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Abstract

With increasing awareness of environmental conservation in recent years, building
with wood has been gaining popularity worldwide. Technological improvements
concerning wood industry and building construction in the 20th century have been
making it possible to realize large dimensional building with wood. However,
middle-to-high rise building with wood in urban area has not gained popularity enough.
The major reason comes from problems of fire protection, due to the material

characteristics and regulations.

Proper design concepts from aspects considering fire protection are indispensable.
In other words, developments of fire-safety measure expand possibilities for use of wood
as a building material. This thesis is intended to study the feasibility of wooden multi-story
building in urban area by means of considering the issue of fire safety. Concepts of fire
safety design are studied from the three viewpoints: fire-resistive structure, smoke control
and evacuation. The study of fire-resistive structure includes study of fire protection
measures and a conceplual proposal. The study of smoke control and evacuation also

includes a conceptual proposal.

Applying the concepts described above, an example of building is designed as a
prototype building. The project includes proposals of fire-resistive structure, smoke
control and safe evacualion. And finally, structural calculation is carried out in order to
prove briefly that the proposal of the structure is realizable.




Chapter 1. Introduction

1. 1. Background
1. 1. 1. Building with wood

Wood has been used as a major building material by tradition in many countries due
to available resources and handiness character. In recent years, with increasing
awareness of environmental conservation, building with wood has been gaining
popularity worldwide due to environmental friendliness and sustainability, as well as
health and comfort indoor environment. Following reasons are generally mentioned as

advantages of building with wood.

— Wood stores carbon even after it is used as timber building materials, and reduces
carbon dioxide in the atmosphere, which is cause of global warming as a green house
gas.

— Fossil energy consumptions of timber building materials during production and wooden
building during construction are much lower than other building materials, e.g. steel
and concrete.

— Timber can be reused or recycled for some manufactured wood products e.g. chip
board, fiber board and strand board. And finally can be used as biomass energy by
incineration.

— By using wood from local forests, it is possible to revitalize the forest industry, and
appropriate control of forests contributes to prevent natural disasters, e.g. flood and
landslide.

— Wooden-surfaced room contributes to high comfort of indoor environment due to

humidity control property and optical and psychological effects.
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1. 1. 2. Multi-story wooden building in urban area

Technological improvements concerning wood industry and building construction in
the 20" century have expanded possibilities for use of wood as a building material.
Especially in large dimensional wooden buildings, the improvements of technologies, e.g.
engineered wood, CNC cutting, construction machines and computing on design, have
played a significant role. Many examples of large dimensional wooden buildings have
been realized, especially in large span buildings (e.g. sports halls, Figure 1.1.), and

low-to-middle rise buildings (e.g. apartment in suburban area, Figure 1.2.).

Compared to the above examples, middle-to-high rise building in urban area has not
gained popularity enough. Though it is clear that it is effective for increasing opportunities
of building with wood, middle-to-high rise buildings in urban area have been hardly
realized. In structural aspect, the technological improvements and studies have been
making it possible to design large dimensional structure which is able to be applied to
middle-to-high rise building. The major reason why middle-to-high rise wooden buildings

are not realized enough, comes from problems of fire protection

1. 1. 3. Fire protection

Fire protection is crucial problem on wooden building, due to the material
characteristics and regulations. Timber ignites lower temperature than concrete and steel
and continues combusting by itself. Therefore, wooden construction is sorted in the
weakest structural type against fire, and building codes in many couniries contain high
and detailed fire protection requirements. Especially in urban area, regulations are tighter
than rural area, because distances between buildings are usually narrow. And on
middle-to-high-rise building there are more things to consider than low-rise building

regardless of regulations.

For the reasons, proper design concepts from aspects considering fire protection are
indispensable in order to realize multi-story wooden buildings in urban area. In other
words, developments of fire-safety measure expand possibilities for use of wood as a

building material.

