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AB!TrUCr 
Tropical timbers arc usually heavily crowned md bulky. Felling of a mature tree of any such species is always 
accompanied by consid+le impact resulting in heavy dynamic strases being set up within the felled tree. These 
stresses cause much damage to wood fibres in particular and to a Iarg~r extent, to the amorphous middle lmelh. This 
shrdy was carried out to investigate the ianuences wood propties on the m w t u d e  of the induced stress and associated 
incidental damage in nine maturedtmpical timbers grown in Nigerian low land rain forest. Data were collected on tree 
characteristics with the aid of a chtcklist using time study and work analysis. During felling, duration of impact was 
&ha?& m p  ' ' lly. Dab wlledbd were m a l p d  using a eo~nbmation of multiple l i i  regression and correlation 
analyses in asess the extent of association and relationship as we11 as the level of predictability araur~g the evaluated 
properties. Results s h o d  that the average moisture of grecn wood ranged between 108% and 147% while the average 
d a i l y  of'- d mged from 939.91wm' and 186Skgl1n' for all the species. Observed average maximum 
dynamic stress ranged between 8.3 8 x 1 OBN/ma and 18.75 x 1 OW/ mi. Of the 27 fitted models for the study species per 
variable and on the basis of eoe5cient of multiple determination (R3, standard error (SE) value and significance of 
the regression model, 3 rpodels were sehted were hlected for da~~mges and 7 for maximum dynamic stress. Sigdkat 
retarionship wai established between maximum dynamic stress, damage volume, tree species. trea height, bee mass 
stern diameter and angular velocity at P < 0.05. Tlte magnihlde of the dyna&c stresses (9.08x10C N/mz - 18.75 x 
1oiWtm~ and force generated at impact (1.498 x 10. Ns - 7.588s 10'Ns) arc coasiderably high and these are dictatad 
by species, tree height, tme diameter, tree mass and angular velocity. Regression models showed that these factors can 
be rcsponsibte for as high as 71% of the MDS induced in the wood of the felled tree as in the case of TerminaIi 
superba.fhe use of regxe6sion models to study the dynamic stresses induced in wood and the associated mechanical 
damages during felling is offers a valuable contribution to existing knowledge in logging ipdustries in the tropical rain 
forest. 

Key words: Incidental damages, wood properties, dynamic stresses, .tropical timbers 

INTRODUCTION ofthe micro-fibrils of the wood. Along the longitudinal 
Wood of different me species is chmcte&tiCaH9 axis, the micro-fibrils are held together by primary 
&&rent in t e r n  of their composition and bond which requires more energy to break compared 
m~hani~p~pecti~.~ewo&ofsome~species totheperpendiculsrdirectionwhichisheldby 

into pi- on wing while some &ie to secondary bond (Garden and Slackwe11 1974). As a 
absorb the shock with little damage. In effect, the reaches the ground when it mls, stresses are set 
response of wood in falling tree to dynmicdly UP and fdm may occur even at where t h  
applied 3-5 d m  not only depend W m d e  Stress developed fs less than that elsewhere in the 
of h e  s-5~ depend on ~ i e ~  such wood, because of the orthotropic nature of wood. It 
a heig&, density oftbe tree, and the CfOWD shape hias been established that there is  a relations hip 
among others (Lucas, 1997; Omole, 2000 & 20 10). q u l u  dependence of wood properties (the 
Hearmon (1952) suggested that a piece of wood should ~ 1 %  of the Mn) and the ultimate stress & u a  1997 

be better <;onsidered as a layered par-ic fibre- ad Omale 2010). 

composite. The mmgement of the d l s  influma The angular variation as put up by 
the t r a ~ f e r  of stress along the radial dinction Hankinson's equation shows that the ~tlW@l of wood 

