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1.8 ABSTRACT

TEs study used experimersul method and
amaistical tools of engineering as mixed method
to mode!l Bamboo fibre reinforced polyester
resin mairiv composites under creep faiiwre
mode.  Multiple linear regression and rthe
general Power law eguations were employed lo
mendel the bamboo fibre composites creep limit
resmonses, while the crecp strains and moduli
wers modeled graphically from where
serpolations can be made. The creep limit
estimated with analytical tools carrelated with

the experimental data The creep modulus was

tound 1o vary nonlinearly with temperature and

be time and temperatwre dependent. The
established mechanical properties of creep
limiz, creep modulus, and strain, for Bamboo
fibre composites ar femperatures 30°C .56°C
and 100°C were evaluated and coordinated as
(6775 Mpa. 3.7728 GPa, 0.0023), (8.6667
MPa. 86667 GPa. 0.001) and (8.66435 MPa,
14,439 GPa, 0.0006) respectively. The affer-
effects of increasing temperatures on creep
properties of Bamboo fibre composites inchide
reduction of sirength, stiffness and toughness of
composites as well as increased initial modulus

of composites following creep modulus

rime applied, while the creep limit was found o reduction,

2.9 NOMENCLATURE

Symbaol Definition Symbol Definition

A Material constant a Creep siress

A Constant for stress m Material Constant independent of
stress

A Muodifying constant for stress E. Residual

N Material constant S, Sum of Squares of residuals

L Creep time Pmix) Dependent parameter (Variable)

L Material constant xli Independent polynomial variable

p Material constant depending x2i Second Independent variable
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y Material constant depending
on stress and temperature

£ Transient C'reep strain

&, Initial creep strain

g Minimum creep rate

T Temperature

nB 30 strain at temperature 30°C

nB 50 strain at temperature 50"C

nB 100 strain at temperature 100°C

a 30 stress at temperature 30°C

g 50 stress at temperature 50°C

3.0 INTRODUCTION

On account of the fast development of machine
building. increasingly vital importance is being
attached to strength analysis of machine parts
working for long periods at high temperatures.
Such parts include discs and blades of steam and
gas trbines. pipes and other elements of steam
generators, various parts of internal combustion
engines, jet engines, chemical plants, ete. The
behavior of the materials of such parts is
affeeted by the absolute temperature as well as
the duration for which the parts work at the high
temperatures. Viscoelastic materials such as

polymersiplastics show a time dependent

response to applied stress. Because of

involvement of plastics in most recent designs
such as in multi-layer moldings, Design of snap

Fits, Design of Ribbed sections and in design of

light weight structures, in every day use, the
creep limit of plastics need to be established.
One ol the major objectives of this paper 1s to
cetablish whether some of the models
established for metal creeps can be applied for
plastics creep. Study also aims at obtaining the

{material constants)

a, Linear polynomial coefficient
a, Quadratic polynomial ceefficient
n Number of points or coordinates

during experimental data

a 100 stress at temperature 100°C

B30 modulus at temperature 30"C
B350 modulus at temperature 50°C
Bl10oo modulus at temperature 100°C

creep limit for bamboo fibre reinforced
polyester matrix composites. Black and Adams
[1] teported the influence of high temperature
on tensile strength; yield strength and
clongation of materials. There is a general loss
of strength at high temperatures

The maximum temperature in steam and gas
turbine castings is limited to about 1000'F,
although experimental value is in the range of
F400°F to 16800°F,

In addaiion to loss of strength at high
temperature, steel and other metals exhibit the
phenomenon of creep. which is the gradual
elongation of the entire member at high
temperatures over a long period of time. High
temperature and high stresses increase the
¢reep rate so that at high temperatures the part
will not elongate beyond a certain amount over
a designed life of the machine or equipment.
Shigley and Mischke [2] reported that a part
may fail with a load that induced stresses in it
that lie between the yield strength and the
tensile strength of the material even if the load
is steady and constant rather than alternating
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and repeating as in fatigue failure. [4, 5 ] and
Classical reports show that creep can occur at
low temperature in aluminum and polymeric,

Though classical studies abound for metal creep,
ot enough work has been done in modeling
viscoelastic behaviour of plastics especially
composites made of local fibre. This study used

experimental method and analytical tools of

engincering in conjunction with parametric
methods. Multiple linear regression and the
genzral Power law model were employed to
model the bamboo fibre composites creep limit
response, while the creep strains and moduli
were modeled graphically.

