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Toward the Future of Asia

Significance of our Conference and this Book

Junko Imanishi

Representative, Sekiguchi Global Research Association, Atsumi International Foundation

The twenty-first century has seen the world thrust Sekiguchi Global Research Association (SGRA) in part-
ith like-minded institutions, in order to provide
ogical a venues{o e exchange of knowledge, information,

e”regain our ideas, and cultoe

into a maelstrom of change and unpredict

only by SGRA members, but also

bearings as longstanding so stfuctures become by former foreign stiident$of Japan from various educa-
upended. Internationalizati d globalizationy h It al institutions througheutithe world, their own stu-
long been heralded as the'keys for the fu m ents and ¢ ators, and ahyofie interested in Japan.
global path forwarg ains elusive] serving only to SGRA be erating in Tokyotin July 2000 as a

heighten the senge of uncertainty. Astglobal citizens in division of the Afsumi International“Eoundation, a
this era of changefwe are called a to reexamine Q hawitable organization? its core is alc

world and our celléctive futur@to seek new md

usive pex@cives on m

munity of

panese research o come from all over the

mensional and senduct advanced studies in Japan and obtain

issues. institutions.

The achieve related to globalization and seeks
has also led to dt ide audience
time, a complex setofitransnational problem SGRA’s aim is
brought about by i pecific group of
increased socioeconomig, globalization. In the.midst : i arch activities that

etstanding of “socieg

citizenry—individuals, g ontribute to the reali-
community—must adopt p ns. We look forward to
the pursuit of individual in ive group of conference

concerns for the peace and happine secic participant

whole. Solving these problems requires the dey ¢ first conference (March 2013 in
of multifaceted evaluative and analytical strategies with Bangkok), the second (August 2014 in Bali) and the
cooperation across national and disciplinary borders. third (September 2016 in Kitakyushu), Asia Future

The Asia Future Conference is interdisciplinary at its Conference was held in August 2018 in Seoul, Korea.
core and encourages diverse approaches to global issues There were nearly 400 full papers submitted to the con-
that are mindful of the advancement of science, technol- ference. Of them, we here present the 19 best papers
ogy, and business and also take into consideration issues selected by an academic panel. We hope their sugges-
of the environment, politics, education, the arts, and cul- tions will give hints to search for the new direction for

ture. The Asia Future Conference is organized by the the future of Asia.
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An Investigation on Coconut-timber Waste as Construction
Material for Earthquake Resistant Wooden House in North
Sulawesi, Indonesia

Rilya Rumbayan!, Donny Taju?, Rudolf Mait?

1, 2,3 Senior Lecturer, Department of Civil Engineering, Manado State Polytechnic, Indonesia

A Y RAI 7 TRREICHEN TR 33 Y VAN ZHERTT 2720, ZORIGEWINICHZE X 5N % RS NIERIE,
ZOEFESKBOFEREY & %50, &4 & UTHH T USHERISROAE LT DO NMICDRIF BT LN TE S,

sz WNIK

This paper presents rent study i@ of coconut-timber waste %a’uve constriefio
quake-resistan per house in h Sulawesi, Indonesia. The objectives earch are: tonoD
mechanical properties of coco imber, to identify the s
quake-resistant house made nut-timber, and e
methods include: (1) Labor: sting of the physical'a

test, tensile t@st parallel t
parallel to gra

aterial to build earth-
the physical and
: classification of c |mber to design'a model of earth-
@ . IanaIyS|softh % under earthquake load. Research

pical ropertles comp of moisture lcontent test, density
, shear strength
d Testing Material
(ASTM) D143-( ed.on the Indonesian Standard (SNI) 03-3527-
1994; (3) Desig structural elements of
earthquake-resistant -timbe ;an i g'coconut-timber/house under earthquake
load with ETABS software. n thi ea i; - iCi g local coconut-timber
waste as constructi@ i e risk of earthquake hazard'in North Sulawesi.

|cuIar to gri

Introduction

North Sulawesi Province is one

oncrete. This weight or mass of

orrelation to the lateral force (inertia)

that has a high risk of earthquake because it is geologically ustained by the construction. These properties have caused
located in one of the path of the Pacific Rim. Based on the map timber to become an alternative building material for earth-
of earthquake regions used as a reference for structural building quake prone areas such as North Sulawesi.
design, the province of North Sulawesi in Indonesia is located in Coconut (Cocos nucifera Linn) is one of the many potential
Earthquake Region 5 which is categorized as a high-risk zone plantation crops commodity grown in North Sulawesi with a
with earthquake scale between 5-7 Richter. total area of 277.649 Ha in 2015, covering 15 districts. The total
Building construction made of timber offers many benefits area is comprised of 37.675 Ha of coconut tree plantation that are
such as relatively higher structural stability and integration. not yet productive, 225.003 Ha of coconut tree plantation that

