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TATISTICAL ANALYSIS OF STRENGTH PRPERTI‘S‘:OFVF‘A\

1o determine the tensile, compressive, and flexural \llu‘xgth
aroperties. Data oblained were dnd]\’\&.d \[dthUCﬂ”V tov-dummnc, the mean strength and mean confidence llmllb

andard dt:\’idlloll, coellicient of variation, stress-strain relationship, churacteristic strength and modulus of elasticity.

appropriate to relate the stress-strain data, The

'dl tangent and characteristic tdngenl moduli of -

On a fuit de tests de laboratoire sur fanpalme aéro-seche pour d

lerminer les CL!IdLLLll\[lL]UL\ de forces de pression,
et flexurale Lcs donnu\ obtenues étajent smtlsuqummn'

] mpn,w ve andlyscu\ pour déterminer la force moycnne

ent de ve umtlon le rapport df. ])ICbSIOI} la force
ar ElLlL.ll\lqulL, et le module: dul ¢lasticité. A u d\mrs l’dualyee de:rggression, on a tr oufve que I’ dddptlon polynomc it -
Sl e pour lier les donnu,x clu plCD\IOll L dddplloﬂ polynom s [t .sul)bc,qm.nunem dntmguec pour detummu lat

angente

AEY WORDS: moisture content, coelficient of variation, degree of freedom, characteristic strength, modulus of

rupture, standard deviation, level of significance, strain, stress,

gineering, with .s‘peualisuti(m in structural engineering at the University of llorin,

germ. He is currenflv pur\uu/g a PhD (ILg/ ee in civil engmeermg in the same

atermls fvr building purposes.
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INTRODUCTION

Fanpalm, (botanical name, Borassus Aethiopum) belongs to
‘palmaceae family and is commonly found in the savannah regio
tropical Africa. The outercore of the matured stem is known to
strong, resistant to termite attack, rot and decay and it
f'fdlmen51onally stable in moist environment (1-3). Because of:th
. inherent ‘characteristics, fanpalm has potential as an 1nd1geno
‘nconstructlon material. It has been used as roof rafters, strut an
'columns in traditional building construction.

A literature survey shows that until recently (2,3), there is n
_ known systematic study of the physical and mechanical strengt
properties of fanpalm. In order to build confidence in its use a
32 modern .building material, it is necessary to study and documen!
its engineering properties. Results of previous investigatio
. carried out showed that the air-dried (average moisture conten
" (m.c.) of 10%) tensile strength parallel to grain varied from 7.24
134.6 N/mm?, with the modulus of elasticity ranging between 18
and 23.7 kN/mm?, while the compressive strength parallel to grai
varied from 40 to 105 N/mm? with compressive modulus not specified
(2). Flexural strength reported varied from 70 N/mm? to 95 N/m
with the modulus of elasticity in flexure ranging between 11 kN/m,
and 26 kN/mm?. Ultrasonic pulse velocity tests gave a modulus of
elasticity that varied from 18.2 to 28 kN/mm®> (2,4).

This article presents the results of laboratory tests performed on
air-dried matured outer core of fanpalm to determine the stress-
strain relations, the tensile and compressive strength, the modulus
of rupture and the modulus of elasticity parallel to grain. Data
obtained were statistically analysed to obtain statlstlca
parameters like mean ultimate strengths, standard dev1at1dn,
coefficient of wvariation, confidence limits and regresslo
equations relating the stress and grain in tension and compressio:
respectively. 5

EXPERIMENTAL PROGRAMME

a) Test specimens:- Fanpalm materials, from which test specim
were fabricated, were obtained from local plank dealer
, Ilorin township, Nigeria. The cross-section is irregula

shape, usually quadilateral, with the largest dimensio
greater than 60 mm.

