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te
d
 to

 2
1

2
 k

g
 / m

m
2 a

n
d

 in
 th

e
 tra

d
itio

n
a

l fo
rg

in
g
 p

ro
c
e

s
s
 o

f 2
1

3
 k

g
 / m

m
2. In

 th
e

 m
ic

ro
s
tru

c
tu

ra
l im

a
g

e
, w

e
 g

e
t α

 (C
u

) a
n

d
 

α
 +

 f p
h

a
s
e

s
. B

a
s
e

d
 o

n
 th

e
 re

s
u

lt o
f h

a
rd

n
e
s
s
 s

tu
d

y
 a

n
d
 o

b
s
e

rv
a

tio
n
 o

f m
ic

ro
s
tru

c
tu

re
, it is

 k
n
o

w
n

 th
a

t tra
d

itio
n

a
l fo

rg
in

g
 p

ro
c
e
s
s
 

h
a

s
 a

 g
o
o

d
 q

u
a

lity
 s

p
e

c
ific

a
tio

n
 to

 th
e

 q
u

a
lity

 o
f th

e
 fo

rg
in

g
 b

la
d

e
 a

s
 c

o
m

p
a

re
d

 to
 h

a
m

m
e
r fo

rg
in

g
 m

a
c
h

in
e

 p
ro

c
e

s
s
 in

 B
a

lin
e
s
e

 
g

a
m

e
la

n
 m

a
k
in

g
 

 K
e

y
w

o
rd

s
 : h

a
rd

n
e

s
s
, m

ic
ro

s
tru

c
tu

re
, tra

d
itio

n
a
l fo

rg
in

g
, h

a
m

m
e

r fo
rg

in
g

 m
a

c
h
in

e  
 

 

1
. 

P
e
n
d
a
h
u
lu

a
n
 

G
a
m

e
la

n
 
m

e
ru

p
a
k
a
n
 
s
e
p
e

ra
n
g
k
a
t 

a
la

t 
m

u
s
ik

 
y
a

n
g
 

te
rb

u
a
t 

d
a
ri 

b
a

h
a
n
 

lo
g
a
m

 
y
a

n
g
 

m
e
n
ja

d
i 

p
e
ra

n
g
k
a
t 

p
e
n
tin

g
 

d
a

la
m

 
m

u
s
ik

 
k
a
ra

w
ita

n
. 

K
e
te

rta
rik

a
n
 

m
u
s
ik

 
g
a
m

e
la

n
 

in
i 

d
is

e
b

a
b
k
a
n
 

o
le

h
 

b
e
b
e
ra

p
a
 

k
e
is

tim
e
w

a
a

n
 

p
a
d
a
 

a
s
p

e
k
 

a
u
d
io

 
d

a
n
 

v
is

u
a
ln

y
a

. K
e

is
tim

e
w

a
a
n
 p

a
d
a
 a

u
d

io
 m

e
lip

u
ti : w

a
rn

a
 

b
u
n

y
i 

(to
n
e
 
c
o
lo
u
r), 

la
ra

s
 

(s
c
a
le
 
s
y
s
te
m

), 
e
m

b
a
t 

(in
te

rv
a
l) 

d
a
n
 

p
e
la

y
a

n
g

a
n

 
(s
o
u
n
d
 
w
a
v
e

), 
s
e
d
a

n
g
k
a
n
 

k
e
is

tim
e
w

a
a
n
 

p
a
d
a

 
v
is

u
a
ln

y
a
 

m
e
lip

u
ti 

: 
B

e
n
tu

k
, 

k
o
n
s
tru

k
s
i, 

k
e
in

d
a
h

a
n

 
m

a
te

ria
l 

y
a

n
g
 

d
ip

a
k
a
i, 

o
rn

a
m

e
n
n

y
a
 [1

]. 

B
a
h

a
n
 

b
a
k
u
 

p
a
d
a
 

p
e
m

b
u
a
ta

n
 

g
a
m

e
la

n
 

in
i 

a
d
a

la
h

 
p
e
ru

n
g
g

u
 

y
a

n
g
 

m
e
ru

p
a
k
a
n
 

p
a
d

u
a
n

 
a
n

ta
ra

 
te

m
b
a
g
a
 

d
a
n
 

tim
a
h
 

(C
u
-Z

n
), 

m
a
trik

 
te

m
b
a
g
a
 

m
e
m

p
u
n

y
a

i 
b
e
b

e
ra

p
a
 

k
e
u
n
g
g
u

la
n
 

y
a

itu
 

m
e
m

p
u
n

y
a

i 
k
e
u
le

ta
n
 y

a
n

g
 tin

g
g
i d

a
n
 ta

h
a
n
 k

o
ro

s
i. P

a
d
u
a

n
 lo

g
a
m

 
n
o
n
 
fe
rro

 
p
e
ru

n
g
g
u

 
m

e
m

ilik
i 

s
ifa

t-s
ifa

t 
a
n
ta

ra
 

la
in

 
m

a
m

p
u
 d

ib
e
n
tu

k
 d

e
n
g
a

n
 b

a
ik

, p
e
n
g
h

a
n
ta

r p
a
n
a
s
 d

a
n
 

lis
trik

 
y
a

n
g
 

b
a

ik
, 

m
e
m

p
u
n

y
a

i 
w

a
rn

a
 

y
a

n
g
 

m
e
n
a
rik

, 

ta
h
a

n
 k

a
ra

t, k
e
k
u
a
ta

n
 d

a
n

 k
e
k
a
k
u
a
n
n

y
a
 le

b
ih

 re
n
d

a
h
 

d
a
ri fe

rro
. P

a
d
u

a
n
 u

ta
m

a
 te

m
b
a
g
a
 d

e
n

g
a
n
 tim

a
h
 y

a
itu

 
lo

g
a
m

 
p
e
ru

n
g
g
u
 

m
e
ru

p
a
k
a
n
 

p
a
d

u
a
n
 

y
a
n

g
 

b
ia

s
a

n
y
a
 

d
ig

u
n
a
k
a
n
 u

n
tu

k
 p

e
ra

la
ta

n
 d

a
p

u
r, a

la
t-a

la
t m

u
s
ik

 d
a

n
 

b
a
ra

n
g
 k

e
ra

jin
a
n
 la

in
n

y
a
 [2

]. 

