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Abstract—Safety of bus journey is a fundamental concern. Risk
of injuries and fatalities is severe when bus superstructure fails during
rollover accident. Adequate design and sufficient strength of bus
superstructure can reduce the number of injuries and fatalities. This
paper deals with structural analysis of bus superstructure undergoes
rollover event. Several value of mass will be varied in multiple
simulations. The purpose of this work is to anayze structural
response of bus superstructure in terms of deformation, stress and
strain under several loading and constraining conditions. A complete
bus superstructure with forty four passenger's capability was
developed using finite element analysis software. Simulations have
been conducted to observe the effect of total mass of bus on the
strength of superstructure. These simulations are following United
Nation Economic Commission of Europe regulation 66 which
focuses on strength of large vehicle superstructure. Validation
process had been done using simple box mode experiment and
results obtained are comparing with simulation results. Inputs data
from validation process had been used in full scale smulation.
Anayses suggested that, the failure of bus superstructure during
rollover situation is basically dependent on the total mass of bus and
on the strength of bus superstructure.

Keywords—Bus, Rollover, Superstructure Strength, UNECE
Regul ation 66,

[. INTRODUCTION

OWADAYS, highway traffic safety is a very important

issue over the world. Everyday a noticeable number of
vehicles are facing different types of accidents. Rollover is
one of the severe accident conditions. Accident due to rollover
is very frequent over the world. Most rollover crashes occur
when a vehicle runs off the road or rotates sideways on the
road by ditch, curb and soft soil or by some other objects. In
most of the rollover accidents of buses, its superstructure faces
strong impact with the surface of road. This impact leads to
collapse of bus roof resulting severe injury to the occupants
and extreme damage to the frame of bus. Nationa Highway
Traffic Safety Administration (NHTSA, 2002 b) USA
reported that only about 3% of all crashes are rollovers that
caused 33% of total crash related deaths. Rollover may be of
different types depending on the reasons that commence it. It
includes trip-over, fall-over, flip-over, bounce-over, turn-over,
collision with another vehicle, climb-over, end-over-end etc.
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Kecman, D. and Tidbury, G. H. [1] presented a pioneer
research on the process of calculating different parameters for
the certification of rollover related issues which was accepted
as a base of United Nations Economic Commission for Europe
(UN-ECE) Regulation 66. White, D. M. [2] worked on the
Rollover Accident Simulation

Program (RASP) developed to study the design factors
which affect rollover stability. The height of CG was the most
critical factor affecting the damages in rollover accidents.
Kumaga et d., [3] simulated a full scale bus using FEA
program meeting the requirements of ECE 66. The results
were compared with that of full scale dynamic rollover test of
abus.

Kecman, D. and Dutton, A.J. [4] described the design of
seats to meet both the ECE Regulation 80 and the ADR 68,
still now it is commercialy feasible in terms of weight and
cost. Kecman, D. and Randell, N. [5] studied on the methods
of structural design by ECE Regulation 66. Both Quasi-static
and full dynamic analysis of the rollover test can be used for
the development of the structure. Botto et al. [6] described an
analysis of eleven rollover accidents from a sample of seventy
eight bus collisons occurred in France. The 41% of al
accidents was found as rollovers.

Rasenack et al. [7] presented a survey of bus collision
between 1985 and 1993 in Germany. Very few of the
collisions resulted to rollovers accounting 50.2 % of all severe
injuries and 90% of all fatalities. Characteristics of on-road
rollovers regarding steering wheel angle amplitude, steering
wheel rate, lateral acceleration, yaw rate, body roll angle and
roll rate were presented by Marine et a [8]. Roper, L. David
[9] studied the effect of lateral speed, height of the center of
gravity and different types of road surfaces numerically in his
detailed work to investigate the reasons of rollover that helps
to initiate rollover. Ferrer, I. and Miguel, J. L. [10] presented
areport on the reasons of fatalities during rollover accidents of
high speed buses. That research concluded that, most of the
fatalities were caused due to gjection of passengers from bus
and impact with bus interior. The mitigation of rollover
injuries by increasing roof strength using A-pillar, roof rail
and header intersection was assessed by Bish, Jack et al. [11].
Their work suggested improve the strength of roof sufficiently
to prevent roof crash during rollover that might decrease the
degree of fatalities.