Like other wood material, the strength of fanpalm will depe
on the moisture content, age and maturity, location of
material along the stem and the species. Because the fanp
samples used were obtained from commercial stock, it was
possible to know the age and the location, along the ste
the tree, of the materials from which the specimens were mad
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Test specimens used were fabricated using wood working tools
from matured outer core of fanpalm which were air-dried to an

equilibrium moisture content of 6 to 11%. Fig la shows the
. photograph of a fanpalm tree while Fig. 1b shows the fanpalm
tensile test specimen configuration and dimensions. The

configurations conform with the British standard for wood
testing, except for modification in the dimension because of
the size of fanpalm available and also the testing facilities.
For example, the dimensions of the compression and flexure
specimens were, halve those specified by the British standard
i.e. 50 x 50 x 300 compression and 50 x 50 X 760 mm for
flexure, while only the length of the specimen was reduced for

the tension specimen (i.e. 196 mm instead of 45g specified by
BS) .

Test Procedure:- The tests were carried out on a manually
operated hydraulic universal testing machine (Vega model UTM-
3B) . For the tensile .test, elongation was measured with a

demountable mechanical strain gauge. Two 6 mm diameter steel
gauge seats, centrally drilled, were mounted (glued) on to the
Specimen at a gauge length of 50mm, to monitor the extension
during loading. In the compression test, the shortening was
monitored by a dial gauge affixed to the compression space of
the testing machine. The shortening of the Specimen was

monitored by the measurement of the upward movement of the
lower platten of the Vega machine.

The flexure test specimens were nominally 25mm square in
cross-section and 380mm long. They were simply supported on
330mmspan and loaded at third points. Central deflections

were monitored by dial gauge with loads and corresponding
deflections recorded until the specimens failed.

Failure Modes:- Failure of the tensile, compressive and
flexural specimens was by detachment of some of the peripheral
fibres. This behaviour could be attributed to non-continuity

of a unit fibre throughout the entire length of the specimen

and also probably due to bond failure between the fibres.

The tensile specimens fractured with a bang into two and
uneven rough fracture surface while some of the compression
specimens bellied out at the middle leading to splitting of
the specimen into longitudinal strips. Other compression
specimens failed by brooming or end rolling; this involved the
failure of the end part of the specimen leaving the main body
intact. The specimens involved in this type of failure were
rejected because of the premature or very low fajilure load
associated with them. At failure, the flexural specimens
cracked at ‘the bottom within the middle third, and further

" increase in load caused the cracked specimens to split
parallel to grain.
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a)

The experimental test dats obtained for tens
- Specimens were. the applied loads and the corres

shortening. Engineering stress was
applied load by the original
corresponding strain was also found as, the ratio o
elongation or shortening
50mm) .

Stress-strain relations and characte
|} Relevant data are Presented in tables

For the flexure Lests, loads and
were obtained and from these data, load-a4
drawn as shown in figure 3.
where .the gradient continuously decreased
modulus of rupture (mor) was computed from t
where P is the applied load (KN), 4 is half
specimen and I is the moment of inertia of th

where C is the slope of the load
effective span (m).

A total of eight flexure specimens were te
analysed to obtain the mean

elasticity, the standard deviation,
confidence limits for ‘the m
flexural strength. Some of t

,umber of specimens tested. Mean ultima

TEST DATA AND STATISTICAL ANALYSIS

lon and compression
ponding extension or
computed by dividing the
Cross-sectional awea and the

to the initial gauge length

/ Vvariances, coefficients of
mean ultimate strengths, the

ristic strength properties,
1l and 2.

corresponding central deflections
eflection curves were

® Ccross-section of the
specimen. The modulus of elasticity E is obtained from
| 23L3¢C
E
64871

-deflection curve, and L is.the

»

sted and the data-
modulus of rupture, the modulus of
the coefficient of variation,
€an strength and the characteristic
hese results are shown in Table 3.

Mean Ultimate Strengths

The mean ultimate strength was found b

Y dividing the sum’ of
the maximum tensile Sstrength of all

the specimens, by the

te strength in tension
for the specimens tested is 151.91 N/mm? while the mean

ultimate strength in compression for the specimens tested ig

112.55 N/mm?. The mean modulus of rupture (mor) is found to
be 143.80 N/mm2.

Standard Déviation

The standard deviation, S, is given by
where y is the maximum strength in N/mm?
is the mean strength in N/mm?> and n
specimens. Substituting for the paramete

of eachspecimen, y
is the number of
rs in equation (1),

°
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Table 2: MAXIHMUE COMPRESSIVE STRENGTH AND STRAIN .

