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Kajian kemalangan jalan raya 
� Unit forensik keselamatan jalan, CKJG 

d itu g askan u ntu k meng kaji asp ek-asp ek 
jalan ray a y ang  b oleh  memp eng aru h i 
kejad ian kemalang an jalan ray a

� A ntara kajian y ang  d ijalankan ialah  
kad ar g elinc iran p ermu kaan ( skid 
r e sist a n c e  v a l u e ) d an ked alaman 
tekstu r ( t e x t u r e  de p t h )



PENGENALAN
• S e l a i n  d a r i p a d a  r e k a b e n t u k  g e o m e t r i  d a n  a s p e k  a u d i t  k e s e l a m a t a n ,  
p e r m u k a a n  p a v e m e n  j u g a  m e m a i n k a n  p e r a n a n  p e n t i n g  d a l a m  s a f e t y
•A c c i d e n t  r a t e  i n c r e a s e s  a s  t h e  s k i d  r e s i s t a n c e  o f  t h e  r o a d  d e c r e a s e  
( R o a d  S a f e t y  M a n u a l  P I A R C ,  2 0 0 4 )
•P e r m a s a l a h a n  h a n y a  t i m b u l  a p a b i l a  p e r m u k a a n  j a l a n  b a s a h ,  d i  m a n a  
‘ c o n t a c t ’  a n t a r a  t a y a r  d a n  p e r m u k a a n  p a v e m e n  s e m a k i n  b e r k u r a n g a n

•H a l a j u  s e m a s a  s k i d  t e r j a d i  a p a b i l a  c e n t r i f u g a l  f o r c e  m e l e b i h i  
r i n t a n g a n  d a r i p a d a  t a h a p  k e s e n d e n g a n  d a n  g e s e r a n  ( f r i c t i o n )  ( R o a d  
S a f e t y  M a n u a l  P I A R C ,  2 0 0 4 )



Geseran (Friction)
• G e s e r a n  b o l e h  d i d e f i n i s i k a n  s e b a g a i  d a y a  r i n t a n g a n  t e r h a d a p  o b j e k  
y a n g  b e r t e n t a n g a n
•R i n t a n g a n  g e l i n c i r a n  d a n  k e d a l a m a n  t e k s t u r  a k a n  m e m p e n g a r u h i  
f a k t o r  g e s e r a n  a t a u  l e b i h  d i k e n a l i  s e b a g a i  p e k a l i  g e s e r a n  ( C o e f f i c i e n t  
o f  F r i c t i o n ) . P e k a l i  g e s e r a n  d i  d a r a b k a n  d e n g a n  1 0 0  m e n g h a s i l k a n  n o  
g e s e r a n  ( S k i d  N u m b e r )



M i c r o t e x t u r e  d a n  
M a c r o t e x t u r e

•T e k s t u r  m i k r o  m e m a i n k a n  p e r a n a n  y a n g  l e b i h  k e t i k a  k e n d e r a a n  
b e r g e r a k  p e r l a h a n . B a g a i m a n a p u n ,  m e n u r u t  P I A R C ,  t e k t u r  m i k r o  
m e m a i n k a n  p e r a n a n  p e n t i n g  d a l a m  s e m u a  j e n i s  k e m a l a n g a n
•T e k s t u r  m a k r o  p u l a  b e r p e r a n a n  m e n y a l i r k a n  a i r  d e n g a n  s e g e r a  d a r i  
s e n t u h a n  t a y a r  d e n g a n  p e r m u k a a n  j a l a n . P a d a  k e l a j u a n  t i n g g i ,  t e k s t u r  
m a k r o  m e m a i n k a n  p e r a n a n  y a n g  l e b i h  d a l a m  m e m b e r i  g e s e r a n  p a d a  
p e r m u k a a n  j a l a n .