 
G

a
m

b
a

r 1
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a
m

e
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a
li  

P
a
d

a
 

p
ro

s
e
s
 

p
e
m

b
u
a
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n
 

g
a
m

e
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n
 

s
a
a
t 
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i 

m
a
s
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te

ta
p
 

s
e
p

e
rti 

y
a

n
g

 
d
iw

a
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k
a
n
 

s
e
c
a
ra

 
tu

ru
n

-
te

m
u
ru

n
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a
itu

 d
e
n

g
a
n

 p
e
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n
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a
n
g
 s

e
d
e
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a
n
a
 d

a
n
 

tra
d
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n
a

l s
e
h
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g

g
a
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e
y
e
b

a
b
k
a
n
 b

e
b
e
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p
a
 p

a
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m
e
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d
a
la

m
 p

ro
s
e
s
 p

e
n
g
e
c
o
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a
d
u

a
n
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g
a
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lit u

n
tu

k
 

d
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o
n
tro
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P

ro
s
e
s
 

p
e
n

e
m

p
a
a
n
 

(fo
rg
in
g
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y
a

n
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d
ig

u
n
a

a
k
a
n
 

a
d
a
la

h
 

p
ro

s
e

s
 

tra
d
is

io
n
a
l 
fo
rg
in
g

 
y
a
n

g
 

m
a
s
ih

 
b
e
rtu

m
p
u
 
p
a
d

a
 
k
e
m

a
m

p
u
a
n
 
te

n
a
g
a
 
m

a
n
u
s
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. 
T

e
rd

a
p
a
t b

a
n

y
a
k
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e
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m
a
h
a
n
 p

a
d
a
 p

ro
s
e
s
 p

e
n

e
m

p
a
a
n
 

d
e
n
g

a
n
 

p
ro

s
e
s
 
tra

d
is

io
n
a
l 
fo
rg
in
g

 
in

i, 
s
a
la

h
 
s
a
tu

n
y
a
 

a
d
a

la
h
 

p
e
m

a
d
a
ta

n
 

a
n
ta

ra
 

m
a
te

ria
l 

s
a
tu

 
d
e

n
g

a
n
 

m
a
te

ria
l la

in
y
a
 tid

a
k
 m

e
ra

ta
 s

e
h
in

g
g
a
 m

e
n
g
a
k
ib

a
tk

a
n

 
te

rja
d
in

y
a
 

c
a
c
a
t 

re
ta

k
 

p
a
d
a
 

b
ila

h
 

g
a
m

e
la

n
 

a
ta

u
p
u

n
 

p
e
n
u
ru

n
a

n
 

s
ifa

t 
m

e
k
a
n
is

 
d
a
ri 

m
a
te

ria
l 

y
a

n
g
 

a
k
a
n
 

b
e
rp

e
n
g
a
ru

h
 te

rh
a
d
a

p
 k

u
a
lita

s
 s

u
a
ra

 d
a
ri g

a
m

e
la

n
 [3

]. 

C
a
ra

 
m

e
n
g
a
ta

s
i 

b
e

b
a
n

 
te

m
p
a
 

y
a
n

g
 

tid
a
k
 

k
o
n
s
ta

n
 d

a
n
 u

n
tu

k
 m

e
m

p
e
rk

e
c
il te

rja
d
in

y
a
 c

a
c
a

t m
a
k
a
 

d
ip

e
rlu

k
a
n
 
s
u
a
tu

 
a

la
t 
fo
rg
in
g
 
m
a
c
h
in
e

. 
M

e
s
in

 
te

m
p
a
 

(h
a
m
m
e
r 
fo
rg
in
g
 
m
a
c
h
in
e

) 
y
a
n
g
 

d
ig

u
n
a
k
a
n
 

o
le

h
 

p
e
ra

jin
 

m
e
n
g
g
u
n

a
k
a
n
 

te
n

a
g
a
 

m
o
to

r 
lis

trik
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d
im

a
n
a
 

g
e
ra

k
 

ro
ta

s
i 

d
a
ri 

m
o
to

r 
lis

tik
 

a
k
a
n
 

d
iu

b
a
h
 

m
e
n
ja

d
i 

g
e
ra

k
 
tra

n
s
la

s
i 

u
n
tu

k
 
m

e
n
e
m

p
a
 
b
ila

h
 
g
a
m

e
la

n
 

y
a
n

g
 

d
ih

a
ra

p
k
a
n
 

d
a
p

a
t 

m
e
m

p
e
rm

u
d
a
h
, 

m
e
m

p
e
rin

g
a
n

, 
m

e
n
g
e
fis

ie
n
k
a
n
 w

a
k
tu

 y
a

n
g
 d

ib
u
tu

h
k
a
n
 d

a
la

m
 p

ro
s
e
s
 

p
e
n
e
m

p
a
a
n
 

g
a
m

e
la

n
 

g
a

n
g
s
a
 

u
n

tu
k
 

m
e
n
g
h
a
s
ilk

a
n
 

p
e
n
e
m

p
a
a
n
 

y
a

n
g
 

b
a
ik

 
d
a
n
 

b
e
b

a
n
 

te
m

p
a
 

y
a
n
g
 

d
i 

tim
b
u
lk

a
n
 

k
o
n
s
ta

n
. 

B
e
rd

a
s
a
rk

a
n
 

p
e
n
je
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s
a
n
 

d
ia

ta
s
 

p
e
n
u

lis
 te

rta
rik

 u
n
tu

k
 m

e
la

k
u
k
a
n
 p

e
n
e
litia

n
 m

e
n
g
e
n
a

i 
p
ro

s
e
s
 

p
e

n
e
m

p
a
a
n
 

(fo
rg
in
g

) 
p

a
d
a

 
p
e
m

b
u
a
ta

n
 

b
ila

h
 

g
a
m

e
la

n
 

s
e
h
in

g
g

a
 

n
a

n
tin

y
a
 

d
a
p

a
t 

m
e
n
g
e
ta

h
u
i 

m
u
tu

 
d
a
ri 

h
a
s
il 

b
ila

h
 
p
e

n
e
m

p
a
a

n
 
y
a
n

g
 
m

e
m

ilik
i 

s
p
e
s
ifik

a
s
i 

k
u
a
lita

s
 y

a
n
g
 b

a
ik

 d
e
n
g
a
n

 m
e
m

b
a
n
d
in

g
a
n
 k

e
k
e
ra

s
a
n
 

d
a
n
 s

tru
k
tu

r m
ik

ro
 p

a
d
a
 p

ro
s
e
s
 tra

d
is

io
n
a

l fo
rg
in
g

 d
a

n
 

h
a
m
m
e
r 
fo
rg
in
g
 
m
a
c
h
in
e

 
p
a
d
a
 

p
e
m

b
u
a
ta

n
 

g
a
m

e
la

n
 

B
a
li. 

2
. 

M
e
to

d
e
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e
n
e
litia
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2
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 P
e
rs

ia
p
a
n
 S

p
e
s
im

e
n
 U

ji 

M
a
te

ria
l 

y
a

n
g
 

d
ig

u
n
a
k
a
n
 

a
d
a
la

h
 

m
a
te

ria
l 

p
e
ru

n
g
g
u
 
h

a
s
il 

c
o
ra

n
 
y
a

itu
 
c
a
m

p
u
ra

n
 
a
n
ta

ra
 
C

u
-S

n
. 

