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ABSTRACT

Bending strength of timber beam has been the subject of interest ever
since timber was used for structural purpose. Many studies have dealt with the
strength prediction of timber beams in which compression and tension properties of
timber were being correlated to their behaviour in bending. Issues relating to the
bending strength models, stress-strain distribution, movement of neutral axis,
modulus of elasticity, the proportional limit stress, the extreme fibre-tension stress,
and the size effects of timber beams, put forward by many researchers, were focused
on softwood timber of western countries None thus far, has been verified for the
hardwood species of local origin This study present the verification of the ultimate
bending strength models on local Dark Red Meranti (DRM) timber The applicability
of strength models proposed by Zakic, Bazan. and E3uchanan on solid and glued-
laminated (glulam) DRM beams are examined. Some of the findings prompted by
previous researchers are observed in this study. The proposed modifications to the
Bazan's and Buchanan's model have significantly improved the strength prediction

of DRM beams
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ABSTRAk

kekuatan lentur rasuk kavu telah menjadi subjek yang menank
semenjak kayu digunakan sebagai bahan kejuruteraan struktur Banyak kajian telah
dilakukan ke atas ramalan kekuatan rasuk kayu yang mana sifat mampatan dan
tegangan kayu dikaitkan dengan kekuatan lentur Isu-isu yang berkaitan dengan
model kekuatan lentur. agihan tegasan-tenkan. pergerakan paksi neutral, modulus
anjal, tegasan had berkadaran, tegasan gentian terluar. dan kesan saiz rasuk kayu,
vang diperkatakan oleh ramai penvelidik. adalah tertumpu kepada kayu lembut dan
negara-negara barat Setakat mi, lanva belum disahkan ke atas spesis kayu keras
tempatan Kajian ini membentangkan pengesahan model-model kekuatan lentur
muktamad ke atas kayu Meranti Merah Tua (DRM) tempatan keboleh-gunaan
model-model vang dicadangkan oleh Zakic, Bazan dan Buchanan ke atas rasuk kayu
pejal dan kav u lapis berglu (glulam) DRM diuji Sebahagian dan penemuan-
penemuan yang diperkatatakan oleh penvelidik-penyelidik sebelum ini juga telah
diperhatikan dalam kajian ini Cadangan beberapa perubahan ke atas model-model

Bazan dan Buchanan telah dapat memperbaiki ramalan kekuatan rasuk DRM
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NOTATION

a constant.

distance between two loads placed a 2 each side of mid-span of
the beam

width of cross-section.

force in the compression stress block.

Coefficient to account for the reduced stress at the extreme
compression fibre (c< 1).

depth of beam cross-section.

modulus of elasticity.

ultimate compressive strength of the beam material as obtained
from axial compression test

ultimate tensile strength of the beam material as obtained from
axial tension test

maximum tensile stress in the beam at failure (F, <FJ

tensile stress in the extreme fibre in the elastic range (/, <
shape parameter as used in Buchanan study.

span of the beam.

bending moment.

ultimate bending moment capacity of the beam.

corrected ultimate moment capacity of the beam

ratio of axial tension to compression strength of the beam at

ultimate load, t(§> 1

ratio of extreme fibre-tension stress to axial compression strength,

Tg>1

proportional limit load as measured in the load-deflection curve.
ultimate limit load as measured in the load-deflection curve.
depth effect factor.

load configuration effect factor.

combined size effect and load configuration effect factor.
force in tension stress block.

position factor of the maximum compressive stress measured
from the top of the beam.

position factor of the maximum compressive stress measured
from the neutral axis.

neutral axis factor measured from the bottom ofthe beam.
neutral axis factor measured from the top of the beam.
strain at the extreme compression fibre.

strain at the extreme tension fibre.

yield strain in compression.



CHAPTER |

INTRODUCTION

11 GENERAL

The emergence of glued-laminated (glulam) material in timber structure has
given a significant impact in the timber construction industry. This is a high strength
to weight ratio materials. It can be virtually sized at any curved or straight shapes,
spanned at a much higher length, designed at various strength requirements while
maintaining the natural aesthetic appearance, and reducing the timber waste This
engineered material can now pose a greater challenge to concrete, steel and other

composite materials in the major structural applications of the construction industry.

The British Standards [17] define glulam as a member made of four or more
separate laminations oftimber The members are arranged parallel to the
longitudinal axis with their grains approximately parallel and glued together to form
a member that functions as a single structural unit. The American Standards [1,4]
however do not set any minimum laminations such that glulam can be as minimum

as two laminations.