40  THEORETICAL REVIEW AND
ANALYSIS
1he properties of materials change con siderably
2t high temperatures, therefore the known
croperties of strength and ductility at normal
{room) temperature cannot serve for the analysis
oi elements of the same materialss working at
high temperatures. The variation of strength and
plastic properties with the increase in
femperature is of vital importance in the design
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of element of machines and SErEmEs
ford [4] reported the following Saemme
strain equations for plastics:
&= a+ bt (parabolic) (¥)
g= a+ht"+e¢t (power) )
£ = al/1+bt (Hypetbolic) (3
£= l/1+at’ (Hyperbolic) (4)

Creep curves are plotted as log (strain) against
log (time). This is convenient because quite
often this results in straight line plots
suggesting that the ¢reep behaviour can be
described by an equation of the type

E(tI=AL" (5)

Wherea =Material constant
A= Constant which depends on stress level. To
be strictly accurate, the right hand side of Eq(5)
should be of form(A, + At") so that

B(l) = A, +At" (6)
to allow for the instantaneous strain at zero
time; But for long creep times, sufficient
accuracy can be obtained by ignoring A
Andrade in 1910 was the first to establish a
relationship between creep sirain and time to
describe primary and secondary creep, Benham
and Warnock [5] i the form

e=kt" +pt (7).

G:>0>05>0.50

g lesoessws comsnes

Feg I Tipical oeEp cwves for various

SFTESES OF O SIS S ol LT
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fi= material constants which are functions of’
stress and temperature

CGiroham and Walles extended the analysis to
cover the tertiary stage by proposing a

relationship of the form

g= kit + B+’ (§)

Where y = material constants also dependent on
stress and temperature.

A Family of curves usually obtained by
considering stress and temperature as
parameters for creep analysis is presented in Fig
1 showmng increasing deformation rate at
increasing stress. The straight line portion of
creep curve decreases as temperature or stress

Hicreases.

4.1  Estimation Of Creep Time
When the tertiary term of equation (8) is
neglected and the primary is replaced by
constant g, being the intercept of the extrapolated
secondary stage on the strain axis of fig 1,
e=e+e (9)

g =deg/dt, the minimum creep

rate. It has been found experimentally that the

minimum creep rate and stress are related as

g'=A" (10)

Hence a log-log plot of & ' against o vields a
straight line (power law).
The constants k and n can be determined by
linear transformation using power law method
and time to reach a specified value of total creep
strain in the secondary stage evaluated with

t=(g, &,/ ka" (11)

Where t = tim k

=

Ereep
slrsin

L Steady state creep
En [ r—— i

Timme 1

Fig 2: Simplified creep curve

4.2 Analytical/computational Method

The time stress developed during creeping of

material depends greatly on temperature and
time. A correlation between lrue stress.
temperature and time will describe the time
dependent response of polvmeric material.
Creep oceurs at stress level within the elastic

limit of material, so a tensile test to establish
elastic limit of material is necessary. A creep test
15 conducted and true stress vs Ume data is
obtained. A plot of stress time data isnecessary
to establish the material response. A nonlinear
relationship is usually exhibited by creep stress-
time graphics so a power law model and
nonlinear regression and Gauss-Newton

iterative models can be fit to creep data.

By subjecting the test material to three different
temperatures a system of logarithmic
transformed linear equations aré obtained.
Master curve is establishied for the prediction of
material constants that are temperature
dependent or line of best fit method can be used
to predict the material constants and predictions
made with the model established.
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4.3 Multiple Linear Resression Model
Farmodeling of nonlinear responses, Cana le| 8 | and Zill and Cullen[ 9 |
expressed as follows
PRl = g ok ax, oA (12}
Foilowing minimization of sum of squares of residuals as applied in polynomial regression,
E 2, (8= % = Residual (13)

4, = E i@y + ax 4 ax,) -y (14}

By differentiating with respect to polynomial coefficients, a, a, wii B

(s, = 2 E_{a-- g 4N, - ¥i
fa, (15)

08, = 2 Ex (4, + aNd + ax,) -v (16) fa,
&)

