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Table 1: MAXIMUM TENSI.

LE STRENGTH AND MAXIMUM STRAIR

SPECIMEN MAX. TENSILE STRESS MAX STRAIN
NO. N/me’ x 10°
1 59.20 36.71
2 129.63 31.80
3 132.28 3042
4 189.50 35.46
5 153.06 19.12
5 132.91 20.34
2 130.57 20.38
ig 125.00 55.03
9 104.53 24.90
, 10 35.01 18.14
11 229.44 15.83
12 186.89 48.26
13 207.80 24.66
14 142.66 47.93
15 200.00 29.93
16 124.83 11.68
17 120.07 11.19
18 146.34 12.19
19 197.53 23.08
20 215.19 25.78
21 149.37 16.69
22 165.14 11.08
Mean 151.91 25.94

rable 2: MAXIHUM COMPRESSIVE STRENGTH AND STRAIN
SPECIMEN MAXIMUM COMPRESSIVE ~ MAXIMUM STRAIN
STRESS N/mm’ (x107?)
1 116.16 15.71
2 125.71 28.59
3 115,93 20.73
4 116.43 1574
5 131.61 26.67
6 109.29 19.23
7 88.59 21.20
8 82.56 19.41
9 85.71 18.45
10 126.66 28.39
11 128.36 31.41
12 119.72 31.83
13. 115.28 21.60
14 124.82 : 14.23
15 112.55 29.74
16 121.48 ° 27.78
17~ 84.71 29.74
18 100.81 15.08
19 124.83 31.83
20 120.82 17.58
21 111,11 27.58
22 117.10 22.45
23 119.35 28.28
24 112.82 25.05
25 122.89 28.87
26 11.5.90 32.20
27 109.89 14.31
28 90.32 29.29
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Table 3: MODULI OF ELASTICITY AND RUPTURE RESULTS FOR FANPALM IN FLEXURS

where U 1

Speci Moment Mois- Depth Load Defle- i
en of " ture b ot ctio§ Failure load l;lodu-f the samp
No. Inerti Con- (mm} propor at E‘f:sg- correspon
a iI) tent tional prop. -Z‘:ityl
o mm limit limit P2 Pl KN 2
mm’
PL. a0 n
(kN) g r
1 26836 9.5 23.6 4.0 4.0  0.80 19.97 ;s
2 31472 9.5 25.2 6.0 9.0 0.67 29.20 132 ge & vgl:
3 22419 9.5 225 2.0 3.0 0.67 18.97 s6 depending
. ey w2 = so 7.0 0.86 22.31 118 f§66d0m4“
5 33134  10.3 22.6 5.0 7.5 0.67 26.06 145 E- °°"F Y
B 28800 9.6 24 5.0 ” 5.5 0.91 © 20.10 138
2 21787 9.8 22.6 J 1 |
B . . 3.0 3.4 4.0 0.75 25,83 @579 Using edqi
.3 24 5.5 6.2 6.0 0.92  20.43 - 131 38 strength
i 22.61  1:0.88 (confide
Standard deviation i 0.78 25 33

CE=2racteristic strength
Coefficient of
Wariation
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standard deviation ‘for the'tensile~s£rength is 43 N/mm?
ie that of the compressive Strength is 14 N/mm? and 44 .1

2

e’ for the flexure tests.

fficient of variation, ov.
55 is given by the expression (8)

cv=(_)5;xloo)%, G (2)

Bstituting the appropriate values for g
Eficients of variation are 28%
Bipression and-30% for flexure.

and y, the
for tension, 12% for

idence ‘limite for mean ultimate strength

Bthough the mean strength of the
termined, this is not the same as th
the fanpalm material; that is, At

ue value of the mean of the pop

timate for the sample. "To asce

Fus mean, limitse are set on eithe

BEtimate strength of the sample,
diues of the populatien mean.

bability confidence limits were

sample tested has been
€ mean of the population
is not certain that the
ulation is the same as the
rtain'the closeness of the
r side of the estimated mean
which contain the most likely

In this: case 95% ang 99%
8set.

e confidence interval for the estimafe of the mean ultimate
rength of the population (material) U, is given by (5,8).

vePpredon L (3)
.I')E

Bere U is the mean ultimate strength. of the population, y is
€ sample mean, o« is the level of the significance
rresponding to 1% and 5% significance

’

C_a_,ﬂ“l
5 .