Glulam construction has a long existence in Europe since early 1826
particularly in Britain, France, Germany, Sweden, and Switzerland followed by the
United States in 1934 and later by other western countries [30,31], Since then, many
research findings have been published relating to this industry In Malaysia however,

this industry has not been commercially developed [38], The only presence of glulam



applications in the countTy are the footbridge and the mosque at Forest Research
Institute Malaysia (FRIM) [40] while the remaining are more towards the non
structural applications of laminated wood such asjoinery works, laminated doors
and window frames. At present very little research works on glulam materials are

conducted locally.

1.2 BACKGROUND AND RATIONAL

Research on glulam using selected Malaysian timber species started at FRIM
in the late 1980s during the Fifth Malaysia Plan (1980-1990) [39], The research
works however was very basic, considerably slow, and not aggressive. This was due
to the lack of expertise and researchers within the research bodies and technical

institutions to work on the research.

Glulam can offer a good application in the timber and construction industry
of the nation. It maximizes the timber usage and provides more advantages
compared with the solid timber. Despite of the advantages, the material has not been
able to emerge in the building industry for many reasons. Initially, there is no
production capability of glulam or no demand for it. Secondly, there is no confidence
and technical know-how among the designers, engineers, and builders on the
material which reflects the lack of research on the local timber species. The major
stumbling block is that timber, in the first place, receives a poor public perception in
the construction industry. Timber structures are normally considered as temporary or
secondary structures, and that they are likely to bum. The development of timber
houses or buildings in the construction industry are hampered by the high insurance
premium imposed on them. The growth of these houses are therefore limited to the

villages where no insurance is involved.

At present, there is no concerted efforts within the government and private
bodies to expedite the research where reliable design standards can be established

based on extensive and diversified local research works. There is also no initiative to



establish an exemplary plant in promoting the design and usage of glulam to the

local construction industry.

Numerous studies and publications [24,25,40,46,47,49] suggest that local
Red Meranti timber species are the best materials for glulam. Apart from having a
suitable property for being a glulam material, the species are quite abundant. In
1990, out of the total products of 12,819,375.19 nr sawn log in the Peninsular.
828,861.10 m3or 6.5 % is of Red Meranti which is the third largest production after
Keruing and rubber wood [7], and widely distributed throughout Peninsular Malaysia

[25]1

However, further developments of glulam using Red Meranti are needed. The
study on the properties and mechanical behaviour of glulam focuses on the strength,
defects, gluability, jointing and other related properties. A good design standard can

only be established if all the behaviour and properties are well understood.

1.3 RESEARCH PROBLEMS

Bending strength of timber beam has been a subject of interest ever since
timber is being used for structural purpose. Numerous studies dealt with the strength
prediction of timber beams where direct compression and tensile properties of timber
are being correlated to that of behaviour in bending [21,37,50], The problem
associated to the strength and behaviour predictions are quite complex since it
depends on three mam factors namely the ratio of tension to compression strength of
the material, the non linear ductile behaviour in the compression zone, and the size

dependent in brittle fracture in tension zone [21],

However, almost all studies are related to the softwoods of western countries.
Similar studies on local timber of hardwood types are very limited. In this country
thus far, there is no systematic study to predict the ultimate strength of timber beams
in particular of glulam type. Furthermore, the effect of lamination on beam

behaviour and strength is in question, that is whether this effect provides a



significant difference in performance between glulam and solid beams Thus, it is of
current interest to attempt and verify the reliability of the existing research findings

when they are applied to both solid and glulam beams of local origin.

1.4 RESEARCH OBJECTIVES

Among the objectives of this study is to predict the ultimate strength of
glulam beams of Dark Red Meranti (DRM) timber. Basic mathematical model
introduced by Bazan is used [10]. Predictions based on other strength models are also
presented. The study will focus on the theoretical assumptions and observations
made by Zakic, Bazan, and Buchanan as to whether the same would be true for the
local timber A comparison between the strength performance of glulam to that of

solid beams is also presented.

1.5 RESEARCH SCOPE

Twenty-three beams of various sizes are tested to failure in bending. Eight of
them are solid beams while the rest are glulams. Eight glulam beams are considered
as industrial sample since they are fabricated by Sindora Bhd. while the remaining
are fabricated in the laboratory. Compression and tension samples are taken out from
each beam for the determination of its uniaxial properties. These values are used in
the application of formula in predicting the beam’s bending strength. This research
will look into the compatibility of the formula developed by Bazan [50,10,22], The
solid and glulam beams will be compared to find the differences in the predicted
values The research focuses on the strength formulation and proposes an

improvement to the existing models.



1.6 THESIS ORGANIZATION

Chapter Il presents the developments of bending strength theory of timber
beams. It discuses the theoretical aspects of the development and later, it focuses on
a single model for the further verification of the theory with respect to DRM timber

species.

Chapter Il discusses the fabrication process of glulam beams. Two
fabrication methods are experimented for comparison purposes. Other technical

aspects of glulam production are mentioned for future consideration.