. Table 1:

MAXINUK TENSILE STRENGTH AND KwXH%dm STRAIH

SPECIMEN MAXTHUM COMPRESSIVE MAXIMUM STRAIN

SPECIMEN MAX. TENSILE STRESS MAX STRAIN
NO. N/ x 107 STRESS N/mm! - (x107)
1 : 59.20 36.71 1 116.16 15.71
2 129.63 31.80 p) 125.71 28.59 -
3 132.28 30.11 3 115.93 20.73
4 189.50 35.46 4 116.43 15.71
5 153.06 19.12 5 131.61 26.67
& 132.91 20.34 6 109.29 19.23
! 7 130.57 - 20.38 7 88.59 21.20
i3 125.00 55.03 8 82.56 19.41
Bl . Jow 104.53 . _N».wo 9 85.71 18.45 ~
, 10 B 19001 18.14 10 126.66 28.39 %
11 229.44 . 15.83 11 128.36 : 31.41 :
12 186.89 48.26 12 ’ 119.72 31.83
13 207.80 24.66 13. . 115.28 21.60 i .
14 142.66 47.93 14 124.82 14.23 X
} 15 200.00 29.93 15 112.55 29.74
P 16 124.83 11.68 16 121.48 : 27.78 :
17 : 120.07 . 11.19 17 84.71 29.74
13 146.34 12.19 18 100.81 _ 15.08
19 197.53 : 53.08 19 . T124.83 31.33 B )
20 215.19 25.78 20 120.82 17.58 )
21 149.37 16.69 21 . 111.11 27.58 ;
22 165.14 11.08 22 117-10 22.45
Meaa 151.91 25.94 . ) 23 119.35 28.28
- . 24 112.82 25.05
25 122.89 28.87
11.5.90 32.20 .
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Fig- 3. FANPALM LOAD :DEFLECTICN CURVES

'Table 3: MODULI OF ELASTICITY AND RUPTURE RESULTS FOR FANPALM IN FLEXURE
Speci  Moment Mois- Depth Load Defle- Failure load Medu-. Modulus of
-men of ture h at ction lus of rupture
No. Inerti Con- (mm) propor at Elasti

a éI) tent tional ' prop. -city
i limit  limit  p2 P1 kN/mm? * prop
P1. ' (kN) P2 i limit
(kN) Ny (N/mm2
1 26836 9.5 23.6 4.0 4.8 .0 0.80 19.97 96.74

.2 31472 9.5 25.2 6.0 5.5 9 0.67 2%.20 132.12
3 22419 9.5 22.7 2.0 3 0.67 18.9% 56.43
4 ® 33300 10.1 2545 6.0 5. 0.86 22,31 119.41
5 $13I34 10.3 22.6 5.0 6 7 0.67 26.06 ‘145.62
6 28800 9.6 24 5.0 0.91 20.10 119.36
7 21787 9.8 22.6 3.0 4. 0.75 25,83 85.77
8 27648 9.3 24 5.5 6.0 0.92 20.43 ¢ 131.29
Mean 9% 22.61 110.84
Standard deviation 0.78 29.31
Chﬁf&cteristic strength 63'i194
Coefficient of , 26%
Vdriation )
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. the standard deviation for the tensile strength is 43 N/wmm?
‘while that of the compressive strength is 14 N/mm? and 44.1

N/mm* for the flexu're tests. )
Coefficient of variation, CV. : o
This is given by the expression (8)

CVv = (g X'IOO)%, P i g (2)
Y

Substituting the appropriate = values for g
coefficients of wvariation are 28% for
conpression and 30% for flexure.

and y, the
tension, 12% for

Confidence limite for mean ultimate strength .

9
'

Although the mean .gtrength of the sample tested has been
determined, this is not the same as the mean of the population
of the fanpalm material; that is, it is not certhin that the
true value of the mean of the population is the same as the
estimate for.the sample. To ascertain the closeness of the
true mean, limits are set on either side of the estimated mean
ultimate strength of the sample, which contain the most likely
values of the population mean. In this' case 95% and 99%
probability confidence limite were set.