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

eedom n-1, S and n are the standard deviation and the number
samples respectively.

sing equation (3), the confidence limits for the mean tensile
Erength are 151.91 N/mm? + 19.0g N/mm* for 95% probability
confidence) and 151.91 N/mm? + 25.96° N/mm* for 99%
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probability. The corresponding values for the

compressive strength are 112.55 N/mm® + 5.43 N/mm® and
N/mm? + 7,35 N/mm?.

+ For the flexure tests, the confidence intervals fo
modulus of rupture (mor) are 143.80 N/mm* + 36.84 N/

143.80 N/mm* + 54.53 N/mm?® for 95% and 99% probabili
respectively.

R sSs3 anal ress-strain data

For structural analysis and design purpose, it is
have an expression relating the material stress and
A regression analysis was done to

obtain stress-
relations for both the tension and compression
Polynomial of orders 1, 2 and 3 were investigated and 1%

found that polynomial of order 3 was the most approprs
That s, ctheoretically predicted stress-strain data wers
close to experimental data. The correlation coeffic
between che experimental and the theoretical data fo
Specimens tested vary between 0.98 and 1.

The =pproximate polynomial regression model developed fa
sets of experimental stress and strain data has the for

B, P A, X v xt v afxt. ..., (4)

where ¥ I1s cthe fitted stress and x the strain and as
a, are coefficients obtainable from regression analysis.

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

The polymomizl eguations were developed for the stress-
data of sach specimen and a single stress-strain equatie
subsequently obtained using the average values of
coefficients. For both tension and compression, the
coefficient 2 was found to be small and was ignored.
The typical (average) stress-strain equations for tensieg
compression are % *
¥ :
Y

15134x - 794286x% + 2.77 % 107x3
Y

2938x - 800285x2 - 3.44 x 10'%® ... ...

Stress-strain curves for these typical stress strain eg

are presented in figures 4a and 4b. Also shown in

figures are the curves with 95% confidence intervals.

confidence intervals for the estimate of stress are gi

Y, % (ta,df) x (estimated standard deviation of Y,) . -G
3 :

where « =

0.05 (féf 95% confidence interval; d.f is the
of freedom given by n-(k+1); n is the number of data p

o
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k is the order of the polynomial; Y is the estimated
theoretical value of Y (stress). The procedure of obtain
the confidence intervals is given in reference (1) .

age gtra
ver, limi
the c¢ha:
pectively

£) Modulus of elasticity and characteristic strength acions.

the non-linear nature of the stress-st
he modulus of elasticity will vary depending on =
train levels. Thus the modulus is better obtas
rst derivative of the stress-strain relatig
cangent modulus is obtained by substituting
derivative a zero value for the strain and
-13 kN/mm’* for tension and 2.94 kN/mm? for compressis

i modulus of elasticity is 22.61 kN/mm® wic
sviation of 0.78 kN/mm® (coefficient of variation

ptituting
ess-strair
sion and
sectively.
are 15.12
pectively.
charact:
ression
Bo of 0.46€
hout node

Tt oW

this study is to find the characteriss.
Ve Characteristic strength is definea
below which it is unlikely that more tham
prescribed percentage of the strength will fall.

relatiomship between the mean strength and characteri
strength for = pre-assigned reliability is

obtaining
bability
=rwise.
bability
St oratory d:

following
a obtaine
ey -core O

s the characteristic strength, y is the me
S 1= the standard deviation and k is a statistig
indicating levels of probability of failure. For #

o failure k is about 1.64, assuming no:
the strength. Using this value in equata
characcteristic strength of fanpalm is 81.44 N/mm*
tension, 82.242 N/mm’ in compression and 73.28 N/mm? in fle

strengtk
oressive ¢
pmum stre:
. imate stx:
The cor
+ 28.23

DISCUSSION he ultims
iation of
For the air-dried fampalm tested (m.c. = 6 to 11%), the me 2 for 5%
strengths modulus of elasticity in flexure are =
important The mean tensile strength is about. 60% modulus
the specifi trength of mild steel whilé the modulus 2 with a
elasticity is about one-tenth that of steel, showz For
that fanpalm will lect more than steel under load. —yvals fo
- < e ) efficient
Considering the inherent variability of natural. material, . &
coefticients  of. variation obtained for fanpalm were not high followi

they fell within aceeptable limits of 10-30% for wood materiz
»The coefficient is even less than 10% for the modulus of elasticis
in*flexure. !

oosed for

Y = 15%

: , Y = 293
* The typical stress-strain equations given by equations (5)

(6)can be used for stress-strain computations for fanpalm B Y

should be taken as approximate and not absolute. The experimen
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strains are 2.6% in tension and 2.4% in compression.
limiting strain values of 0.76% and 1.18%, corresponding
characteristic stresses in tension and compression

ively were obtained analytically from the stress-strain
pos .