1. Introduction 5]



Figurel.1. An example of a large span wooden building

Multi-purpose Arena, Joensuu, Finland, 2006

k

Figurel.2. An example of a middle-rise wooden building

Mihlweg apartment, Vienna, Austria, 2006

1. Introduction



1.2. Purpose of the thesis

This thesis is intended to study the feasibility of wooden multi-story building in urban

area by means of considering the issue of fire safety.

The topic of fire safety on wooden building is crucial problem. Therefore, many
studies and researches have been carried out especially in the field of building physics
and engineering. However, in the field of architecture design and structural design, the
topic is hardly mentioned, though it affects building design and planning considerably,
because it is usually thought a barrier of design. In this thesis, the topic of fire safety is
studied from aspects of architecture design and structural design. By this measure, a
new design concept of fire safety is achieved, and it expands possibilities for use of wood

as a building material.

1.3. Method of the thesis

In the chapter 2, basic concepts of fire safety is studied. And in the same chapter
conceptual proposal of fire safety design is presented. In the chapter 3, a building
example is proposed as a prototype building of the proposed concepts of fire safety
design. In the chapter 4, structure calculation is carmied out, in order to prove that the

concepts and the prototy pe building are realizable in a practical level.

1. Introduction 8



Chapter 2. Fire-resistive structure

2.1. Introduction

In this chapter and the next chapter, concepts of fire safety design are studied from
the three viewpoints: Chapter2. fire-resistive structure, Chapter3. smoke control and
evacuation. Each chapter includes study of basic idea and conceptual proposal which is

applied for the building example in the chapter 4.

The three topics on the table of fire phase are presented in Figure 2.1. On the table,
progress and general prevention measure are shown on each phase. The five
progresses are concerning building design and planning: Start of evacuation (Phase1),
Evacuation from fire room (Phase3), Generation of poisonous gas (phased), Declination
of load-bearing capacily (Phase5) and Smoke diffusing toward neighboring space
(Phase5). The table shows that the three topics widely cover the fire phase.

2. Fire-resistive structure g
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Fire-resistive structure

Figure2.1. Fire phase — progress and general prevention measure
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2.2. Fire-resistive performance

Requirements for fire-resistance concerning building structure, on building codes in
several countries are basically as follow. Load-bearing capacity of construction can be
assumed for a specific peried of time. On high-rise building up to 5 stories, 80-180
minutes fire rating is often required. Figure 2.2. In addition, on the building standard law

of Japan, it is required that the building withstands until the end of fire.

“Fire-resistive buildings: Buildings that conform to the following criteria:

Those which can withstand the heat of a fire predicted to occur inside the building
according to the construction, building equipment, and use of the said building until the
end of the said fire.” (The building standard law of Japan, Article2,9-2,(a).(2).{i}). [1]

That is to say, wood can not be used as a load-bearing member without fire-protecting
treatment such as incombustible covering. Because wooden members combust and do
not stop charring by themselves, and in the end the members lose the load-bearing
capacity. Therefore, it is not sufficient to attach just buming marginal thickness on

structural members according to the rate of charring.

Rate of charring v in mm/min [v.,, V102 o 4 i ) = Ve Rate of chasring v
Typa of fimbear' Rate of charring ' el
W METYTTHN i
25
Ganeralky Boundary conditions Vi = ¥ g = Vi k-
&
" g 20 /
Glued laminaled Saftwood, o7 = 15— ¢
timber nciuding beech e.?.\!:"
Sclid timber 0.8 53'0
Solid timber Hardweood with p = 600 kgim?® | 0.56 = 0.7 2 0.8 :T::S -
axcept baach =_§ -
" Thre are the following differences batween the DIN standard and EMV 1995-1-2 a o-F
o 10 20 30 40  min

a) Softwood aceording 1o this ENV has a density p 2 290 kg'm? and a min. dimension of

35 mm (not specified i the DIM standard) * Duration of firg 1o DIN 4102

b) The limit for hardwood in the ENV s p = 450 kg/me? (p > 600 kg in the DIN standarnd)