G5 = T EX (8, F X'+ ax) -y

aa, (17}

By setting Eq 15 Eg 17 (o zero. the tollowing system of linear equations is obtained.

na, + 4, Bx, + a.Ex, = Ty (18
At R T T = Ixy, (19)
ol T > I T 1 = Ky (20

Patting I'q (18 20) in matrix form
n Exli X, a Evi

xli Ixlif X, ixi 4 Ixluyi
IxNE xlix2i Ixi i Ixlwyi (2D

Where x,_temperature, x, _tine, t

This system can be solved by any direct methods of solving system of linear equations such as
Urammer's Rule or Gauss - Jordan climination and .1 Idecomposition as found i [8.9]

e parameters. 5 anda Ca-are material constants that depends greatly on temperature and structure of
material,

10
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4.4 Thegenceral power law-m ultiple regression model.
For the modeling of nonlinear responses, [8]expressed:
y =ttt e (22)
By lincar ransformation of (22)
logy =loga, +a,logx i +aloex.i . ... a,logx i (23)
By comparing  (12)and (23)
loga alogx i =xi, logx.i=x.i (24)
so that the constants a, and a, &, can be solved with matrix
n ¥ logx;i Zlogx,i loga, ¥ Logyi
Llogx,i  ZE(logx i) Y logx i logx.i a, || Zlogx,ilogyi
Hogxi  Zlogxilogx.i I( logx,iy a, Clogx.i Logyi (25)

Where x, temperature, x, _time, t

This system can be solved by any direct methods of solving system of linear cquations such as

Crammer's Rule or Gauss - Jordanelimination dand LU

decompositionas found in [8.9]

The parameters, a, and a, a.are material constants that depends greatly on temperature and striicture of

material.

5.0 METHODOLOGY

The mixed-methodology of this work consists
of three parts, Hand-Lay up method to form
Ralfia lNbre composites Testing or
Experimentation to obtain creep failure data and
Analytical or computational method to model

and analyse creep data,

5.1 Hand-lay Up Method

Rafiia fibre composites are formed. The full
details of the processes involved are found in

[4. 7]. Replicated samiples of composites are
formed for creep tests following standard

procedures.

5.2

Creep testing equipment was used on replicated

Experimentation And Method

samples of Raffia composite considering
e, 50% 1007 and
response data recorded as

lemperatures and
deformation
presented in table 1. The full details of the
equipment used are found in Anambra State
University mechanical engineering lahoratory
(Equipment is fabricated to suit testing of
composite rectangular samples) The
equipment is a modification of
TECHEQUIPMENT creep equipment for

room conditions
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5.3  Computational Modeling
Of Creep Data

Creep limit, modulus and strain are (ime
dependent responses and are functions of two
variables, temperature and time, This work
considered three temperature levels. 30°C. 50°C
and 100°C. Table 3.1 shows that at 30°C. the
creep limit is §.6675 MPa at time 45 mins and at
SU°C, creep limit is 8. 6667 MPa at time 40 mins
and that at 100°C creep limit is 8.6645MPa at
time 20mins, These information are corrélated
with multiple linear regression and general

power law model,

,, CreepofBamboo at T=30oc
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Excel Graphics of Results at various
Temperatures

Experimental results of table 1 are fed into
exeel package to obtain graphics responses of

creep at various temperatures 28 shown helow.

Deformetion at T=80CC .

0oni2
o001
Booe

Do00s | — R |

Strain

| Q00 |

Q000

Creepat TH0oC
90 | s
—+— nEE0 .
-+ 80k
50 | - 'tﬁL*—ﬁ]:
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F- 5
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| 4] 20 40 B

ponsesat T= 30°C
Fig. 4: Sirain and Stress responses at T= $0°C
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Fig. § a ,b: Strain and Stress responses at T= 100°C

13
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Table 2: Limit stress responses at Elevated temperatures

X19C | X2(mins) | y (MPa) foMPa} N(mm/mm)
[ 30 iS5 86775 39998 0.0023
50 40| 86667 8.6667 0.001
100 20| 86645 | 14.439 0.0006

Master cune for Bamboo creep properties
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Fig. 6 :Master curve for Bamboo creep properties
2 Multiple linear Regression Modeling

The data of table 2 is presented as table 3 following Eq. (21)

