLYHO\�LGHQWL¿HG�DQG�DIWHU�DOO�RWKHU�URRW�SUREOHPV�DUH�FRUUHFWHG��H�J��ULVLQJ�

GDPS��PLVVLQJ�ÀDVKLQJ���2QFH�WKH�H[LVWLQJ�PRUWDU�KDV�EHHQ�FDUHIXOO\�H[DPLQHG��
and the history of the building reasonably researched for important clues, a plan for 

repair can be drawn up. Note that repointing should be part of a building’s routine 
maintenance. Masonry is not eternal, and good mortar is actually designed to break 
when it needs to—as has happened in the picture to the top right

Health and safety

Mortar work and repointing are remarkably dusty and noisy activities. A 
scaffold and other measures should be taken to protect workers and the 
public below. Read warning labels and follow manufacturers’ safety rec-
ommendations.

Features that should be retained

When working on an historic building, reasonable efforts should be made 
to retain and reuse original materials before resorting to replacement. For 
example, it may be possible to save old mortar and use its aggregate for the 
new mortar. This will help retain qualities of the original mortar like color, 
texture, and overall appearance. If materials cannot be reused or salvaged, 
WKH�WHVWV�RXWOLQHG�DERYH�FDQ�EH�XVHG�WR�KHOS�¿QG�D�JRRG�VXEVWLWXWH��$HVWKHWLF�
IHDWXUHV� OLNH� WKH� WRROLQJ� RI� WKH� MRLQW� VKRXOG� EH� UHSOLFDWHG� E\� D� TXDOL¿HG�
mason.

Features that should not be retained

If a mortar analysis suggests that a mixture outside the 1:2 -1:3 range was 
originally used, and it did not perform well on the structure, do not repli-
cate the error. For cement mortars, particularly those that have broken the 
masonry around them or are causing salt crystallization it is appropriate to 
consider repointing with a hydraulic lime mortar instead (Mack and Spe-
weik 1998, 7; Sickels-Taves 1989, 1).  Lime binders also deserve skepti

Recommendations


