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ABSTRACT ' : | S

B NN

This study is an attempt to accomplish an architectural solution to the problem
caused by the sudden and massive need for public junior high schoolf houses fo:l
rapidly increasing number of junior high school children in Taiwan, due to
both extension of the educational system from si)f to nine year duration and

to 'the adoption of the Karachi Plan aimed at providing universal primary

-

education of at least 'seven year duration with 1980 as a target date for the

archievement.

% »
The solution presented in this thesis is the result of a study of the above
I . :

mentioned factors and of the particular social and physical environment of ¢

Taiwan. 2
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¢ ‘ o the profile of TAIWAN

&

Taiwon, with population® of 13.8 nfillion, is an island of

13,885 square miles. It measures some 240 miles, north to

south, and 85 miles at its greatest width. It is bordered

on the north by the East China Seq; on the east by the Pacific

Ocean; on the south and southwest by the South China Seq; -
. -and on the west by Taiwan Strait’. The Pescadores, an island
group belonging to Toiwan, lie about 25 mlles from the south-
west coast.

L
¥

Coastal plains, running north to south in the westemn third"
of Taiwan, rise to the foothills and mountain range that occupy
the rest of the island. The eastern slope is rugged and sparsely
- settled, while the western slope is fertile and contains one

. of the world's highest population densities.

Y

Taiwan's rivers all flow from the central mountains, but only
" the Tanshui, flowing post Taipei, is navigable. )
Surrounded by water and lying in a monsoon region, .subtropical
Taiwan has damp, worm summers and mild winters. Crops can
be grown year-round except in the colder mountain heights,
where snow occasionally falls.

»

i

Rainfall vories ' from 50 to 250 inches annually, depending
. on'the region. The islond is subject to Pacific Typhoens
during the summer and early fall.

*figures are 196% census

W
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THE GOAL OF EDUCATION

. . ! . \! .
. N : N Plato { 428-3438. C. ), in
- , his teachings qn the state and ) ;
y laws says:"The goal of educa- |
‘ . tion should be to teach the child .
. to associate feelings of joy with
( . ' the concept of the good and é%
: ot

feelings of pain with the con
S \ ) of evil."

r
- ~
.
b L3
N i
4 \
\
\
. - |
v ¢ -
\ ° N
L
\
]
4
S
3
. -
. ) e
» -
- Pl - R
Y s
- - s *
. *
.
- - . -
’
‘
. - g f
’ t
A P
4
~ 9
3 L}
Y NS [ -
. /
. . v
- -
‘ ¥
7:
K
. -
1 .
) . 2 -
¢ as o
4 PO



— °
k
. F

~

INTRODUCTION

sory education which was convened by UNESCO at Karachi in 1959—-'19&60, for the

t -
s

The idea for this study was inspired by two significant staiements, issued by, the
v N .
¢ s

United Notions in 1948 and 1959, which declered in parr cs, follows:

k EVERYONE hes the right to education,
Education shall be free, or leasr in the elementary and fund-
amental stages. Elementary education shall be compulsory.
Techniccl.and professional educafion shall be made generally
available and higher education shall be equally occessitble to
all on the buasis of merit. ‘
. Education shall be direcied to the full development of the human
personality and to the strengthening of respect for human rights.
ond fundamental freedoms.- It shall promote understanding,
tolerance and friendship among oll nations, racial and religious
, - groups, and shall further the activities of the United Nations s
. for the maintenonce of peace. T

Universal Declaration of Human Rights
December 10, 1948 -
Article 26, Paragrephs 1 and 2 .

THE CHILD is entirled fo receive edu=ation, which shall be
' free and compulsory, af least in the elemenfary stages. He
R shall be given an éducation which will promote his general
culture, and enable him, on a basis of equal opportunity, to ) .
4 develop his abiliries, h:s individual ibdgement,and his sense '
of moral and social responstblhfy, and 1o beccme a useful

4

member of soc:efy. T
o * A - o
Declaration of theRights of the Child ~
November 20, 1959 ) , :
Principlé 7, Paragraph 1 - .

L

This study was also prompted by a Regional Plan (Karachi Plan}, adopted at the

3

regional meeting of representdtives of Asian member states on primory and compul-

. LY
provision of universal and free primary edu~ation for ot least seven years' duration,,
¢ ': - . R

with 1960 os a target date for its gchievement.

[




v

o

However, the Gc;vernmenr of Tciwan had found it difficult to prolong 'rh§ period of com~ .

E pulsory education beyond six years until the 19681969 school yeor by mokmg the \':Bunty

—~a

or municipgl govefnmenfs solely responsible for the supplementory iuhjor high schools,
which were changed o public junior high schools from the privately owned junior high

¢ ) .12 - . .
schools when the new educational system c/ommenced, so thaf the finances thus saved by

the Government could be utilized for extending compylsory education in the public junior

“ h
. . 0 r

high schools ( 3 years ) to the children just passing out of the elementary schools (6 years ).**

u .

This increase necessitates the construction of 171 public junior high school houses. Eath of -

5 - . ;

460 school districts will have a public junior high school and fﬁei.r enrollment will rise by

nearly 50,000 in the first year of the new sysfem.**;‘ | _ R

e

) The architectural program, therefore, is designed to meet this urgent and massive needs for

.

the public junior high school houses.. ‘ . .

Pl
*

' ’
e )
- .
] o,
.

Note: Informatiom obtained from the foljowing organizations:

; . *UNESCO. "The Needs of Asia in Primary Education = A Plan for The Provision of
Compulsory Education in The Region." Paris; 196l. (Educahonal Sfudles &Documents,#tﬂ)

a

k& UNESCO “Report of Meeting of Ministers of Education of Asson Member States Parhc:paf- J
ing in The Karachi Plan.* Tokyo, -1 Aprd 1962

*¥* Department of Educdhon, Tcnwan, " A Brief Introduction to Education in Tcuwcn , Talchurfg,
. Taiwan, !968, p. 13 ¢ < . . .
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PREVAILING SCHOOL SYSTEM

Diagram 1.1
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|. Educational Requirements

|

The educational requirements as they were evolved by the ‘changes of

the education system and by this study covered the following topics:
¢ . ,

S = new edycational system,
S - < ‘
- age groups and enrollment,
’ -~ » y 7
.~ curriculum activities ang teaching methods,

¢ \
]

- and school houses and class size.

”
’
“

* ' 0 \ .
|.1 New Educational System * .

- The new educational system consists of four bevels, i.e., pre-school

‘ b . e b .
- education, priniary education, secondary education and higher education. - .

s

-QNine-yecr compulsory education was put into operation on August 1, 1968,

- 3

This new project has a great effect on both the primory edscation system and

secondary education system as shown in Diagram 1.1.

+
L

%

|.I.a Primary Education
c‘ - - ® - ' - - » ’ - .
: Compulsory education in Taiwan was conducted in primary schosls until

1958., With the extension to nine years, it is conducted at two levels; the

first level is the six-year primary school and the second level the three-

year junidr high school. Primary schoo! and junior high scheol are two o

- ' different levels in the school system, but in currizlum organization they

are in a nine year straight sequence.

" Information from "A Brief Introduction to Education in Taiwan", Department of
Education, R. O. C:, Taichung, Taiwan. 1968, )




13

1.1.b Secondary Education

o

t :
Secondary edufaition includes three types of school, i.e., academic
t
13
] i hool and I school
secondary school, vocational school and normal school.
he .

