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Introduction 

Macau is a highly populated city with limited land resources. The number of visitors 

has soared into tens of millions per annum in the past few years. Together with the 

steady increase in local population, competition between residential and commercial 

space is becoming vigorous. There is no immediate solution for the matter, although 

the new land reclamation policies and the Hengqin Island development supported by 

the central government have provided some relieve for the future. While the 

government and residents are reaping the rewards from the major economic bloom of 

the tourism industry, many old buildings in the city cannot escape from the faith of 

being remodelled or sacrificed to accommodate the needs of new developments. As a 

result, the once peaceful and humble image of Macau has shifted miraculously into a 

colourful modern city. However, the improved quality of lives and employment 

opportunities brought enormous burdens to the society. The excessive amount of 

tourists, rapid change of climate, together with the rising of large modern buildings 

and transportation systems, not only created extra stress for the already fragile 

infrastructure, but also brought tremendous pressure to the exiting historic 

architectures, monuments and local landmarks in the city.  

Geographic location and Climate: 

Macau is a small city located on the southern coast of China, around 60 kilometres 
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from Hong Kong. Its humid subtropical climate means winter is generally short and 

mild, while summer is hot and humid, with temperatures climbing up to mid-30°C’s 

and a UV index reading of around ten to 11. Tropical cyclones or typhoon often bring 

thunderstorms with heavy rain falls and strong winds. Sea water intrusion is also seen 

frequently during this season. As a result, long term exposure to strong UV radiation, 

high temperature and humidity, as well as salt water built-up, can accelerate the 

degree of deterioration among heritage buildings, resulting in discolouration, cracking, 

exfoliation and peeling etc. Already weathered surfaces were found to be more 

vulnerable to degradation since harmful atmospheric materials can penetrate 

roughened cracked surfaces to further damage the substrate and aesthetic appearance 

of the historic fabric.   

Macau’s original land size of 10.71 km2 in the nineteenth century has almost tripled to 

today's 30.3 km2 through vigorous land reclamation programs (Wong 2009:11). The 

original coastal location and abundant source of ground water have contributed to the 

high salt content of the ground soil. Phenomena known as “rising damp” and “salt 

efflorescence” are commonly seen amongst historic constructions in the city. Salt 

water travels easily through the inner pores of the highly absorbent traditional 

building materials via capillary action, and, re-crystallises within the wall structure 

and on surfaces following water evaporation (Young 2000:55). The expansion of 
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volume during re-crystallisation exerts pressure to the inner walls of the pores 

creating numerous micro-cracks within the material. This not only affects the 

aesthetic appearance of the historic fabric, it may also initiate irreversible destruction 

to the building’s structure and its integrity (Zezza 1995:123).  

Urbanisation and Tourism: 

The rapid urbanisation and development of tourism have seen Macau changing from 

its simplicity and tranquillity to a congested modern city today. A sharp increase of 

the number of motor vehicles and tourist coaches result in the small city being 

occasionally covered by thick haze and pollutant particles. Vehicle emissions of 

nitrogen and sulphur compounds are the main contributors of acid-rain formation, 

which was proved to be detrimental to the heritage fabric (Verges-Belmin 1994:295). 

In addition, air-borne soot and dirt particles accumulated on humid historic surfaces 

may act as a storage station for such hazardous substances to gather and concentrate, 

which may accelerate the degradation process of heritage materials (Sabbioni 1995: 

49). 

Millions of tourists visit Macau each year. Apart from the extra wealth brought about 

by the visitors, heavy burdens are also generated on the city’s infrastructure and its 

historic fabric. Additional wear and tear caused by repeated human contacts is also 

one of the main factors of heritage degradation.  
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Case studies: 

Case Study 1: Restoration of Chunambo (Rammed Earth): 

Introduction 

Chunambo (rammed earth) was a typical building material for the construction of city 

walls and boundaries in Macau during Portuguese settlement. It involved compacting 

layer after layer of an earthen mixture of local soil, sand, gravels, sea shells, straws 

and lime, by using wooden hand tools. Organic binders such as glutinous rice flour, 

oyster shell slaked lime and brown sugar were also added for extra adhesion. 