Chapter 1V describes the experimental programmes involved in the study.
Bending, axial compression and axial tension tests are conducted to investigate the

strength and performance of the material.

In Chapter V, the test results are presented and analysed. The results are
compared with the predicted values to validate the theory. The uniaxial strength

properties of the material are established for DRM.

Chapter VI predicts the strength of the beams using Bazan's model.
Predictions based on Zakic’s and Buchanan’s model are also presented for
comparison purpose. Modifications to the existing models are then proposed to

improve the accuracy of prediction.

Finally, Chapter VII provides some conclusions to the study and present

several recommendations for future research.

1.7 LIMITATIONS

This study is limited to the prediction of clear solid and glulam beams of

DRM. There is no attempt to verify the existing strength model with the strength-

reducing defect beams. Glulam beams are fabricated without any jointing.



REFERENCES

10.

12.

13.

14

American Institute of Timber Construction (1985). Timber Construction
Manual. New York: John Wiley & Sons, Third Edition

American Society for Testing and Materials (1978), Standard Method of
Establishing Structural Grades and Related Allowable Properties for
Visually Graded Lumber. Philadelphia, (ASTM D245).

American Society for Testing and Materials (1984), Standard Method of
Static Tests of Timbers in Structural Sizes. Philadelphia, (ASTM D198).

American Society for Testing and Materials (1992), Standard Test
Method for Establishing Stresses for Structural Glued Laminated Timber
(Glulam). Philadelphia, (ASTM D3737).

Ani Sulaiman, Noraini Haron and S C. Lim (1992). “Timber resources in
South East Asia.” 2nd CIBAV18B International Conference On Tropical
And Hardwood Timber Structures. Kuala Lumpur, Malaysia 7th-10th
Sept.

Annon (1957). Meranti Timber. Malaysia Forest Service Trade Leaflet
No 8 & 9, Ministry of Agriculture, Malaysia

Annon (1990), Perhutanan di Semenaniung Malaysia. Penvata Tahunan
1990. Ibu Pejabat Perhutanan Malaysia, Kuala Lumpur

Balan Menon, P. K. (1958), “Uses of some Malaysian timbers.” Malayan
Forester, Vol 11 No 1, Forestry Department, Malaysia.

Barrv Hilson (1989). Glued Laminated Timber, Dept of Civil
Engineering, Brighton Polytechnic, U.K., June.

Razan I M M. (1980). Ultimate Bending Strength of Timber Beams Ph D
Dissertation, Nova Scotia Tech. College, Halifax.

Beckett, Derrick and Marsh, Paul (1974). An Introduction to Structural
Design: Timber London: Surrey University Press

Rodig J and Javne. B. A. (1982). Mechanics of Wood And Wood
Composites New York. Van Nostrand Reinhold Company

Bohannan, B (1966), “Effect of Size on Bending Strength of Wood
Members.” Research Paper FPL 56, U.S. Department of Agriculture.

British Standard Institution (1957), Methods of Testing Small Clear
Specimens of Timber. London, (BS 373).



16

17

20.

22

24

25.

26

27.

British Standard Institution (1977), Specification for Sizes of Hardwoods
and Methods of Measurement. London, (BS 5450).

British Standard Institution (1979), Methods of test for Determination of

Certain Physical and Mechanical Properties of Timber in Structural Sizes.
London, (BS 5820).

British Standard Institution (1988), British Standard Specification for

Manufacture of Glued-Laminated Timber Structural Member. London,
(BS 4169).

British Standard Institution (Part 2)( 1991), Structural Use of Timber: Part
2. Code of practice for permissible stress design, materials and
workmanship. London, (BS5268).

Buchanan, A. H. (1986), “Combined Bending and Axial Loading in
Lumber." Journal of Structural Engineering . Vol. 112, No. 12; 2592-
2609.

Buchanan, A. H. (1987), Errata to “Combined bending and axial loading
in lumber." Journal of Structural Engineering . Vol 113, No. 10; 2333

Buchanan, A. H.(1990), “Bending strength of lumber.” Journal of
Structural Engineering. Vol. 116, No. 5; 1213-1229.

Buchanan. A H. (1983). Strength Model and Design Methods For Bending
And Axial Load Interaction in Timber Members. Ph D Thesis,
Department of Civil Engineering, University of British Columbia,
Vancouver, Canada

Casco Nobel (S E A) Pte. Ltd. (1978), Technical information on glue and
hardener.

Chang Chee Wei (1994). Stress-Strain Relationship for Light Red Meranti
Glued Layered Timber Short Column. Thesis M Eng., Umversiti
Teknologi Malaysia.

chno K T andLim. S. C. (1983). Malaysian Timbers -Dark Red
Meranti, Malaysia Forest Service Trade Leaflet, Ministry of Primary’
Industry, Malaysia.

