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ABSTRACT 

The ecological design considerations are focusing on the built environment and the living pro-

cess of the building. It considering the environment impact in designing building, and integrating 

ecological responsive design methods.1 While the traditional Chinese building shared the same 

design philosophy. Our ancestors are really concerning the connection between their living space 

with the broader environment, not only in the time they occupying the building, but also when 

they construct and demolish it. They use the word “harmony” to describe this relationship with 

the environment, and consider it as the high-quality pursuit of life. 

Wooden building has been a major building type in China for thousands of years, however, over 

40 thousand traditional Chinese building has been demolished in the past 30 years, most of them 

are wooden buildings.2 Since the steel, concrete and other emerging materials has become the 

major materials for the modern building, wooden building seems to step down from the stage of 

history. Not until in recent years, wooden building come into people’s view again, it’s increas-

ingly appeared in all over the world and take part in a major role in mordent architecture. Since 

the wood is a sustainable and renewable building material, and a good carbon sink, it is more en-

vironmental friendly than steel, concrete or some other building materials. The wooden building 

has a great potential to discover its ecological benefits and as a carrier of traditional Chinese cul-

ture. 

In seeking the development of wood as a building material, and the future of sustainable build-

ings, I integrate the theory with practice that human population is growing rapidly, the high-rise 

wooden building might be a best solution for this quest. I expect to explore the application of 

wood in high rise building’s envelope and structure, integrate the wood with other material to ex-

pand its performance, emotionally and reality connect the traditional Chinese culture and peo-

ple’s memory of the land to the present day.      

                                                            
1 Sim Van der Ryn, Stuart Cowan, and ebrary Inc, Ecological Design (Washington, DC: Island Press, 2007), 33 
2 “China Third National Archeological Survey,” CHINANEWS, accessed December 1, 2016, http://www.chi-
nanews.com/cul/2013/08-21/5186787.shtml 
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1 INTRODUCTION 

1.1 Introduction 

The environmental disruption has been really issue and troubled us for centuries, since the indus-

trialization started in late 18th and early 19th century. We are obsessed its great power, but lack 

the awareness that environment is more vulnerable than we imagined. Until the natural disaster 

happened in different country, for example, the Great Smog of 1952 in London, about 12,000 

people died because of the toxic smoke;3 July 26, 1943, photochemical smog event, cause a long 

treating with air pollution begun in Los Angeles since then and last until now; in China, air pol-

lution is also a danger to public health. Even in the Beijing, as a city had hosted the 2008 Sum-

mer Olympics, government took lots of effort in controlling the air pollution, we can still see 

Beijing air quality is often poor, especially in the winter when heating is needed in the north con-

tinent, severely polluted air quality of index is as high as 700 (Appendix A: China Ambient Air 

Quality Index). Air pollution is only one aspect of several critical environmental issues that en-

dangered our surviving in the present day. All those behaviors of lacking awareness of protecting 

environment threatening our survival. In the architecture design, we pay attention to these prob-

lems as early as 1960s. Sustainable, as an Institutional Concept. Resulted from a long series of 

institutional initiatives, primarily guided by the United Nations, that may be characterized as a 

compromise between the ‘growth’ and ‘no‐growth’ factions of the environmental movement of 

the late 1960s and early 70s.4 To be closer to the filed I am working on, the ecological design as 

a critical concept shows a new way in the design process, it defined by Sim Van der Ryn and 

Stuart Cowan as "any form of design that minimizes environmentally destructive impacts by in-

tegrating itself with living processes.5 By the guide of this concept, design process is involved 

with the environmental, considering the life cycle of the whole process of a building, and its en-

vironmental impact. 

The other issue that we will consider in architecture design is the social culture fabric of the 

place. In China, we are facing a culture gap, in the last century, the social upheaval unstoppable 

                                                            
3 Michelle L Bell, Davis L Devra, and Tony Fletcher, "A Retrospective Assessment of Mortality from the London 
Smog Episode of 1952: The Role of Influenza and Pollution," Environmental Health Perspectives 112 (2004): 6-8. 
4 James Steele, Ecological architecture: A critical history (London: Thames & Hudson, 2005) 
5 Sim and Cowan, Ecological Design, 18. 
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changed the culture heritage. Once upon a time, we denied everything we believe is good think-

ing in the ancient times, we destroyed everything that represent the past, because we think those 

are false prosperity and finally led us to the disastrous latter-day. Nowadays, with the signifi-

cantly economic growth, Chinese have chance to rethink. Especially in architecture design, we 

used to embrace the western world’s styles of building and technologies, believed those are the 

advance that we should catch up and those are the future we should pursue. But since the rethink-

ing gradually influenced the society, architect can feel the needs from people that our culture 

should be somehow represent in our building, our memory of China should appear on our city. 

In achieving the reviving traditional Chinese building concepts and integrating the ecological de-

sign considerations, I learn from my previous research, that wood as building material has great 

potential in ecological design and become a carrier of the traditional Chinese building concepts, 

while with the development of Southeast region of China, high-rise building become a solution 

for the dense city, and answering the gradually increasing demand of improving energy effi-

ciency. Thus, wooden high-rise building become a research field for the developing of integra-

tion of contemporary ecological design considerations and traditional Chinese building concepts 

(Figure 1.1.1).                                  

Figure 1.1.1 Research Contents and Interrelationships 
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1.2 Region and Environmental Pollution  

China is one of the most populous countries in the world, and its landscape is vast and diverse 

(Figure 1.2.1)6, ranging from forest steppes and the Gobi and Taklimakan deserts in the arid 

north to subtropical forests in the wetter south. The vernacular building style varied from cave 

dwelling in the northwest, blockhouse in Tibetan in the arid area to bole fences building in the 

subtropical area. Furthermore, the courtyard house and Hutong are common elements in most of 

the major city in China. For the beginning of my study, I decide to focus on Southeast China. 

This region became the essence of China since A.D. 960, Song Dynasty (Figure 1.2.2)7. Due to 

the northern nomadic nation’s constantly invasion and severe destruction of ecological balance in 

Yellow River basin area (Northern China), it is the first time, Chinese nation gave up or been 

forced to leave the north territory, and set up the country in the southeast China. Social culture 

changes a lot since then, the first time, China as a country occupy such a small region (compare 

to former territory). However, the connection to the world become increasingly stronger. Sea 

trading to the Europe, Middle East, South Asia, and Africa were booming. Southeast China (Fig-

ure 1.2.3)8 share a similar climate condition, subtropical hot and humid climate, almost the 

whole coastal cities suffered from typhoon every summer. The vernacular building in this region, 

due to the same historical reasons, inherit from the north China, but as time goes on, gradually 

coalesce with local social culture and environment situation, become new vernacular buildings. 

 

                                                            
6 “Google Map,” accessed May 30, 2016, modified by author. 
7 lbid., modified by author.    
8 lbid., modified by author. 

Figure 1.2.1 China's Territory - Present 
Day 

Figure 1.2.2 China's Territory – A.D. 960 Figure 1.2.3 Southeast China 
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On the other aspect, health wellbeing is the main reason that public pay attention to the environ-

mental pollution, while this has deep connection with energy consumption in nowadays China. If 

we compare the trend of coal consumption in china (Figure 1.2.4)9 with the trend of Chinese 

with chronic diseases (Figure 1.2.5)10 in the same period (2003 to 2013). It shows same rising 

trend. Furthermore, another data shows coal power in China accounted for 83% of the country’s 

electricity production.11 The energy structure in china is highly unbalance that we are using high 

proportion of fossil fuel, and the consumption is still rising, which cause the serious damage to 

the environment we live. Although all creature has the ability to adapt the living environment to 

survive, it needs more time than we can imagine and for most of the time, if this kind of chang-

ing is so fast in a relatively short time, it would be a disaster to this creature. We are facing this 

situation, and as shown in the data, it causes the rising trend of the chronic disease. By 2008, 

there are about 2.6 hundred million Chinese has the chronic disease, which means about one-fifth 

of chinses has at least one chronic disease.12 People who live in this land experienced the conse-

quences brought by the polluted environment. 

                                                            
9 World Energy Council, World Energy Resources 2013 Survey (World Energy Council, 2013). 
10 “Chinese Nutrition and Chronic Disease Status Report 2015,” National Health and Family Planning Commission 
of the People’s Republic of China, accessed December 3, 2016, http://www.nhfpc.gov.cn/zhu-
zhan/zcjd/201506/4505528e65f3460fb88685081ff158a2.shtml 
11 “Electric Power Industry efficiency and Energy Conservation Study,” National Energy Administration, accessed 
December 3, 2016, http://www.nea.gov.cn/2012-02/10/c_131402684.htm 
12 “Chinese Nutrition and Chronic Disease Status Report 2015,” National Health and Family Planning Commission 
of the People’s Republic of China, accessed December 3, 2016, http://www.nhfpc.gov.cn/zhu-
zhan/zcjd/201506/4505528e65f3460fb88685081ff158a2.shtml. 

Million Tones Percentage of Total Population 

Figure 1.2.4 Trend of Coal Consumption in China from 
2003 to 2014 

Figure 1.2.5 Trend of Chinese with Chronic Diseases from 
2003 to 2013 
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1.3 Wood and Climate Change 

The 1998 China floods were eternal hurt to all Chinese. It was a series of floods that raged for 

almost two months in entire North China, Caused 4150 people dead. This tragedy like a blasting 

fuse, light the people’s awareness of environment protection, especially in logging in natural for-

est and climate change. It is an extremely unusual year with tremendous amount of rainfall con-

centrate on this short time, also because decades of over-logging, our land lost its ability to store 

the water, water and soil loss cause countless collapse, the flood become even more uncontrolla-

ble, eventually this flood were considered the worst flood in the past 40 years.13 

In this case, started in 1998, China implement a program to gradually ban commercial logging in 

all natural forests in China. Which called National Forest Protection Program (NFPP), this pro-

gram consists of two part of logging ban, phase one NFPP is from 2000 to 2010, phase two 

NFPP is from 2010 to 2020 (Figure 1.3.1)14. The purpose is to allow the forests to recover and 

restore its ecosystem and resilience. To fill the gap after introducing logging ban program, China 

                                                            
13 The Ministry of Water Resources of the People’s Republic of China, “The great flood over China in 1998” (China 
Water Conservancy Press, 1999). 
14 Xiufang Sun, Kerstin Canby, Lijun Liu, “China’s Logging Ban in Natural Forests: Impacts of Extended Policy at 
Home and Abroad,” Forest Trends Association, March 2016. 

Figure 1.3.1 The Region of China's National Forest Protection Program included 
in Phase I (2000-2010) and Phase II (2010-2020) 
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started a plantation program. Since 2002, China has included the development of fast-growing 

and high-yielding plantations forest into the six major forestry projects.  

Concrete and steel are two major building materials for mid-rise and high-rise building for the 

past 100 years. Since 1890, the reliance building in Chicago, a 14-story high-rise office building, 

creatively use concrete and steel as major structure material instead of traditional heavy masonry, 

and use glass as primary material in its façade, this act ultimately be a common denominator in 

the twentieth century, with their good performance in engineering, they will still be popular in 

the 21st century. Therefore, the reason we are trying to find an alternate building material re-

mains to the increasingly severe climate change, just like what has happened in 1998 in China.  