Comparing to modern building materials, Chunambo is a resilient material with a 

strong, tough but ductile nature. It is simple and economical to build without using 

complicated skills and procedures. However, high temperature and humidity, ground 

water built-up, unauthorised human contact, together with improper use of repairing 

substances contributed to the fragility of such versatile material.    

The Ruins of St. Paul is the most significant and well known landmark situated at the 

UNESCO listed Historic Centre of Macau. The five-storey façade, which is 25.5 

metres tall and 23 metres wide, was the biggest Catholic Church in Asia at the time 

(Teng 2012:115). The granite frontage was left standing with four supporting ruins of 

Chunambo walls after suffering three large blazes in the past. While the integrity of 

the stone façade seemed strong and intact, the Chunambo boundary walls were found 
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to be fragile with severe surface erosion (Fig.1). Evidence of past attempts to 

consolidate the earthen structure was clearly seen on the entire ruins. Remains of 

degraded polymeric surface coatings, cement render and hydraulic lime plaster, as 

well as modern water repellent, were used without success. Poor drainage from the 

wall foundation and the impermeability of the restoration materials used in the past 

have contributed to its unstable crumbling condition (Canivell 2012:289). Material 

loss is the major issue which the Ruins of St. Paul are currently facing each day.   

 

Fig. 1 

The old city wall near the Estrada de São Francisco, on the other hand, is believed to 
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be an extension of the old fortress in the area. The wall was partially destroyed to 

make way for the construction of a public hospital, and the remaining section was 

subsequently covered by cement plaster with iron bars inserted as a security fence 

between near-by residential buildings.  Due to the lack of maintenance, large trees 

and bushes rooted deeply into the cement render, causing it to crack and delaminate. 

Approximately 50cm of the top layers were detached when the iron bars collapsed 

during one of Macau's strongest cyclones in 2008. However, the remaining 

Chunambo was sound with minimal damage to the integrity of the structure.  

Analysis of Chunambo samples: 

The approach for the current conservation plan was to install drainage systems to 

prevent the accumulation of rain water at the foundations of the walls. Furthermore, 

compatible Chunambo material is mixed based on the original composition of the 

weathered walls. The amount of soil content is deliberately raised to increase the 

permeability of the new Chunambo to ensure proper “breathing” and “circulation”.  

Representative samples were collected from several areas of the Chunambo walls at 

the Ruins of St. Paul and the old city wall near the Estrada de São Francisco. 

Samples’ particle size was examined using physical separation, sieving and 

sedimentation. The results showed that samples from the Ruins of St. Paul contained 

almost 70 % of silt, clay, lime and very fine sand particles, with the remaining 35% 
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being coarse sand, oyster shells and gravels. On the other hand, samples from the old 

city wall told a very different story: soil was not present in any sample, and, up to 

50% was coarse quartz sand, 20% fine sand and the remaining 30% being lime and 

fine oyster shells. It is worth to note that the original Chunambo was extremely hard 

due to the abundant quartz content. It was recorded that 1,800 pounds of dynamite 

was used to remove a section of 13 meters of the wall to make way for the 

construction of the new hospital at the time (Coutinho 1994:32). Therefore, great 

efforts were made to retrieve representative samples and during sample preparation 

for analysis. New Chunambo samples were made based on the above findings, with 

extra 5% of local soil added in the mixture for the Ruins of St. Paul to promote 

permeability. In addition, glutinous rice powder, rice straws and brown sugar were 

added for extra adhesion and elasticity according to old craftsmen and plasterers’ 

memories (Fig. 2). The water content of the mixture was tested using the traditional 

drop test, where a handful of soil mixture was compacted by hand into a ball shape 

and let it free fall into the ground. The water content was said to be ideal when the 

compacted soil completely shatters into pieces when it reaches the ground 

(Windstorm 2013:400).  

