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Abstract: The rapid development of the vehicle industry has made reducing product
development time a major concern. This study seeks to identify a suitable accelerated
approach to durability analysis for motorcycle components. This investigation involves field
data acquisition, laboratory road load simulation, accelerated durability testing, and fatigue life
prediction. Two methods, ‘strain range editing technique’ and ‘racetrack editing technique’,
were applied to edit field strain histories for accelerated durability tests. Furthermore, four
methods, including the ‘S–N approach with fatigue property of base metal’, ‘Eurocode 3
approach’, ‘BS 5400 approach’, and ‘BS 5400 approach with Gurney thickness modification’,
were employed to assess fatigue life. Three road types and four damage levels were also used.
The results demonstrated that the ‘BS 5400 approach with Gurney thickness modification’ is a
suitable method of assessing the durability of welded motorcycle components when the fatigue
properties of critical points are not available. Both the ‘strain range editing technique’ and
‘racetrack editing technique’ can effectively edit strain histories with the expected quantity of
fatigue damage, and demonstrate satisfactory agreement between the experimental data and
predicted data.

Keywords: motorcycle component, accelerated durability assessment, signal condensation,
road load simulation

1 INTRODUCTION

Because of the rapid development of the vehicle

industry, cost reduction and shortening of product

development time have become key subjects. One

of the methods achieving these objectives is the

accelerated durability analysis and testing based on

fatigue theory [1, 2]. Durability test is an important

task for design verification. The challenge faced by

engineers in the vehicle industry is how to design an

accelerated durability test in the laboratory. The

laboratory durability testing must be accelerated in

order to reproduce the desired amount of fatigue

damage in a short time; then the cost reducing and

time saving could all be achieved at the same time.

In addition, the application of closed-loop servo-

hydraulic testing systems and the road simulation

technique has enabled the reproduction of test track

responses such as displacement, acceleration, and

strain in the laboratory [3–6]. Simulated laboratory

durability testing, test track durability testing, and

proving-ground durability testing can be performed

simultaneously. These methods provide significant

input to final product decisions.

Accelerated durability testing can be employed

to minimize testing time and cost, which was based

on cumulative fatigue damage theory [7] and the

equivalent fatigue damage calculation method. Dow-

ling [8] presented a method based on equivalent

fatigue damage calculation for data correlation. Fur-

thermore, Jeong et al. [9] proposed the laboratory

simulation technique for accelerating component

durability testing using a multiaxial simulation table,

and reduced the test time to 1
4. Additionally, Su et al.

[10] presented an accelerated test procedure to
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reduce the component durability test time, which

was based on the computer aided engineering (CAE)

equivalent fatigue damage technique. Moreover,

Ledesma et al. [11] devised the accelerated durability

testing schedule for the multiaxis suspension sys-

tem, which correlates with customer usage, and is

based on equivalent fatigue damage calculation. A

methodology for physical test optimization based on

vehicle suspension, chassis, and body was presented

[12], and the road load history was edited for the

component bench durability test, which was based

on fatigue damage analysis. Panse and Awate [13]

devised an accelerated structure durability testing

programme and applied it to complete vehicles and

components according to customer usage. This

approach was also based on the equivalent fatigue

damage correlation method.

Three common methods exist for accelerating test-

ing, including ‘increasing testing frequency’, ‘using

higher testing load’, and ‘eliminating numerous

small load cycles from the load spectrum’. All

three of these methods have significant advantages

of lower test time and cost, but each also has

disadvantages. Increased frequency may have an

effect on lifetime, possibly resulting in inadequate

time for the full operation of environmental aspects.

Increasing loads beyond service loads results in

accelerated tests but can yield misleading results;

residual stresses that might have remained in service

may be changed by excessive test loads. It is

common for many small load cycles to be eliminated

from the test load spectrum, and various analytical

methods exist to help eliminate low-damaging cyc-

les; such methods may hide the influences of both

fretting and corrosion.

Laboratory simulation methods can produce vir-

tually any prescribed sequence of load, acceleration,

displacement, or strain. Test time and cost can be

reduced via a condensed version of the real history.

Condensed histories include selected peaks and

valleys in their real sequence and omit many small

peaks and valleys. The most significant peaks and

valleys can be selected by editing a rainflow [14]

count to retain only the largest ranges of data. Conle

and Topper [15] utilized a technique involving the

editing of service strain history to omit strain cycles

below various gate levels and to assess damage.