During the period prior to 1968, academic secondary school was com-

posed of junior high school and s'en.ior high school, Borhqprovided three
“ . A4 «

years of schooling. Senior high schools and: junior high sch?qls could

be set u;‘) separately .or in combination. Since the nine-yéar free

14 M '
universal education was put into effect, junior high schools have been

designated as public junior high schools, and senior high schools are

separately established. Vocational schools were divided into junior

{ * .
vocational schools and senior vocational schools, each providing three

years of schooling. In order to meet the extension of nine-year free
education, junior vocational schools were fransformed into senior yoc-

| r

ational schools. Normal schools admitted junior high school graduates,

prov%ed three years of professional training in education and admitted

! .
stydents graduated from senior high schools or from senior vocational

+ schools for one-year professional training. In order t6 upgrade the
\quality of teachers, all the normal schools were converted into five-

yt\e\ér\iunior teachers' colleges, which admit graduates of public junier

high schools and provide five years of professional and academic training.



@ : 14

.2 Age Groups and Enrollment

“

It is claimed that public junior high schools are functicnally diffeientiated
from K-&"and secondary schools in that they are intended especially to
meet the needs of early edolescents. The duration and grading of this

_schoo! unit is 7-8-9. The unit is defined in terms of the conventional

2

graded structure rather than on the basis of chronological age or physical
g 9 pay

maturity, although it has been esteblished, by law, that enrollment occurs

immediately after graduation from public primary school and'usually at the

age of 12 through 15. 1t was estimated that thereAould be 057,480

14

- graduates from the primary schools in the first three years after the nine-
year compulsery education program commenced. 70% of these graduates

would be enrolled in public junior high school in'the first school year of

this new program. 76% came the second schoo! year and 83% came the

third.*” Table 1.2.1, indicating the high percentage of student population
i
in this cge group to be enrolled for schooling public junior high school, name-

| . ly from age-goup 8-9, 9-10, 10-1[, ond I1-{2; TGWLQ.Z. showing

,  the marked increases in population of the enrollment of the secordary schooling.

\

Note: K =6 is the level of education ranging from kindergarten to primary schoo!
grade No. 6

‘ Information obtained from the following organization: .
*Department of Education, Taiwan, " A Brief Descripticn gf Preparction

for Nine~Year Compulscory Education Program", Takhung, 1968, p.28 ..
**Dept. of Education, Taiwan, "A Brief Introduction to Education in Taiwan"

Taichurg, 1968, p.4

-



Table 1.2

.l Relation between the number of students in age group and
the population of the corresponding age group.

§
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Table 1.2.2

ccNom ap ,

S.L 2L

M

N b

!
|
!
?
|
!
t
!
i
!
l

8

F

Ny L]

€. s (N

(YR X P

Expansion of Student Population

Year number of students 4  ratio to whole population
1961 2,529,730 22,69 %
1962 2,690,942 23.30 %
11963 2,809,713 23.64 %
1964 2,949,017 24.06 %
1965 3,101,130 24 .55 %
1966 3,235,851 24,90 %
1967 3,551,000 25.10%

.y
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Curriculum Activities and Teaching Methods: ,

L]
1
In order to arrive at specific area recommendations for a public junior high schaol,
: )
it is necessary to simulate educational programs suitcble for this school level . Details
. ~

of curriculum coverage ond time allotment were recorded and analyzed. These time

allocations are illustrated in Table 1.3.

The teaching method in junior high school in Taiwan still remains in the f;'cdifional
type, feacher-cenfered manner in which genert-:vl courses such as languages, social
sciences, ohd mathematics are taught. Some other subjects such as physics, chemistry,
art, and all technical trainings are taught in special rooms b)} group teaching.

Modern research has shown that the traditional elassroom alone no longer provides

the most satisfactory learning environment. What is needed is a flexible arrangement
which will provide the following;
1. large group instruction:
where students learn from expertly prepared presentations of subject motter.
2, small group instruction: ;
where students learn through discussion with teachers and other students,
3. independent study:
.
where students learn largely by themselves.
Therefore, there is the need to regulcr‘ly appraise the existing standards of accom~
. ’ }

modation which are affected by the development in the teaching methods and

curricula.




Table 1.3 Subject Time Allocation for Pubhc Junior High School Progrem  (six~day
cycld. )i

-~

Subject

Morality Education

Physical™Ecucation ~ chm h

CGrade 7

periods
a

Grade 8

periods
:0

Crade 9
pariods
‘a

2

2

,2-

s

1

1

Language

|
|

Chinese

English

o

Mathematics |

1

LI N O
4
MW

LY RO
1
I

i

wlnon
1

]
M

Social Studies
History
Ge=ography

Science

Physical Education - Gymncstu:s

Music

Fine Arts

-

Crafts {(Home Arts - Girls)

Boy (Girl) Scout Training

~ININININWN N

——t AN et | N [P | ot et

Planting or Grapnics

*b

Vocational Education

Guided Activities

et | Nt TN == INDI N[N N

Science

*
Q

English

Agriculture

]

|
| Industrial Aris
|
}

Commercial Business

Home Economics

{

Art

}

Music

Pt
OO ON O O O O O

!

Total

33

36

w
bt

)
[

* Note:a. each period is 50 minutes.

b. in the grade 8 program, students might select one option from between

planting or

graphics.

c. in the grade 9 program, students would select two options from among
science, English, agriculture, industricl arts, commercial business, home

economics, art and music.

** Figures taken from :
- “ Temporary Curricula Standard for Public Junior High School Mmlsfry of Educchon,

Taipei, Taiwan, Jcnucry 3, 19¢8.




1.3.1

<

STAFF REQUIREMENTS:

The stalf requirements for a junior hlgh school oF 1,000 st
. nine are as follows:

| Principal

| Assistant prmcxpal

| Librarian

I Instructional media specialist
35 Académic teachers

2 Guidance counselors

2 Art teachers v

2 Music teachers

" 5 Physical education teachers -

2 Practical arts instructors
2 Home arts instructors

2 Language teachers

4 Clerico! aides

8 Teacher aides

| Secretary

The total of the staff is 69, The ratio of s;udents to staff is 14,510 1.

o

&

)

"

udents in grades seven through

I8

4

g

q




l.4 School House and Class Size ;

3

" At the time the program of Nine-year free education became effective
1968, there were 424 s=condary schools in Taiwan. Of these, 14 were

senior high schools, 141 were consolidated senior and junior high schools

i

(inc\bding 68 private schools), 269 junior high schools (including 40

private schools). In 1968 all junior high s?fools were converted info

N

public high schools.

This pregram necessitated the construction of 171 new schools and @ many

-

" of additional classrooms. Each of 460 schoo! districts had a junior high
school and their enrollment rose by nearly 56,000 in the first year of the
program J*

"At the present, school is required by regulation to have not more than 48

1

classes in urban areas and not more than 36 classes in rural arecs. The
gross areas of the site for each school shall range from 28,600 sq.m.

(7.04 acres) for a 12-class school to 98,999.04 sq.m. (24,96 acres) for a

1)

48-class school. The area of land per pupil place ranged from 36.83 sq.m.
3 !

v

(409.2'5.ft.) to 28.63 sq.m. (318 sq.ft.)x*

13

* " A Brief Introduction fo Education in Taiwan " Dept. of Education of Taiwan, 1968

** " Standards & Guides For Desgning School Buildings ".Dept. of Education of Tc;iwcm,
“ 1967, ‘ '

E




Teble 1.4

SCHEDULE OF MINIMUM REQUIREMENTS OF SPACE PER STUDENT OR STAFF

FOR A JUNIOR HIGH SCHOOL IN TAIWAN ’ ‘

—- ————— s e i ot e e s e i e ot o e et e

Unit of Accommodation , Square Meter Per S’rudenf Plcce

e e e o et e~ - — - - -

ACADEMIC AREA

Classroom I.34--1.56
Art . | 2.01--2,34
Music . ' | I.34
Loeboratories ( not incl. preparation and storage) ‘
Physics . - 1.67--1.95
Chemistry - ‘. [.67-=1.95
Biology - |.67--1,95 .
Workshops (ot incl. prep. and stor., ) i
Carpentry 3.75-~4.69
" Sheet metal, welding and blacksmith | 4,02--4,69
Electrical v 3.125
" Unified arts ,'
Industrial arts shop and crafts room 3.75--4,69
Home economics ' ; 3.12°
Library ? 1.56
ADMINISTRATION AREA | .
Principal's oftice ( incl. reception) ) ' 37.5
General office ( incl. record space and staff launge ) . 3.75--4.02
AUDITORIUM
Seating for 500 0.53
e e e -4 - e e e
Toilet S o 0.12
‘-l L
Note : Figures indicated in this table are derived from &' . v

" Standards and Guides for Desgning School Buildings, " Depcﬁmenf of Edueation,
R. O. C., Taichung, Taiwan. 1967

AW

"
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1.5 Curriculum and Space Requirements:

- A Semple Space Requirement For A Typical Public Junior High Schoo| In Tarwcm -
\ The conversion of curriculum info teaching space needed for a typical public junior
high school for grades 7,8 and 9 would be caculated as the following: *

Assuming those subjects will be taught in classrooms except science ip a laboratory,
vocational subjects in a workshop and physical education in gymnasium or outdoor
playground.

