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i INTRODUCTION

TUBORAMA is a crosslinked polyethilene pipe available both as PE-Xc

(electronbeam method) and PE-Xb (silane crosslinking) suitable for the

construction of modern heating and water supply installations.

The high quality standard of the raw material used, the reliability of the

technological process and the crosslinking method used make TUBORAMA

a product which responds extremely effectively to the most widely

varying installation requirements. What's more, the use of screw-on

mechanical brass fittings to form the joints makes the installation technique

especially simple, with no specific working equipment needed.
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a
n

n
e

llin
g

 a
t 20°C

 a
n

d
 fo

r a
 p

e
rio

d
 o

f 50 ye
a

rs h
a

s

a
n

 o
p

e
ra

tin
g

 p
re

ssu
re

 o
f 10 b

a
r. Fo

r d
iffe

re
n

t Fie
ld

s o
f A

p
p

lic
a

tio
n

 d
ire

c
t

c
o

n
su

lta
tio

n
 o

f th
e

 a
fo

re
-m

e
n

tio
n

e
d

 n
o

rm
a

tive
 o

r w
ith

 Pra
n

d
e

lli Sp
A

 fo
r

Te
c

h
n

ic
a

l A
ssista

n
c

e
 is a

d
visa

b
le

.

9595100

100

T
m

a
l

°C

100

100

100

100

Life
-sp

a
n

a
t T

m
a

l

h

H
o

t-w
a

te
r sup

p
ly (60°C

)

H
o

t-w
a

te
r sup

p
ly (70°C

)

U
nd

e
rflo

o
r he

a
ting

a
nd

 ra
d

ia
to

rs

a
t lo

w
 te

m
p

e
ra

ture

Ra
d

ia
to

rs a
t hig

h te
m

p
e

ra
ture

Typ
ic

a
l Fie

ld
 o

f
A

p
p

lic
a

tio
n

A
p

p
lic

a
tio

n
C

la
ss

Te
m

p
e

ra
ture

o
f Pro

je
c

t
T

D

°C

Life
-sp

a
n

o
f T

N

ye
a

rs

60
49

70
49

20
2,5

Fo
llo

w
e

d
 b

y

40
20

Fo
llo

w
e

d
 b

y

60
25

Fo
llo

w
e

d
 b

y
(se

e
 fo

llo
w

in
g

 c
o

lu
m

n
)

20
14

Fo
llo

w
e

d
 b

y

60
25

Fo
llo

w
e

d
 b

y

80
10

Fo
llo

w
e

d
 b

y
(se

e
 fo

llo
w

in
g

 c
o

lu
m

n
)

T
m

a
x

°C

Life
-sp

a
n

a
t T

m
a

x

ye
a

rs

80
1

80
1

70
2,5

Fo
llo

w
e

d
 b

y
(se

e
 fo

llo
w

in
g

 c
o

lu
m

n
)

90
1

Fo
llo

w
e

d
 b

y
(se

e
 fo

llo
w

in
g

 c
o

lu
m

n
)

1) A
 c

o
u

n
try c

a
n

 c
h

o
o

se
 e

ith
e

r c
la

ss 1 o
r c

la
ss 2 in

 o
rd

e
r to

 c
o

n
fo

rm
 to

 th
e

ir c
o

u
n

try’s ru
lin

g
s.

2) W
h

e
re

 th
e

re
 is m

o
re

 th
a

n
 o

n
e

 te
m

p
e

ra
tu

re
 fo

r e
a

c
h

 c
la

ss tim
e

s m
u

st b
e

 a
g

g
re

g
a

te
d

 (e
g

. Th
e

 te
m

p
e

ra
tu

re
p

ro
file

 fo
r th

e
 50 ye

a
r p

ro
je

c
t fo

r c
la

ss 5 is: 20°C
 fo

r 14 ye
a

rs, fo
llo

w
e

d
 b

y 60°C
 fo

r 25 ye
a

rs, 80°C
 fo

r 10 ye
a

rs,
90°C

 fo
r 1 ye

a
r a

n
d

 100°C
 fo

r 100 h
).

1245

2)2)

1)1)

P
ro

sp
e

c
t 1

 - C
la

ssific
a

tio
n

 o
f c

o
n

d
itio

n
s o

f se
rv

ic
e

P
ro

sp
e

c
t 2

 – D
im

e
n

sio
n

s
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D
IM

E
N
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N
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FIE
L

D
S O

F A
PPL

IC
A

T
IO

N

C
h

o
ic

e
o

f p
ip

e
d

im
e

n
s

io
n

s
(s

e
rie

s
 S

)

Th
a

n
ks to

 its re
sista

n
c

e
 to

 m
e

c
h

a
n

ic
a

l a
n

d
 th

e
rm

a
l stre

sse
s a

n
d

 its

o
u

tsta
n

d
in

g
 fle

xib
ility w

h
ic

h
 sim

p
lifie

s its in
sta

lla
tio

n
, TU

BO
RA

M
A

 is u
se

d

in
 syste

m
s o

f a
 w

id
e

 va
rie

ty o
f typ

e
s.

Th
e

 m
a

in
 a

p
p

lic
a

tio
n

s a
re

:

- p
ip

e
-in-p

ip
e

 w
a

te
r sup

p
ly syste

m
s w

ith m
a

nifo
ld

;

- w
a

te
r sup

p
ly syste

m
s w

ith m
a

nifo
ld

;

- tra
d

itio
na

l w
a

te
r sup

p
ly syste

m
s;

- tra
d

itio
na

l he
a

ting
 syste

m
s;

- flo
o

r he
a

ting
 he

a
ting

 syste
m

s;

- o
the

r syste
m

s.

This typ
e

 o
f syste

m
 a

llo
w

s le
ng

ths o
f p

ip
e

 to
 b

e
 insp

e
c

te
d

 a
nd

 if ne
c

e
ssa

ry

re
p

a
ire

d
 w

ith
o

u
t sig

n
ific

a
n

t b
u

ild
in

g
 w

o
rks.

Th
e

 sin
g

le
 le

n
g

th
s o

f p
ip

e
, w

h
ic

h
 le

a
d

 fro
m

 th
e

 m
a

n
ifo

ld
 to

 su
p

p
ly th

e

u
se

rs, a
re

 h
o

u
se

d
 in

 a
 sh

e
a

th
in

g
 o

f su
ita

b
le

 d
ia

m
e

te
r, w

h
ic

h
 a

llo
w

s th
e

p
ip

e
 to

 b
e

 re
p

la
c

e
d

 if n
e

c
e

ssa
ry.

This o
p

e
ra

tio
n a

lso
 re

q
uire

s a
 suita

b
le

 p
ip

e
 la

yo
ut, w

ith no
 sha

rp
 c

ha
ng

e
s

in
 d

ire
c

tio
n

 o
r a

c
c

id
e

n
ta

l c
ru

sh
in

g
 o

f th
e

 sh
e

a
th

in
g

.

Th
e

 fu
n

d
a

m
e

n
ta

l ite
m

 w
h

ic
h

 h
a

s m
a

d
e

 th
is typ

e
 o

f syste
m

 p
o

ssib
le

 is

th
e

 p
ip

e
, w

h
ic

h
 m

u
st b

e
 e

xtre
m

e
ly e

a
sy to

 h
a

n
d

le
 a

n
d

 o
ffe

r o
p

tim
u

m

fle
xib

ility.

TU
BO

RA
M

A
 fu

lfils th
e

se
 re

q
u

ire
m

e
n

ts to
 a

 h
ig

h
 d

e
g

re
e

 th
a

n
ks to

 th
e

in
trin

sic
 p

ro
p

e
rtie

s o
f th

e
 ra

w
 m

a
te

ria
l fro

m
 w

h
ic

h
 it is m

a
d

e
 a

n
d

 th
e

e
xtru

sio
n

 
a

n
d

 
c

ro
sslin

kin
g

 
te

c
h

n
o

lo
g

ie
s 

u
se

d
 

to
 

p
ro

d
u

c
e

 
it.

TU
BO

RA
M

A
 PE

-X
 is m

a
n

u
fa

c
tu

re
d

 fro
m

 a
 h

ig
h

 d
e

n
sity p

o
lye

th
yle

n
e

 w
ith

e
xc

e
lle

nt p
e

rfo
rm

a
nc

e
 c

ha
ra

c
te

ristic
s, a

lre
a

d
y a

p
p

ro
ve

d
 b

y the
 le

a
d

ing

in
stitu

te
s in

 Eu
ro

p
e

 a
n

d
 b

e
yo

n
d

.

F
IE

L
D

S
 O

F
A

P
P

L
IC

A
T

IO
N

W
A

T
E

R
 S

U
P

P
L

Y
S

Y
S

T
E

M
•

 p
ip

e
-in

-p
ip

e
 w

ith
m

in
ifo

ld

T
h

e
 b

a
s

ic
 e

le
m

e
n

t:
th

e
 P

E
-

X
 p

ip
e

Th
e

 U
N

I EN
 ISO

 15875 1-2 n
o

rm
a

tive
 fixe

s th
e

 se
rie

s S b
y c

a
lc

u
la

tin
g

 it in

fu
n

c
tio

n
 w

ith
 n

o
m

in
a

l D
N

 d
ia

m
e

te
r a

n
d

 n
o

m
in

a
l e

n
 th

ic
kn

e
ss in

 th
e

fo
llo

w
in

g
 w

a
y:

Sc
a

lc
 =

 (D
N

 – e
n

)/2e
n

It a
p

p
e

a
rs e

vid
e

n
t fro

m
 th

is fo
rm

u
la

 th
a

t, a
t a

n
 e

q
u

a
l d

ia
m

e
te

r, if th
e

th
ic

kn
e

ss in
c

re
a

se
s, th

e
 S va

lu
e

 d
e

c
re

a
se

s.

The
 ra

tio
 b

e
tw

e
e

n the
 p

re
ssure

 o
f the

 PD
 p

ro
je

c
t, the

 A
p

p
lic

a
tio

n C
la

sse
s,

th
e

 Te
m

p
e

ra
tu

re
 o

f th
e

 TD
 p

ro
je

c
t a

n
d

 th
e

 m
a

xim
u

m
 se

rie
s c

a
lc

u
la

te
d

Sc
a

lc
 m

a
x is sh

o
w

n
 in

 th
e

 fo
llo

w
in

g
 Pro

sp
e

c
t 3.