(Dinwoodie 1989). me rm*- of waod at an angle .* to the grain lies bctwesn a maximum 
him in diredioos to he the value, (PJ when & 0 (parallel to the grain) and 

dw.ions ppacaar to he is because minimum (PJ when e - 90'. W ~ n s o n ' s  cquatiob 

of the tubular shape of the cells and the mangebent uc0rdi% to Kim is as: 
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W1m, =strain, F = f6rceI 8 = stress and 
%re PQ= tensile strength properties of wood, P, = t = duration bf stress 
strength parallel to the grain, P, = stre~~gth, 
perpendicular to t l ~ e  grain. For aJineariy vvisco-eIastic materid, when both stress 

~h~ use of this formula, accordills to and-strain are inftnite~imal wood has been indicated 
Dinwoodie (1989) includes ddednnfion of tOLDrnbine both liquid and solid characteristics. The 

. .,,, strength, compression strength elastic modulus and ?f wood he (S2 layer) 
toughness of wood. which bnstitutes the crystailhe region behaves like 

a spring [elastic) while the lignin or amorphous middle 
V~co-elasticity of Wood Iamefla behaves like a dashpot (Pierce ef af, 1985 
The response of wood to applied stress has been L U C ~  1997). Wood being linedy visco-elastic at low 
extensively discussed by many schplars '(~.emnon, stress level, tb& stressl strain relationship is time- 
1952; Pierce et a1 I985;, Dinwoodie, 1989; and Lucas, dependent. This can be rep reseated by the . 
1997) Their submissions are that wood. as a load- - mathematical mod4 deveIoped by Yinen (1965) to 
bearing material combines both elastic ahd viscous -. predict the-dependent e l d i  and strength properties 
properties. This k h m n  why h e  r&pohe ofwood-..' of wocid by the aid of non-linear visco-elastic 
to applied stress .does not only depend on the type of rheologid mode t. 
stress hut also on mode of application and duration. 
Amding ta Dinwoodie (19818) and Uca3 (197) d€ 3 d8- dt 
stress application to a visco-elastic material such as , 

-- - -- +- 
w a d  I d s  to inshtaheous elastic deformation, which . - d t  E~ P .  141 

i s c u t s h s r t f m ~ n ~ ~ t ~ i n ~ ~ r a k r d a m a ~ ~ ~ r ~ ~ r l t o f  W h e ~  '=shin,t=time,g=st~s,E=Youn@ . 
the ' dash-pot' mechanism inbuilt in wood. modulus of elwticity and 1 = viscosity 
Subsequently, acre' is increasing deformation with. . 

load duration.' According to Caul field ( 1985), Prne Hearinon (1 952) stated that whenever a Idad 

dependence strain " (t) generated in wood is given by is applied on woo4 the impact is frrst k1t on the middle 
the mathematical model: . lameIla which provides the cushion effect but 

excessive stress will cause the failure of cetl wail and 
' (t) = ",+ t~t, (2) subsequent colIapse af the bulk structure. The 

rheological and structuml properties have contributed 
Where * (t) = time dependent strain, sidficantly to We ability of the wood in the felled 
a* = the i~litial deformation, a and m ='constsnt . tree; to. witfisdmd the high dynamic stresses without 
r = elapsed t h e  much damage (Lhcas 1997, Omole 2000). Othemise, 

the entire wood would have shattered upon the tree . 
Wsco-elastic behaviour of wood may be qrescnted striking the ground, Although the structural 
by acombinationof and dwh-~ob mechanism. composition of may make complex and 
  he springs act a rnec hanbal analogue of fie elastic difficult to @ict in terms of its rheologicd behavior 
component of deformation while the dash-pots , m d - r e s p o ~  fo applied -, theories ad 
simulate the viseous component. msco-elasticity is cal models aforementioned have cle&ly 
characterized by the namal strain and time-dqmdmt ; ed that the beb4our of wood to stress 
viscous £low. The simplest mathematical model wllicb , can S p u # d y  predicted, . + 

