AN ANALYTICAL STUDY OF EARTH AND LIME
BASED BUILDING MATERIALS

In the Blumenau Region Southern Brazil

MARIA ISABEL CORREA KANAN

A Thesis Submited in Partial Fulfiilment of the Requirements
of Bournemouth University for the Degree of Doctor of

Philosophy

22 September 1995

Bournemouth University



ABSTRACT

An Analytical Study of Earth and Lime Based Building Materials in the Blumenau Region,

Southern Brazil

In the last fifteen years, there has been a growing state and national interest in the
preservation of historic rural settlements of the nineteenth and twenty centuries in southern
Brazil. This interest has generated a need to develop appropriate conservation methods

which will safeguard the integrity and technology of vernacular buildings in Brazil.

This study focuses on the Blumenau region, an area in the state of Santa Catarina which
was settled by German and ltalian immigrants in the late 19th century. As was typical In
such settlements, the immigrants brought with them European methods of construction
which were then adapted to the local environment and available local materials. Though
somewhat deteriorated, Blumenau still retains a large number of vernacular buiiding types
and good documentary sources of information. Thus, it provided an ideal context in which
to develop a methodological approach to the study and conservation of regional building

materials in Santa Catarina.

Twenty domestic buildings dating from approximately 1870 to 1930 and representing the
four principal types of construction in the area were chosen for the pilot project. In addition
to thorough historical and archival research on the architecture and technology of the
region, the study includes an in-depth scientific analysis of earth and lime- based buildings
materials utilised In the rural settlement. The analytical results are interpreted in light of the
historical research and recommendations are made regarding appropriate conservation and
repair techniques. The study concludes with general recommendations for improved

conservation practice in the region including issues of material production, training, and

management.

The work includes an extensive bibliography relating to the characterisation and
conservation of earth and lime- based building materials. Full details of analytical techniques

utilised are given in the appendix.
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1 INTRODUCTION
1.1 BACKGROUND

This thesis is intended to be a contribution to the development of a scientific approach to
the field of practical building conservation in Brazil. The main aim is to develop a set of
management recommendations for the scientific conservation of a group of historic buildings
In south Brazil and other similar structures; these recommendations are based upon a
detailed case study of materials which are critical for the repair of selected traditional
buildings in Santa Catarina. The research is informed by thorough study of the history and
technology of traditional building materials in this region, the characterisation of the

composition of materials through laboratory tests and a review of current best practice of

building conservation.

In more detail, this research is an attempt to increase understanding of two main groups of
materials made primarily of earth and lime which play a vital role in the character as well
as in the maintenance of the original wall systems of these historic buildings. Earth and lime
as basic components of materials for buildings were extensively utilised in the past, but the
progressive disappearance of these materials and the development of more durable masonry
elements and cement mortars which are incompatible with the original construction
materials and methods leads to practical difficulties. Although there is a revival in the use
of earth and lime materials in some places, traditional practical expertise with these
materials in Santa Catarina has been lost and there is an urgent need to consider how these

may be reintroduced to enhance correct practice in the conservation of historic buildings.

This research has appeared increasingly timely and important as the continuing lack of
advice on the use of compatible materials has had serious consequences for the character
and condition of historic buildings and monuments in Brazil, increasing the rate of decay and
altering or even destroying the historic fabric. Considerable damage has been done to the
historic fabric by the use of unsuitable materiais for the repair or rebuilding of earth and lime
construction, which are deteriorated but often sound. The replacement of wall coverings
and paint or the pointing of joints, for example, by harder and less sympathetic materials
has altered significantly the character of many historic buildings and in addition, new and
exacerbated problems of deterioration have appeared. Yet, despite the great advances in
the subject in many European countries, North America and isolated case studies in Brazil,
limited practical information can be found to date in Brazil which deals with the

characterisation of historical materials and the definition of parameters for conservation



treatments. As a conseqguence, there is a serious gap between the practical conservation
technology and practice which has been developed and recommended and that which is
actually practised on conservation sites in Brazil. There is an urgent need for a change in
attitudes. It 1s of paramount importance to study the original materials and construction
methods, otherwise there is little hope for understanding old buildings and preventing their

decay.