Devore, Jay L. (1991), Probability and Statistics for Engineering and the
Sciences, 3d ed Pacific Grove, California: Brooks/Cole Publishing
Company.

Dinwoodie, ] M. (1981), Timber Its Nature and Behaviour. New York:
Van Nostrand Reinhold Co. Ltd, October.



Ehlbeck, ] & Colling, F (1986), Strength of glued laminated timber
University of Karlsrude. Federal of Republic of Germany

Engku Abd Rahman Chik (1980), Basic and Grade Stresses for Strength

Groups of Malaysian Timbers. Malaysia Forest Service Trade Leaflet No
38, Ministry' of Primary Industry, Malaysia

Forest Products Laboratory (1990). Wood Engineering Handbook New
Jersey: Prentice Hall.

Freas, Alan D. (1950), “Studies of the strength of glued-laminated wood
construction,” ASTM Bulletin

Freas, Alan D. (1956), “Factors affecting the strength and design

principles of glued-laminated construction," Forest Product Laboratory,
Madison, Wisconsin

Lee, Y.H., Engku Abd. Rahman B Chik, and Chu, Y. P. (1979). The
Strength Properties of Some Malavsian Timbers. Malaysian Forest
Service Trade Leaflet No. 34, Forestry Department, The Ministry of
Primary Industries, The Malaysian Timber Industry Board, December

Madsen, B. (1982), “Recommended moisture adjustment factors for
lumber stresses.” Canadian Journal Civil Engineering. Vol. 9, No 4; 602-
610.

Madsen, B., and Buchanan, A. H. (1986). “Size effects in timber
explained by a modified weakest link theory ” Canadian Journal Civil
Engineering, Vol 13, No. 2; 218-232.

Madsen, B., and Mindness, S. (1986). “The influence of energy stored in
the test apparatus on strength of lumber.” Canadian Journal Civil
Engineering, Vol. 13 No. |; 8-11

Malhotra, S.K., an Bazan, I. M. M (1967), “Ultimate bending strength
theory for timber beams.” Wood Science’, 13(1):50-63, March.

Mat Lazim Zakaria (1988). “Kejuruteraan kayu di Malaysia. Kemajuan
semasa dan masa depan”. National Structural Engineering Conference,
Universiti Teknologi Malaysia

Mat Lazim Zakaria and Mohd Zamin Jumaat (1989). “Timber engineering
practice in Malaysia”. Proceedings of the Second Pacific Timber
Engineering Conference, University of Auckland , New Zealand. Vol. 1,
35-36.



107

Mohd Salleh Mohd Noh and Mohd Najib Abdullah (1988), “ Glueability
of Kerning and Meranti” National Structural Engineering Conference.
Universiti Teknologi Malaysia

Nakai, T. (1992), “Mechanical properties of tropical woods 2nd
CIB/W18B International Conference On Tropical And Hardwood Timber
Structures Kuala Lumpur. Malaysia 7th-10th Sept

Ozelton, E C., and Baird. J A.(1976). Timber Designer's Manual
London: Crosby Lockwood Staples.

Sindora Berhad, Malaysia (1992), Technical discussion and personal
communications.

Standard and Industrial Research Institute of Malaysia (SIRIM ) (1978),
Code of Practise for Structural Use of Timbers. Kuala Lumpur, (MS 544).

Standard and Industrial Research Institute of Malaysia (SIRIM) (1981),
Specification for Glued-Laminated Timber Structural Members, Kuala
Lumpur, (MS 758).

Tan, Y. E., Ujang, M Z., and Komatsu, M (1991), "Effect of moisture
content and sawn pattern on the gluing of Meranti Tembaga (Shorea
Leprosula)” . Journal of Tropical Forest Science, FRIM, Malaysia

Tan,Y E.. Mansur Ahmad and Dr Mohd Zamim Jumaat (1992). “Use of
Light Red Meranti for structural glulam in Malaysia.” 2nd CIB/W18B
International Conference on Tropical And Hardwood Timber Structures
Kuala Lumpur. Malaysia. 7th-10th Sept.

Zainai Mohamed (1991), Timber and Structural Engineering. Research
Attachment Report, FKA/LPY/SB/01/92, Faculty of Civil Engineering,
Universiti Teknologv Malaysia, Skudai, Malaysia.

Zainai Mohamed, and Chang Chee Wei. (1993), “Glueability of light red
meranti as glulam structural element.” Seminar of Civil Engineering
Research (SEPKA’93), Johor Bahru, Malaysia, 23rd June

Zakic, B D (1973), “Inelastic bending of wood beams ” Journal of
Structural Division ,99 (ST10);2079-2095, Proc of ASCE.



