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Abstract

Currently, the problems of rust corrosion and growth of fungi resulting in the
deterioration of wood and concrete structures of the Mrigadayavan Palace are becoming more
serious. These problems are considered to be a major roadblock in restoring the palace back to its
original beauty. Therefore, the ultimate goal of this project is to help preserve the original
structure of the Mrigadayavan Palace as per request of the Mrigadayavan Palace Foundation staff
to complete the restoration project by 2024 for the Palace’s 100th anniversary. By analyzing the
information obtained from observation, research and studies, and conversation with palace staff
and experts, we gained more understanding and insight on the causes of these problems and
methods to prevent them. We also suggested some recommendations on preservation and

prevention methods as well as ways to monitor the efficiency of the recommended methods.
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Executive Summary
Introduction

Mrigadayavan Palace, a seaside residence for His Majesty King Vajiravudh, or King
Rama VI, who ruled Siam from 1910 to 1925, is a historical site in Thailand that combines art,
history, nature, and architecture together. The palace was built with influences from both Thai
and Western designs, combining wood and concrete constructions together. The palace was
constructed mainly with teak wood in the main structures and walkways, and concrete for its
foundation and support columns. Over time, the value of the palace in terms of history, art, and
architecture had slowly declined. Therefore, the Mrigadayavan Palace Foundation is currently
working on a restoration project to restore the palace to a state comparable to when it was first
built. The project includes an aim to preserve the structure of wood and concrete of the
Mrigadayavan Palace from the destructive effect of rust and fungi, considering both authenticity
and aesthetic beauty. The Foundation aims to complete this restoration project by 2024, in time

for the Palace’s 100th anniversary.

Problems

Recently, the palace staff has been noticing an increase in occurrence of rust forming
around the head of nails in wooden structures, the growth of fungi on wood, and the cracking and
spalling of columns that contain internal reinforcing bars that have started to rust. The staff has
been trying different methods to prevent rust and fungi and preserve wood, but many of those
methods used have not been effective. Additionally, after these methods have been applied, they
have not been monitored, and new occurrences of rust and fungi have been reported by staff who
stumble upon these areas and notice them. This problem is further complicated due to the
presence of different materials in the structure, namely wood, iron nails, and concrete. Chemicals
contained in products that are applied may have beneficial effects to one material, but may be
detrimental to another. Thus, there should be careful selection of the preservative products or

methods to be used and applied.

Goals
The goals of this project are to understand the deterioration of wood and concrete

structure caused by the corrosion of nails and reinforcing bars, understand how fungi grow in



wood, identify methods to prevent rust and fungi, and design a monitoring program to monitor

the effects of different solutions applied. All of these goals lead to the ultimate goal of preserving

the original structure of the Mrigadayavan Palace in order to serve as both a natural and cultural

museum.

Methodology and Objectives

The team has set four objectives in order to achieve these goals:

1.

Assessing the Extent of Corrosion

The team started by performing empirical research by visiting the palace to study
the impact of the problem and observing different locations of the palace where
corrosion and fungal growth occurs. In addition, with the extra information gained
from palace staff and experts, the current condition of the palace was better
understood.

Understanding and Identifying the Most Suitable Methods of Corrosion
Prevention, Fungi Removal and Prevention, and Wood Preservation

The team performed background research and looked through studies on
preservative methods tested in many papers published by scientists in order to
understand the formation of rust and fungi in order to better understand the
effectiveness or mechanisms of different methods. Additionally, we also
considered the complications that arise when these methods are used together and
on different materials as well as the principles of conservation of authenticity and
aesthetics. Along with the research performed, our team also interviewed experts
in different fields, including scientific, historical, and social aspects to gain more
understanding and information on preservative methods. All the methods found
were then combined and compared and a chart of preservative methods with the
most potential and their effects on different materials were suggested to the staff.
Initiating a Monitoring Program

As per request of the staff, a monitoring program that is easy to perform by
non-scientist staff and cost-effective would help with preservation and keeping
information organized. More literature review was done on how rust and fungi in

wood is monitored in different historical buildings in other countries. From the



insight gained from other research, the team designed a simple monitoring system
through the uses of a series of charts and tables along with guides and manuals in
order for the staff to keep record and track the data.

4. Presenting Information for the Benefit of the Palace and the Public
We summarized the knowledge obtained from different research and studies
explaining the causes of nail corrosion in teak wood, methods for rust prevention,
suitable wood preservatives, and the set-up of a monitoring system for corrosion
and presented the information to the staff for their opinion to further develop the
information to be available for visitors to the palace. The information was then
designed in the form of infographics to make the information more interesting and
attractive to viewers. Our team also designed a way to implement the infographics

onto the actual structures of the palace by turning the infographics into QR codes.

Findings and Analysis

1. Different areas of the palace are affected at varying levels of severity depending on
the proximity to the ocean.
After analyzing the levels of severity of the problems of rust and fungi and mapping out
the locations of those spots around the palace, we found that the palace structures closer
to the ocean were affected by rust and fungi more severely than structures found inland.

2. The problem of rust stems from the carelessness and lack of thorough
understanding of the consequences of previously used restorative methods.
The team analyzed the information gained by comparing the structures after previous
restorations to the original structures before restoration. The result shows that the
restoration methods previously used seem to be incorrect and ineffective because rust was
not present or noticeable in the original wooden and concrete structures, however after
previous restoration was performed, the growth of rust was more noticeable and evident.

3. Fungi is a recurring problem due to the lack of interest in making sure the wood has
completely dried before applying wood products.
According to research and interviews with experts, wood should be dried thoroughly in
order to avoid fungal growth on the wood. However, the presence of tall trees near

wooden structures and puddles of water observed on the wooden floor around the palace



contributed to increased moisture in wood. Currently, wet wood is only left to air dry,
which may dry the surface of the wood, but moisture is still contained inside the wood,
and leftover moisture could lead to the growth of fungi once again.

4. Not all methods that were researched were viable or compatible with all materials.
Through review of research papers and scientific studies, many methods for preserving
wood and preventing rust and fungi were found, but not all chemicals were suitable for
use with all materials in the palace structure. A table was compiled to compare the cost,
toxicity, and environmental effects to determine suitable recommendations for the staff.

5. The palace does not have an organized or systematic monitoring program.

After discussions with the palace staff, there is currently no organized or systematic way
to check for the growth of rust and fungi or to monitor the effectiveness of products used.

6. The palace does not have an exhibition dealing with scientific and restorative
aspects.

Through meetings and discussions with the palace staff, the current exhibition in the
palace contains only historical and cultural information. They are planning to expand into
more diverse fields including scientific aspects, and the information gathered by the team

could be of great help in expanding the knowledge base contained in the exhibition.

Recommendations

To deal with rust on iron nails, the team recommends removing the rust first and coating
the nails with substances that prevent rust or a complete replacement with stainless steel nails.
Alternatively, tannic acid can be directly applied on rust to prevent the metal underneath from
further rusting. This method does not require cleaning or removing rust as tannic acid can
convert rust surface into a protective layer, to help protect the nails and prolong rust in areas that
are waiting to be repaired.

To repair cracked concrete columns with rusted internal rebars, the team recommends
replacing the internal rebars with epoxy-coated rebars to extend lifespan of the rebars. Fly ash or
polymers can be added to the cement mix to form concrete that is less penetrative to gases and
moisture, which are the causes of rust and corrosion. Additionally, the team recommends that the

thickness of concrete covering the rebars should be at least 3 inches.



To remove fungi, products containing hypochlorite, such as bleach, or Dettol should be
used. Afterwards, the wood should be kiln-dried in an oven to make sure that the inside of the
wood is truly dry. Wood preservatives that the team recommends are copper chrome boron
(CCB) for furniture and indoor use and micronized copper azole (MCA) for outdoor use to
prevent fungal growth on the wood.

Afterward, wood finishes can finally be applied. Teak oil is applied to keep the wood
saturated with oil and prevent moisture from entering into the wood, and teak sealer or wax can
be applied on top to prevent the applied oil from drying out. Alternatively, deck stain can be used
instead, since the stain itself contains oil, and also gives the wood a more natural look.

Finally, the team recommends that the staff monitors the products that they apply at
regular intervals because the life span of different products can vary depending on the location

where they are used.
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Chapter 1 - Introduction

The Mrigadayavan Palace is a summer palace built in 1924 for His Majesty King
Vajiravudh, or King Rama VI, and is situated by the seaside in Cha-am district of Petchaburi.
After the passing of King Rama VI, the palace had fallen into disuse until 1965 when the Border
Patrol Police were allowed to use the palace as training grounds. The palace was registered as a
heritage site in 1981 by the Fine Arts Department, and in 1992, the Mrigadayavan Palace
Foundation was established under royal patronage to oversee the conservation of the palace. The
Foundation’s vision is to restore the palace to its original state by 2024 for its 100th anniversary.
However, the problems of rust and fungi, which cause deterioration in wood, as well as the
deterioration of concrete by the corrosion of internal reinforcing bars have been a major
roadblock in restoring the palace to its original beauty.

The palace was constructed from a combination of two main building materials: teak
wood for its main structures and walkways, and concrete for its foundation and support columns.
The hybrid construction system of wood and concrete was first introduced to Thailand during the
reign of King Rama IV (Satittawilwong, 2012). Due to increased interaction with the western
world, Thai architecture started to be influenced by western ideas, causing buildings to look
more western, but still containing some elements of Thai culture, such as in Thai traditional
houses. The ground floor of these houses were constructed with concrete, and the upper level
was constructed with wood, representing the integration between Thai and western style, which
is similar to the structure of Mrigadayavan Palace. The combination between wood and concrete
construction results in a challenging task for the conservation of the palace’s structure due to
different effects of preservatives on the different materials.

Nail corrosion and growth of fungi in wood, as well as the deterioration of concrete
structure, are common problems in mixed concrete-wood infrastructures after long-term
exposure to coastal conditions, such as increased humidity and sea salt spray from the ocean. The
palace structure is constructed with golden teak, and the weakening of wood is frequently
observed around the iron nails, which could cause a weakening of the palace structure if the
corrosion is left to progress. Methods of prevention would greatly benefit the palace, and the
information gained can also be distributed for the public for those who also encounter this

problem in their own homes near the ocean.
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The palace staff have been exploring different methods to preserve the structure of the
palace, but many have not worked, therefore the staff would like to understand the causes of rust
and fungal growth and find more suitable ways to prevent them. Rust and fungi have deteriorated
some of the wooden planks, and rust has also affected the internal rebars of concrete columns,
which now exceedingly affects the majority of the wooden and concrete structure of the palace.
Thus, the staff have tried different treatments to preserve the wood and prolong deterioration,
such as using urethane coating on wood or the application of teak oil and wax. However, these
treatments have been unsuccessful, such as in the incomplete application of wax, or even
potentially harmful, such as in the coating of urethane, which is not suitable for long term use.

According to the problems stated above, the structure of the palace has been affected by
rust and fungi, and this problem is now becoming more severe, requiring more effective
solutions. If the causes of corrosion and prevention methods are not found, the structural
integrity of the palace will continue to weaken, resulting in the palace having to replace all of the
damaged wooden structures, which can be costly. Therefore, in order to be able to understand the
problem thoroughly and be able to effectively find solutions, research and study on the previous
restoration processes, compositions of nails, rust, wood, and concrete, and different species of
fungi need to be explored. From last year’s ISSP team that worked with the Mrigadayavan
Palace Foundation to assess the impact of human activity on groundwater, they discovered that
the groundwater was starting to increase in salinity (Cohn et al., 2020). This increase in salinity
1s worrying because the growth of rust can be accelerated by salt in the air. Therefore,
appropriate ways to prevent and remove rust and fungi effectively should also be explored.

This project aims to preserve the structure of wood and concrete of the Mrigadayavan
Palace from the destructive effect of rust and fungi because the current condition of the palace
structure is heavily deteriorated. Due to the humidity and catalysts such as sea salt in the
environment of the palace, the wooden structure of the palace tends to deteriorate at an
increasing rate. In order to be able to achieve the main goal of this project, we set the following
objectives: assessing the extent of the corrosion in the palace buildings, understanding and
identifying the most suitable methods of corrosion prevention and wood preservation, designing
a monitoring program for the palace staft to keep track of corrosion in the palace, and
summarizing, presenting, and suggesting our findings to the palace staff to be distributed to any

interested visitors.
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Chapter 2 - Literature Review
2.1 - Mrigadayavan Palace and Foundation
2.1.1 - History of the Mrigadayavan Palace

Mrigadayavan Palace, a seaside residence for His Majesty King Vajiravudh, or King
Rama VI, who ruled Siam from 1910 to 1925, is a historical site in Thailand that combines art,
history, nature, and architecture together. The original purpose of the palace was to serve as a
place with a warm and airy climate for the King to reside as recommended by his personal
physician due to the King’s rheumatoid arthritis. The King also wanted the palace to look simple
and designed to suit the geography and climate.

In 1981, after a long period of disuse, the palace was registered as a heritage site by the
Fine Arts Department. A decade later in 1992, the Mrigadayavan Palace Foundation was
established under the patronage of Her Royal Highness Princess Bejaratana, the only daughter of
King Rama VI. HRH Princess Bejaratana hoped that the palace could serve as a learning center
for the population to learn about and show gratitude towards the reign of King Rama VI. Since
then, the Mrigadayavan Palace has been under the management of the Mrigadayavan Palace
Foundation.