The author’'s practical experience in conservation has been gained in Santa Catarina State,
Brazil. Within that area there are many possible sites for investigating the scope of these
problems. In this State, in addition to the survival of early Portuguese settiements there are
a number of houses constructed during the late nineteenth and early twentieth century by
immigrants. The latter, in spite of being considered historically important, have not been the
subject of frequent interventions and so, fortuitously, have retained their authentic materials
about which little is known. The area corresponding to the early Blumenau Colony is an
excellent and typical example of vernacular architecture in Brazil, exhibiting characteristic
building methods and materials introduced by European immigrants. Although this area was
selected for the purpose of the investigation, many other areas would be of equal relevance,

have equal needs and are at equal risk.

This study of immigrant buildings in Santa Catarina has evolved from the author’s
experience as a conservation Architect at the Brazilian Institute for Historic and Artistic
Patrimony’ in that state and from further studies at CRATerre, ICCROM and I10AAS/ York?,
The immigrants’ architecture was discussed in the present author’'s MA thesis in 1992 on
the construction technology of timber-framed buildings and conservation problems in
Blumenau, Santa Catarina.®° The current study is intended to develop knowledge with
respect to building methods, materials and equipment in common use today in the field of
conservation practice, and to make use of this to provide advice on historic building

conservation.

'Founded in 1937 the IPHAN- Instituto do Patrimonio Historico e Artistico Nacional- has been enlarging its
national action through the establishment of local offices. Santa Catarina is a new office set up in 1982 by the
Federal Government. The majority of the conservation work in that State occurs after this penod.

Courses attended at:
CRATerre/ Grenoble- International Centre for Earth Construction- The Preservation of Earthen Architecture/ 1930.
ICCROM/ Rome- International Centre for the Study of the Preservation and Restoration of Cultural Property-

Architectural Conservation Course/ 1992
loAAS/ York University- Institute of Advanced Architectural Studies- MA in Conservation Studies/ 1992.

*Kanan, M.I.C. (1992), "An Introduction to the Conservation of Traditional Timber Framed Buildings in Brazil:
with examples drawn mainly from the former Blumenau Colony”, MA dissertation in Conservation Studies, I0AAS,
University of York, October 1992,



The first chapter of the thesis is the introduction which sets out the reasons, objectives and
scope of the study. This part of the thesis is concerned in identifying the problems and the

field of conservation which relates to the study on earth and lime materials.

The second chapter defines the geographical limits and the historical and architectural
context of the Blumenau region. It describes the methodology followed and questions asked
and used to gain information about the history and technology of materials, the analytical
determinations of earth and lime materials and the interpretatio‘ns of findings as a basis for
conservation recommendations. This section includes the literature review that has

contributed to the study and details of the analytical work.

The final chapter reviews definitions and the basic components and technology of earth and
lime materials to formulate the basis for recommendations. The results from different
sources are approached systematically in order to characterise the matenals. Technical
guidelines are organised based on the characteristics of the materials and supported by
conservation principles. In addition, further recommendations are made on implementation

of conservation work.

Finally there are appendices where analytical results are considered in more detail.

10



1.2 PREVIOUS WORK/ CONCEPTUAL PARAMETERS

The word preservation — in the broadest sense, being equivalent in some cultures
to conservation or restoration — can be considered, from this point of view, as
expresssing the modern way of maintaining living contact with cultural works of the
past... If the conservation of an object or building requires an intervention or
substitution, the intervention should be recognized as a modern, critical action. How
to integrate the modern intervention without faking the original object is an essential
question of conservation...The first operation in any conservation process is to
assess accurately the substance of the object to be safeguarded.®

This definition in Paul Phillipot’s paper is a valuable starting point for an understanding of
contemporary architectural conservation, which may be defined broadly as the action taken
to guarantee the survival of historic buildings — critical action to maintain the integrity of

the historical fabric.

Conservation embraces legislation to protect the buildings, regular inspections,
documentation and town planning as well as actions to prevent decay detailed in treatments
or degrees of interventions based on critical assessment of the building. This thesis deals

specifically with conservation in the form of repairs and replacements.”

The application of modern science and technology to conservation allows conservators to
develop detailed analysis and diagnosis of the materials, the structural system, and the
condition of the buildings with a view to their conservation. At this level of specialisation,
architectural conservation is defined as the science of observing and analysing buildings,
determining the cause, effect and solution of building problems, and directing remedial
interventions focused on maintaining the historical, aesthetic and physical integrity of the

existing historic fabric.