ing these limiting strains in the first derivative of the
strain equations, gave characteristic tangent modulus in

and compression as 18.72 kN/mm* and 7.48 kN/mm?
ively. The corresponding initial moduli when strains are

15.13 kN/mm* and 2.94 kN/mm? for tension and compression,
ively. It is noteworthy that for the fanpalm the ratio of
aracteristic tangent modulus in ctension to that in
sion 1s 0.4; this value is comparable to similar moduli

S 0.46 and 0.36 obtained for seasoned Bamboo culms with and
node respectively (11).

ing the characteristic strength values given, an assumed
ty of failure was used which may be conservative or
se. It is desirable to establish a value for the

ty of failure to use based on extensive field and
pry data.

CONCLUSIONS
Llowing are the conclusions derived from the analysis of the

ocained from the tests carried out on air-dried, matured
core of fanpalm specimens.

rength of fanpalm varied considerably for the tensile,
ssive and flexural tests. 1In the case of tensile tests, the

strength ranged from 59.2 N/mm? to 299.44 N/mm?; the mean
== strength is 151.9 N/mm® with a coefficient of variation of
The confidence intervals at 5% and 1% levels of significance

8.23 N/mm? and + 25.96 N/mm?, respectively. The mean value
= ultimate compressive strength is 112.6 N/mm* (coefficient of
son of 12%) with confidence limits of + 5.43 N/mm? and + 7.35
or 5% and 1% levels of significance respectively.

s of rupture (mor) ranged between 84 .6 N/mm?* ‘and 218.43
a mean of 143.8 N/mm’ and coefficient of variation of
r 5% and 1% levels of significance, the confidence

s for the mean mor are + 36.84 N/mm®> and + 54.53 kN/mm?
ient of variation 3%)

llowing equations, derived by regression analysis,

are
i for the stress-strain relations of fan-palm.

= 15134x --794286x% + 2.77 x 10’%x® (for tension)and
= 2938x + 800289%® - 3.44 x 10"%x® (for compression)

Y = represents the stress, in N/mm?, and x the strain.
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FISTICAL ANALYSIS OF STRENGTH PROPER T In e o FANPALM

% Abdullahi Alao Jimoh Blng (Civil) MEng (Civil) MNSE Redg Engr (COREN)

ET
o fests were carried out on air-dried, fanpalm to. determine the tensile, compressive, and flexural strength
Data obtained were analysed stutié‘tically to '(:i_étemliue the mean strength and mean confidence limits,
“==iation, coefficient of variation, stress-stzain relationship, characteristic strength and modulus of elastieity
=ssion analysis, a polynomial fit of erdes (hree was found appropriate to relate the stress-strain data. The

£ 5t was subsequently differentiated g determine the, 4nitial tangent and characteristic tangent moduli of

' ¢
2 tests de laboratoire sur fanpalme aéro-seché pour-déterminer les caractéristiques de force de pression,
s et flexurales. Eis données obteiies Staient stalistiquém_cn’ andlysées pour déterminer |a force moyenne
fie 1t de variation: le rapport de pression, la force
e lelasticité. A fravers Panalyse-de tepression, on a rotive que I'adaption polynéme était
Ser les données dé pfession, 1. adaption polynéme fut subséquemment distifiguée pour déterminer 1a tangente
= module§ de la tangente caractéristique de I"élasticite.

DS: moisture content, coefficient of variation, degree of freedom, characteristic strength, modulus of

rupture, standard deviation, leve] of significance, strain, stress,

degree
with spectalisation in structural engineering at the University of Ilorin,
&e is currently pursuing a PhD degree in civil engineering in the same
His area of interest is reinforced concrete and application of local

building purposes.
@
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INTRODUCTION

Test s
Fanpalm, (botanical name, Borassus Aethiopum) belongs iro?l?
palmaceae family and is commonly found in the savannah resgis :ggt 3
tropical Africa. The outercore of the matured stem is kn itans??
strong, resistant to termite attack, rot and decay and = 23

dimensionally stable in moist environment (1-3).

inherent characteristics, fanpalm has potential

construction material. It has been used as roof r
columns in Eraditional building construction.