Fro
m

 fu
rth

e
r o

b
se

rva
tio

n
s it c

a
n

 b
e

 se
e

n
 th

a
t syste

m
s b

e
lo

n
g

in
g

 to
 a

se
rie

s S w
ith

 m
in

o
r va

lu
e

s c
a

n
 b

e
 su

b
stitu

te
d

 w
ith

 th
o

se
 b

e
lo

n
g

in
g

 to
 a

se
rie

s 
S 

w
ith

 
m

a
jo

r 
v

a
lu

e
s; 

th
e

 
o

p
p

o
site

 
is 

n
o

t 
p

o
ssib

le
.

Fro
m

 th
is p

ro
sp

e
c

t it c
a

n
 b

e
 se

e
n

 th
a

t th
e

 p
re

fe
re

n
tia

l a
p

p
lic

a
tio

n
s a

re
:

S3.8
C

la
ss 1

PD
=

10 b
a

r - TD
 =

 60°

S3.5
C

la
ss 2

PD
=

10 b
a

r - TD
 =

 70°

S5
C

la
ss 4

PD
=

 8 b
a

r -  TD
 =

 60°

S5
C

la
ss 5

PD
=

 6 b
a

r -  TD
 =

 80°

Th
e

 p
ip

e
 d

im
e

n
sio

n
s c

h
o

se
n

 b
y Pro

sp
e

c
t 1 m

u
st b

e
 m

a
d

e
 w

ith
 a

 se
rie

s

S m
in

o
r o

r a
 m

a
xim

u
m

 e
q

u
a

l to
 th

a
t ste

m
m

in
g

 fro
m

 P
ro

sp
e

c
t 3, in

a
c

c
o

rd
a

n
c

e
 w

ith
 fo

re
se

e
n

 c
o

n
d

itio
n

s.

Pro
sp

e
c

t 3 – Sc
a

lc
 m

a
x fo

r Pe
-X

 a
c

c
o

rd
ing

 to
 U

N
I EN

 ISO
 15875 1-2

PDb
o

r
C

la
ss 1 TD

=60°
C

la
ss 2 TD

=70°
C

la
ss 4 TD

=60°
C

la
ss 5 TD

=80°



T
h

e
 s

h
e

a
th

in
g
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FIE
L

D
S O

F A
PPL

IC
A

T
IO

N

Th
e

 ta
sk o

f th
e

 p
la

stic
 she

a
thing

 in
 w

h
ic

h
 th

e
 p

ip
e

 is in
se

rte
d

 is n
o

 le
ss

im
p

o
rta

n
t.

It h
a

s to
 b

e
 ve

ry e
la

stic
, sin

c
e

 if sq
u

a
sh

e
d

 b
y a

c
c

id
e

n
ta

l lo
a

d
s it m

u
st

sp
rin

g
 b

a
c

k in
to

 its o
rig

in
a

l sh
a

p
e

 a
s so

o
n

 a
s th

e
 lo

a
d

 is re
m

o
ve

d
.

Its d
im

e
n

sio
n

s a
re

 d
e

sig
n

e
d

 to
 a

llo
w

 e
a

sy in
se

rtio
n

 o
f th

e
 p

ip
e

, a
n

d
 to

e
n

a
b

le
 la

yin
g

 u
n

d
e

r flo
o

rs o
r in

 w
a

lls.

Th
e

 sh
e

a
th

in
g

 a
lso

 h
a

s th
e

 im
p

o
rta

n
t ro

le
 o

f p
ro

te
c

tin
g

 th
e

 p
ip

e
 fro

m

a
n

y sh
a

rp
-e

d
g

e
d

 b
o

d
ie

s.

T
h

e
 d

is
trib

u
tio

n
m

a
n

ifo
ld

T
h

e
 b

o
x

e
s

 fo
r

flu
s

h
 m

o
u

n
tin

g

D
IA

M
ETER

Pip
e

 m
m

16

TH
IC

K
N

ESS
Pip

e
 m

m

2.2

she
a

ting
 d

ia
m

e
te

r m
m

 24.5

C
o

rre
c

t syste
m

 c
o

n
stru

c
tio

n
 re

q
u

ire
s a

 d
istrib

u
tio

n
 m

a
n

ifo
ld

 to
 w

h
ic

h

e
a

c
h

 sin
g

le
 b

ra
n

c
h

 o
f p

ip
in

g
 is c

o
n

n
e

c
te

d
.

Th
is a

llo
w

s b
e

tte
r c

o
n

tro
l o

f th
e

 w
a

te
r flo

w
-ra

te
 re

q
u

ire
d

 b
y th

e
 u

se
rs,

sin
c

e
 e

ve
n

 in
 c

a
se

 o
f sim

u
lta

n
e

o
u

s u
se

 th
e

 in
d

ivid
u

a
l d

e
live

ry ra
te

s d
o

n
o

t d
ro

p
 a

s in
 c

o
n

ve
n

tio
n

a
l syste

m
s.

Th
e

 m
a

n
ifo

ld
 u

se
d

 a
lso

 a
llo

w
s a

 sin
g

le
 se

c
tio

n
 o

f p
ip

e
 to

 b
e

 sh
u

t o
ff if

n
e

c
e

ssa
ry fo

r re
p

a
ir, w

ith
 n

o
 n

e
e

d
 to

 p
u

t th
e

 e
n

tire
 syste

m
 o

u
t o

f u
se

.

A
va

ila
b

le
 in

 th
re

e
 d

iffe
re

n
t ve

rsio
n

s (w
ith

 3, 4 a
n

d
 5 o

u
tle

ts) w
h

ic
h

 c
a

n

b
e

 c
o

m
b

in
e

d
 to

 c
o

n
stru

c
t m

o
d

u
la

r a
sse

m
b

lie
s, th

e
 m

a
n

ifo
ld

 u
se

d
 in

 th
e

syste
m

 is a
lso

 sp
e

c
ia

lly style
d

; in
 a

d
d

itio
n

 to
 its m

in
im

a
l d

e
p

th
, it is sh

a
p

e
d

to
 ke

e
p

 th
e

 p
a

ssa
g

e
 c

ro
ss-se

c
tio

n
s su

ita
b

ly p
ro

p
o

rtio
n

e
d

 in
 e

ve
ry p

o
in

t

a
lo

n
g

 its le
n

g
th

.

Sp
e

c
ia

l m
o

unting
 b

o
xe

s h
a

ve
 b

e
e

n
 d

e
sig

n
e

d
 to

 a
llo

w
 th

e
 m

a
n

ifo
ld

 to

b
e

 in
sta

lle
d

 su
n

k in
to

 th
e

 w
a

ll. Th
e

y a
re

 c
o

m
p

le
te

 w
ith

 a
 m

e
ta

l c
o

ve
r

p
a

n
e

l a
n

d
 c

a
n

 b
e

 e
q

u
ip

p
e

d
 w

ith
 a

 sp
e

c
ia

l kit fo
r in

sta
lla

tio
n

 sta
n

d
in

g

o
n

 th
e

 flo
o

r.



Sp
e

c
ia

l c
o

n
n

e
c

tin
g

 b
o

xe
s h

a
ve

 b
e

e
n

 d
e

ve
lo

p
e

d
 fo

r p
ip

e
 e

n
d

s; fo
r

in
sta

lla
tio

n
 in

 c
o

n
c

re
te

, th
e

y a
re

 d
e

sig
n

e
d

 to
 c

o
n

ta
in

 th
e

 u
n

io
n

 to
 w

h
ic

h

th
e

 p
ip

e
 is c

o
n

n
e

c
te

d
.

C
o

rre
c

t p
o

sitio
n

in
g

 o
f th

e
 u

n
io

n
 is a

ssu
re

d
 b

y th
e

 rin
g

-n
u

t, sc
re

w
e

d
 o

n
to

th
e

 fro
n

t o
f th

e
 b

o
x to

 ke
e

p
 it c

la
m

p
e

d
 in

 p
la

c
e

.

Th
e

 b
o

tto
m

 o
f th

e
 b

o
x is fitte

d
 w

ith
 a

 g
u

id
e

 to
 ta

ke
 a

n
d

 se
c

u
re

 th
e

sh
e

a
th

in
g

 c
o

n
ta

in
in

g
 th

e
 p

ip
e

.

Bo
x a

c
c

e
sso

rie
s in

c
lu

d
e

 a
 d

u
a

l fu
n

c
tio

n
 h

a
n

d
le

, w
h

ic
h

 c
a

n
 b

e
 u

se
d

e
ith

e
r a

s a
 to

o
l fo

r tig
hte

ning
 a

nd
 unsc

re
w

 the
 ring

-nut (a
) w

h
ic

h
 h

o
ld

s

th
e

 u
n

io
n

 in
 p

la
c

e
 in

 th
e

 b
o

x, o
r a

s a
 c

a
p

 fo
r syste

m
 te

sting
 (b

).
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C
o

n
n

e
c

tin
g

 b
o

x
e

s

5.

14
15

T
h

e
 d

u
a

l fu
n

c
tio

n
h

a
n

d
le

A
s a

lre
a

d
y m

e
n

tio
n

e
d

, to
 m

a
ke

 fu
ll u

se
 o

f th
e

 fe
a

tu
re

s th
is typ

e
 o

f syste
m

 is a
b

le

to
 o

ffe
r, it m

u
st b

e
 in

sta
lle

d
 in

 a
c

c
o

rd
a

n
c

e
 w

ith
 c

le
a

rly d
e

fin
e

d
 p

ro
c

e
d

u
re

s.

Th
e

 first o
p

e
ra

tio
n

 is to
 in

sta
ll th

e
 d

istrib
u

tio
n

 m
a

n
ifo

ld
 in

 th
e

 w
a

ll, in
sid

e
 th

e

sp
e

c
ia

l m
o

unting
 b

o
x.

Th
e

 m
a

n
ifo

ld
 in

sta
lla

tio
n

 site
 m

u
st m

e
e

t sp
e

c
ific

 re
q

u
ire

m
e

n
ts: first o

f a
ll, th

e

ro
u

te
s le

a
d

in
g

 to
 a

ll th
e

 u
se

rs to
 b

e
 se

rve
d

 m
u

st b
e

 a
s stra

ig
h

t a
s p

o
ssib

le
, o

r a
t

le
a

st fre
e

 fro
m

 sh
a

rp
 c

h
a

n
g

e
s in

 d
ire

c
tio

n
, w

h
ic

h
 m

ig
h

t m
a

ke
 a

n
y fu

tu
re

re
p

la
c

e
m

e
n

t w
o

rk d
iffic

u
lt.