2.1.2 - Architecture and Structure of the Mrigadayavan Palace

King Rama VI intended Mrigadayavan Palace to be a humble seaside palace in order to
minimize construction expenses. The King designed initial sketches, and Ercole Pietro Manfredi,
an Italian architect, implemented his designs and oversaw the palace’s construction from 1923
until late 1924. The palace was built with influence from both Thai and Western designs.

The palace itself consists of 16 teak buildings and 23 staircases that are connected by
balconies and corridors and divided into three main sections: Samosorn Sevakamart throne hall
(wszitdhaluasienniunng), Samutpiman quarters (uyjwszidsaymsinnu), and Pisansakorn quarters (wjnseiidsiiena
ans). The roof of the palace is covered by rhombus tiles, which help to keep out sunlight and
rain. Underneath the buildings, which are elevated by columns, is a concrete floor. The buildings
are designed with high ceilings and many windows, which provides good airflow and ventilation,
resulting in a well-ventilated and less humid atmosphere. Even though this is a huge palace, the
King had an order to finish building the palace within a year, therefore some of the structures
made from teak wood were made in Bangkok and sent to the construction site, while other parts

of the palace were made from concrete. However, there is no connecting material between the
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wood and concrete columns, except for the structures near the beach where the concrete and

wood are connected by metal fasteners.

Figure 1. Photo of Mrigadayavan Palace. Reprinted from Bangkok Huahin Taxi. (2017).

2.1.3 - The Mrigadayavan Palace Foundation

Over time, the value of the palace in terms of history, arts, and architecture had slowly
deteriorated, therefore the Mrigadayavan Palace Foundation is currently working on a restoration
project, for the purpose of restoring the palace grounds and the surrounding coastal vegetation.
Since 1992, the mission of the Foundation has been to protect and conserve the historical,
architectural, and environmental heritage of the palace, while simultaneously honoring and
serving the conservation goals of King Rama VI and the late King Rama IX. The Foundation’s
vision is to restore the palace to its original condition, architecturally and environmentally
comparable to when it was first completed in 1924. The Foundation aims to complete this
restoration project by 2024, in time for the Palace’s 100th anniversary, and the Foundation hopes
that the palace will serve as a national heritage, a museum, a historical learning center, and a
tourist attraction simultaneously.
2.1.4 - Previous Restoration Process and Challenges

After the passing away of King Rama VI in 1925, the palace was abandoned until King
Rama IX gave permission to Naresuan Camp’s Air Support Division to use the grounds of the
Palace in 1965. Because the palace had been left empty for several decades, the paint has flaked
off, exposing the wood, causing a lot of structural issues. It has been noted that the seaside

buildings of the palace are more damaged than other buildings. The rooftop has cracked,
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resulting in rain causing damage to the interior parts of the buildings. Some of the columns have
also given way, disrupting the palace’s structural integrity. Therefore, many restoration projects
were carried out, aiming to conserve the original beauty of the palace.

The Mrigadayavan Palace has undergone several restorations in order to preserve its
architectural, cultural, and environmental heritage. In 1983, the Fine Arts Department and Border
Patrol Police initiated the First Restoration project by rebuilding and repainting the palace.
However, due to its proximity to the beach, the palace still suffered constant wear and numerous
structural damages. Therefore, the Second Restoration project began in 2013. The purpose of this
second restoration process is to restore the palace to its original state in order to preserve and
conserve the original identity of the Palace. After conducting research and analysis, architects
and archeologists discovered that there were many errors in the previous restoration, such as
using the wrong color of paint and roof tiles that were too heavy. An ISSP Project from the
previous year (Cohn et al., 2020) also dealt with the palace’s brackish groundwater, which
interfered with the restoration process.

2.1.5 - Nail Corrosion Problem of the Palace and Its Relation to the Community

Since the structure of the Mrigadayavan Palace is constructed with teak wood connected
into columns, beams, and glens with metal nails, the weakening of wood around the old metal
nails have been frequently observed. The wood surrounding the nail is usually stained black and
rotten, allowing nails to be easily removed. These removed nails often come out with some wood
attached to the shank, indicating that the internal structures of the wood have been damaged.
Moreover, as the corrosion continues to progress overtime, the shank of the nail under the
surface of the wood will corrode away, leading to further deterioration to the palace structure.

Originally, the Foundation intended to make the palace into a living museum where the
community and visitors can come to study and expand their learning, rather than for it to be just
a conventional museum that displays artifacts. The staff want to collect as much information
related to the palace as possible to put on display for the benefit of those who are interested, as
well as to preserve aspects of both nature and culture that the palace holds. However, due to the
mentioned nail corrosion problem and also due to COVID-19, the palace was closed for repair
since April of 2020. Thus, not only does the problem of nail corrosion affect the palace structure
directly, it also affects the community living around that area and tourists since they cannot visit

the palace and fulfill the Foundation’s hope of making the palace a museum.
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2.1.6 - Principles of Conservation

Conservation is defined as the process of managing change to a place in ways that will
best sustain its heritage values, while also revealing the values for present and future generations.
Thus, the principles of conservation can be viewed as a comprehensive framework for the
sustainable management of heritage or historical sites that would benefit the place itself and also
people in the community.

The main goal in the restoration process of the Mrigadayavan Palace in terms of social
aspects is to conserve its original beauty and preserve its architectural, cultural, environmental,
and historical heritage. The palace staff are trying to conserve the original materials that were
used to construct the palace as much as possible, hoping that they would help reinforce the
beauty and historical values of the palace. In order to achieve this, two important aspects need to
be considered: authenticity and aesthetics. Authenticity can be defined as the truthfulness of a
site to its original value, considering aspects of culture and community. It can be considered as
the pride of the ancestors or a historical place for a culture to recall their collective experiences
or memories. Meanwhile, aesthetics is defined as beauty or the way in which people draw
sensory and intellectual stimulation from a place that can touch a viewer’s heart (Drury &
McPherson, 2008). In addition to these two aspects of authenticity and aesthetics, decisions
about changes in the restoration project must also be reasonable, meaning that the restoration
should benefit the heritage the most so that management can be done in a way that will sustain its
values. The change should not harm or create any negative impacts to the heritage values of the
place and should also benefit the palace itself and wider community or society as a whole.

2.2 - Composition of Wood

Wood is structurally a matrix of cell walls with open space called lumen. The chemical
composition of wood varies between species and even between individual trees, depending on
the part of the tree, type of wood, geographical location, climate, and soil conditions (Pettersen,
1984). The two major components of wood are carbohydrate and lignin with minor amounts of
extraneous materials such as organic extractives and inorganic minerals such as ash.

The carbohydrate portion consists of cellulose, which is a polymer of glucose packed into
layers that contribute to the strength of wood, and hemicellulose, which are a mix of
polysaccharides that are intimately associated with cellulose and act as the structural component

of plants. Lignin is a phenolic substance that acts similar to glue to hold the carbohydrates
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together, and leads to the rigidity and higher mechanical strength of wood. Structures of
cellulose, hemicellulose, and lignin can be seen in Figure 2. The composition of wood should be
understood in order to determine if specific chemicals in preservatives may affect or damage the
structure of wood.
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Figure 2. Chemical structure of cellulose, hemicellulose, and lignin. Reprinted from “Separation
of cellulose/hemicellulose from lignin in white pine sawdust using boron trihalide reagents” by

M. Kazmi, A. Karmakar, V. Michaelis, F. Williams, 2019, Tetrahedron, 75(11), p. 1466.

2.2.1 - Properties of Teak Wood

Teak, or Tectona grandis, is a type of deciduous, hardwood species, which grows in
tropical climates and is native to south and southeast Asia. It is highly valued for its use in
shipbuilding, outdoor equipment, furniture, and general carpentry. It is moderately hard and
heavy, seasons rapidly, dries well in a kiln, and has overall good machining properties (Miranda
et al., 2011).
2.3 - Composition of Nails

Nails are used in the construction process for the purpose of fastening objects, such as
pieces of wood, together. The sharp-pointed end of a nail is called the point, the length of the nail
is called the shank, and the flattened part is called the head. Nails are most commonly made of
steel, but sometimes they can also be made of stainless steel, iron, copper, aluminum, brass,

bronze, or nickel. However, the compositions of nails can vary, and they do not have to be made
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of a single type of metal. For example, steel nails are composed mostly of iron mixed with a
small amount of other materials, such as carbon, to enhance the strength, corrosion resistance, or
other desired properties of the nails. In addition, they can also be coated with chemicals such as
zinc, in order to prevent them from rusting and for aesthetics.

2.3.1 - Stainless Steel Nails and Their Grades

For outdoor work, stainless steel nails are considered to be the best type to use in order to
reduce the occurrence of rust on wood (Rapczynski, 2018). Stainless steel is an alloy of iron and
some other elements such as chromium and carbon. Since maintaining the original structures and
beauty of Mrigadayavan Palace is one of the purposes of this project, minimizing the chemical
reaction between minerals in nails and wood by selecting the right types and grades of nails for
usage is very important because stainless steel nails come in different grades.

Stainless steel type 304 is considered a good grade stainless steel nail, and they are made
with 18% chromium and 8% nickel (Bohn, 2012). These nails will work better for indoor
applications than general stainless steel nails because they provide a higher quality of protection
from rust. Also known as rust-resistant nails, stainless steel type 304 nails are suitable for the
usage in the absence of moisture or humidity. Therefore, they are potential candidates for indoor
applications.

Another good grade of stainless steel is stainless steel type 316. Nails made from this
grade of stainless steel contain 16% chromium, 10% nickel, and 2-3% molybdenum, which
makes them rust-proof (Bohn, 2012). With this special composition and their properties, they can
be used for both indoor and outdoor functionalities. Additionally, this unique rust-proof property
provides a variety of applications, including uses underwater, above the ocean, or even in salt
water. Usage of this grade of nails include the use on boats and any natural wood outdoors
(Rapczynski, 2018).

2.4 - Possible Causes of Corrosion of Metal in Wood
2.4.1 - Mechanism and Reaction of Corrosion

Corrosion is a reaction that occurs between the minerals in the metal nail and the
minerals in the wood (Rapczynski, 2018). Corrosion in wood is an aqueous process, which
means that it occurs in the free water present in cell walls and in lumens at higher moisture

contents. However, the occurrence of this aqueous process is not spontaneous, and the moisture
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content in wood should be above the threshold, between 15% to 18%, in order to initiate the
process.

Rust, a reddish-brown compound known as iron oxide, is a type of corrosion that results
from the oxidation of iron in the presence of both oxygen and moisture. Weakening of wood is
commonly observed in wood that is surrounded by corroding metal, due to corrosion when wet
wood becomes slightly acidic. When metal nails are embedded in wet wood, the acceleration of
metal corrosion can occur at a faster rate, deteriorating the wood that surrounds them, and also
decreasing the holding ability of the nails.

Due to the corrosion of metal nails and the degradation of wood being common
occurrences, much research on the chemical analysis and physical properties of wood in contact
with corroding iron has been conducted. A.J. Baker (1974), a chemical engineer of Forest
Products Laboratory at U.S. Department of Agriculture, reports that the corrosion of metal nails
in wooden structures is due to the oxygen concentration gradients between the exposed end of
the nails to the air and the end embedded into the wet wood. The reason why a metal corrodes in
wet wood can be explained by using the theory of electrolytic corrosion.

The corrosion of a single metal fastener in moist wood can be considered as crevice
corrosion, which means that the corrosion occurs through a crack within the wood structure. The
exposed head acts as the cathode, and the shank of a nail acts as the anode of a galvanic cell. The
exposed end of the steel nail in wet wood exhibits the activity of hydroxyl ion (OH") formation.

The chemical reaction at the cathode where reduction occurs can be written as:
0,+2H,0 + 4e — 40H
The reaction at the anode where oxidation occurs can be written as:

Fe — Fe*" + 2e
These ferrous ions (Fe*") at the anode are active and can further oxidize to form ferric
ions (Fe*"). Moreover, the reaction can form either black iron tannate dyes, when these ions react
with tannic acid naturally found in small amounts in wood, or rust when these ions react with
oxygen and water. Therefore, these iron ions can be viewed as active catalysts that can promote
chemical reactions, causing the loss of strength to the cellulose and the internal structure of the

wood.
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2.4.2 - Catalysts and Accelerators

Apart from the reaction of metal corrosion, there are also accelerated conditions where
some chemical species can help to speed up the corrosion process. The soluble chlorides that are
present mostly in natural waters can form acidic conditions around the metal nails in wet wood,
resulting in the accelerated corrosion of the nail and the weakening of wood. During the
progression of the reaction between the exposed head of a nail as the cathode and the shank of a
nail as the anode, the chloride ions (CI') and the hydroxyl ions (OH") will migrate into the crack
between the wood and metal nail as shown in Figure 3 (Baker, 1974). After the formation of
ferrous ions (Fe”") at the anode, these ions will react with hydroxyl ions (OH) from the water
inside the wood crack, forming insoluble iron hydroxide in the crevice. Furthermore, the
decrease in the concentration of hydroxyl ions (OH") will lead to a higher amount of hydrogen
ions (H") present in the system. Due to the accumulation of chloride ions (CI') and hydrogen ions
(H"), this causes the solution to become acidic. As a result, the acidic solution inside the crack
will speed up the corrosion process, promoting the hydrolysis of cellulose in the wood, which

weakens the surrounding wood.
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Figure 3. Schematic for the mechanism of crevice corrosion. Reprinted from Degradation of
wood by products of metal corrosion by Baker, A. J., Forest Products Laboratory (U.S.), &
United States. (1974).

2.4.3 - Effect of Seawater on Wood and Metals

Seawater can damage the structure of metal nails. The corrosion process of seawater is
dependent on alloy composition, pH, microbiological organisms, pollution and contamination,
temperature, and oxygen content. The process by which seawater damages nails and wood can be
categorized and explained in two parts, which are chloride ion activity and dissolved oxygen
activity. Without water and oxygen, the rusting process cannot occur.