Because of
as an indig
afters, st

specime

A literature survey shows that until recently (2,3), iie'”f

known systematic study of the physical and mechanical == :hexg-f

g properties of fampalm. In order to build confidence in its ég? =
] a modern building material, it ig necessary to study and a- }

its engimeering properties. Results of previous investig

5 carried out showsd that the air-dried (average moisturs = =8SCL 5

(m.c.} of 10%) cemsile strength parallel to grain varied fre gg?r°~f
134.€6 N/mw®, with the modulus of elastlc:.ty ranging betwe= deméur:
and 23.7 kN/mm®, while the compressive strength parallel = N
varied from €0 to 105 N/mm? with compressive modulus not ga;gg's
(2) Flemusal strength reported varied from 70 N/mm? gﬁrgime
with the modulus of elasticity in flexure ranging between 11 monitg*
and 26 kN/mm®. Ultrasonic pulse velocity tests gave a Ehe té;
elasticity £Bat waried from 18.2 to 28 kN/mm?® (2,4) monitog
2 lower p

This article presencs the results of laboratory tests perfos g
air-dried matured ocuter core of fanpalm to determine the The fle
strain relatioms, the tensile and compressive strength, the cross-s:
of rupture amd the modulus of elasticity parallel to grain 330mmsp
obtained were Statistically analysed to obtain sta E -
parameters like =ean ultimate Strengths, standard a- dgflec°§
coefficient ©f wariation, confidence 1limits and eqn e
equations relafing the stress and grain in tension and compre B
respec:;ve:.y. m
fibres.

EXPERIMENTAL PROGRAMME :ﬁ -1 alf;l;

a) Test specimens:- Fanpalm materials, from which test sp The tens

were fabricated, were obtained from local plank as

uneven r
specimen
the spec
specimen
failure ¢
intact.

rejected
associate
cracked ;
increase
parallel

Ilorin towsship, Nigeria. The Cross-section is irreos
shape, usually guadilateral, with the largest dimens:
greater than 60 m=m.

Like other wood material, the strength of fanpalm will
on the moisture content, age and maturity, location
materialsgalong the stem and the species. Because the
samples used were obtained from commercial stoclk, .
possible to know the age and the location, along the 3
the tree, of the materials from which the specimens wes

252
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specimens used were fabricated using wood working t©
trom matured outer core of fanpalm which were air-dried ¢
librium moisture content of 6 to 11%. Fig la shows
ograph of a fanpalm tree while Fig. 1b shows the fanp
ile test specimen configuration and dimensions.
ifigurations conform with the British standard for woo
=sting, except for modification in the dimension because o=
= size of fanpalm available and also the testing facilities.
or example, the dimensions of the compression and flexure
secimens were halve those specified by the British standard
-=. 50 x 50 x 300 compression and 50 x 50 x 760 mm for
.~exure, while only the length of the specimen was reduced for
= tension specimen (i.e. 196 mm instead of 456 specified by

ocols
© an

a
O
O

==sC Procedure: - The tests were carried out on a manually
foerated hydraulic universal testing machine (Vega model UTM-
N . For the tensile test, elongation was measured with a
=mountable mechanical strain gauge. Two 6 mm diameter steel
uge seats, centrally drilled, were mounted (glued) on to the
cimen at a gauge length of 50mm, to monitor the extension
iring loading. In the compression test, the shortening was
nitored by a dial gauge affixed to the compression space of
testing machine. The shortening of the specimen was

mitored by the measurement of the upward movement of the
er platten of the Vega machine.

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

re monitored by dial gauge with loads and corresponding
Eflections recorded until the specimens failed.

1 Failure of the tensile, compressive and
i_=xural specimens was by detachment of some of the peripheral
ibres. This behaviour could be attributed to non-continuity
2 unit fibre throughout the entire length of the specimen
also probably due to bond failure between the fibres.

tensile specimens fractured with a bang into two and
ven rough fracture surface while some of the compression
cimens bellied out at the middle leading to splitting of
specimen into longitudinal strips. Other compression
imens failed by brooming or end rolling; this involved the
ure of the end part of the specimen leaving the main body
mcact. The specimens involved in this type of failure were
= =cted because of the premature or very low failure load
ssociated with them. At failure, the flexural specimens
s==cked at the bottom within the middle third, and further
: in load caused the cracked specimens to split
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TEST DATA AND STATISTICAL ANALYSIS
BErimenta] test ¢

original Cross-ge
also found as. th

€ ratio ofhthe
to the initial ga

uge length (gaug

the flexure tests,
=re obtained 4

here ¢ ig the slope of thé‘load-deflection curve, and [, is the
=ffective span (m) .

Mean Ultimate St

engths

112.55 N/mm2, The mean modul
be 143,80 N/mm?

+ 8, is given by
maximum strength in N/mm? o
strength in N/mm?

f eachhspecimen,
Subst@tuting

Specimens,
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