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:klioWn:;TIieie(is'a;aeiu-tIrof·thiSinf~dn)in-Nigeria;atpiesent[J:f:;" •.,,: ; ,,)1.1'. i:; .

, The oil palm (Elaeis guineensis, Jacquin) is an upright growintftre(n~onfulOnlyifouildin;Jhe tropical
. ? 'raJ~fJ~' 6rW~ Mrica\vh~f{dt is!believaftb' hlive:origmated'[3{4, 1§/'6; 7( 8)-9}/fhe oil palm belongs
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to warm, high-rainfall tropical forest area. It ls'eqdatty found in'various parts of the world beween latitudes
44°S and 44.r~ ~h~~y~rjh~ ~eqWr¢,9<?Ji~tio~9f:a(1~(150omm of evemydistibuted annual rainfall and
temperatures ~f'~~"i4oC,~Odr.3~~Ct ii~J~~ilb:'fM~j6P~~.r.s ii~fu~l.·~.lte.rifut1i~fa;jIhdonesia,

-!"~' .~j":! ~.- l' --! _;'i~j .;~~:{l ·1{.~!: ;~.:"'i~/; ~,:",F'.V-} ·l~))1-·~j~~~~ (f:/·; ,
Nigeria, China, Republic of Congo and Ivory Coast. In Nigeria, the oil palmis 'foiilid tiiaiitly in south where
it grows wildly as well as in establiShoo'plmitirtidruU ;'U:; '; rt:» ;," :/ /

The oil,palm wood is made llP opf'iwo distinct' stiCtioDs'from the base to the tOP·(plate 1). These-regions
are the 'plgh~'~dl'ow-dbisil;r p~ilio~.IThe :blgb1deM1tY' 6tii~;p0rt1bids fisUauYdaIkerm coloitrthaiWe
low.{i~ity iiiliei'Core'a1.dii isvery iJi&1biriiiili.iiianhH:ias~secliori: )Thc"high!.density pOrtion is nextto the

• • • .- <~ (' ,.. ....; • _ r. . .

canlbiiJm~"irufthl'hiliet' wood 'tissut(is"bounded Lor tllls istrO~'portiorl.6f the tte;\Vbic]i- iscomposed.of
deiiSeiy patked fibers.:; .HattieY;[10Ireportedthat'this; outer'r~giorltlmadeupof -denselyrpacked.fibers; is
much stronger than 'mosthardwoods and that,is',WBy'th6 :011 'palm tree ,is:able to withstand t4.~;winds _~t
breakothertrees .. ' - " '. Jr:: "''-''':'.,1 ;.r c:"(; >: :", ;,;3 <s> ~:,!"'! :~: "y, , :'."" '.' "

.'~~.
In Nigeria, the main attraction for the oilpalm 'tree isthe~fruit;.which.p:rQVjtt~~M,~d.~~@yl oils.and

pail wine-from the trunk for human'COIlS\l\l1Pti9n'~a.P-djndJ!$tQ~1;raw'Illl!1:~~:: ,~; pfo~q~:~'~,~?o/~,r?f
employment for a good number ofJl1e rw:atpopwace'!JJherqnk~~,~ tnNeXWj~;1?f«¢~;~i1W~~RF:~, cm~
when it either fallsnatnrallyor.is removed duriag 9peA\.ti.onsQ:P,CQ~ctip~ites> i~is l~ to tot or burnt to

. -, .~. 1.••... ~~..-'" ,1.: ..... :,...1::... J .••• ,) • .J,.~.: ~ -.\~!;'il: •.·!;I_~., In.J ~~!}.i;.~ ;'-'.: -'#;'

give way for other activities. In very rare cases, it is used as fuel or truss members for roofs or I1J.111l
.buildings. Generally.the truns.o£severnlnWlionpalms felled thro~out thetropi~ ~ ~s~ally:Vv~ rand

... --- -_ _._-_.' ..- , -.- -~ -, -'-'-~-_.' -.'--- ------- ~.--- '--'" ..'.'-_._.