K
o
m

p
o
s
is

i 
p
a

d
u
a

n
 

y
a
n
g
 

d
ig

u
n

a
k
a
n
 

a
d
a

la
h
 

p
e
rb

a
n
d
in

g
a

n
 k

o
m

p
o
s
is

i p
e
ru

n
g

g
u
 d

e
n

g
a
n
 tim

a
h
 p

u
tih

 
y
a

itu
: 

1
0
 

C
u
 

: 
3
 

S
n
, 

k
o
m

p
o
s
is

i 
y
a
n
g

 
b
ia

s
a
n

y
a

 
d
ig

u
n
a
k
a
n
 

o
le

h
 

p
e
ra

jin
 

d
e
n
g
a

n
 

b
e
ra

t 
1
,2

5
 

k
g
 

y
a

n
g
 

s
e
la

n
ju

tn
y
a

 
a
k
a
n
 

d
ila

k
u
k
a
n
 

p
ro

s
e
s
 

p
e

le
b
u
ra

n
 

d
a

n
 

p
e
n
g

e
c
o
ra

n
. 

B
ila

h
 

h
a
s
il 

d
a
ri 

p
e
n

g
e
c
o
ra

n
 

k
e
m

u
d
ia

n
 

a
k
a
n
 d

i te
m

p
a
 d

e
n

g
a
n
 p

ro
s
e
s
 tra

d
is

io
n
a

l fo
rg
in
g
 d

a
n
 

h
a
m
m
e
r 
fo
rg
in
g
 
m
a
c
h
in
e

. 
P

ro
s
e
s
 

tra
d
is

io
n
a

l 
fo
rg
in
g
 

y
a

itu
 

d
e

n
g
a

n
 

m
e
n
g
g
u
n
a
k
a
n
 

te
n

a
g
a
 

m
a
n
u
s
ia

 
y
a

n
g

 
d
im

a
n
a
 b

e
b
a

n
 p

e
n

e
m

p
a
a
n

 s
e
b
e
s
a
r 3

1
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2
4
 N

.m
 te

ta
p
i 

b
e
s
a
rn

y
a

 b
e
b

a
n
 te

n
p
a
 d

a
p

a
t b

e
ru

b
a

h
-u

b
a
h
 te

rg
a

n
tu

n
g
 

p
a
d
a

 fa
k
to

r p
s
ik

io
lo

g
i d

a
ri p

e
ra

jin
 d

a
n
 h
a
m
m
e
r fo

rg
in
g
 

m
a
c
h
in
e

 
a
d

a
la

h
 

m
e
s
in

 
te

m
p
a
 

y
a
n

g
 

d
im

ilik
i 

o
le

h
 

p
e
ra

jin
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H
a
m
m
e
r 
fo
rg
in
g
 
m
a
c
h
in
e

 
d

ig
e
ra

k
a
n
 

o
le

h
 

m
o
to

r 
lis

trik
 

s
e
b
a
g
a
i 

p
e
n
g
g

e
ra

k
n

y
a
 

b
e
b
a

n
 

y
a
n

g
 

d
ih

a
s
ilk

a
n
 p

a
d
a
 p

e
n
e
m

p
a
a

n
 h
a
m
m
e
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rg
in
g
 m
a
c
h
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e

 
in

i 
s
e
b
a
s
a
r 

2
0
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1
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N

.m
. 

H
a
s
il 

d
a
ri 

p
ro

s
e
s
 

te
m

p
a
 

s
e
la

n
ju

tn
y
a

 
a
k
a
n
 

d
ila

k
u
k
a
n
 

p
ro

s
e
s
 

p
e
m

e
s
in

a
n
 

d
a
n

 
s
e
la

n
ju

tn
y
a
 

a
k
a
n
 

d
ila

k
u
k
a
n
 

p
e
n
g
u
jia

n
 

k
e
k
e
ra

s
a
n
 

v
ic

k
e
r (A

S
T
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2
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2
) d

a
n
 p

e
n
g
a
m

a
ta

n
 fo

to
 s

tru
k
tu

r 
m

ik
ro

. 

2
.2

  P
e
n

g
jia

n
 k

e
k
e
ra

s
a
n
 V

ic
k
e
rs

 

P
e
n

g
u
jia

n
 

k
e
k
e
ra

s
a
n
 

m
a
te

ria
l 

d
ila

k
u
k
a
n
 

d
e
n
g

a
n
 

m
e
n
g
g

u
n
a
k
a
n
 

p
e

n
g
u
jia

n
 

k
e
k
e
ra

s
a
n
 

d
e
n
g

a
n
 

m
e
to

d
e
 

v
ic

k
e
r. 

 
P

e
n

g
u
jia

n
 

k
e
k
e
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s
a
n
 

v
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k
e
r 

m
e
n
g
g
u
n
a
k
a
n
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d

e
n
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r 
y
a

n
g
 

b
e
rb

e
n

n
tu

k
 

p
y
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m
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d
e
n
g

a
n
 d

a
s
a
r b

u
ju

r s
a
n

g
k
a
r (a

 s
q
u
a
re
-b
a
s
e
 d
ia
m
o
n
d
 

p
y
ra
m
id

) te
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u
a
t d

a
ri b

a
h
a

n
 in
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n
 y

a
n
g
 m

e
m
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i s

u
d
u

t 
p
u
n
c
a
k
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y
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m
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d
a
la

h
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3
6

0. P
a

d
a
 m

ik
ro

s
k
o
p
 m

e
s
in

 
p
e
n
g

u
jia

n
 

m
e
m

p
e
rg

u
n
a
k
a
n
 

s
k
a
la

 
p
e
m

b
e
s
a
ra

n
 

1
0

x
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p
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p
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p
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 a