Se
c

o
n

d
ly, a

s fa
r a

s p
o

ssib
le

 the
 m

a
nifo

ld
 sho

uld
 b

e
 lo

c
a

te
d

 c
e

ntra
lly in

 re
la

tio
n

to
 a

ll th
e

 va
rio

u
s o

u
tle

ts (c
o

n
n

e
c

tin
g

 b
o

xe
s) so

 th
a

t th
e

 va
rio

u
s le

n
g

th
s o

f p
ip

e

a
re

 m
o

re
 o

r le
ss th

e
 sa

m
e

 le
n

g
th

 (e
xc

e
ssive

ly lo
n

g
 p

ip
e

s le
a

d
 to

 in
c

re
a

se
d

 lo
ss

o
f p

re
ssu

re
 a

n
d

 w
a

ste
d

 h
e

a
t in

 p
ip

e
s c

a
rryin

g
 h

o
t w

a
te

r).

Fina
lly, if c

o
m

p
a

tib
le

 w
ith the

 tw
o

 re
q

uire
m

e
nts sta

te
d

 a
b

o
ve

, w
hic

h ta
ke

 p
rio

rity,

th
e

 m
a

n
ifo

ld
 sh

o
u

ld
 b

e
 in

sta
lle

d
 a

t a
 p

o
in

t w
h

e
re

 it c
a

n
 e

a
sily b

e
 c

o
n

c
e

a
le

d
,

to
 g

u
a

ra
n

te
e

 th
a

t th
e

 syste
m

 m
a

ke
s th

e
 b

e
st p

o
ssib

le
 a

e
sth

e
tic

 im
p

re
ssio

n
.

O
n

c
e

 th
is p

h
a

se
 is c

o
m

p
le

te
, th

e
 n

e
xt ste

p
 is to

 in
sta

ll th
e

 c
o

n
n

e
c

tin
g

 b
o

xe
s,

w
h

ic
h

 a
re

 p
la

c
e

d
 n

e
a

r to
 th

e
 u

se
rs to

 b
e

 se
rve

d
.

Th
e

 b
o

xe
s a

re
 fixe

d
 to

 th
e

 w
a

lls, usin
g

 m
e

ta
l b

ra
c

ke
ts if n

e
c

e
ssa

ry, in
 th

e
 p

o
sitio

n
s

th
e

y w
ill o

c
c

u
p

y w
h

e
n

 th
e

 syste
m

 is c
o

m
p

le
te

.

The
 p

ip
e

 is p
a

sse
d

 into
 the

 b
o

x a
nd

 c
o

nne
c

te
d

 to
 the

 unio
n, w

hic
h is the

n p
la

c
e

d

in
 th

e
 b

o
x. Th

e
 p

ip
e

 is th
e

n
 la

id
 a

lo
n

g
 th

e
 g

ro
u

n
d

 (o
r in

 th
e

 w
a

ll) to
 th

e

c
o

rre
sp

o
n

d
in

g
 m

a
n

ifo
ld

 c
o

n
n

e
c

tio
n

.

D
uring

 this p
ha

se
, c

a
re

 m
ust b

e
 ta

ke
n to

 a
ssure

 tha
t the

 p
ip

e
s ta

ke
 the

 STRA
IG

H
TEST

PO
SSIBLE RO

U
TE, e

n
su

rin
g

 th
a

t n
o

 ra
d

iu
s o

f c
u

rva
tu

re
 is le

ss th
a

n
 8 tim

e
s th

e

o
utsid

e
 d

ia
m

e
te

r o
f the

 p
ip

e
.

W
h

e
n

e
ve

r a
 p

ip
e

 b
ra

n
c

h
 re

a
c

h
e

s its m
a

n
ifo

ld
 c

o
n

n
e

c
tio

n
, c

u
t th

e
 p

ip
e

 a
n

d

sh
e

a
th

in
g

 to
 th

e
 a

p
p

ro
p

ria
te

 le
n

g
th

 a
n

d
 m

a
ke

 th
e

 c
o

n
n

e
c

tio
n

.

IN
S

T
A

L
L

A
T

IO
N

T
h

e
 m

a
n

ifo
ld

T
h

e
 c

o
n

n
e

c
tin

g
b

o
x

e
s

T
h

e
 u

n
io

n
s

C
u

ttin
g

 th
e

 p
ip

e
a

b

1234
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FIE
L

D
S O

F A
PPL

IC
A

T
IO

N

Th
e

 in
sta

lla
tio

n
 o

f p
ip

e
-in

-p
ip

e
 TU

BO
RA

M
A

 in
 syste

m
s u

sin
g

 m
a

n
ifo

ld
s

th
e

re
fo

re
 o

ffe
rs th

e
 fo

llo
w

in
g

 a
d

va
n

ta
g

e
s:

•
th

e
 flo

w
-ra

te
 o

f w
a

te
r to

 th
e

 in
d

ivid
u

a
l u

se
rs is m

a
in

ta
in

e
d

 c
o

n
sta

n
t

e
ve

n
 if se

ve
ra

l ta
p

s a
re

 tu
rn

e
d

 o
n

 sim
u

lta
n

e
o

u
sly;

•
h

o
t w

a
te

r su
p

p
ly tim

e
s a

re
 re

d
u

c
e

d
;

•
th

e
re

 a
re

 fe
w

e
r jo

in
ts; o

n
e

 a
t th

e
 m

a
n

ifo
ld

 a
n

d
 a

n
o

th
e

r a
t th

e
 u

se
r,

fo
r e

a
c

h
 le

n
g

th
 o

f p
ip

e
;

•
n

o
 jo

in
ts u

n
d

e
r c

o
n

c
re

te
;

•
q

u
ic

k, e
a

sy in
sta

lla
tio

n
;

•
p

ip
e

 is p
ro

te
c

te
d

 a
g

a
in

st a
n

y sh
a

rp
-e

d
g

e
d

 b
o

d
ie

s;

•
p

ip
e

s a
re

 re
p

la
c

e
a

b
le

;

•
a

n
y le

a
ks a

re
 e

a
sily id

e
n

tifie
d

 a
n

d
 re

p
la

c
e

d
; if a

 p
ip

e
 is a

c
c

id
e

n
ta

lly

p
u

n
c

tu
re

d
, th

e
 in

d
e

p
e

n
d

e
n

c
e

 o
f e

a
c

h
 se

c
tio

n
 m

a
ke

s it e
a

sie
r

to
 id

e
n

tify, c
u

t o
ff a

n
d

 re
p

la
c

e
 th

e
 d

a
m

a
g

e
d

 p
ip

e
.

Th
is typ

e
 o

f syste
m

 o
ffe

rs th
e

 sa
m

e
 a

d
va

n
ta

g
e

s a
s p

ip
e

-in
-p

ip
e

 syste
m

s

w
ith

 m
a

n
ifo

ld
, e

xc
e

p
t th

a
t e

a
c

h
 in

d
ivid

u
a

l le
n

g
th

 o
f p

ip
e

 c
a

n
 n

o
 lo

n
g

e
r

b
e

 re
m

o
ve

d
.

Sin
c

e
 th

e
 sh

e
a

th
in

g
 a

n
d

 c
o

n
n

e
c

tin
g

 b
o

xe
s a

re
 n

o
 lo

n
g

e
r u

se
d

, p
ip

e

re
p

la
c

e
m

e
n

t b
e

c
o

m
e

s m
o

re
 d

iffic
u

lt.

A
D

V
A

N
T

A
G

E
S

O
F

F
E

R
E

D
 B

Y
 T

H
E

P
IP

E
-

IN
-

P
IP

E
S

Y
S

T
E

M

W
A

T
E

R
 S

U
P

P
L

Y
S

Y
S

T
E

M
S

•
 m

a
n

ifo
ld

 ty
p

e

O
b

vio
u

sly, TU
B

O
R

A
M

A
 c

a
n

 a
lso

 b
e

 u
se

d
 fo

r th
e

 c
o

n
stru

c
tio

n
 o

f

c
o

n
ve

n
tio

n
a

l w
a

te
r su

p
p

ly syste
m

s. In
 th

is c
a

se
, w

h
ile

 TU
BO

RA
M

A

m
a

in
ta

in
s its a

d
va

n
ta

g
e

s o
ve

r m
e

ta
l p

ip
e

s, su
ita

b
le

 m
e

ta
l fittin

g
s m

u
st

b
e

 u
se

d
 to

 c
o

n
stru

c
t th

e
 va

rio
u

s b
ra

n
c

h
e

s.

Th
is typ

e
 o

f syste
m

 is u
n

a
b

le
 to

 o
ffe

r a
ll th

e
 a

d
va

n
ta

g
e

s o
f th

e
 p

ip
e

-in
-

p
ip

e
 syste

m
, b

u
t is ve

ry in
e

xp
e

n
sive

 sin
c

e
 th

e
 n

u
m

e
ro

u
s a

c
c

e
sso

rie
s

n
e

c
e

ssa
ry fo

r th
e

 p
ip

e
-in

-p
ip

e
 syste

m
 a

re
 n

o
 lo

n
g

e
r re

q
u

ire
d

.

Its o
u

tsta
n

d
in

g
 re

sista
n

c
e

 to
 th

e
rm

a
l stre

sse
s a

llo
w

s TU
BO

RA
M

A
 to

 b
e

u
se

d
 to

 c
o

n
stru

c
t tra

d
itio

n
a

l h
e

a
tin

g
 syste

m
s o

f a
ll kin

d
s. Th

e
 in

sta
lla

tio
n

p
e

rso
n

n
e

l w
ill fin

d
 th

e
 p

ip
e

s e
a

sie
r to

 la
y th

a
n

ks to
 th

e
 e

xc
e

lle
n

t h
a

n
d

lin
g

a
n

d
 fle

xib
ility o

f TU
BO

RA
M

A
.

O
n

e
 fu

rth
e

r a
d

va
n

ta
g

e
 o

ffe
re

d
 b

y th
is p

ip
e

, fo
r tra

n
sp

o
rtin

g
 h

o
t w

a
te

r,

d
e

rive
s fro

m
 the

 lo
w

 the
rm

a
l c

o
nd

uc
tivity o

f PE-X (se
e

 ta
b

le
 o

n p
a

g
e

 7).