Concrete and steel have a large carbon footprint and are highly energy intensive materials to pro-

duce. With the public’s understanding of anthropogenic climate change, we’ve seen building as a 

major energy consumption source, also has responsible to high portion of carbon dioxide emis-

sion, from a global perspective, U.S. buildings represented about 9 percent of worldwide carbon 

dioxide emissions in 2005 (2,318 million metric tons of carbon dioxide). In fact, U.S. buildings 

would rank just behind the United States itself (5,957) and China (5,322) as the largest source of 

carbon dioxide emissions.15 Greenhouse gas is the main reason that cause the climate change, 

while wood is typically the best principal material with respect to the carbon emission of the use 

of wood. If we can harvest sustainably, it could reduce the greenhouse gas emission. In addition, 

wood’s ability to store the carbon is also a good propriety for replace the concrete and steel in the 

building industry. 

1.4 High-rise Buildings and Urbanization 

Started in December 1978, a program of Chinese Economic Reform took effect. Since then, 

China is experiencing the extraordinary economic boom, meanwhile, it has gone together with 

urbanization. In 1950 13% of people in China lived in cities. By 2010, the urban share of the 

population had grown to 45%; it’s projected to reach 60% by 2030. Twenty-five of the world’s 

largest 100 cities are in China.16 

                                                            
15 “Global Greenhouse Gas Emissions Data,” US Environmental Protection Agency, accessed December 3, 2016, 
https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data 
16 “What Should We Understand about Urbanization in China,” Karen Setoc, accessed November 01, 2016, 
http://insights.som.yale.edu/insights/what-should-we-understand-about-urbanization-in-china. 



16 
 

As for the population, since World War II, China experiences an explosive population growth. 

Until now, the population has exceeded 1.38 billion. Southeast China has an extremely high pop-

ulation density (Figure 1.4.1)17. If we compare the population and the density base on 2010’s 

data, we will have more direct cognition (Figure 1.4.2)18. This region almost holds half of the to-

tal population in China, it is twice the number of total population of the U.S. In addition, com-

pare the density with each other, this region is almost 7 times the population density in the scale 

of the whole world and 12 times the U.S.  

Urbanization brought challenges both on culture fabric and physical environment. People should 

give up their living habit that living in multi-generation house or low rise building, move into the 

mid-rise or high-rise building to deal with the increasingly denser city. Therefore, the metropolis 

placed heavy burden to the environment, huge energy demand and factory near and inside the 

city, cause severe pollution on air, water, and soil, causing housing shortage, traffic jam, infra-

structure shortage, public green area shortage. 

However, there are always opportunities inside the challenge, by finding the way to increase the 

energy efficiency, high-density urban can also be the best way for human to survive in the fol-

lowing years, since the increasingly growing rate is unstoppable. In this case, I believe the high-

rise building will be the most efficient way to accommodate the population, reduce the energy 

consumption and pollution issues, this kind of building has high plot ratio, which means small 

occupied of land, but offer large building area. Instead of developing the building horizontally, 

construct higher building will be more applicable for the future. We can refer to Le Corbusier’s 

                                                            
17 Bambuway, PRC Population Density, August 25, 2009, Wikimedia.  
18 “2010 World Population Data Sheet,“ Population Reference Bureau, 2010. 

Figure 1.4.1 China's Population Density Map in 2009 Figure 1.4.2 Comparison of Population and Density of 
Southeast China, China, World, U.S. 
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envision in city development in Paris in 1922, the contemporary city for three million Inhabit-

ants.  

2 RESEARCH BACKGROUND 

2.1 Wood Building Material 

The emerging wood building material are those pressure-treated lumbers. Primary newly wood 

material is Cross Laminated Timber (CLT). In addition, some other pressure-treated lumbers are 

also the major wood materials that still developing and applicating, primarily are Nail Laminated 

Timber (NLT), Glued Laminated Timber (Glulam) and Structural Composite Lumber (SCL), 

which majorly including Laminated Veneer Lumber (LVL) and Laminated Strand Lumber 

(LSL). 

Engineered wood product revive the solid wood construction, the traditional solid wood con-

struction using the large dimension solid sawn timbers and logs, which will easily be split, warp, 

and twist due to the moisture content fluctuation, and always causing the strength and usability 

failure. While engineered wooden product controls the moisture during the manufacturing pro-

cess, which provide more consistent, stronger, and predictable product. Compared to traditional 

solid wood system with sawn timbers and logs, those wood materials are normally single direc-

tional loading, while pressure-treated lumber can be used for both vertical and lateral systems, 

applying the engineered wood product to columns, beams, walls, floors, roofs, and stairs. With 

those high strength and dimensional stability wood material, architecture design will be more 

flexible and diverse. Mid-rise and High-rise wood building is going to be more available to be 

built (Appendix B: Excerpt of 2015 International Building Code for Wooden Structure). 

Studies indicate that one cubic meter of structural lumber stores 0.9 tons of CO2, which the tree 

has absorbed from the air. In addition to directly storing CO2, the wood material in the structural 

frame replaces materials such as concrete and steel. This is even more important than the CO2 

directly stored by the wood as research shows that the combination of stored CO2 and the re-

placement of non-renewable materials avoids approximately two tons of CO2 emissions per cu-

bic meter of structural lumber. 19 

                                                            
19 Chadwick Dearing Oliver et al., “Carbon, fossil fuel, and biodiversity mitigation with wood and forests,” Journal 
of Sustainable Forestry (2014), 33(3), 248-275. doi:10.1080/10549811.2013.839386. 
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2.1.1 Cross Laminated Timber (CLT) 

Cross Laminated Timber (CLT) is a relatively new building material, it was adopted in building 

industry in the early 2000s, however, this wood product was first patented in France as early as 

mid-1980s, until mid-1990s, the more applicable CLT product was developed in Austria and 

gradually introduced to the market. This wood product utilizing the smaller dimensions or lower 

grade woods, manufacture them to higher grade panels with less waste than the wood product in 

saw mills (Figure 2.1.1)20. 

CLT is a large-scale, prefabricated, solid engineered wood product. It consists of several kiln-

dried lumber boards stacked crosswise (typically at 90 degrees) (Figure 2.1.1.2). In special con-

figurations, consecutive layers may be placed in same direction, giving a double layer to obtain 

specific structural capacities. layers boned with structural adhesive, besides gluing, nails or 

wooden dowels can be used to attach the layers21. Normally, CLT will be fabricated with an odd 

number of layer, either three, five, seven and nine, sometimes more layers can also be fabricated 

if needed in some cases. 

The manufacturing process including the following steps: selection of lumber, lumber grouping 

and planning, adhesive application, panel lay-up and pressing, and product cutting, marking and 

packaging. The major process is pressed, after gluing, the wood product will go through vacuum 

press or mechanical press in multiple direction. This process insures the wood product will be a 

reliable material.  The technology of this manufacturing process has been developed, from early 

vacuum press and phenol-resorcinol formaldehyde (PRF) adhesive to the present day, by using 

                                                            
20 Photo of CLT, Digital Image, 559 x 275 Pixels, accessed October 20, 2016, http://www.lesoteka-hise.si/down-
loads/lesoteka_clt_plo_V7txN.jpg. 
21 Erol Karacabeyli and Brad Douglas, US Edition of CLT Handbook: cross laminated timber (FPInnovations, 
2013), 3-5. 

Figure 2.1.2 Diagrammatic Drawing of CLT Configuration Figure 2.1.1 Cross Laminated Timber (CLT) 
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mechanical presses and the use of formaldehyde-free emulsion polymer isocyanate (EPI) adhe-

sives like one-component polyurethane (PUR)22.  The second material that will be added into 

CLT is adhesive, including qualified polyurethane, melamine, and phenolic based adhesives. The 

assembly process can take from 15 to 60 minutes. During the manufacturing process, the mois-

ture is key to the good quality of CLT, typically, moisture content will be maintained 12% ± 3%, 

only the strict moisture control can prevent the dimensional variations and surface cracking. Be-

sides, due to the edge gluing manufacture process, the CLT will perform better in controlling. 

Thickness of individual lumber piece may vary from 16 mm to 50mm and the width may vary 

from 60mm to 240mm. Panel size may vary by manufacturer; typical widths are 0.6 m, 1.2 m, 

2.4 m and 3 m, typical length can be up to 18 m and thickness vary from 16 mm to 508 mm. 

CLT panels are typically used as load bearing component in structural systems, such as walls, 

floors, and roofs, therefore, the grain of outer layer will parallel to the principal loading direc-

tion. While applicating the CLT panels on the wall, the outer layer’s grain will normally orient 

up and down, perpendicular to floor, to maximize the wall’s vertical load capacity. While appli-

cating in the floor and roof, the outer layer’s grain will normally parallel to the major (normally 

longest) span direction (Appendix C: Excerpt of ANSI/APA PRG 320-2012: Standard for Perfor-

mance-Rated Cross-Laminated Timber). 

Unlike the concrete that must construct on site, CLT’s nature of prefabricated in the factory, of-

fers great benefit in faster construction, less disruption to surrounding area. Even the openings 

such as windows, doors, staircases, and utilities opening can be cut by the Computer Numerical 

Control (CNC) routers, this machine also capable of making complex cuts, it means when archi-

tect designing irregular shape in the building, it will be cut in factory instead of making the 

molds for concrete, which is going to largely reduce the time and manpower. 

2.1.2 Nail Laminated Timber (NLT) 

The concept of nail laminated timber is not new, this method of manufacture wood panel has 

been used for more than a century. Until now, it has been recognized again for its’ good proper-

ties. NLT is the lamination of different dimension of lumber, the typical size of each wood’s 

                                                            
22 Joseph Mayo, Solid wood: Case studies in mass timber architecture, technology, and design. (New York; London: 
Routledge, 2016). 
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cross section is 2x3, 2x4, 2x6, 2x10, or 2x12, differ from other high-pressured timber that mainly 

use glue to adhesive each layers of wood, NLT use nails to fasten (Figure 2.1.3)23.  

NLT is mainly used for floor, wall, and roof structure. One of major advantage of NLT is effi-

ciently fabric different shape, especially the curved roof. Each layer of lumber can be stacked 

vertically to create the curved shape. The sheeting in the other side of NLT can conforming he 

curved geometry (Figure 2.1.4, Figure 2.1.5)24.   

 

2.1.3 Glued Laminated Timber (Glulam) 

Glued Laminated Timber (Glulam) becomes popular in recent years due to the demand of re-

source-efficient approaches to wood building products. People might consider it as a new wood 

product like CLT, but it is as old as concrete and steel that have been used in the building indus-

try. In the early 1890s, Glulam is appeared in Europe, it has a great potential of excess the limita-

tion of sawn wood product to construct a wooden structure building. And until 1934, the first 

Glulam construction was erected in U.S, which is USDA Forest Products Laboratory in Madison, 

Wisconsin. Until 1942, Glulam become more constructible due to a new water-resistance adhe-

sive was introduced to Glulam industry (Figure 2.1.6)25. 

                                                            
23 “NLT,” StructreCraft, accessed Oct 20, 2016, http://www.treehugger.com/green-architecture/old-new-again-
nail-laminated-timber.html 
24 “Nail Laminated Timber Design Guide,” StructreCraft, 2015. 
25 “Glulam Image,” Noka, accessed May 25,2016, http://www.noka.de/typo3temp/pics/7e6e2a8c6f.jpg. 