n
ta

ra
 c

a
m

p
u

ra
n
 p

la
s
tik

 d
a

u
r 

u
la

n
g
 (p

o
ly

p
ro

p
y
le

n
e

) s
e

b
a
g

a
i m

a
trik

s
 d

a
n

 p
e

le
p

a
h

 k
e
la

p
a
 s

a
w

it s
e
b

a
g
a

i fille
r s

e
rta

 m
e
n

d
a

p
a
tk

a
n

 k
o

m
p
o

s
is

i 
y
a

n
g
 

te
p

a
t 

d
a
la

m
 
p

e
m

b
u

a
ta

n
 

p
a

p
a

n
 

p
a

rtik
e

l. 
T

a
h

a
p
a

n
 

p
e

n
e

litia
n

 
d

im
u

la
i 

d
a

ri 
p

e
n

y
a

rin
g

a
n
 

u
k
u

ra
n
 

p
a

rtik
e

l, 
p

e
n

c
a

m
p
u

ra
n

, d
a
n

 p
e

m
b
e

n
tu

k
a

n
 p

a
p
a

n
 p

a
rtik

e
l, s

a
m

p
a

i p
a

d
a

 p
e

n
g
u

jia
n

. U
n
tu

k
 m

e
n

g
e
ta

h
u

i k
e
k
u

a
ta

n
 m

e
k
a

n
ik

 
a

n
ta

ra
 c

a
m

p
u

ra
n

 m
a

trik
s
 d

e
n
g

a
n

 fille
r, m

a
k
a

 d
ila

k
u
k
a

n
 p

e
n

g
u

jia
n

 te
k
a

n
. U

n
tu

k
 m

e
n

d
a
p
a

tk
a
n

 k
o

m
p

o
s
is

i y
a

n
g
 

te
p

a
t, p

e
m

b
u

a
ta

n
 s

p
e
s
im

e
n
 y

a
n

g
 a

k
a

n
 d

i u
ji a

d
a
la

h
 d

e
n

g
a
n

 v
a

ria
s
i : 4

0
%

 fille
r 6

0
%

 m
a
trik

s
, 5

0
%

 fille
r 5

0
%

 
m

a
trik

s
, 6

0
%

 fille
r 4

0
%

 m
a

trik
s
. P

e
n

g
u

jia
n
 y

a
n

g
 d

ila
k
u

k
a
n

 d
id

a
p
a

t n
ila

i te
g

a
n

g
a

n
 te

k
a

n
 m

a
k
s
im

u
m

 y
a

itu
 1

3
,4

3
 

M
P

a
 p

a
d

a
 p

la
s
tik

 d
a

u
r u

la
n
g

 d
e

n
g

a
n

  k
o
m

p
o

s
is

i 4
0

%
 fille

r 6
0

%
 m

a
trik

s
. D

a
ri k

e
tig

a
 v

a
ria

s
i k

o
m

p
o

s
is

i fille
r d

a
n

 
m

a
trik

s
 h

a
s
il te

g
a
n

g
a
n

 te
k
a

n
 y

a
n

g
 d

id
a

p
a

tk
a

n
 m

e
m

e
n

u
h

i S
N

I 0
3

-2
1
0

5
-2

0
0

6
 m

e
le

b
ih

i 0
,5

9
 M

P
a

. 
 K

a
ta

 k
u

n
c
i : p

a
p

a
n

 p
a

rtik
e

l, p
e
le

p
a

h
 k

e
la

p
a

 s
a

w
it,  p

la
s
tik

 d
a
u

r u
la

n
g

 (p
o

ly
p

ro
p
y
le

n
e

). 
 

A
b

s
tra

c
t 

 
S

o
 fa

r, p
a

rtic
le

 b
o

a
rd

 ra
w

 m
a

te
ria

ls
 m

a
d

e
 fro

m
 w

o
o

d
 p

o
w

d
e

r w
h
ile

 th
e

 a
v
a
ila

b
ility

 o
f w

o
o

d
 a

s
 ra

w
 m

a
te

ria
ls

 
c
o

n
tin

u
e
 to

 d
e

c
lin

e
 in

 b
o

th
 q

u
a
n

tity
 a

n
d
 q

u
a
lity

. A
n
 e

ffo
rt th

a
t c

a
n

 b
e

 d
e

v
e
lo

p
e
d

 is
 to

 fin
d

 a
lte

rn
a

tiv
e

 m
a

te
ria

ls
 th

a
t 

a
re

 v
e

ry
 a

b
u

n
d

a
n

t a
v
a
ila

b
ility

 o
n

e
 o

f th
e

m
 is

 th
e

 u
s
e
 o

f p
a

lm
 s

te
m

 w
a
s
te

, w
h

ic
h

 In
d

o
n
e

s
ia

 is
 th

e
 la

rg
e
s
t c

o
u
n

try
 

th
a

t h
a
s
 p

a
lm

 la
n
d

. In
 a

d
d

itio
n

, th
e

 a
m

o
u

n
t o

f p
la

s
tic

 p
ro

d
u
c
tio

n
 c

o
n

tin
u

e
s
 to

 in
c
re

a
s
e

 e
a
c
h

 y
e

a
r w

h
ic

h
 c

a
u
s
e
s
 

w
a
s
te

 
fro

m
 p

la
s
tic

 
a
ls

o
 
in

c
re

a
s
e
s
. 