Th
is a

llo
w

s th
e

 re
d

u
c

tio
n

 o
f h

e
a

t lo
sse

s a
lo

n
g

 th
e

 d
istrib

u
tio

n
 n

e
tw

o
rk,

b
e

lo
w

 th
e

 le
ve

l o
f a

 sim
ila

r syste
m

 c
o

n
stru

c
te

d
 w

ith
 m

e
ta

l p
ip

e
s.

In
 a

ll c
a

se
s, it sh

o
u

ld
 b

e
 re

m
e

m
b

e
re

d
 th

a
t a

lth
o

u
g

h
 th

e
 th

e
rm

a
l

c
o

n
d

u
c

tivity o
f TU

BO
RA

M
A

 is ve
ry lo

w
 (�

 =
 0.38 kc

a
l h

-1 m
-1 °C

-1), it d
o

e
s

no
t m

e
e

t the
 c

o
nd

uc
tivity va

lue
 re

q
uire

d
, fo

r insta
nc

e
, b

y Ita
lia

n la
w

  o
n

th
e

 lim
ita

tio
n

 o
f e

n
e

rg
y c

o
n

su
m

p
tio

n
, w

h
ic

h
 is � = 0.035 kc

a
l h

-1 m
-1 °C

-1.

Suita
b

le
 insula

tio
n m

ust the
re

fo
re

 b
e

 fitte
d

 w
he

re
 re

q
uire

d
.

W
A

T
E

R
 S

U
P

P
L

Y
S

Y
S

T
E

M
S

•
 tra

d
itio

n
a

l

H
E

A
T

IN
G

 S
Y

S
T

E
M

S
•

 tra
d

itio
n

a
l
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18
19

flo
o

r h
e

a
tin

g
s

y
s

te
m

 w
ith

T
U

B
O

R
A

M
A

 P
E

-
X

T
U

B
O

R
A

M
A

O
2 S

to
p

TU
BO

RA
M

A
 O

2Sto
p

 is a
 p

o
lye

th
yle

n
e

 p
ip

e
 c

ro
sslin

ke
d

 b
y th

e
 e

le
c

tro
n

b
e

a
m

 m
e

th
o

d
, c

o
a

te
d

 w
ith

 a
 sp

e
c

ia
l film

 to
 b

lo
c

k th
e

 p
a

ssa
g

e
 o

f

o
xyg

e
n

.

Th
is c

o
n

sid
e

ra
b

ly lim
its th

e
 e

n
ric

h
m

e
n

t o
f th

e
 w

a
te

r w
ith

 th
is e

le
m

e
n

t,

b
e

lie
ve

d
 to

 b
e

 th
e

 m
a

in
 c

a
u

se
 o

f th
e

 c
o

rro
sio

n
 o

f m
e

ta
l c

o
m

p
o

n
e

n
ts

o
f th

e
 syste

m
, b

y p
re

c
lu

d
in

g
 o

n
e

 o
f th

e
 w

a
ys in

 w
h

ic
h

, th
e

o
re

tic
a

lly,

o
xyg

e
n

 m
a

y g
a

in
 a

c
c

e
ss to

 a
 syste

m
 c

o
n

ve
yin

g
 w

a
te

r. Th
e

 o
xyg

e
n

b
a

rrie
r is p

a
rtic

ula
rly im

p
o

rta
nt in c

a
se

 o
f und

e
r-flo

o
r flo

o
r he

a
ting

 syste
m

s,

in
 w

h
ic

h
 th

e
 lo

n
g

 le
n

g
th

 o
f th

e
 p

ip
e

lin
e

 m
ig

h
t in

c
re

a
se

 th
e

 risks lin
ke

d

to
 th

e
 o

xyg
e

n
 e

n
ric

h
m

e
n

t o
f th

e
 flu

id
 tra

n
sp

o
rte

d
.

Th
e

 o
xyg

e
n

 b
a

rrie
r fu

n
c

tio
n

 is o
b

ta
in

e
d

 b
y c

o
a

tin
g

 th
e

 o
u

tsid
e

 o
f

TU
BO

RA
M

A
 PE-X

 w
ith

 a
 sp

e
c

ia
l p

la
stic

 film
: EV

O
H

.

Th
is b

a
rrie

r is a
p

p
lie

d
 b

y m
e

a
n

s o
f a

 c
o

-e
xtru

sio
n

 p
ro

c
e

ss, u
sin

g
 a

 sp
e

c
ia

l

a
d

h
e

sive
 w

h
ic

h
 p

re
ve

n
ts it fro

m
 se

p
a

ra
tin

g
 fro

m
 th

e
 p

ip
e

 su
rfa

c
e

.

T
U

B
O

R
A

M
A

O
2 S

to
p

 P
E

-
X

D
IM

E
N

S
IO

N
A

L
 TA

B
L

E
O

U
TSID

E
d

ia
m

e
te

r m
m

16171820

TH
IC

K
N

ESS m
m

2.0

2.0

2.0

2.0

IN
SID

E
d

ie
m

e
te

r m
m

12131416

SU
PPLIED

 IN
ro

lls o
f m

120 - 240

120 - 240

120 - 240

120 - 240

A
s w

e
ll a

s in
 c

o
n

ve
n

tio
n

a
l h

e
a

tin
g

 syste
m

s, TU
BO

RA
M

A
 c

a
n

 a
lso

 b
e

 u
se

d

to
 c

o
n

stru
c

t u
n

d
e

r-flo
o

r flo
o

r h
e

a
tin

g
s.

Th
e

 e
xc

e
lle

n
t fle

xib
ility o

f P
E-X

 is a
n

 e
sse

n
tia

l in
g

re
d

ie
n

t in
 p

ro
p

e
r,

tro
u

b
le

fre
e

 c
o

n
stru

c
tio

n
 o

f a
 syste

m
 o

f th
is kin

d
.

P
R

A
N

D
ELLI S.p

.A
. h

a
s d

e
ve

lo
p

e
d

 a
 c

o
m

p
le

te
 syste

m
, kn

o
w

n
 a

s

TH
ER

M
O

R
A

M
A

, w
h

ic
h

 c
o

m
p

rise
s a

ll th
e

 c
o

m
p

o
n

e
n

ts n
e

e
d

e
d

 fo
r

c
o

n
stru

c
tio

n
 o

f th
is typ

e
 o

f in
sta

lla
tio

n
.

H
e

re
 w

e
 w

ill o
n

ly u
n

d
e

rlin
e

 th
e

 im
p

o
rta

n
t a

d
va

n
ta

g
e

s, in
 te

rm
s o

f b
o

th

p
h

ysio
lo

g
ic

a
l w

e
ll-b

e
in

g
 a

n
d

 q
u

a
lity o

f life
 in

 th
e

 h
e

a
te

d
 ro

o
m

s, a
n

d
 in

te
rm

s o
f e

c
o

n
o

m
ic

a
l o

p
e

ra
tio

n
, o

ffe
re

d
 b

y th
e

se
 syste

m
s; fo

r fu
ll

in
fo

rm
a

tio
n

, re
fe

r to
 th

e
 re

la
tive

 TH
ER

M
O

R
A

M
A

 Syste
m

 G
U

ID
E.

Th
e

 o
xyg

e
n

 im
p

e
rm

e
a

b
ility o

f th
e

 m
a

te
ria

l u
se

d
 fo

r p
ro

d
u

c
tio

n
 o

f th
e

p
ip

e
 is p

a
rtic

u
la

rly im
p

o
rta

n
t in

 flo
o

r h
e

a
tin

g
 a

p
p

lic
a

tio
n

s.

TU
BO

RA
M

A
 P

E-X
c

 o
ffe

rs a
 c

e
rta

in
 d

e
g

re
e

 o
f p

e
rm

e
a

b
ility to

 th
is g

a
s,

a
lth

o
u

g
h

 in
 v

e
ry lim

ite
d

 q
u

a
n

titie
s. H

o
w

e
v

e
r, to

 o
v

e
rc

o
m

e
 th

is

p
h

e
n

o
m

e
n

o
n

 o
u

r c
o

m
p

a
n

y h
a

s d
e

ve
lo

p
e

d
 a

 typ
e

 o
f p

ip
e

 w
ith

 th
e

sa
m

e
 b

a
sic

 c
h

a
ra

c
te

ristic
s a

s TU
BO

RA
M

A
, w

ith
 th

e
 a

d
d

itio
n

 o
f o

xyg
e

n

im
p

e
rm

e
a

b
ility. Th

is p
ro

d
u

c
t h

a
s b

e
e

n
 g

ive
n

 th
e

 n
a

m
e

 o
f TU

BO
RA

M
A

O
2Sto

p
 PE-X

b
.

H
E

A
T

IN
G

 S
Y

S
T

E
M

S
•

 flo
o

r h
e

a
tin

g
s

y
s

te
m

PRAN
D

E
LLI

/
0

2
S

top
P

E
-XP

E
-X

adesivo

E
V

O
H



5.

20
21

FIE
L

D
S O

F A
PPL

IC
A

T
IO

N

A
s w

e
ll a

s th
e

 syste
m

s a
lre

a
d

y m
e

n
tio

n
e

d
, TU

BO
RA

M
A

 is a
lso

 su
ita

b
le

 fo
r

u
se

 in
 th

e
 fo

llo
w

in
g

 typ
e

s o
f in

sta
lla

tio
n

:

•   A
ir-c

o
nd

itio
ning

•  C
o

nve
ying

 c
o

m
p

re
sse

d
 a

ir

•  C
o

nve
ying

 e
d

ib
le

 liq
uid

s

•  C
o

nve
ying

 ind
ustria

l liq
uid

s 

N
a

tu
ra

lly, re
g

a
rd

le
ss o

f th
e

 syste
m

 c
o

n
stru

c
te

d
, first it is n

e
c

e
ssa

ry to

c
h

e
c

k th
a

t th
e

 o
p

e
ra

tin
g

 c
o

n
d

itio
n

s N
EV

ER
 e

xc
e

e
d

 th
e

 m
a

xim
u

m
 le

ve
ls

p
e

rm
itte

d
 fo

r the
 m

a
te

ria
l. Furthe

rm
o

re
, w

he
n sp

e
c

ia
l fluid

s a
re

 c
o

nve
ye

d

it is e
sse

n
tia

l to
 c

h
e

c
k th

a
t TU

BO
RA

M
A

 is su
ita

b
le

 fo
r tra

n
sp

o
rtin

g
 th

e
se

su
b

sta
n

c
e

s, re
fe

rrin
g

 to
 th

e
 ta

b
le

 o
n

 p
a

g
e

 31.