Figure 2.1.3 Diagrammatic Drawing of NLT Configuration 

Figure 2.1.4 Section of NLT Curved Roof 

Figure 2.1.5 Photo of NLT Curved Roof 
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Glulam is an engineered wood product, it made up of wood laminations, that are bonded together 

with adhesives (Figure 2.1.7). The grain of all laminations runs parallel with the length of the 

member26. Softwood species like spruce, fir, hemlock, and Douglas fir are commonly used in 

Glulam. Glulam is different with CLT, which is made from layers of solid wood set at 90 degree 

orientations to the following layer (Figure 2.1.8).  

The manufacture process including following steps: selection of lumber, marking and eliminat-

ing the defects, finger joint cut, finger joint press, planning laminations, adhesive application, 

pressing and curing, planning, and finishing members. Finger joints are one of the principle pro-

cess, the finger joint cutter will cut a “zigzag” pattern in both ends of all timber pieces, and Each 

panel is varied form 3.5 mm to 3.8 mm thickness due to different types of tree, and the overall 

typical width is varied from 6.35 mm to 27.3 mm. likewise, timber lamination product can be 

easily custom produced. 

Glulam is mainly used in wood frame structure, typically used as bending structure, such as 

Trusses and beams, but can also be applied as columns, because it is straight and dimensionally 

stability. Glulam beams are typically installed while wide face is perpendicular to applied load. 

Common size for the Glulam beams are 3-1/8, 3-1/2, 5-1/2 and 6-3/4, still, as one of the ad-

vantage, the size of Glulam can be easily costumed to meet the different need of application, 

                                                            
26 Glulam Product Guide, Form No. EWS X440D (APA – The Engineered Wood Association, 2008), 4. 

Figure 2.1.6 Glued Laminated Timber (Glulam)  Figure 2.1.7 Diagrammatic Drawing of Glulam Configuration 

Figure 2.1.8 Comparison of the Configuration of CLT and Glulam 
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such as curved beams or pitched beams (Appendix D: Excerpt of Glued Laminated Beam Design 

Table-S475). 

Glulam trusses is also a popular application, the type of truss including pitched trusses, scissor 

configurations and long span bowstring trusses with curved upper chords. Since the truss system 

can be applied in long span bridge, the truss system can also create clear span for large area in 

building, such as auditorium, gymnasiums, and large office area. 

Glulam columns will keep a maximum of 16% moisture content at the time of fabrication, this 

relatively dried material has excellent dimensional true. Depths of glulam columns are normally 

multiple of 1-1/2” or 1-3/8” (Appendix E: Excerpt of Design of Structural Glued Laminated 

Timber Columns-EWS-Y240). 

2.1.4 Structural Composite Lumber (SCL) 

Structural composite lumber (SCL) including several wood products, such as laminated veneer 

lumber (LVL), parallel strand lumber (PSL), laminated strand lumber (LSL) and oriented strand 

lumber (OSL), in here, I will mainly introduce two laminated wood products. 

Laminated veneer lumber (LVL) is also a wood product that appeared long before CLT, around 

late 1960s, it was patented (Figure 2.1.9)27. It made up of thin softwood veneers bonding to-

gether, normally, the thickness of each veneer is ranged from 2.5 mm to 4.8 mm, and using wa-

terproof structural adhesive. The grain of each thin layer runs in same direction and oriented to 

long span to be stability and strong in this direction (Figure 2.1.10). 

                                                            
27 “LVL,” accessed October 20, 2016, http://assets.storaenso.com/se/buildingandliving/Product-Image-Li-
brary/LVL%20by%20Stora%20Enso%20020.jpg?RenditionID=8. 

Figure 2.1.10 Diagrammatic Drawing of LVL Configura-
  Figure 2.1.9 Laminated veneer lumber (LVL) 



23 
 

The manufacturing process including the following steps: Log handling and soaking, peeling (as 

short as 5 seconds for one log), drying and grading, lay-up-line, pre-pressing, hot pressing, and 

sawing. The log will be sent into a peeling machine, through the process of rotary peeling into a 

veneer. Then using the adhesive to coat the dried and graded veneers, and by using the hot press 

process to cured and compressed the veneers into a board. 

Laminated strand lumber (LSL) is manufactured from flaked wood strands, pressed together with 

adhesive. It is typically made from aspen or poplar, which are two rapid renewable wood species 

with a short of 10 to 12 years of growth cycle. LSL is similar to LVL, the major different feature 

is the content for pressure treated, instead of thin veneer, it uses flakes of wood, and with the de-

velopment of technology, small dimension of tree branches can also be used in manufacture the 

LSL. 

2.1.5 Properties of Pressured Timber 

In the application of structure, one of the major feature is pressure treated and laminate each 

layer or flaker into a piece of lightweight but strong building material. For example, one com-

mon wood material, fir, it’s density is 530 kg/m3, while a typical CLT’s density is 480-500 

kg/m3, it means after manufacture, it doesn’t become a heavy material while keep the main prop-

erties of wood by using lower grade of wood material. Also, in the load bearing properties, the 

common commercial CLT products preserve most of the properties that large dimension sawed 

wood material possessed. What’s more, compare to steel and concrete, the compression strength, 

elastic modulus figure also show the good engineering performance (Appendix 06: Comparison 

of Material Properties).  

In this case, when construction large scale building, pressure treated lumber become an available 

material, since those materials are large enough to be used in a building’s fabric or structure, and 

this is also a smart way to making large scale building materials from small trees. 

Compare to steel and concrete, those highly engineered products provide several benefits that 

promote our design flexibility and offer us a foreseeable sustainable design solution. Since the 

pressure treated timber such as CLT panels are laminated from layers, it would be relative easy 

to add layers to increase its strength or size to meet the different requirement, for example, 

longer span for large space. Also, those panels can be prefabricated, even cut the openings for 
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the windows and doors, add insulation layer to the panel before transport them to the site. Thus, 

the construction time is greatly reduced, the efficiency is improved, and reduce the time for oc-

cupant to move in. 

One of the major concern of the wood material as a major material in construction the building is 

the fire protection issue. Although wood is considered a combustible material, well designed 

heavy-timber (large wood column and beam) and Mass Timber (panel product) structures have 

been recognized as having good performance in fire by North American and International stand-

ards. Since in heavy timber and Mass Timber construction, there is a sufficient mass of wood 

that a char layer can form (incomplete combustion) and that in turn, helps to insulate the remain-

ing wood from heat penetration. Due to the ability of wood to form a protective char layer during 

combustion, the fire-resistance rating of large-sized members can be calculated based on mini-

mum structural thicknesses and the remaining sacrificial thickness available for charring. 

The alternate approach to ensuring adequate fire performance of the Mass Timber assemblies is 

‘encapsulation’ by method applying 2 layers of fire-rated gypsum board to the underside of 

floors and generally throughout the building, similar to standard construction techniques used to 

construct fire-rated floor, roof, and wall assemblies in both combustible and non-combustible 

building types. This technique has been accepted as an alternate solution to enable building code 

requirements for non-combustible construction. 

In the fire rating, 3 layers of CLT has 45-minute fire rate, 5 layers has 1.5 hours’ fire rate, but as 

for high rise building, normally it need a 2-hour fire rate, so encapsulation is one other good op-

tion, with one Gypsum board, it can increase the fire rate for 30-minute, and two gypsum board 

will increase the fire rate for one hour. 

2.2 Wood Material Source 

The supply of the wood material is consisted of domestic supply and foreign import. As men-

tioned before, China is placing a program to gradually ban the commercial logging in natural for-

est since 1998. In this case, the timber supply in china has changed, the total supply is still grow-

ing due to the continuing demands in industrial and construction uses, the growth of the domestic 

supply was obviously slower after ban policy taking effect. Until 2014, the import timber product 
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is excessing half of the total timber supply.28 During the two decades of the logging ban, the im-

ported timber product is filling the gap of needs. In the meantime, plantation programs came on-

line, this program was expected to be the main source of timber supply for China in the future. 

Since the main source will come from the plantation, we can consider the introducing the sus-

tainable forest management in China’s plantation program. “The stewardship and use of for-

ests and forest lands in a way, and at a rate, that maintains their biodiversity, productivity, regen-

eration capacity, vitality, and their potential to fulfill, now and in the future, relevant ecological, 

economic, and social functions, at local, national, and global levels, and that does not cause dam-

age to other ecosystems.”29 By maintaining a balance between the environment and the needs of 

social development, the commercial logging in plantation will largely decrease the carbon emis-

sion and not going to damaging the economic system of commercial logging. 

Plantations could be various, when it comes to the development of the city, we have the chance 

to integrate the plantations with the city as part of its’ landscape. Increase the public area in the 

city is already one of the major goal in nowadays’ urbanization progress in China, especially the 

green area. Green area has plenty of benefits to environment and social culture. for example, re-

ducing the heat island effect in the city, reducing water and soil loss, and creating more commu-

nication opportunity for urban residents. By integrating the plantations with the urban green area, 

one of the major advantage will be the reduce the carbon emission by transportation. We can see 

from the data that in the U.S. total greenhouse gas emissions by economic sector, transportation 

took 26% of total30, it is a major part that we should concern in ecological design. And heavy 

duty truck as main product transportation method in the road, it accounts for 20% of the green-

house emission with only the make up 5% of them on the road. It will make sense to reduce the 

transportation distance of wood product, to achieve the goal of reducing the greenhouse gas. 

The green area in the city could be as big as the central park in the New York City. Which is 341 

hectares urban park. The green area in all cities in China have reached 1.88 million hectares, 

                                                            
28 Sun et al., “China’s Logging Ban in Natural Forests.”  
29 “Sustainable Forest Management” (terms developed by Ministerial Conference on the Protection of Forests in Eu-
rope, Helsinki, 1993). 
30 U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions, and Sinks: 1990–2014 (U.S. 
Environmental Protection Agency, April 15, 2016), 23-24. 
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among which, 0.6 million hectares of the area are urban park.31 Which means, the area of urban 

green spaces per capita in china is 13.16 square meters, while the World Health Organization has 

set a minimum recommendation of 9 square meters, and an ideal value of 50 square meters of ur-

ban green space per capita. If we compare to some of worlds’ most livable cities, such as London 

(27 square meters), Amsterdam (45.5 square meters), Stockholm (87.5 square meters) and Vi-

enna (120 square meters), their green spaces per capita are much higher than China has now.32 

Although it doesn’t mean that this number is the higher the better, we still need to consider the 

amenities, city planning. What’s more, urban park area is only a small portion of total plantations 

(69.33 million hectares, which means 2.483 billion cubic meters’ forest volume) by now, but if 

we consider about 5 million cubic meters’ wood supply demand per year, it still shows the great 

potential in the developing of the urban green area with commercial logging plantations. 

2.3 Traditional Chinese Building Concepts 

2.3.1 Example one - Multi-Generations Residential House, Fujian, Fuzhou, China 

One of major vernacular building data I collect is a multi-generation house in Fuzhou (Figure 

2.3.1)33. During my undergraduate studies, I had a chance to join a project that doing the vernac-

ular building survey and rehabilitation design in this city, so I have the access of this vernacular 

building data. It is a courtyard house that we can find in almost the whole Southeast China. Alt-

hough there are differences between each other, the size of the courtyard is the most significant 

feature that differentiate each other, but most of them can be traced back to the courtyard house 

in the North China.  