itis ~pw b.¥ing~gg~tba~the ~i,lp~ trunk $Quld be considered as a suitaP.le ~~e.to €:Ddangered
... -::..... ' .,- .. -: '.- : .. ,t· s . ·:~';~IU\;'.}I.!::.,[:h,:',.:, ....;:l:~~!:·p.;·_d~~····;-•. ~: l 'i":'~:' .. i. ~~ :-;!)~ r '~'; f

hardwoods [2, 11J.~~vvilai et at {12J repprted that in Thailand, arid M3.1,aysia;the'increasmg ·deniarid

for~~~ ~'.~4'~~<ki~iri,j~~s.~~pi~:?f:~f~~~~:~r'~~~'~~~~~va~ ~~,~ch
f()r,.~~~i~~.~ria1s> a,ndthe oil patmtiUDkw¥di 'is' ibiiiidant bUt i!Ddet~ut:ilized'wasconsidited' as: an
aIter:ri.atlve: ., .'". . .,. ;., ' , . '. ' r , , •.. ,: 'f' ;':' >.,' .:.: ... ,',~ I...::'."f,;' ,: ", ,: ;;' . "". "J'

The'~ecbamcal'propbrlibs ofa~fud'~ve'~ inditatibrtibfltS'respo&eitd'exrernalloadirig".Fof:wood-
'~ia~ ~teriais>tfus· is knoWrl.!to' 'be by' defulity iand'm:oistiir~'contenFespeci3lly"bClo\v"tllei fibre.
, '~d~t ~oihi:,.!binwOO'dib [13jlreporilid·that these'Stietlgth'proPertieSa£eifurther influenced,hy.-thM1ite :

l' ,'~ . ~ (.. .;.! ,,: ". .-~ . .

~d direction of'load application: The moduli ofeIaSticity: andeuptnre are twoo£the,engin~ properties
-tJJ3t determine tli6 'potentials of cl'material for structuratese: The.modalus :ofela$1:i~tty~whi§b-ly1q)!esses~~e
-relationship 'between .stress .andstrain.when-the ;matenaidisiiuuder; :l~; ~0,w:~[1Jte..pr~~9tlrofiits
behaviour while in service. The modulus ofqIp:tw.:'e,9Iltheiotb.~t:;~q,pI'~vid!;sjpfo}\Y¥.1~jpn:()Q.~em,no~t

offorcerequirtxltobreakthematetial,ii .... f:.: :d:,j'!'i :'i J( ;;.Oi> , ,',:'" ',' " i:· ..: ,,,"

The primary objective of-the wo* reported hy,ry,~,~9: deq;;~.tb.e ~.~f:~~~~,a9~r~P,}i~,~
well as the energy consumption of the oil palm trunk and their variations along the longitudinal and transverse
sections of the trunk, ~der ~et and' diycOridltib~: .: .:, , :"', .'-' ' ,

,.. .~..' : ' ~;i , ., .
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Some Engineering Properties of the Oil Palm Trunk

2.0 MATERIALS AND METHODS:
2.1 Collection of Samples: The samples used for this study were obtained from dura species growing

naturally in swampy areas within the University of Ibadan campus, Nigeria where a cluster of the tree is

found. In selecting a tree to be felled, the physical conditions of the tree such as straightness of trunk, good

girth and minimum observable natural defects and physically inflicted injuries were taken into account. This

was to minimize the possible effect of growth defects in reducing the mechanical properties of the trunk.

Five trees were felled using a chain saw with the cutting done at an average height of 30cm above the

natural ground level. The average length of the trunk between the point of cut and the crown was 20.3

meters while the average diameter varied from 30cm at the base to 24cm at the top. The trunk length was

cut into 120cm bolts. Two bolts each were taken fromthe base, middle and top of the five trunks for

sample production. From each bolt, four samples each of low (core) and high (outside) density were

collected for test, making 240 samples. The samples were labeled for ease of identification. B, M and T;

indicating the base, middle and top of the trunk, respectively.