The reason why salt water has more effect on catalyzing the rusting process than that of
fresh water is the ease of current flow. Salt water is an electrolyte solution, which means it
contains more dissolved ions than fresh water. Chloride ion (CI) content in salt water is high due
to the dissociation of salt, or sodium chloride, in water. Thus, salt water can accelerate the rusting
process as described in the previous section.

2.4.4 - Different Types of Rust and Their Formations

Rust can occur in many colors in relation to the humidity and oxygen content in the
surrounding environment. By understanding the different conditions that lead to the formation of
rust and being able to identify the types of rust, the root causes of the rust problem may be found.

Rust can be divided into four different types, which are red, yellow, brown, and black
rust, and each type of rust is formed under different conditions (Armor Protective Packaging,
2019). Red rust (Figure 4a), also known as hydrated iron(III) oxide (Fe,O; - H,0), can be formed
due to high exposure to oxygen and water. This type of rust usually occurs uniformly on the
surface. The formation of yellow rust, or iron(III) oxide-hydroxide (FeO(OH)H,0O) as shown in
Figure 4b, generally occurs in areas where there is high moisture content. It can be present on
metals that are found in large amounts of standing water such as near sinks or bathtubs.
However, the presence of this yellow rust is not currently observed around the palace areas.

Brown rust, or iron(III) oxide (Fe,0;) (Figure 4c¢), is formed in conditions where there is
high oxygen and low moisture. Lastly, Figure 4d displays black rust, or iron(ILIII) oxide (Fe;0,),
which can occur in areas of limited oxygen and low moisture content. This type of rust can be
visually identified as a stain or a thin, black film. Compared to other types of rust mentioned,

black rust does not propagate or corrode as rapidly as others.
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Figure 4a. Photo of red rust. Figure 4b. Formation of yellow rust on metal parts. Reprinted from
Types of Rust by Armour Protective Packaging. (2019). Figure 4c. Photo of brown rust.
Figure 4d. Photo of black rust.

2.5 - Deterioration of Concrete by the Corrosion of Reinforcing Steel Bars

Currently, apart from the corrosion of metal nails in the wood, another major problem
that the palace staff are concerned about is the corrosion of the reinforcing steel bars inside the
concrete columns, which could further lead to the deterioration of the surrounding concrete itself.
Signs that indicate the rusting of reinforcing steel bars are usually stains and cracks on the
concrete surface. Once rusting of the internal steel bars happens, the internal steel bars will get
thicker and their volume will increase, which leads to the expansion in size that will further
create tensile stress within the concrete structure. As a result, this can eventually cause cracking,

spalling, and deterioration of concrete (Portland Cement Association [PCA], n.d.).
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Figure 5. Photo of cracking and spalling of concrete columns around the palace area.

Normally, the alkaline environment of concrete, with pH around 12 to 13, that covers the
reinforcing steel will provide protection against corrosion to the steel. A thin oxide layer (Figure
6) will form on the steel at a high pH, acting as a passive film to reduce the corrosion of steel to
CA, n.d.).

an insignificant level (0.1 pm per year) (P

H

Figure 6. Representation of a thin oxide layer forming on the steel as a protective layer.

Reprinted from Corrosion of Embedded Metals by Portland Cement Association. (n.d.).
The causes of corrosion of the reinforcing steel are primarily due to the penetration of

water, carbon dioxide, and chlorides, and the lack of adequate thickness of concrete covering the

steel (Komchadluek, 2019). Whenever there is a crack on the concrete surface, water, chlorides,
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and gases such as carbon dioxide and oxygen will be able to penetrate inside, causing rust to
occur. Carbonation is the process that occurs when carbon dioxide penetrates the concrete and
reacts with hydroxides, such as calcium hydroxide, to form carbonates. The chemical reaction of
how this process occurs can be described as:

Ca(OH), + €O~ CaC0, + H,0

When carbonation occurs, the pH inside the concrete column will be reduced due to the
decrease of calcium hydroxide, which is more basic than the calcium carbonate that is formed.
Additionally, the cause of reduction in pH also comes from the reaction of carbon dioxide in the
presence of moisture, producing carbonic acid (Shaker & Reddy, 2009). This causes the
environment surrounding the steel bars to become less alkaline and the passive film on the steel
to become unstable. Once the passive layer is destroyed, the steel bars will no longer be
protected, and as a result, rust can more easily form on the steel bars.

Moreover, similar to the corrosion process of nails in the wood, chloride ions from sea
salt spray, along with oxygen and moisture, play important roles in accelerating the corrosion
activity. However, the actual process of how chloride ions corrode steel is still not completely
understood and proven. The most popular theory is that chloride ions can penetrate through the
protective layer of oxide film easier than other ions, which makes the steel prone to rust (PCA,
n.d.).

2.6 - Fungi

Fungi are natural decomposers that need water and nutrition for growth. Organic
compounds such as wood are a fungi’s main source of nutrition. Since the Mrigadayavan Palace
is mostly made from teak wood and located by the seashore, it is a suitable place where fungi can
Srow.

Fungi can reproduce both sexually and asexually, starting from the mycelium, which is
made up of a network of thread-like hyphae that contains genetic information. Fungi that
reproduce asexually will perform mitosis to release spores, which are genetically identical to
their parents. In sexual reproduction of fungi, two haploid mycelial cells will fuse together. Then,
the two nuclei will fuse to form a diploid nucleus. Then, the new cell will perform meiosis and
release haploid spores. Finally, spores from both asexual and sexual reproduction can germinate,

or grow, into new haploid mycelia (Figure 7) (Clark et al., 2018).
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Figure 7. Generalized life cycle of a fungi. Reprinted from “Characteristics of Fungi” by Clark et
al. (2018).

Ascomycota and Basidiomycota are possible divisions of fungi that could grow in the
palace environment, since both species can be found in marine areas with a tropical dry
ecosystem. They are perfect fungi, which means that they can reproduce both sexually and
asexually, and they are harder to remove than fungi that only grow asexually (Clark et al., 2018).

Fungi can destroy cellulose and lignin in the cell wall of plants. Fungi in different areas
can be connected through a mycelial network, and the mycelia can transfer water from damp
areas to deliver to drier areas. Once the mycelium becomes stronger, it turns black due to
melanin, which helps protect fungi, making it harder to remove. Fungi can also withstand high
temperatures up to 60 °C and can grow in only 20% humidity content in the air (T.
Kriangkripipat, personal communication, Jan 27, 2021).

There is also growth of fruiting bodies (Figure 8) on some wooden structures in the
palace area. Fruiting bodies are structures of fungi made from an interwoven network of mycelia
that can appear during sexual reproduction to produce and disperse spores. As mentioned earlier,

the presence of mycelia is a sign that the reproductive cycle has been carried out, which means
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that the growth of these fruiting bodies is an indication that the structures in that area have been
neglected for a long time, and they are also harder to remove (T. Kriangkripipat, personal

communication, Jan 27, 2021).

Figure 8. Photo of growth of fruiting bodies on the wooden structure at Mrigadayavan Palace.

2.7 - Prevention and Preservation Attempts

Various methods for prevention of rust in order to preserve wood are described.
2.7.1 - Wood Preservatives

Wood preservatives are chemicals that are coated onto wood to help reduce decay,
prevent attack by fungi and insects, or increase flame retardance. However, some wood
preservatives are corrosive or contain catalysts for corrosion. Creosote, or tar oil, is an oil-based
preservative, which shows little corrosive action except in lead. Oil also causes the wood to be
waterproof, which helps reduce moisture in the wood. It is usually used in the outdoor area of the
building since it has a strong scent, and it also stains the wood, so it is not widely used. The most
widely used wood preservative is copper chrome arsenate (CCA), which contains copper ions
that can potentially be corrosive in wood. Organic solvents such as pentachlorophenol and lauryl
pentachlorophenate are water repellent and have a negligible effect on corrosion, but alkali
conditions may cause them to release chloride ions. Flame retardants are salts that are added to
reduce the combustion of wood. These salts may contain ammonium phosphate, ammonium

sulphate, boric acid and borax, with ammonium sulphate being considerably corrosive. These
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salts will also increase the moisture content of the wood when in contact with air (National
Physical Laboratory, n.d.).
2.7.2 - Technologies for Wood Preservation in Historical Monuments

Wood has been a commonly used material for buildings in history, thus there have been
many attempts of wood preservation throughout history. Therefore, by studying wood
preservatives that are used elsewhere to protect historical buildings, insight on some preservative
methods may be adapted for use in the palace.

Larsen and Marstein (2000) documents how people in the past preserved their wooden
structures. The Chinese used paints mixed with materials both of natural and chemical nature,
Greeks and Romans used resin and oil extracted from timbers to protect their wooden structures,
and in Indonesia, a country with a similar hot and humid climate to Thailand, a wood
preservative for their teak wood structures was made by using a solution of tobacco or cloves
with water, and directly brushing the solution, which is both an insecticide and fungicide, onto
the wood.

Another documented case of wood preservation of historical monuments is the
preservation of totem poles in Sitka National Park, Alaska by Sheetz and Fisher (1993). The
wooden totem poles have been subjected to fungal and insect damage, and they have gone
through various treatments for preservation. The most effective method was the use of borates
and oil-based water repellent. Borates provide protection from insects, brown rot, white rot
fungi, and they are safe for people and the environment. The disadvantages of borate
preservatives are that the compounds have a tendency to leach out of the wood, and they are not
effective for mildew and soft rot fungi. The borates were used in tandem with oil-based water
repellents brushed along the wooden surface, and wood putty made from epoxy and fumed silica
was used to fill in any minor cracks in the totem pole structure. The fumed silica is commonly
used as a thickening agent for resins such as epoxy (Barthel et al., 2002). This allows the wood
putty to settle properly into the cracks of the totem pole.

2.7.3 - Cathodic Protection of Nails

In order to prevent crevice corrosion, the main reaction that causes the wood to

deteriorate, Baker (1974) suggests that nails fastened in wood should be countersunk and

covered with plugs of the same wood species. Additionally, since metal corrosion can occur from
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dissimilar metal nails, different types of metals should not be used together, thus if both washers
and nails are used, they should be the same type of metal.

Cathodic protection of metals can also be used, but it must be done with care. Cathodic
protection is performed by connecting the nail to be protected to another sacrificial metal by a
conducting wire. The sacrificial metal, such as zinc or magnesium, will act as an anode and
corrode in place of the nail. However, the nail, now acting as the cathode, can still produce
alkaline conditions, corroding the wood surrounding the nail, but not the nail itself. If these
suggested preventive measures can be performed, they are expected to reduce the severity of
corrosion to some extent.

2.7.4 - Curing of Nail Rot and Rust

Since corrosion between wood and nails can be initiated from the rusting of metal, the
following solutions to cure nail rust are proposed. Coating is the process of the application of a
protective layer of chemical, commonly zinc, onto nails in order to avoid rusting. By coating iron
with a shielding layer of zinc, this can stop the rusting process, since zinc can act as a barrier to
stop the reaction between iron, oxygen, and water. This process of applying a zinc layer is called
galvanization. Additionally, some specially manufactured paints can also be used to stop salt
water from rusting the metal.

According to Figure 9, which shows the estimated service life of zinc-coated steel in
different environments, corrosion tends to occur in coastal areas the most, and the range of
lifespan for galvanized metal is shortest. Zinc coatings will be consumed faster in more corrosive
environments, especially in the seaside areas, and the nail will start to rust due to the exposed

layer of iron.
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Figure 9. Typical service life of zinc-coated steel in various environments. Reprinted from

Corrosion Handbook by Hilti Corporation. (2015).

According to MakeWoodGood (2018), detailed steps on how to prevent the spreading of
rust is discussed. Mainly, nails and stained wood will be treated with Jenolite, a water-based
chemical solution that contains two main active ingredients: phosphoric acid and an organic
polymer. The phosphoric acid in the Jenolite will convert rust (iron oxide) into an inert layer of
ferric phosphate, which will appear black. This inactive layer acts as a protective layer against
further rusting. After Jenolite is applied, dry the wood thoroughly again and wood preservatives
or paints can be applied later for aesthetics. However, if the nails and wood are too rotten to be
repaired, replacement should be done instead.

2.8 - Test Methods for Corrosion Monitoring

A research paper by Zelinka and Rammer (2005) suggests three types of test methods for
the evaluation of corrosion of metals in contact with wood: exposure tests, accelerated exposure
tests, and electrochemical tests.

Exposure tests are the easiest test to run, but take a long time because metals to be tested
for corrosion are left in wood in the same conditions that they will be used. Accelerated exposure

tests were invented to accelerate the simpler exposure tests by increasing the corrosiveness of the
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environment around the wood by raising the moisture or temperature, and an example is the
salt-spray test. Electrochemical tests aim to measure the current density at which corrosion takes
place, then current density can be converted to the mass lost. However, electrochemical tests
require expensive equipment and deep knowledge about electrochemistry, thus they may not be a
suitable monitoring test for non-scientist staff at the palace.