The confidence interval for the estimate of the mean ultimate
strength of the-population (material) U, is given by (5,8).

= o S

U = yxtvg,n—l)

Il

where U is the mean ultimate strength of the population, y is
the sample mean, <« 1is the level of the significance
corresponding to 1% and 5% significance,

t_g_,n“l
5 .

a value obtainable from statistical t—diStribution table,
pending on the level of significance, « and the degrees of

s
de
freedom n-1, S and n are the standard deviation and the number
of samples respectively.

'Using equation (3), the confidence limits for the mean tensile
strength are 151.91 N/mm? & 19.06 N/mm* for 95% probability
(confidence) and 151.91 N/mm® + 25.96 N/mm? for 99%
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N/mm? + 7,35 N/mm?. '

probability. The corresponding values for the mean
compressive strength are 112.55 N/mm® + 5.43 N/mm® and 112.55

For the flexure tests, the confidence intervals for th
modulus of rupture (mor) are 143.80 N/mm® + 36.84 N/mm? an

143.80 N/mm? + 54.53 N/mm* for 95% and 99% probabilities,
respectively.

Regression analysig of stress-strain data

For structural analysis and design purpose, it is handy tof

have an expression relating the material stress and strain,

A regression analysis was done to obtain stress-strain i
relations for both the tension and, compression data.
Polynomial of orders 1, 2 and 3 were investigated and it was .
found that polynomial of order 3 was the most appropriate, |
That is, theoretically predicted stress-strain data were very |
close to experimental data. The correlation coefficients |
between the experimental and 'the theoretical data for all |

specimens tested vary between 0.98 and 1.

The approximate polynomial regression model developed for the

sets of experimental stress and strain data has the form

o

Y= a, + a,x + a,x? + ajx?.

where Y is the fitted stress and x the strain and a_, a andf
a, are coefficients obtainable from regression analysis. Full !

details of analysis can be found in reference (1).

The polynomial equations were developed for the stress-strain.
data of each specimen and a single stress-strain equation was
subsequently obtained wusing the average values of the
coefficients. For both tension and compression, the first |

coefficient a, was found to be small and was ignored.

The typical (average) stress-strain equations for tension and

compression are % *

3 ? .
Y = 15134x - 794286x%x% + 2.277 x 107x® ..... A U (5)
Y = 2938x - 800289%% - 3.44 x 107X>  ............ ... ..., (6)

Stress-strain curves for these typical stress strain equations
are presented in figures 4a and 4b. Also shown in these
figures are the curves with 95% confidence intervals. The
confidence intervals for the estimate of stress are given by

o

Y, + (ta,df) x (estimated standard deviation of Y)) ... (7)
2 . . .

where « = 0.05 (for 95% confidence interval;

d.f is the degree
of freedom given by n- (k+1) ’

; n is the number of data points,
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]

k is the order of the polynomial;

theoretical value of Y (stregs). The procedure of obtaining
the confidence intervals is given i

n reference (1).
£) Modulus of elasticityv and characterisrcic strength
Because of the non-linear nature of the stress-strain

relation, the modulus of elasticity will va

stress and strain levels. Thus the modulus is better obtained
from the first derivative of the Stress-strain relations,
'The initial tangent modulus is obtained by substituting into
the first derivative a zero value for the Sstrain and thig
gives 15.13 kN/mm?® for tension and 2.94 kN/mm? for compression,
In flexure,” the modulus of elasticit

standard deviation of 0.78 kN/mm?2 (coefficient of variation ig
3.5%).