Number of groups studing each subject is thiee (3 );

(i.e. one group for each of grades 7, 8 & 9 ) thus,

(1) Classrooms: (@) ®) (a)x(b) )
subject periods/wk  number of groups space periods needed
Ethical Education 2 3 6
Native Longuage 6 . 3 g -
History 2 2.5 5°
Geography 2 2.5 5
Mathematics 4 3 i2
Second Language 3 3 4
Total Space Periods ’ © 55

There are 48 periods in a week ( see Table 1.3 ), thrn there are 48 separate periods
of time for which one?eaching space (i, e. one classroom ) can be used.

Experience shows that, at most, a 90% utilization of the classroom space can be obtained.
Thus, 43.2 space peiods of the 48 space periods are utilizable.

9 .4:
Experience also suggests that special rooms such as workshops and laboratories where °

equipments haye to be prepared have an optimum utilizatiori of 75%, thus, §p space
periods of the 48 space F\errods are utilizable.

Therefore the number of classrooms needed for three ( 3 ) teaching groups is :
v 55 space periods drvrded by 43.2 namely 1.3 unit space.

¢ 4

Assuming each teaching group with 45 students, totallyw 135 s‘rudenfs in grades 7, 8 & 9,
therefore, in a school of |,000 students there will be 1,000/135 x .3 or 9: 58 units of
classroom needed. ' ‘

5 " (2) Science Laboratory ( Physics, Chemistry & Biology ): ‘
From table 1.3 there are 3 periods per week forgrade 7, 4 perrods per week for

. grades 8 & 9; torally 1l periods per week, thus, the num ber of science laboratoriesy
for three ( 3 ) teaching groups (i. e. I35 student places ) is : 11736 unit place.

" Therefore, there will be 1,000/135 x H/36 or2.2 umr spaces requrred for a school of
1,000 sfudenfs ‘thru grades 7, 8 & 9. .
3 * Siuhshcs obtained fiom: ‘ ¢

" " Educational Buildings, Space and Cost Roms in Asran Region for Educational Planner, "

by D. J. Vickery, 1971 ‘
/

¢
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(3 )"Work Shops (fpr wood, metal & electricity vogational subjects )

\ From Table 1.3, fotal periods per week for three ¢ 3) teaching groups are |3
thus, there will be l 000/135 x 13/36 or 2.66 unit spaces of work shops required.

[ 4

SUMMARY ~ - , .
' ' // % . '" q B

I. Teaching Area : 1,454.70 squaremrs,

From Table b.4 , the minimum requirenfents for individual spaces are as follows:
1.34 sq. meter per student place for’ classroom ’

.67 " " " science lab
3.75 ¢ " . " " wPrk shop. ) .
0.2 = v oM toilet . ) ©7
Therefore, the minimum space requwed for the Jeachi‘ng area in a school as whole
will be :
9.58 (say 10) (cl rm. ) x 45 ( student places ) x 1.34 =603 sq. m. -
© 2.2 (say 2) (science)x, 45 " . x1.67 =225.45 sqi m.
2.66 (say 3) (w. shop)x 45 " x 3.75=506,25sq. m. «
Yoilets for 1,000 students x 0.12 sq.m /sfn'r pl. =120 sq. m.

5 < y
1. Nén-—feachmg Area ; .
a.Principal Office per Unit = 37.5 sq. m.
b. Total Staffs' office = 3.75 sq.m. x 68 = 255 sq., m.
. c. Library: ! .
Reading Area =1.56 sq‘m x. 60 places (mm )= 93 75q. mJ,
‘Stack * Area = 56 sq. m. ‘ . . ‘ N
d. Music : ( for 60 student places min. ) ) ' , .
v Choral or Practice Room = 8| sq. m.
Instrument Storage = 37 sq. m. e
e. Audnonum & Gymnasium : ( for 1,069 places ); 902 sq. m
mcludmg stage, seating area, storage, lockers & toilets.

v

f. Kitchen Area : 58 sq. m. P~ e °
g - Kitchen for bomng water & steaming students' lunches;
’ o Staff's dining &

Shop or Candy Stand
. g. Recephon, Information & Health Suite: 48 $q. m.
. ~ mcludmg offices,
waiting area,
Bedrgom

<

* Fifures foken From
"Standards & Guides for Desgnlng School Buildings,"Dept. of Educatton R. O.C.

Tmchung, Talwan, 1967 ‘

~
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2. ‘Nafural Consideratidhs | L RN
o

»

¢

°

"The concentrated and sustained work of education takes place in schoslhoUses, and the

[

- LR \
. .y - " 3 - > - ! - 4 L
architect's job is to make,dvth work not ﬁé possible, but en]o%able,asmce there is

N ¢ [
. -

little education without pleasures Educational buildings”in the humid tropics will

- -

¢ §

>

- R P
.conform to the climatic needs by keeping direct sun from the walls and out of class~
¢ - ' .

0

" cross-ventilation and protection from driving rain, Compromises hdve to be made in .
t . < [+ " e

-

Ed
‘ ’ ~

-

t b4 . , °
_ rooms; by having open plans facing the breeze with the accent upon g high degree of

« [}

.
o N -

“ o0

. - T e S e 9 . . .
‘meeting the critical climatic conditions and other considerations at the same time but

@ 3
' . %] » 3 ’

_if these result in a concentrétion of architecture in a corporate form, bnly gdod will

?
° ¢

follow. To design a school to meet these extremes of climate it should ideally adjust

<
v

itself. A good survey is essential to success.”*

’
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*Fry, Joane B. & E. Maxwell, "Tropita! ArchI‘ecfu;e'_’, Londaon, England, 1965. p.l-57 ’
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2.1 Climate of Taiwan A y o X -
The climate variation chcr}ges little in the flotlands which surround the P
* X N ) YU'z“édr‘; ~ s
o " Patun-Kun . e (/
,‘:‘ b [ . Ali SCH’\
‘ //5: «.J, . YoXe:Lin ,\\ N\~ . o
A 2= | A Chuchi Y ‘
Tl 4 o\ S :
==, < - 1N ' e
- . . L Y s
Z/ Plon 2.1 55 R Section A-A o .
Central Mountain Range (T'&-yua'n-shcn). But there 9 much change, vertically
frgm the Flat west coast up to the highest mountain range of Yu-Shon. - -~
The vertical zoning of the climate of Taiwan is illustrated in Plan 2.1., -

. i . , > . ¥
Section A~A and Table 2.1. LT
Table 2.1 The Vertical Zonation of Climate of Taiwan Bl o

Location Elevation Annual Rainfall | Averqge Temp. | Rain Foctor

(m.) (Em.) - ~ (O,
Chia-| 3 1,999 . 23.6: 85
ChuChi rg o f29 2,555 - -
Yo Ye Lin 1,050 3,045 - | . - -.
Ali-San |, 2,406 - - 4,357 [ . 10.6 . alt -
Pa Tun [{un 2,84l : 3,638 . 4.9 ' . 741
Yu- San 3,%00. 3,433 ‘ 4.0 8469
2.2 Sunand Temperature Range 8 ‘ . )

The climate of Taiwan, lying between'the low lcf_ifude; of 22 N and 25 N, is

. ‘ ‘ o .
subtropical in pattern, with high average annual femperature of 77 F (25 CJ.
of 77 F (25 C)

-

Temperatures higher than the yearly average sun temperature

, .