There are many studies dealing with earthen or stone materials that date from the early

*Phillipot, P. (1972), "Historic Preservation: Philisophy, Criteria, Guidelines™, in Proceedings of the North

American International Regional Conference Preservation and Conservation: Principles and Practices, pp. 367; 369-
370.

*See the Section 3.1.2 Definitions of Conservation Treatments and the following references:

Erder, C. Jokilheto, J. "Technical Knowledge in the Preservation of Cultural Heritage”, ICCROM, pp. 1-3.

Feilden, B. (1994), Conservation of Historic Buildings, pp. 1-22.
Feilden, B. and Jokilheto, J. (1992), "Evaluation for Conservation”, Extract from the Draft Guidelines for the

Management of World Cultural Heritage Sites.
Fitch, J.M. (1990), Historic Preservation, pp. 39-47;: 83- 135b.

Philippot, P. op cit, pp. 367-390.
Torraca, G. (1982), "The Scientist’'s Role in Historic Preservation, with Particular Reference to Stone

Conservation”, in Conservation of Historic Stone Buildings and Monuments, pp.13-21.

117



1970’s and before. For instance, in 1981 ICCROM devoted its technical symposium to
mortars and grouts in old buildings and since that time the interest in traditional building
materials such as lime and pozzolanic/ hydraulic mortar and surface materials has increased.
Over the last thirty years the study of building and conservation materials for the benefit

of the world’s historic buildings has developed into a major field of applied science.

Many significant science- based studies of historic building materials and technology have
been made In Europe, North America and elsewhere. Scientific research on the
characteristics of historic materials is also being developed in Brazil, but the results have not

yet been developed into guidelines for architectural conservation.®

Although efforts have been made by institutions in Santa Catarina to protect the
immigrants’ architecture, no systematic system of investigation and diagnosis leading to
appropriate conservation action has been developed. In particular no systematic study
including analysis of materials has been carried out in Santa Catarina. Specifically this work
constitutes a first contribution to the analytical study of the historic materials of Blumenau
based on documentary research in order to establish a selection of criteria for designing

suitable earth and lime based materials.’

5In Salvador, north Brazil the Federal University of Bahia has a group of researchers in charge of the analysis
and development of materials for conservation projects. The group formed by Mario Mendonca de Oliveira, Cybele
Celestino Santiago and Sylvia Pimenta d’Affonseca has produced studies about lime mortars, the historical use
of lime as a stabiliser and organic additives in old mortars. Results are published in the Proceedings of 6th
International Conference on the Conservation of Earthen Architecture 1290, Lime and Other Alternative Cements
(1992) and 7th International Conference on the Study and Conservation of Earthen Architecture (1993).

‘Institutions involved in the preservation of European immigrant’s Architecture in Santa Catarina:
IPHAN- the Brazilian Institute of Historic and Artisitic Patrimony
FCC- Santa Catarina Cultural Foundation.

Town Halls from immigrants’ settiements occasionally have technical teams working on architectural conservation.

12



1.3 FOCUS OF THE STUDY

Masonry materials deteriorate naturally, but the rate of deterioration is accelerated by
factors such as water access, chemical processes, mechanical stresses and biologic action.
Most of the decay problems can be attributed to water from rain, soil and air. However, as
each material has its own chemical and physical characteristics, each will have its own

deterioration problems and conservation practices.®

Traditional buildings in the Blumenau region are of two types — monolithic mass masonry

or timber structures — with varying combinations of the following materials:

® Wood: timber frames, boards, doors, windows and tiles

® Ceramic: Brick and tiles

® Farth: adobe, daub, plasters and mortars

® Stone: foundations

® | ime: Pointing mortars, renders, plasters, stuccos and limewashes
® Gypsum: ceiling plasters

® Glass: window glazing

® Metals: roof of zinc sheeting and copper

Although this study looked at the historical development of all the building materials listed
above, the focus is on the materials which are primarly composed of clay/ earth or lime.
These materials were considered to have priority over brick and timber because of the
greater risk of being lost; in addition the survival of the materials is commonly dependent
on their existence and they are frequently an invaluable source of information on
specification and technique. The extent of the deterioration of these materials, mainly due
to lack of maintenance, poor workmanship, unsuitable components or nappropriate
conservation is a potential cause of damage allowing free water access to the whole of the
masonry and threatening major losses of historic fabric. The conservation of masonry
materials made with earth and lime is thus a crucial issue in Santa Catarina which urgently
deserves attention; unfortunately the subject has so far been neglected. However, 1t is

believed that given the opportunity, ie, availability of technical information and training,

SComprehensive text related to deterioration and conservation practices of masonry materials is written by
Giorgio Torraca. See: Torraca, G. (1972), "Brick, Adobe, Stone and Architectural Ceramics: Deterioration Process
and Conservation Practices”, in Proceedings of the North American international Regional Conference Preservation

and Conservation: Principles and Practices, pp.143-162; and Torraca, G. (1988), Porous Building Materials,
pp.109-121.