M i c r o t e x t u r e  d a n  
M a c r o t e x t u r e



Mengukur Rintangan Gelinciran 
Menggunakan Pendulum Skid Resistance

T ester



Prosedur menjalankan ujian gelinciran permukaan jalan



Portable Skid Resistance Tester (Also known as the "Pendulum Tester")



Pendulum Skid Resistance Tester

•U j i a n  g e l i n c i r a n  p e r m u k a a n  b e r t u j u a n  u n t u k  m e n g u k u r  n i l a i  g e l i n c i r a n  
p e r m u k a a n  j a l a n  ( S k i d  R e s i s t a n c e  V a l u e ,  S R V )  p a d a  p e r m u k a a n  j a l a n  
b a s a h .
•U j i a n  i n i  l e b i h  t e r t u m p u  k e p a d a  t e k s t u r  m i k r o  s a m a d a  p e r m u k a a n  
p a v e m e n  s e l a m a t  u n t u k  m e n g e l a k k a n  k e n d e r a a n  t e r g e l i n c i r .
•U j i a n  r i n t a n g a n  g e l i n c i r a n  y a n g  d i p r a k t i k k a n  o l e h  B a h a g i a n  
K e s e l a m a t a n  J a l a n  m e n g g u n a k a n  a l a t  portable s k i d  res i s tan c e tes ter 
d i  m a n a  n i l a i  m i n i m u m  y a n g  d i k e h e n d a k i  a d a l a h  4 5  S R V .
•P e n g g u n a a n  a l a t  p e n d u l u m  t e s t e r  d i a k u i  k e b e r k e s a n a n n y a  o l e h  r a m a i  
p a k a r  t e r m a s u k  p a k a r  p a v e m e n t  . L e b i h  d a r i p a d a  1 0 0  a l a t  y a n g  
d i s e n a r a i  p e n d e k  o l e h  P I A R C  p a d a  t a h u n  1 9 9 5  u n t u k  m e m b u a t  
p e n i l a i a n  c i r i -c i r i  p e r m u k a a n  j a l a n ,  2 9  d a r i p a d a n y a  a d a l a h  a l a t  u n t u k  
m e n g u k u r  g e s e r a n . S a l a h  s a t u  d a r i p a d a n y a  a l a t  m u d a h  a l i h  p e n d u l u m .
•A l a t  i n i  m e n j a l a n k a n  u j i a n  s t a t i k  b e r b a n d i n g  d e n g a n  a l a t  l a i n  s e p e r t i  
S C R I M ,  G r i p  t e s t e r  y a n g  m e r u p a k a n  a l a t  u j i a n  d i n a m i k



Rintangan Gelinciran Permukaan Jalan 
(Skid Resistance)

Suggested Minimum Values of �skid resistance�
(measured with the portable tester) (TRRL,1969)

Category Type of Site
Minimum skid 

resistance (surface 
wet)

A

Difficult sites such as:
1.Roundabout
2.Bends with radius less than 150m on 
unrestricted roads
3.Gradients 1 in 20 or steeper of 
lengths greater than 100m
4.Approaches to traffic lights on 
restricted roads

65

B

Motorways, trunk and class 1 roads 
and heavily trafficked roads in urban 
areas (carrying more than 2000 
vehicles per day)

55

C All other sites 45



Nilai gelinciran 
p erm u k aan ( S R V  V alu e)  
=  4 1 . 6  S R V  @  3 5  
C el c i us

T erd ap at  k es  k ej ad ian 
h ilang k aw alan d i 
s elek o h  ( s em as a h u j an)

F 0 0 5 0  K M  8 2 . 7  J L N B A T U  P A H A T -M E R S I NG ,  K L U A NG

P erm u k aan aggregat e 
t elah  h au s  ak ib at  d arip ad a 
“ p o lis h ing ef f ect  “



Nilai gelinciran 
p erm u k aan ( S R V  V alu e)  
=  3 6 . 0  S R V  @  3 5  
C el c i us

P erm u k aan aggregat e 
t elah  h au s  ak ib at  d arip ad a 
“ p o lis h ing ef f ect  “

A d u an b any ak  k es  
k em alangan s em as a 
h u j an d i J am b at an 
S u lt an M ah m u d

J am b at an S u ngai M ah m u d ,  T erengganu



M engukur K ed alaman T eks tur 
M enggunakan Sand P atch  M eth o d



S a nd  P a tc h  M e th o d
(K a e d a h  T a m p a l a n P a s ir )