Canfield and Villaire [16] developed a method of

accelerated component durability testing, which in-

volved the removal of cycle regions that did not

cause significant component damage. Additionally,

Sharp et al. [17] applied the accumulated damage

method to reduce the multiaxis road load data of

the bench testing, which was edited to reduce the test

time while maintaining as much accumulated dam-

age as possible. Khosrovaneh et al. [18] discussed

different methods of accelerating fatigue analysis,

including time history reduction (peak–valley coun-

ting) and the element elimination technique (rem-

oval of low-damage elements). Furthermore, two

methods, including the ‘strain range editing tech-

nique’ [19] and the ‘racetrack editing technique’

[20], were also applied to edit service strain histories

for accelerated durability tests.

The fatigue design methodologies for metallic

components have traditionally been based on the

stress–life (S–N) approach. This approach works well

for the high cycle fatigue (HCF) problem, while the

strain–life (e–N) approach focuses on the low cycle

fatigue (LCF) problem. Fatigue cracks affecting

motorcycle components generally occur in the

welded regions. It is necessary to identify the most

appropriate fatigue analysis approach for specific

problems. Numerous reasons exist for reduced fat-

igue strength in welded structures, including global

stress concentration, residual stresses, weld flaws,

and the heat affected zone. A statistical analysis of

fatigue tests on steel welded structures was perfor-

med in 1972 [21], and led to the development of

fatigue design for welded structures, something

that has now been incorporated into many stan-

dards. The BS 5400 standard [22] has been applied

to predict welded structure fatigue life for many

years, while the Eurocode 3 standard [23] is a new

one. When considering the thickness effect, the

damage model can be modified using the Gurney

equation [24]. Additionally, other standards exist for

obtaining S–N curves of welded structures, including

AASHTO [25], AISC [26], API RP2A [27], AREA [28],

AWS: PT9 [29], and ARSEM [30].

Previous studies have demonstrated that the S–N

method is more easily and widely used than the e–N

method in the event of cracks occurring near the

welded regions. This explains the difficulty in

obtaining the input parameters of the e–N method,

including fatigue properties, stress concentration

factor, residual stress, and so on. The S–N method

has been included in many codes for the fatigue

design of welded structures [22, 23, 25–30]. This

study seeks to identify a suitable accelerated dur-

ability analysis approach for motorcycle handlebars.

The proposed procedure comprises field data acqui-

sition, road load simulation, experimental design,

the accelerated durability test, and fatigue life

prediction. Two methods, including the ‘strain range

editing technique’ and ‘racetrack editing technique’,
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were applied to edit field strain histories for

accelerated durability tests. Furthermore, four meth-

ods, including the ‘S–N approach with fatigue pro-

perty of base metal’, ‘Eurocode 3 approach’, ‘BS

5400 approach’, and ‘BS 5400 approach with Gurney

thickness modification’, were employed to analyse

handlebar fatigue life. Additionally, three road types

and four damage levels were conducted.

2 THEORY

2.1 Fatigue life evaluation of welded structure

Fatigue life of welded structures may be influenced by

geometric shape, material property, residual stresses,

weld defects, and so on. Owing to these complexities,

fatigue design for welded structures is much more

difficult than for non-welded metals. After reviewing

the statistical analysis of published fatigue data,

fatigue design rules for welded structures have been

developed extensively during the last 30 years. Initial

efforts were focused on steel bridges, and the rules

laid out in BS 5400 evolved from data published by the

British Standards Institution.

2.1.1 BS 5400 [22]

The Part 10 standard formulated by the British

Standards Institute was developed to assess the

fatigue life of steel, concrete, and composite bridges.

Nine classes of welded details were classified accor-

ding to load type, location of potential crack initi-

ation, weld geometry, and so on. The classes were

classified as follows: class B, class C, class D, class

E, class F, class F2, class G, class S, and class W. In

references [31] and [32], the method for classify-

ing welded details based on this standard was re-

arranged and tabulated in a convenient form tog-

ether with corresponding schemes and legends

illustrating the data clearly and concisely.

The parameters describing the median S–N curve

and standard deviation of each class based on the

assumption of the lognormal distribution of fatigue

life are listed in the BS 5400 standard to provide a

design reference. Therefore, it can provide a method

for predicting fatigue life with various failure prob-

abilities.