Therefore, no research has been carried out on the Strength
of Bus Superstructure to Prevent Rollover Crash of bus frame.
Most of the works were related to the surveying of the number
of faalities and injuries. Some of the researches have been
conducted to analyze the reasons of rollover. The effect of
rollover on the superstructure of bus and the detailed analysis
of that is very important to decrease the extremity of damages
on both of the occupants and the bus frame. This research
presents a numerical study on the effects of total mass of bus
and the strength of bus superstructure on the safe residua
space in bus during rollover accident.
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Il. METHODOLOGY

The rearmost position of the residual space is rbiced

The effects of initial impact of rollover on bus Plane 200 mm behind the; oint of the rearmost outer seat.

superstructure can be investigated in several wHys. study
includes finite element analysis simulation of Htsme to

The foremost position of the residual space isréica plane
600 mm in front of the Spoint of the foremost seat (whether

observe the effects of mass and the strength of bB@ssenger, crew, or driver) in the vehicle settstfilly

superstructure on the deformation and stress
superstructure during rollover simulation accordiag UN-
ECE Regulation 66. Superstructure of bus framersefe the
part of bus structure that carries the impact lahding
rollover process.

A. Residual Space Defined by UNECE Regulation 66

According to UN-ECE Regulation 66, a bus design lban
approved for fabrication if the superstructure bé tbus is
strong enough to maintain safe residual spaceénid bus
for occupants during rollover situation. The enpelof the
vehicle’s residual space is defined by creating eatical
transverse plane within the vehicle which has tkéaphery
described in Fig. 1 and moving this plane througg length
of the vehicle as shown in Fig. 2.
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Fig. 1 Lateral arrangements of residual space énisid bus
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Fig. 2 Longitudinal arrangements of residual spasile a bus

in therward adjustment. If the rearmost and foremests on the

two sides of the vehicle are not in the same trarsg/planes,
the length of the residual space on each side lie tdifferent.
The residual space is continuous in the passergew and
driver compartments between its rearmost and fos¢plane
and is defined by moving the defined vertical tkamse plane
through the length of the vehicle along straighes through
the & points on both sides of the vehicle.

B. Validation of Smulation Inputs

1) Smulation of Box Model

A simplified model of bus was modeled using firetement
analysis software to conduct rollover simulatiomeTmodel
was designed in such a way that, it consists ofsdrae type
of structural characteristics of a practical buanfe. The
simplified model was designed with the intensiorp&sform
practical rollover test on the same model fabridady the
researcher. The dimensions and three dimensioaal of the
box model are given in Table 1 and Fig. 3.

TABLE |
DIMENSIONS OFBOX M ODEL
Length of model 1m
Width of model 05m
Height of model 0.75m
Height of ditch 0.8m

Fig. 3 Three-dimensional view of the box model ugesimulation

The properties of mesh used in box model simulatiod
full scale bus simulation are given in Table II.

The & (Residual Space) point located on the seat-back of

each outer forward or rearward facing seat (or rassuseat
position) is 500 mm above the floor under the seat 150
mm from the inside surface of the side wall. Théiseensions
can also be applied in the case of inward faciragssia their
center planes. If the two sides of the vehicle a
symmetrical in respect of floor arrangement andrefore, the

height of the § points, the step between the two floor lines o

the residual space shall be taken as the longalidiertical
center plane of the vehicle (Fig. 1).
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TABLE Il
PROPERTIES OPMESH
Element librar Standar
Family Beam
Geometric Order Linear
Beam type Shear-flexible
Linear bulk viscosity scaling factor 1.0

f Quadratic bulk viscosity scaling factor 1.0
' A 2-node linear beam in space
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The effect of first impact on the box model duedatover
on the surface was observed. The magnitude aradidocof
maximum strain obtained from the result of simaatiare
given in Fig. 4. The magnitude of maximum deformativas

0:8, 2012

It is found that, the box model was subjected toaimum
strain of 1801um as shown in Fig. 6. The maximum strain
was found at the superstructure of the box modéle T
magnitude and the position of the maximum straineweund

obtained as 1947Xf0'n (1947 micrometer) and its location at the same position of superstructure Comparetheobox

was at the superstructure of bus model as showigia.