•U j i a n  k a e d a h  t a m p a l a n  p a s i r  b e r t u j u a n  u n t u k  m e n g u k u r  k e d a l a m a n  t e k s t u r  
a g g r e g a t e  p e r m u k a a n  p a v e m e n
•M e r u p a k a n  k a e d a h  y a n g  s e l a l u  d i g u n a k a n  u n t u k  m e n g u k u r  k e d a l a m a n  t e k s t u r  
( “ S t a n d a r d  T e s t  M e t h o d  f o r  M e a s u r i n g  S u r f a c e  M a c r o t e x t u r e  D e p t h  U s i n g  a  
S a n d  V o l u m e t r i c  T e c h n i q u e ”  - P a v e m e n t  A n a l y s i s  a n d  D e s i g n ,  Y a n g  H  H u a n g ,  
S e c o n d  E d i t i o n )
•K e d a l a m a n  t e k s t u r  m e l e b i h i  0 . 8 0 m m  d i a n g g a p  b a i k  s e b a g a i  “ d r a i n a g e  p a t h s ”  
u n t u k  p e n y a l i r a n  a i r  s e m a s a  b e r l a k u  s e n t u h a n  a n t a r a  t a y a r  d a n  p e r m u k a a n  
p a v e m e n  ( R o a d  S a f e t y  M a n u a l ,  P I A R C )

Texture depth (mm) =  4V x  103

Πd2

d  =  average diameter of sand patch
circle (mm)

V =  volume of sand used (cm3)



K ed alaman T eks tur Permukaan Jalan 
(Sand P atch  M eth o d)

A Suggested Classification of the Surface Texture

Average Texture 
Depth (mm)

Texture Classification

> 0.25 Fine

0.25 – 0.50 Medium

> 0.50 Open



Sand Patch Method - B . S .  5 9 8 : P a r t  1 0 5







F 0 0 1 1  K M 1 7   J L N B A T U  B A H A U  - K E R A T O NG ,  J E M P O L
Nilai K ed alam an T ek s t u r 
( M T D )  =  0 . 4 4 m m  <  
0 . 5 0 m m

T erd ap at  k es  k ej ad ian 
head on collsion d i j alan 
lu ru s  ( s em as a h u j an)



S k id  N o  (N o  G e s e r a n)
•D a l a m  d i a g n o s i s  k e s e l a m a t a n  j a l a n  k e p u t u s a n  u j i a n  g e s e r a n  p e r l u  
d i u b a h s u a i  u n t u k  m e n g a m b i l  k i r a  k e l a j u a n  k e n d e r a a n ,  s u h u  d a n  
p e r b e z a a n  perc en t s li p rati o a n t a r a  k e a d a a n  u j i a n  d a n  k e a d a a n  
p e m a n d u a n .
•B a g i  u j i a n  g e s e r a n  y a n g  t i d a k  d a p a t  d i l a k s a n a k a n  u n t u k  s e t i a p  k a d a r  
k e l a j u a n ,  h u b u n g k a i t  g e s e r a n  d a n  k e l a j u a n  b o l e h  d i a n g g a r k a n  
b e r d a s a r k a n  t e k s t u r  m i k r o  d a n  t e k s t u r  m a k r o
•H u b u n g k a i t  t e r s e b u t  b o l e h  d i  a n g g a r k a n  m e n g i k u t  n i l a i  S k i d  N u m b e r

•S k i d  n u m b e r  y a n g  j u g a  d i k e n a l i  s e b a g a i  S N  m e r u p a k a n  k o m b i n a s i  
a n t a r a  p a r a m e t e r  S N o  ( S k i d  N u m b e r  a t  Z e r o  S p e e d )  d a n  P N F S G  
( N o r m a l i z e d  F r i c t i o n  S p e e d  G r a d i e n t )
•K a i t a n  a n t a r a  S k i d  N u m b e r ,  S N  d a n  h a l a j u ,  V  t e l a h  d i h u r a i k a n  o l e h  
L e u  d a n  H e n r y ,  1 9 7 8



S k id  N o  (N o  G e s e r a n)

S um b er :  PI A R C ,  R o ad  S af et y  
M anual  2 0 0 4



•N o  G e l i n c i r a n  ( S k i d  N u m b e r )  d i p e n g a r u h i  o l e h  f a k t o r  m a k r o  d a n  m i k r o .
•P a g e  d a n  B u t a s  p u l a  m e n d a p a t i  k a d a r  k e m a l a n g a n  ( a c c i d e n t  r a t e s )  p a d a  
p e r m u k a a n  j a l a n  y a n g  b a s a h  s a n g a t  t i n g g i  t e r u t a m a n y a  a p a b i l a  N o  G e l i n c i r a n  
( S k i d  N u m b e r )  k u r a n g  d a r i p a d a  2 5  p a d a  k e l a j u a n  6 5 k m / h

S k i d  N o  ( N o  G es eran)



Faktor pemandu berkaitan gelinciran

• D a r i p a d a  l a p o r a n  d a r i p a d a  F i r s t  I n t e r n a t i o n a l  S k i d  P r e v e n t i o n  
C o n f e r e n c e  ( H a n s c o m ,  1 9 7 7 ) ,  f a k t o r  p e m a n d u  y a n g  m e n j a d i  f a k t o r  
u t a m a  k e m a l a n g a n  b e r k a i t a n  g e l i n c i r a n .