&) whardweod L e = OUS mervimin instead of 0.56 mmvmin in the DIN
stamdard : Depth of charring or theckness of wood-

. - : P basad board product with p = 600 kgim?
p means the charachenstic value for the species of wood (5% fractile, oven-dny dengity) {chipbaard, wood fibreboand, plywood)

Figure 2.2. Rate of charring [2]
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2.3. Fire-resistive structure

Since it is not sufficient to attach just burning marginal thickness on structural
members according to the rate of charming as described above, load-bearing wooden
members needs a fire-protecting treatment, in order to achieve the fire-resistive structure.
The performance can be evaluated by three types of design concepts. That is to evaluate
the fire-resistance of (1) member materials, (2) building members, and (3) building

frames.[3] The three concepts are explained as follows:

(1) Member materials

To achieve the fire-resistive structure by evaluating the fire-resistance of building
materials of members is to prevent wooden members from igniting. Wood ignites
generally around 240-270 degree and combustion starts. When the combustion of
members continues, loss of the cross-section increase and the members are destroyed.
Therefore, when the wooden members are prevented from igniting by fire exposure, the
members do not lose their cross-section and are able to keep the necessary load-bearing

capacity. As a result, the building does not collapse.

Two measures of preventing wooden members from igniting are described. One is to
control heat approaching members. An example of this measure is to cover the members
with incombustible fire-protection member, e.g. gypsum board. Figure 2.4. Advantages
of this measure is that it is already in practical use and easy to realize. And also there is
no limit of species of wood, as long as the covering material is designed properly.
However, in this measure wooden surfaces are not visible. Therefore, some of
advantages of building with wood are not available. Another measure is to improve
fire-resistive performance of the member itself, e.g. treatment with fire-resistive
chemicals and painting. In this measure, wooden surface can be visible. However, since

the treatment take much work, members become expensive.

2. Fire-resistive structure 13



Wooden load-bearing member

Incombustible covering member
w.g. gymeum board

Figure 2.4. {1) Member materials: Wooden member covered by incombustible member

(2) Bullding members

To achieve the fire-resistive building by evaluating the fire resistance of building
members is to prevent members from destruction. In this concept, ignition of wooden
members is admitted. However, when the combustion of the members stops after losing
a certain amount of the cross-section, they are able to keep the load-bearing capacity

with the rest of the combusted members. Consequently, the building does not collapse.

The combustion of the wooden members is admitted during a certain period of time.
But if the members continue to combust after the fire finishing, the members lose the
cross-section and the load-bearing capacity. Therefore, self-charring-stop performance

of members is required.

An example of the measure to achieve the self-charring-stop performance is to insert
a high-density wooden member, steel member or incombustible member as a
self-charring-stop layer at an assumed position in the wooden members, Figure 2.5. 2.6.
2.7

2. Fire-resistive structure 14



Wooden load-bearing member

Self-charring-stop layer
&0 gymaum board, sieel high-danaity wood ie

Burning marginal wooden member

Figure 2.5. {(2) Building members: Self-charring-stop layer installed in wooden member

Steel load-bearing member
with seff-chamng-stop paformance

Wooden load-bearing member
with burning marnginal thickness

Figure 2.6. (2) Building members: Steel member covered by wooden member

2. Fire-resistive structure 15
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Figure 2.7. An example of fire-resistive member with self-charring-stop layer of

high-density wood (Jarrah). [4]
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(3) Building frames

To achieve the fire-resistive building by evaluating the fire-resistance of building frame
is to prevent the building frame from destruction. In this measure, incombustibleness of
wooden member is not indispensable. The primary target, to prevent the building from
destruction is achieved by utilizing the peculiarities of fire as an external force in
fire-resistance design. That is to say, the locality of fire in the whole construction, and it is

not necessary to take into account combination of fire and seismic force or wind load.