This is due to the fact that timber has higher strength-to-weight are productive and 17.259 Ha of coconut tree plantation with
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Rilya Rumbayan, et al.

coconut trees aged over 50 years and needed rejuvenation
because of their declining fruit productivity (Data from Dinas
Perkebunan Prov. Sulut, 2015). This rejuvenation is needed to
allow more space for new coconut plantation. The largest waste
from the rejuvenation of coconut trees are the trunks from old
coconut trees. If the trunks are left unprocessed, they can
become breeding places for diseases that could strike coconut
seedlings, which in turn will bring disadvantages to the local
farming communities. Processing and utilization of the unpro-

ductive coconut trees as a construction material for timb

local communities.

In general, the anatomical s

sists of vascular bundle and

ere are differcuce e density

bundle based“on its’location (height

ofiut tree trunk. WWard the center, the

bundle decrea ile toward the ve

ar bundle inereases (Sudarna, 1990). The
ndle as a%ort for timber strength

and depth) in the
density of vascul

the density of vas

tent in the cell (Rah;

Density of coco

€ of a coconut tr IK
d tissue in the n@ n-
s

The Indonesian standard about the quality and dimensions of
construction timber, SNI 03-3527-1994, uses the physical prop-
erties (Air-dry Density) to classify timber into 5 strength classes

(Table 1).

Table 1. Mechanical properties of timber

Absolute Absolute
Strength Air-dry Flexural Compressive
Class Density Strength Strength
(Kg/cm?) (Kg/cm?)
>0.90 > 1100 > 650
0.90 - 0.60 1100 — 725 650 —425
0.60 -0.40 725 -500 425-300
0.40 — 0.30 500 -360 300-215
( <360 <215

Source: SNI 03-3527-1994.

e speWectives of thi ch are: (1) To obtain the
physical and' m c@l properties of

struction material for

of coconut-timb @o design a eagthquake-resistant
>r'house model madevof cogonut-timber; and (3) To test the

mance of the coconut-'ﬁr house unde

height of the trunk. Tt

height and increases

of the trunk, generally located closest to the bark with thick
from 7.5 cm to 12.5 cm, having characteristic of very resistant to
scratches; medium density wood (0.4-0.6 g/cm?®) covers 25% of
the trunk, is in the thickness from 5 cm to 10 cm after the
high-density-wood part, having characteristics of slightly resis-
tant to scratches and cannot withstand humid weather; and low
density wood (<0.4 g/cm?) covers 22% of the trunk, located in
the center, quite soft, quickly weathered, cannot withstand

scratches and humid weather.

186

productive coco-

t of local economy by

al natural resources.

oconut-timber house prototype that is resistant to
earthquake and performance test of the prototype of coco-
nut-timber house under earthquake load.

The experimental stage in the laboratory consists of physical
and mechanical properties tests which cover moisture content
test, density test, tensile test parallel to grain, compression test
parallel to grain, compression test perpendicular to grain, shear
strength parallel to grain, flexural test, and toughness (Figure

2). Samples for the tests were obtained from unproductive



4th AFC Best Papers

coconut trees from Minahasa Selatan region in North Sulawesi.
Total numbers of samples were 791. Experimental tests were
performed at the Civil Engineering Material Testing Laboratory
and Mechanical Engineering Material Testing Laboratory,
Manado State Polytechnic. Test methods were based on the
American Standard Testing Material (ASTM) D143-09. Results
from this experimental stage were used as references in design

stage of a 6m x 6m model of coconut-timber house.

The design stage of the prototype includes the drawing of

design plan of the timber house and calculation of cocon

ber structural elements. The design stage was

accordance to design principles and standards of building model
by considering earthquake load. Preparation of dimensions of
structural elements which consist of beam, column, floor panel,
wall panel and roof was performed after the structural analysis
calculation.