• P a r a  p e m a n d u  t i d a k  m e n g e t a h u i  /  m e m a h a m i  ;
1 . N i l a i  r i n t a n g a n  g e l i n c i r a n  a k a n  m e n u r u n  p a d a  p e r m u k a a n  j a l a n  

y a n g  b a s a h ,  o l e h  i t u  j a r a k  k e n d e r a a n  u n t u k  b e r h e n t i  a d a l a h  
j a u h  d a r i p a d a  j a r a k  y a n g  d i k e h e n d a k i .

2 . N i l a i  r i n t a n g a n  g e l i n c i r a n  b a g i  s e s e t e n g a h  j a l a n  m e m p u n y a i  
k a d a r  g e l i n c i r a n  y a n g  t i n g g i  s e m a s a  k e r i n g ,  t e t a p i  p a d a  m a s a  
h u j a n  n i l a i  g e l i n c i r a n  a k a n  m e n u r u n  s e c a r a  m e n d a d a k .

3 . K e b a r a n g k a l i a n  u n t u k  s e s e b u a h  k e n d e r a a n  u n t u k  b e r h e n t i  
s e m a s a  k e c e m a s a n  p a d a  h a l a j u  y a n g  t i n g g i  d a l a m  k e a d a a n  
t u r a p a n  y a n g  b a s a h  a d a l a h  r e n d a h .

4 . W a l a u  s e b a i k  m a n a p u n  t a y a r  y a n g  d i g u n a k a n ,  s e m a s a  h a r i  
h u j a n  k e m u n g k i n a n  u n t u k  m e n g a w a l  k e n d e r a a n  s e p e r t i  b i a s a  
a d a l a h  r e n d a h .

5 . G e l i n c i r a n  b i a s a n y a  b e r l a k u  d i  k a w a s a n  s e l e k o h ,  b e r h a m p i r a n  
p e r s i m p a n g a n ,  p a d a  b u k i t  c u r a m  d a n  p a d a  b u l a t a n  s u s u r .



N am a J al an L al u an Sek s y en N i l ai  
SR V

MT D SN  @  
6 5 k m / h

W et 
Su r f ace 
( Y / N )

1. Jln Ipoh – Kuala Lumpur 1 56 5.5 51 - - N
2. J ln  B ut t e rw o rt h  – A lo r S e t ar 1 7 86 .9 55.5 - - N
3. J ln  Kuala T e re n g g an u – Ko t a 
B ah ru

3 57 3.4 45 - - N

4. J alan  Li pi r – M e rapo h 8 118 39 - - Y
5. J alan  Kuan t an  – S e g amat 12 121 56 - - N
6 . J ln  M e rs i n g  - Kluan g 50 132 53 - - N
7 . J ln  T e me rlo h  – B d r J e n g k a 83 22 51 - - N
8. J ln  G urun  – J e n i an g 17 5 10 56 - - N
9 . J ln G ua M us an g – Kuala Krai 8 259 .5 6 3 - - N
10 . J ln  J o h o r B ah ru –
S e re mb an

1 145 48.5 - - Y

11. J ln  M uar – M e lak a 5 189 58 - - N
12. J ln  B ut t e rw o rt h  – A lo r S e t ar 1 833.1 54.5
13. J ln  J e li  – P as i r P ut i h 4 159 .2 54.5 - - N
14.J ln  G e mas  - T ampi n 1 219 .5 53 - - N
15. J ln  Ko t a B ah ru – G ua 
M us an g

8 30 1 6 3.6 - - N

16 . J ln  Ko t a B ah ru – Kuala 
T e re n g g an u

3 6 7 5 47 - - Y

Kajian analisis correlation SRV, MTD, Skid Number dan kemalangan



Nama Jalan L alu an S e k s y e n Ni lai  S R V M T D
S N@  

6 5 k m/ h
W e t  

S u r f ac e  
( Y / N)