O
T

H
E

R
 S

Y
S

T
E

M
S

T
U

B
O

R
A

M
A

 O
2 S

to
p

P
E

-
X

 T
E

C
H

N
IC

A
L

D
A

T
A

P
e

rm
e

a
b

ility
 o

f
E

V
O

H
 to

 v
a

rio
u

s
s

u
b

s
ta

n
c

e
s

6.
PIPE

 FIT
T

IN
G

S

Th
e

 TU
BO

RA
M

A
 p

ip
e

 fittin
g

s a
re

 m
a

d
e

 fro
m

 b
ra

ss. Th
e

 p
ip

e
 fittin

g
s’ se

a
l

w
o

rks th
ro

u
g

h
 c

o
m

p
re

ssio
n

 a
n

d
 c

o
n

se
q

u
e

n
tia

l d
isto

rtio
n

 o
f th

e
 p

ip
e

 o
n

th
e

 fittin
g

s’ ru
b

b
e

r h
o

ld
e

r - th
e

 sa
m

e
 m

a
n

n
e

r a
s a

 m
e

c
h

a
n

ic
a

l jo
in

t.

C
o

m
p

re
ssio

n
 o

f th
e

 p
ip

e
 o

n
to

 th
e

 ru
b

b
e

r h
o

ld
e

r is o
b

ta
in

e
d

 b
y sc

re
w

in
g

a
 sto

p
 n

u
t o

n
to

 th
e

 b
o

d
y o

f th
e

 p
ip

e
 fittin

g
s. Th

is m
o

ve
m

e
n

t tig
h

te
n

s a

m
e

ta
llic

 o
g

ive
 o

n
 th

e
 p

ip
e

 a
n

d
, th

e
re

fo
re

, o
n

 th
e

 p
ip

e
 fittin

g
s’ ru

b
b

e
r

h
o

ld
e

r w
h

ic
h

 is sp
e

c
ific

a
lly d

e
sig

n
e

d
 to

 g
ive

 a
 p

e
rfe

c
t m

e
c

h
a

n
ic

a
l a

n
d

h
yd

ra
u

lic
 h

o
ld

.

PRO
D

U
C

T

O
xyg

e
n

 (O
2)

A
zo

to
 (N

2)

H
e

liu
m

 (H
e

)

A
rg

o
n

 (A
r)

H
yd

ro
g

e
n

  (H
2)

C
a

rb
o

n
 m

o
n

o
xid

e
 (C

O
)

C
a

rb
o

n
 d

io
xid

e
 (C

O
2)

Bu
ta

n
 (C

4H
10)

M
e

th
a

n
e

 (C
H

4)

C
h

lo
rin

e
 (C

l2)

Eth
yle

n
e

 (C
2H

4)

Su
lp

h
u

r d
io

xid
e

 (SO
2)

Fre
o

n
 12

A
m

m
o

n
iu

m
 (N

H
3)

PERM
EA

BILITY
 (23°C

, 0%
 U

R)
(in c

m
3 .�

m
/m

2.d
.b

a
r)

43,7

2.520

1,1

450

5,1

1228

0,44

262,8

90

ke
y:

PE-H
D

 =
 H

ig
h

 d
e

n
sity p

o
lye

th
yle

n
e

PE-LD
 =

 Lo
w

 d
e

n
sity p

o
lye

th
yle

n
e

EV
O

H
 =

 Ba
rrie

r m
a

te
ria

l

P
E

-H
D

P
E

-LD

E
V

O
H

4

178.000

53.000

 cm
3 .�

m
/m

2.d.bar

O
xyg

e
n p

e
rm

e
a

b
ility ind

e
x
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G
U

A
R

A
N

T
E

E

4. IN
STRU

C
TIO

N
S FO

R REQ
U

ESTIN
G

 A
FTERSA

LES SERV
IC

E U
N

D
ER G

U
A

RA
N

TEE

In
 c

a
se

 o
f a

 b
re

a
ka

g
e

 o
f th

e
 TU

BO
RA

M
A

 syste
m

 d
u

e
 so

le
ly to

 o
b

vio
u

s

m
a

n
u

fa
c

tu
rin

g
 d

e
fe

c
ts, u

se
rs m

u
st se

n
d

 u
s a

 re
g

iste
re

d
 le

tte
r, se

n
d

in
g

a
 c

o
p

y to
 th

e
ir lo

c
a

l a
g

e
n

t.

Th
is le

tte
r m

u
st c

o
n

ta
in

:

-
d

a
te

 a
n

d
 p

la
c

e
 o

f in
sta

lla
tio

n
;

- 
sp

e
c

ific
a

tio
n

s a
n

d
 id

e
n

tific
a

tio
n

 m
a

rk o
f th

e
 p

ip
e

 a
n

d
 fittin

g
s;

- 
in

fo
rm

a
tio

n
 a

b
o

u
t th

e
 o

p
e

ra
tin

g
 c

o
n

d
itio

n
s (p

re
ssu

re
 a

n
d

te
m

p
e

ra
tu

re
);

- 
sa

m
p

le
 o

f th
e

 p
ip

e
 o

r fittin
g

 o
n

 w
h

ic
h

 th
e

 b
re

a
ka

g
e

 h
a

s

o
c

c
u

rre
d

;

-
n

a
m

e
 a

n
d

 a
d

d
re

ss o
f th

e
 in

sta
lle

r w
h

o
 c

o
n

stru
c

te
d

 th
e

 syste
m

.

W
e

 w
ill se

n
d

 a
 te

c
h

n
ic

ia
n

 to
 c

h
e

c
k th

e
 c

a
u

se
s o

f th
e

 b
re

a
ka

g
e

 w
ith

in

a
 re

a
so

n
a

b
le

 p
e

rio
d

 o
f tim

e
 a

fte
r re

c
e

ip
t o

f th
is re

g
iste

re
d

 le
tte

r.

If th
e

 b
re

a
ka

g
e

 is c
o

ve
re

d
 b

y th
e

 te
rm

s o
f th

e
 G

U
A

R
A

N
TEE, w

e
 w

ill p
u

t

th
e

 m
a

tte
r in

 th
e

 h
a

n
d

s o
f o

u
r in

su
ra

n
c

e
 c

o
m

p
a

n
y, w

h
ic

h
 w

ill p
a

y

c
o

m
p

e
n

sa
tio

n
 a

fte
r c

h
e

c
kin

g
 th

e
 c

a
u

se
 a

n
d

 a
m

o
u

n
t o

f th
e

 d
a

m
a

g
e

.

If th
e

 b
re

a
ka

g
e

 is n
o

t c
o

ve
re

d
 b

y th
e

 G
U

A
R

A
N

TEE, w
e

 w
ill c

h
a

rg
e

 th
e

e
xp

e
n

se
s w

e
 h

a
ve

 in
c

u
rre

d
 to

 th
e

 c
u

sto
m

e
r.

Pra
n

d
e

lli S.p
.A

.

G
U

A
R

A
N

T
E

E
Th

e
 fo

llo
w

in
g

 G
U

A
R

A
N

TEE is p
ro

vid
e

d
 fo

r th
e

 TU
BO

RA
M

A
 syste

m
 w

h
e

n

u
se

d
 fo

r h
e

a
tin

g
 a

n
d

 w
a

te
r su

p
p

ly in
sta

lla
tio

n
s, in

 a
 m

a
n

n
e

r c
o

m
p

a
tib

le

w
ith

 th
e

 te
c

h
n

ic
a

l c
h

a
ra

c
te

ristic
s o

f th
e

 p
ro

d
u

c
t a

n
d

 in
 a

c
c

o
rd

a
n

c
e

w
ith

 
th

e
 

in
sta

lla
tio

n
 

in
stru

c
tio

n
s 

in
 

th
e

 
re

la
tiv

e
 

p
u

b
lic

a
tio

n
:

1.Thro
ug

h insura
nc

e
 c

o
ve

r w
ith a

 le
a

d
ing

 insura
nc

e
 c

o
m

p
a

ny, Pra
nd

e
lli,

m
a

nufa
c

ture
r o

f the
 TU

BO
RA

M
A

 syste
m

, w
ill c

o
m

p
e

nsa
te

 injury o
r d

a
m

a
g

e

c
a

u
se

d
 b

y b
re

a
ka

g
e

 o
f p

ip
e

s a
n

d
 fittin

g
s d

u
e

 to
 o

b
vio

u
s m

a
n

u
fa

c
tu

rin
g

d
e

fe
c

ts u
p

 to
 a

 m
a

xim
u

m
 o

f 500.000 €, fo
r a

 p
e

rio
d

 o
f 10 Y

EA
R

S a
fte

r

th
e

 d
a

te
 m

a
rke

d
 o

n
 th

e
 p

ip
e

.

2. The
 c

o
nd

itio
ns g

o
ve

rning
 this G

U
A

RA
N

TEE a
re

:

a
) th

e
 p

ip
e

 a
n

d
 fittin

g
s m

u
st b

e
 in

sta
lle

d
 in

 a
c

c
o

rd
a

n
c

e
 w

ith
 th

e

insta
lla

tio
n instruc

tio
ns p

ro
vid

e
d

 b
y us, furthe

r to
 c

he
c

king
 fo

r p
o

ssib
le

fa
u

lts o
r ta

m
p

e
rin

g
 w

h
ic

h
 h

a
ve

 o
c

c
u

rre
d

 a
fte

r p
ro

d
u

c
tio

n
 d

u
e

 to

a
c

c
id

e
n

ta
l c

a
u

se
s.

b
) 

Th
e

 o
p

e
ra

tin
g

 c
o

n
d

itio
n

s (p
re

ssu
re

 a
n

d
 te

m
p

e
ra

tu
re

) m
u

st b
e

 w
ith

in

th
e

 te
c

h
n

ic
a

l lim
its sta

te
d

 b
y th

e
 la

te
st TU

B
O

R
A

M
A

 G
u

id
e

.

c
)

Th
e

 p
ro

d
u

c
t m

u
st c

a
rry th

e
 TU

B
O

R
A

M
A

 id
e

n
tific

a
tio

n
 m

a
rk.