An example of the measure is to use combustible wooden member as short-term load
resistance member, such as seismic-resistant and wind-resistant members. Since
combination of fire, seismic force and wind load is not taken into account, if long-term
resistance members have fire-resistant performance, collapse of the building can be

prevented, even after short-term load resistance members are lost by combustion.

In addition, fire-resistive building can be achieved by considering the locality of fire,
together with reserve capacity of members for short-term load. In other words, even if
some of members lose their load-bearing capacity by combustion, the load can be
reallocated to circumjacent members which hold reserve capacity, and collapse of the

building is prevented.

In the three design concepts described above, researches and testis of the concept
(1) and (2) have carried out in many research institute. And some examples of
application of the concept (1) and (2) can be seen in some realized buildings. The
concept (3) requires more exact analysis on design. On the other hand, more rational
fire-resistive building can be planed, since peculiarities of fire are taken into account. And
on the concept (3), compared to the other 2 concepts, solutions can be considered on
architectural design and structural design. A conceptual proposal of fire-resistive

structure proceeded in next section is based on the concept (3).

2. Fire-resistive structure 17



2.4, Conceptual proposal of fire-resistive structure

A conceptual proposal of fire-resistive structure based on the study in the previous
section is presented as follow. The conceptual proposal is proceeded with the concept
(3) Building frames. The example building project proceeded in the chapter 4 is based on

the conceptual proposal.

In the proposed structure, a hut truss structure is installed on the top floor of a
multi-story building of post and beam structure. The columns of the structure are
composite column which is composed of wooden column as a compression member and
steel rod as a tensile member installed inside of the column. And core walls are installed
each floor through the whole structure from the ground to the hut truss on the both side of
the structure. Figure 2.7. 2.8.

In normal times, the hut truss assumes a role of deformation control member against
horizontal load, seismic force and wind load. In case of fire, the hut truss is converted into
a wide span beam which suspends floors above the fire floor by the steel rods installed in
columns. Since it is not necessary to take into account combination of fire and seismic
force or wind load as described above, in case of fire, the hut truss does not need to work

as deformation control member. Figure 2.9. 2.10.

In case that all load-bearing wooden columns on the fire floor are lost by combustion,
the structure system below the fire floor does not become different from normal times. On
the other hand, the structure system above the fire floor is changed into a tensile
structure, in which the loads of the floors are transfemred to the core walls on both side,
through the hut truss suspending the floors above the fire floor by the steel rods in
columns. As a result, collapse of the building is prevented. In addition, since the whole
building withstands until the end of fire, and column can be reinstalled, it is possible to
recover the structure after fire. In order to achieve this structure, it is also important that
the core walls, floors and ceilings are protected against fire by incombustible covering. In
the proposal is considered based on the peculiarities of fire, the peculiarities of fire, the
locality of fire and needlessness of considering combination of fire and seismic force or
wind load.

2. Fire-resistive structure 18
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Chapter 3. Smoke control

3.1. Introduction

In the previous section, fire-resistance is studied and a conceptual proposal is
presented from the aspect of structure. However, it is not necessarily the case that
fire-resistive structure always guarantees safe of people. It must be considered at the

same time that how human safety is achieved.

3.2. Risk of smoke

Case examples indicate some characteristics of danger from fire in middle-to-high
rise buildings, especially in mixed use buildings. First one is danger of poisoning death by
smoke. The most of victims die from inhaling carbon monoxide gas. Secondly, on fire in
middle-to-high rise buildings, it is not necessarily the case that space around the start of
fire is always the most dangerous. In many cases, people died on upper floors above the
fire floor. The reason comes from the buoyancy of smoke. The fact that it is hazardous
even on spaces distant from the start of fire indicates that smoke is risk to life, even after
diluted. Thirdly, some people died in a group in places where do not appear to be safe,
e.g. a bathroom, a kitchen and a small room. The fact indicates that people are under
psychological stress and lose their judgment, because if they act calmly, it seems unlikely

to go to such places. At the same time, it appears that they lose their visibility.