2.2 Pre-test Treatment: The tests were to be carried out under wet and dry conditions and for this

reason, the samples collected from all sections were divided into two equal parts. The set for the dry test

was oven-dried to a constant weight and left in an air-conditioned room for two days to stabilize and attain

an average moisture content of 12%. The second set for wet test was soaked in water for seven days to

bring the samples to fiber saturation point after which they were removed and drained before being tested.

2.3 Bending Tests: Two tests, impact and static bending tests, were conducted.

2.3.1 Impact Bending Test: The impact bending test provides information on the shock resistance of

the specimen tested. This was carried out using the Hatt- Turner impact testing machine and in accordance

with BS 373 {14J. The impact load was provided by a l.5kg metal weight hammer hung by means of a
cable between two metal pipes with a clearance that was just enough for free movement of the hamnier.

The specimen was adequately secured at the bottom of the pipes such that there was no displacement

when the impact load hit it at the centre. The initial height of the impact load was 25cm. This was

increased at intervals of 5.08cm until the specimens gave signs of failure and had to be reduced to

2.54cm. The height of the impact load which caused the sample to fail was recorded. Some of these

specimens are shown in Plates 2 and 3.UNIV
ERSITY
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2.3.2 Static Bendin2 Test: The static bending test provides information on the tensile strength of the
~ specimen as expressed by the modulus of rigidity (MOR) and modulus of elasticity (MOE), and was

carried out using the Housefield tensiometer in accordance with BS 373 [I 4]. After loading the specimen,
pressure was gradually applied while the movement of the mercury was observed. An extensiometer
was attached to produce a load deflection graph. The application of pressure was stopped when the
mercury was observed to decline. The point on the scale at which the mercury started to decline indicated
the maximum load that was sustainale by the specimen and was used in calculating the MOR using the
following equation:

MOR = ~~ (N/mm2) (1)

The load deflection curve obtained with the extensiometer was used to compute the MOE using the
following equation:

MOE = :~~d3(N/mm2) (1)

where:
P is the maximum load sustained at failure;
L is the span of specimen
D is the deflection at point of failure in mm, and is obtained as the slope of the graph plotted by the
extensiometer at point of failure; and
b and d are the width arid thickness of specimen, respectively.

Some Engineering Properties of the Oil PIIlm:Trunk

Calculations were made for each of the ten replicates in a group from which an average value was
obtained.

3.0 RESULTS AND DISCUSSION
3.1 Energy Absorbed: Data on the energy required to cause failure under impact loads are presented
in Fig. I for all conditions of test. The energy decreased from the bottom to the top but increased from the
core to the outside. The values for dry conditions were generally lower than for wet conditions. This may
be attributed to the fact that when a wooden material dries, it becomes more brittle and less resistant to
impact load.

3.2 Static Bending: Data collected from these tests were used in the calculation of MOE and MOR
which are presented in Fig. 2 and 3. Both parameters were observed to decrease from the base
towards the top of the tree and also from the pith to the cambium. The pattern of variation of the MOE

. f30
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°J',f f r ':( 1.-:;;" c._ ri

and MOR from the base to the top is similar to what other workers such as Ratanawilai et.;a1-~fl~Jl.liJ;ve:-'

While MOR is an indication oftheutilimate.strengtb:rofthesanipM, theStiffiles$;iS indicat'id by:the1MOE.