nnnnnn

Max: +1.947e-03 |
Elem: FRAME-1.164 |
163

|
o \ |

Elem: FRAME-1.106

Node: 8

Fig. 4 Maximum deformation of box model during oelér motion

2) Rollover Experiment of Box Model

A box model was fabricated with the same dimensam
material properties (Fig.5) of the model used mdghmulation.
Rollover test was carried out on the model meesih@f the
necessary requirements of UN-ECE regulation 66. §then
and the motion of rolling over of the model weresetved
during the experiment. To get accurate result yriathic
strain, a sophisticated dynamic strain measurirgjesy was
used to measure strains at four different positimmghe box
model as shown in Fig. 5. A high speed video cameasa
used to record the video of rollover motion.

’/Straln gauge 2

/ /Strain gauge 4

Strain gauge
Strain gauge 3

Fig. 5 The box model used in rollover experiment

The plot of the data obtained from four strain gzsigf
dynamic strain measuring system is given in Fig.6.
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Fig. 6 The plot of strain obtained from dynami@strmeasuring
system
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model simulation. The magnitudes of maximum strain
obtained from box model simulation and experimest\&ery
close to each other. Hence, it can be concludedhleanputs

of box model simulation were accurate. The samatspere
used in the simulations of full scale bus whichveothat the
results of bus simulations are also accurate.

C.Modeling

A complete bus structure was modeled to analyzeintee
the requirements of UN-ECE Regulation 66 as showFig. 7
and Fig. 8. The passenger capacity of the busrig-four in
all simulations. The bus was modeled neglectingrtasses
due to steel sheet to cover the bus frame and ghssl
applications. The distributed loads of engine, ediéht
electromechanical fittings, instrument box, air-gditioner etc.
were assumed as dead loads like tetrahedron. The ai
conditioner load was assumed only on top of thd. r@dl of
the beams and columns were modeled as beam elements
Since, dead loads are of no interest of analyhkisse were
defined as rigid bodies to reduce computationaktim

Driver Loac Air Conditioner Loa

Passenaers Lo

.V,"-,

Fig. 7 The isometric view of bus structure usedimulation

Fig. 8 The isometric view of bus placed on theldas an unstable
condition before simulation

Since the superstructure faced impact with the micand
the effect of this impact was the main observatioh
simulations, small mesh size was used in the strpetsre.
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In contrast, bigger mesh sizes were used in this pabus
structure having no impact with ground surf.

Ill. RESULTS OFSIMULATION

Most of the bus coach buildemuse the design of chas
from some renowned manufacturers like Hino, Nis
SCANIAand etc. bt for superstructure and different de
loads like air conditioner unit, battery, fuel tardpare tire
floor and passengers’ sedtsey use their own design. Hen
it is necessary to carry out rollover test on thaes
superstructurdefore fabrication. A total of four simulatio
have been performed on the bus design given
manufacturer. These are:

a) Simulation of Bus Given by Manufactu

b) Simulation of Bus Given by Manufacturer with nirstepercen
more Load

c) Simulation of Bus Givelty Manufacturer with thirty sipercent
more Load

d) Simulation of Bus with In@ased Strength of Superstrue

The results of Bus simulations changing differerdsee:
and strength of superstructure are explained infdhewing
subsections.

A. Smulation of Bus Given by Manufacturer

The main specification of the bus is given irble Il and
Table IV.

TABLE Il
SPECIFICATION OFDIMENSIONSOF BUS

Dimension Magnitude (m
Length 11.14
Width 2.2
Height 2.86

50 mm x 50 mm x 5 mm-profile

Dimensions of different profiles 50 mm x 50 mm x 5 mm bc

) profile
used in superstructure 38 mmx 38 mm x 5 mm bo
profile
Types of beams and columns Fixieced end conditior
TABLE IV

TYPES OFMAJORMASSES OFBUS AND THEIR QUANTITIES

Name of Load Mass (Kg.)
Air conditioner unit 80
Fuel tanl 13¢
Engine 257
Floor and seats 2022
Others 1602
Total mass 4100

Result of simulation showed small deformation
superstructure as shown in Fi§. The bus frame we
subjected to a Mises stress of 294 MRdts superstructure,
which is more than the yield strength of mild stétgnce, the
bus superstructure was subjected to a small pl
deformation. But the bus superstructure did notrpd® in the
safe residual space for passengers. Thereforepus was
capable to preserve safe residual space for pamse
according to UNECE Regulation 66 which can
recommended for fabrication.
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Critical beams