When Nf ( 107, the correlation between fatigue life

and nominal stress is

log Nf~log K {zs{m log Sn ð1Þ

where

Nf 5 fatigue life

K 5 constant related to the median line of the

statistical analysis results

z 5 number of standard deviations below the

median line

s 5 standard deviation of log Nf

m 5 inverse slope of the median line ([log Sn] 2

[log Nf]) curve

Sn 5 nominal stress range

When Nf . 107, the equation is

log Nf~log K {zs{(mz2) log Sn ð2Þ

Because the thickness of welded structure influences

the fatigue strength, this study uses the thickness

modification approach of Gurney [24, 32] and com-

pares it with the other approaches used in this

study. The Gurney modification equations are as

follows

When Nf ( 107

log Nf~log K {zs{m log
Sn

(22=t)0:25
ð3Þ

When Nf . 107

log Nf~log K {zs{(mz2) log
Sn

(22=t)0:25
ð4Þ

In addition, the S–N curve of base metal (JIS S25C

carbon steel) was obtained from a series of fully

reversed bending fatigue tests. The testing method

and specimen dimensions all followed the JIS z2275

standard.

Data required in the fatigue analysis include:

(a) load history: nominal stress history (5 Young’s

modulus6nominal strain history);

(b) welded detail class;

(c) thickness of the welded structure;

(d) material properties (S–N curve);

(e) failure probability (5 50 per cent in this study).

2.1.2 Eurocode 3 [23]

Design of steel structures – Parts 1 to 9: Fatigue

(BS EN 1993-1-9) will partially supersede BS 5400

standard – Part 10, and was published by the British

Standards Institute on 18 May 2005. Fourteen

categories of welded details were classified accord-

ing to load type, location of potential crack initiation,
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weld geometry, and so on. The detail categories were

classified as follows: 36, 40, 45, 50, 56, 63, 71, 80,

90, 100, 112, 125, 140, and 160 N/mm2. The fatigue

strength for the nominal stress range is represented

by a series of (log Sn) 2 (log Nf) curves, which corres-

pond to typical detail categories. Each detail cate-

gory is designated by a number which represents,

in N/mm2, the reference value sC for the fatigue

strength at 2 million cycles.

For nominal stress spectra with stress ranges

above and below the constant amplitude fatigue

limit sD, the fatigue strength should be based on the

extended fatigue strength curves as follows

When m 5 3 and Nf ( 56106, the equation is

Sm
n |Nf~sm

C | 2|106
� �

ð5Þ

When m 5 5 and 56106
( Nf ( 108, the equation is

Sm
n |Nf~sm

D | 5|106
� �

ð6Þ

where

sC 5 detail category, or the fatigue strength at 2

million cycles

sD 5 constant amplitude fatigue limit, or the

fatigue strength at 5 million cycles

m 5 inverse slope of the median line ([log Sn] 2

[log Nf]) curve

2.2 Road load simulation technique

This technique can rapidly reproduce the road load

and failure mode in a laboratory and verify the

structural durability of the target component or

complete vehicle. Figure 1 shows the flowchart of

the road load simulation technique. The iteration

process is summarized as follows.

First, the target signal {y(t)} is converted to {Y(f)}

via the fast Fourier transformation (FFT); then it is

timed with the inverse function of the transfer

function (IFFT) [G( f )]21 to obtain {X( f )}(0); finally,

the inverse function is obtained and a factor k is

timed to become the initial drive file {x(t)}(0), as

shown by

x(t)f g(0)~k|IFFT G fð Þf g{1 Y fð Þf g
h i

ð7Þ

Following activation with the drive file {x(t)}(n),

the response data {y(t)}(n) can be measured, thus

enabling the new drive file to be modified by com-

paring the deviation of the target data {y(t)} and

response data {y(t)}(n). These processes are then re-

peated until the error has converged to a reason-

able range, where {x(t)}(n) is the drive file and {y(t)}(n)

is the response data

E(f )f g(n)~FFT y tð Þf g{ y tð Þf g nð Þ

h i
ð8Þ

The correction item is

c(t)f g(n)~IFFT G(f )f g{1 E(f )f g(n)

h i
ð9Þ

The new drive file is

x(t)f g(nz1)~ x(t)f g(n)zk| c(t)f g(n) ð10Þ

with re-drive {x(t)}(n + 1) and re-measure {y(t)}(n + 1),

where (n) denotes the repeated number and k repre-

sents the proportion factor.