. ! . - . 23

occur during four months from June to September in the northern patt of Taiwan,’.
e

five months from May to September in the middle pert of Taiwan and six months

4

shows tHe annual

e
]

from May to October in southern Taiwen. Table 2. 2

- - - M - ] *
average, muakimum and minimum temperatures of various places on the islond.

e




3 -
-ty

Table * 2,2 The Annual Average Temperature, Average Mcxlmum and Mlmmum Tempercfure of Various P!oces

of Taiwan (°C,) o . h
|.Jan..} Feb.|Mar, |} Apr.iMay | June}July | Aug.|Sept. Oct.|Nov, | Dec.- Ann. | Aver.| Aver,
n ) - ' Te Pen Aver,| Max. | Min. |
Taipei 115.2 1 14.8(17.0 [ 20.7|24.1 | 26.6{28,2 | 27,9126.3 | 23.1]/20.0 | 16.8 | 21..7 | 26,1 | 18.4
|Chilung 15,5 } 15.2116.7 | 20.2]24.1 | 26,5]28.2 | 28.0126.5 | 23.4/20.3. 17.3 | 21=|25.1 | 18,9 '
lan 15.8 | 16.0(17.9 | 20.6123.5 | 26,127.6 | 27.225.8 |,22.820.2 | 17,27 21.7[25.3 | 18.6| -
Hsinchu 15.0_| 14.6]17,0- 20.5 24,1 | 26.7(27:9 | 27.7]26.5 | 23.7|21.5 | 16.87| 21.8125.7 | 18,6
Taiching = | 1548 | 15.7[18.2 | 22.0(25.2 | 26,9127.7 | 27.5]26,6 | 23.8120.6 | 17,3 | 22.3]27.7 | 18 A4
Tainan V7.0 | 17.1119:7 | 23.4]26.3 | 27.4127.8 | 27.5|27.1 | 24.8/21.8 | 18,5 | 23,2728.9 | 19.1 |
Hengchun | 20.3 | 20.5|22,3 | 24,6 :2@_.{1__2_7__7@ 27,5 | 27.2126,7 | 25,3|23,4 | 21.3 | 23,4 12872 | 21.6
Taitung 18,9 | 19.0[20,7 | 23.1|25.3 | 27.0|27.5 | 27.3126,5 | 24.5{22,2 | 20,0 | 23,5 |27.7 | 20,0 [
| Hualien 17.2 1 17.4119.0 | 21.6]24.171726.3|27.2 | 27.1{26.0 | 23,6]21.2 | 18.7722.5|26.5 | 19.3
]
/
! - .
\ L

* Tablé derived from the following report:
“A Report of lnveshgchon on Fertilization of Soil of Taiwan," byY, C. Tunc . Taipei, Taiwan, 1951, P 98.

[y*)
// ? 193
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It is frequently higher than 84F (30°C) in various places of the whole island.
The highe'st sun temperature recorded was 101.5F (38.67) in the Taipei |
area (northern Taiwan), 102.7F (39.3C) in the Taichung area (middle Taiwen)
and 99F (36.7C) in the Koohsiung area (southern Taiwan). It has never been
lower than 59CF' (15C) in these three areas. Toble.;* 2.2, -y, 2, and as
show the percentage of overheated period of the doytime during the whole
year in thése ithree areas. Name, Taipei has 55%, Taichung has 70% and
Kaohsiung has 78%. Thus, as far as the thermal con:uforf is concerned, the

solar control for educational buildings in Taiwan is necessary.

2.2.1 Sun Data
(a) The School Day
"It is necessary to define the duration of the school day. Sun shades can be

expensive fo construct, and to exclude the sun for the entire period of

occupancy of a classroom could add considerably to construction cosis. A

judgement must thus be formed on the exact time for which solar control

is to be exercised."** -

"During the working day there.are two critical periods: the first is in the

early moming and the second in the late afterncon'*** At both times the

sun's altitude is low. But for the first half hour of the working day in most

*S.Y. Lin, "Solar Control and, Shading Devices in Taiwan", Architecture
and Planning Bimonthly, March 1969, p.p. 64,65,67.

**D.J. Vickery ! A.R.1.5.B.R., UNESCO. "The Sheding of School Buildings
in Southeast Asia; Bangkok, 1963, p.1. \

*** Note: In Taiwan the preasure of population of school age are such that

school buildings are occupied in both the moming and the efterncen. Hours’
of attendonce are from 8:00 AM to 5:30 PM.
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Tablep 7.1 o Taipei Area Overheated Period Analysis

-
Temperature Month ,
(°C) 0l _Jan  Feb far * Apr Mgy June July Aug Sep  Oct  Nov Dec
11 14.6{15.7 ]i6.7 20,1 [21.9 [\24.0 [26.3 [25.9 211 21.8 [20.4[16.5
5 ol 14.4115.5 116.6 120.0[21.8 | §3.8 |26.0 |25.6] 2.9 | 21.6 1 20.4116.5
e Sl M143015.4 (164 [19.8[21,5]23.6 [25.6]25.3]#2.82(.4[20.216.3
Cy14.2115.3 {162 [19.7121.4 [ 2p.5 [25.4 [25.0{/22.6 [ 21.1 | 20.1 [16.2
5l 4.1 [15.2 116.2 [19.6]21.3 [ 23.5 {25.2 {24.8722.4][21.0 [19.9{16.2
51 14.0]15.1 lé.i;,i%é—*?ﬁ?‘f‘};?_i o281 21 91210 [19.9 {16119
7 b4 Q LI5 5-183 119.6122.27 "y ot o.i 92 9 T2r520-0.L6 I
gl l4.4115.8 | 17.0 120.8{23° o501 57,7 “¢.® o723 [20.0116.7]5
| 161 [17.3 |18.6 {22 107 572 87 "29.7 nal 1L NR2.5(17.7
ol17.7 118.8 20.0 2:(’_.; L. LT fRiLD 207, Z7d 22T IN8|18.9
(18.9119.7 [21.3 i 275y 29,8 02,00 217 28 fre. 2 x]19.7
noon 12119:5120.0 J22.} /2t 27 o t5i 200 324 28T 2s.007s.¢120.3
131198 121.8 122.4} -0 7.5 2:8 327 50.5:28.¢ 73.025 (]]20.5
4l L9:7]20.5 122, 4 N7/ “7 gF 252 ico ron e aay 120 22 ]120.3
51 19:4120.2 1216 %=1 27,25 52022 00y ©- 280 27,00 00 2120.0
lo|18:8 [ 19.5 | 21,1 [28.4 ©..212¥.5 32,3 Oro T 7ol 2051194
(7117.8]18.8 120.2 [224% 7:.0: 26,80 %00 (S0 Zo.v i ur.d £2.5]18.6] 3
|g[Ie8 T H79-1.19. 4 22.N i bvpet 123.E L0.60 L5.G L AT ITE 7. 91S
ol 16.3117.4 18.7 2Pyt 23 8 128 915970] 25.2 | 28,7 [21.4 [17.6]°
201 16.0117.0 [ 17.9 [21.3]29.5| 25.5 |28.5 28.2] 24.6 }/23.1 [ 2I.1 |17.3
opl 156 116.6117.8 [21.0]23] 25.4 127,9 127.6} 24.1/] 22.7 | 20.9 }17.2
9ol 15.3116.4 |17.5 120.622.9|.24.8 127.4[27.2] 23.8 | 22.6]20.6]17.0
93| 15.2 | 16.2 | 17.4 [20.0122.5\ 24.5 122.0 |26.7| 23/3 | 22.2 [ 20.4 ]16.9
4] 15.0.]15.3 ] 7.0 120.5]22.3\24.3 [25.6 [26.3] 28.2 | 22.1 [ 20.0[18.7
z @
2 2
ne) o
J 5. .. tPercentage of Overheated Period of Daytime within one year.
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Tabley 21 .az Taichung Area Overheated Pericd Analysis