S, Mises

Bottam Right Corner

(Awg: T5%)
+2.9432408
+2.697a408

+1.7178+08
+14718408
+1.226@+08
+9.8059e+07
+7.3572407
+4.905e+07
+2A453e+07
+7.155e+03

Max: +2.9436+08
Elemn: FRAME-1.100
Hode: 1

Min: 471558403
Elem: BASE-1.37
Hode: 53

Fig. 9The critical situation of bus superstructduring first impact
of rollover

B. Smulation of Bus Given By Manufacturer with Nineteen
Percent More Load

Since the bus explained in section 3.1 was capab
preserve safe residual space for passengers, asathdation
was performed with increased total mass. The totds wa:
increased by increasing the mad all parts except the bus
structure. This analysis was performed to obsdreestfect ol
total mass of bus on its superstructure duringovelt
accident.The different masses and the dimensions of the
members of superstructure are given in Taband Table 3
respectively. The total mass of bus was increased% %
(779 Kg).

TABLE V
QUANTITIES OF MAJORMASSES OFBUS

Name of Load Mass (Kg.)
Air conditioner unit 136
Fuel tank 162

Battery 63

Engine 694
Floor and seats 2746
Others 1078
Total mass 4879

Result of simulation showed that the bus structwees
subjected to more deformation of superstructurendufirst
impact compared to the bus of total mass 4100 idiog. But
the bus superstructure did not protrude in the se$idual
space. Therefore, the bus structure was capabj@e®erve
safe residual space for passengers’ during rolleeeording
to UNECE Regulation 66 as shown in. 10.

5, Misas
Botzom Right Corner
(AT ALth)
+3.07Ce+08
+2.82Ze+08
+2,E3ce+0B
+2 dIseHg
+2 Us e HUE
+L.73ce+08

Fig. 10The critical situation of bus superstructduring first impact
of rollover

1SN1:0000000091950263



Open Science Index, Mechanical and Mechatronics Engineering Vol:6, No:8, 2012 publications.waset.org/2770.pdf

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering
Voal:6, No:8, 2012

C.Smulation of Bus Given By Manufacturer with Thirty Sx TABLE VII
Percent More Load DIMENSIONS OFBUS USED INTHE SIMULATION
Dimension Magnitude (m)
To observe the effect of total mass of bus, another Length 11.14
simulation was performed with increased total mabe total Width 292
mass of bus was increased by 36 % (1476 Kilograms) Height 2.86
compared to the initial mass (4100 Kg.). The imgoatt (1) 65mmx65mmx52mm L-
dimensions of the bus used in this simulation aieery Changed dimensions of E’zr;’f"gs 65 mm X 5.2 i box
inTable Ill and the new values of different masagsgiven in different members usedin o v.q) '
Table VI. superstructure (3) 49.4 mm x 49.4 mm x5.2 mm box
profile
TABLE VI Types of beams and columns Fixed-fixed end conitio
QUANTITY OF MAJORMASSES OFBUS
Name of Load Mass (Kg.) 3
Air conditioner uni 21C
Fuel tank 253
Engine 500
Passengers, seats and floor 3636
Others 977
Total mass 5576

Result of simulation showed large deformation ofs bu
superstructure as in Fig. 11. The deformation was shat the
bus superstructure could not preserve safe resghade for
passengers. The bus frame was subjected to a igrMises
stress of 335 MPa which is more than the yieldnsfite of Fig. 12 Change in cross sectional dimensions atatdd and similar
mild steel. This excessive stress caused some iglast to those members
deformation in the bus frame and the superstrugitvguded

. . TABLE VIII
in the residual space. Hence, the strength of strpeture was TYPES OFMASSESOF BUS
not sufficient to fulfill the requirements of safesidual space Name of Load Mass (Kg.)
regarding UN-ECE Regulation 66. Air conditioner unit 210
Fuel tanl 252
S, Mises Engine 500
Thva: 780 e Passengers, seats and floor 3660
i§:§§§§i§§ Critical beams '
«Eglgzggzgg Others 1007
+1,260e+08 i Total mass 5630

The width and breadth of some members (membersatd?2
3 in Fig. 12) of superstructure were increasedhliyyt percent
and the thicknesses of those members of were isedday 0.2
mm. The simulation showed comparatively less deétion

(Fig. 13) of superstructure compared to the deftionahown
Fig. 11 The critical situation of bus superstruetduring firstimpact jn Fig. 11.