2.3 Signal condensation

Several techniques exist for accelerated durability

testing including the frequency accelerated method,

stress increased method, signal condensed method,

and damage equivalent method. The frequency

accelerated method increases the operating fre-

quency, or uses a continuous action to reduce the

testing period. Meanwhile, the stress increased

method multiplies the input stress, causing rapid

failure of the target specimen. Moreover, the signal

condensed method eliminates the non-damage

signal history, in order to shorten the input signal

history and accelerate the durability testing. The

damage equivalent method employs the fatigue life

evaluation technique, and effectively accelerates the

duration time. This study focuses on the signal con-

densed methods, including the strain range editing

and racetrack editing techniques.

2.3.1 Strain range editing technique

The strain range editing method employs a peak-to-

peak strain range value (namely threshold) for edit-

ing. Strain histories smaller than the preset thresh-

old value are removed.

2.3.2 Racetrack editing technique

The racetrack editing method is shown in Fig. 2. The

original history in Fig. 2(a) is condensed to that in
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Fig. 2(c). The method used to eliminate smaller

ranges is shown in Fig. 2(b), and the ‘racetrack’ of

width s (namely the gate value) is defined, bounded

by ‘fences’ exhibiting the same profile as the original

history. The condensed history includes the se-

quence of events, which may be important. This

method is useful for condensing histories to those

few events, perhaps 10 per cent of the total, that are

most damaging, and which generally account for

over 90 per cent of all calculated damage. The

condensed histories accelerate test time and per-

mitted attention to be focused on a few significant

events.

3 METHODS

This study conducted data acquisition, road load

laboratory simulation, signal condensation, fatigue

life evaluation, and durability tests. The experimen-

tal procedures and methods were as follows.

3.1 Target component and target road

The target vehicle used in this study was a 150 cm3

motorcycle, the handlebar of which was the target

component (shown in Fig. 3). The target roads were

a Belgian road (paved road), uneven asphalt road,

Fig. 1 Flowchart of road load simulation technique
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and non-uniform-hole road at the proving ground in

the ARTC (Automotive Research and Testing Center

in Republic of China).

3.2 Data acquisition on proving ground

The motorcycle was driven on the Belgian road at a

speed of 30 km/h, uneven asphalt road at 40 km/h,

and non-uniform-hole road at 60 km/h. The three-

axis rosette strain gauges (KYOWA, 350V, gauge

length 3 mm) were used for the tests (shown in

Fig. 3). A data recorder (IMC-CRONOS) was moun-

ted at a suitable location on the test vehicle. The

sampling rate was 1000 Hz. Strain histories of the

handlebar were measured and edited to ensure good

data quality and freedom from spikes, noise, and

so on.

3.3 Experimental design

Pilot fatigue analysis revealed that the fatigue lives of

the original field strain histories (61 magnification)

did not cause handlebar cracking. Therefore, the

original field strain histories were multiplied by six

and became the target strain signals (66 magnifica-

tion). Additionally, this study aimed to evaluate the

influence of these three parameters, including the

different levels of retained damage, road types, and

signal condensation methods. These parameters are

described below, and Table 1 lists the identification

information and acceleration factor of these dur-

ability tests. Eleven specimens were tested based on

the edited loading histories for different damage

levels, road types, and signal condensation methods.

1. Damage retained levels: 100, 70, 50, and 30 per

cent are shown in case 1 to case 4 of Table 1.

Fig. 3 Target component (motorcycle handlebar) and the strain gauge location

Fig. 2 Example of the racetrack editing method: (a) an
irregular history; (b) screening through width s;
(c) the resulting condensed history [20]
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2. Road types: Belgian road, uneven asphalt road,

and non-uniform-hole road are shown in cases 1,

5, 7 (100 per cent damage retained level) and

cases 2, 6, 8 (70 per cent damage retained level) of

Table 1.

3. Signal condensation methods: two techniques

are included here, the ‘racetrack editing meth-

od’ and the ‘strain range editing method’. These

two techniques are presented in cases 1 to 4 and

cases 9 to 11 of Table 1 respectively.