Wst simulates the visco-elastic behaviour of timber d&g ipproach as $tool be 
under ioad is the Kelvin's model for linearly visco- . ,,' plobl+ asswiakd logging decision. 
elastic material. The viscoelastio properties of b o d  - -  in use for we+ friur decades mg 

why -In to of is and ~aliher ( 199 1) used computer 
complex. It depends on value of -1 dmion of skuration a d y  aperjment in felling of , 

strrss and of a~plication.n? according bylinen old Fagus sylvolice growing a slops and 
c1 965) is represented by the fbmu1a: leaning slightly down slope, these usually king highly 

susceptible to and spiitkhg. Their results showed that 
the $w technique i n ~ o p r a c i  a key-hole cut was 
s ~ & f u l  in-preventing end splitting. wang et ol. 
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E f l a r ~  of Wood. Properties on incidental Damages ......... Omoh 

(1998) wed computer simulation model to evaluate 
. potenfial interaction of stand type, harvesting method 

.and equipment. Volume or wood loss through damages 
from trees exploitation was estimated by Atanga 
(1999). He developed model to predict wastes and 
damages during exploitation of teak (Tectonagrandis) 
in Ago Owu Forest Reserve, Osun State, Nigeria. The 
conclusions from the above review is.that the 
-application of simulation models to study wood 
#harvesting damages and associated problems have 
:been restricted to either homogenous temperate forests 
or plantations in tropical Africa. 
In spite of the signiflance on wood utilization of the 

.response of wood to applied stress, and mechanical 
damages resulting from dynamic stresses in wood as 
the tree falls, little work has been done on the 
relationship between the wood properties and 

' associated damages especially with respect to tropical 
timbers. The objective of the present study is therefore 
to assess the relationships among trees and wood 
parameters on. dynamic stress= and impact damages 
in some structumi timbers found in lowland rqinfomt, 
South-Western Nigeria. 

f i l A T E ~ l S  AND METHODS 
Study area 
.The study was carried out in Shasha Forest berve  
(SNFR) which is situated approximately between latitude 
7 O-7.3 ON and I'crngitude 4 O  - 5OE, wvering an area of 
abut 3 10.80kd. The Forest Reserve falls within the 
lowland rain forest region, The forest is characterized by 
higldy deciduous tree species in the upper storey. The 
m e w e  is hunded on the South by Omo Fomt Reserve, 
on the West by Ago-Ow Forest Resetve and on the 
North-west comer by Xfe Foxest Reserve. The forest is 
generdly ~ v d l  drained by Owena and Shasha rivers, The 
topography of Shasha Forest Reserve ranged from 
moderately undula?ing to flat h n .  The geology of 
the reserve as being dominated by rock consisting mainly 
of granites, g n e k  and schist of the basement complex 
with the rocks occasiondly seen seen@ in the river beds 
or as rods outcrops. The elmale is of the equatorial type 
with two dinct  seasons - the rainy and d y seasons with 
the total annual rajnfdI ranged from 887 m n ~  to 2180 
rnm with two peaks ip J d  July and September. (Bada 
1977 and E o  (1 978). 

Entandrop/~agma angol ensis (Ij ebo), Cordia millenii 
(gmo), Mqmonia allisxima @fansonia) and Miticia 
exc@Ira Qmko). 

Species Characteristics 
(i) Afielia africuna (Apa): This species is found in 
botk,savannah forests of dry areas and dense forests of 
humid rcgons. [ t  attains its greatest size in the closed 
moist deciduous forest with a height of 40m and above. 
The sapwood i s  pale, and sharply defined from light- 
brown hearhmd, n~e wood in the tree is hard, tough 
and heavy, with density behveen 830kg/m1to 9 l 0kg/m3 
when dry. The uses amongst other include: b i d s  doors 
and window-fmnes, ships and rai b. 

(ii) C d i a  millenii (Omo): This species wcus a 
rleciduous tree of tropical rain forests in Nigeria. It is a 
medium sized tree averaging 30m high and 0.9m 
diameter. The wood is very durable, light and moderately 
so& with density of about 4XOk9,rn3 when dry. Its uses 
incIude load bearing applications, furniture and joinery, 
cabinets making and general fittings and canoe making 
in Nigeria, 

iii) Enlmdvphrupncr or?golen..ris (Jj'ebo): This is a 

Lw lsfge t~~-Qbut~rrl 'tn dense v i d n  forests. It p w s  to 
a height of 48m or nlorc and a diameter from 0.751~1 m 
3m. The hearwood is typically a uniform reddish-brown, 
which darkens on exposure to light. The wood is 
inoderakly heavy weighing about 640k@m3 when dry. 
The uses include furnitwe, interior decoration, ship 
building, cabinets, joinerics and Wings, 