In order to preserve the authenticity of the Chunambo, raw materials were quarried in 

the islands of Macau or areas in the vicinity. The final compositions (% v/v) for the 
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new restoration Chunambo mixtures are: 
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Fig. 2 

 

Restoration Procedure: 

Chunambo wall construction is relatively straight-forward but labour intensive, 

compared to the modern building methods where heavy machineries are usually 

involved. However, its restoration procedure can be complicated due to the uneven 

weathered surfaces and the difficulties exerting force to compact the soil mixture in 
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awkward areas. Special wooden ramming tools with heads of different shapes and 

sizes were custom-made to fit in tight and narrow areas. For the restoration of the 

Chunambo wall of the Ruins of St. Paul, impermeable polymer coatings, water 

repellent and cement render were carefully removed using hand tools. Lime water was 

used to consolidate the newly cleaned Chunambo surfaces. In addition, all wall 

surfaces were thoroughly wet prior to the commencement of the restoration work to 

promote adhesion. Wooden boards were secured in place to create a formwork 

according to the surface profile of the existing wall. Layers of soil mixture were 

compacted against the original wall surfaces and the horizontal wall foundation. 

Efforts were made to ensure proper compaction was achieved, in order to avoid air 

bubbles and the trapping of voids inside the structure, something which may lead to 

the accumulation of moisture within the Chunambo and weaken the integrity of the 

subsequent restored wall (Fig. 3). Once compaction finished, a paste-like mixture 

containing slaked lime, soil and fine sand was rubbed on the surface of the finished 

wall to create a smooth wall "skin". This "skin" acts as a natural protective layer 

against atmospheric pollutants and storm waters, but remains permeable to the interior 

and exterior moisture movement.  
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Fig. 3 

The restoration of the old city wall near the Estrada de São Francisco, on the other 

hand, was found to be less hassled as the entire top 50cm of the Chunambo wall 

needed to be reconstructed. Nevertheless, the mixture was found to be more difficult 

to compact due to its lack of elasticity as soil was not found in the original samples. 

Hence, the compacting of such mixture was much more labour-intensive than 

compacting the one used to restore the Ruins of St. Paul. In addition, evidence 

showed that the samples made with brown sugar syrup first added into slaked lime 

powder before mixing with the remaining ingredients were much more workable and 

stronger than the ones made with all ingredients mixed in one action.  

Site preparation includes the removal of old cement render, metal wire fence and 

overgrown vegetation. Small wooden pecks were inserted into exiting holes and 

cracks to provide anchors for the new Chunambo top layers. Diluted lime water was 

also used to wet the surface before the mixture was compacted on top. Slaked lime 
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and river sand mixture at the volume ratio of 1:2.5 was used to plaster the surface of 

the entire wall.  

Both Chunambo walls were kept moist at all time after completion by covering with 

moistened linen cloth or manually spraying with fine mist for approximately two 

weeks. This is a very important step for the structures that involve the use of lime, 

since they require the presence of water for a proper reaction between carbon dioxide 

and the slaked lime to take place (Fig. 4).  

  

Fig. 4 

Case Study 2: Lime plastering and lime washing traditional shop houses 

Introduction: 

Seven adjoining shop houses located at No. 69-81 of Rua da Ribeira do Patane, 

underwent full restoration to be converted into a public library. The colourful lime 

washed structures, which were built in the 1930s, are a typical housing design seen 

particularly in the inner harbour area of Macau. The houses suffered severe 
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environmental degradation due to their coastal location. The high humidity and hot 

climate, together with sea spray and ground water containing high salt content, have 

eroded the once robust and bright coloured lime plaster and lime wash buildings. 

Furthermore, occasional seawater intrusion and flooding further complicated the 

situation, where sea water travelled through the porous brick and lime mortar wall by 

capillary action. As a result, salt crystallised within the pore structures of the masonry 

materials, causing damages such as cracking, exfoliation and delaminating throughout 

the existing walls (Young 2008:14). In addition, modern acrylic paint was used 

extensively on the buildings over the years, compromising the permeability of the 

once porous and “breathable” wall. Therefore, severe rising damp, salt efflorescence 

and plaster delamination were observed.  

Conservation plan and procedure: 

The weathering of the shop houses is mainly due to its coastal environment and the 

use of impermeable materials in the past. In order to revive the former stable 

condition of the structures, it is important to replace the current unsuitable materials 

with breathable substances. The traditional slaked lime plaster and lime wash stained 

with mineral pigments were chosen not only for their excellent permeable nature, but 

also considering the authentic appearance of the original buildings. Traditional lime 

slaking, similar to the rammed earth construction, is imbued with the accumulated 
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knowledge of our forefathers, but was abandoned in today’s so-called efficient world. 