                                                            
31 China’s National Afforestation Commission, 2015 China Greening Status Report (China’s National Afforestation 
Commission, April 11, 2016) 
32 “Livable Cities: How Much Green Space Does Your City Have,” Baharash Architecture, accessed December 3, 
2016, http://www.baharash.com/liveable-cities-how-much-green-space-does-your-city-have/. 
33 “Google Map,” accessed May 30, 2016, modified by author. 

Figure 2.3.1 Location of the Example One – Multi-Genera-
tion House - Fuzhou, China 
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Fortunately, the city still preserves a large area of the vernacular residential buildings. Most of 

them have been there for about one to two hundred years. I start from the city layout and general 

patterns of the building. The compact urban form shows the high population density in the 1700s 

to 1800s, when high-rise building still be rare. The orange block is the example I am using (Fig-

ure 2.3.2). The basic shape of those vernacular building group is a long rectangular enclosed by 

the wall. And most of them have modified angle, it is not directly facing south, the angle is about 

ten to twenty degree from south to east. The designer of those building doing this for several rea-

sons. One is the city has high population density, in order to keep a compact planning while 

maintaining enough natural daylighting, building will have an angle from south to the east. Sec-

ondly, it will reduce the high solar radiation in the midday and afternoon. Therefore, indoor 

space will have less heat gain. And the prevailing wind in the city is from south east in the sum-

mer and North West in the winter due to the monsoon influence. The southeast orientation will 

encourage the natural ventilation in the summer. 

Most of the building groups sharing the same pattern (Figure 2.3.3), the green block is building, 

and between them is the courtyard. Therefore, each two buildings will have a courtyard between 

them to meet different need of outdoor space activities as well as for the response to the climate, 

such as provide a place for air to cool before entering the indoor space, provide a place for peo-

ple to have connection to the nature, and creating the sequence of the space for entire building 

group.  

Figure 2.3.2 Location of the Example one – Multi-Gener-
ation House and the Layout of the Traditional Residential 
Building District that Example One Located  

Figure 2.3.3 Building Pattern of the Example one – 
Multi-Generation House and the Traditional Residential 
Building in the Same District 
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In the spatial analysis of floor plan and section drawings, it will be clearer to see the relationship 

of spaces. The gradient color shows the building area and courtyard; it has a strong sense of feel-

ing that there is a tendency of space from public to private. One of the major design philosophy 

shown in here is the relationship to the nature, the way our ancestor deal with indoor and outdoor 

space. The courtyard is an intention to seek the connection with nature even in this crowded city 

(Figure 2.3.4)34. 

 

The major material used in this vernacular building is wood, clay tile and brick. They all made 

by natural resources, what make them special is the craftsmanship, construction techniques and 

the culture meaning it represents. The use of wood is quite suitable for such a large country like 

China. It has strong adaptability to different climate, it uses post and beam as load-bearing struc-

                                                            
34 “Section and Floor Plan Drawings,” People’s Republic of China Fuzhou Planning Design and Research Institute, 
2009. 

Figure 2.3.4 The Spatial Relationship of the Example one - Multi-Generation Residential House 
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ture, while wall is not part of load-bearing structure. Homeowners can free to have more fenes-

trations or thermal mass depend on their needs. Wooden structure has well resistance to earth-

quake and typhoon, which are two common natural disasters that will happen in this region, es-

pecially in coastal cities. Wooden structure and its bracket system has flexibility, which will re-

duce the destruct effect of earthquake or typhoon. The bracket system worked as part of structure 

system, it looks like a precise instrument but easily for repair since it is modular design. And 

bracket system become an important aesthetic aspect of traditional buildings. (Figure 2.3.5).   

If we take the construction process of the columns and roof as example to see the traditional con-

struction techniques, it will be helpful to understand the building concepts. A column is mainly 

consisting of two part of materials, wood, and stone. At first, builders will transport the stone 

from the quarry (Figure 2.3.6)35. Use leveler to leveling the land and place the stone as column 

base. And log near the building site, normally builders will use China Fir, a common building 

                                                            
35 Xigang et al., Fa long si (Tai Bei Shi: Ma Ke Bo Luo, 2006). 

Figure 2.3.5 Building Materials and Structure Details of the Example One - Multi-Generation House 
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material growth in subtropical area. After drying and painting process (Figure 2.3.7)36, and the 

special woodworking to make the columns wider in the middle, when it finally be placed in the 

building, by taking advantage of visual error, it will still look like a cylinder (Figure 2.3.8)37. In 

the process of construct, the wooden roof structure and install the tiles, builders will collect clay 

from the site very carefully, so that it won’t damage the cultivated land, the whole process of 

making the tiles will take a month and consume large amount of water for increasing workability 

of clay and cooling (Figure 2.3.9)38. The wooden roof system, including the bracket system will 

need the builder to assemble by hands. This kind of fabrication process, in the ancient time, is 

fast. Because it will be constructed by skilled builder and using the modular design. Thus, it is 

adjustable, even when some components are fabricated in a wrong size or shape, it will be easily 

replaced and adjusted (Figure 2.3.10)39.  

                                                            
36 Xigang et al., Fa long si (Tai Bei Shi: Ma Ke Bo Luo, 2006). 
37 lbid. 
38 lbid. 
39 lbid. 

Figure 2.3.6 Transport Capital Stone 
from Quarry Figure 2.3.7 Handcrafted Wood 

Columns 

Figure 2.3.10 Wooden Structure 
Installation 

Figure 2.3.8 Installing Columns 

Figure 2.3.9 Making the Tiles in 
Brickkiln 
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2.3.2 Example Two - Chinese Garden - Humble Administrator’s Garden 

Another example is an outstanding ancient Chinese private garden, the humble administrator’s 

garden. The garden is situated in Suzhou (Figure 2.3.11)40, was first built in A.D. 1506-1521 of 

the Ming Dynasty by a retired officer. The climate type of this region is monsoon ocean climate, 

it has hot and humid climate in a long period of the time in a year. The name of the garden, with 

special meaning in Chinese traditional culture, 

suggests the dissatisfaction of the officers to-

wards the government and longing for simple 

and natural life. The garden is divided into east-

ern, central, and western parts, which is totally 

27 thousand square meters in area, but only the 

central and western part is retained their origi-

nal appearance. 

As we can see from the site plan (Figure 2.3.12)41, the water area is large, almost three fifth of 

the total area. And most the building is near the water. Vegetation is rich and varied, all the trees 

                                                            
40 “Google Map,” accessed May 30, 2016, modified by author. 
41 “Site Plan of Humble Administrator’s Garden,” accessed April 20, 2016, Modified by author. 

Figure 2.3.11 Location of Example Two - Chinese Garden 
- Humble Administrator’s Garden - Suzhou, China 

Figure 2.3.12 Site Plan of Humble Administrator’s Garden 
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and flowers were well planted in the whole garden, forming the scenic spot in the different sea-

sons. For example, the bamboos and pines will remain green in the winter, provide a vibrant win-

ter scenery.  

Through the analysis of different layers of this garden, it will be clearer to see its design philoso-

phy. The large area of water shows the designer want to create a vibrant scenery with vast water 

and tree (Figure 2.3.13, Figure 2.3.14)42. Also, if we compare the size of those building, we will 

see the small pavilions as transitional space, connecting the large buildings in the garden, foil the 

major building, and provide the transition for visitor’s body and mind (Figure 2.3.15)43. From 

circulation analysis, it shows a spatial relationship, main entrance is hiding in the pavilion, so the 

visitor will keep the mystery sense from the beginning (Figure 2.3.16)44. Also, the comparison 

between organized space and natural organic shape of space in the west side of the garden, give 

the deep impression to the visitors. Looking in general, the space is always changing between 

open to half open to close, between big to small, which create a dynamic circulation. 

                                                            
42 “Site Plan of Humble Administrator’s Garden,” accessed April 20, 2016, Modified by author. 
43 lbid., Modified by author. 
44 lbid., Modified by author. 

Figure 2.3.16 Site Analysis of Humble Administration Gar-
den – Circulation 

Figure 2.3.15 Site Analysis of Humble Administration Gar-
den - Building Layout 

Figure 2.3.14 Site Analysis of Humble Administration Gar-
den - Green Area 

Figure 2.3.13 Site Analysis of Humble Administration Gar-
den - Water Area 
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2.3.3 Example Three - Chinese Pagoda - Pagoda of Fogong Temple 

Tall wood buildings are not the product of modern world. As early as A.D. 1056, a 9-story pa-

goda was being built in Shanxi province, China (Figure 2.3.17)45. It is incredibly reaches 67 me-

ters’ high. During the past 1000 years, with the minimum maintenance, according to county an-

nals, only ten minor repairs46, the building survived several large earthquakes. Until today, it has 

become the oldest and tallest existing fully wooden structure construction in China.  

 

Unlike the traditional way of setting a central column to constructing the pagoda, this pagoda use 

a structure that similar to one of the high-rise building structure type in present day, the core 

structure. The outer octagonal structure connects the inner octagonal structure by beams, to from 

a barrel-shaped wood frame (Figure 2.3.18)47. This kind of structure, provide a larger interior 

space for placing the Buddha statue, allowing more believer to doing religious services, and 

largely improving the stability of the structure. The wooden frame system also uses lots of 

trusses (Figure 2.3.19, Figure 2.3.20)48 to increase the structural stiffness. While the major fea-

ture of this wooden building are fifty-four different kinds of bracket arms, those structures are 

not decorations, each of them are consist of several minor wooden components, after a serial of 

                                                            
45 “Google Map,” accessed May 30, 2016, modified by author. 
46 Ying county annals (Ying County). 
47 Chao Ren, Pagoda of Fogong Temple – structure, National Geography, 2015. 
48 Liwei Zhang and Yi Xin, Pagoda of Fogong Temple, National Geography, 2015. 

Figure 2.3.17 Location of Example Three - Chinese Pa-
goda – Pagoda of Fogong Temple-Shanxi, China Figure 2.3.18 Structure Details of Pagoda of Fogong Temple 
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assembling process, the bracket arms like the cantilever, will work as a damping system, con-

sume the energy caused by wind or even earthquake (Figure 2.3.21, Figure 2.3.22)49.  

2.4 Contemporary Tall Wood Buildings 

With the development of wood building materials and wooden building design strategies, 

wooden building tends to back to the main stream of building industry. Different types of mod-

ern wooden building appeared in all over the world. Among which the high-rise buildings arouse 

most of people’s attention, because in people’s understanding of wood material, it is not strong 

enough and combustible, while applying this material into high-rise building, it could be a great 

challenge. 

In my case study, I arrange the data I collect of contemporary high-rise wooden building, it 

shows a rapid development, from an 8-story wooden high-rise building been built in London in 

2008, until now, several of higher and larger high-rise buildings are under construction, during 

this short period, architects also have lots of bold wooden high-rise building proposals (Figure 

2.4.1). For example, Barents house, 18-story wooden building, total building area is 10,000 

                                                            
49 Chao Ren, Pagoda of Fogong Temple – structure, National Geography, 2015. 

Figure 2.3.20 Diagrammatic Drawing of Trusses 
Components inside the Pagoda of Fogong Temple Figure 2.3.19 Photos of Trusses Structure inside the 

Pagoda of Fogong Temple 

Figure 2.3.21 Photos of Bracket Arms in 
the joints of Pagoda of Fogong Temple 

Figure 2.3.22 Photos of Bracket Arms Model 
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square meters; life recycle tower, 30-story tall; Framework, 12-story with 142 feet, and likely to 

be the tallest mass timber building in USA. 