One of the aims of this study is to find the

strength of fanpalm. Characteristic strength is defined ag
that strength below which it is unlikely
prescribed percentage of the strength

will
relationship between the mean s

fall. . A

strength for a pre-assigned reliability is
Ls =¥ - kSui,0.uiB)
where f, is the Characteristic Strength, vy is the mean

strength, s is the standard deviat
parameter indicating levels of prob
probability of failure k is
distribution for the strength.
(8), the characteristic Strength
tension, 89.44 N/mm? in compressio

ion and k is a statistical.
ability of failure.
about 1.64, assuming normal
of fanpalm

n and 73.28 N/mm? in flexure.
M

DISCUSSION

For the air-dried fanpalm tested (m.c. = ¢
strengths and mean modulus of elasticity
 important properties. The mean tensile strength

thsgderingn the inherent variabil%ty’ of natural. material, . the
coefficients of,. variation obtained "for fanpalm were not ‘high ag
they fell within acceptable limits of 10-30% for wood materials:

3 The,cbefficient is even less than 10% for the modulus of elasticity
“in“flexure. |

" The typical Stress-strain equations given by
* (6)can be used for stress-strain computations
should be taken as approximate and not absolute.

€quations (5) and
for fanpalm but
The experimental

Y is 22.61 kN/mm? with a %ompreSSj
- hatio of
siithout r

characteristidiﬁn obtair
robabili
that more than 2 ‘therwise

. A robabili
Crength and characteristic laborator

For 5%

. , , ! e
Using this value in equatlonrjompressi
is 81.44 N/mm? in

verage
owaver,
o the
espeet i
quations

ihe follo
ddfata obte

ter-cor

strel

Ximum s

thtimate .
B%. The
Hre
~f the ult
“hriation
.é/m@z for

+ 28

modul:
2 wit}
‘Fo

htervals
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4

d iox

gerage straing are 2.6% in tension and 2.4% in compression,
ning

wever, limiting strain values of 0.76% and 1.18%, corresponding

the characteristic stresses in tension and compression
spectively were obtained analytically from the stresg-strain
nations. :

ralin

bstituting these limiting strains in the first derivative of the
1 the

ress-strain equations, gave characteristic tangent modulus in

ined ngion and compression as 18.72 kN/mm*  and 7.48  kN/mm?
ons. spectively. The corresponding initial moduli when strainsg are
into  iro are 15.13 kN/mm? and 2.94 kN/mm® for tension and compression,
this spectively. It is noteworthy that for the fanpalm the ratio of
ion. e characteristic tangent modulus in tension to that in

thia

mpression is 0.4; this value is comparable to similar moduli
me g

tio of 0.46 and 0.36 obtained for seasoned Bamboo culms with and
thout node respectively (11). ' '

stie obtaining the characteristic strength values given, an assumed
d as obability of failure was used which may be conservative or
an a herwise. It 1is desirable to establish a wvalue for the

A  tobability of failuré to use based on extensive field and

stic siporatory data.

CONCLUSIONS

e following are the conclusions derived from the analysis of the
mean ﬁca obtained from the tests carried out on air-dried, matured

ical ter-core of fanpalm specimens.
r 5% ' -
rmal e strength of fanpalm varied considerably for the tensile,
tion mpressive and flexural tests. In the case of tensile tests, the
n* in ximum strength ranged from 59.2 N/mm? to 299.44 N/mm?; the mean
ure. timate strength is 151.9 N/mm?> with a coefficient of variation of
/5. The confidence intervals at 5% and 1% levels of significance
e+ 28.23 N/mm? and + 25.96 N/mm?, respectively. The mean value
‘ the ultimate compressive strength is 112.6 N/mm* (coefficient of
riation of 12%) with confidence limits of + 5.43 N/mm? and + 7.35
mean mn? for 5% and 1% levels of significance respectively.
the ~ oo
5.0f e modulus of rupture (mor) ranged between 84.6 N/mm? and 218.43
s of mm? with a mean of 143.8 N/mm®’ and coefficient of variation of
wing % For 5% and 1%, levels of significance, the confidence
tervals for the mean mor are :+ 36.84 N/mm®* and + 54.53 kN/mm?
. efficient of variation 3%).
the. :
n as e following equations, derived by regression analysis, are
als. posed for the stress-strain relations of fan-palm.
cleyi '
= 15134x - 794286x* + 2.77 x 10"x* (for tension)and
= 2938x + 800289x* - 3.44 x 10’x’ (for compression)
and ' .
but Y = represents the stress, in N/mm?, and x the strain.
ntal -

4
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