If a test to monitor corrosion that is simple to perform can be discovered, then the palace
staff can perform that test to monitor corrosion of nails in the palace. However, if no tests are
suitable, then a monitoring system should be set up to systematically monitor the effects of

corrosion.
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Chapter 3 - Methodology

The goals of this project are to understand why metal nails and reinforcing steel bars
cause corrosion in wood and concrete, understand how fungi grow in wood, identify methods to
prevent rust and fungi from causing deterioration in wood and concrete of the Mrigadayavan
Palace, as well as to design a monitoring program to monitor the effects of different solutions
that are applied. In order to accomplish these goals, the team proposes the following objectives:

1. Assessing the extent of the problem of corrosion in the palace buildings
2. Understanding and identifying the most suitable methods of corrosion prevention,
fungi removal and prevention, and wood preservation
3. Initiating a monitoring program to monitor the effectiveness of preservative
methods, record progression of corrosion, and plan for future maintenance
4. Summarizing and presenting information for the benefit of the public
3.1 - Objective 1: Assessing the Extent of Corrosion

In order to be able to efficiently evaluate the root causes and the severity of the corrosion
process, the team performed empirical research by visiting the palace to study the impact of the
problem. By qualitatively observing different areas of the palace where corrosion and fungal
growth occurs, general areas of damage ranging from least severe to most severe were
pinpointed. Figure 10 displays the layout of all the structures of the palace in a grid system.

Additionally, with the help of information provided by the palace staff and conversations
with expert scientists, scientific and historic information was extracted. The information includes
the detail on the geography of the location of the palace and surrounding areas, the changes made
to the palace in previous restoration processes, and the information on the concentration of salt in
the bodies of water in the area measured frequently by experts there. Therefore, by observing and
assessing the extent of corrosion in the area, the current condition of the palace was better

understood.
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Figure 10. Diagram of Mrigadayavan Palace. Provided by the palace staff.

Apart from observing the actual location, our team kept up with the situation and
condition of the palace by frequently contacting and communicating with the palace staff to
receive more updates and clarification. This greatly assisted our team in researching and
literature review, since we were able to narrow our scope of research on certain topics, fill in
gaps that were still missing, and found useful solutions to propose to the staff who are working
on restoration.

3.2 - Objective 2: Understanding and Identifying the Most Suitable Methods of Corrosion
Prevention, Fungi Removal and Prevention, and Wood Preservation

To identify methods of prevention of rust and fungi and preservation of wood in the

Mrigadayavan Palace, the team performed further background research on preservatives that

have been tested and published in research papers by other scientists and case studies from the
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preservation of structures in other countries. We attempted to find research papers and case
studies from countries that are similar to Thailand in terms of climates and environmental
conditions, so that they could be adapted and used with our project. In accordance with the
Palace Foundation’s wishes to preserve the palace to the best of their ability and according to the
principles of conservation, the methods of preservation that the team suggested to the sponsor
should keep the palace authentic and aesthetically pleasing. Thus, in order to be considered a
suitable method for suggestion, it should not be harmful to the wood and nails, it should not lead
to further problems in the future, and it should be environmentally friendly or minimally harmful
to the environment.

However, complications arise when preservation methods have to be suitable for
application on all types of materials used in the palace including nails, fungi, wood, and
concrete. For example, a method used to clean rust from nails may stain the wood, which would
not look aesthetically pleasing, or another method used to preserve wood may not be protective
against fungi in the long run. Thus, any method found was not suggested to the palace staff
without considering all its effects.

For preventing further rusting and preserving new metals from rust, the mechanism of
rusting was understood by the team. Research on different types of rust observed at the palace
was performed to further understand rust. After we understood the process of rusting, research
was carried out on rust prevention methods, including possible nail replacement and some
possible methods to remove rust from metal and concrete. The main concern about rust from the
staff was to prevent areas that are waiting to be restored from further deterioration by rust in both
wood and concrete columns.

In order to discover methods for fungi prevention, the team began by understanding the
life cycle of fungi and studying possible species of fungi that can grow in Thailand. Then, our
team focused on researching the root causes of fungi, their growth, and their removal in order to
further understand fungi. Since fungi can cause wood to deteriorate, methods used to clean fungi
and prevent them from destroying the wood were also researched.

After initial observation of the palace, older wood preservatives that have been used seem
to be ineffective, therefore the team performed research on wood preservatives that could be
effective for a long time by looking through case studies from other countries on how they

preserve their wooden structures and determining if those preservatives would be applicable in
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the case of the Mrigadayavan Palace. Additionally, since the preservatives used should be
minimally harmful to the environment, greener approaches to wood preservatives were also
explored.

The team contacted and interviewed experts in these fields, such as professors with
expertise in areas of fungi or concrete, and carpenters and craftsmen that have experience
working with wood. Furthermore, our team talked and discussed with the palace staff often to
gain updates about the restoration project and to suggest some of the methods we researched to
gain suggestions and comments from them.

During background research, when potential preservative methods were found, these
methods were compiled together and thoroughly analyzed for compatibility with iron, fungi,
wood, and concrete. If a method was detrimental or harmful to one of these aspects, then it was
not considered as a suitable suggestion for the palace staff. Aspects such as cost, ease of
application, and toxicity to humans and the environment were also considered. A chart of
preservative methods with the most potential and their effects on different materials were then
presented to the sponsor.

3.3 - Objective 3: Initiating a Monitoring Program

According to observation by the team and information provided by the sponsor, currently
there is a salt water monitoring program being operated by the staff, where different bodies of
water in many locations are measured for their salinity. The salinity of freshwater should not
have a value of over 0.2 ppt. From the monitoring, the result has shown that the inland water has
started to increase in salinity, meaning that salt water has flown inland from the ocean and cannot
flow out as easily. The monitoring of salt content is important because the salt spray in the air
does not come from only the ocean, but also from inland, and the presence of chlorides from salt
can accelerate the problem of corrosion.

As a result, another monitoring program relating to preserving wood, nails, and concrete
should be initiated. More literature review was done on how rust and fungi in wood is monitored
in historical buildings elsewhere. The monitoring program should be easy to perform by
non-scientist staff and cost-effective as per request of the sponsor. The monitoring should also
indicate whether rust or fungal growth has started to occur on the surface of wood. Exploring
humidity, temperature, and salt content in the air was also beneficial, due to these being major

factors in initiating and accelerating corrosion.
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Thus, our team designed a simple monitoring program in the form of a chart in order for
the staff to record and keep track of data. This would be greatly beneficial to the palace staff
because they have been testing recommendations for preservation methods from other sources,
but they are unsure of how to monitor the lifetime or the efficiency of these methods. Thus, by
using the monitoring chart, the palace will have documentation on all the necessary factors and
plan for any maintenance they have to perform in the future before new areas of corrosion or
fungi growth can destroy more of the palace.

3.4 - Objective 4: Presenting Information for the Benefit of the Palace and the Public

In accordance with the Mrigadayavan Palace Foundation’s wishes to have the palace
serve as a museum where visitors can learn about culture, nature, and history, we summarized the
knowledge gained from our research and presented it in an attractive way for the palace staff to
use to show the public. Once all the suitable methods were processed and acquired to solve the
problems and the monitoring system was ready, this information was then summarized and
presented to our sponsor to explain the causes of nail corrosion in teak wood, methods for rust
prevention, suitable wood preservatives, and the set-up of a monitoring system for corrosion.

Afterward, the information was also designed into the form of infographics, which would
make the information more interesting, understandable, and attractive to the public. This will be
done by discussing with the palace staff about visitors' opinions and what they plan to use it for.
This will help our team know what information should be included into the infographics. The
infographics summarized the knowledge gained in a way that is easy to understand by people in
non-scientific fields so that other members of the foundation, visitors, or even children are able

to learn from and be able to access the information obtained in the report.
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Chapter 4 - Results and Analysis
4.1 - Finding 1: Different areas of the palace are affected at varying levels of severity
depending on the proximity to the ocean

From our visit to the Mrigadayavan Palace, our team observed and took pictures of
different areas of the palace that contained signs of deterioration. After mapping the locations
where rust or fungi occurred on the provided diagram (Figure 10), we found that the palace
structures closer to the ocean were affected by rust and fungi more severely than structures found
inland. Black fungal stains were found covering the floor of the pavilion close to the ocean. Rust
was also found to have spread into a wider radius onto the wood on the walkway leading to the
ocean when compared to rust in structures closer inland. We also found that wooden planks that
were close to trees were deteriorating due to the humidity released from the trees. The mapped
results can be seen in further detail in Appendix A.

4.2 - Finding 2: The problem of rust stems from the carelessness and lack of thorough
understanding of the consequences of previously used restorative methods

This finding resulted from observing the different areas of the palace, discussing with
palace staff, and also performing additional literature review. We then analyzed the information
gained by comparing the structures after restoration previously performed to the original
structures before restoration. From the comparisons in both Figure 11 and Figure 13, the result
shows that the restoration methods seem to be incorrect and ineffective as we can see that the
original structures show no rust.

For the wooden floor at the palace, there is no presence of rust in the original structure
because when the palace was first built, the nails were inserted inside the wooden planks, thus
the nails were not exposed to oxygen, water, and chlorides. In a previous restoration attempt,
when workers found wooden planks that started to stick out, they simply hammered those planks
down with new nails, which are exposed to previously mentioned agents that can cause rust
(Figure 12). Similarly, for the concrete columns (Figure 13), the original columns were made
purely from concrete with no internal reinforcement bars. However after previous restoration,
about 10% of the columns now contain internal rebars, and some of them are heavily deteriorated
due to the corrosion of the reinforcing rebars inside. This indicates that restoration was not done
correctly as well as the carelessness and lack of understanding towards the consequences of these

restoration methods used.
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Figure 11. Comparison of original wooden floor (left) and structure after previous restoration
(right) of wooden floor. Reprinted from The Restoration Management of Mrigadayavan Palace
by Sakunjaroenpornchai, P. (2017).

Figure 12. Photos of wooden floor at Mrigadayavan Palace after previous restoration.
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Figure 13. Photos of concrete columns without internal rebars (left) and with internal rebars that

have rusted (right).

4.3 - Finding 3: Fungi is a recurring problem due to the lack of interest in making sure the
wood has completely dried before applying wood products

Our team observed the palace as well as talked with palace staff to see and understand the
severity of the problem of fungi. We also looked through different research papers and
interviewed an expert to discover the causes that could initiate the growth of fungi. We have
understood that fungi is a decomposer that needs water and nutrition to grow. Since the palace is
located on the seaside, the humidity from sea water is a major cause for high moisture content in
wood. There are also many large trees around the palace, which can release humidity to nearby
wooden planks. This causes the wood to absorb moisture, contributing to the growth of fungi
(Figure 14). Additionally, puddles of water can also be seen on the palace floor (Figure 15),
contributing to increased moisture in wood. Therefore, we can conclude that the wooden
structure of the palace that contains high humidity content can act as a suitable nutrition source

for fungi.
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Figure 15. Photo of puddles of water on the palace floor.

In order to eliminate this problem, wood has to be thoroughly dry. However, according to
conversations with the palace staff, a proper method of drying wood is not performed. Wet wood
is only left to air dry. After a few days, the surface of the wood may feel dry, but the inside of the
wood still contains moisture. From the leftover moisture, fungi can eventually grow back.
Therefore, it is important that the process and the conditions for drying wood are controlled, and
according to an interview with an expert, the most efficient way to dry the wood is to dry wood

in a kiln or oven.
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4.4 - Finding 4: Not all methods that were researched were viable or compatible with all
materials

The team researched and interviewed various experts on different preservation methods
to be used with nails, wood, and concrete and compared those methods together, considering
whether chemicals suggested in different methods could be used with all the materials. We also
considered different factors such as cost, toxicity, and effects to the environment and compiled
all the methods into a table (Appendix B). This was a systematic way to compare and contrast
the effects of various factors of each method.

For example, from the research on wood preservatives, we found that CCA and CCB are
two suitable methods that could be used to protect the wood. However, from an interview with
professor Songklod Jarusombuti, he suggested using MCA and ACQ due to their long service
life and good retention in wood. We then did further research on these preservatives mentioned
and from further analysis, we then concluded that MCA would be the most suitable wood
preservative to use outdoors because CCA has high toxicity, CCB can leach out of the wood
when in contact with water, and ACQ can corrode metal fasteners at a faster rate compared to
MCA.

4.5 - Finding 5: The palace does not have an organized or systematic monitoring program

Through discussions with the palace staff, we discovered that the palace does not have an
organized monitoring system. Areas of corrosion or deterioration are only noticed if a staff
member notices and reports what they saw. There is no system to track the effects of products
that are applied to wood or the growth of rust on nails. Therefore, our team thinks that designing
a series of monitoring forms and logs would help keep information organized and on a constant
check-up schedule. Since there are few permanent foundation staff, and those who are involved
with restoration are constantly changing, manuals and guides were provided for each form for
those who would be unfamiliar with these forms. The forms were refined several times to be
more user-friendly to staff who do not have a scientific or technical background, and examples of
some forms are attached in Appendix C.

4.6 - Finding 6: The palace does not have an exhibition dealing with scientific and
restorative aspects

From conversations and discussions with palace staff, currently the exhibition at the

palace only contains information about the palace’s history and culture. Thus, our team thinks
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that integrating scientific knowledge into the exhibition would be interesting for visitors and the
public, and this would also help with the plans to expand the exhibition to cover wider areas of
knowledge for the palace museum and learning center. Therefore, our team designed
infographics based on the information gathered during this project in both English and Thai.
Additionally, to adapt to a digital age, QR codes of each infographic were also created, which
can be implemented into the actual palace structure rather than just being displayed in an
enclosed room. The designed infographics and the implementation of QR codes are shown in

Appendix D.
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Chapter 5 - Recommendations

In order to help lessen the severity of the problems, the team looked through different
research and studies and found some recommendations on rust prevention, fungi removal and
prevention, wood preservation, and a monitoring system. We hope that these recommendations
would contribute to restoring the palace back to its original structure and would also benefit the
palace in the future.