3
. 

Th
e

 
G

U
A

R
A

N
TEE 

D
O

ES 
N

O
T 

A
P

P
LY

 
in

 
th

e
 

fo
llo

w
in

g
 

c
a

se
s:

a
)

fa
ilu

re
 to

 c
o

m
p

ly w
ith

 o
u

r re
c

o
m

m
e

n
d

e
d

 in
sta

lla
tio

n
 in

stru
c

tio
n

s.

b
)

C
o

n
n

e
c

tio
n

 o
f th

e
 p

ip
e

 a
n

d
 fittin

g
s to

 h
e

a
t so

u
rc

e
s w

ith
 e

ve
n

a
c

c
id

e
n

ta
l te

m
p

e
ra

tu
re

 a
n

d
 p

re
ssu

re
 lim

its n
o

t c
o

m
p

a
tib

le
 w

ith
 th

e

c
h

a
ra

c
te

ristic
s o

f th
e

 p
ip

e
 a

n
d

 fittin
g

s.

c
)

U
se

 o
f o

b
vio

u
sly u

n
su

ita
b

le
 m

a
te

ria
l (p

ip
e

s a
n

d
 fittin

g
s w

h
ic

h
 a

re

o
ld

, sc
ra

tc
h

e
d

, e
tc

.).

d
)

U
se

 o
f o

n
e

 o
r m

o
re

 c
o

m
p

o
n

e
n

ts n
o

t m
a

n
u

fa
c

tu
re

d
 b

y u
s in

c
o

n
stru

c
tio

n
 o

f th
e

 syste
m

.



24
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O
ne

 o
f the

 a
d

va
nta

g
e

s o
f using

 TU
BO

RA
M

A
 is tha

t no
 sp

e
c

ia
l e

q
uip

m
e

nt

is re
q

u
ire

d
 fo

r its u
se

.

Th
e

 to
o

ls n
e

e
d

e
d

 fo
r w

o
rkin

g
 w

ith
 TU

BO
RA

M
A

 a
re

:

•
  a

 c
u

tte
r fo

r c
u

ttin
g

 th
e

 p
ip

e
s

•
   sp

a
n

n
e

rs fo
r tig

h
te

n
in

g
 th

e
 fittin

g
s

1) A
s w

e
ll a

s th
e

 sp
e

c
ia

l c
u

tte
r,

TU
B

O
R

A
M

A
 c

a
n

 b
e

 c
u

t to
 th

e

d
e

sire
d

 le
n

g
th

 u
sin

g
 o

th
e

r b
la

d
e

d

to
o

ls, ta
kin

g
 c

a
re

 th
a

t th
e

 c
u

t is a
t

rig
h

t a
n

g
le

s to
 th

e
 p

ip
e

's a
xis a

n
d

fre
e

 fro
m

 b
u

rrs o
n

 th
e

 e
d

g
e

s. Th
is

w
ill a

llo
w

 a
 g

o
o

d
 jo

in
t to

 b
e

 m
a

d
e

to
 th

e
 u

n
io

n
s.

2) In
 vie

w
 o

f its e
xc

e
lle

n
t fle

xib
ility, TU

BO
RA

M
A

 c
a

n
 e

a
sily b

e
 b

e
n

t in
to

sh
a

p
e

 to
 m

a
ke

 th
e

 n
e

c
e

ssa
ry c

h
a

n
g

e
s in

 d
ire

c
tio

n
 d

u
rin

g
 in

sta
lla

tio
n

.

P
ro

c
e

s
s

in
g

T
U

B
O

R
A

M
A

:
c

u
ttin

g

b
e

n
d

in
g

8.
PR

O
C

E
SSIN

G

E
Q

U
IP

M
E

N
T

Th
e

re
 a

re
 tw

o
 a

lte
rn

a
tive

s:

a
) c

o
ld

 b
e

n
d

in
g

b
) h

o
t b

e
n

d
in

g

a
) C

O
LD

 BEN
D

IN
G

TU
BO

RA
M

A
 c

a
n

 e
a

sily b
e

 b
e

n
t c

o
ld

, ta
kin

g
 c

a
re

 to
 c

o
m

p
ly w

ith
 th

e

m
in

im
u

m
 re

c
o

m
m

e
n

d
e

d
 ra

d
iu

s o
f c

u
rva

tu
re

:

Rm
in ≥ 8 D

w
h

e
re

 D
 =

 o
u

tsid
e

 d
ia

m
e

te
r o

f th
e

 p
ip

e
.

Fo
r sm

a
ll d

ia
m

e
te

r p
ip

e
s, th

e
 sp

e
c

ia
l p

ip
e

 b
e

n
d

in
g

 e
lb

o
w

s, a
va

ila
b

le

fo
r size

s ø
15, ø

18 e
 ø

22 m
m

, sh
o

u
ld

 b
e

 u
se

d
.

Be
nd

ing
 b

y ha
nd

Be
nd

ing
 w

ith e
lb

o
w

s
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PR
O

C
E

SSIN
G

b
) H

O
T BEN

D
IN

G

W
h

e
n

 b
e

n
d

in
g

 la
rg

e
r p

ip
e

s, a
n

d
 to

 e
n

su
re

 m
a

in
te

n
a

n
c

e
 o

f th
e

 b
e

n
d

p
ro

d
u

c
e

d
, a

 h
e

a
t so

u
rc

e
 (h

o
t a

ir) m
u

st b
e

 u
se

d
.

D
ire

c
t a

 je
t o

f h
o

t a
ir a

t th
e

 zo
n

e
 o

f th
e

 p
ip

e
 to

 b
e

 b
e

n
t, tu

rn
in

g
 it slo

w
ly

so
 th

a
t th

e
 je

t re
a

c
h

e
s th

e
 w

h
o

le
 o

f its su
rfa

c
e

.

W
a

it u
n

til th
e

 p
ip

e
 h

e
a

ts to
 so

fte
n

in
g

 te
m

p
e

ra
tu

re
, a

n
d

 th
e

n
 b

e
n

d
 a

s

re
q

u
ire

d
.

To
 m

a
inta

in the
 b

e
nd

 p
ro

d
uc

e
d

, the
 p

ip
e

 m
ust b

e
 c

o
o

le
d

 w
ith a

 sp
o

ng
e

o
r c

lo
th

 so
a

ke
d

 in
 c

o
ld

 w
a

te
r.

This p
ro

c
e

d
ure

 c
a

n a
lso

 b
e

 use
d

 to
 re

sto
re

 a
 p

ip
e

 w
hic

h ha
s a

c
c

id
e

nta
lly

b
e

e
n

 c
ru

sh
e

d
 to

 its in
itia

l sh
a

p
e

.

D
o

 n
o

t c
o

n
tin

u
e

 h
e

a
tin

g
 a

 se
c

tio
n

 o
f p

ip
e

 fo
r to

o
 lo

n
g

 w
ith

o
u

t m
o

vin
g

it, a
s th

e
 h

e
a

te
d

 p
a

rt m
a

y b
u

rn
.

If th
is o

c
c

u
rs, th

e
 d

a
m

a
g

e
d

 se
c

tio
n

 o
f p

ip
e

 m
u

st n
o

t b
e

 u
se

d
.

N
EV

ER use
 FLA

M
ES to

 he
a

t the
 p

ip
e

s.

Sin
c

e
 P

E-X
 d

o
e

s n
o

t m
e

lt, it is n
o

t p
o

ssib
le

 to
 m

a
ke

 p
ip

e
-to

 p
ip

e
 o

r

p
ip

e
-to

-fittin
g

 jo
in

ts b
y w

e
ld

in
g

. Jo
in

ts a
re

 m
a

d
e

 u
sin

g
 fittin

g
s; th

e

m
e

c
h

a
n

ic
a

l c
o

m
p

re
ssio

n
 a

n
d

 d
e

fo
rm

a
tio

n
 o

f th
e

 p
ip

e
 e

n
su

re
s tig

h
tn

e
ss

a
n

d
 m

e
c

h
a

n
ic

a
l re

sista
n

c
e

.

A
 c

o
m

p
le

te
 ra

n
g

e
 o

f b
ra

ss fittin
g

s h
a

ve
 b

e
e

n
 sp

e
c

ia
lly d

e
sig

n
e

d
 fo

r

TU
BO

RA
M

A
, to

 p
ro

vid
e

 p
e

rfe
c

t jo
in

ts, g
ivin

g
 p

a
rtic

u
la

r c
o

n
sid

e
ra

tio
n

 to

th
e

 fo
rc

e
s d

isc
h

a
rg

e
d

 o
n

 th
e

 fittin
g

s w
h

e
n

 th
e

 p
ip

e
 e

xp
a

n
d

s a
n

d

su
b

se
q

u
e

n
tly c

o
n

tra
c

ts.

Th
e

re
fo

re
, to

 o
b

ta
in

 a
 p

e
rfe

c
t jo

in
t b

e
tw

e
e

n
 th

e
 p

ip
e

 a
n

d
 th

e
 fittin

g
,

p
ro

c
e

e
d

 a
s fo

llo
w

s:

•  c
ut the

 p
ip

e
 a

t rig
ht a

ng
le

s to
 its a

xis;

•  m
a

ke
 sure

 tha
t the

re
 a

re
 no

 b
urrs o

n the
 e

d
g

e
 o

f the
 p

ip
e

;

•  slip
:

    
a

) the
 lo

c
king

 nut

    
b

) the
 se

a
ling

 w
a

she
r o

nto
 the

 p
ip

e

•   fit the
 e

nd
 o

f the
 p

ip
e

 o
nto

 the
 ho

se
 c

o
nne

c
tio

n a
nd

 p
ush it rig

ht d
o

w
n;

•   tig
hte

n the
 lo

c
king

 nut, using
 tw

o
 sp

a
nne

rs.

N
o

te
 th

a
t th

e
 se

a
lin

g
 w

a
sh

e
r m

u
st b

e
 fitte

d
 th

e
 rig

h
t w

a
y ro

u
n

d
.

A
fte

r m
o

u
n

tin
g

, it n
o

t o
n

ly a
p

p
lie

s ra
d

ia
l p

re
ssu

re
 to

 th
e

 p
ip

e
, e

n
su

rin
g

a
 se

a
l, b

u
t a

lso
 e

n
su

re
s th

a
t th

e
 p

ip
e

 c
a

n
n

o
t b

e
c

o
m

e
 d

isc
o

n
n

e
c

te
d

 b
y

th
e

 stre
sse

s a
p

p
lie

d
 w

h
e

n
 it c

o
n

tra
c

ts.