2.4.1 Example One - High-rise Residence – STADTHAUS 

This apartment block is an 8-story, 29 meters wooden building, constructed in London in 2008. 

The building is consisted of two parts, first 3 stories are office area, while the rest of floor are for 

private owned and offered 29 apartments (Figure 2.4.2)50.  

                                                            
50 Will Pryce, 5000 Eternit Panels, 2009. 

Figure 2.4.1 The Development of Contemporary High-Rise Wooden Building 

Figure 2.4.2 Photos of Example One - High-rise Resi-
dence – STADTHAUS 
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The unusual feature is the cross-laminated timber (CLT) panels used as load-bearing walls and 

floor ‘slabs’. There are no beams or columns anywhere and the structure is amenable to openings 

being created in walls with relative ease. The tower is a cellular structure with apartments in a 

honeycomb pattern around a central core. The load-bearing elements (lift shafts, stairwells, all 

external and some internal walls) provide exceptional resistance to progressive collapse and good 

acoustic separation between apartments and lift shaft (Figure 2.4.3)51. 

The CLT making the contribute to construction sustainable. It shortens the construction time, of-

fer better heat resistance than concrete at the same width, easier for demolition and recycle. And 

if manufacture the wood from sustainable forest, it’s carbon footprint will less than using con-

crete and steel to construct the same volume of building. 

Although timber would be feasible for the ground floor walls, the first floor’s structure still con-

structed by reinforced concrete. The main reason is the engineers felt it would better accommo-

date the dramatic difference in layout between ground and first floor, and that it would be easier 

to ensure good damp proofing with a concrete sub-structure. Concrete provides a level threshold 

for the timber, at either ground or first floor level. Also. In my understanding, the concrete struc-

ture in first floor will also reduce the building subsidence unbalance, which is another problem 

                                                            
51 Isometric, Techniker Consulting Structural Engineers, 2009. 

Figure 2.4.3 Structure Details of 
STADTHAUS 
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that wooden high-rise buildings are facing, while the unbalanced subsidence will cause the dam-

age to the integrity of the CLT panels. 

Each of the panels was prefabricated, including cut-outs for windows and doors. As the panels 

arrived on site, they were immediately craned into position, dramatically reducing time on site. 

The 8-story timber structure was assembled in eight weeks. 

Based on the calculation of the designer, this building will store over 181 tons of carbon. What’s 

more, by replacing the reinforced concrete structure to wooden structure, a further 125 tons of 

carbon are saved. 

2.4.2 Example Two – High-rise student Residence – Brock Commons Phase 1 

Brock commons phase 1 is an 18-story student residence at the University of British Columbia in 

Vancouver, Canada. The height will reach 53 meters tall, the construction will be completed in 

summer of 2017, and estimated to accommodate 404 students. At this moment, this building is 

the tallest mass timber building in the world. 

The structural system is well designed to meet the current situations, which are the code and 

wood material restriction. The structural system is called hybrid structural system, which com-

prised a 1-story concrete podium, it is just like most of the modern wooden high-rise project will 

do for the first floor; two reinforced concrete cores, it is typical structure type that high-rise 

building will use; Glulam columns and CLT floors and walls, in here, introducing new type of 

material as a major material in high-rise building; steel beams and metal deck roof, steel beams 

are used to increase the stability of the building, medal roof are here to protect the inner wooden 

structure (Figure 2.4.5)52.  

 

                                                            
52 Structure 3D Drawings of Brock Commons Phase 1, Digital Image, 1423 x 960 Pixels, Acton Ostry Architects Inc., 
accessed September 15, 2016. 
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The connection of wood columns to wood floors and steel beams are one of the major part of this 

design, the designer had considered both of wood and steel connecter, however, after the calcula-

tion, if use wood connecter, the cross section will be larger than using the steel connecter, in this 

case, considering the budget of the project, the steel connecter been chosen for this project (Fig-

ure 2.4.6)53. This also shows the potential of using the wood connecter, because the metal con-

necter also had the issue of rusting and replacing in a shorter future than wood connecter. 

The limitation set by the building code regarding to the wooden building in Canada is 6-story, 

which means this mass timber structure project is excess the limitation. To facilitate the special 

approval, and get the Site-Specific Regulation (SSR), the project including some compromise so-

lutions. One is using reinforced concrete in constructing the core and first floor, the concrete is a 

common building material and familiar with its reliable stability and incombustible property. 

While timber products are also qualified for this, adequate to be the major material in load bear-

ing wall in the core, like the CLT is using in the STADTHAUS project in London in 2008. 

What’s more, the wood columns and floors are encapsulated with gypsum board to meet the re-

quired fire rating. Although in the fire, the mass timber will be encapsulated by its own char, this 

design method does not be adopted in this project. The sprinkler system is used in this project. It 

                                                            
53 Photos of Metal Connecter of Brock Commons Phase 1, Digital Image, 722 x 356 Pixels, Acton Ostry Architects 
Inc., accessed September 15, 2016. 

Figure 2.4.4 Structure Details of 
Brock Commons Phase 1 Figure 2.4.5 Steel Connecter of Brock Phase 1 
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is an effective firefighting design solution. In the Chinese code for design of timber structures54, 

if the sprinkler system is used in the wooden construction, then the limitation of each floor area 

could be double of the original limitation. 

By using the mass timber structure in this project, the building reduces the volume of concrete 

that would typically be used by 2,650 cubic meters, which is equal to 500 tons of CO2. 

2.4.3 Example Three – High-rise Residence – Treet 

“Treet” is Norwegian, it means the tree, it was started construction in April 2015 and completed 

in November in the same year, which shows a great improvement of construction speed. This 14-

story, 49 meters building is situated in Bergen, Norway. it will be the world’s tallest wooden 

building until the Brock Common Phase 1 project is completed in 2017. The designer of this pro-

ject has strong intension in integrating the energy consumption, sustainable development and 

creating the communal outdoor space (Figure 2.4.8)55. 

The tree has a very rare design, using the load-bearing frame and modules in collaboration, alt-

hough this is not a new building concept, as early as 1970, the Nakagin Capsule Tower was 

                                                            
54 Lin Ying et al., Code for Design of Timber Structures GB 50005-2003, (Ministry of Housing and Urban-Rural 
Development, 2004), 24. 
55 “Photos of Treet,” Newswire, accessed September 15, 2016, http://photos.newswire.ca/images/down-
load/20151110_C5301_PHOTO_EN_539323.jpg    

Figure 2.4.6 Model of Example Three - High-rise Resi-
dence – Treet 
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started construction in Tokyo, and it took 2 years to complete the construction. The designer Ki-

sho Kurokawa is one of the key member of Japanese Metabolism movement56, pursuing the or-

ganic biological growth concept in the architecture design. As the world’s first example of cap-

sule architecture, it shows one of the trajectory of ecological design as early as 1959. This design 

appears again in thousands of miles away and decades later in Norway in 2015, when both the 

designer and engineer think a prefabricated building modules with mix use of CLT and Glulam 

structure will be an ideal solution for constructing a tallest wooden building at that time. 

The glulam load bearing structure supports the structure, every 4-story of stacked building mod-

ule will have a platform and then another 4-story building module stack above it again. In this 

case, it will be an available proposal for a 14-story building (Figure 2.4.9)57.  

Unlike the low-rise building that earthquake might be the highest challenge for its structure, the 

high-rise building will sway caused by strong winds. In this project, the Glulam truss is used in 

the structure system, like the diagonal glulam braces structure in Pagoda of Fogong Temple 

(Chapter 2.3.3) to increase the stability of structure. What’s more, the concrete element also used 

in the 5th, 10th and roof to increase the weight of the building. 

According to the calculation of the designer, this 5830 square meters building use about 9,500 

cubic meters of lumber in the load-bearing structures, which reduce about 1800 tons of CO2 

                                                            
56 Kisho Kurokawa, From Metabolism to Symbiosis (John Wiley & Sons, 1992). 
 
57 World’s Tallest Timber Building, Bergen, (SWECO, 2014), 18. 

Figure 2.4.7 Structure Details of 
Treet – Stacked Methods 
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emission. In addition, the building module also constructed by mass timber, the overall building 

will reduce the CO2 emission about 2100 tones. 

 

2.4.4 Example Four –  First Modern Tall Wood Building in USA– T3 Minneapolis Office 

Building 

The building is situated in Minneapolis, MN, United States. It is a seven-stories building with 

220,000 square feet area. The same as current large scale wooden building, this project has the 

bottom concrete level for public use as retail area, such as fitness, tenant amenity center, and 

bike parking. While other 6 stories are complete wooden structure, and used as office area (Fig-

ure 2.4.11)58. 

The cost performance is the major consideration in this project. By emphasizing the cost perfor-

mance will also encourage the public to accept the newly structure type and building materials. 

According to the designer, this mass timber structure will 30% lighter than equivalent steel, 60% 

lighter than equivalent post-tensioned concrete building. The lighter self-load will reduce the 

cost in foundation construction, the foundation can be smaller. It will also lower the seismic 

loads. Compare to CLT, NLT is easier to manufacture, the fabrication shop can be set on the 

construction site and use the local labor and materials. In this project, fabrication site is in Winni-

peg, which is several hours to the south of Minneapolis, it reduces the cost of transportation. Af-

ter the calculation, the cost of wooden structure is close to steel structure, while mass timber 

structure has an advantage over the steel structure is it’s naturally chars in the fire will producing 

the protective layers, and the collapse of wooden structure is predictable than steel, make it even 

                                                            
58 Picture of T3 Minneapolis Office Building, DLR Group, accessed October 15, 2016, http://www.dlr-
group.com/work/hines-t3/. 

Figure 2.4.8 Photos of Example Four - T3 Minneapolis Office Building 



42 
 

safer than steel structure and save the money on fireproofing materials. In this project, the mass 

timber structure is left exposed with no fireproofing materials (Figure 2.4.12, Figure 2.4.13)59.  

what’s more, this 180,000 square feet mass timber structure is completed in 9.5 weeks, it largely 

saves the cost in construction, and reduce the time for owner to move in. 

The NLT panels are chosen over the CLT and GLT, total usage is over 1100 8’ x 20’. Around 

3,600 cubic meters of wood are used, 3,200 tons of carbon emission are reduced.  

3 INTEGRATION AND APPLICATION IN WOODEN BUILDING 

3.1 Building Structure 

In the recent years, since 2008, one of the major precedent of high-rise wooden building been 

built in London, it started a trend of constructing high-rise building with wood as major material 

worldwide. Several types of building structure are being conducted in the design.  

One is from the precedent study of STADTHAUS project. It is using the cross-laminated timber 

(CLT) panels used as load-bearing walls and floor without using beams or columns in its struc-

ture system and the structure is amenable to openings being created in walls with relative ease. 

However, this structure type is relatively less flexible than post and beam structure, since all the 

wall inside are unable to move or have large opening, since these are load-bearing wall, but the 

maximum use of the wood material is a good attempt in ecological design. 