13



most architects working with conservation would be eager to utilise the information
contained in this study; it is hoped that this will contribute to a more scientific approach to
historic prerservation in Santa Catarina and that a model for other settlements and areas

may be created.

This study explores the composition of three systems — infill materials; mortar, render and
plaster materials; and paint materials for the design of specifications when both minor
repairs or replacements should be undertaken to ensure long- term survival of the historic

buildings of Blumenau.

14



1.4 AIM OF THE INVESTIGATION

The appearance, texture and colour of early daubs, mortars and plasters varied greatly,
depending on the locality, the types of clay, sand and lime available and mixing and
application techniques. Earth and lime materials can be thoroughly investigated to provide
a framework of information that must form the basis of remedial work specifications. The
hypothesis is that historical research, and documentation and analysis of materials can be

used as a tool in the design of guidelines and contracts for building conservation.

Therefore, the general aim of this study is:

To investigate the materials and technology utilised in the architecture of the Blumenau
region, Santa Catarina, Brazil, and, on the basis of this research, to develop technical
guidelines for appropriate conservation practices, and recommendations for the
implementation of such practices. Historical, technological and analytical investigation ot

earth and lime materials were involved in this study.

15



2 RESEARCH
2.1 STUDY AREA CONTEXT

Over the last fifteen years there has been a growing national and state interest in the
preservation of the historic rural settings of the nineteenth and early twentieth century in
southern Brazil. However, this patrimony now needs to be defined on the level of
compatible materials and minimum intervention techniques in order to preserve the

authenticity and integrity of vernacular architecture in Brazil.

2.1.1 Aspects of the Itajai Valley in Santa Catarina

Santa Catarina is the geographic centre of South Brazil. In this state, as opposed to the
States of Sao Paulo and Parana where there is a straight coastline and then the enormous
'‘Serra do mar’, the plateau area is some distance from the coast and various important
rivers start on the border of the high plateau and are drained into the Atlantic Ocean. The
Itajai- Acu river is the main river of the Atlantic drainage system.” The inland valleys of the
Itajal- Acu river (between the plateau and the coast) are formed by mountains (70% of the
area/ high average is 400m) and low reliefs of meadows. The latter constitute the alluvial
plains where also terraces of clay, sand and silt are found. The weather according to the
Kroppen system is mesothermic (average of the coldest month is lower than 18° C and
higher than 3° C), with wet hot summers (average of the hottest summer months is 22°
C). In addition the annual average relative humidity is 75%. The original forest of the region,
the Atlantic Tropical Forest, is directly related to this type of weather, 1e, abundant rain and
high temperatures. The Atlantic forest in this region is characterised by heterogenous
species for use in construction. Both resources of the region, wood and clay deposits, have
been extensively used since the nineteenth century; today, the Atlantic Forest in the ltajai
valley is reduced to only 30% of the original area and clay resources have also been

reduced. (fig.1)

Santa Catarina was occupied by Indians who settled on the coast or in the inland valleys
and plateau. In the early seventeenth century, with the expansion of the Portuguese

conquest to the south, three settlements appeared along the coast created by Portuguese

’In the past there were legends created by Portuguese and Jesuits about the ltajai- Acu river that the region
was rich in gold. Van lede discovered the river and Manoel Goncalves de Aguiar named 'Taehi’ in 1689. Zedar,

P.S. (1954), O vale do Itajai: Documentario da Vida Rural no. 6, p. 54.

16



from the 'capitania’ of Sao Vicente and later from the Azores and Madeira. These early
settlements along the coast developed Iinto villages and later into the towns of Sao
Francisco do Sul (1658) — north; Desterro (1662}, later named Florianopolis — centre, in
S.Catarina Island; and Laguna (1682) — south.'® In 1820, the first sawmill and shipyard
were established on the coast near the mouth of the Itajai- 'A(;u. Later Itajai wvillage
developed as a town and harbour. During the nineteenth century settlements were
established inland along the river predominantly by German and Italian immigrants. Colonies
appeared such as Blumenau (1850), Brusque (1860) and Rio do Sul (1911). (Fig. 2) At the

same time, other European immigrants’ settlements were founded in Santa Catarina.