5.1 - Recommendations on Rust Prevention
5.1.1 - Removal of Rust

The methods of removing rust (Appendix B) are mostly natural, and the materials can be
readily found in the market. These methods can be used to remove rust from metal, the internal
reinforcement bars of concrete, and rust stains found on concrete surfaces. However, vinegar,
lime, and oxalic acid are acidic in nature, which can cause iron to rust again. Therefore, after
these methods are used, the area should be cleaned thoroughly with water to remove these acids.
5.1.2 - Prevention of Rust Using Tannic Acid

Tannic acid is a natural rust inhibitor which can be used to help prolong the corrosion and
prevent further rusting of the materials, and more details of tannic acid are available in methods
to prevent rust in Appendix B. Additionally, tannic acid also has an antifungal property, as
discovered by Zhu et al. (2019). When testing tannic acid with Penicillium digitatum, a species
within the Ascomycota division of fungi which may be in the same division as the fungi found in
the palace as discussed in section 2.6, the growth of P. digitatum is inhibited. However, since the
use of tannic acid can cause irritation, good ventilation and protective equipment such as goggles
and gloves are required when working with tannic acid. Tannic acid itself will not cause stains,
but the resulting iron tannate layer can cause stains on wood, but these stains can be removed by
oxalic acid (Clemons, 2017).

5.1.3 - Green Approaches to Rust Prevention

Asafoetida extract (ASF) is a green method that can be used to prevent rust as well as
having antifungal properties. The details on Asafoetida extract including experiments showing
effectiveness of the extract towards preventing corrosion (Patni et al., 2013) and fungi (Amalraj
and Gopi, 2016) are discussed in Appendix B.

Aloe vera is another green alternative which can be used to inhibit rust on metal surfaces

as well as stop the growth of fungi. Experiments with aloe vera coatings of galvanized iron in
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acids in Aloe-Vera: A Green Corrosion Inhibitor by Shah and Agarwal (2014) show that aloe
vera has high inhibition efficiency. This is also shown in a separate experiment by Singh et al.
(2016). Furthermore, aloe vera also has antifungal activities, as seen in an experiment on
antifungal activity that proved that aloe vera gel and leaf extracts can be used to inhibit the
growth of fungi such as C. albicans (Shilpa et al., 2020).

However, the use of these natural extracts, such as asafoetida and aloe vera, should still
be tested with wood samples first before actual use in the palace structure, and these methods
should be used with care because they are natural organic compounds that can be nutrition for
fungi if not monitored.

5.1.4 - Replacement of Nails

As mentioned earlier in section 2.3.1, stainless steel nails type 304 and 316 are suitable
for rust prevention. Stainless steel nails type 316 have the best resistance property among all
grades and seem to be most suitable in corrosive conditions. Although the palace is situated on
the seaside, it is not immersed in seawater, thus it does not require the use of nails that are as
corrosion resistant as type 316. The palace staff has mentioned that they plan to replace the old
iron nails in some parts of the palace with type 304 stainless steel nails as they renovate in the
future because the palace staff mentioned that they are more flexible than type 316 and not as
brittle.

5.2 - Recommendations on Repairing Concrete Columns
5.2.1 - Repairing Internal Reinforcement Bars

As mentioned in section 2.5 about deterioration of concrete, the signs of rusting in
reinforcing steel bars (rebars) are rust stains and cracks on the concrete surface, and repair should
take place. If only rust stains appear on concrete, they can be cleaned by methods discussed in
section 4.2, but tannic acid should not be used on concrete as stains and damage can occur,
leading to the reduction in strength of the concrete structures (The Aberdeen Group, 1981).

However, if the presence of stains can be observed along with cracks, spalling, and
deterioration of concrete, reparation is required. For the replacement of internal rebars, coated
rebars mentioned in Appendix B are more corrosion resistant against factors such as oxygen,
humidity, chloride, and carbon dioxide than plain steel rebars. Stainless steel rebars of types 304
and 316 offer the best performance in corrosion resistance, but are more costly compared to plain

steel rebars (T. El-Korchi, personal communication, Feb 23, 2021). Thus, using epoxy-coated
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rebars should be the most suitable method for the replacement of internal rebars in concrete
columns in the palace structure in terms of cost and ability of protection.
5.2.2 - Adding Polymer into Concrete Mix

The addition of polymer into concrete to make polymer cement concrete can be used to
repair concrete. For a plain concrete mix, when water evaporates out to form hardened concrete,
the final appearance of concrete will have lots of pores on the surface, allowing gases and
contaminants to penetrate, leading to the rusting of rebars. Therefore, the addition of polymers
into concrete will help reduce the porosity of concrete, lowering water permeability as well as
the chloride and carbon dioxide penetration (Diamanti et al., 2013). The properties of common
polymers that are used as bonding agents are compared in Appendix E.
5.2.3 - Adding Fly Ash into Concrete Mix

According to a personal interview with professor Tahar El-Korchi from WPI (Feb 23,
2021), the addition of fly ash into concrete to make concrete mixture is another viable method to
reduce porosity. It is cheaper than polymers, and commonly mixed into concrete instead of
polymers. Additionally, according to Agents that Attack Concrete published by The Aberdeen
Group (1981), the suitable thickness of the concrete covering the reinforcing steel bars should be
equal to or more than 172 inches. However, for the best protection, the thickness of 3 inches is
recommended (T. El-Korchi, personal communication, Feb 23, 2021). Otherwise, if the rebars
are positioned too close to the concrete surface, water, gases, or any accelerators can easily
penetrate in, leading to rusting of rebars and the deterioration of concrete.
5.2.4 - Concrete Anodes

Concrete anodes (Figure 16) are an alternative way to prevent the rust corrosion in rebars,
widely used for corrosion prevention in seawater of surface ships, drilling rigs, or submarine
hulls. Concrete anodes, proposed by Thai Marine Protection [TMP] (2020), can be categorized
into three different types depending on the surrounding environment, types of reinforcing bars
used, and properties of each metal (Appendix F). However, concrete anodes may not be suitable
in the case of concrete columns in the palace structure because they would need to be installed in
every column containing internal rebars. They are more suitable for the structures with wide and
high surface areas, such as construction of bridge decks, floorings, or foundations (T. EI-Korchi,

personal communication, Feb 23, 2021).
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Figure 16. Photo of a concrete anode attached to reinforcement bars. Reprinted from Corrosion

Technologies: Innovation for Corrosion Control by Thai Marine Protection. (2020).

5.3 - Recommendations on Removal of Fungi

Fungi can be removed by natural products such as baking soda or vinegar, however
vinegar can be nutrition for fungi if used in concentrations that are too low. Thus, removing fungi
by using chemicals is the best option. If hypochlorite is used, the solution needs to be diluted to
0.37% hypochlorite if removing fungi that reproduce asexually, but if the fungi reproduce
sexually, a concentration of 3% hypochlorite is needed (T. Kriangkripipat, personal
communication, Jan 27, 2020). Hypochlorite is toxic to the respiratory system, so caution should
be taken when using it, and it is recommended for use in well-ventilated areas. Dettol Hygiene
Multi-Use Disinfectant is a fungicide that is not as strong as hypochlorite, but it can be used on
wood surfaces that are not well-ventilated, such as in closed rooms. However, since hypochlorite
molecules are large, these chemicals can only kill parts of the fungi that appear on the wooden
surface. The threads of mycelia still remain inside of the wood and cannot be removed without
damaging the wood, but its growth can be prevented by drying and applying chemical
preservatives to the wood.
5.4 - Recommendations for Drying Wood

Kiln drying requires an oven that controls drying time, temperature, moisture content,
and airflow velocity in order to reduce the humidity inside of the wood and make it dry
(Soontonbura, 2011). Any wood preservatives used on the wood should be applied before

placing the wood in the oven. In the oven, planks of wood are separated by stickers, or pieces of
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wood that have already been treated and dried, to ensure that all planks of wood will dry at the
same time (Smit et al., 2017). Additionally, kiln drying is more suitable than air drying, because
there is no control over the temperature and relative humidity in air drying (S. Jarusombuti,
personal communication, Feb 24, 2021).

5.5 - Wood Preservatives

5.5.1 - Copper Chrome Boron (CCB)

Copper chrome boron (CCB) is a synthetic wood preservative that was developed as an
alternative for CCA. CCB is a chemical salt that dissolves in water, and it can penetrate into the
wood structure well. Copper will act as a fungicide and chromium will help other chemicals stay
in the wood structure longer. Boron is also a fungicide, but it is not toxic to the environment.
However, CCB is recommended for indoor use such as on furniture, since water can cause the
boron to leach out of the wood (Sheetz & Fisher, 1993).

There are two common methods of applying wood preservatives are methods that do not
use pressure and methods that use pressure (Wongkaluang, n.d.). Non-pressure treatments, such
as brushing or spraying the chemical directly onto the wood, may result in the preservative
leaching out easily, providing only temporary protection. Methods that require pressure to apply
wood preservatives require equipment to pressurize the chemicals into the wood, and are more
expensive, but will protect the wood for longer due to the deeper penetration of preservatives.
Full cell and empty cell techniques are two methods that require pressure, and since the wood
from the palace structure is old, the empty cell technique is sufficient (S. Jarusombuti, personal
communication, Feb 24, 2021).

5.5.2 - Micronized Copper Azole (MCA)

Micronized copper azole (MCA) is a wood preservative that is widely used in the United
States and Europe and environmentally friendly according to a discussion with Associate
Professor Songklod Jarusombuti from Kasetsart University (personal communication, Feb 24,
2021). While copper is used in wood preservatives, the new micronized copper method was
created in 2006, where the copper is turned into fine particles that is pressure treated onto the
wood along with other additives such as biocides (Sisler et al., 2019). MCA also has special
chemistry interactions with the wooden structure, solubilizing quickly, allowing it to be

complexed by the molecules in wood, penetrating into the wood structure (Civardi et al., 2016).
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However, MCA can be corrosive to metal fasteners, so it is recommended that MCA should be
used on wood in areas where old nails were replaced with wooden dowels.
5.6 - Wood Finishes
5.6.1 - Teak Oil

Teak oil is applied onto teak wood to prevent wood from absorbing additional moisture.
Teak oil that is sold in stores is different from the natural teak oil present in teak wood because it
contains linseed oil or tung oil with other additives to protect teak wood from outside
interferences (DesperateSailors, 2021). It is recommended to apply teak oil yearly, but in areas
heavily affected by UV radiation such as the palace, it should be applied every 6 months.
5.6.2 - Teak Sealer

Teak sealer is a wood finish used in wooden structures made out of paraffin waxes and
various forms of benzenes (Shower Stool Universe, n.d.). The purpose of teak sealer is to retain
the oil present in teak wood to prevent it from drying out, as well to protect the wood from UV
radiation damage and prevent moisture and any other contaminants from entering the wood.
5.6.3 - Deck Stain

Deck stain is a pigmented wood finish that can give higher UV protection (Deck Stain
Help, 2021). Two types of deck stain are present in the market: water-based and oil-based.
Oil-based deck stain is recommended because it contains pigments to make the wood look
natural. It can also be applied in place of teak oil because it already contains oil. It is
recommended to apply deck stain every 1-2 years, but in areas with high UV conditions, it
should be reapplied every 6 months.
5.7 - Monitoring System

Monitoring systems of different historical buildings were explored in order to design a
monitoring system and monitoring forms for assessing the effectiveness of preservative methods.
Systems that use technology such as cameras to monitor an area remotely in Taiwan (Lee et al.,
2018) and sensors that constantly record temperature and humidity in Spain (Mesas-Carrascosa
et al., 2016) are examples of historical sites that have started to use databases and platforms for
monitoring.

However, constant monitoring is expensive and may not be necessary. From the examples
of monitoring forms designed available in Appendix C, scheduled time intervals for monitoring

are suggested. Inspiration was taken from examples of monitoring forms of historic places in
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New Zealand (Walton, 2003) and also from patient monitoring charts used by doctors to design a
monitoring form that considers a user-friendly design considering staff from a wide variety of
backgrounds.
5.8 - Conclusion

In conclusion, the root causes of rust in both nails and concrete structures, and the growth
of fungi in the deterioration of wood were identified from the information obtained from
observation, research, and several experts. Many factors and conditions, including high humidity,
high salt content from sea salt spray, and the lack of thorough understanding of restoration
methods used can all contribute to the corrosion and deterioration of the palace structures.
Therefore, in order to alleviate the severity of the problems, our team has suggested some
recommendations on rust prevention, fungi removal and prevention, and wood preservation,
hoping that this would benefit the Mrigadayavan Palace staff on their restoration project, and
also any other historical buildings that have similar structure to the palace. We also designed a
monitoring form along with guidelines and manuals to help with the problems of tracking
deterioration. Additionally, as the palace now serves as a historical site educating the public on
only history and culture, our team decided to provide additional information from a scientific
point of view. We provided the palace with the infographics we designed together with some
ideas on how to implement the infographics into the actual structure of the palace. This was
directed to help in the expansion of public education to cover wider areas of knowledge for the

palace museum and learning center.
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Appendix A - Mapping of Areas of Deterioration in the Mrigadayavan Palace

In the provided diagram, structures closer to the ocean are near the top, and structures more

inland are found near the bottom.
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The pavilions are the closest structures to the ocean, right by the seaside, and structural damage
to the roof of one of the pavilions can be seen. Black stains of fungi can also be seen to cover a

large area of the pavilion floor.
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The rust from the head of nails on walkway J have spread into a wide radius onto the wood,
when compared to rust that have barely spread from the head of nails in more inland structures

such as the dining room and walkway A in front of the dining room.
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An example of deterioration of wood planks resulting from moisture from nearby trees on the

roof of walkway J.
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Appendix B - Table Comparing Restorative and Preventive Methods

in the market

cleaned
thoroughly

baht/5 liters

Method Description Pros Cons Cost Toxicity Sources
Methods to Remove Rust
Vinegar Vinegar is a dilute solution of | Natural, cheap, | Can cause iron | - Vinegar: Vinegar (Painter, n.d.)
or acetic acid. For rust that is and can be to rust again if | around 60-70 may cause | (Peter, 2019)
vinegar + lemon | tougher to remove, use equal | easily found in | not cleaned baht/5 liters skin and (UKEssays,
juice parts vinegar and lemon juice. | the market thoroughly - Lemon juice: | eyes 2018)
around 75 irritation
baht/3 liters
Salt and lime | Sprinkle salt and squeeze lime | Natural, cheap, | Can cause iron | - Salt: around Non-toxic | (Peter, 2019)
onto rust, leave for a few and can be to rust again if | 10 baht/1 kg
hours, and scrub clean. easily found in | not cleaned - Lime: around
the market thoroughly 5-6 baht each
Potato and dish | Oxalic acid in the potato can | Cheap and can | N/A - Potato: around | Non-toxic | (Peter, 2019)
soap be used to remove rust. be easily found 30-40 baht/1 kg | (Dish soap
in the market - Dish soap: may cause
around 20-30 eyes and
baht/550 mL skin
irritation)
Molasses and | Used in a ratio of 1:10 to Cheap and can | Can be nutrition | Molasses: Non-toxic | (Peter, 2019)
water remove rust. be easily found | for fungiifnot | around 120
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rusting.