The characteristics show the topics, harmful effect of smoke, diffusion phenomenon
of smoke, and people's psychological actions. The topics must be considered in more

detail in order to solve the problems. [5]
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3.3. Stream of smoke

Since there is a limit to reduce combustible items from commaodities, itis nat easy to
decrease harmful effects from smaoke in case of fire. In other words, in order to ensure
occupants' safeby, it is important how to deal with smoke in buildings, e.g. devices of

spatial composition, ways of evacuation and building equipment for smoke control.

Many cases show that smoke 15 difused through vertical shafts, e.g. elevator shafts
and stair cases. In order to avoid the effect, air tightness of connecting doors between
floors and vertical shafts are important, However, In case that the doors are opensd by

OCCUpanls Tor sorme redson, il causes d serious accidenl

vertical shaft
staircase

smoke
diffused through
vertical shafis

fire floor

Figure 3.1. Smaoke diffiisad through vertical shafts

since, depending on scale of a building, itis difficult 1o ensure occupants’ safety from
smoke by spatial composifion, smoke control by mechanical equipmeants is required The
basic idea of smoke proof and evacuation measure is to let the air pressure of evacuation
routes, {e.g. stair case), higher than fire floor in order to protect the routes from smoke.
The magor melthods are Lo open smoke venl in case of lire gulomalically, Lo exhaust
smoke by fan and to pressurize evacuation rontes by fan However, if also mist he
considerad that in case of fire caused by sarthqualse, frouble of maching or electric

power failure invalidating the system.
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3.4. Evacuation

In order that occupants may evacuate in safety, it is important to comprehend
characteristics of human behavior in fire. Following tendencies must be taken into
account. Firstly, people try to take a route where is used mundanely. Secondly, people try
to head for open and light direction. Thirdly, people get scared when they lose their

position in the building.

Floor planning must be carefully done with considering the said characteristics. Since
start of fire have possibility to be at any place, it is important to have redundancy for
evacuation in floor planning. In other words, more than two evacuation routes must be
guaranteed at any place in the building. To install balconies on every floor around the
building is effective to achieve easy and clear evacuation. In addition, it prevents fire from

diffusing to upper floors through windows.

3.5. Atrium chimney

In recent years, chimney effect in an atrium is often utilized in order to generate
natural ventilation for reducing energy consumption and good indoor environment.
However, from the aspect of fire safety, chimney effect makes easily smoke diffuse to

upper floors of the building.

A research to solve this problem has been carried out by Hasemi et al [6] [7]. In the
research, by focusing attention on the similarity between natural ventilation and smoke

exhaust, smoke control measure by means of an atrium solar chimney has been studied.

The basic idea of chimney effect and pressure distribution is shown in Figure 3.2. In
inlet of the chimneys on the bottom, air pressure of inside is lower than outside and in
outlet of the chimneys on the top, air pressure of inside is higher than outside. However,
in the namrow top chimney, difference of pressure in inlet is narrower than outlet. On the
other hand, in the narrow bottom chimney, difference of pressure in inlet is wider than
oullet. Neutral plane, where the difference of pressure between inside and outside of
chimney is zero, is higher in the narrow bottom chimney, and lower in the narrow fop
chimney. If a horizontal hole on a chimney is made above neutral plane, smoke flows out

from the chimney, and if below neutral plane, smoke flows in.

3. Smoke control 23
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The same principle can be applied in an atrium of a building, An atrium with a

chimney can control smoke diffusing to upper floors and by keeping the neutral pressure

plane in the chimney part and the pressure of the atrium lower than outside, the moms

can be secured from smoke Figure 3.3.
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Prerequisites for the neutral pressure staying in the chimney, are considered as follow.
In the study model, it is assumed that inlet opening is installed only on the bottom of the

atrium. The height of neutral plane is derived as follows.

| (1) A
H = outside air top
n [1 Ik }~ +1 [tsa, .......
atriwm Zwl:ral
4 E P plane | =
P, (2) H i
=t ||
A, \ P o il L
1 atrium
A [ ﬁu

Figure 3.4. Model and equation of pressure distribution [7]

When k increases, the height of the neutral plane rises up as well. When k exceeds 2,
the increasing rate significantly becomes smaller. And when outlet arealinlet area is 2,
the height of neutral plane stays 80% of the whole space (atrium + chimney). The height
of the neutral plane stays in the chimney, namely when the height of the chimney is

more than 20% of the whole space.