The
 sha

rp
 e

d
g

e
s o

f the
 ind

e
nta

tio
n insid

e
 the

 w
a

she
r m

ust the
re

fo
re

 b
e

fa
c

ing
 to

w
a

rd
s the

 ho
se

 c
o

nne
c

tio
n.

Th
e

re
 is a

 g
ro

o
ve

 a
ro

u
n

d
 th

e
 c

irc
u

m
fe

re
n

c
e

 o
f th

e
 o

u
tsid

e
 w

a
sh

e
r

su
rfa

c
e

, c
lo

se
 to

 th
e

 b
e

ve
l.

J
O

IN
T

IN
G

H
e

a
ting

 TU
BO

RA
M

A
w

ith ho
t a

ir
Be

nt p
ip

e
 a

fte
r he

a
ting



A
) Insuffic

ie
nt tig

hte
ning

In
 th

is c
a

se
, th

e
 w

a
sh

e
r is n

o
t a

b
le

 to
 a

p
p

ly th
e

 n
e

c
e

ssa
ry ra

d
ia

l p
re

ssure

to
 the

 p
ip

e
. Sinc

e
 the

 e
nd

 o
f the

 p
ip

e
 is a

lre
a

d
y d

e
fo

rm
e

d
 (se

e
 p

ho
to

g
ra

p
h

b
e

lo
w

), tig
h

te
n

in
g

 th
e

 n
ut furth

e
r w

ill n
o

t so
lve

 th
e

 p
ro

b
le

m
. Re

m
o

ve
 th

e

n
u

t, c
u

t o
ff th

e
 d

e
fo

rm
e

d
 p

a
rt o

f th
e

 p
ip

e
 a

n
d

 re
a

sse
m

b
le

 a
ll p

a
rts.

B) Se
a

ling
 w

a
she

r inc
o

rre
c

tly fitte
d

W
h

e
n

 th
e

 se
a

lin
g

 w
a

sh
e

r is n
o

t fitte
d

 c
o

rre
c

tly, th
e

 syste
m

 w
ill le

a
k in

the
 w

a
y typ

ic
a

l o
f ho

t w
a

te
r syste

m
s w

ith p
o

o
r se

a
ls, w

ith le
a

ks a
p

p
e

a
ring

w
h

e
n

 th
e

 te
m

p
e

ra
tu

re
 fa

lls. Th
is o

c
c

u
rs b

e
c

a
u

se
 th

e
 in

d
e

n
ta

tio
n

s o
n

th
e

 w
a

sh
e

r a
re

 n
o

t fa
c

in
g

 so
 th

a
t th

e
y re

sist th
e

 p
u

ll o
f th

e
 c

o
n

tra
c

tin
g

p
ip

e
. In

 th
is c

a
se

, if th
e

 n
u

t is tig
h

te
n

e
d

 fu
rth

e
r th

e
 p

ro
b

le
m

 is o
n

ly

e
lim

ina
te

d
 te

m
p

o
ra

rily; o
nc

e
 the

 w
a

she
r is c

o
m

p
le

te
ly c

lo
se

d
, tig

hte
ning

th
e

 n
u

t a
g

a
in

 c
a

n
 o

n
ly b

re
a

k it.

Th
e

 fo
llo

w
 p

ro
c

e
d

u
re

 m
u

st th
e

re
fo

re
 b

e
 fo

llo
w

e
d

:

•  re
m

o
ve

 the
 nut;

•
c

ut o
ff the

 d
e

fo
rm

e
d

 p
a

rt o
f the

 p
ip

e
;

•
re

p
la

c
e

 th
e

 se
a

lin
g

 w
a

sh
e

r w
ith

 a
 n

e
w

 o
n

e
 if d

a
m

a
g

e
d

, a
n

d

re
a

sse
m

b
le

 a
ll p

a
rts c

o
rre

c
tly.

8.

28
29

PR
O

C
E

SSIN
G

J
O

IN
T

IN
G

Th
is sid

e
 o

f th
e

 w
a

sh
e

r c
a

rryin
g

 th
is g

ro
o

ve
 m

u
st b

e
 p

o
in

tin
g

 to
w

a
rd

s

th
e

 b
o

d
y o

f th
e

 fittin
g

 (se
e

 illu
stra

tio
n

s b
e

lo
w

).

T
Y

P
IC

A
L

A
S

S
E

M
B

L
Y

 M
IS

TA
K

E
S

A
sse

m
b

ly se
q

ue
nc

e

Tig
hte

ning
 the

 nut

C
ro

ss-se
c

tio
n o

f a
 jo

int
Sea

ling
 w

a
sher IN

C
O

RREC
TLY fitted

Se
a

ling
 w

a
she

r C
O

RREC
TLY

 fitte
d



8.

30
31

PR
O

C
E

SSIN
G

T
A

B
L

E
 O

F
R

E
S

IS
T

A
N

C
E

 T
O

C
H

E
M

IC
A

L

F
lu

id
s

 th
a

t
c

a
n

 b
e

 d
u

c
te

d
,

a
t a

tm
o

s
p

h
e

ric
p

re
s

s
u

re
 a

n
d

 u
p

to
 a

 te
m

p
e

ra
tu

re
o

f 6
0

°C
, in

 H
D

 P
E

p
ip

e
s

 n
o

t s
u

b
je

c
t

to
 e

x
te

rn
a

l s
tre

s
s

Th
e

 ta
b

le
s b

e
lo

w
 sh

o
w

 th
e

 c
o

m
p

a
tib

ility a
n

d
 in

c
o

m
p

a
tib

ility o
f th

e
 m

o
st

c
o

m
m

o
n re

a
g

e
nts w

ith hig
h d

e
nsity p

o
lye

thyle
ne

, a
s sta

te
d

 in D
o

c
um

e
nt

ISO
/TC

 138 (Se
c

re
ta

ria
t 351) n

. 556 E-D
e

c
e

m
b

e
r 1976.

N
o

te
 th

a
t sin

c
e

 c
ro

sslin
kin

g
 in

c
re

a
se

s th
e

 a
ve

ra
g

e
 m

o
le

c
u

la
r w

e
ig

h
t,

th
e

 c
h

e
m

ic
a

l re
sista

n
c

e
 o

f PE-X
 is n

o
t lo

w
e

r th
a

n
 th

a
t o

f n
o

n
 c

ro
sslin

ke
d

PE H
D

, a
n

d
 c

a
n

 a
c

tu
a

lly b
e

 c
o

n
sid

e
re

d
 h

ig
h

e
r.

R
e

m
e

m
b

e
r th

a
t w

h
e

n
 sp

e
c

ia
l flu

id
s, su

c
h

 a
s c

o
m

b
u

stib
le

 a
n

d
 o

th
e

r

flu
id

s, a
re

 to
 b

e
 c

o
n

ve
ye

d
, a

n
y le

g
a

l re
q

u
ire

m
e

n
ts in

 fo
rc

e
 m

u
st b

e

c
o

m
p

lie
d

 w
ith

.

A
t th

is p
o

in
t, it is ve

ry im
p

o
rta

n
t to

 te
st th

e
 tig

h
tn

e
ss o

f th
e

 c
o

m
p

le
te

d

syste
m

, a
s d

e
sc

rib
e

d
 o

n
 p

a
g

e
 52.

C
) Fitting

 b
re

a
ka

g
e

In
 sp

ite
 o

f th
e

 q
u

a
lity o

f th
e

 ra
w

 m
a

te
ria

l u
se

d
 a

n
d

 th
e

 c
o

n
stru

c
tio

n

c
rite

ria
 a

d
o

p
te

d
, in

 c
a

se
 o

f stre
sse

s w
h

ic
h

 e
xc

e
e

d
 th

e
 c

h
a

ra
c

te
ristic

s

o
f the

 m
a

te
ria

l a
nd

 the
 a

p
p

ro
p

ria
te

 a
p

p
lic

a
tio

n re
q

uire
m

e
nts b

re
a

ka
g

e
s

m
a

y o
c

c
u

r, d
u

e
 fo

r e
xa

m
p

le
 to

:

•  d
e

fo
rm

a
tio

n d
ue

 to
 d

yna
m

ic
 stre

ss (ha
m

m
e

ring
);

•  e
xc

e
ssive

 nut tig
hte

ning
;

•  e
xc

e
ss he

m
p

, e
sp

e
c

ia
lly o

n fe
m

a
le

 thre
a

d
s.

If to
o

 m
u

c
h

 h
e

m
p

 h
a

s b
e

e
n

 a
p

p
lie

d
, th

e
 te

c
h

n
ic

ia
n

 h
a

s fo
rg

o
tte

n
 th

a
t

sin
c

e
 th

e
 fittin

g
 h

a
s b

e
e

n
 p

ro
d

u
c

e
d

 b
y m

a
c

h
in

in
g

, its to
le

ra
n

c
e

s a
re

m
u

c
h

 lo
w

e
r th

a
n

 th
o

se
 o

f th
e

 e
q

u
iva

le
n

t g
a

lva
n

ize
d

 fittin
g

s. Sin
c

e
 th

e

to
le

ra
n

c
e

 g
a

p
s a

re
 sm

a
lle

r, le
ss h

e
m

p
 is re

q
u

ire
d

 to
 o

b
ta

in
 a

 se
a

l.

Exc
e

ss he
m

p
 w

ill stre
ss the

 p
a

rt c
o

nc
e

rne
d

 b
e

yo
nd

 its lim
its, w

h
ic

h
 m

a
y

b
re

a
k so

m
e

 tim
e

 a
fte

r in
sta

lla
tio

n
, d

u
e

 to
 fa

tig
u

e
.

To
 a

vo
id

 th
is p

ro
b

le
m

, in
sta

lla
tio

n
 p

e
rso

n
n

e
l m

u
st ta

ke
 c

a
re

 o
ve

r th
e

a
m

o
unt o

f he
m

p
 use

d
, o

r use
 a

lte
rna

tive
 m

a
te

ria
ls suc

h a
s te

flo
n, se

a
la

nt

p
a

ste
s, e

tc
.