(iv) Uap i v o r e n s i s + ~ o s  Mahogmy]: The tree of 
th is  spkues can gotv  to a height of about 4Sm and more 
with a clean bole up to 2Sm in lengtll above the buttresses 
and with a diameter of 1 rn to 2m or more. The hatwood 
is distinctly pink when freshly sawn and changes colour 
when seasoned. The wood has very good strength 
properties extremely useful in heavy eonstnrctim works 
and other uses such as furniture, high quality joineries 
etc. 

(v) Mansonia altissin~a (Mansonia): Mansania 
oitissima is a medium-sized slender tree which reaches a 
height o f 3 h  and an average girth diameter of 0.75m at 

maturity, The sapwood is whitish and the heartwood is 
yellowish-brown to grey brown. It is fairly hard and 

Species Selection weighs 6 1 0kglrn3 when dried. The wood bas a very high With logging intensity, utilization potentials and ,*nab pmperties and the durabilig is very high. 
economic value as criteria, nine (9) d i e m t h e  species . tinlber is mmtly usal as a decorative timber, firmifure 
were selected for the study. The species dected were: a African walnut- 
A@Iiu @ricuna, (Apa) Nauclea diderrichif (Opepe), . 
Terminalin superba (Afara), Khaya ivorensis (vi) NaucJea diderrichii (Qpepe): This Me species 
hahogany), Triplochifon scleroxyion (Obeche), has a wide di&ibufian acms West Africa it is a large 
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tree, well shaped tm from 39m to 48m or more in height ofimpact were determined. The rnanneiof fall, the mtwe 
and I m to 2m in diameter at breast bight. The.& has a of damage and the magnit& of the damages were 
clean bole up to 20m to 30m with very low buttresses or ' messed to be able to qualify and quantify the m a .  
nonc The timber is lustrotls, very hard and moclermly 
heavy, wwi density af about 750wm3 when dried. The Data &aI~sb 
uses include pi1 ling and dwking, general construction, Data wlie&d were using a combindon of 
and other structural purposes. descriptive and inferential satistics 

(vii) Terntinate 'esuperba (A fara): Tsrmhalia strpo-ha 
is  a high forest tree species. It is a very large tree t ~ p  to 
50111 high or more wirl~ Large thin buttresses and a 
dimckr of about I .8m. The w d  is of medium hardness 
and weighs about 560kg/m3 when dricd to 15% moisture 
mntenl Lruge bgs of &is kee are susceptible to defec tive 
heat rot due to @owth stress.  The wood is widely used 
for face wneers for flwh dm6 high quality plywood 
md fumituw 

(viii) KipIochifon scleroxyIun ( O w e ) :  Ylis tree 
species is found in most West African countries especially 
Eli@& It is a very lalp tFce spcciw growi'hg up to 60m 
high and 6.6m girth. Large tree is charncterizcd by 
extensive sharp  buttress^ somdimes up to 6m or mare 
up the tmk Both the hmrtwod mil sapwood are 
creamy-white to pale yellow in cb!o~~r. The tim ber is light ' 
wei&ing about 390kglm1 when dried. The timber is used 
for interior joineries, core veneer, lining af drawe~s and 
cupboards and furniture. 

( i x )  c)filicia excelsa (Iroko): The spZcies is widely 
drstn'bukd intrepid Africa. If is a wry l@trce reaching 
4Sm or more in height and up to 2.7m in diameter. The ' 
headwood is distinctyeIiow in colour whichturn golden- 
brown upon exposure to light and the sapwood isnarrow 
and clearly ddned. The timber k heavy weigt~ing an 

. average of 660kglm3 when dried. Uses incIude ship mi 
boat building, light fl ooring, interior and exterior joinery, 
and hahour work. T r c e  
parameters such as species, total lwigl~;hg diameter zit 3 
levels (iturnp, middle and top), initial Iean position and. 
defects were collected. 