421782403
Max: +3.3592+408
Elem: FRAME-1.70
Node: 83
Min: +2,178e+03
Elern: BASE-1.16
Node: 58

of rollover
D. Simulation of the Bus with Increased Srength of (Esﬁé’ni}iq;“ Gorner
AvQ: 75%
Superstructure ihaeset
+Z.6Z1e+
Previous simulations showed that, superstructutfeeisnost e
e . +1.57Ze+i
critical part of bus structure regarding rollovdrepomenon. sl
Since the strength of bus superstructure of the usesl in ety
simulation of section 3.3 was not sufficient to qEeve safe | tex vsaseros
residual space, another simulation was performeth wi | .o .00
. . - . y Elem: BASE-1.16
increased dimension of the cross sections of stipetsgre’s Hede: 58

members that increased the strength of supersteucithe
important dimensions and different masses of treused in  Fig. 13 The deformation of bus superstructure dyfirst impact of
this simulation are given in Table VII and TablellVIThe rollover with increased strength of superstructure
beams of changed dimensions are shown in Fig.dgldd by
1, 2 and 3. The new dimensions of beams labeled Byand 3
are shown in Table VII.

The bus frame was subjected to a Mises stress HiVga
which is more than the yield strength of mild st8dlis stress
caused some permanent deformation in the bus frame.
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But the bus superstructure did not protrude in slaée
residual space for passengers. The deformationswels tha
the bus superstruceirwas capable to preserve safe resi
space for passengers as shown in E8.Hence, the streng
of the superstructure was sufficient to fulfill thequirement:
of residual space of URCE Regulation 6!

IV. DISCUSSION

The simulation of the full scaleus was carried out k
varying total mass of bus and the strength of sipesture

The finite element analysis simulation showed t
maximum deformation occurs during its first impdeiy. 14
showed the plot of maximum Mises stress versus$ noéss o
bus and Fig. 15 showed the position of deform
superstructure and residual space in the

340
335 4
330
325 4
320 4
315 4
310 4
305 4
300 4
295 -

290 T T T T T T T T
4000 4200 4400 4600 4800 5000 5200 5400 5600 5800

Mises Stress (MPa)

Total Mass of Bus (Kg)

Fig. 14Variation of maximm stress with total mass of

Superstrucure

Fig. 15Position of bus superstructure at maximum deforone
during first impact

Fig. 14 slowed that the magnitude of maximum stres;
bus increased with increasing total mass excepth®tbus o
mass 5630 Kilograms due to the fact that it is frdifferent
category of structure. The bus of mass 4100 kilogravas
subjected to a maximum steesf 294 MPa. The simulatic
showed less deformation of superstructure (positian Fic.
15) which was capable to maintain safe residuatespmhring
first impact. Then the mass of bus was increased 9o
which was subjected to a maximum stress of MPa
showing only 4.42 % increase in stress. The sinmratf this
bus showed more deformation of superstructure dufinst
impact (position 2 in Figl5) and the superstructure was |
touching the boundary of safe residual space. Aganmas:
of bus was increased by 36 % compared to the limitésss of
4100 kilograms.
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This bus showed a maximum stress of 335 MPa wit
increase of 13.94 % stresshe simulation showed very large
deformation of superstructure (assumed position Big. 15)
which was not capable to maintain safe residuatespBromr
the above analysis it is found that, if superstrcetfail anc
exceed residual space, it cannot pnt passengers from
fatality or serious injury. Hence, to avoid supersture
failure when sustain this amount of total mass, tlzn
simulation was performed on the same bus increatie
strength of superstructure. The width and breadft
superstructuier members’ cross section were increased by .
and the thickness was increased by only 0.2 mnmn, tifve bus
was subjected to a maximum stress of 314 MPa duiisp
impact. This showed that a small change in thengtheof bus
superstructure can contute to a big reduction in maximu
stress and deformation. This simulation showed
deformation of superstructure (position 4 in. 15) and the
superstructure was not protruding in the residysdcs. It
proved that, total mass and strength of bus rstructure are
very important factors to be considered during gle:
Therefore, to maintain safe residual space in busng
rollover accident, it is strongly recommended tha total
mass of bus should be less keeping sufficient gthemf
superstruture. These results were also parallel to re:
obtained by previous study conducted by variousitii®ns
such as The National Safety Council, The Brooki
Institution, and The Insurance Institute for Higlyw@&afety,
The General Motors Research Lzatories and The National
Academy of Sciences. All of them agreed that radostin
the size and weight of passenger cars pose a shfegt