- Iron tannate
layer may cause
stains on wood

Method Description Pros Cons Cost Toxicity Sources

Oxalic acid Can be used to remove rust Can be used to | Stain can return | Oxalic acid Can (Construction
from metal or concrete remove rust if rust is not powder: 50 irritate Fasteners &
surfaces as well as iron stains | stains on removed baht/100 g respiratory | Tools, 2020)
on wood. concrete thoroughly tract, eyes | (Perfect
Should be used with caution and skin | Conerete
when used on wood Care, 2020)
embedded with nails that are
coated with tannic acid, since
oxalic acid can also remove
the rust and protective layer of
iron tannate on the nails.

Methods to Prevent Rust

Tannic acid Tannic acid is a complex - Prolongs the - May need to Tannic acid Can (Clemons,
organic acid extract rusted surface | monitor powder: 400 irritate 2017)
commonly found in plants. It | by inhibiting regularly as its | baht/50 g respiratory | (Logan,
can be used to apply on an the spreading of | service life tract, eyes | 1989)
already rusted surface to rust cannot be and skin (Chueng et
convert rust into a protective | - Has antifungal | specified al..n.d)
layer of blue-black iron properties (depends on (Zhu et al.,
tannate to protect the iron environmental 2019)
underneath from further conditions)
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https://www.merckmillipore.com/TH/en/product/msds/MDA_CHEM-100773?ReferrerURL=https%3A%2F%2Fwww.google.com%2F
https://www.merckmillipore.com/TH/en/product/msds/MDA_CHEM-100773?ReferrerURL=https%3A%2F%2Fwww.google.com%2F

Method Description Pros Cons Cost Toxicity Sources
Asafoetida Substance extracted from - Natural - Strong, - Gum resin: Non-toxic | (Amalraj &
extract Asafoetida plants and can be | extract, pungent, 400-500 baht (but may | Gopi, 2016)
coated on cleaned nails or environment- unpleasant per 1kg cause (Patni et al,,
metal to protect them from ally friendly smell - Asafoetida irritation | 2013)
rust. - Has antifungal | - Regular powder: around | to skin
properties monitoring 600 baht per and eye)
required as lkg
service life is
not specified
Aloe vera Aloe vera gel extracted from | - Natural Regular Around 100 Non-toxic | (Shah &
aloe vera leaves can be extract, monitoring baht per 500 (but may | Agarwal,
applied on cleaned nails or environment- required as mL be allergic | 2014)
metal to protect them from ally friendly, service life is (or can be to some (Shilpa et al.,
rust. and cheap not specified extracted from | people, 2020)
- Has antifungal aloe vera causing (Singh et al,
properties leaves) burning or 2016)
itching of
skin)
Replacement | Stronger than iron nails, and | High corrosion | Expensive - Type 304 cost | N/A (Bohn, 2012)

with stainless
steel nails

viable grades are type 304 and
type 316 with a service life
around 50 years.

resistance

compared to
other types of
nails

around 1600
baht per 1 kg
- Type 316 cost
around 2500
baht per 1 kg

(Rapczynski,
2018)
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Method Description Pros Cons Cost Toxicity Sources
Methods to Repair Concrete Columns
Replacement of | If the internal rebars are too Offers more Require regular | Epoxy-coated N/A (Department
internal rusted to be repaired, they corrosion monitoring and | rebars of Public
reinforcement | should be replaced with new | resistance than | regular (cheapest) < Works and
bars (rebars) rebars. plain steel reparation if zinc-coated Town &
- Epoxy-coated rebars rebars needed rebars < Cou“fry
(Service life: around 55 years) Stainless steel Planning,
- Zinc-coated rebars rebars (most 2008)
(Service life: around 100 expensive) (Yeomans,
2018)
years)
- Stainless steel rebars
(Service life: 100+ years)
Service life given is an
approximate number.
Mixing polymer | Polymers help reduce the Help extend the | More expensive | Depends on the | Most (Department
into concrete | porosity of concrete surfaces, | service life of | than fly ash type of polymer | polymers | of Public
lowering the chance of water, | concrete used. such as Works and
chlorides, carbon dioxide, and | columns For example, Acrylic Town &
oxygen penetration. acrylic costs are Country
around 600 baht | non-toxic | Planning,
per 1 bucket (2]())?218111anti et
(20ke). al., 2013)

84
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https://www.inscribe.com.au/Acrylic-MSDS.pdf

Method Description Pros Cons Cost Toxicity Sources
Mixing fly ash | Fly ash is the by-product from | - Cheaper than | Longer setting | Fly ash costs Fly ash (T. El-Korchi,
into concrete | coal burning in electric power | polymers, but time of concrete | around 1000 may cause | personal
plants. It is mixed with offers similar required (Lower | baht per ton skin, eyes | communicati
concrete to help reduce the protection temperature and on, Feb 23,
porosity of concrete, similar - Help extend also lengthens respiratory | 2021
to polymers. the service life | the setting time) irritation | (Wilder,n.d)
of concrete
columns
Concrete anode | A concrete anode is made - Cheaper than | Complicated in | Around N/A (Thai Marine
from a different metal than normal method | terms of 1300-2000 baht Protection,
internal rebars, and is attached | of reparation, as | installation, per piece, 2020)
to the rebars, sacrificing itself | it requires less | calculation of depending on
to corrosion before the rebars. | steps the area, and type of anode,
- No need to how many size, and weight
modify anodes are
reinforcing needed
rebars, just (May need to

install the
concrete anode

hire an expert
or specialist to
do so)
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Method Description Pros Cons Cost Toxicity Sources
Methods to Remove Fungi
Hypochlorite | Hypochlorite is present in The most - Toxic to Haiter (contains | Can (T.
many household cleaning efficient way to | respiratory hypochlorite): | release Kriangkripipa
products such as bleach. remove fungi, system 135 baht/5000 | gases that | t personal
Solutions containing cheap, and can | - May bleach mL are toxic | communicati
hypochlorite can be used to be easily found | the color of to the on, Jan 27,
remove fungi if prepared in in the market wood respiratory 2021)
the right concentration. system
Dettol Hygiene | An alternative of hypochlorite | Does not Not as powerful | Dettol: 314 Chloroxyl | (T.
Multi-Use that can also be used to release as much | as hypochlorite | baht/500 mL enol in Kriangkripipa
Disinfectant remove fungi. toxic gas as Dettol has | t personal
hypochlorite low communicati
toxicity in | o0 Jan 27,
humans, 2021)
but is
highly
toxic to
fish or
aquatic
invertebrat
es.
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http://www.rbnainfo.com/MSDS/US/Dettol-US-English.pdf
http://www.rbnainfo.com/MSDS/US/Dettol-US-English.pdf
http://www.rbnainfo.com/MSDS/US/Dettol-US-English.pdf
http://www.rbnainfo.com/MSDS/US/Dettol-US-English.pdf
http://www.rbnainfo.com/MSDS/US/Dettol-US-English.pdf
http://www.rbnainfo.com/MSDS/US/Dettol-US-English.pdf
http://www.rbnainfo.com/MSDS/US/Dettol-US-English.pdf
http://www.rbnainfo.com/MSDS/US/Dettol-US-English.pdf
http://www.rbnainfo.com/MSDS/US/Dettol-US-English.pdf

Method Description Pros Cons Cost Toxicity Sources
Methods to Dry Wood
Kiln drying A method used to dry wood There is control | - Expensive Depends on the | N/A (S.
by heating the wood in a of air flow rate, |- Need to size, type, and Jarusombuti,
controlled oven at specified temperature and | transport wood | amount of wood personal
conditions, such as humidity in the | - Suitable to be dried. communicati
temperature and relative oven conditions in on, Feb 24,
humidity. the oven depend 2021)
on calculations (Soontonbura
by experts or a > 2010)
reliable table
Air drying Alternative of kiln drying, - Cheaper than | Drying time Essentially free | N/A (.
where wood is simply left in | kiln drying depends on the Jarusombuti,
the outside environment to - No need for weather, which personal
dry. equipment may lead to communicati
fungal growth on, Feb 24,
in areas with 2021)
high humidity.
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Method Description Pros Cons Cost Toxicity Sources
Wood Preservatives
Copper chrome | Developed as an alternative of | Copper is an Boron can leach | CCB from (No (S.
boron (CCB) | CCA, which is banned antifungal agent [ out of the wood | Aadinath MSDS Jarusombuti,
because it contains arsenic. when in contact | Chemical found for | Feb24,2021)
Boron in CCB is a more with water Industries: 70 CCB, (Wongkaluan
environmentally friendly Baht/1 kg however | &nd)
alternative, but suitable for the NFPA
indoor use. rating of
boron, the
main
componen
tin CCB
is 1 in
Health
Hazard)
Micronized Micronized copper azole Contains small | May cause Depends on the | NFPA (Sisler et al.,
copper azole | contains small copper particles that corrosion in size, type, and | Health 2019)
(MCA) particles (ranging from 1 are able to metal fasteners | amount of wood | Hazard - 1 | (Civardiet
nm-250 pm) and is an penetrate to be al., 2016)
environmentally friendly deeper into pressurized.
wood preservative widely wood

used in the United States and
Europe.
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https://www.indiamart.com/proddetail/copper-chrome-boron-1791176862.html
https://www.indiamart.com/proddetail/copper-chrome-boron-1791176862.html
https://www.indiamart.com/proddetail/copper-chrome-boron-1791176862.html
https://www.indiamart.com/proddetail/copper-chrome-boron-1791176862.html
https://stoller.com.au/wp-content/uploads/2019/08/LIQUID-BORON_SDS_GHS-AUG19.pdf
https://stoller.com.au/wp-content/uploads/2019/08/LIQUID-BORON_SDS_GHS-AUG19.pdf
https://stoller.com.au/wp-content/uploads/2019/08/LIQUID-BORON_SDS_GHS-AUG19.pdf
https://stoller.com.au/wp-content/uploads/2019/08/LIQUID-BORON_SDS_GHS-AUG19.pdf
https://stoller.com.au/wp-content/uploads/2019/08/LIQUID-BORON_SDS_GHS-AUG19.pdf
https://stoller.com.au/wp-content/uploads/2019/08/LIQUID-BORON_SDS_GHS-AUG19.pdf
https://stoller.com.au/wp-content/uploads/2019/08/LIQUID-BORON_SDS_GHS-AUG19.pdf
https://stoller.com.au/wp-content/uploads/2019/08/LIQUID-BORON_SDS_GHS-AUG19.pdf
https://stoller.com.au/wp-content/uploads/2019/08/LIQUID-BORON_SDS_GHS-AUG19.pdf
http://www.americanpoleandtimber.com/wp-content/uploads/MSDS-for-MCA-treated-wood.pdf
http://www.americanpoleandtimber.com/wp-content/uploads/MSDS-for-MCA-treated-wood.pdf
http://www.americanpoleandtimber.com/wp-content/uploads/MSDS-for-MCA-treated-wood.pdf

Method Description Pros Cons Cost Toxicity Sources
Wood Finishes
Teak oil Teak oil is applied in many - Restores the Frequent TOA: 715 Baht | Can cause | (DesperateSai
coats onto wood to protect appearance of | application /3.5L redness lors, 2021)
wood from absorbing wood needed and
moisture. It is a product made | - Protects wood irritation
specifically for use with teak | from to skin if
wood. It doesn’t contain absorbance of in contact
natural teak oil, but it is moisture
instead made from linseed oil
or tung oil and other
supplements.

