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Table 3: Sunimary of results of test on Mechanical propérties of fan palm samples
Middle third portion of stem strength (3.6 *Combined h

Mechanical - Bottom third portion of stem strength
Property (0to 3.6 m) N/mm? N e 10 5.75) (N/mm?) (s ~Strength(N/
. Average Min Max Avgrage Average Min . Max Av.™~ . Average
< ST g stress stress stress © glensityage. Stress - stress stress - Density  stress
Tension parallel to 126.93 100.43 184.77 098 76.92 54.01 . 92.85 . 076 . 10193
erain L . RS - ; pe
Tension perpendicular 3.3 2.8 417 096 2.09 L3 2.96 0.76 2.70
to grain
Compression parallel ~ 80.55 61.24 99.39 0.96 60.94 28.43 69.45  0.78 72.88
to grain
Compression 7.82 7.18 8.88 0.97 6.74 5.73 7.54 0.82 7.37
perpendicular to grain
Shear parallel to grain ~ 4.54 3.85 52 0.97 335 1.82 4.04 0.79 3.95
radial
Shear parallel to grain  14.31 13.35 15.99 0.96 9.8 7.19 12.75 0.76 12.06
tangential
Shear perpendicular to  55.49 48.65 60.82 0.96 48.07 45.16 5034  0.79- 51.78
grain
Flexural strength 106.44 85.22 12625  0.96 61.4 327 8524  0.75 83.70
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4. Application of Fanpalm Stem as Water Tower

A proposed scheme to use fan palm stem as water tower is presented in
Figure 4. :

Water container

5140 ArWung € d[qeL

-
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foundation for brasing

im stem protrude into

rete base and

Concrete foundation

Figure 4: Schematic diagram for fanpalm stem as water tower
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In Figure 4, the fanpalm stem which carries the tank needs foundation
support, and brasing at the middle portion and top as shown. The maximum
load the stem can carry can be computed using the results in Tables 2 and 3.
Axial load possible (F) = stress (s) X area (A) of black shaded portion
(shown in Figure 4).

NEREATINY —
; L T

At the bottom where the stem diameter (D) is 530mm, the outer core
thickness (t) is 110 mm and the compressive strength (s) is 80.55 N/mm?.
From this result, the inner-core diameter (d) is d=D-2t=530-220=310 mm,
and , the axial load (F) possible is

2

2 2 2
F=od= cm(%) = 30.55x272x(§04ﬂ)x1 0 kN

Thus , F=11695.8 kKN





image9.jpeg
Jimoh, A.A. USEP:Journal of Research Information in Civil Engineering,Vol.7,No.2, 2010

Equating this to volume of water, but unit weight of water which is
IOOOkg/m = 10kN/m® (g=10 m/s?), makes F=11695.8 kN equivalent to 1170
m® of water.

Since four (4) legs or supports of this type are used to support the tank then
total volume of water possible is4 x 1170 = 4680 m”.

In the same way of calculation, at the middle third where the diameter (D)
has reduced to 380 mm , the outer core thickness (t) is 40 and the
compressive strength (s) is 60.94 N/mm® . The inner diameter d is
d=D-2t=380-80=300 mm, and ,the axial load (F) possible is

5 2 2
IR s s ; D =d'y_ coons —23 (M)xlo'”d\/

Thus , F = 2605 kN. This is equivalent to 260 m’ of water. Using four
supports, will give 1040 m® of water that can be carried.

5. Discussion

The results in Table 2 show that the strength of fanpalm compared well with
that of bamboo which is the most used endogenous tree (Adetifa 1988).

However fanpalm is more durable, and dimensionally more stable in water,

as reported i m literatures. The strength of bamboo varied from 47 N/mm? to
173 N/mm ? (Adetifa, 1988 and Yousef, 1976), while that of fanpalm from
previous results (Jimoh, 1990) was from 59.2 to 229.44 N/mm? (average of
151.91 N/mm?). In this test, fanpalm tensile strengths at bottom third portlons
varied from 100.02 to 184.77 N/mm’ with an average of 126.93 N/mm? At
middle third the strenghts varied from 32.6 N/mm® to 100.00 N/mm? with an
average of 76.92 N/mm®. The difference in the two results can be attributed
to nature of test and type of machine used .