3.4 Road load simulation durability tests

Fixtures required for accelerated durability tests

were designed and manufactured. The ‘strain_1’

component was considered to simulate the road

load in this study (shown in Fig. 3). The edited strain

histories, including different damage levels, road

types, and signal condensation techniques, were

reproduced in the laboratory using a remote para-

meter control technique to derive the applied load-

ing history (final drive file) with a single servo-hyd-

raulic actuator in the durability test, which is

shown in Fig. 4.

3.5 Accelerated durability test

Four damage levels, three road types and two signal

condensation techniques of loading histories ob-

tained from road load simulation were applied in the

durability tests (from case 1 to case 11 of Table 1).

Furthermore, periodic inspection was performed to

identify crack initiation (2.5 mm).

3.6 Fatigue life evaluation

The S–N approach, rainflow cycle counting meth-

od, Miner damage accumulation rule, Eurocode 3

standard, BS 5400 standard, and Gurney thickness

modified equation were employed for fatigue life eva-

luation [33]. Comparison between the experimental

and predicted fatigue lives of motorcycle handle-

bars subjected to full length and edited histories,

including three road types and four damage levels,

were employed to evaluate the effect of these two

signal condensation techniques.

4 RESULTS AND DISCUSSION

This section demonstrated the results of accelerated

durability analysis and road load simulation accel-

erated durability tests. The experimental and pre-

dicted fatigue lives were also compared for all cases.

The results are discussed in detail below.

4.1 Fatigue life evaluation

This study did not use the e–N approach because it

requires the estimation of several input parameters,

Table 1 The identification and acceleration factor of durability tests

Case
number

Signal condensation
method Road type

Damage
retained
(%)

Gate
value
(%)

Threshold
of strain
range (me)

Original
record

Retained
reversals

Acceleration
factor

1 Racetrack editing Belgian road 100 0.0 81 052 2212 1
2 Racetrack editing Belgian road 70 20.5 81 052 318 7
3 Racetrack editing Belgian road 50 29.0 81 052 188 12
4 Racetrack editing Belgian road 30 39.5 81 052 94 24
5 Racetrack editing Uneven asphalt road 100 0.0 31 084 712 1
6 Racetrack editing Uneven asphalt road 70 20.0 31 084 64 11
7 Racetrack editing Non-uniform-hole road 100 0.0 15 442 400 1
8 Racetrack editing Non-uniform-hole road 70 30.0 15 442 32 13
9 Strain range editing Belgian road 70 830 81 052 268 8

10 Strain range editing Belgian road 50 1185 81 052 126 18
11 Strain range editing Belgian road 30 1700 81 052 42 53

Fig. 4 Set-up condition of the accelerated durability
test and the target specimen
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including fatigue properties of the heat affected zone

and weld metal, stress concentration factor, residual

stress, etc. The need for such estimation makes the

method vulnerable to inaccurate prediction. The S–

N method has been included in many codes for

fatigue design of welded structures [22]. Previous

studies have demonstrated that the S–N method is

more easily and widely used than the e–N method in

the event of cracks occurring near welded regions.

Since fracture of the handlebar occurs near the

welded region, it is necessary to consider the welded

effect in predicting fatigue life. Four methods,

including the ‘S–N approach with fatigue property

of base metal’, ‘Eurocode 3 approach’, ‘BS 5400

approach’, and the ‘BS 5400 approach with Gurney

thickness modification’, were used to predict han-

dlebar fatigue lives in accelerated durability tests.

The welded details were classified respectively as:

detail category 80 based on Table 8.5 of the Euro-

code 3 standard: Parts 1–9, and G class based on

the BS 5400 standard: Part 10; these are illustrated

in Figure 5. Figure 6 shows the S–N curves obtained

from the bending fatigue test of base metal, Euro-

code 3 (detail category 80), BS 5400 (G class), and BS

5400 (G class) with the Gurney thickness modifica-

tion respectively. The material properties of the

Fig. 5 Fracture location at welded region, the detail category 80 of Eurocode 3 standard, and the
G class of BS 5400 standard (classification of details are from references [22] and [23])

Fig. 6 Stress–life curve of test data, Eurocode 3 (detail category 80), BS 5400 (G class), and BS
5400 (G class) with Gurney thickness modified equation
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handlebar are as follows: ultimate strength 420 MPa,

yield strength 395 MPa, Young’s modulus 210 GPa,

and strain_1 component was considered to evaluate

nominal stress range Sn. The parameters describing

the median S–N curve of base metal are K 5 1.126
1029 and m 5 9.09. Parameters describing the S–N

curve of the G class detail in equations (1) and (2) are

K 5 5.761011, s 5 0.662, and m 5 3.0 respectively.