In
 
th

is
 s

tu
d
y
 
u
s
in

g
 
p
o

ly
p

ro
p
y
le

n
e

 
re

c
y
c
le

d
 p

la
s
tic

. 
O

b
ta

in
 
th

e
 m

e
c
h

a
n
ic

a
l 

s
tre

n
g

th
 b

e
tw

e
e
n

 th
e

 re
c
y
c
le

d
 p

la
s
tic

 m
ix

 (p
o

ly
p

ro
p
y
le

n
e

) a
s
 th

e
 p

a
lm

 o
il m

a
trix

 a
n

d
 b

a
rk

 a
s
 fille

r a
n

d
 o

b
ta

in
 th

e
 

rig
h

t c
o

m
p
o

s
itio

n
 in

 th
e

 p
a

rtic
le

 b
o

a
rd

 m
a

n
u

fa
c
tu

re
. T

h
e

 re
s
e

a
rc

h
 s

ta
g

e
s
 s

ta
rte

d
 fro

m
 p

a
rtic

le
 s

iz
e

 s
c
re

e
n

in
g

, 
m

ix
in

g
, a

n
d
 p

a
rtic

le
 b

o
a

rd
 fo

rm
a

tio
n

, to
 th

e
 te

s
t. T

o
 k

n
o

w
 th

e
 m

e
c
h

a
n

ic
a

l s
tre

n
g

th
 b

e
tw

e
e
n

 th
e

 m
ix

tu
re

 o
f m

a
trix

 
w

ith
 fille

r, th
e

n
 d

o
 p

re
s
s
 te

s
t. T

o
 o

b
ta

in
 th

e
 rig

h
t c

o
m

p
o

s
itio

n
, th

e
 s

p
e
c
im

e
n

 to
 b

e
 te

s
te

d
 is

 v
a

rie
d

: 4
0

%
 fille

r 6
0
%

 
m

a
trix

, 
5

0
%

 
fille

r 
5

0
%

 
m

a
trix

, 
6

0
%

 
fille

r 
4

0
%

 
m

a
trix

. 
T

e
s
ts

 
c
o

n
d

u
c
te

d
 

o
b

ta
in

e
d

 
v
a

lu
e

 
o

f 
th

e
 

m
a
x
im

u
m

 
c
o

m
p

re
s
s
iv

e
 s

tre
s
s
 o

f 1
3

.4
3
 M

P
a

 o
n

 re
c
y
c
le

d
 p

la
s
tic

 w
ith

 a
 c

o
m

p
o
s
itio

n
 o

f 4
0

%
 fille

r 6
0
%

 m
a

trix
. F

ro
m

 th
e
 th

re
e

 
v
a

ria
tio

n
s
 o

f th
e

 fille
r c

o
m

p
o
s
itio

n
 a

n
d

 th
e

 m
a

trix
 o

f th
e

 c
o

m
p

re
s
s
iv

e
 s

tre
s
s
 o

b
ta

in
e

d
 to

 m
e

e
t S

N
I 0

3
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1
0

5
-2

0
0

6
 

e
x
c
e

e
d

in
g

 0
.5

9
 M

P
a

. 
 K

e
y
 W

o
rd

 : p
a

rtic
le

 b
o

a
rd

, o
il p

a
lm

 fro
n
d

, re
c
y
c
le

d
 p

la
s
tic

 (p
o

ly
p

ro
p

y
le

n
e

) 
  

1
. 

P
e
n

d
a
h

u
lu

a
n

 
In

d
o

n
e
s
ia

 
m

e
ru

p
a
k
a
n
 

n
e

g
a
ra

 
te

rb
e
s
a
r 

y
a

n
g

 
m

e
m

ilik
i 

a
re

a
l 

p
e
rk

e
b
u

n
a

n
 

k
e
la

p
a
 

s
a
w

it 
m

e
n
c
a
p

a
i 

le
b

ih
 

d
a
ri 

1
0

,2
 

ju
ta

 
h

a
, 

te
rs

e
b
a
r 

h
a
m

p
ir 

d
is

e
lu

ru
h

 
w

ila
y
a
h
 in

d
o
n

e
s
ia

 d
e

n
g
a

n
 tin

g
k
a

t p
e
rtu

m
b
u
h

a
n

 ta
ta

-
ra

ta
 2

,7
8
%

 p
e
rta

h
u

n
. D

a
ri p

e
rk

e
b
u

n
a

n
 k

e
la

p
a

 s
a
w

it 
m

e
n
g

h
a
s
ilk

a
n

 
lim

b
a
h

 
p

a
d

a
t 

s
e

p
e
rti 

ta
n
d

a
n

 
k
o
s
o
n
g
, 

c
a
n
g
k
a
n
g

, b
a

ta
n

g
, d

a
n
 p

e
le

p
a
h

. 
L
im

b
a
h
 p

e
le

p
a

h
 s

a
w

it d
a

p
a
t d

im
a
n

fa
a
tk

a
n
 d

a
n
 

d
io

la
h

 
u
n
tu

k
 
p
e

m
b

u
a
ta

n
 
s
e
b
a
g

a
i 

s
e
ra

t 
(fib

e
r) 

a
la

m
i 

y
a
n
g
 

d
ig

u
n
a
k
a

n
 

u
n

tu
k
 

T
e
k
n
o
lo

g
i 

T
e
p

a
t 

G
u

n
a
 

p
e
m

b
u
a
ta

n
 

m
a
te

ria
l 

k
o
m

p
o
s
it 

s
e
ra

t. 
D

im
a
n

a
 

s
e
ra

t 
d
a
ri 

p
e
le

p
a
h
 

s
a
w

it 
te

rs
e
b
u
t 

b
e
rm

a
n
fa

a
t 

u
n
tu

k
 

p
e
n
g

u
a
t 

(re
in

fo
rc

e
m

e
n
t) 

p
a
d
a
 
m

a
te

ria
l 

k
o
m

p
o
s
it 

[1
]. 

P
e
n

e
litia

n
 
s
e
b

e
lu

m
n
y
a
 
ju

g
a
 
m

e
n

e
la

a
h
 
p
e
n

g
g
u

n
a

a
n
 

s
e
ra

t p
e
le

p
a

h
 s

a
w

it y
a
n
g
 d

ig
a

b
u
n

g
k
a
n
 d

e
n
g

a
n
 s

e
ra

t 
p
e
le

p
a

h
 

k
e
la

p
a
 

d
im

a
n

a
 

d
ih

a
s
ilk

a
n
 

a
n
ta

ra
 

s
e
ra

t 
p
e
le

p
a

h
 

s
a
w

it 
d
a
n
 

s
e
ra

t 
p
e
le

p
a

h
 

k
e
la

p
a
 

d
e
n
g

a
n
 

s
u
s
u
n
a
n

 
a
c
a
k
 

m
e
m

ilik
i 

k
e
k
u
a
ta

n
 

d
is

e
g
a

la
 

a
ra

h
, 

k
a
re

n
a
 
a

n
ta

ra
 
s
e
ra

t 
y
a
n
g
 
s
a
tu

 
d
e

n
g
a

n
 
y
a
n
g
 
la

in
y
a

 
s
a
lin

g
 m

e
n

g
ik

a
t 

[2
]. P

e
n
g
g

u
n
a
a
n

 b
a

ta
n

g
 k

e
la

p
a
 s

a
w

it 
u
n
tu

k
 p

a
p
a

n
 p

a
rtik

e
l te

la
h
 d

ila
k
u
k
a
n
 p

a
d

a
 p

e
n
e

litia
n
 

s
e
b
e
lu

m
n
y
a
 
d

im
a
n
a
 
h

a
s
il 

k
e
k
u
a
ta

n
 
B

e
n

d
in

g
 
p
a

p
a
n

 
p
a
rtik

e
l 

d
a
ri 

lim
b
a
h
 
b
a
ta

n
g
 
k
e
la

p
a
 
s
a
w

it 
b

a
ik

 
y
a
n

g
 

te
rb

u
a
t 

d
a
ri 

s
e
ra

t 
m

a
u

p
u
n

 
p
a
rtik

e
l 

te
la

h
 
m

e
m

e
n
u

h
i 

p
e
rs

y
a
ra

ta
n
 s

ta
n
d
a
r S

N
I 0

3
-2

1
0
5
-1

9
9
6
 [3

]. 
P

o
ly

p
ro

p
y
le

n
a
 

(P
P

) 
a
d
a

la
h
 

s
a
la

h
 

s
a
tu

 
je

n
is

 
p
la

s
tik

 
y
a
n
g
 
b

a
n
y
a
k
 
d
ip

ro
d
u
k
s
i 

d
a

n
 
p
e

n
g
g

u
n
a

a
n
y
a

 
d
a
la

m
 b

e
rb

a
g
a

i b
e
n
tu

k
, s

a
la

h
 s

a
tu

 c
o
n
to

h
n
y
a
 p

a
d
a

 
g
e
la

s
 

k
e
m

a
s
a

n
 

a
ir 

m
in

e
ra

l. 
S

e
la

in
 

rin
g

a
n
, 

m
u

d
a
h
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P
ro

sid
in

g K
o

n
feren

si N
asio

n
al En

gin
ee

rin
g P

erh
o

telan
 IX

-2
0

1
8

 (6
5

-7
0

)                          ISSN
 2

3
3

8
-4

1
4

X
 

 d
ib

e
n
tu

k
, c

u
k
u
p

 k
e
ra

s
 d

a
n
 ta

h
a

n
 te

rh
a
d

a
p
 z

a
t k

im
ia

, 
s
ifa

tn
y
a

 
ju

g
a
 

tra
n
s
fa

ra
n

 
d
a
n

 
te

m
b
u
s
 

c
a

h
a
y
a
. 