Fanpalm strength is also comparable with some strong exogenous timber like
Ekki (Lophua alata), with modulus of rupture of 225 N/mm?, and maximum
compressive strength parallel to grain of 91 N/mm? Another comparable
strong timber is Greenheart. It has a modulus of rupture of 175.82 N/mm? , a
modulus of elasticity of 25.51 kN/mm” , compression parallel to grain
(maximum) of 89.08 N/mm® and maximum shearing strength of 12.48
N/mm?, (Jozsef and Benjamin, 1982). These values are comparable to those
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of fanpalm found in this study. The modulus of rupture was 156.25 N/mm? ,
maximum tangential modulus of elasticity of 28 kN/mm? , maximum
compressive strength parallel to grain of 99.39 N/mm? and maximum
shearing strength parallel to grain of 15.99 N/mm? .

In areas of applications, the differences in amount of water absorption can be
applied to advantage when fanpalm is to be used for structural purposes in
water logged environment. The vertical member of the frame in contact with
the soil should be made of bottom third, since this part absorbs less water.

6. Conclusion

When a fanpalm stem s divided into three longitudinal sections, the lowest
thitd of stem is dark grayish colour while the middle third has combination of

dark and light grayish colours: The thickness of layer of the dark grayish
colour decreases from the base upwardly.

Fanpalm density ranged from 296 kg/m® (at middle third) to 1100 kg/m® (at
bottom third). At bottom third, the average density is 985 kg/m® and at
middle third, the average density is 678 kg/m”. Using this result together with
grading method adopted for exogenous timber, the bottom third can be

classified as heavy (dense), while the middle third can be classified as less
dense. ;

The relative density of fanpalm at saturation in Water can be up to 1.3. In this
condition, the average weight increase is 76%. The volume of water absorbed .
in the process can be up to half its original volume and water is turned dark
bluish. Fanpalm is dimensionally stable in water because it does not soften.
Thermal conductivity of fanpalm ranged from 0.32 W/m/k to 0.587 W/m/k
with an-average of 0.399 W/m/k. The higher the density the higher the

thermal conductivity: ‘The dark grayish fanpalm material is resistant to
termite and fungi attack.

Fanpalm strength increases with density. Average strength results for bottom
third portion for tension and compression parallel to grain and flexure, are
126.93, 80.55, 106.44 N/mm? respectively while up the stem at the middle
third, the strength reduces to 103.93, 69.74, 83.07 N/mm? , respectively.
Average modulus of rupture for bottom third is 106.44 N/mm?® while the
corresponding value for the middle third, is 61.40 N/mm?
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Average maximum strain results for tension parallel to grain ranged from
0.00204 to 0.01128 with an average of 0.005345 while the average maximum
strain results in compression parallel to grain ranged from 0.00432 to 0.0182
with an average 0f 0.00727 mm/mm.

In flexure, the maximum strain varies from 0.0024 to 0.0139 with an
average of 0.00875 mm/mm. The values are less than the minimum (0.05),
required for a material to be classified as ductile. Thus , fanpalm can be
classified as a brittle material.

A fanpalm stem can carry an axial load ranging from 2600 kN to 11700 kN
depending on the position of this portion in fanpalm stem . This load is
equivalent to 260 to 1170 m® of water. For this application, a possible usable
stem portion is two-third ( 2/3 ) of the tree stem height.
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Application of Fanpalm (Borassus aethiopum) Sses
as Water Tower

A.A. Jimoh
Department of Civil Engineering, University of Tlorin, Tlorin, Nigers

Abstract

Fanpalm is botanically called Borassus aethiopum and it is an indi
plant of Africa. When dry, its stem can be taken as a hollow cyl
structural section. The stem djameter varies from 300 mm to 600 mm wiis
the effective structural part thickness of outer core is up to 110 mm. The
stem material has two major colours- dark grayish at the bottom and mixes
dark and light grayish at the remaining upper parts of the stem. The com
dark grayish part is more resistant to termite attack and rot, absorbs less
and has higher density and possesses higher mechanical strengths than
partial or non dark grayish part. The highest mechanical strength value
obtained for tension parallel to grain and ranged from 54 N/mm? to 182
N/mm? while the compressive strength is between 60 N/mm” and 80 N/mm-"
Based on its strength in compression, a stem can carry an axial load ranging
between 2600 kN and 11600 kN an equivalent volume of water ranging
between 260 m* and 1160 m’ , respectively.

Keywords
Fanpam, stem, mechanical strength, termite, water tower

1.