. Felling Operation 
Tree felling operations were arried out by, experienced 
chain saw ope tators using the conventional felling 
method. Tree felling commenced by first making a notch 
cut at tbe direction of lean with the aid of powered saw, 
This is done to make easy the control of the tree fall irnd 
fa reduce the risk of amideat, A h  tlie notch cut, a back 
cut is t l ~ n  given to the trea talckg into 'cognimw the 
hinge which is the between the two cuts. This hinge 
is normally used in controlling t l ~  rate o f  falling of the 
timber, During falling, landing time per tree and duration 

Tree Volume Estimation 
The volume of each me w estimated before felling 
using Newton's firnula which states thus: 

where V = Volume of tree (m3), H = Height of tree 
(m), A, = cross-sectional: area at the base of the bee 
(mq, Am = cross-sectional area at the middle of the 
t r a  (my, 4 = m s s d i o n a l  area at the top of the 
tree' (mz). 

Density and Moisture Content of Wood from the 
Felled Tree 

3 ,  . -. 
T& samples of 2 0 m  x 20mm x 20m.m were collected 
from the felled trees at the base, middle and top for 
detetmhation of moisture content andedensity of green 
samples using ovm dry metlid at temperature 10 1 2 

' x..: .: 
* :  

~ci1uka of.Dernaged. Portions ~ ' h  e 
volume of damaged portions due to landing impad' 
exp& as a . p c m w  of thu whole tree was estimated 
by subtracting the d u n e  of undamaged wood fiom the 
total volume, using the formula: The formula wed is: 

Where, V, = volume of damaged portion (m3), 
V, = Tatal volume of tree (m3 
VG - Volume af.good quality wood ((m3) 

, 

Physically broken parts of the merchantable ldgs that 
were not useful as solid I u m h  are categorized as 
w-e. 

Maximum Dynamic Stisss (MDS) Induced 
Angular velocity, angular awleration, momentum, 
force g e n d  at impact d the ~ I C  strea induced 
were calcuIated mathematically and the duratio? of 
impact determined experimentaliy with the aid da'stop 
watch. Siress is equal to foice per w i t  atea,'tk cross-' 
sectional area of the top was used for dynamic stress 
&ation kcause the stress will be high& at the top, 
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wects of Wood Pmpertim on Imiakntal - . . . . . . . .Me  

Models, Specification and Choice of Functional 
Form 
FOJ .the nine study,'tree species, the specified 
regression model for damage wtume and maximum 
dynamic stress are:' 

i) Volume of Damawd Portion (model 1) 

v, = mvaw (10) 

where V, = drrmuged volume (d, R = me heigitl 
(m), V= tree volume (m31and W= tree weigh! pl'J 

(ii) ~ a x i r n i m  ~unamic Stress (model 2) 

Whew, Sa = Maximum dylurmic stress IN/ml),H = 
me heighI (m), Ds hi hider (4, &f= mass 
&I, A = a n g u b  veloa$ of the me (ell 1. 

For each species id the two nkdets'thee fundomi 
mpssion forms were tried. These are linear, semi-log 
function and double lag function. These a f t  as statcd 
below: 

.+ ,: -, ? 
~ o d d l  I 'C 

LinaocVdlBo+OIH.+02V+B3W+E 

Where v,= volume of damaged portion, 4, 
Constant, a,, 4 and l3, = regression constat, E - 
residual or error term, while B,V, and W are as 
earlier stated, 

Semi logarithm:' Vd _ LnO, +Ln O,H + Ln6,V + 
Lnfl,W+ LnE 

Double logarithm LnV, _ Lna, +Ln fl,H I- Ld,V + 
m3w+ LIlE 

Selection of the Lead Equst ion 
The mudeb were selected b a e d  on the co-efficient 
of detcraination @I) value, root mean square error 
(WEE) and F-ratio. AftertJii adysis, if i t is dismvered 
that the calculated value of F is greater than the rnbuhted 
value, I hen the  egression eqyation is significant at the 
tested level pf probability. It can then be iderred that at 
least une of the independent variables contribute 
significantly to the dependent variable. Therefore t - r n  
was used to identify how many of the independent 
variablrs are responsible for the magnitude of climge in 
the depndent variable, 