The next stage was testing of the performance of coco-
nut-timber house prototype. Performance test of structure was
done by analysis of the structure under earthquake load with
simulation of structural model. The software used for the simu-

was ETABS (Structural software for building analysis

‘
Design of F{loWnut Timber Holb\

gn of Coconut Timber Hous

~

v(r)

onut Timber H(:@

ofithe diﬁlénsio i
T

Coconut Timber

" Structural Analysis
(Simulation of Coconut
Timber House with

Allowable stresses

ETABS software)

Fig. 1. Research Method
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Fig. 2. Mechanical prope

Rilya Rumbayan, et al.

es tests of coconut-timber at the Material Testing Laboratory, Manade State Polytechnic

Results . Te$ gchanical properties te he laboratory
A. Characteristics of €oconut-timber as No hastcristics of coconutfider Test result
construction mate VIodulus of Elasticity (kg/c 67000
) Flexural strength (kg/cm?) 458.66
The experimental test C Ssi el o grain 399.3
According to the categor dicular to 17979
in SNI 03-3527-1994, the strength
grain (kg/cm?) 65.13
follow: 0.9
* The air-dry density is in the rangg . 15.95
— parallel to the grain 44760.1
therefore can be used as structural timber, which U
. . 9 Tough k 42474
requires calculation of load. oughness (kgf)
* The compressive strength parallel to grain is in the range of
strength class III, therefore can be used as non-structural B. Structural Design and Floor Plan of Coconut-timber
timber, which usage does not require calculation of load. House.
* The flexural strength is in the range of strength class III to Results of structural design of a coconut-timber house with a
1V, therefore can be used as auxiliary building material or floor plan size of 6 m x 6 m are shown in Figure 3.
temporary building. The result of the design of a coconut-timber house model is

shown in Figure 4.
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Fig. 3. Design of coconut-timber house: (A). Floor Plan; (B). Portal Frame X-axis; an RPortal Frame Y-axis.

software uSe his simulation process is ETABS (Structural

software for building¥amalysis and design). The sway mode

sed by earthquake omwtheftame structure of coconut-timber

use generated by ETABS 'sof
Result @uctural analys

¢ under earthquake

are can be seen in Figure 5.

the frame structure of
coconut-timb ad with ETABS soft-
ware shows that th @JCUOH is safe undenearthquake load.

ble 3. Calculation result of th sions of coconut=timber house structural

Element ’ Dimension
Compression b=8 cm and h=12 cm
Tension b=8 cm and h=12 cm
Main beam b=10 cm and h=18 cm
Secondary beam 10 cm and h=18 cm
Floor beam 5 cm and h=10 cm
Floor boards pb=25 cm and h=2,5 cm
Main beam b=15 ¢cm and h=20 cm
Secondary bga b=15 cm and h=20 cm
Floor beam b=5 cm and h=10 cm

b=25 ¢cm and h=2,5 cm
b=15 cm and h=15 cm
b=15 cm and h=15 cm

Floor boards

4.5309 cm
tural elements was performed i
=g
ples, standards and implementation methods building i :.-‘.'F‘.HE]. cm
H ¥
construction by considering earthquake load. Design results of ! r
. . . i
dimensions of the coconut-timber house structural elements are t)
. H
presented in Table 3. r|| 21673 ¢m
h
i
D. Structural Analysis of coconut-timber house struc- ;

ture under earthquake load.
Structural performance test is done by analysis of structure

. . . Fig. 5. Sway mode due to earthquake load acting on the frame structure of
under earthquake load with simulation of structural model. The coconut-timber house (generated with ETABS)
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Conclusions and Expected Outcomes

Results of laboratory testing that conform the SNI 03-3527-
1994 classification, the strength class of coconut-timber can be
used as structural construction timber, of which usage requires
the calculation of load; as a non-structural construction timber,
of which usage does not require the calculation of load; and as a
temporary construction material.

The determination of the dimensions of coconut-timber

house structural elements was performed based on the experi-

mental results from the laboratory tests of the physical a

mechanical properties of coconut-timber. The p

coconut-timber house was built based on the gi"and struc-

tural analysis followed by structura opfhance test against

earthquake load using ETABS soffwar€. Results from the s IK
tural analysis of the coconu bér house frame c nde
earthquake loading using ETABS software(gow@)the house é)

is safe.

Results from ghis gesearch are expegtedyto support the bene-

potentiality of @t-timber as a constfu
aber house in an effort to mitigate the risk

North Sula%

ficial usage of the
tion material for t

earthquake hazard
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