V.CONCLUSION

The analyses of bus simulations provide very usefd
fruitful results. It can be concluded thi¢he safe residual
space for passengers inside bus during rolloveraanps
strongly dependent on some parameters. The streridihs
superstructure is the most important parameter &
considered in the design process. The total madshancros:
sectbnal dimensions of the members of superstructuoeldl
be optimized to get maximum ratio of strength t@altanass
For the same superstructure strength, the simulatfobus
with more total mass is not capable to preserve sedidua
space during raflver process. Bus with increased total n
showed abnormal type of rollover motion, more defation
and structural vibration. Hence, the total massukhbe as
less as possible keeping sufficient strength oégstpucture

REFERENCES

[1] Kecman, D., andidbury, G.H., “Optimisation of a Bus Superstruet
from the Rollover Safety Point of View. Tenth In&tional technica
Conference on Experimental Safety Vehicles,” Oxf@udgland, 198!

[2] White, D.M., P.S.V. “Rollover Stability,” Tenth letnational Tehnical
Conference on Experimental Safety Vehicles, Oxfamfland, 198!

[3] Kumagai, K., Kabeshita, Y., Enomoto, H., and Shimaj S., “An
analysis Method for Rollover Strength of Bus Stuses,” Fourteent
International technical Conference on Enchancafety of Vehcles,
Munich, Germany, 1994.

[4] Kecman, D., and Dutton, A.J., “Development and ifigstof the
University Coach safety Seat,” Fifteenth Internagib Technica
Conference on the Enhanced Safety of Vehicles, dely Australia
1996.

1SN1:0000000091950263



Open Science Index, Mechanical and Mechatronics Engineering Vol:6, No:8, 2012 publications.waset.org/2770.pdf

(5]

(6]

(7]

(8]

(9]
[10]

[11]

International Scholarly and Scientific Research & Innovation 6(8) 2012

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering

Vol:6, No:8, 2012

Kecman, D., and Randell, N., “The Role of Calcwatiin the
Development and Type Approval of Coach Structuress Rollover
Safety,” Fifteenth International Technical confereron the Enhanced
Safety of Vehicles, Melbourn, Australia, 1996.

Botto, P., Calllieret, M.C., Patel, A., Got, C., darlarriere, C.,
“Passenger Protection in Sigle and Double-DeckeacBes in Tipping
Over,” Thirteenth International Technical confereran Experimental
Safety Vehicles, Paris, France, 1991.

Rasenack, W., Appel, H., Rau, H., and Rieta, CestBsystems in
Passenger Coaches,” Fifteenth International Teahoanference on the
Enhanced Safety of Vehicles, Melbourne, Austral@96.

Marine, Micky C, Thomas, Terry M.and Wirth, Jeffrey L.,
“Characteristics of On-Road Rollovers,” SAE Intefomal Congress &
Exposition(Vehicle Dynamics & Simulation), March 9% Document
N0.1999-01-0122, Detroit, MI, USA.

Roper, L. David, “Physics of Automobile Rollover2001.

Ferrer, 1., and Miguel, J.L., “Assessment of thee Us Seat Belts in
Busses Based on Recent Road Traffic Accidents @inSpSeventeenth
International Technical Conference on the enhaiszddty of Vehicles,
Amsterdam, the Netherlands, 2001.

Bish, Jack, Nash, Carl E., Paskin, Allan, H., “Tere and Friedman,
Donald, an Evaluation of Production Vehicle Roofe8gth,” 2004
ASME International Mechanical Engineering Congrasd Exposition,
November 2004, IMECE2004-59885, California, USA.

1645

1SN1:0000000091950263



	I. L. Ahmadx.pdf
	m.h.m.pdf
	Mustafa Bin Yusof,.pdf