Temperature  |Month
(°C) ol_dan__ Feb Mar  Apr Moy, June  July Aug  Sep ~Oct Nov Dic
) 1 L1301 1571 17.3] 24.0 | 22.3\[24.5; 25.5] 23.9 | 23/0[ 2.4 | 20.1 | 15.9]
c o 12.7115.61 17.11720.8]22.1124.3} 25.31 23.3 [27.82].1 | 20 Of 15.7]
S 12501531 16.9]120.6]22.0\24.1]25.1| 23.1 |22.5[20.8] 19.7] 15.5]
4 1 12.3[15.1 | 16.7120.5| 21.8 |23.3| 24.3])24.8 | $2.4|20.6] 19 5| 14.4
5| 12.2]14.%]16.4]20.3]21.7 23.8124.61R4.5 [92.2[20.4] 19.4] 5.1
g 1 12.0]14.87 16.3]20.3 1 27— 2.2 120.2 | 19.2]15.0).°
7 ALz 4e-165720.8] 219~ - ... o 80 [2083 9 3L 15 0.
gl 1271157 [ 17.6{22 """ ‘"o T/ .7 x>~lo08120.6116.712
o | 1B8:5]18.0120.0[ 0. © - 7. .. .. ... =3.3]18.5]
o |18.6120.3 21.9 ST G PP gL " 120.8
Y 3(2).8 22,/9/7;;;_, R E:ﬂ R 1 (PS04
N N A R N S A R N
o g 22712 5. 7€ f7A.l2Gye@ig3i 30 gl Ty T g
4 L22.904 .2, Dty 28 2000190 8 3NN I0 T e T ey D
b5 |L22.5025 7 205 2720 tE 900y Ay CES T SND IS8T T T T N/Q&
o 214122, 5507 ¢ 25,5 77 3 1Ee 0 oo R0 it D0 A9
7 128121 11 22> (5.7 0 0oty e 90 b2 et o 412001
g L7 9L 212 %0 & 200 107 71790 381 1Ty 7‘:_;—8"';22[78”‘7876}‘:
o | 16.4118.1 | 20.2) 23 Fob o0 £ 1 LA L2205 | 24.0 /22.0] 17.9]3
00 | 15:6117.6 | 19.5 22.74.24.3 ]26.0]27.2| 27,3 1 27.3] 24,8 23.3| 17.4
o1 L 14.9117.0] 18.8]22.2]26.7 [25.6] 26.9] 26.8-| 24.3]22.8 | 20.9| 16.9
92 | M4.5116.6 | 18.5]21.8] 233 [25.3] 26.5] 26.4 | 24714223 | 20.6] l¢.
23 L 14.1116.3 | 18.2122.6]22.9 |24.¢] 26.2} 26.0 | 23.6]22.0 ] 20.3] 15.2
o4 L 18.7116.0{ 17.7]21.3]22.4[24.9]25.9][25.7 | 22| 21.¢] 20.0] l¢.1]
£ 2
£ 2
= £

-
-

bro: . . :Percentage of Overheated Period of Dayrime within one year,

'
) f )
s
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Table 5 5 | .03 Kaohsiung Area Overheated Period Arnalysis
Temperature  |Month
(°C) o |dan Feb  Mar Apr May June July Aug Sep Oct Nov Dec
) ' 17.2 119.7 1 20.5[23\6]25.2126.2 | 27.0]-26.6 [ 25.3]23/8 ]| 22.7 9.2
s 9 16.9 119.5 120.3 23.\1 25.0126.1 | 26.8)26.5|25.1 23[8 22.4 | 19.0
9 3 6.9 [19.5 120.1123.2/24.3/25.9 | 26.6|26.4125.0|23/3|22.2] 18.8]
4 6.7 118.9 | 19.3123.0\24.7125.8 | 26.5{26.8|24.9|23.622.1}13.7
5 16.5118.9 | 19.7 |22.8 24.5}25 7 126.4(26.1(24.8123.5(21.9118.6
6 6.6 119.0 | 19.8 jZ.B—L?“‘i‘f";‘_iT1"?5T54%L\Z4.8 23.0123.1118.6
7 6819727720, 1 | 22. & o Tabd U ZV.3027.01125.5 “’7**&42,4__155;&
o [17.6120.1 [ 214375 22,2 2,8 1 20.5 = . 12 7 125.9422.3 [ 19.5
o | 19.7[22.0 [ 23.07 2.1 [27.7 785 | 25.31/29.7 177 G 1o - TR 21,3
10 20.5123.0 '_"'/ e ZL.5028.0.22.7 | 2T 29.5 128.5427.7 1 25,0\ 22.1
(1 1.20.9 123.0/°_* 7 125.9125.5:22.0 1 29.51 50,1 %28.8 | 25.0 1 25.5 \N22.5
moon 12 21.4]23/7 74.2127.2123.5'22.3 130.001272.9129.1723.2122.7,22.9
13 21.7125.9 ' 24.7127.4128.5129.3 | 30.0/29.8 129.3]28.3120.9]8.27
14 L2210 2% 512761286 ,29.4 [ 30.0]29.9 | 29.3 |25.3 {242 [ 2.5
15 22.0 ’\3.: [ 24.3127.5128.5129,4 ] 30.0]230.0129.2(27.¢ 22,0125
16 L 21,7 1285 24.5127,2123.2129.2 1 29.71729.8129.0{27.7 }23.’6}2‘3..}
17 20.3 123.0 =C.5S l 24.6127.7128.8 1 28.4129.4128.4127.0125.3 i;Q.4
g [ 200222 230 1 25.£127.1:23.2 | 29.0]28.8 | 2758 [ 26 5 =82 107
o [ 19.5121.3 2o‘v2*~2~~2;,,:;_22._5___2ﬁj,_za.«a’76?7 25.9123.8]21.0
20 19.1120.9 1 21.9Y24.9[26.2127.0 | 27.8]27.8.126.5{25.5|23/.620.7
21 18.7 120.5 | 21.6 }24.6]125.9|26.8 | 27.6|27.4 | 26. | 25‘.2 2’,'3.2 20.2
B 29 18.5 [20.2 | 21.0[\24.3123.7|27.6 [ 27.3]:27.2 | 25.8[24.0]23.0]19.9
ig.0120 0121 V14 tlos gtog 4l 27 2127 al25 124 61227 119.7
gi 17.7 119.8 [ 20.8|[23.7]25.4(26.3 | 26.6]26.9 125.4]24.3 %2.6 19.5]
£ 2
£ 2
= £
. k: k:
%o - :Percentage of Overheated Period of Daytime within one year.

t

sun-rise

sun-set
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schools there is considercble movement, which decreases as the children

settle down for the day's work. A little early direct sunshine about the
) ]

solsfices will not be too disturbifig, and the start of the scheollby, from
g ;

1

v
the point of view of solar control, can safely be put at 08:00 hours. To

sit in direct sunshine after this time will certainly cause perspiration and
discomfort.

A satisfactory end to the period of solar control is iudged to be 16:00 hours,
that is, about one hour and a half hefore the end of the second session. The
total school day, from the point of view of solar control, is thus from 8:00 AM
to 4:00 PM.