That is to say, the prerequisites for the neutral pressure staying in the chimney can be
described as follows:
- The outlet area is more than 2 times larger than the inlet area.

- The height of the chimney part is more than 20% of the height of the ceiling.
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Figure 3.5. In case of fire in a room

In case that fire happens in a room, smoke is not diffused to upper floor, when the neutral
plane stays in the chimney par.
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Figure 3.6. In case of fire In the atrium

In case that fire happens In the atrlum, smoke Is not diffused to rooms, when the neutral
plane stays In the chimney part.
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3.6. Conceptual proposal of smoke safety planning

A conceptual proposal of smoke safety planning based on the study in the previous

seclions is presented as follows. The building project proceeded in the next chapter is
based on the conceptual proposal.

The idea is that to utilize the atrium chimney as a smoke control as well as natural

ventilation. In the proposed planning. there is no verical shaft of stair case installed,
which diffuses smoke to upper floor. Instead of it an atrium is installed which has three

functions, i.e. stair case, amenity space and atrium chimney. In normal times, occupants
use the atrium as a main route to access rooms, and the atrium supplies natural

ventilation at the same time. In case of fire, smoke is controlled by the atrium and
occupants evacuate through outside stair cases. Considering the characteristics of

human behavior, balconies are inslalled on every floor around the building. In normal
times, occupants use them as an amenity space, and in case of fire the outside stair

cases can be reached through the balconies.

chimney

outside

staircase
W "
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e room |
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Figure 3.7. The proposal of atrlum chimney as a smoke control consldering evacuation
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Chapter 4. Building example

4. 1. Overview

In this chapter, a building example is presented as a prototype building. The main

concept is based on the conceptual proposals which are presented in the chapter2 and 3.

The location of the building is on a typical business district in the city center of a
middle-to-large city in Japan. In such an area replacements of buildings are relatively
frequent. Therefore, building with wood in the area is effective for environmental
conservation. And by utilizing proper prefabrication during construction, economical loss
by obstruction can be reduced. The building is an office building and parly mixed use,
which is a typical building type in the area. The scale of the building is &-story. By
realizing the flexible floor plan, no column and no wall large space, it is also possible to
convert into other programs, e.g. housing, which contributes to prevent frequent

replacement of the building.

Due to the scale and the location of the building, the regulation concerning fire
protection requires a fire-resistive structure and two hours fire-resistive time. Since the
building must withstand until the end of fire, self-charring-stop performance on structural

members are also required{Chapter2).

The floor planning on typical floor consists of two office space, common spaces and
an atrium in between. The office spaces are 10m x 24m, no column spaces which are
flexible use. The common spaces are used as amenily space and access route. The
atrium has a chimney part on it. The natural ventilation and smoke control function,
described in the chapter3. In addition, evacuation is considered on floor planning. The
building has balconies faced on the office spaces. In order not that smoke may diffuse
through vertical shafts, evacuation stairs are installed out of the building, and which is
accessed through the balconies. The balconies are also effective for preventing fire from

spreading on upper floors.
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The structural concept of the building is based on the conceptual proposal presented
in the chapter2. The structure of the building consists of four parallel truss frames, and
connected similar truss frames on the other direction. In the truss frames columns and
beams are installed. The columns are composite, steel rods are installed inside of the
wooden columns. The trusses, columns and beams are made by spruce glued laminated
timber, except for the steel rods and joint parts. Floor panels made by cross-laminated

timber panel, are installed on the beams.
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4.2. Architectural drawing
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Ground floor plan
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Typical floor plan
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2. Common space (B2m?)
3. Atrium chimney (Void)