P
o
ly

p
ro

p
y
le

n
a
 

m
e
ru

p
a
k
a
n

 
je

n
is

 
p
la

s
tik

 
y
a
n
g
 

d
a

p
a
t 

d
id

a
u
r 

u
la

n
g
 

s
e
h

in
g

g
a
 

m
e
m

ilik
i 

p
o
te

n
s
i 

s
e
b

a
g
a

i 
m

a
trik

s
 
d

a
la

m
 
p

e
m

b
u
a
ta

n
 
k
o
m

p
o
s
it 

p
a
p
a

n
 
p

a
rtik

e
l. 

M
e
lih

a
t s

ifa
t p

la
s
tik

 y
a

n
g
 tid

a
k
 m

u
d
a

h
 te

ru
ra

i s
e
c
a
ra

 
b
io

lo
g

is
 

d
a
p

a
t 

m
e

n
y
e
b

a
b

k
a
n
 

d
a

m
p
a
k
 

b
u
ru

k
 

b
a

g
i 

lin
g
k
u
n
g

a
n
, k

e
m

u
n
g
k
in

a
n

 te
rb

a
ik

n
y
a

 a
d

a
la

h
 d

e
n

g
a
n

 
m

e
n
d

a
u
r 

u
la

n
g
 
p
e

m
a
n

fa
a

a
ta

n
n
y
a
 
 
m

e
n
ja

d
i 

p
ro

d
u
k
 

la
in

. 
P

e
n

e
litia

n
 y

a
n
g
 d

ila
k
u
k
a

n
 s

e
b
e
lu

m
n
y
a

 te
n
ta

n
g

 
p
e
m

a
n
fa

a
ta

n
 lim

b
a
h
 p

e
le

p
a
h
 s

a
w

it d
a
n
 p

la
s
tik

 d
a
u
r 

u
la

n
g
 

(R
P

P
) 

s
e
b
a

g
a
i 

p
a
p
a

n
 

k
o

m
p
o
s
it 

p
la

s
tik

 
m

e
n
y
a
ta

k
a
n

 h
a
s
il b

a
h
w

a
 p

e
n
g
g

u
n
a

a
n

 M
A

H
 d

a
n

 B
P

O
 

m
e
n

in
g
k
a

tk
a
n
 
s
ifa

t 
fis

is
 
d

a
n
 
m

e
k
a
n

ik
 
p
a
p

a
n
 
p
la

s
tik

 
d
e
n
g

a
n
 
p

e
rb

a
n
d
in

g
a

n
 
k
o

m
p
o
s
is

i 
m

a
trik

s
 
d
a
n
 
s
e
ra

t 
a
d
a

la
h
 

7
:3

, 
te

ta
p

i 
s
ifa

t 
m

e
k
a
n
is

 
b
e

lu
m

 
d
a
p

a
t 

m
e
m

e
n
u

h
i s

ta
n
d
a
r J

IS
 A

 5
9
0
8

-2
0
0
3

 [4
]. 

P
a
p

a
n

 P
a

rtik
e
l 

P
a
p

a
n
 

p
a
rtik

e
l 

m
e
ru

p
a
k
a

n
 

s
a
la

h
 

s
a
tu

 
je

n
is

 
p
ro

d
u
k
 
k
o
m

p
o
s
it 

a
ta

u
 
p
a

n
il 

k
a
y
u
 
y
a
n

g
 
te

rb
u
a
t 

d
a
ri 

p
a
rtik

e
l-p

a
rtik

e
l 

k
a
y
u
 

a
ta

u
 

b
a
h
a
n
 

b
e
rlig

n
o
s
e
lu

lo
s
a

 
la

in
n
y
a
, 

y
a
n

g
 
d

iik
a
t 

m
e
n

g
g
u
n
a
k
a

n
 
p
e
re

k
a

t 
s
in

te
s
is

 
a
ta

u
 

b
a
h

a
n
 

p
e
n

g
ik

a
t 

la
in

 
d
a
n

 
d
ik

e
m

p
a
 

p
a

n
a
s
 

[5
]. 

P
a
p

a
n

 
p
a
rtik

e
l 

m
e
m

p
u
n

y
a
i 

b
e
b

e
ra

p
a

 
k
e

le
b

ih
a

n
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d
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a
y
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a
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b
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s
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ri 
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a
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p
e
c
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n
 

re
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k
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u
k
u
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a
n

 
k
e
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a
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n
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a
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p
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s
u
a
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 d
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k
e
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l 
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a
n
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a
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n
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a
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a
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d
a

h
 

d
ik

e
rja
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e
m

p
u
n
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a
i 
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p
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u

a
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n
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b
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 d
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p
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u
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p
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u
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e
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a

h
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e
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p
a
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a
w

it 
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o
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ro

p
y
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n
e

 
P

o
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p
ro

p
y
le

n
e
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e
ru

p
a
k
a
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s
a
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h
 

s
a

tu
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n
is
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rm
o
p
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s
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P
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s
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n
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i 
d

a
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a
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d
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u
n
a
k
a
n

 
s
e
b
a
g
a

i 
p

e
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k
a
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o
p
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s
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d
a
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m

 
p
e

m
b

u
a
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p
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p
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n
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a
rtik

e
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o
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p
ro

p
y
le

n
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rm
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u
k
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n
is
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s
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O
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d
a
n
 

m
e
ru

p
a
k
a
n
 

p
o
ly

m
e
r 

d
a
ri 

P
ro

p
y
le

n
e
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D
ia

n
ta

ra
 

m
a
te

ria
l 

p
la

s
tik

 
la

in
n
y
a
, 

P
o
ly

p
ro

p
y
le

n
e

 

m
e
m

ilik
i k

e
ra

p
a
ta

n
 y

a
n
g
 p

a
lin

g
 re

n
d
a

h
, y

a
itu

 b
e
rk

is
a
r 

a
n
ta

ra
 0

.9
 –

 0
.9

1
5
 d

e
n
g

a
n

 T
g
 b

e
rk

is
a
r -2

0
0
C

, s
e
rta

 
titik

 le
le

h
 y

a
n
g
 tin

g
g

i (1
6
5

 –
 1

7
0
 0

C
). 
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. 