17 . J alan  G ua M us an g  –
Kuala Krai

8 245.5 6 5.5 - - N

18. J alan  T e luk  I n t an  –
S e t i aw an

5 57 .3 47 .5 - - N

19 . J alan  D amar Laut  –
T ai pi n g

6 0 35.2 46 .0 - - N

20 . Le b uh ray a A M J 19 22.2 57 .0 - - N
21. J alan  G e mas  – T ampi n 1 219 .5 53.0 - - N
22. J alan  P e k an  – Ne n as i 3 244 54.5 - - N
23. J alan  U t ama M e mpag a 149 8 11.1 54.5 - - N
24. J alan  E n d au – M e rs i n g 3 152.4 44.0 0 .86 22.6 3 Y
25. J alan  Kupan g  – G e ri k 4 18 6 0 .5 0 .80 40 .34 N
26 . J alan  Kuan t an  – Kuala 
Lumpur 2 k m7 7 57 0 .6 1 37 .80 N
27 . J alan  B e n t o n g  – R aub 8 25 49 0 .87 27 .84 N
28. J alan  Klan g  – T e luk  I n t an 5 517 57 .8 0 .6 6 38.34 N
29 . J alan  Kuan t an  - S e g amat 12 133 54.5 1.182 32.22 Y



Nama Jalan L alu an S e k s y e n Ni lai  S R V M T D
S N@  

6 5 k m/ h
W e t  

S u r f ac e  
( Y / N)

30 . J alan  M uar - S e g amat 23 23 6 1 0 .6 55 37 .22 N
31. J alan  Kuan t an  -
Ke maman

3 37 1 59 .6 1.14 38.9 3 N

32. J alan S auk - Le n g g o n g 7 6 35.6 6 3.8 0 .51 38.18 N
33. J alan  Kluan g  – Ko t a 
T i n g g i

9 1 7 9 56 .0 0 .7 49 33.10 N

34. J alan  J o h o r B h aru –
Ko t a T i n g g i

3 9 8 57 .0 1.10 9 36 .0 7 N

35. J alan  Kuala Li pi s  -
M e rapo h

Km84 - 7 1.0 0 .7 42 47 .84 N

36 . J alan  S un g ai  R e n g i t  –
Ko t a T i n g g i

9 2 6 5 49 .0 0 .9 0 2 26 .9 4 N

37 . Km 82.7  J alan  b at u 
P ah at  – M e rs i n g ,  D ae rah  
Kluan g

- - 42.0 1.26 7 18.6 6 Y

38. Km 17  J alan  B ah au –
Ke rat o n g ,  J e mpo l 11 19 54.0 0 .441 28.32 Y

SRV MTD SN

Variance 45.7 0.06 57.7

Standard Deviation 6.76 0.25 7.60

Average 54.3 0.83 33.6



Kajian Rintangan Gelinciran (SRV)
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Kajian N o  Gelinciran (Sk id  N u m b er)

Accident rate on wet pavement were highest in 
horiz ontal  cu rves,  especial l y  when sk id nu mb er 
were l ess than 2 5  ( P age and B u tas,  1 9 8 6 )
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•N i l a i  g e l i n c i r a n  p e r m u k a a n  s a h a j a  t i d a k  m e n c u k u p i  u n t u k  m e m b e r i  
g a m b a r a n  y a n g  t e p a t  r i s i k o  k e m a l a n g a n  s e m a s a  h u j a n .
•W a l a u p u n  b i l a n g a n  d a t a  b e l u m  m e n c u k u p i ,  a n a l i s a  a w a l  m e n u n j u k k a n  
N o  G e l i n c i r a n  ( S k i d  N u m b e r )  d a p a t  m e n u n j u k k a n  correlation y a n g  
l e b i h  b a i k  t e r h a d a p  w et s u rf ace accid ent. K e n y a t a a n  b a h a w a  S k i d  
N u m b e r  <  2 5  b e r d a s a r k a n  l i t e r a t u r e  d i d a p a t i  b e r s e s u a i a n  d e n g a n  
r i s i k o  k e m a l a n g a n  w a k t u  p e r m u k a a n  j a l a n  b a s a h .  
•K a j i a n  a k a n  d i t e r u s k a n  b a g i  m e n g u m p u l  s a m p e l  d a t a  y a n g  l e b i h  
b a n y a k  u n t u k  m e m b u k t i k a n  t e r d a p a t  correlation d i a n t a r a  2  
p a r a m e t e r  i n i  s e k a l i g u s  m e n d a p a t k a n  n i l a i  k r i t i k a l  S k i d  N u m b e r  d i  
j a l a n r a y a  M a l a y s i a .
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