1. Room (240m?)
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Y Section
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Detail section
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Composite column

4. Building example

column 300 x 300mm
compressional member

steel rod 60mm
tensile member

composite column 300 x 300mm
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Joint detail

beam 250 x 450mm

composite column 300 x 300mm

joint box steel

beam 250 x 450mm
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Jjoint box steel

4. Building example 46



Floor detail

floor panel
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Floor detail

fire protection panel
42mm gypsum board + finish

truss member 450 x 450 mm

fire protection panel
42mm gypsum board + finish

floor panel 650 x 2000 x 10000mm

concrete foundation
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Structure

4. Building example

Beams and columns
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Atrium chimney
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Chapter 5. Structural calculation

5. 1. Introduction

In this chapter, structural calculation of the presented building example is carried out.
Results of frame analysis are shown in three cases. In case of fire, all columns on a floor
are lost, the hut truss suspends the floors above fire floor. In this analysis, the worst
case, all columns on ground floor are lost, is assumed. In this case, combination with
horizontal load is not taken into account. In normal times, not fire case, horizontal load is
considered in X and Y direction. The hut truss, in this case, functions as a deformation

control against horizontal load.
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5.2. Frame analysis 1

Case of fire, all columns on the ground floor are lost
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Calculation model

Load

Dead load: g = 1.5 kN/m?
Live load: p = 3.5 KN/

Profile Material
Truss member 450 x 450mm BS14, 813
Hut truss 450 x 450mm BS14, 513
Hut truss beam 450 x 800mm  BS14, 513
Steel rod 60mm
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Deformation

Max u=74.39 mm < H/300

Steel stress analysis
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Timber stress analysis
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5.3. Frame analysis 2

Truss frame Y direction, wind load
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Calculation model

Load

Dead load: g = 1.5 kN/m?
Live load: p= 3.5 kN/m?
Wind load LK3: 1g + 1.5w

Profile

Truss member 450 x 450mm
Hut truss 450 x 450mm

Hut truss beam 450 x 800mm

Material

BS14, 313
B3S14, 513
B514, 513
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Wind load
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Timber stress analysis
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5.4. Frame analysis 3

Truss frame X direction, wind load
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Calculation model

Load

Dead load: g = 1.5 kN/m?
Live load: p= 3.5 kN/m?
Wind lpad LK3; 1g+ 15w

Profile Material
Truss member 450 x 450mm BS14 313
Hut truss 450 x 450mm B314, 513

Hut truss beam 450 x B00mm BS14, 513
Floor panel 305 x 2000mm BS14, 513
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Wind load
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Timber stress analysis
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Conclusion

The present work is intended to study the feasibility of wooden multi-story building in
urban area by means of considering the issue of fire safety. The basic studies of fire
protection measure, smoke control and evacuation measure is presented. And
conceptual proposals are derived from the studies. The fire-resistive structure and smoke
control atrium chimney and evacuation planning presented are applied for a building
example. The structural calculation of wind load and load of fire case show that the

fire-resistive structure presented is realizable.

Some topics are not included in the thesis and needed to discuss in the next step. In
the thesis, the atrium chimney is designed from the equation concerning only inlet, outlet
and height of the atrium chimney. However, in order to utilize natural ventilation, air
transfer between the rooms and the atrium affects the air pressure of the atrium chimney.
Therefore, exact calculation of air pressure must be considered. In the structural
calculation, only wind load are taken into account as a horizontal load. Calculation of
seismic force must be considered in the next step. And economical consideration is also
a controvertible topic. For instance, comparison between the wooden building and other
materials can be discussed.

Concerning fire protection, there are already many studies and researches have been
carried out in the field of building physics and engineering. This studies and proposals
are intended o develop the topic in the field of architecture design and structural design.
In this way, new measure of fire safety design is made possible. It hopefully expands
possibilities for use of wood as a building material, and contributes to the sustainable

society.
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