The. ),oose'Nation,s.made iJ;l-tpis~~dy imply Jbatfthe-putet;,base; ~oii ofJhe[palm w(}()(l:tree)s.the '

strongest and expectedly the stiffest while the inner top is the weakest. When this material is:wdleU$pi

fm:J~;:~,~~~:p~f~~cr,.~~~4)~ ~y~,rP~~ ~,fImt ~(J~~e.) ~l~~'~
for dry condtions were generally higher than for wet condtions for all the cases investigated, r This; is
. -, .•" c.-;' t c'. \' 'J'"

attributable to the,~ ~.~~~ w(~,~ffl9~,~~.cI&\~MP:~:~,~ ~q~~:i tyat~t,t~s,
decreases. The fibers are able to reinforce one another Jb«feby strengtheningjhe ~004 ~or~. In ~et
samples, the wood fibers are 'mrth~/~~p~~f'ili~[~~!~"l~~J ~~~ ili~~d this t~~~;the
effective strength under gradlilil~djijg:n In gciiMiri~d!6~Ib~;t1!efi~~ ~~'~m£, tlJ~~~~f -'

wex)(r iliCllldfbM'the oil ~Win>w&disiili&eased Milli~ri{6i~ie:~(a&~~li5]. ;'i t --< ,-L:'_> " '

4. =cONfiuSIONS:" ~ /.! ".\ '., !.:-.; "...t !l(t'~'j(!: 'i ~:;::ttf~;;:!~)•.;r, "U;;ii.:t: "F:/ ~.:;.,. ~. !.):·;("~i/: '}

For samples 'Obtained from thecore.and tested under-wct conditoas, the .energy:COI1$UIIlptionvari'oo
fron1-62'jotd~_at the base;to,0.52 joules ~Hlietop;JthelMOE_aIidMORlvaried fi.:otn 2;0175~N/mm~·to "

369.7N/~, and 11.5N/mm2 to 0.4NIPmi,·~cti:v~lY:-'J!ji;;,'1;; .:1"." . i.Y .• "." .,< 'i·{ II ,;:

For. scunpl~,:o~e.!i,:(I;otp r!te.9Or7.<:ll?:~~~<?4,*q~HlJY~p.W1ip:~,~ ener,gyco.nswnWo.n,iV~¢

J W~I f1f~~fJp~~'at! ~~,~~«,~.Q:45 j?~~,.~Hh~~~p~ i¥~,ap.~¥.g~!~~_(~.f,?f~9~/ilinw:·~;:
700.3N/mm

2
, and -13.4N/~~ to O.~~~~\~~vfilx,· -'(i ir;;n;!~·_,t.~,:J:ifLw.,-j ,i;,: .;,;,;~ii,-- :

- For samples obtained from the outer section and tested under wet conditions the energy C9JlSUIllPt!Qn
~"':.JnT.·::lj~-I·~'-~~!;:;:IH~ft.:·A;: -,dG":t t :k\, ~i:~d.:- "' !!!~~;\'~"i.r}()U~~} :-";_.~:'.:~iO..:;'-~AL.-1 (.3rt( .. ; :l.,;;~~;frJt~ni:L),_i .iJ~u~'n;:u.;~(~ji,-
varied from 12.86 joules at ~ o:,aseto 0.82 joules at the top. MOE.~ MOR varied fr()ll13r251.5NI.=,::~~~~~:!~~~~~,~:;~'~'~~,~~,:,

T vati~(rfioiiiTfI 4'jolilbs afthel b'~e~\o'O';61!J8{il~!m:lth~tOp:' iMOE:ari{{MOlt krl&i 'Win_ 4:9~3Nit
mm2 to 42.8N/mm2, and 771.8N/mm2 to 1.0 N/mm2, respectively.-'~\ ~"l ~-- -:,('_::i:;<.f/

'The i{lr@perti€sinWStigated doo~asedfrom,lthe .basb"toWcir&ihe tep !ofthe'ttiuik blrtAliCfecised Jfrdm" :

the pith towards the cambium. .n ': ,,'J'

-Mo~~ :~~ }\'3$: f~4 toi,~.u~ltJ;1~ PTope~~.!!i;iAy~ Wlri:\~-'qry.samples f'Ve~-less 0 ,

resistant to impact load, they were more resistant to gradual loading ,:~ s~~l ~y,,~, h,~!3¥r

stiffuess and ultimate strength than the wet samples.
\<"- .... -
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