                                                            
59 Picture of T3 Minneapolis Office Building, DLR Group, accessed October 15, 2016, http://www.dlr-
group.com/work/hines-t3/. 

Figure 2.4.10 Photos of T3 Minneapolis Office 
Building’s Exposed Wooden Structure 

Figure 2.4.9 Structure Details of T3 Minneapolis 
Office Building 
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Second is from a student residential building in University of British Columbia in Canada. It has 

a hybrid structural system, the system is comprised with different use material, majorly are con-

crete, steel and pressure treated timber, including CLT and Glulam. The mix use can intelligently 

combine the good properties that different material has, and put them to good use. While it is 

also a compromise to current situation such as code limitation, wood material properties limita-

tion. I believe this kind of structure design will meet the current needs the most. Which accom-

modate both the economic requirement and minimize the environment impact compare to the tra-

ditional structure type of high-rise building.   

Third one is from a project Treet. This is also a mix use of different building material while inte-

grated with capsule building concept. The building stands on top of a concrete garage. Concrete 

decks serve as extra weight as well as platform for modules. Prefabricated timber frame based 

building modules are inserted in the “cabinet rack”. Glulam handles the main load bearing alone. 

CLT is used in the staircases, elevator shaft (15-story), some inner walls and balconies, but is not 

structurally connected to the glulam. Concrete decks are used on three levels in the building 

mainly to improve dynamic behavior, but also to serve as platforms for stacking building mod-

ules. 

3.2 Details and Joineries 

Joineries are one of the weak point in the structure system, in high-rise building, various metal 

mechanical fasteners are adopted.  By using different shape of metal component, for example, T 

shape metal panel and screws to connect wood frame (Figure 3.2.1)60. While one thing we would 

worry is the rust damage in the metal component cause by moisture, although the metal will be 

                                                            
60 “Beam-To-Column Ties,” Fasteners Plus, accessed October 10, 2016, http://www.fastenersplus.com/fasten-
ers/HLPC-HTPC-Beam-To-Column-Ties 

Figure 3.2.1 T Shape Metal Panel 
Wood Joints Component 
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anodized to create a protection layer, commercial anodized aluminum manufactures says their 

products can last 20 years of lifetime, while The Building Research Establishment in the UK has 

certified the CLT product for a life span of 60 years by different 3rd party technical certifica-

tion61. Different materials’ connection in here could cause the trouble. First, each of them had a 

different life span, it could be a problem to replace the damaged items; secondly, in traditional 

joineries, tenon and mortise are commonly used, these exterior metal fasteners will damage the 

traditional joint form. 

3.2.1 History of traditional joineries in China 

In China, there are still some ancient wooden building existing, one of the oldest is Nanchan 

Temple, it is completed in A.D 782, about 1200 years before present. Until today, it is still a hot 

spot for tourist. One of the major feature in the traditional Chinese building is the minimal use of 

the steel fasteners, such as nails. In traditional Chinese building in the selected region, while typ-

ically building structure are wood frame with brick wall, tenon and mortise are commonly used 

in almost all parts of the structure. For example, the simple connection of wood column to col-

umn base (Figure 3.2.2)62, this simple tenon and mortise can prevent the shift of column from the 

floor, also, the building code in Qing Dynasty (A.D. 1644-1912) had a detailed instruction, the 

depth of the mortise and the length of the tenon should be one third of the diameter of the col-

umn.63 What’s more, it could be a complex joint to connect the horizontal wood component with 

vertical component, such as connect the columns and beams (Figure 3.2.3)64 or connect the 

beams with corner columns (Figure 3.2.4, Figure 3.2.5)65. 

 

                                                            
61 “Technical Approvals,” KLH UK, accessed November 10, 2016, http://www.klhuk.com/product-/technical-ap-
provals.aspx. 
62 Qu Jingming et al., ed., Ancient Building Design and Construction Collective Drawings (China Machine Press, 
2007), 122  
63 lbid., 121.  
64 lbid., 124. 
65 lbid., 126. 
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In this region, the construction process of traditional Chinese building is from base to roof top, 

all the materials are constructed layer by layer. In this case, the connection of upper structure to 

the lower structure is critical. The tenon and mortise are largely used in the need of this kind of 

connection. With the development of the wood craftsmanship, one of the typical mortise and 

tenon structure component is emerged, it is the inter locking wooden bracket set (Figure 3.2.6), 

Figure 3.2.4 the Joint Detail of Cor-
ner Wood Colum with Beams  

Figure 3.2.5 the Completed Assembled Joint De-
tail of Corner Wood Column with Beams  

Figure 3.2.2 the Connection Methods of 
Connecting Wood Columns to Column 
Base in Traditional Chinese Building 

Figure 3.2.3 the Joint Detail of Wood Columns 
to Beams in Traditional Chinese Building 
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in Chinese it was simply named “Dou Gong”, from two of its major wooden components, “Dou” 

(Figure 3.2.7)66 and “Gong” (Figure 3.2.8). The bracket set using the tenon and mortise in both 

hidden and open way. The small tenon in both end of the “Gong”, fasten the “Dou” above it, 

while “Dou” is similar to the top of the column, cross shape open mortise hold the “Gong” above 

it. In this assembling procedure, bracket set could be as much as 11 layers (Figure 3.2.9)67.  

                                                            
66 Jingming et al., Collective Drawings, 179. 
67 lbid, 193-194. 

Figure 3.2.7 "Dou" - Major 
Component of the Bracket Set 

Figure 3.2.8 "Gong" - Major Component of Bracket Set Figure 3.2.6 Inter Locking Wooden Bracket Set  

Figure 3.2.9 Variations of Bracket Set 
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3.2.2 Modern of joineries 

The external metal plates, straps, nuts, and bolts are commonly used in the wooden building con-

struction in the past, although people always want to find a way to hide these fasteners. With the 

development of fasteners, hidden type of metal fasteners appeared in the industry (Figure 

3.2.10)68 (Figure 3.2.11)69. It is using the mortise and tenon concept in a certain degree, while 

rely on the good quality in tensile strength and relative stable than common wood products. By 

applying the embedded connectors, designer can restore the traditional appearance of wooden 

building.  

Due to the high tensile strength that steel connecter has, the components in the joints can be re-

duced, also, in the connection of columns to floors, the steel joints can reduce the cross section of 

the wood columns. In this case, metal joints have the great advantage regards to the simplify the 

construction process and wood material usage. But, part of the advantage of wood joineries in 

traditional Chinese building are the vibration isolation effect, which the wood joints work as a 

damping system. In modern high-rise building, different kinds of damping system are invented, 

to reduce the wind pressure or earthquake damage. While metal fasteners offer no benefit in this 

aspect, if we compare to the wooden joints.  

If we can integrate the damping system in every joint in high-rise building, we might save lots of 

precious space in the top few floors. Such as Taipei 101, the tuned mass damper is 660 tons, cost 

4 million USD and suspended from 92nd floor to 87th floor (Figure 3.2.12)70. 

                                                            
68 “Improving Timber Connections Through Design,” Ron Blank & Associates, 2009. 
69 “Connecter in Column,” Acton Ostry Architects, 2016. 
70 Jacopo Werther, Damper System in Taipei 101, 2008, Digital Image, 3,837 x 2,588 Pixels, Flickr, Yahoo, accessed 
October 12, 2016, https://www.flickr.com/photos/94424960@N00/2399944545. 

Figure 3.2.11 Hidden Metal Connecter in Connection 
the Columns 

Figure 3.2.10 Hidden Type of Metal Fasteners in Con-
nection the beams 
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                                                                      Figure 3.2.12 Damper System of Taipei 101 

3.2.3 Integration of Wood Joints 

Main stream wood joineries are using different kinds of steel component. However, wood to 

wood joineries also show the great potential in the modern wooden building, I would like to pro-

pose some conceptual design of wood joineries, the goal is to reproduce the scene of traditional 

built form, bring back the people’s memory of traditional building. Also, in engendering aspects, 

by using the CNC machine, largely increase the speed of manufacturing the wood joineries com-

ponents. This flexible connection, as using in the pagoda in Fogong Temple, shows the great per-

formance in reducing the destructive by earthquake, which could bring extra benefit to the high-

rise building, reduce the needs of damping system. 

First proposal is coming from the idea of traditional bracket sets. Some of the precedents use 

bracket-set shape of design in different scale of structure, either a small scale in the facades (Fig-

ure 3.2.13)71 or the large scale as a major load bearing structure (Figure 3.2.14)72. 

                                                            
71 Photo of GC Prostho Museum Research Center, Digital Image, 800 x 600 Pixels, Kengo Kuma and Associates, ac-
cessed Oct 10, 2016, http://kkaa.co.jp/works/architecture/prostho-museum-research-center/. 
72 Photo of Wooden Bridge Museum, Digital Image, 818 x 546 Pixels, Kengo Kuma and Associates, accessed Oct 10, 
2016, http://kkaa.co.jp/works/architecture/yusuhara-wooden-bridge-museum/. 

Figure 3.2.13 GC Prostho Museum Research Center by 
Kengo Kuma 

Figure 3.2.14 Outdoor Space of Wooden Bridge Museum by 
Kengo Kuma 
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bracket set consist of several small-scale wood components, the idea is keep the traditional fea-

ture while simplify the wood components, in this case, reduce the amount of wood components, 

the need for skilled worker and the assembling time (Figure 3.2.15, Figure 3.2.16).  

The layer of the horizontal components can vary by needs of the floor extension, damping sys-

tem design requires and aesthetic (Figure 3.2.17).  

Figure 3.2.17 Variations of Proposal One joints, 3 layers, 5 layers and 7 layers’ wooden components 

  

Figure 3.2.15 Proposal One - Modern Bracket set joint 
Figure 3.2.16 Exploded Diagram of 
Proposal One  
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What’s more, based on the idea of overly the layer of components to layer, the basic rectangle 

wood component could be circle shape, triangular shape, hexagon shape, etc. In traditional pavil-

ion (Figure 3.2.18), circle shape, hexagon and octagon shape are used quite often. The circle 

beams in the small-scale pavilion (Figure 3.2.19)73 could also use in the design of joints (Figure 

3.2.21, Figure 3.2.22).  

Second proposal coming from the idea of small-scale tradition wooden building, still using the 

tenon and mortise, but reduce the use of small scale wood components. The construction could 

be even more simple, while keep the flexible connection in the joints, but weaken the feeling of 

traditional building feature. The double beams structure comes from the traditional building’s 

                                                            
73 Jingming et al., Collective Drawings, 174. 

Figure 3.2.19 Overhang Structure Details of Pavilion 73 
Figure 3.2.18 Photos of Pavilion in Hum-
ble Administrator Garden  

Figure 3.2.20 Circle Shape of Wooden Component in Pro-
posal One 

Figure 3.2.21 Octagon Shape of Wooden Component in 
Proposal One 
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structure, while large scale wood material is difficult to find, the small-scale wood will be use to 

reinforce the structure. The beams can either double in vertical (Figure 3.2.23, Figure 3.2.24) or 

horizontal (Figure 3.2.25, Figure 3.2.26). Although, thanks to the modern technology, we can get 

rid of the limitation from the size of natural wood material, and manufacture almost any size, any 

shape of wood product we want. There are still lots of limitation hidden. For example, the size of 

cargo truck, the size of the manufacture machine and the cost effective. We will still face the sit-

uation that we might use the wood material that smaller than we want, especially the beams. 