M
E

T
O

D
O

L
O

G
I P

E
N

E
L

IT
IA

N
 

P
a
d

a
 

p
e

n
e

litia
n
 

in
i 

ju
m

la
h
 

s
e
ra

t 
p

e
le

p
a

h
 

k
e
la

p
a
 

s
a
w

it 
d
a

n
 

re
s
in

 
p
o
ly

p
ro

p
y
le

n
e

 
(P

P
) 

y
a
n
g

 
d
ig

u
n
a
k
a

n
 

a
k
a
n
 

d
iv

a
ria

s
ik

a
n
 

b
e
rd

a
s
a
rk

a
n
 

p
e
rs

e
n
 

b
e
ra

t (%
 b

e
ra

t) y
a

itu
: 

- 
6
0
%

 p
e
le

p
a

h
 +

 4
0
%

 p
la

s
tik

 (P
P

) 
- 

5
0
%

 p
e
le

p
a

h
 +

 5
0
%

 p
la

s
tik

 (P
P

) 
- 

4
0
%

 p
e
le

p
a

h
 +

 6
0
%

 p
la

s
tik

 (P
P

) 
F

ra
k
s
i V

o
lu

m
e
 P

a
p
a

n
 P

a
rtik

e
l 

S
a
la

h
 

s
a
tu

 
fa

k
to

r 
p
e
n
tin

g
 

y
a
n
g
 

m
e
n
e

n
tu

k
a

n
 

k
a
ra

k
te

ris
tik

 
d

a
ri 

k
o

m
p
o

s
it 

a
d

a
la

h
 

p
e
rb

a
n
d

in
g

a
n

 
m

a
trik

s
 d

a
n
 p

e
n
g

u
a
t/s

e
ra

t, k
a
re

n
a
 k

a
n

d
u
n

g
a
n

 s
e
ra

t 
a
k
a
n
 m

e
m

p
e
n
g

a
ru

h
i k

e
k
u

a
ta

n
 m

a
te

ria
l k

o
m

p
o
s
it itu

 
s
e
n
d
iri. 

D
a

la
m

 
m

e
n
g
h

itu
n
g
 

fra
k
s
i 

v
o

lu
m

e
 

s
e
ra

t 
p
a
ra

m
e
te

r 
y
a
n
g
 

p
e
rlu

 
d
ik

e
ta

h
u
i 

a
d
a

la
h
 

b
e
ra

t 
je

n
is

 
m

a
trik

s
, b

e
ra

t je
n
is

 s
e
ra

t, b
e
ra

t k
o

m
p

o
s
it, d

a
n
 b

e
ra

t 
s
e
ra

t. 
V

o
lu

m
e
 M

a
trik

s
 ta

m
p
a
 s

e
ra

t :  
V

m
a

trik
s
 =

𝑉
𝑐𝑒

𝑡𝑎
𝑘

𝑎
𝑛

𝑥
𝜌

𝑚
𝑎

𝑡𝑟
𝑖𝑘

𝑠                                       (1
) 

D
im

a
n
a

 :𝑣
𝑐𝑒

𝑡𝑎
𝑘

𝑎
𝑛
  =

 V
o

lu
m

e
 c

e
ta

k
a
n
 (c

m
3) 

 
 

 
=

 P
a
n
ja

n
g
 x

 L
e

b
a
r x

 T
in

g
g

i      (2
) 

 
𝜌

𝑚
𝑎

𝑡𝑟
𝑖𝑘

𝑠  
 =

 m
a
s
s
a
 je

n
is

 m
a
trik

s
 (g

/m
m

3) 
V

o
lu

m
e
 S

e
ra

t ta
n
p

a
 m

a
trik

s
 :  

V
s
e
ra

t =
 𝑉

𝑐𝑒
𝑡𝑎

𝑘
𝑎

𝑛
𝑥

𝜌
𝑠𝑒

𝑟
𝑎

𝑡  
D

im
a

n
a
  

: V
c
e
ta

k
a

n  =
 V

o
lu

m
e
 c

e
ta

k
a
n
 (c

m
3) 

 
 

 
    =

 P
a

n
ja

n
g
 x

 L
e
b

a
r x

 T
e
b

a
l   (3

) 
 

 
   𝜌

𝑠𝑒
𝑟

𝑎
𝑡   =

 m
a
s
s
a

 je
n

is
 s

e
ra

t (g
/m

m
3) 

V
o
lu

m
e
 k

o
m

p
o
s
it  : 

V
k
o
m

p
o
s
it  =

 ( %
s
e
ra

t  x
 V

s
e
ra

t ) +
 (%

m
a

trik
s
 x

 V
m

a
trik

s )   (4
) 

D
im

a
n
a
   :  %

s
e
ra

t     =
 P

e
rs

e
n
ta

s
i s

e
ra

t 
     V

s
e
ra

t       =
 V

o
lu

m
e
 s

e
ra

t (g
r) 

     %
m

a
trik

s
  =

 P
e
rs

e
n

ta
s
i m

a
trik

s
 

       V
m

a
trik

s
    =

 V
o

lu
m

e
 m

a
trik

s
 (g

r) 
A

la
t y

a
n
g

 d
i g

u
n
a
k
a
n

: 

• 
U

n
iv

e
rs

a
l 

te
s
t 

m
a
c
h
in

e
 
u
n

tu
k
 
u
ji 

te
k
a
n

 
d

a
n

 
u
ji 

le
n

g
k
u
n
g
. 

• 
C

e
ta

k
a
n

 

• 
T

im
b

a
n
g

a
n
  

• 
M

e
s
in

 K
e

m
p

a
 P

a
n
a
s
 

• 
G

e
rg

a
ji m

e
s
in

 

• 
S

a
rin

g
a

n
 M

e
s
h
 1

6
 

• 
A

la
t 

B
a

n
tu

 
L
a
in

n
y
a

 
: 

s
a

ru
n
g
 

ta
n
g
a

n
, 

o
b

e
n
g

, 
p
a
h
a

t, a
lm

u
n
iu

m
 fo

il, g
u
n
tin

g
, p

is
a
u

 

B
ah

an
 y

an
g
 d

i g
u
n
ak

an
: 

• 
L
im

b
a
h
 d

a
ri p

e
le

p
a
h
 k

e
la

p
a
 s

a
w

it 

• 
P

la
s
tik

 d
a

u
r u

la
n
g

 (p
o

ly
p
ro

p
y
le

n
a

) 
P

e
rs

ia
p
a
n
 P

e
le

p
a
h
 S

a
w

it 
P

e
le

p
a
h
 

k
e

la
p
a
 

s
a

w
it 

d
i 

g
e
rg

a
ji 

s
e

h
in

g
g
a

 
d
id

a
p
a
t 

u
k
u
ra

n
 

 
 