Sun Angles

With regard to the orientation of school buildings, the three disgrams given

+

as Fig. '2.1.1.by, b2’ b3' below are for the three areas of Taipei ( latitude

1 .26°N), Taichung (latitude 24°N) and Kaohsiung (letitude 22°N)-



Fig. 2.1.1.b; Sun Angles in Taipei Area

Critical Sun Angles During The Schocl Day

——

'to the orientation of the building and ( for section angles ) cre tumed into the plan of paper,

L Sho.ding | 8.00 am. - 4.00 pm, Latitude 26;-"31
ORIENTATION SUN ANGLE ~ Plan SUN ANGLE - Section
NT June ‘ o June
" N.Wall
W«_ . —“WME f am/pm w\/ cm/pm
i ' S. Wall
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June : 8.00 am June Dec
A
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D
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;/( N 8.00 am
| ‘ 4 Q0pm !
] + J ) qO
o\ \\L > 53 16°
| N.N.E  S.5.W
4.00p . 8.00am - T T
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All angles shown are derived from altitude and azimuth angles and are adjusted having recard




Fig. 2.1.1.b, Sun‘Angles in Taichung Area

A

!
|
a
!

Critical Sun Angles During The School Day

Shading E 8.00 am. - 4.C0 pm. Latirude 24 I
T —T T
ORIENTATION | SUN ANGLE = Plan g SUN ANGLE - Secrion
N,r - " June ‘ \ . June . [jec 1
| I NLWall ;
i cm/pm . ) cm‘/pm !
E 73‘/ ' N\ AE0 i
i _ - & !
N, Wall S. Wall ‘
‘ June Dec :
| 4.00 pm 8.00cm |

o N

N.W. S. E

Dec

O

4.00pm

N.
5.

8.00am

8 00 am

4 G0pm
o ‘
52 /X 18°

N.NL.E

5.5.W

All'angles shown are derived from altitude and azimuth angles and a-e adjusted having regard
to the orientotion of the building and ( for section angles ) are turned into the plan of peper.
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Fig. 2.l~.|.b3 Sun Angles in Kaohsiung Area

Critical Sun Angles During The School Day
8.00 am. - 4,00 pm,

'Latitude 220

SUN ANGLE - Plan SUN ANGLE -,yS‘ec?fon

June ‘
L e, N Wall

Dec 4 00 ;{\

June

Dec

June 4,00 pm

Dec

All angles shown are derived from altitude and azimuth angles ond are adjusted having regard
to the orientation of the building and ( for section angles ) are tumed into the plan of peper.

T




2.3 Winds ond Typhoon:

¢

3

"The major winds flowing toward the island of Taiwan ere north-easterly and

south-westerly, end are known-as the Monscons. The former occurs from

-

Of'ctober yntil the next March, while the latter occurs from May until Sep-

tember. The major winds are not constant, since they are affected und com-

= *
plicated by cyclonic depressions. Diogram 2. 3.l is weproduced for easy

interpretation. There are occasional storms of great violence, known as

Typhoons in the east mostly occurring in Jub:, August or September, The
‘A -

violent Typhoon, blowing onto Taiwan from the Pacific Ocean is usually
, , N ‘

accompanied by heavy rain, At these times the rainstorms cause floods in
the densely populeted, low-lying parts of the island. They often cause great

damage to both planting and buildings, and take a heavy toll of human lives'*

Fig. 2.3.2 showing Taiwan is in storm area.

Al

4

. fC. H. Chi, "Two Natural Dameges in Taivan - Typhoon and Ec(:r'rhqucke,”
Taivgan Weather Bureou, Taipei, 1969, gp. 1,4, 5. )
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(a) Rain: » - . o -

2.4 rain and h_umidify:

]
¢

° ©
—
E]

¥ \ M
. - . N T T (I
The accumulation of normal annual- rainfall distribution in Taiwerts the result

S [ 2
P

‘of @ combination of summer type and winter type. In the winter pericd, the .

., J“ heaviest rainfall seems to be concentrated in the belt of 500 to |, 000 meters .

above sea level over the windword slope of Taiwan's northeastern mountains

Y a

due to the lower condensation level caused by the northeasterly monsoon which
N T

P R ~ - .
travels a long distance over warm seas south of Japan. :In summer, the heaviest
: RS : . k

tain belt is a litiie higher (about 1,000 meters) and is found over the Ta-wu

,
* -

- Mountains at the southern tip of Taiwan, C
- 0 e L3

The variation of-rainfall pattern within the year is controlled by the prevail- . -

)

ing wind direction. In October the rainfall pattern in the island suddenly |

’ &

. § , .
changes t6 a winter type of precipitation and the amount of rainfall over the
5

Al a

. © western portion of Taiwon decreases very ropidly. In May, this pattern begins

. ’ A

[ I v, s i e .
to change which seems to be abodt qhe month earlier than the whole circul-

.
&
. '

s . . : . ,
ation change in eastern Asia. The most important espects of this ore the

-~

s - ’ ®
rapidly increasing amount of rainfall over Ali=shan and Ta=wu~shan regions.

«
'

Roughly, rainfall concentrates in northeast portion of Taiwan in winter, then
? N a4 ae

h
.

* .moving to the middle.portion of mountain terrain in spring, centers on southern

=
>

mountains in summer,-then displaces to the eastern pear coagt in fall,

o »
§ a n

Figure 2.4, - shows the varied distribution of rainfall on Taiwan., |

3
s a »

o

" Table 244.2  shows in figures the annucl amount of rainfall in verious places

©
o
in Taiwan,
Y

)
A «

Lﬂ - .{_) .
Table 2,4.3  shows that the west coast i

<

< 4
s wetter thon the east coast of Taiwan,

[y




38

it

rr
Fige 2.4.1 THL AVLIIAGE ANNUAL RAINFALL OF TAKVAN
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Table 2.4.2

Taipei
Chilung
[~Lan
Hsinchu
Miao~L1
Taichung
Tainan
Chia-}
Kaohsiung

Pintung
Henchun
Hua-Lien
Taitung

&

r

Table 2.4.3

Taipei
I~Lan
Hsin—chu
Taichung
Tainan
Chia-|
Tiatung
Kaohsiung
Henchun
Taitung

Hualien

&
M

-

The Annual Amount of Rainfall in Various Places in Taiwan'( mm ) ,

* Statistics, Charts and Maps taken from:

Yun-chi Tung, "A Report of Investigction on Fertilization of Soil of Taiwan",
Taipei, Taiwan, 1931, p.98.

e
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( b)) Humidity

~
&

The annual average obsolute humidity in various places of Taiwan, except
the middle portion, is around 5= 20 mm. It is higher in summer than in
winter. Compared o the relative humidity, it is annually around 78-85%.

The humidif; decreases from the north of Taiwan to the south.

!oifej-“-‘i shows the annual average relative humidity of various places
of Tatwan in percenfages, /

/

Toble 2.4.4  The annual average relative humidity of various places
of Taiwan (%0 )*

’

~ | = T ' ! ! ] f r, |
Month | Jan ?Feb Mar Apr’ May, June July Aug’ Sep]Oqf 'Nov Dec Aver.

| Taipei , 848418482 ; 82| 81[78 178 | 79180 |81 [ 83 82 |
Chilung 841841 84,83 . 831 83(78 |79 | 79179 180 _52“4*8_]_:4‘
Yulon | 84838485 | 88| 87|83 |83. 86|80 |88 | 85 .85
Hsinchu | 82785,85|84. 83| 828l |80 | 80|77 (79 | 78 '8l |

Taichung | 81 182782 82| 82| 8218l 182 | 80|78 |78 | 78 .8l
Tainan |* 79179179 179! 81 | 84183 84 | 82[78 |78 | 79 .8l
Hunchun | 73174174 {76 " 79| 84185 !85 | 81|75 |73 | 72 i78
Taitung | 74175177 |79 (" 82| 8281 .8l { 80|77 |75 | 74 i78 _
Hualien | 78 Bl [8I [82 | 85| 84:81 |8l+| 8|78 {78 |78 |8l

&

* Statistics taken froms
Yun-chi Tung, " A'Report of Investigation on Fertilization of Sojl of Taiwan";
Taipei, Taiwan; 1951, p.100



2.5 Soil Variations:

The major soil formation of Taiwan is of slate alluvial soils, which run, in

¥

general, from the north to thersouth of the island.