Figure 3.2.23 Exploded Diagram of Proposal two Figure 3.2.22 Proposal Two - Double Horizontal 
Beam Joint  

Figure 3.2.24 Proposal Three - Double Vertical Beam 
Joint 

Figure 3.2.25 Exploded Diagram of Proposal Three 
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4 EXPERIMENT AND ANALYSIS 

4.1 Base Case 

In order to test the application of wood material in high-rise building, especially the integration 

of Chinese building concept, and its environmental impact, I set up several base models, to ex-

plore the different application. 

The location of the site is situated in Fuzhou, Fujian, China (Figure 4.1.1)74, typical developing 

city in the Southeast China. This city reveal the common view of China’s city, remain several ar-

eas with traditional residential building, while the other place of the city filled with the mid-rise 

or high-rise residential buildings, and some other public buildings. The site is across street from 

a block of traditional residential building, where the example of multi-generation house is situ-

ated in here, while other directions are the compact layout of residential buildings. The site area 

is shown in (figure 4.1.2)75. It is 3500 square meters.  

                                                            
74 “Google Map,” accessed July 30, 2016, modified by Author. 
75 “Baidu Map,” accessed July 30, 2016, Modified by Author. 

Figure 4.1.1 Location of Base Case – Fuzhou China 

Figure 4.1.2 Broder Area of the site in Fuzhou, China 
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The zoning code including the following content: Plot ratio: 2.4 to 2.8, green area ratio > 35%, 

Building density < 30%, building height <= 100 meters (328 feet), Parking lot: 40 % of total resi-

dent, 15% should be ground parking lot. The setback chart is shown in the figure 4.1.3. 

The site plan is shown in (figure 4.1.4)76. The typical floor size is set to be 42 meters by 27 me-

ters and 42 meters by 30 meters. The intension of chosen this site is to create the contact between 

traditional residential buildings, contemporary residential buildings, and the proposal for future 

residential buildings. 

                                                            
76 “OpenStreetMap,” accessed September 10, Modified by Author. 

                                                        Road Width
                                                       (Meter)
                                   Set Back
                                   (Meter)
Building Height 
(Meter) >25 12<W<25 W<12
H<24 8 6 6
24<H<60 12 10 8
60<H<80 15 12 10
80<H<100 20 15 12
Figure 4.1.3 Setback Chart in Code of urban Residential Areas Planning & Design 
(GB50180-93) (2016 Version) 

Figure 4.1.4 Site Plan of the Base Case 
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The typical floor plan is shown in Figure 4.1.5, Figure 4.1.6, Figure 4.1.7, and Figure 4.1.8. Pro-

posal one contains 6 residents in every floor, four corner residents keep the same layout. Each of 

them contains two bedrooms, which have the natural wind and light access; locker room only can 

be accessed from master bedroom; two toilets, one is for the master bedroom, the other one is for 

public use; living room is facing either north or south depends on the position of each residents; 

kitchen is next to the entrance, keep a simple circulation; dining room is placed between entrance 

and kitchen, but it highly depends on the owner, since the public place of the house is a relative 

open area. The other two residents are in the middle of the two corner residents. To avoid the 

darken bedroom, one of the bedroom are modified into a study room.  

The proposal two has a small modification to the proposal one, two single apartments are added 

to meet the different needs, while keep the same spatial relationship and the shared outdoor 

space. 

Since the bearing structure are the columns, beams, and the core in the center, the wall of each 

residents can be easily modified to meet the different interior decorations or room layout. It 

would be good if the toilet and kitchen are close to the center core to reduce the length of the 

tubes. 
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Figure 4.1.5 Proposal One-Typical Floor Plan 

Figure 4.1.6 Proposal One-3D Diagram 
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Figure 4.1.7 Proposal Two-Typical Floor Plan 

Figure 4.1.8 Proposal Two-3D Diagram 
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Balconies can be applied to the residents, which is a relative private open space. What’s more, in 

the entrance of each residents, they will have a shared open space, the size of this space can be 

varied in each floor to create a natural shading, introducing natural lighting and natural ventila-

tions (Figure 4.1.9, Figure 4.1.10).  

Figure 4.1.9 Variations of Shared Space in Each Floors in Section Drawing 

Figure 4.1.10 Variations of Shared Space in Each Floors in 3D Diagram 



58 
 

The spatial sequence for a resident can be defined as from public outdoor space (shared by three 

residents), to living room (private space, owner’s daily activity, can also be accessed by guests), 

to bedroom (private space, normally only the owner of bedroom can access), to balcony (private 

outdoor space). As a general, the space also be divided into three layers, the sequence of become 

clear. 

The joints shown in chapter 3.2.4 can be selective integrated into this structure. The proposal one 

of the joints can be used in the outermost columns, it’s significant feature can create the sense of 

extension of the space from indoor to outdoor, while it can also function as damping system, sup-

porting structure for the balcony. The proposal two of the joints can be used either in interior col-

umns or outermost columns (Figure 4.1.11, Figure 4.1.12, Figure 4.1.13, Figure 4.1.14).  

The further proposal shown in the figure 4.1.15, Figure 4.1.16, this proposal is inspired by the 

feeling that arise from traditional Chinese building. Triangle shape of shading in the south facade 

comes from the impression of large-overhang that tipped in the corner, which also form an aero-

dynamic shape, introducing the wind from southeast to every resident. What’s more, offering the 

shading for the south façade, protect it from sun and rain. In the north facades, the triangle shape 

of shading is vertical, to protect the north facade from early morning and late afternoon sun. 

Between every 6 stories, one story is left open intentionally, it comes from the impression of 

large overhang’s exposure structure. In addition, this opened area in the high-rise building, offer-

ing the relatively private space for the residents. This floor can be used as green area, outdoor ex-

ercising, communication space, etc. (Figure 4.1.19)  
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Figure 4.1.11 Proposed Structure-South facade 3D Diagram-1 

Figure 4.1.12 Proposed Structure-South facade 
3D Diagram-2 

Figure 4.1.13 Proposed Structure-East facade 3D Diagram-1 

Figure 4.1.14 Proposed Structure-East fa-
cade 3D Diagram-2 
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Figure 4.1.15 Further Proposal-3D Diagram Figure 4.1.16 Pavilion in Humble Administration Garden 

Figure 4.1.17 Further Proposal-3D Diagram-South Facade Figure 4.1.18 Further Proposal-3D Diagram-North Facade 
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Figure 4.1.19 Opening Floor in the Building 

 

5 FUTURE WORK 

My study started with the two basic concepts that I am interested with, which also has deep con-

nection to the current demands. With the study keep going, wooden high-rise building become 

the research field that I conclude from my previous study. In this thesis, I do the research on both 

traditional Chinese wooden building and contemporary wooden high-rise building, integrate 

them from details like joineries to the rest of the design. In addition, I design a case of wooden 

high-rise building as an example to show the integration. 

The research has led me to see the integration of two distinct built form. The future work could 

have several directions. Firstly, in the raw materials extraction, processing, and manufacturing 

periods, one is in developing the newly wood building material, since the emerging wood mate-

rial like CLT greatly increase the development of modern wood building, facilitate it to design 

and construct higher and larger wood building, newly wood building material with better perfor-

mance in engineering can push this type of building into new phase. The other is developing the 

sustainable forest management, especially considering the integration of plantation with city 

green area for the commercial logging. Since the trees in the city always have problem with the 

city sewage system, the roots of the tree will damage the pipeline after years of growing, those 

trees can be systematically managed and log in the future commercial logging. Secondly, the in-

tegration with energy conservation methods, considering ecological design of wood building in 

the operation periods, for example, the thermal mass integrates with wood wall, the solar panel 
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integrate with shading in wood building, and water collection design integrate with wood build-

ing. Thirdly, in the final stage of recycling, currently, wood materials recycle is even lower than 

concrete and steel, maybe we can find out the reason of it and design a better way to recycle 

wood material. 
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APPENDIX 

Appendix A: China Air Quality Index77 

China's Ministry of Environmental Protection (MEP) is responsible for measuring the level of air 

pollution in China. The API level is based on the level of 6 atmospheric pollutants, namely sulfur 

dioxide (SO2), nitrogen dioxide (NO2), suspended particulates smaller than 10 μm in aerody-

namic diameter (PM10), suspended particulates smaller than 2.5 μm in aerodynamic diame-

ter (PM2.5), carbon monoxide (CO), and ozone (O3) measured at the monitoring stations 

throughout each city.  

1. AQI Mechanics 

An individual score (IAQI) is assigned to the level of each pollutant and the final AQI is the 

highest of those 6 scores. The pollutants can be measured quite differently. PM2.5、PM10 con-

centration are measured as average per 24h. SO2, NO2, O3, CO are measured as average per 

hour. The final API value is calculated per hour according to a formula published by the MEP.  

The scale for each pollutant is non-linear, as is the final AQI score. Thus, an AQI of 100 does not 

mean twice the pollution of AQI at 50, nor does it mean twice as harmful. While an AQI of 50 

from day 1 to 182 and AQI of 100 from day 183 to 365 does provide an annual average of 75, it 

does not mean the pollution is acceptable even if the benchmark of 100 is deemed safe. This is 

because the benchmark is a 24-hour target. The annual average must match against the annual 

target. It is entirely possible to have safe air every day of the year but still fail the annual pollu-

tion benchmark.  

2. AQI and Health Implications (HJ 663-2012)  

AQI Air Pollution 
Level Health Implications 

0–50 Excellent No health implications. 

                                                            
77 “Air Quality Index,” Wikipedia, accessed October 10, 2016, http://en.wikipedia.org/wiki/Air_quality_in-
dex#Mainland_China 

https://en.wikipedia.org/wiki/Aerodynamic_diameter
https://en.wikipedia.org/wiki/Aerodynamic_diameter
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51–100 Good Few hypersensitive individuals should reduce outdoor 
exercise. 

101–150 Lightly Polluted Slight irritations may occur, individuals with breathing 
or heart problems should reduce outdoor exercise. 

151–200 Moderately Polluted Slight irritations may occur, individuals with breathing 
or heart problems should reduce outdoor exercise. 

201–300 Heavily Polluted 

Healthy people will be noticeably affected. People with 
breathing or heart problems will experience reduced en-
durance in activities. These individuals and elders 
should remain indoors and restrict activities. 

300+ Severely Polluted 

Healthy people will experience reduced endurance in 
activities. There may be strong irritations and symp-
toms and may trigger other illnesses. Elders and the 
sick should remain indoors and avoid exercise. Healthy 
individuals should avoid outdoor activities. 

 

Appendix B: Excerpt of 2015 International Building Code of Wooden Structure 

Code modifications to Ch. 23 Wood 

2303.1.4 Structural glued cross laminated timber. Cross-laminated timbers shall be manufactured 

and identified as required in ANSI/APA PRG 320-2011.  

CROSS-LAMINATED TIMBER. A prefabricated engineered wood product consisting of at 

least three layers of solid-sawn lumber or structural composite lumber where the adjacent layers 

are cross-oriented and bonded with structural adhesive to form a solid wood element. 