±
 

5
 

m
m

, 
p
o
to

n
g

a
n
 

in
i 

m
a
s
ih

 
m

e
n
g

a
n

d
u
n

g
 

z
a
t 

e
k
s
tra

k
tif 

y
a
n

g
 

b
e
rp

e
n
g
a
ru

h
 

te
rh

a
d

a
p
 

k
o
n
s
u

m
s
i 

p
e
re

k
a
t, 

la
ju

 
p

e
n
g

e
ra

s
a
n
, 

d
a
n

 
d
a
y
a
 ta

h
a
n

 p
a

p
a
n

 p
a
rtik

e
l y

a
n
g
 d

ih
a
s
ilk

a
n
. K

e
m

u
d
ia

n
 

k
e
la

p
a
 s

a
w

it d
ila

k
u
k
a
n

 p
e

n
c
u
c
ia

n
 d

e
n
g
a

n
 a

ir d
in

g
in

 
d
a
n

 
p
e
re

b
u
s
a

n
 

u
n
tu

k
 

m
e

n
g
u
ra

n
g
i 

k
a
n

d
u
n

g
a
n

 
z
a
t 

e
k
s
tra

k
tif la

ru
t a

ir, g
u

la
, p

a
ti d

a
n

 le
m

a
k
 y

a
n
g

 d
id

u
g
a
 

d
a
p
a

t m
e

m
p
e

n
g
a

ru
h
i 

p
ro

s
e
s
 
p
e
re

k
a
ta

n
. 

A
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s
 d
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a
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a
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e
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u
a
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p
e
n
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u
c
ia
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a
n
 

p
e
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u
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b
a
h
a

n
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a
k
u
 u
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n
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n
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n
g
k
a
n
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a
d
a
r 
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a
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e
k
s
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tif 

d
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k
u
k
a
n
 

d
a
la

m
 

p
e
m

b
u
a
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n
 

p
a
p

a
n
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a
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p
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k
e
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p
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d
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s
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h
a
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u
n
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e
n
u
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n
k
a
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k
a
d
a
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a
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e
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u
d
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 d
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k
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 p
e
n
g
a
y
a
k
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n
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e
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g
g
u

n
a
k
a
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m

e
s
h
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6
. P

e
le

p
a

h
 k

e
la

p
a

 s
a
w

it y
a
n

g
 s

u
d

a
h
 d

is
a
rin

g
 

d
a
p
a

t d
ilih

a
t p

a
d
a
 g

a
m

b
a
r b

e
rik

u
t: 

 

 
G

a
m

b
a
r 2

. P
e
le

p
a

h
 k

e
la

p
a

 s
a
w

it s
e
te

la
h
 p

e
n
y
a
rin

g
a

n
 

 P
e
n
y
ia

p
a
n
 P

la
s
tik

 D
a

u
r U

la
n
g
 (P

o
ly

p
ro

p
y
le

n
a
) 

U
n
tu

k
 m

e
m

p
e
rm

u
d

a
h
 d

a
la

m
 m

e
n

e
n
tu

k
a
n
 je

n
is

  
p
la

s
tik

 m
a
k
a

 d
ig

u
n

a
k
a
n
 lim

b
a
h

 p
la

s
tik

 g
e
la

s
 m

in
e
ra

l 
y
a
n
g
 

te
rd

a
p
a
t 

k
o
d
e

 
P

P
 

p
a
d
a

 
a

la
s
 

g
e

la
s
 

m
in

e
ra

l 
te

rs
e
b
u
t. L

im
b

a
h
 p

la
s
tik

 d
ire

n
d
a

m
 d

a
n

 d
ic

u
c
i s

a
m

p
a

i 
b
e
rs

ih
 

la
lu

 
d
ik

e
rin

g
k
a

n
 

k
e
m

u
d

ia
n
 

d
ip

o
to

n
g

-p
o
to

n
g

 
h
a
lu

s
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G

a
m

b
a
r 3

. P
la

s
tik

 P
o

ly
p
ro

p
y
le

n
a
 (P

P
) 

 P
e
rh

itu
n

g
a
n

 K
o
m

p
o
s
is

i M
a
te

ria
l 

B
e
rd

a
s
a
rk

a
n
 u

k
u
ra

n
 c

e
ta

k
a
n
 
y
a
n

g
 
d
ig

u
n
a
k
a
n

 
d
a
p
a

t d
ih

itu
n

g
 V

c
 s

e
b
a
g

a
i b

e
rik

u
t : 

V
c
 

=
  P

a
n
ja

n
g
 ×

 L
e
b
a
r ×

 T
in

g
g

i (c
m

³) 
 

=
 1

9
0
 m

m
 ×

 1
2
0
 m

m
 ×

 1
0
 m

m
 

 
=

 2
2
8
0

0
0
 m

m
  (2

2
8
 c

m
³) 

 
U

n
tu

k
 m

e
n
g

h
itu

n
g
 p

e
rs

e
n
ta

s
e
 b

e
ra

t s
e
ra

t d
a

n
 d

a
m

a
r 

y
a
n
g
 

p
e
rlu

 
d
ik

e
ta

h
u
i 

a
d
a

la
h
 

v
o
lu

m
e
 

c
e
ta

k
a

n
. 

A
la

t 
c
e
ta

k
 
y
a
n

g
 
d
ig

u
n
a
k
a

n
 
d
a

la
m

 
p
e

m
b
u

a
ta

n
 
s
p
e
s
im

e
n
 

u
ji m

e
n
g

g
u
n

a
k
a
n

 a
la

t c
e

ta
k
 y

a
n
g
 b

e
ra

d
a
 p

a
d

a
 m

e
s
in

 
h
o
t 

p
re

s
s
 

y
a
n
g
 

u
k
u
ra

n
n
y
a
 

te
la

h
 

d
ite

n
tu

k
a

n
 

y
a
itu

 
s
e
b
e
s
a
r ( V

 c
e
ta

k
a
n
 ) =

 2
2
8
 c

m
³, m

a
s
a
 je

n
is

 s
e
ra

t 
p
e
le

p
a

h
 
k
e
la

p
a
 
s
a
w

it 
(ρ

 
s
e
ra

t) 
=

 
0
.7

0
2
 
g
r/c

m
³ 

d
a

n
 

m
a
s
s
a
 je

n
is

 p
la

s
tik

 P
P

 (ρ
 m

a
trik

s
) =

 0
,8

8
7
 g

r/c
m

3
.  

D
a
ri h

a
s
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