Introduction

Fanpalm belongs to the palmaceae family and is commonly found in the
savannah region of tropical ‘Africa (Keay, etal, 1964; Irivine, 1960 and
Howes, 1974). The outercore of the matured stem is known to be strong,
resistant to termite attack, rot and decay and it is dimensionally stable in
moist environment. The appearance of the stem is non-branching and
straight, thus making the stem usable as stand/tower to carry water
containers. Because of these inherent characteristics, it is used locally as roof
rafters, strut and columns in traditional building and farm structures
[Adetifa(1986,1988), Jimoh and-Adetifa (1993), Jimoh (1990, 1997) and
Lucas (1996)].
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However, literatures on the material is scanty and in order to build confidence
in its use as a modern building material, it is necessary to study - and
document its engineering properties. To accomplish this study, fanpalm trees
were felled and the stem wood materials cut for physical appearance study
and for specimens for physical and mechanical strength tests.

2. Materials and Methods

2.1 Procurement of Fanpalm Material

taken to a wood
imens .

High level swollen
Point 14 m up (matured)

Low level swollen point4 m
up (immature)

igure 1. Fa_npa ( Borassus aethiopum) Tree
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Figures 1 shows mature fanpalm tree, Figure 2 shows a fanpalm stem cut
into logs, while Table 1 shows a stem diameter and outer core thickness along the
height and Figure 3 shows the schematic diagra~ of structural part of
fanpalm stem.

Top third log =

D e ——

Diameter (D) 531

- bottom and 38¢
top

Fig 3 Schematic diagram o

. ' Middle third log

2.2 Physical Properties

(i) Colour and density variation
Bottom third log Colour and density variation s
nominal dimension 50 mm x 50
the length of the log. The
measured and the percentage obt

iii) Dimensional stability

Stability in water was carried o
! from fanpalm strips , with size 7
Figure 2: A fanpalm stem cut into logs. spacing . The air-dry moisture ¢
soaked in water at room temp
; g ’ removed from water one at a ti

Table 1. Stem diameter and outer core thickness along dry and the length., breadth and
the height (see Figure 2) re-weighed. Observations for
Section location from Log diameter Thickness of outer specimen and feel to touch of s
ground level (m) © (mm) core (mm) (un-sawn collection was completed, all
or untrimmed) . exercise was repeated on 14
0.20 530 110 respectively. The procedure did
3.8 380 90 - specimens did not absorb water
74 380 40
10 600 0

72 73
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l«—— Outercore 110 mm
bottom, 40 mm top

Diameter (D) 530 mm
- bottom and 380 mm
top

Fig 3 Schematic diagram of structural part of fanpalm stem

2.2 Physical Properties

(i) Colour and density variation .
Colour and density variation study were carried out using specimens of
nominal dimension 50 mm x 50 mm x 300 mm at 300 mm spacing along

the length of the log. The colour thickness across the grains was
measured and the percentage obtained.

iii) Dimensional stability
Stability in water was carried olit as follow. Specimen were prepared
from fanpalm strips , with size 70 mm x 30 mm x 35 mm and 300 mm
spacing . The air-dry moisture content was determined after they were
soaked in water at room temperature .On the 7th day, specimens were
removed from water one at a time, wiped with a clean cloth to surface
dry and the length., breadth and width were re-measured and specimen
re-weighed. Observations for changes in colour of water and that of
3 specimen and feel to touch of specimen were also made. When this data
collection was completed, all specimens were re-soaked . The above
exercise was repeated on 14", 21%, 28" 358 49t 4nq seth day,
3 respectively. The procedure did not 20 beyond 56th day because the
specimens did not absorb water again as their weights remained constant.
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(iii) Termite resistance test
Fanpalm strips were half buried longitudinally in termite ridden area

and observed for 6 years.

(iv) Thermal conductivity test.
Air-dried fanpalm pieces were shaped into discs of nominal diameter
110 mm and 10 mm thick. The specimens were each placed in a thermal
conductivity apparatus to determine the conductivity ‘data. The detail
discription of the experiment can be found in Jimoh (2006).

2.3 Mechanical Strength Test

Mechanical strength tests carried out were: tension parallel and perpendicular
to grain, compression parallel and perpendicular to grain, shear parallel to
grain (radial and tangential), shear perpendicular to grain and flexural test.
Specimen configurations and test procedure can be found in Jimoh (1996)
.The test speed is obtainable in Jozsef and Benjamin (1982).

3. Results

The results for physical and mechanical properties are summarised in Tables
2 and 3 below.
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Table 2: Results of Test for Physical properties of Fan Palm Samples

Position

Against termite
and fungi

Attack

Water absorption by —Thermal conductivity
weight (kg) (W/m/°C)

Density (Kg/m®)

Colour
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U

a3eIoAy
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urw
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Ui

All dark grayish

resist

Wi

Bottom
third

Dark grayish

1107 983 26 53 38.5 0.12 0.18  ~0.15

840

Combined dark

and light gray

Middle

third

0.11

0.12

o~
v
-

30 75

678

883
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