The median fatigue life is predicted using z 5 0 in

this study. Parameters describing the S–N curve of

the detail category 80 in equations (5) and (6) are

sC 5 80.0, sD 5 58.9, and m 5 3.0 respectively.

Table 2 lists the experimental fatigue lives and the

fatigue lives predicted using four theoretical meth-

ods (1 block 5 1 trip for each road). The results of the

S–N approach with fatigue property of base metal

significantly exceed the experimental results (ranged

from 1.18 to 5.30), indicating that weld quality

influences the fatigue life and that the stress con-

centration effect of the weld toe should be consid-

ered. The results of the Eurocode 3 approach were

lower than those of experiments, where the differ-

ence ranged from 4.35 to 8.23. The BS 5400 approach

obtained lower lives than those of experiments,

because the original information for the BS 5400

standard was obtained using a weld with 22 mm

thickness. When the thickness decreases, the speci-

men tends to lead to conservative fatigue life pre-

dictions. On the other hand, the BS 5400 approach

with the Gurney thickness modification (thickness of

2.3 mm, the same as the handlebar) gives a satisfac-

tory result. The differences between the prediction

and experiment results are within the acceptable

range of 3 times, indicating that the third approach

(BS 5400 approach with Gurney thickness modifica-

tion) could satisfactorily assess the structure dur-

ability of the motorcycle handlebar.

4.2 Road load simulation and failure mode

The applied loading histories in durability tests were

obtained using the remote parameter control tech-

nique based on the reproduction of the strain

histories of the motorcycle handlebar. The target

strain histories measured using the Belgian road

(66 magnification) were reproduced in the labora-

tory. The error between the target r.m.s. (root mean

square) strain and response history was less than 10

per cent for all durability tests. Table 3 summarizes

these results. Figure 7 shows the failure mode for

the accelerated durability tests. The failure modes

among different signal condensation methods, dif-

ferent damage retained levels, and different road

types were almost the same, and all occurred where

the handle was welded to the main pipe.

4.3 Accelerated durability assessment

Two methods, including the ‘strain range editing

technique’ and ‘racetrack editing technique’, were emp-

loyed to edit the strain histories for the accelerated

Table 2 Comparison of the fatigue lives for the motorcycle handlebar

Case
number

Predicted life (blocks)

Experimental
life (blocks) Factor*

S–N approach with fatigue
properties of base metal

Eurocode 3
standard

BS 5400 standard
(t 5 22 mm)

BS 5400 with Gurney thickness
modification (t 5 2.3 mm)

1 2 370 145 81 441 763 1.73
2 2 638 208 116 633 905 1.43
3 2 741 293 163 887 1 364 1.54
4 2 934 480 267 1455 2 193 1.51
5 36 801 1130 629 3427 6 950 2.03
6 43 507 1602 892 4849 13 178 2.72
7 4 825 508 283 1541 2 682 1.74
8 6 971 724 403 2194 4 350 1.98
9 2 638 208 116 629 1 023 1.63

10 2 741 289 161 876 1 548 1.77
11 2 934 487 271 1476 2 482 1.68

*Factor 5 experimental life/predicted life (BS 5400 with Gurney thickness modification).

Table 3 The results of road load simulation tests

Case
number

Target r.m.s.*
strain (me)

Response
r.m.s. strain (me)

Error
(%)

1 414.0 409.0 1.21
2 608.0 552.2 9.18
3 708.0 671.3 5.18
4 601.0 558.4 7.09
5 406.0 370.2 8.82
6 499.2 458.2 8.21
7 656.6 625.3 4.77
8 732.3 701.1 4.26
9 686.0 651.4 5.04