However, the sustainability of these traditional skills and methods is vital for the 

survival of the many heritage constructions around the world. In the current 

conservation project, lime putty was slaked using the traditional raw materials and 

methods which have been known to builders and plasterers in China for centuries.  

Lime slaking and lime wash preparation: 

Quick lime (CaO) was obtained from a lime stone kiln located in Canton. 

Approximately 20kg of dried rice straw and 500kg of quick lime were put into each of 

the 8m3 pits where water was added to initiate the hydration process. The extra fibres 

from the straw are believed to strengthen the lime plaster as well as reduce cracking, 

whereas its sap can improve adhesion and workability of the final product. The 

mixture was then left to mature for at least 4 months before being transported to the 

conservation site. White lime putty without the addition of straws was also slaked for 

the preparation of coloured lime wash, which was used as the final interior and 

exterior wall coatings. Lime stable mineral pigments were used to tint the lime wash 

according to the original colour found beneath the layers of modern paint (Fig. 5).  
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Fig. 5 

Site preparation and restoration procedure: 

The coastal environment and the abundant ground water contributed to the high salt 

content of the current building fabric. The removal of absorbed salt is essential for the 

long term stability of all historic structures. Paper pulps were used to eliminate 

soluble salt within the brick walls after the removal of the salt saturated lime plaster 

and its acrylic coatings. Lime plaster containing one part lime to two part river sand 

were used for the wall plastering, before three layers of tinted lime wash were painted 

on the well wetted wall. Finally, the entire lime coated walls were conditioned by 

constant moisturising with water mist for a minimum of 20 days depending on 

weather conditions (Fig. 6).  

 

Fig. 6 
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Discussion: 

It has been more than 2 years since the completion of the above-mentioned restoration 

projects. The previous observed phenomena, such as cracking, disintegration, 

delaminating and salt crystallisation, are not seen today. The new Chunambo material 

at the Ruins of St. Paul displays a different colour tone from the original wall due to 

the variation of metal contents in the soil. However, it is adhered tightly to the old 

wall surfaces without evidence of delaminating. The variation in colour is slowly 

unifying as natural patina is formed on the surface of the wall. On the other hand, the 

section of the old city wall near the Estrada de São Francisco is believed to be a 

defence wall due to its strong and resilient nature. The lack of soil content and the 

large amount of hard quartz sand bound by lime in the sample further verify such 

hypothesis. In addition, the comparison of the two walls has indicated that Chunambo 

was a versatile building material, which could be modified by varying its components 

to achieve specific characteristics.  

The use of traditional lime plaster and lime wash has allowed the “breathability” 

needed for the walls to transpire the extra moisture trapped within the structure. Salt 

efflorescence is not observed and the colourful lime wash appears brighter and 

stronger after each rainfall. This evidence confirms the need of the most important 

and most neglected step of the lime conditioning at the end of each application. Water 
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is the key component in the slow reaction, where gaseous CO2 is converted to H2SO3 

and absorbed by slaked lime [Ca(OH)2] to form CaCO3. Ignoring the last step may 

result in the presence of fine cracks and powder on the lime plaster or lime wash, due 

to incomplete carbonatation.  

Conclusion 

The conservation of heritage architecture involving the use of traditional materials 

and techniques has been proven to be both challenging and rewarding. The 

sustainability of such valuable resources is vital for the survival of the heritage 

constructions around the world. Much work is needed in order to fully understand the 

benefits and advantages of using such materials in modern environments. Scientific 

research in the characterisation of traditional building materials is also a critical area 

for future exploration and investigation. In addition, proper education programmes 

and trade incentives are essential to attract interests in younger generations, and hence, 

strengthen the sustainability of using such robust materials in the future.    
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Picture Captions  
 

Fig. 1 Erosion of the Chunambo wall at the Ruins of St. Paul (Kin Hong Ip).	

Fig. 2 Brown sugar syrup and glutinous rice flour were used in the Chunambo (Kin 

Hong Ip).	

Fig. 3 Compacting the Chunambo mixture onto the existing wall (Kin Hong Ip).	

Fig. 4 Lime conditioning through regular water saturation (Kin Hong Ip).	

Fig. 5 Lime slaking and lime wash colour matching (Kin Hong Ip).	

Fig. 6 Original shop houses and after restoration (Kin Hong Ip). 
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