RESULT AND DISCUSSION 
The result of this work indicated that Afielia o f i m  
has the highest frequency of about 18% of the tohi 
number of the study species foIlowed by Nmclea 
did~iriclui which represents 15.5% (table 1). Tk leest 
values were recorded for Mamonia ultissima and 
Entarultvpkr'omu angolensis which constitute 4.8% 
and 4.5% respectively. In all the sites, @Iia @ i m  
nndMtz~cl&a diderricl~ii were the most cropped because 
rhe species enjoys heavy expon market. Obecha is also 
being I~eavily cropped h c a ~ s e  of its domestic use for 
veneer production and'other light strueturd 
applictltions. There is a wide variation between and 
within specie in terms of height (Table 1). Most of the 
species 03.8%) have the avemge total height of about 
SOm indicating that most of the sampled trees are very 
call. This observation is line wit11 existing reports for the 
mature trees in tropical rain fasts. Pires and Prarsee 
(1 97?) and Richard (1 996) reported an average height 
of -taller tree in a rain forest of between 48-58m 
with individual sometimes above 60m. The average 
volume of- for the study species mngedbetween 13.68 
m3 for ~ a n s o n i a  .altissimo and 46.25 m3 for 
Etztad~vphragmu angoIertpis. Tl~e high values of the 
calculated volumes are indiaions of the massiveness 
of the study species. The average density of g m n  wood 
recwded & fiom 936.91 Win3 for Cmdh miUenii 

Linear: Sm Do S. O,H + Bps + D,M + 0,A + E and 1845 ~cg-rn,~ for FTaucI~a dibmichii. The observed 
densities of green wood Were higher than the nomind 

Where: Sm O, , fi,, 0,4,13, ,H, DE, h& A and E are as d e ~ i t y  @metimes double the value) die  to high 
earlier defined. moisture eontent. The average. moisture content (on dry 

basis) for 9 the species b more than 100% with NaucIea 
Semi-logar3hm: S,,LnB,+ L&,H + t n O p  + M , M  d i i i c h i i  having the high& average moisture content 
+ LdlA + LnE of 147.05%. Tm and wood properties evaluation in 

T a b  1 show that the study species ace chamtwistidy 
. Double logarithm: LnS,, a,+ L d , H  + Ld,Ds + d i ~ n t  in height, volume. density nnd moisture content 

L d , M  + M , A  f.  LnE and art in f ne with p~tvious studies reported in litcratum 
(Cown n ai., 199 I ; Richard, 1996; Lucas, 1997; Omok, The threc fupctional models were tried for each d 2M)Oand ZOIOl. the 9 species, for damaged volume and rhaximum 

dynamic stress (MiDS). ' , 

- - 
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TabIe 1: Ayerage T r e ~  and Wood Propetties of the Sdected Species 

Tree Species No. of percentage Height (m) Volume Moisture 
Content* (%) 

133.77 
S,electcd trees 

5 3 .  A. uficana 
h? didemchii 
Z sup& 

*Moisture contents were calculnted on dry basis. 

Table 2: Average force and stress induced on snldy spmies during fefling 

Impulse [Value = x lVq Ns) Dynamic stress (x lWPIIm3 
Minimum Maximum Average Minimum Maximum 

11,57 102.35 53.74 6.50 29.90 
21.8 1 108.70 58.18 11.54 3 1.05 
25.50 n.11 44.65 8 2 2  34.34 
25.52' ' 77.34 55.47 9.09 20.59 - 
13.93 34.89 55-09 - 5.16 * 1233 
6.05 30.38 l7,13 5.61 12,24 
19.61 55.04 36.22 4.65 17-01 
9.41 20.70 ,14.98 6.72 16.50 
35.03 111.8 75.88 . 14.90 21.38 

Tree Specie 
A, qfrricana 
IY. didemchii 

Average 
I t 1 8  
18,75 
14-29 
13 -46 
12.66 
8.38 
10.0 1 
9.08 
17.84 

T. superba 
K ivoreptsis 
hd excelsa . 
C miflsnii 
T sciergqdon 
M. olthinra 
E. mgol~mis 

. . . . 