Teak sealer Teak sealer is a chemical - Provides a Need to remove | JustTeak: 2040 | NFPA (DesperateSai
product that is applied to higher level of | old sealer Baht/1L Health lors, 2021)
prevent the oil in the wood protection before applying Hazard - 2 | (Shower
from evaporating out and a new coat Stool
provides protection from Universe,
outside interference. n.d)

Deck stain A wood finish that comes in | - Ease of More Beger: 1160 Can cause | (Deck Stain
many colors and can provide | application maintenance Baht/1 GL mild Help, 2021)
the wood with a natural look. [ - Provides a required (3.8L) irritation
Can be water-based or natural look to when in
oil-based. wood contact
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https://shopee.co.th/TOA--TEAK-OIL--%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%A1%E0%B8%B1%E0%B8%99%E0%B8%A3%E0%B8%B1%E0%B8%81%E0%B8%A9%E0%B8%B2%E0%B9%80%E0%B8%99%E0%B8%B7%E0%B9%89%E0%B8%AD%E0%B9%84%E0%B8%A1%E0%B9%89-%E0%B8%97%E0%B8%B5%E0%B9%82%E0%B8%AD%E0%B9%80%E0%B8%AD-%E0%B8%97%E0%B8%B5%E0%B8%84-%E0%B8%AD%E0%B8%AD%E0%B8%A2%E0%B8%A5%E0%B9%8C-%E0%B8%82%E0%B8%99%E0%B8%B2%E0%B8%94-%E0%B9%81%E0%B8%81%E0%B8%A5%E0%B8%A5%E0%B8%AD%E0%B8%99-3-5-%E0%B8%A5%E0%B8%B4%E0%B8%95%E0%B8%A3-i.93383005.4717330188?gclid=Cj0KCQiAvvKBBhCXARIsACTePW-2JDKPQ6T84zDKoNSUBT3hs4u1FH0jepPSrtRop5doD2FBKCD_9zUaAhDBEALw_wcB
https://shopee.co.th/TOA--TEAK-OIL--%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%A1%E0%B8%B1%E0%B8%99%E0%B8%A3%E0%B8%B1%E0%B8%81%E0%B8%A9%E0%B8%B2%E0%B9%80%E0%B8%99%E0%B8%B7%E0%B9%89%E0%B8%AD%E0%B9%84%E0%B8%A1%E0%B9%89-%E0%B8%97%E0%B8%B5%E0%B9%82%E0%B8%AD%E0%B9%80%E0%B8%AD-%E0%B8%97%E0%B8%B5%E0%B8%84-%E0%B8%AD%E0%B8%AD%E0%B8%A2%E0%B8%A5%E0%B9%8C-%E0%B8%82%E0%B8%99%E0%B8%B2%E0%B8%94-%E0%B9%81%E0%B8%81%E0%B8%A5%E0%B8%A5%E0%B8%AD%E0%B8%99-3-5-%E0%B8%A5%E0%B8%B4%E0%B8%95%E0%B8%A3-i.93383005.4717330188?gclid=Cj0KCQiAvvKBBhCXARIsACTePW-2JDKPQ6T84zDKoNSUBT3hs4u1FH0jepPSrtRop5doD2FBKCD_9zUaAhDBEALw_wcB
https://www.toagroup.com/storage/downloads/sds/wood/sds-toa-teak-oil-t01-en.pdf
https://www.toagroup.com/storage/downloads/sds/wood/sds-toa-teak-oil-t01-en.pdf
https://www.toagroup.com/storage/downloads/sds/wood/sds-toa-teak-oil-t01-en.pdf
https://www.toagroup.com/storage/downloads/sds/wood/sds-toa-teak-oil-t01-en.pdf
https://www.toagroup.com/storage/downloads/sds/wood/sds-toa-teak-oil-t01-en.pdf
https://www.toagroup.com/storage/downloads/sds/wood/sds-toa-teak-oil-t01-en.pdf
https://th.eastmarineasia.com/products/justteak-teak-sealer
https://th.eastmarineasia.com/products/justteak-teak-sealer
https://www.totalboat.com/wp-content/uploads/2016/07/TotalBoat-Danish-Teak-Sealer-SDS.pdf
https://www.totalboat.com/wp-content/uploads/2016/07/TotalBoat-Danish-Teak-Sealer-SDS.pdf
https://www.totalboat.com/wp-content/uploads/2016/07/TotalBoat-Danish-Teak-Sealer-SDS.pdf
https://www.boonthavorn.com/beger-84695
https://www.boonthavorn.com/beger-84695
https://www.boonthavorn.com/beger-84695
https://www.beger.co.th/assets/uploads/product/documents/5631bf153cc4d/files/MSDS-BG-DeckStain.pdf
https://www.beger.co.th/assets/uploads/product/documents/5631bf153cc4d/files/MSDS-BG-DeckStain.pdf
https://www.beger.co.th/assets/uploads/product/documents/5631bf153cc4d/files/MSDS-BG-DeckStain.pdf
https://www.beger.co.th/assets/uploads/product/documents/5631bf153cc4d/files/MSDS-BG-DeckStain.pdf
https://www.beger.co.th/assets/uploads/product/documents/5631bf153cc4d/files/MSDS-BG-DeckStain.pdf

Appendix C - Monitoring Forms

BASELINE MONITORING FORM
nansmsihdunaidesdiu

* Use this form for the first evaluation, for following evaluations please refer to Monitoring Form
*Tlumsusadiuasausn Tumsuszdiuasolunionld wnasmsthduna

Section 1 — Background Information il 1 - ﬁaqav‘c'ugﬁu

Date (dd/mm/yyyy) fufl (fu/ifeu/d)

Name(s) of Assessor(s) 51a%aému"uﬁn

Identification Number svauszdnaaldsing

Description of spot AussesnEhduna

What is being monitored at this spot? Mmaudhdunnezlsey
O Wood i
O Nails sz
0 Concrete column ey
O Paint &

[ Other (please specify) Buq (Usnszy)

Section 2A - If this spot was just repaired dul 24 - ﬁ"lqﬂfflﬁ’iﬂm‘iiauuﬁuuﬁ'x

What method(s) were used at this spot? 1#l§33n1sdeuusslalugaihdunai
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Section 2B - If this spot has not been repaired

a v, -9 vo f
daufi 28 - dhyailddlildFunsdenusy

Condition of spot 1 No damage

. luifinnudene
anmusaaEldng

4  Severe damage

= =
UANUFI A TUUI

2 Minor damage (noticeable upon close inspection)
deudeweianies (ulataddunalngs)

3 Moderate damage (noticeable)

v

= a a
fenudevneunn (iulddn)

Notes and observations AsfidanaLiiu

Recommended management actions Awuzihlun1sdaunvunioauainwm
£ n

Section 3 — Other Information

dil 3 - dayaduq

Temperature
BRVAH
JEuTL

°C

Relative Humidity

PR %
TG

Date of next monitoring (dd/mm/yyyy)
Fuitlumsdunanssaly
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Photo
U
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Guide to Baseline Monitoring Form

This form is used when monitoring a spot for the first time, whether it be after preservation has
been performed, or if it is waiting for restoration.

Section 1 — Background Information

Date — The date of monitoring written in dd/mm/yyyy format.

Names(s) of Assessor(s) — List the names of all those who are performing the monitoring.
Identification Number — Code used to mark the spot being monitored.

The Identification Number should be written so as to be understood easily by those
performing monitoring. The following is a suggested system of labeling monitoring spots:

From the grid plan of the Mrigadayavan Palace (fugaimauisituitnsssnsilnadugameiu vio defwu
un3n), The buildings are already labeled with numbers, and the walkways are labeled with letters.
Thus, for a six-digit code, the first two digits can be the number of the building (ex: 04, 05, 11)
or the letter of the walkway preceded by a zero (ex: 0A, 0J).

The next two digits might be used to identify the floor. For example, 00 can be used for the
ground floor and 01 can be used for the top floor.

The last two digits can be a running number, so that there can be many monitoring spots in one
area as deemed necessary.

For example, if a monitoring spot was set up in the middle of walkway F on the top floor, then its
identification number would be 0F0113. (13 would represent that this spot is the 13" spot
monitored along all of walkway F.

Description of spot — Describe the exact spot being monitored, so that it can be pinpointed
exactly in following monitoring activities.

What is being monitored — Check all materials that are being monitored at this spot. Can monitor
more than one item if necessary.

Section 2A — Fill in this section only if this spot has been repaired and starting monitoring for
the first time

What method(s) were used at this spot — Describe all the preservatives, finishes, or any
chemicals that were used for preservation. Be as detailed as possible.
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Section 2B — Fill in this section only if this spot is awaiting repair
Condition of spot — Circle the number that fits most with the condition of the monitoring spot.
1 — No damage — Everything looks fine and nothing needs to be done

2 — Minor damage (noticeable upon close inspection) — From far away, this spot looks
fine, but if inspected closely, there are some minor problems such as some rust
forming, or wood has scratch marks

3 — Moderate damage (noticeable) — From far away, this spot is noticeably damaged or
problematic

4 — Severe damage — This should be selected only if the spot is damaged beyond repair
and needs attention immediately either naturally or from unforeseen circumstances
such as damage from a storm or from vandalism

Notes and observations — Describe in detail what is observed

Recommended management actions — Write down what is recommended to be done. Some
recommendations can be found in the Monitoring Manual. If not found, contact an expert to
understand what can be done.

Section 3 — Other Information

Temperature and humidity may be measured to compare differences across different spots.
Temperature (°C) — (optional) The temperature, in Celsius, of the monitoring spot.
Relative Humidity (%) — (optional) The relative humidity of the monitoring spot.

Date of next assessment — Important. Record the date in dd/mm/yyyy format of the next
monitoring as recommended by the Guide to Test Method Monitoring

Log.

Photo — Take a photo of the spot being monitored to keep an unbiased record of images. Try to
use the same camera at every monitoring, use the same angle every time, and have a
color chart in the photo to keep colors consistent. Photos can be compared to view
changes over time, and photos should be kept in an organized fashion.
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MONITORING FORM
waasnsEhdinn

Section 1 — Background Information daufl 1 - t"laqa'ﬂugw

Date (dd/mm/yyyy) Suil (Fu/iitew/d)

Name(s) of Assessor(s) iwﬁlaﬁgmﬁu'ﬁﬂ

Identification Number swauszdrqaihduns

What is being monitored? fdadhdinserlsey

O Wood lif
Nails aiw1

Paint &

I [ I R I |

Other (please specify) Buq (Wsaszy)

Concrete column teniju

Section 2 — Assessing Damage

] a
df 2 - msussfiuanuideme

Condition of spot
annuagadune

1

No change from last observation
TaifauasuudanaSiiuda

Minor changes (noticeable upon close inspection)
fanuwdsundaadnties (Hulddnindunalngs)
Moderate changes (noticeable)

fanudeuudann rulddn)

Severe damage
RGP EVRERTIEN

Notes and observations &fidanaiiu
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Recommended management actions muusitlumstenusumvioguasnu

Section 3 — Other Information

&l o =
@i 3 - dayaduq

Temperature

NN
JEung)

°C

Relative Humidity
ANUTUFUANS

%

Date of next monitoring (dd/mm/yyyy)
Suilumsdunaadaell

Photo
Junm
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Guide to Monitoring Form
This form is used for consequent monitoring assessments.
Section 1 — Background Information
Date — The date of monitoring written in dd/mm/yyyy format.
Names(s) of Assessor(s) — List the names of all those who are performing the monitoring.
Identification Number — Code used to mark the spot being monitored.

What is being monitored — Check all materials that are being monitored at this spot. Can monitor
more than one item if necessary.

Section 2 — Assessing Damage
Condition of spot — Circle the number that fits most with the condition of the monitoring spot.
1 — No change from last observation — Everything looks the same as last monitoring

2 — Minor changes (noticeable upon close inspection) — Compared to last time, this spot
looks fine from far away, but if inspected closely, there are some minor problems
such as some rust forming, or wood has scratch marks

3 — Moderate changes (noticeable) — Compared to last time, this spot is noticeably
damaged or problematic even from far away

4 — Severe damage — This should be selected only if the spot is damaged beyond repair
and needs attention immediately either naturally or from unforeseen circumstances
such as damage from a storm or from vandalism

Notes and observations — Describe in detail what is observed

Recommended management actions — Write down what is recommended to be done. Some
recommendations can be found in the Monitoring Manual. If not found, contact an expert to
understand what can be done.

Section 3 — Other Information
Temperature and humidity may be measured to compare differences across different spots.
Temperature (°C) — (optional) The temperature, in Celsius, of the monitoring spot.

Relative Humidity (%) — (optional) The relative humidity of the monitoring spot.
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Date of next assessment — Important. Record the date in dd/mm/yyyy format of the next
monitoring as recommended by the Guide to Test Method Monitoring

Log.

Photo — Take a photo of the spot being monitored to keep an unbiased record of images. Try to
use the same camera at every monitoring, use the same angle every time, and have a
color chart in the photo to keep colors consistent. Photos can be compared to view
changes over time, and photos should be kept in an organized fashion.
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Test Method Monitoring Log

Y L5110 BT (S o o S PSSP
Approximate service life: ...................... or [Junknown Recommended interval of monitoring: ......................coooeei.
Concluded Service Lo frOm teSt: ... ... i ettt e e e et e aaan
Temperature IeIbite Signature of Date of next Signature after
Date o Humidity Observations and notes o o
() (%) assessor next
0

Page number
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Guide to Test Method Monitoring Log

This monitoring log is used to keep a systematic record when monitoring the effectiveness and/or lifespan of a preservative method.

Method under test — State the chemicals or substances used, and describe what is being monitored.
Approximate service life — State the approximate service life of the method being tested as given in the Monitoring
Manual, if approximate service life is unknown, check the box labeled unknown.
Recommended interval of monitoring — State the time interval between each observation.
Approximate service life Recommended interval of monitoring
4 months 2 weeks
6 months 1 month
1 year 2 months
2 years 4 months
5 years 1 year
10 years 2 years

For an unknown service life, the recommended interval of monitoring is every 2 weeks.