- - L - 0 “ b
Fig. 2.5 given in the following page shows the formation of soil groups in
the whole island of Taiwan. *

* Information and figures obtained from:
Yun=-chi Tung, "A Report of Investigation on Ferhhzchon of Soil of Taiwan",
Taipei, Teiwan, 1951, pp. 91,96




f Taiwan [sland

Fige 2.5 Soil Formation o

—

Toliy

Wy por
r

cr
-

2 (sh

erids

cd Alpire soils)

J

)

~
ol

-
<
(4

’
[ Bt
=
o 7
el
=L
o=
oo

»
c T
- <
&5 =
Lo
[
- C
[
= 0
S

SN

d red soils)

. (0!

1o
.

et

eposit sois)

-~
«

{marine

e
7c
ac
r
—
ow
<z
[ &7}
rl‘l\
o973
LA
Z 3
fr Rt
DJJ

(
\

1.
=R

5
[

wial soils)

1

ail

i soils)

[
H

neiss aljuv

E

(

P

«
-
—y e

IRt B LN

e e

N




T

43
2.6 Topography:

The south=-western portion of Taiwan is fairly flat. The Central Mountain

t
¢

Range running from the north tip to the south tip occuppies the largest
portion of the »\;ho!e island.{The elevation varies noticeably from the westem
flatlands U.p to and over the north=south axis of fh‘e' Central Mountain Range,
then with a sudden descent to the edge of the east coast.

Topographical variations of Taiwan are shown in Figure 2.6

K]

. * Information and figure obfcuned from: -
Yun—hi Tung, "A Report of Inveshgchon on Femhzcnon of Soil of Tcnwcn . H
- Taipei, Taiwan, 1951, p.95

, ) A

2
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2. 7 Earthquake :

T . . . . . " ox
~ The island of Taiwan ( Formasa ) is pre—eminently an earthquake couniry .

[}
* The disastrous ecrthquakes in Taiwan have generclly occurred in the dznsely

: ’ populated southwestern part o

-
]

ine island, where the greund is flat. The easiern
coast is by na mecns free from the visitation of sirong shacks, cxlfhougl"x the
cmount of the seismic damagz hdb been insignificont. The latter circumsiance
is probably due to the mountainous nature of these districts and the scarcity

of inhabitants, the seismic disturbances occurring, in many coses, under the .

'
'

ocean.*~ Figure 2.7 shows the frequency of earthquake and the distributicn

‘ of earthquake origins in and near Taiwan " :

* Bulletin of the Imperial Earthquake Investigation Committes, vol .1, Tokyo, Jopan,
-1907, pp. 53,63

*+ Ibid. vol .1, p.156 o |

*** D. N. Lee, Proceedings of theGeological Sociery of China,no. 5, Taipei, Taiwen,

1983, p. 112
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'Fig. 2.7 The Frequency & The Distribution of Earthquake Origins
in ond near Taiwan
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3. Existing Building Industry:

I3

The best way to characterize the development of the Taiwan building industry is

through figures of the increasing production. Table 3. shows the total volume of

-

building fiom 966 10 1970 in square meters of gross floor area;” rthe increase in the

i
total construciion volume is about 190%%.

N

B 23 COMSTRUCTION OF BUILLINGS®
23 73 B -— — e e e e
7 op T ! 4",—']_‘_:7 —r"—u !’/[l! f 4~ LR X - : 13 )
PERIOD Al T Ranbreed T s gt Bl
Brick Constrictron ‘ Co?x(s);curcc(l\f)n Construction ! Othears
T T HAeRT T T EEAR TS haR T T e
nit m* \ m: l m* l m?

_ ety e | S = e = ——'“' e o T e bt - T T s e e e e
19 1,771 160 1,017,431 | 50,520 27,583
19 2,551,651 1,053,033 45,766 51,94
1948 l 3452269 ¢ 1,407,819 50,671 39,895
1969 ) 4,076,887 ! 1,562,618 75,005 75976
1970 3000822 2,250,597 65,515 115,849

Table 3. Based on data of completed buildings which were autherized in edvance
. by the government according to the various urban development plans and were duly
inspected and approved by authorities concerned,

o 4
The development during the last five years has followed two paths? rationalization

of traditional building methods and industrialization. ,There is a fundamental dif-

ference between the effects of these two lines of development., As long as the trad-

.

itional methods are the same and the basis for the entire process on the whole remains

unchanged, it is only possible to rationalize up to a certain limit. But in order to

meet the enormous growing demand for buildings of all kinds it is necessary to indus-

4

trialize the production of building and therefore the basic principles of production

will have to be changed.

* Table taken from: : .
The Industry of Free China (Taiwan), Vqlt;vme 35, No. 2, 1971, p. 99,

v

a7
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Resources and Materials for Building : ‘

Ll

The building marerials sugp]y is fairly satisfactory, particularly as regards to cement

* and cement procucts. Cement is in good supply, 3,000,000 to 4,400,000 metric tons

4

being available annually, Foir qucnﬁties of asbestos-cement roofing sheets, standard

size 6{t, x 2ft, 4 in. (1.80 x 0.75 m.) are produced and used docally. Cement roof and -
floor tiles are also c:v!cx‘ﬂcble locatly ond in sufficie;wf quantities to supply domestic

needs, Standard size 16 in. x 8 in. x 8 in. concrete blocks are very populer in '
buildings.

Aadequ.ofe supplies of l:ncchine-mcde bricks are produced in the main cities,_ chd;mode
bricks are also pr?fiuced in rural arecs in small kilns. ! )
Aluminum roofing sheets are locally produced at the rate of cbout 11,000 meiric tons

per year and steel products (siructural sections and'corrugated sheets, etc.) at the rate

of 140,000 metric tons per year, N

. Most of the timber comes from mixed forest areas, .the: majority of the varieties being

cedars, hemlocks and Mongolian oaks. The coniferous forest of Taiwan is among the

°

best stands of timber in the world. Timber production such as lumber being at the rate

of 550,000 m3 yearly, plywood heing at 140,00(5,000 m:Z cen be expectedto provide

2

a stablé source on which a large-scale induéfry might be based.

—
Bagasse boards, made from suger facrory waste fibers, are in comsiderable popular

- demand and are widely used for linings and ceilings.*

*Sources obtained from the Manthly Bulletin of Statistics of United Nations and
"Taiwan Economic Stotistics” by the Overcll Planning Division cf the Ceouncil
for International Economic Cooperation and Development, Taipei, 1970, p.p. 86,92,94.

>



3.2. Transportation:

3}

In Toiwan, transportation is indeed a critical part of the technolagy posing many -
unanswered problems,

highways ®

!

. Highway physical ccpacifi.es have been appraised, redesigned ond developed since

s

1966, As far os industrialized buildings cre concerned, new design considerations

should be given to highway movements which may grow substantially and being about

‘

a serious restriction on the movement of heavy industrialized building units,
The densest mileage of highly improved roads is located 'in the most populated west
flatlonds of the island. : ’

railways
A et it »

The railroads do not cover the island so completely as highways. Therk are two main

-
o

lines ~ the west coast line and the east coast Ha(e. The former reaches from Taipei

through Taichung to Kaohsiung, and the lafter runs from Hualein l(loccfed in the middle

S ‘ i

% - .
of the east coast) to Taltung (in the southeast coost of Taiwan]. These two lines are
. . . . - g. N ’ . . ot .
the major links of rail transportdtion which can mdke it possible to have the distribution
% .

of building modules over long distances from central plonts. .

waterways and airways

Waterways are physically not available for the distribution of building modules. Air-
ways are neither economic nor feasible in short or long distance lift and delivery of

building modules.




