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r(:strained from moving in any directions to simulate that the chair was placed on the floor and is not moving.
It was assumed that the body weight of a person sitting on the chair would be distributed along various parts of

the furniture. A majority of this weight would bc exerted on the rails, which hold the seat. In the CAE analysis, one
vertical static load was applied to the centre point of the seat for 'seat staric load test and another horizontal static load
was applied on the centre point of the backrest for back static load test simultaneously, which represented a seated
person. This was done in accordance to BS 4875 (1985) and BS 5873 (1980,1991) standard for educational furniture
tests performance criteria for chair size mark 4 and 5 in normal and severe rating service conditions, respectively.

Two solid cylinders measuring 20.0mm in radius and· 20.0mm in height were designed conjointly on the loading
points of the modelled chair to imitate the load cells in seat and back static load tests whereby the loads were applied
on the surface of the cylinders. The stresses that was induced in these two cylinders was not recognised as stress
distribution in the modelled chair. [n this study, three sets ofloads of 900N (90kg) and 380N (38kg); 1800N (180kg)
Hild 760N (76kg); 3600N (360kg) and 1520N (152kg) were applied on the surface of the cylinders on the seat and the
backrest respectively.

In the CAE analysis, the material used for analysing the modelled chair was assigned to the mesh. The material
pmperties for Acacia mangiurn were created in the materials matrices in the finite element analysis. The input data
for MaR, MOE, ultimate stress and mass density were obtained from literatures cited whereas the input data for the
P:>isson's ratio was obtained from a simple test that was conducted prior to the CAE analysis (Table 5). The other
iI' put parameters in

Table I : Poisson's ratio of Acacia rnangium

..

Strain in the direction perpen- Strain in the direction Poisson's ratio
dicular to load of load

..
Specimen A 1.823 3.043 VlR = 0.5991

0.201 3.145 VlT = 0.0639
..

Specimen B 31.719 57.432 VRl = 0.5523

2.364 38.528 VRT = 0.0614
-

Specimen C 36.255 70.787 vTR=0.5122

2.843 54.219 VTl = 0.0524
..

Poisson's Ratio v = 0.3069
(Average)

..
Note:
Appendices 3, 4,5,6,7,8 and 9

Table 2 : Material Properties for Acacia rnangium

Parameter Value

Young's Modulus, N/mm2 (MOE) 10891 a

Poisson's Ratio, v [Me = 12%] 0.3069

\1ass Density, kg/m3 570b

Ultimate Stress, N/mm2 48.49c

\1aximum Yield Stress, N/mm2 (MaR) 97d

Note:
" Razali and Hamami (1992)
I: Razali and Hamami (1992)
c Tham (1979)
d Razali and Hamami (1992)
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slats were experiencing higher stresses at locations nearer to the end joints than locations away from the end joints
(Figures 16 and 17). The stresses at the joints between the side slats and the front legs were lower than the stresses at
jo:;'ints between the side slats and the back legs. This occurred as a result of the displacement of the backrest and the
back legs induced by the horizontal static load that was applied at the centre of the backrest. The load induced
stresses and displaced the backrest and back legs in Z- direction (backward). The end joints between the side slat and
the front leg were under compression whereas the end joints between the back legs and the side slats were under
t(:nsion. The end joints of both of the seat side rails and side slats would tend to slip due to the abusive or improper
sitting practices. For example, sitting on the chair with two front legs hanging.

The modelled chair did not fail after being tested by a set of horizontal static load of 760N and vertical static
load of 1800N. Therefore, this modelled chair had passed the backrest and seat static tests for educational furniture
size marks 4 and 5 for both normal and severe rating under BS 4875 (1985) and BS 5873 (1980,1991) performance
criteria.

The modelled chair did not fail also when the load applied was twice of the load requirement in BS 4875(1985)
and BS 5873 (1980, 1991) for the chair size mark 4 and 5 under severe rating. The applied loads were 3600N
060kg) for the backrest and l520N (152kg) for the seat rest. Evidently, the chair might be over designed in which it
had been modelled by using excessive material.

Conclusion and Recommendation

The maximum stress recorded for the set of applied load of 380N horizontal load and 900N vertical load was
5.91730N/mm2 whilst the maximum displacement was 1.50241mm. The maximum stress recorded for the test by a
s,~t of horizontal static load of 760N and 1800N vertical static load was 11.8346N/mm2 and the maximum
displacement was 3.00483mm. The maximum stress recorded for the test by a set of horizontal static load of 1520N
arid 3600N vertical static load was 23.6698N/mm2 and the maximum displacement was 6.00952mm. Based on the
results, it can be concluded that the predicted yield stress is increased due to the increment of the applied load.

The size of mesh element can be reduced to minimise the maximum computed errors in the stress analysis. This
increases the confidence levels and accuracy of the stress analysis results. The stress analysis of the modelled chair
C:Jn be further improved by analysing the modelled chair by introducing the six Poisson's ratios of Acacia mangium
in three different load directions that are VLR, VLT, VRT, I'RL, VrR and VTL' As such anisotropic characteristics of Acacia
mangiwn will be taken into account in the stress analysis and thus generate a better results.

The chair fulfilled the performance criteria of BS 4875( 1985) and BS 5873 (1980, 1991) for the chair size mark
4 and 5 under normal and severe rating. The modelled chair did not fail eventhough the applied load had been
increased to twice of the load requirements in the BS 4875(1985) and BS 5873 (1980,1991) tests standard. Based on
the result, it can be concluded that the modelled chair had been over designed and the design of the chair can be
further enhance by reducing the dimension of the parts and components.

This modelled chair had been designed with the assumption that all the parts and components were jointed
continuously face to face. Therefore in future research, fasteners and dowels can be modelled into the modelled chair
to study the stress distribution at the critical joint areas.

Besides that, the restraints that had been fixed at the bottoms of the modelled chair can be altered into restraints
or Iy at one edge of the back legs. This will take into consideration the stress distribution in an Acacia mangil/m chair
due to improper sitting posture because it is a habit for some people to sit on the chair abusively.

The CAE software analysed the modelled chair and the induced stresses were presented as predicted values. The
induced stress distribution can be validated by comparing it to the results from an actual laboratory experiment.
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