For substances that are of natural origin, the recommended interval of monitoring is every week.

Concluded service life for test — State the observed service life after the method being tested wears off or seems to no

Date — The date of observation. Start from the date when the method being tested is first used.

Temperature (°C) — (optional) The temperature, in celsius, of the room or area where the test is taking place.

Relative Humidity (%) — (optional) The relative humidity of the room or area where the test is taking place.

Observations and notes — Record observations and any changes here.

Signature of assessor — The assessor signs their name here.

Date of next assessment — Record the date of the next observation. Calculated from the recommended interval of
monitoring.

Signature after next assessment — The assessor who performs the next assessment will come back to sign this space after

longer be effective. Filled in after test is complete.

the next assessment is finished.
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Wood

Monitoring Manual

To monitor wood, check for puddles of water, bleaching of color, dark stains, fruiting bodies,

decay, or flaking of paint (if wood is painted).

1.

Nails

If there are puddles of water, try to remove the water as soon as possible. Puddles may
indicate that there are underlying structural faults, therefore experts on architecture or
civil engineering should be consulted.

If the wood has bleached or grayved, this may indicate that the wood has been exposed

to UV radiation and is dry. Applying new coats of teak oil and then sealing with wax or
teak sealer is recommended. Otherwise, deck stain can be reapplied.

If there are dark stains on the wood, check to see if these stains are coming from nails
or on the wood itself. If the stains are found around nails, refer to point 2 of the Nails
section. If the dark stains are found on wood without the presence of nails, this may
indicate the growth of fungi. Refer to the Removing Fungi section of this manual to
remove the fungi.

If fruiting bodies are found growing on the wood, refer to the Removing Fungi section

of this manual to remove the fungi.

If parts of the wood has decaved, use wood filler or epoxy to plug in the holes. If a
large part of the wood has decayed, punch out the decayed parts and replace with wood
from elsewhere.

If paint is flaking off the wood, this indicates that the wood underneath contains

moisture. Remove the paint, let the wood dry, and reapply paint.

To monitor nails, check for the change in color of the head of the nail and if the rust from the

nails has stained and spread onto the surrounding wood.

L.

If only the head of the nail has started to rust and change color to red, brown, or

black, tannic acid can be directly applied on the head of the nail to prevent the nail from
further rusting without having to remove the rust first.
If rust stains have spread around the head of the nails onto the surrounding wood, the

stain on the wood can be cleaned with oxalic acid. This means that the rust has covered
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most of the nail, so the nail itself should be coated with tannic acid or replaced with a

new stainless steel nail.

Concrete
To monitor concrete columns, check for rust stains, cracking, or spalling. Concrete columns
should be monitored every 5 years.
1. If there are rust stains present on concrete columns with internal reinforcing bars, the
stains can be cleaned with oxalic acid or other ways to remove rust.
2. Ifthe column has started to crack, there may be a problem with the weight it is
receiving. Consult an expert on architecture or civil engineering.

3. Ifthe column has spalled enough to reveal internal rebars, but the rebars are not rusted,

the column can be patched up with a cement mixture.
4. If the column has spalled enough to reveal that the internal rebars are extremely

rusted, the whole column should be replaced.

Removing Fungi

Fungi can be removed with the use of a 0.37% hypochlorite solution. If the fungi are not
removed, 3% hypochlorite solution should be used instead. If there is a fruiting body, remove it
first by picking or cutting it out. Apply the solution to the affected area for two minutes, then
scrub it off. Make sure to dry the wood before applying wood preservatives or finishes. Contact
an expert to dry wood in a kiln and to apply wood preservatives through the pressurizing method.
Warning: Hypochlorite solutions should be used with care and in well-ventilated areas. Using
Dettol Hygiene Multi-Use Disinfectant is an alternative for hypochlorite solution for less

ventilated areas.
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Approximate Service Life of Different Materials

Teak oil
Teak sealer
Wax
Deck stain
Stainless steel nails
Epoxy-coated rebars
Zinc-coated rebars

Stainless steel rebars

6 months in areas exposed to high UV radiation
1 year
6 months to 1 year
1-2 years
50 years
55 years
100 years

More than 100 years
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Appendix D - Infographics and QR Codes

EUNGIIGDSE

MYCELIUM Tu@idsu

MADE OF A NETWORK OF THREAD-LIKE
FILAMENTS, CALLED HYPHAE, THAT
CONTAINS GENETIC INFORMATION.
WunissouaduuavidulovuraidainiEen
51loWiussaariswusassuvavsituls

SEXUAL

Mycelium
REPRODUCTION Twaiden
A1SAUWUSUUUDAYLWHA q

AFTER RELEASING PHEROMONES, THE
MYCELIA CAN FORM A NETWORK AND GROW
INTO FRUITING BODIES, WHICH CAN PRODUCE

OO Fruiting Body
AND DISPERSE SPORES THAT CAN WITHSTAND %0 Wesdousi
HARSH ENVIRONMENTAL CONDITIONS D O '
kavoailoWuadssWlsluusonui 1dulsludiasus: OO y
s:uc'liaua:muﬁuulju mikiAalludanvauznarsaan Spores
ikan1Sen31 wsadvuad dvaruisauwsavasoindd avas

vulduazaiuisanuaniwitdadaunsvusv

ASEXUAL REPRODUCTION

msdauwusuuvuluoAgwa
Mycelium
Tugidsw Q
(o) THE MYCELIAL CELLS CAN DIVIDE AND
OOO RELEASE SPORES THAT ARE GENETICALLY
D 0 IDENTICAL TO THEIR PARENTS, AND THESE
OO SPORES CAN GROW INTO MYCELIUM THAT
Spores CAN REPRODUCE AGAIN.
adas drludidsuovavisaadvavadniianuauzniv

WusnssuLkidaudINULDY ua:alasiuaiuisa
tavlavntuludiasuladansy
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Fungli Removal

2
S —Li

55 hdaLgas

REMOVE FUNGI IS BY USING
HYPOCHLORITE, WHICH CAN BE FOUND
IN BLEACH OR CLEANING PRODUCTS.
fdaidasidre [alunaalsh Gvidudrunan
ludhaawanu1d

USE 0.37% HYPOCHLORITE TO
REMOVE FUNGI AND 3%
HYPOCHLORITE FOR FUNGI THAT IS
HARDER TO REMOVE
t5Talunaalsn 0.37% wafdaldasi ua:
lolunaalsh 3% dkSuldasinmdaein

o

APPLY THE SOLUTION OF '
HYPOCHLORITE TO THE FUNGI ON
wWOOD. LEAVE IT FOR TWO
MINUTES, AND THEN WIPE IT OFF.
niaisazargavuuigasivuunuliua:
Avl3 2 uii 3vidaaan

WARNING! USE IN WELL-VENTILATED AREAS.
Adoaul tdluusvaunaInIAaAIgLNA=OdN
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What causes
RUST?

atuinanina:ls?

water /humidity
ur/ndusu

-

/SEO\ salt spray
a:davinasdAan:ia

oxygen .. 9
29nTGI1DU .
e

accelerator
tndaatdudiisv
asLtaaauu

Corrosion = metal + water + oxygen
a1sAansau Kan un 29nGIDU

Sources:

[1] https://www.hindawi.com/journals/cje/2013/784186/
[2] https:/fwww.armorvci.com/corrasion/types-of-rust/
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ow many
pes of rust

atividnsiia O

types of rust atuawisauuvla
Wu 4 slaKkan)

Red Rust

dauavuav

Can be formed due to L
high oxygen and water exposure

awnsaidalaluvspaniiiuaoandioudsviauge

Sources:
[1] https://www.hindawi.com/journals/cje/2013/784186/
[2] https://www.armorvei.com/corrosion/types-of-rust/
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How many
ineS of rust
atuidavsda O

T"\ere are maij

nl
types of pysg tY auvawnsauuvla
1u 4 sliakan)
Yellow Rust
aluikaav

Occurs in high moisture content areas, usually
around puddles or standing water areas.

awnsatialdluvspaniusnianuiuksatragav
dHuuav:ziaaluusuniiuiivung

Sources:
[1] https://www.hindawi.com/journals/cje/2013/784186/
[2] https://www.armorvci.com/corrosion/types-of-rust/
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t — ] E Y
PES of rust "D 4 sandng

Brown Rust
aguuima

Can be formed in areas where there is
hi9|n oxygen and low moisture

awnsatiaduluusouiiiusuuoandauay ua:
USurauanusum

Sources:
[1] https://www.hindawi.com/journals/cje/2013/784186/
[2] https://www.armorvci.com/corrosion/types-of-rust/
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ow many
es of rust
atuidavsia

O

agummsaud\ﬂﬁ
St u 4 vlakan

Black Rust
aaual

Can be formed in limited oxygEnj

and low moisture areas

awnsaialdluySnaiiiusnmuoondou
Ha:AUBUUDYKSIAINING

Sources:
[1] https://Awww.hindawi.com/journals/cje/2013/784186/
[2] https://www.armorvci.com/corrosion/types-of-rust/
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METHODS OF
REMOVING RUST

3sai1sa1vaadu

5

[
molasses + water
white vinegar/ madima +
white vinegar + =
lemon juice
Lfmuznqgl

uhduagy + uiuzud

potato + dish soap

salt + lime Y s,
JuWsvy + u191a1vDIU

1naa + w:u

¢ 4

baking soda + water
waavlsar + th

7 -
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GREENER WAYS TO ?
PREVENT RUST? 0 V.
©

Tannic acid
asawnuun
: skSalu ?
a complex organic acid a1SanavInsssUYIG
asasunssnilulanalkad ¥oret
na:lasvaswsusau )Uua_?ﬂuaylllla:
tsasala
Aloe Vera
31uKIVDSEW

applied onto a rusted surface
to convert the rust into @ _
protective layer a succulent .P\amt specue.s
Iﬁmanuufnuﬁa‘n‘ﬁluaﬁmv‘\"raul'a‘au uwa;u:ymg:;z
atinlkldusuualovikan Javauauu luitiogay

figoouun U
1agvaye

Asafoetida
UKIAVA

dried gum resin extract
obtained from plants of
the genus Ferula.

ghonlaunadulilu
as:nauKIAvA

at clean iron

~ails to inhibit rust
corrosion and protect the

nails against rusting

h’im‘é‘qua\)uuﬁuﬁﬂamﬁa

m:‘?\nﬁﬁa\)msazﬂa\)ﬁuaﬁu

used to Co
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Wood Preservatives

urorsavualo

Ig Thailand, the weather is hot and

humid, so limiting moisture is important

to protect wood from degradation.
Us:inAlnaidanmwainAsoudu ua:

AIBUUUaIISaISVMsKHASauyavlila
msniuauANuGulutlialidviluavdrAsy
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-~ WHAT 1S |

AdUANSONDD:(s?

cement
Jugwud

fine aggregates
(sand)

jaawauuuva:idea

(nshg)

To prolong the deterioration

of concrete columns: +

wadavauaisidananiwuaviainaduasa . coarse aggregates

(rocks, gravel)
© JAQWANUUUKYIU

Pithickness of concrete (Ru asaa)
= 15-3 inches *
A2IUKUIUDVADUASORN
wwanasw = 15 - 3 ) Voker

use concrete mixture
ex. fly ash, polymer

Garswauvlunoaunsa wu
1a1a98 lwawos

AGENTS CORRODING REBARS
AMsSAQASOUUIVLIKaAALASY

use coated rebars e
- water/humidity

ex. epoxy-coated th/Anudu

ttikaniduuvuindau

Wwu Kanldudted - carbon dioxide
aisuaulasoanlud

- chlorides from natural

water or salt spray
, nadlsd |
iy (1aur/azeovindanianzta) 4

[11http://subsites.dpt.go.th/edocument/images/p ;
df/sd_work/MRTOS. pdf y
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[=] g

Life Cycle of Fungi Fungi Removal What Causes Rust?
oy d’l’ [-] af ﬂgl} 1 = =y =y l:gﬂ’ v 1
FINVa Y051 AnLyasaenlsn? atunndulaaenals?

[=]

o
]

o

How Many Types of Rust? Greener Ways to

o Prevent Rust
a = s = }1 of o af = 1 =
dgUuNUNYUA? ﬂaﬁﬂuﬁuuﬂ’aﬂﬁﬁiﬁﬂﬂ ﬂ']ﬁ]ﬂﬁuu'é]‘c’l’ls‘ll'iﬂ?

[=] s [m]
[=]:33 =

What is Concrete? Wood Preservatives

AaUNInARaLlS? Ungsnynilolsl

Methods of Removing Rust
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Example of implementation of QR Codes onto the pillars of the palace walkways.
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Appendix E - Comparison of Polymer Properties

How polymers compare with one another

Styrene
Acrylic Acrylic VAE SBR PVA
Adhesion 3 2 4 1l 5
Breathability 1 2 5 5 3
UV Stability 1 2 3 % 4
Waterproof ability 2 =) 4 4 5
Re-wetting ability 2 4 2 5 1
Cost 1 2 3 4 5

1 = Most or best
5 = Least or poorest

Reprinted from Understanding Polymers in Concrete by Nasvik, J. (2001).
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Appendix F - Types of Metals Used in Sacrificial Anodes

Type of anode

Zinc

Aluminium

Magnesium

Suitable conditions

Seawater
Iron rebars

Seawater and
brackish water
Carbon steel
and iron rebars

- Freshwater
- Carbon steel
and iron rebars

Adapted from Corrosion Technologies: Innovation for Corrosion Control by Thai Marine

Protection. (2020).
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