10 731.0 692.5 5.27
11 864.0 808.1 6.47

*Root mean square.
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durability tests. Figure 8 illustrates target strain his-

tories measured using different target roads. Fur-

thermore, Fig. 9 illustrates the results obtained by

using the racetrack signal condensed method with

different percentages of retained damage on the

Belgian road. Figure 10 shows the ‘damage retained’

versus the ‘acceleration factor’ for the strain his-

tories of the Belgian road when using the strain

range editing method and racetrack editing method

respectively. Thus

Fig. 8 Target histories which were measured from the target road: (a) Belgian road; (b) uneven
asphalt road; (c) non-uniform-hole road

Fig. 7 Failure locations of the accelerated durability tests: (a) strain range editing method, 50 per
cent damage retained, Belgian road; (b) racetrack editing method, 70 per cent damage
retained, uneven asphalt road
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Acceleration factor

~
original reversals

retained reversals after signal condensation

ð11Þ

The original 81 052 records (as shown in Fig. 8(a))

measured from the Belgian road reduced to 2212

peak/valley reversals (as shown in Fig. 9(a)) after

performing rainflow counting (while the damage was

the same). Then these reversals were edited to: 268

and 318 reversals for the strain range and racetrack

methods with 70 per cent damage retention; 126 and

188 reversals with 50 per cent damage retention; and

42 and 94 reversals with 30 per cent damage

retention. The results of the signal history elimina-

tion percentage ranged from 99.61 to 99.95 per cent

(for the Belgian road), while the acceleration factors

for the strain range and racetrack editing methods

were 8–53 and 7–24 respectively.

Additionally, for a given percentage damage reten-

tion, more strain histories are removed using the

Fig. 9 Results using racetrack signal condensed method with different percentage damage
retained on the Belgian road: (a) 100 per cent damage; (b) 70 per cent damage; (c) 50 per
cent damage; (d) 30 per cent damage
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strain range editing method than using the racetrack

editing method. The ‘strain range editing method’

thus offers a more economical testing method.

Figure 11 shows the difference in ‘road type’ versus

‘acceleration factor’ when using the racetrack editing

method. It implies that when the retained damage

equals 70 per cent, the strain history of the non-

uniform-hole road offers the best acceleration factor

for signal condensation. This phenomenon may be

the cause of the uncomplicated road surface among

these three road types.

Figures 12 to 14 and Table 2 illustrate the correla-

tion between predicted and experimental fatigue lives

for different signal condensation methods, road types,

and retained damage levels. The predicted fatigue

lives were calculated by the BS 5400 approach with

Gurney thickness modification. The edited histories

of experimental fatigue lives always exceeded the

predicted fatigue lives, while the ratio of experimental

life to predicted life ranged from 1.43 to 2.72. Under

these various damage retained levels, road types, and

signal condensation methods, the predicted and

experimental fatigue lives were all within a factor of

3. This phenomenon indicates that both the strain

range and racetrack editing methods were suitable for

application to the motorcycle handlebar for acceler-

ated durability assessment, which should motivate

the application of these two signal condensed meth-

ods to other vehicle components.

5 CONCLUSION

This study presented the accelerated durability

assessment and corresponding experiments. Four

notable findings are as follows.

Fig. 10 Damage retained versus acceleration factor for strain range editing method and
racetrack editing method (Belgian road)

Fig. 11 Acceleration factor versus road type for using the racetrack editing method
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1. The ‘BS 5400 approach with the Gurney thickness

modification’ is suitable for assessing the welded

structure durability of a motorcycle handlebar.

The difference between the experimental and

predicted results is within an acceptable range of

three times.

2. Failure modes were almost identical for all

durability tests, including various signal conden-

Fig. 12 Predicted and experimental fatigue lives for different editing methods

Fig. 13 Predicted and experimental fatigue lives for different road types
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sation methods, damage levels, and road types.

The failure occurred where the handle is welded

to the main pipe.

3. When the damage retained equals 30 per cent, the

acceleration factors equal 53 and 24 for the strain

range editing method and racetrack editing

method respectively. This finding indicated that

the strain range editing method offers a more

economical approach to testing. Additionally,

when the damage retained equals 70 per cent,

the non-uniform-hole road offers the best accel-

eration factor for signal condensation.

4. The ratio of experimental life to predicted life ranged

was within a factor of 3 for all cases, indicating

satisfactory agreement with regard to fatigue life

prediction. This finding has demonstrated that both

these signal condensation methods were suitable for

application to accelerated durability assessment in

motorcycle handlebars. In the future, it is hoped that

these methods can be applied to other motorcycle,

ATV, or automotive components.
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