14
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*1 x2 | ¥ [x172 [x22 rl;:l?_iE, xly :‘5-2}'

300 45 $6775| 900 2025 1350 | 260.325 | 390.4875

50| 40| 86667 2500 1600 | 2000 | 433.335 | 346668

100 | 26| 86645 10000 400 | 2000 866.45 173.29

1

SUM | 180 105 | 26.0087 | 13400 | 4025 5350 1560.11 | 910.4455 |

N (R N ) | N

When appropriate values of table 3 were used in L

(21) a system of 3x3 matrix equationis obtained as

When appropniate values oftable 3 were used in Eq(21)asystem ol 3x3 matrix equationis obtained as

3 180 105 a, ) 260087
180 13400 5350 a, =] 1560.1100
105 5350 4025 a, 910.4455

The variable parameters a,. a,. a. were obtained by direet method of solving svstem of lmear
¢quations of Crout method (LU - decomposition) as

a, = 8.8673, a, = -0.00136. a, = -0.003306

These parameters were substituted in Equation (1) to obtain multiple linear regression creep model
as y = 8.8673-0.00136x, -0.003306x. (26)

. Power law Modeling

When appropriate values of table 4 were used in Eq (25) a system of 3x3 matrix equation was

obtained as.

15
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(3.0000 51761 55563 log a,
9.0684 7.7659 a,
77659 69925 a,

2.8140
4 %330
4.2739

Similarly, this equation is 8

Similarly this cquation is solved by LU decomposition obtaining

Log a, = 0.9352967,

a, = Antilog 0.9552967 = 10" =9.0219

a, =-0.112965.a, = -0.1753288

When these constant coefficients were substituted in Eq (12) the following power law

model is obtained
Y = g[llli}x 0 Fr2ims Xj 017433

Discussion of resulits

The craphics of fig 3, 4. 5 shows that creep of

Bamboo fibre compaosite is time and temperature
dependent and creep stress and creep toughness
decreases with increasmyg time and lemperatuie

Table land 2 gave the creep limit. vy, creep
modulus, m and strain, n for Bamboo fibre
composite al temperatures 30°C, 50°C and 100°C
a5 (8.6775 MPa, 3.7728 GPa, (1.0023), (8.6667
MPa. 8.6667 GPa. 0.001) and (8.6645 MPa.
14.439 GPa. 0.0006) respectively. Creep
modulus was found to increase with temperature
but at reduced time because maodulus is
estimated as stress divided by strain which
decrease with time as increased deformation is

favored by high temperature and elapsed time.

Power law creep equations and multiple linear

regression  equations were established  for

(27)

Bamboo libre composites for temperature
range of 30°C - 100°C, The prediciions of these
equations correlated well with experiiental
results.

Master curve was established as fig 6 for
prediciion of creep properties of Bambuo libre
composites of polyester resin composites
working within temperature range of 30°C- 100
o

The low creep propertics of Bamboo fibre
composites may be attributed to the low aspect
ratio due to fibre interfacial debonding.
existence of micro cracks and composite
manufacturing method of hand lay up [10. 11,
12. 13, and 14] as well as the sensitivity of
available creep equipment used. Thueze [7]
reported that composites have random martal
properties that may result from laying methods
or due 10 porosities in composites laminates,

non- uniformity in fibre size, all these

16
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these contribute to low strengths of local [ibre
reinforced composites. The strength of the
matrix material does not determine the strength
of the composites because in composites the
fibre or the reinforcement carries the load. This
is supported by the fact that though koshal [13]
and Hamrock etal [16] gave the tensile strength
of polyester as 40 90 MPa. the creep strength of
Quasi-Isotropic Bamboo fibre composites is not
upto 10 Mpa.

6.0 CONCLUSION

Bamboo fibre composites properties can be used
for economic design and construction of light
weight structures such ag automaobile bodies
serving under prevailing environmental
conditions of temperature that is not steady,
preferably ata range 30°C - 100°C. However the
properties can be optimized to widen the design
application of Bamboo fibre composites hy a
treatment that will improve the aspect ratio of
Bambov fibre. Use of uniform size fibres will
also improve the mechanical propertics as well
as the creep properties.

The after-effects of increasing temperatures on
creep properties of Bamboo {ibre composites
include reduction of strength, stiffness and
toughness of composites as well as reduced
modulus of composites.
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