Tablc 3: ~ u n h a r y  of Rcgmssion Model Prrfomnnca for Felling I n d u d  Mechanical Damnges in the study 
sp ies .  

Species Rt Sum of squaw Standard error 
liricor Slog J-log Linear Slog D-Iog Linear Slog D-log 

A pa 0.797 0.778 0.793 0.007 0.046 0.002 _ 0.083 0314 0.016 
oiepe 
m a  
Mahogany 
ljebo 
Mansonia 
koko 
Obeclre 
Omo 

*significant at P = 0.05 

Table 4: Results of regression anatyses of mechat1 ical dswges In the study species 

Spccies Dep. lndcpeudent MO&I equation R1 SE F-ratio 
variable variable 

Mahogany 'Vd Ht M. D, Av V&-023713-5.4460LRH+ 5.9753LnW 0.762 0.057 289 
Afara Vd Ht, M,D,Av hVd=-4731 -O.3219LnW+4089LnV1 0.692 0.003 930 
Mansonia Vd Ht,M,D,Av Vd=-1.8189-0,00225W+0.f948V+0.015lH ,0329 0.002 656 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



.Table 5: Summary of the regression models perfomancc for MDS in the study species. 

Suecia Rz Sum of sq~~ares . Standard crror 
linear S-log D-log Linear ii-10~ BS-Iog Linear S-log D-fog 

Aria 0.368 0.411 0.430 1.701* 0.598* U.579* 0.000 0.1 12 0.110 
O P ~ P ~  
Afara 
Mahogany 
r j h  
Mansonia 
lroko 
Obeche 
Omo 

*significant at P = 0.05 
S-log = semi log, Dr1og = double Iog 

Tabie 6: ~ e s k t s  of regrqsion analyses of h.iDS in the study species 

Species Dependent Independent Modd equations , ' Rz SE F- ratio 
variable variahle 

A P ~  sm L Ht, D, M, Ay LnSm= 12.7398 - 0.0452L11H + 40.03 0.110 9.06 
7.0x1OaLr@I-2.1731LnAY 

Mahogany Sm Ht,D,M,Av LnSm=3.252S+ 1 . 0 8 ~  lP5M; 31 -56 0.080 3.11 
ow"T Sm . Ht,D!M,Av LnSm-6.6051--0.3264+6.5x 17.16 0.130 2.07 

loa M 
+ boko sm Ht, D, M, A" LnS- j .I5 12 + 0.6679L1&1 51.tS 0.100 5.24 

A fam Sm . Hk, D, M, A; LnSm= 1324+1.6619LnH - 1 -3844LnQ 66.0 1 0.06 1 13.50 
+ 0.8242LnM + 2.434 1 Ln.4. 

Obecht %a Ht,D,M,Ay hSL~.6351~12144LmSI+ 63-86 0.053 12.33 
1 .0774LmM, 

Omo sm Ht, D, M, AT LnSm= 24.9032- 1.4 147LnP 65.15 0.069 13,09 
0.802ILnM, A 

In all the sfudy species as shown in table 2, the average 
in~pulse and dynamic stresses induced in the wood 
during felling operations ate considerably high and 
varies from one species to the other depending on tree 
volume with the average force generated at impact 
ranging between 1.498 x 10W for Matuonia and 7.589 
x 1 06N Ijebo. The mean dynamic stress induced in the 
species ranged from 8.38 x 10W/mz in Obeche and 
f 8.75 x lObN/rn2 in Opepe. The maximum dynamic 
stresses induced in the trees impact were all well above 
the ultimate .stresses in static Ioading. 