Blumenau was founded as a private colony by Dr Hermann Blumenau.'' Until 1860 the
colony consisted only of the private parcel of land located on the right bank near the mouth
of Garcia river. In 1860 the Imperial Government bought the Colony and there was a
colonial extension with the foundation of new settlements along the Itajai- Acu river and its
tributaries (eg Encano, Warnow and Testo rivers) by German and Italian (1875) immigrants.
In 1880 the former Colony had become the town of Blumenau. The early colonial extension
also saw the founding of the towns of Indaial, Timbo, Pomerode, Ascurra, Rodeio and Rio
dos Cedros. After this period new colonies were founded in the river valley. The enlarged
municipal area of Blumenau in 1905 reflects all these colonial occupations. Today, all these
immigrant settlements became towns and a separated municipal area. Blumenau reduced

In area and became the economic and cultural centre of the Itajai valley. (fig.3)

2.1.2 Potential Area for Research

No previous attempt has been made in Santa Catarina to conduct a systematic study of
regional building materials to approach the problem of conservation. The early settlements
of the former Colony of Blumenau provide a context for such study. Both the considerable
number of historic buildings and sites and the historical information available present a

potential research opportunity which is summarised as follows:

9Sao Francisco do Sul, Laguna and the group of the eighteenth century fortresses located in the municipal area
of Florianopolis (one ts located in S.Catarina Island and three are located on small surroundings islands) are listed
as conservation areas by IPHAN.

"Hermann Bruno Otto Blumenau was bornin 1819 in Hassefelde, ducat of Brunsvique. In 1836 he started as
a pharmacy student and in 1846 he was awarded Doctor of Philosophy. in 1848 he went to Brazil and visited the
valley of Itajai- Acu and presented a project to the president of the province of Santa Catarina to colonise the
region. To realize this project Dr Blumenau bought some land to start a private colony.
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1. Most of the rural areas settled by German and ltalian immigrants still retain a large
number of building types constructed during the nineteenth and early twentieth century.
This select group of vernacular architecture exhibits special methods of construction and
materials that European pioneers brought to Brazil. Many timber- framed and brick buildings
scattered in rural sites provide an attractive and interesting collection of regional
architecture. The virtuosity of the crafstmanship reflects each ethnic group who settled and
translated the methods of construction and materials to the new environment, using local
sources of materials. In addition minimal maintenance and repair and the evident
deterioration of the materials based on earth and lime (two common materials nearly always
utilised in all similar groups of buildings) mean that urgent technical advice is needed as well

as instruction in good conservation practice.

2. Blumenau’s municipal records contain old books and several other documents (such as
annual lists of buildings including types of the structures and materials. They also include
annual lists of brickyards/sawmills, building contracts, reports describing settlements and
origin/ profession of immigrants, old letters by immigrants describing houses, colour of walls
and preparation of materials, projects with specifications, old postcards and photographs
of the builldings showing methods of construction, maps containing the early settlements
and drawings of the buildings. All these provide primary sources of information on the

historical development of building materials in this specific geographic area.

3. The region of the early settlements of Blumenau also retains the old brickyards, sawmiills,
equipment and tools to make building materials from local sources. In addition residents of
the building sites (some of whom are also craftsmen) still remember traditional practice and

traditional construction methods.

Recognizing these resources and the need to provide guidelines for the conservation of
immigrant architecture, the research programme was developed to study the traditional
materials of Blumenau’s architecture. Methods included documentary research, oral
accounts and scientific analysis of earth and lime building materials. This study investigated
the historical documentation of Blumenau Colony, emphasis was placed on the sites and
buildings in the early colonial expansion of Blumenau. Lime kilns were investigated in the

region of Itajai- Mirim river where in 1860 the Colony of Brusque was founded. (fig.4,5)
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Fig. 1 - Geographic Aspects of Santa Catarnina
Map (1) shows the location of Santa Catarina in South America and maps (2).(3) show

Santa Catarina between the two other southern states — Parana and Rio Grande do Sul.
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