. ) " Table 3.2. shows the disfri"oufiuon of inter=city traffic of railways and highways from
] 1965 to 1969." .
Table 3.2.  Ton-Kilometers (unit: 1,000) ’ - . .
o] .  Railways - Highways - . :
T 1965 2,415,428 608,177 .
196 2,435,109 715,514
1967 2,542 264 783,716 B
1968 2,709,618 988,757 s e
1969 2,612,802 1,169,179
, , r
s \Q
[ R 0 .w
, L b 2 J
o 3o C’Z 'p 0
) ‘ o
- v
\ ! % o
¥ ' -

I N J . . ..
*Seurces from "Taiwan Economic Statistics” by the Overall Planning Division of the
Council for International Economic Cooperation and Developmenr, Taigei, Taiwan,

, 1970, p.p. 109. 111, -

t

4
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B. DESIGN APPROAQ#: - ’ N ’ A
v i U « ©
I. .Industrialized Construction Method: . ' I N

&

- - As mentioned previously (see the-infroduction, page 3), the programme of the pro-

LY -

longation of compulsory education from six to nine years, and the ever-increasing growth

in population of school age in Taiwan have brought about an urgent and massive demand

for school buildir‘rg facilities . T{ese deriands can not be entirely mef by traditional

*

4
construction methods. They are neither fast nor economic enough.

A solution to this dilemma is the use of a system of industrialized structures. In this study,

¢

glt alternative types of construction methods and the use of olferngf?ve materials has been given
- { .
due consideration, Steel and timber, although both are entirely satisfdctory materials for

use inprefobricated systems, are considered not to be used. Steel has to be imported as far

. » : - . . [
as massive needs are concerned, and it is both expenslve and requiring foreign exchange

-

\

for its purchase. Apart from this difficulty the life of steel structures in the sea coast areas
‘ 7 G .
of Taiwan has obviously made steel unsuitable for prefabrication of structures like the type

required in school, but there are cerfain difficulties in the us%of timber in Taiwan. Although
there are large natural resources of timber ( see port A, \sec'. 3.1), :the massive exploih;h'on
and processing of this Hmb.er resource canrot be achieved due todhe law for the protection
of soil flow. Considering the climatic nature of Taiwon, tefimite attacks ;nd other forms of
destructive forces such as rainfall  and typhoon (see part A, séc. 2.3 ) which are pre-
valent, timber has very short life. It is, therefore, .unwise fo depend on timber as a mater-

[

ial for prefabrication on a large scole of building production. |t is raalized that the press—

ures of population, especially in Taiwan with the highest density of population in the world,
)

pcausing land shortage. Consequently most new building design are of multi -storied
e

-~ ‘/J b 3
sign. School buildings are no exception to this general trend and multi-storied schools

. N
are to be found in urban areas. The greater the population density, it seems, the higher "

.
. : ‘ %

—ﬁ—*—v




53
the school buildings rise. Consideration must also be given to the disostrous seismic
disturbonce in choosing meterial for schocl buildings under these circumstances. Therefore,

\

it is the writer's opinion thai the reinforced precost members are  the ideal materiol {or
the factory producﬁofn of school buildings. They are dural:le, strongand canbe produced ot fair
cost. Cement is produced in large guantity ennually and has been o;1e of the major ijems of
exports ( see part A, sec. 3.1). Cement Fucfo;ies are spreading over the whole island

of Taiwan. Thisis the advantage of estcblishing either the temporary or permanent planis o

+

produce the system components as fam cs the economical aspects of transpotation are concerned

(see part A, sec. 3.2 ). Due to tronsportation conditions, all system coni‘ponenfs'/ should ke

o

designed in such dimensions as they ccn be easily transported by road, rail or woterways,

-

according to local transportation regulctions.

Climatic Control:
(1) Orientation:
a. Inresponse fo solar over-heat: C o

"The normal methods of sun control will not be completely effective unless the buildings

are correctly oriented. The following figuires B.I, B.2 ond B.3 indicate the goed

7

orientations in three local areas in Taiwan.

B. | Taipei Area ' R. 2--Teichung Area B. 3 Kaohsiur;g‘Arcé

1] L
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b. In response fo the direction of air movement:,

As far as the building orientation is concerned, consideration should also be
given to the direction and velocity of air movement outdoars. Every locality has its
own characteristic wind blowshowing the average velocity and direction of prevailing
breezés month by month throughout the year. Therefore, the building should be oriented
so that the inlet openings of building will face the prevailing breezes (see part A, sec.
2.3).

(2) Ventilation:
Tt; obtain efficient natural ventilationwithin a building, it is necessary that inlet openings
and ou,tlef openings of walls have approximately the same area. Rooms having windows
on two exposures ( preferably opposed sides ) will have far better ventilation than those
having winndows on a single exposure. |f prevailing breezes blow at right angles to build-
ing walls ventilation will be better than in buildings having their window walls placed at
on acute angle to prevailing winds. Where V{inﬂws‘are built into one wall only, certain
air inlelfs should be provided at a low level in the oppoite wall.

(3 ) Shading: ’
As to thermal comfort, one of the most effective methods of solar control is to provide

\ shading devices at the building openings to obstruct the direct sun's rays and prevent
uncomfortable glare from the direct rays of the sun. l\:igprés B.4, B.5, ond B.6 i‘ndicofe
three different latitude angles for three major localities in Taiwan, and recommend the
eg‘gcrcfe type of shading device to be adopted.

/ -

(4) Rain and Typhoon:

a. Should high level louvered shutters not be provided at window walls, the centrally

pivoted swing sash wauldbe preferred; for it is unlikely that this fype of windowowill need

L3
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Figure B.4*  Chart on Design of Shading Device for Taipei Area.
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* The fb”ov;/ing three charts B.4, B_.5,hand B.6 taken from:
"Solar Control and Shading Devices in Taiwan®, by S. Y. Lin, published in
"Architecture and P lanning Bimonthly", March, 1969; Taipei, Taiwan, p.p. 64, 65, 67.



Figure B. S Chart on Design of Shading Device for Taichung Area.
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Figure B. 6 Chart on Design of Shading Device for Kaohsiung Area.
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to be completely closed in heavy rain, and it has the additiopal advantage that it can
act &s a sun shading device. ot ’ )
b. Although the school is off during the time of typhoon storm, serious engineering consid-
eration still hos to be given to the design of window construction to prevent the damage

3

which is mostly caused by the storm rain generated by the typhoon.

3. Seismic Forces:
(1) Resisting elements of building to the seismic forces shall be moment resisting frames
g or shear walls or a combination of both.
( 2 ) As to the configuration of a sfruc;fure, symmetry in plan is very desirable. Unusual
> shaped plans result in highstress concentration areas and must be specifically designed
for. Structural elements must be tied together to make them respond to earthquake
motion us a unii, or sf‘ruéTU“rdI‘ separations may be required. r
(3 ) Most building materials are adoptable to use as resisting elements. Brittle materials

must be avoided. Ductile materials are mof\‘ﬁ?:}s‘lJrcble. *

4, Soil investigation:
Two actions must be fulfilled prior to the ground-breck for the building construction:
(1 ) Preliminary investigation for site selection.

( 2 ) Final investigation of soil after structure is o-iented at the site. y

>

SUMMARY::

.
I

' To further explain the concept of this design approach, the afchitectural presentation

will follow in part C.

-

* These three recommendatiorg taken from: " Aseismic Design Concept " writen by
Harold P, King, C.E.C.; Benioff, Steinmann, King; Sherman Ocks, California, 1965.






S .

NOTE : The architectural solution presented in
the following drawings is an application
of the recommended design approach
for the Taipei area only; solutions for

-the other two major areas should vary
as to meet local conditions.
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