Code modifications to Ch. 35 Reference Standards ANSI/APA PRG 320-2011 Standard for Per-

formance-Rated Cross-Laminated Timber. 

602.4 Type IV. 
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Type IV construction (Heavy Timber, HT) is that type of construction in which the exterior walls 

are of noncombustible materials and the interior building elements are of solid or laminated 

wood without concealed spaces. The details of Type IV construction shall comply with the pro-

visions of this section and Section 2304.11. Exterior walls complying with Section 602.4.1 or 

602.4.2 shall be permitted. Minimum solid sawn nominal dimensions are required for structures 

built using Type IV construction (HT). For glued laminated members and structural composite 

lumber (SCL) members, the equivalent net finished width and depths corresponding to the mini-

mum nominal width and depths of solid sawn lumber are required as specified in Table 602.4. 

Cross laminated timber (CLT) dimensions used in this section are actual dimensions. 

602.4.2 Cross-laminated timber in exterior walls.  

Cross-laminated timber complying with Section 2303.1.4 shall be permitted within exterior wall 

assemblies with a 2-hour rating or less, provided the exterior surface of the cross-laminated tim-

ber is protected by one the following:  

1. Fire-retardant-treated wood sheathing complying with Section 2303.2 and not less than 15/32 

inch (12 mm) thick;  

2. Gypsum board not less than 1/2 inch (12.7 mm) thick; or  

3. A noncombustible material602.4.6.1 Sawn or glued-laminated plank floors.  

Sawn or glued-laminated plank floors shall be one of the following:  

1. Sawn or glued-laminated planks, splined or tongue-and-groove, of not less than 3 inches (76 

mm) nominal in thickness covered with 1-inch (25 mm) nominal dimension tongue-and-groove 

flooring, laid crosswise or diagonally, 15/32-inch (12 mm) wood structural panel or 1/2-inch (12.7 

mm) particleboard.  

2. Planks not less than 4 inches (102 mm) nominal in width set on edge close together and well 

spiked and covered with 1-inch (25 mm) nominal dimension flooring or 15/32-inch (12 mm) wood 

structural panel or 1/2-inch (12.7 mm) particleboard.  

The lumber shall be laid so that no continuous line of joints will occur except at points of sup-

port. Floors shall not extend closer than 1/2 inch (12.7 mm) to walls. Such 1/2-inch (12.7 mm) 

space shall be covered by a molding fastened to the wall and so arranged that it will not obstruct 

the swelling or shrinkage movements of the floor. Corbelling of masonry walls under the floor 

shall be permitted to be used in place of molding. 
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602.4.3 Columns.  

Wood columns shall be sawn or glued laminated and shall be not less than 8 inches (203 mm), 

nominal, in any dimension where supporting floor loads and not less than 6 inches (152 mm) 

nominal in width and not less than 8 inches (203 mm) nominal in depth where supporting roof 

and ceiling loads only. Columns shall be continuous or superimposed and connected in an ap-

proved manner. Protection in accordance with Section 704.2 is not required.  

602.4.4 Floor framing.  

Wood beams and girders shall be of sawn or glued-laminated timber and shall be not less than 6 

inches (152 mm) nominal in width and not less than 10 inches (254 mm) nominal in depth. 

Framed sawn or glued-laminated timber arches, which spring from the floor line and support 

floor loads, shall be not less than 8 inches (203 mm) nominal in any dimension. Framed timber 

trusses supporting floor loads shall have members of not less than 8 inches (203 mm) nominal in 

any dimension.  

602.4.5 Roof framing.  

Wood-frame or glued-laminated arches for roof construction, which spring from the floor line or 

from grade and do not support floor loads, shall have members not less than 6 inches (152 mm) 

nominal in width and have not less than 8 inches (203 mm) nominal in depth for the lower half 

of the height and not less than 6 inches (152 mm) nominal in depth for the upper half. Framed or 

glued-laminated arches for roof construction that spring from the top of walls or wall abutments, 

framed timber trusses and other roof framing, which do not support floor loads, shall have mem-

bers not less than 4 inches (102 mm) nominal in width and not less than 6 inches (152 mm) nom-

inal in depth. Spaced members shall be permitted to be composed of two or more pieces not less 

than 3 inches (76 mm) nominal in thickness where blocked solidly throughout their intervening 

spaces or where spaces are tightly closed by a continuous wood cover plate of not less than 2 

inches (51 mm) nominal in thickness secured to the underside of the members. Splice plates shall 

be not less than 3 inches (76 mm) nominal in thickness. Where protected by approved automatic 

sprinklers under the roof deck, framing members shall be not less than 3 inches (76 mm) nominal 

in width.  

602.4.6 Floors.  

Floors shall be without concealed spaces. Wood floors shall be constructed in accordance with 

Section 602.4.6.1 or 602.4.6.2.  
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602.4.6.1 Sawn or glued-laminated plank floors.  

Sawn or glued-laminated plank floors shall be one of the following:  

1. Sawn or glued-laminated planks, splined or tongue-and-groove, of not less than 3 inches (76 

mm) nominal in thickness covered with 1-inch (25 mm) nominal dimension tongue-and-groove 

flooring, laid crosswise or diagonally, 15/32-inch (12 mm) wood structural panel or 1/2-inch (12.7 

mm) particleboard.  

2. Planks not less than 4 inches (102 mm) nominal in width set on edge close together and well 

spiked and covered with 1-inch (25 mm) nominal dimension flooring or 15/32-inch (12 mm) wood 

structural panel or 1/2-inch (12.7 mm) particleboard.  

The lumber shall be laid so that no continuous line of joints will occur except at points of sup-

port. Floors shall not extend closer than 1/2 inch (12.7 mm) to walls. Such 1/2-inch (12.7 mm) 

space shall be covered by a molding fastened to the wall and so arranged that it will not obstruct 

the swelling or shrinkage movements of the floor. Corbelling of masonry walls under the floor 

shall be permitted to be used in place of molding.  

602.4.6.2 Cross-laminated timber floors. 

Cross-laminated timber shall be not less than 4 inches (102 mm) in thickness. Cross-laminated 

timber shall be continuous from support to support and mechanically fastened to one another. 

Cross-laminated timber shall be permitted to be connected to walls without a shrinkage gap 

providing swelling or shrinking is considered in the design. Corbelling of masonry walls under 

the floor shall be permitted to be used.  

602.4.7 Roofs. 

Roofs shall be without concealed spaces and wood roof decks shall be sawn or glued laminated, 

splined or tongue-and-groove plank, not less than 2 inches (51 mm) nominal in thickness; 11/8-

inch-thick (32 mm) wood structural panel (exterior glue); planks not less than 3 inches (76 mm) 

nominal in width, set on edge close together and laid as required for floors; or of cross-laminated 

timber. Other types of decking shall be permitted to be used if providing equivalent fire re-

sistance and structural properties.  

Cross-laminated timber roofs shall be not less than 3 inches (76 mm) nominal in thickness and 

shall be continuous from support to support and mechanically fastened to one another.  

602.4.8 Partitions and walls.  

Partitions and walls shall comply with Section 602.4.8.1 or 602.4.8.2.  
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602.4.8.1 Interior walls and partitions.  

Interior walls and partitions shall be of solid wood construction formed by not less than two lay-

ers of 1-inch (25 mm) matched boards or laminated construction 4 inches (102 mm) thick, or of 

1-hour fire-resistance-rated construction.  

602.4.8.2 Exterior walls.  

Exterior walls shall be of one of the following:  

1. Noncombustible materials.  

2. Not less than 6 inches (152 mm) in thickness and constructed of one of the following:  

2.1. Fire-retardant-treated wood in accordance with Section 2303.2 and complying with Section 

602.4.1.  

2.2. Cross-laminated timber complying with Section 602.4.2.  

Appendix C: Excerpt of ANSI/APA PRG 320-2012: Standard for Performance-Rated 

Cross-Laminated Timber 

7. CLT Performance Criteria 

Structural performance shall be evaluated for each CLT layup unless otherwise noted in this sec-

tion. CLT shall meet the minimum structural performance based on the properties shown in Ta-

ble 1 multiplied by the section properties provided by the manufacturer and accepted by an ap-

proved agency when evaluated. 
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Appendix D: Excerpt of Glued Laminated Beam Design Table-S475 
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Appendix E: Excerpt of Design of Structural Glued Laminated Timber Columns-EWS-

Y240 

 

 

Appendix F: Comparison of Material Properties 

 

 
[1] “Wood Densities”, Engineering ToolBox, accessed October 16, 2016. http://www.engineer-
ingtoolbox.com/wood-density-d_40.html      

[2] A Sutton, D Black and P Walker, Low-impact building materials: Set of 5 BRE Information Papers (Energy effi-
ciency technologies and materials, BRE Electronic Publications, 2011). 

Type Density (kg/m3) Bending Strength (n/mm2)
perpendicular to grain parallel to grain parallel to grain

Wood Hardwood oak 600-900 [1] 4.9 [3] 23.9 [3] 11.1 [1]
Softwood Douglas fir 530 [1] 2.6 [3] 26.1 [3] 11.5 [1]

Pressure-treated Timber CLT 480-500 [2] 2.7 [2] 24-30 [2] 24 [2]

Concrete 1750-2400 [8] 10% of Compressive Strength [9]

Steel 7750-8050 [12]

Compressive Strength (n/mm2)

M10 to M80 Grade Concrete: 10-80

450-2350 [13][14]

R-value Span (meters) Thickness (meters)
perpendicular to grain parallel to grain

Wood 11,970 [4] R-0.71 per inch [5]
12,170 [4] R-1.41 per inch [5]

370 [2] 12,000 [2] R-1.25 per inch [6] with Concrete: 10; 7 Layers: 7 7 layers: 0.22

Concrete R-1.28 for 12" CMU [10] nomical Span Length: 4.5 to 7.5 Concrete Slab: 0.1-0.2 [1]

Steel

Elastic Modulus (n/mm2)

Up to 7.7 [7]

17,000 [1]

200,000 [1][15]
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[3] David W Green, Jerrold E Winandy, David E Kretschmann, Mechanical properties of wood (USDA Forest Ser-
vice, Forest Products Laboratory, 1999).     

[4] “Wood Database,” accessed September 26, 2016, http://www.wood-database.com/     

[5] R. Pickett, ed., The Energy Performance of Log Homes, (Log Homes Council, National Association of Home 
Builders, 2003).          

[6] Layne Evans. Cross Laminated Timber: Taking wood building to the next level. reThink Wood, American Wood 
Council, FPInnovations          

[7] ICC-ES ESR-1405            

[8] Richard Dorf, Engineering Handbook. (New York: CRC Press, 1996).      

[9] ACI 207.2R-95            

[10] “R-values of Insulation and Other Building Materials,” accessed October 28, 2016, https://www.arch-
toolbox.com/   

[11] An Engineers Guide to - Economical Concrete Floor Systems; Copyright © Portland Cement Association  

[12] "Density of Steel,” accessed October 28, 2016, http://hypertextbook.com/facts/2004/KarenSutherland.shtml  

[13] Alan Blank McEvoy et al., Architecture and Construction in Steel. (Taylor & Francis, 1993).  

[14] E. and C van Tyne, Journal of Materials Engineering, and Performance (2008) 17: 888. doi:10.1007/s11665-
008-9225-5  

[15] Steel, Structural ASTM-A36          
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