Models performances for incidental damages and 
MDS in the study species 
Shown in table 3 iue resub of the regression analyses 
carried out to determine the factors .responsible for 
the magnitude of the incidental damkes in tropical 
hardwoods during felling. Of the 27 fitted models for 
the nine species and on the basic of coefficient of 

multiple determination (R2) standard error (SE) value 
and significanci of the regtession model, only 3 
models for 3 species were selected. These species are 
Terminnliu aficuna, Khya ivorensis and Mansonia 
alrissitna and the equations are as sllown in table 4. 

The results of statistical analysis of maximum 
dynamic stress are as presented in Table 5. Based on 
the significant 'of the equation, high coefficient of 
determination and Iow standard error, only seven 
models of seven species were selected. The equations 
for the selected models are summarized in table 6. The 
results show that the seven (7) species exhibit 
significant relationship between the dependent variable 
(MDS) and the independent variables (Height, 
diameter, itlass and angular velocity) while only hvo 
species (h1unsonia altissima and Enlundrophragmn 
angolensis did not. The response to dynamic loading 
is expected to vary because species with lower strength 
properties are more sensitive to dynamically applied 
load than species with higher strength. This explains 

23 
Nigerian Journal c f F m t t y  Vol. 40 Nu, I - 1 .  

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Table 7: Correlation Matrix of the investigated tree patameten of the Selected Nine Species 

Cordial millenii 

- 
*Note: a,= Pee Heighr, aa,= Stump diarncre a,= Pee Mass a,kA14guiar d o c i ~  

why the damages observed in Ohech~ 110.79%) and 
Afara ( 12.66%) were higher than Jpgpe oF7.68% with 
the ~naximum dynamic stress of 18.7Sx106N/m2. A 
detailed discussion of micro-mechanical failure 
mechanism in wood according to Mark (1967J is that 
iiritial Murein the cell wall is mostly likely to w u r  

. in S;layer or S,IS, interface. He also hypothesized that 
inter-laminar shear.stresses -are the most likeiy carlse 
of failure in wood. Hence the observed failufe in the 
wood can be infixred to have resulted from excessive 
shear stress which is dynamic in nature. The magnitude 

, wili even be more compounded due to high moisture 
content of green wood ofthe study species From the 

models it was discovered that M D S  induced in tropicat 
timbers during felling' operation is  dictated by the, 
height ofthe farling tree, the mass of the filling tree 
and in certain in&hcesthe angular velocity at the time 
of tanding. 

The correlation matrix presented on Table 7 
for the independent variables equally showed a 
significant ref ationship. From the various correlation 
matrices for the independent variables in the nine 
selected specie, the height of the tree is positive1y 
correlated with both the stump diameter and the total 
mass of the tree. This is expected because a.dler tree 
with the same stump diameter should weight higher 
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when compared to a shorter tree. Also in a 
heterogeneous forest stmd, the girth dlameter oftroes 
could be a function of the age of the kee and bigger 
trees expectedly are arenormally very ?dl. The mass and 
the stump diameter are positively correlated with 
almost perfect correlation. On the other hand, the 
height is negatively correlated with t&e angular 
velocity. This invariably means that the taller a tree is 
the smaller the d u e  ofthe angular velocity. 

CONCLUSIONS 
There are wide variations .between and within species 
in botfi the tree and wood characteristics. These 
pro'pedes have S t m e e d  both d d c  stresses and 
the mechanical damages induced on the wood in tree 
.du@ng,felling operz+io~ For example, the damage 
m~&l'iadicated that the magnitude of the damage 
portion is influenced by tree beigbt, volume and 
weight The magdude of the dynamic &sses and 
force gemrated at impact are considwabIy high and 
these are reta~d to species, tree height tree diameter, 
tree mnss and anguIar velocity. In spite of the very 
high dynamic stresses induced in wood of the felled 
trees, the wood is able to absorb the stresses. This 
unique performance is attributed t i  its cellular, 
polymeric and fibre-composite nature. The linear 

- r e m i o n  models .developed aIlowed the factors 
involved in determining the'impact force and the 
dynamic stresses on the fellid we to bt established 
without recouise to extensive full scale mechanical 
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