In
 a

d
d

itio
n

, in
 th

re
a

d
e

d
 c

o
n

n
e

c
tio

n
s th

e
 m

a
le

 p
a

rt m
u

st a
lw

a
ys h

a
ve

m
o

re
 tu

rn
s o

f th
re

a
d

 th
a

n
 th

e
 fe

m
a

le
 p

a
rt.

C
O

N
C

EN
TRA

TIO
N

10%-

so
l.sa

t.

96%

so
l.

so
l.sa

t.

so
l.sa

t.

so
l.sa

t.

100%

100%

so
l.d

il.

so
l.sa

t.

so
l.

so
l.sa

t.

so
l.sa

t.

so
l.

90%

so
l.sa

t.

30%-

so
l.sa

t.

so
l.sa

t.

A
c

e
tic

, a
c

id

V
ine

g
a

r

A
d

ip
ic

, a
c

id

A
llylic

, a
lc

o
ho

l

A
lum

A
lum

inium
, c

hlo
rid

e

A
lum

inium
, fluo

rid
e

A
lum

inium
, sulp

ha
te

A
m

m
o

nia
, g

a
s

A
m

m
o

nia
, liq

ue
fie

d

A
m

m
o

nia
, w

a
te

r

A
m

m
o

nium
, c

hlo
rid

e

A
m

m
o

nium
, fluo

rid
e

A
m

m
o

nium
, nitra

te

A
m

m
o

nium
, sulp

ha
te

A
m

m
o

nium
, sulp

hite

A
ntim

o
ny, thric

hlo
rid

e

A
rse

nic
, a

c
id

H
yd

ro
g

e
n, p

e
ro

xid
e

W
a

te
r

Silve
r, a

c
e

ta
te

Silve
r, c

ya
nid

e

FLU
ID

S

so
l.

=
so

lu
tio

n

so
l.sa

t.
=

sa
tu

re
d

 so
lu

tio
n

c
o

n
c

.la
v.

=
w

o
rkin

g
 c

o
n

c
e

n
tra

tio
n

c
o

n
c

.
=

c
o

n
c

e
n

tra
te

d

so
l.d

il.
=

d
ilu

te
d

 so
lu

tio
n

9.
R

E
SIST

A
N

C
E

T
O

 C
H

E
M

IC
A

L
S



9.

32
33

R
E

SIST
A

N
C

E
T

O
 C

H
E

M
IC

A
L

S

F
lu

id
s

 th
a

t
c

a
n

 b
e

 d
u

c
te

d
,

a
t a

tm
o

s
p

h
e

ric
p

re
s

s
u

re
 a

n
d

u
p

 to
 a

 te
m

p
e

ra
tu

re
o

f 2
0

%
 C

, in
 H

D
 P

E
p

ip
e

s
 n

o
t s

u
b

je
c

t
to

 e
x

te
rn

a
l s

tre
s

s
.

C
O

N
C

EN
TRA

TIO
N

Silve
r, nitra

te

Ba
rium

, c
a

rb
o

na
te

Ba
rium

, c
hlo

rid
e

Ba
rium

, hyd
ro

xid
e

Ba
rium

, sulp
ha

te

Bro
m

ic
, a

c
id

Bro
m

ic
, a

c
id

Be
nzo

ic
, a

c
id

Be
e

r

Bo
ra

x

Bo
ric

, a
c

id

Buta
ne

, g
a

s

Butyl, a
lc

o
ho

l

C
a

lc
ium

, c
a

rb
o

na
te

C
a

lc
ium

, c
hlo

ra
te

C
a

lc
ium

, c
hlo

rid
e

C
a

lc
ium

, hyd
ro

xid
e

C
a

lc
ium

, hyp
o

c
hlo

rite

C
a

lc
ium

, nitra
te

C
a

lc
ium

, sulp
ha

te

C
a

rb
o

n, d
io

xid
e

 (d
ry)

C
a

rb
o

n, m
o

no
xid

e

H
yd

ro
c

hlo
ric

, a
c

id

H
yd

ro
c

hlo
ric

, a
c

id

C
hlo

a
re

tic
, a

c
id

C
itric

, a
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 re
g

a
rd

 to

h
e

a
tin

g
 syste

m
s (L.10 d

a
te

d
 9th

 Ja
n

u
a

ry, 1991 a
n

d
 re

le
va

n
t D

PR
 n

° 412

d
a

te
d

 26/08/93).

Fo
r in

sta
llin

g
 o

u
tsid

e
 tra

c
ks p

ro
te

c
tio

n
 o

f th
e

 p
ip

e
 fro

m
 U

V
 ra

ys is

fu
n

d
a

m
e

n
ta

l a
s th

e
se

 c
a

n
 d

a
m

a
g

e
 th

e
m

.

A
s m

e
n

tio
n

e
d

 p
re

vio
u

sly, th
e

 p
a

rtic
u

la
rly sm

o
o

th
 in

n
e

r su
rfa

c
e

 w
h

ic
h

 so

c
h

a
ra

c
te

rize
s TU

BO
RA

M
A

 p
e

rm
its th

a
t a

 lo
w

 lo
ss o

f d
istrib

u
te

d
 flo

w
 is

m
a

in
ta

in
e

d
. Th

is is a
d

va
n

ta
g

e
o

u
s a

b
o

ve
 a

ll w
h

e
re

 iro
n

 p
ip

e
s a

re

c
o

m
p

a
re

d
 d

u
e

 to
 th

e
 fa

c
t th

a
t o

n
 a

n
 e

q
u

a
l in

n
e

r d
ia

m
e

te
r, a

 su
p

e
rio

r

flo
w

 c
a

n
 b

e
 o

b
ta

in
e

d
. O

n
 p

a
g

e
s 34-35-36 d

ia
g

ra
m

s sh
o

w
 lo

sse
s o

f

TU
BO

RA
M

A
 flo

w
s fo

r th
e

 va
rio

u
s te

m
p

e
ra

tu
re

s o
f th

e
 tra

n
sp

o
rte

d
 w

a
te

r.

W
e

 w
ish

 to
 d

e
m

o
n

stra
te

 b
e

lo
w

 a
n

 e
xa

m
p

le
 o

f sc
a

lin
g

 re
la

tive
 to

in
te

rlo
c

kin
g

 th
e

 h
o

t w
a

te
r b

ra
n

c
h

, fo
r sa

n
ita

tio
n

, o
f a

 b
u

ild
in

g
 w

ith
 th

re
e

a
p

a
rtm

e
nts a

ll o
n d

iffe
re

nt le
ve

ls. Fo
r sc

a
ling

 w
e

 w
ill fo

llo
w

 the
 ind

ic
a

tio
ns

g
ive

n
 u

n
d

e
r th

e
 U

N
I 9182-87 n

o
rm

a
tive

.

W
e

 p
re

su
m

e
 th

a
t th

e
 syste

m
s a

re
 in

sta
lle

d
 u

sin
g

 th
e

 m
a

n
ifo

ld
 te

c
h

n
iq

u
e

.

Th
is is g

ive
n

 b
e

lo
w

.

E
X

A
M

P
L

E
S

Ke
y:

P =
p

u
m

p
 (su

p
p

o
sin

g
 th

a
t th

is is n
e

c
e

ssa
ry to

 p
ro

vid
e

 th
e

 n
e

c
e

ssa
ry h

e
a

d
);

G
 =

h
e

a
t g

e
n

e
ra

to
r;

h
 =

3 m
: d

ista
n

c
e

 b
e

tw
e

e
n

 flo
o

rs;

l =
 

5 m
: d

ista
n

c
e

 b
e

tw
e

e
n

 th
e

 m
o

u
n

tin
g

 c
o

lu
m

n
 a

n
d

 th
e

 m
a

n
ifo

ld
s;

C
1 ... C

3 =
 

m
a

n
ifo

ld
s o

n
 e

a
c

h
 flo

o
r;

U
t1 ... U

t4 =
 

u
se

rs to
 b

e
 se

rve
d

.

Flo
w

-ra
te

s re
q

uire
d

 b
y the

 use
rs

(U
N

I 9182-87)

Ba
th

Bid
e

t

W
a

s
h

b
a

s
in

Sin
k

To
ta

l flo
w

-ra
te

U
t1

=
0.2  l/s

U
t2

=
0.1  l/s

U
t3

=
0.1  l/s

U
t4

=
0.2  l/s

U
to

t = 0.6 l/s



12.

40
41

T
E

C
H

N
IC

A
L

G
U

ID
E

L
IN

E
S

To
ta

l a
n

d
 sim

u
lta

n
e

o
u

s flo
w

-ra
te

s to
 th

e
 in

d
ivid

u
a

l flo
o

rs:

- D
a

ta
 a

va
ila

b
le

 (va
lid

 fo
r th

e
 sp

e
c

ific
 e

xa
m

p
le

):

•
   th

e
 h

e
a

d
 a

va
ila

b
le

 a
t th

e
 p

u
m

p
 is 400 kPa

;

•
   th

e
 m

in
im

u
m

 d
yn

a
m

ic
 p

re
ssu

re
 re

q
u

ire
d

 a
t th

e
 u

se
r is 50 kPa

;

•
   th

e
 lo

ss o
f p

re
ssu

re
 in

 th
e

 h
e

a
t g

e
n

e
ra

to
r a

re
 100 kPa

;

•
   w

e
 w

ill n
o

t c
o

n
sid

e
r th

e
 lo

ss o
f p

re
ssu

re
 re

la
tin

g
 to

 th
e

 fittin
g

s a
n

d

th
e

 m
a

n
ifo

ld
.

N
.B.: th

e
 u

n
it o

f m
e

a
su

re
m

e
n

t fo
r p

re
ssu

re
 is kPa

(1 kPa
 =

 100 m
m

 o
f w

a
te

r c
o

lu
m

n
).

Le
t us sup

p
o

se
 tha

t the
 c

o
nne

c
ting

 le
ng

ths b
e

tw
e

e
n the

 m
a

nifo
ld

 a
nd

 the

use
r a

re
 c

o
nstruc

te
d

 using
 TU

BO
RA

M
A

 ø
. 16x2.2, in w

hic
h c

a
se

 w
e

 o
b

ta
in:

* The
 lo

sse
s o

f p
re

ssure
 ha

ve
 b

e
e

n o
b

ta
ine

d
 fro

m
 the

 g
ra

p
h o

n p
a

g
e

 48 re
la

ting
 to

 w
a

te
r

a
t 50°C

. Fro
m

 th
is c

a
lc

u
la

tio
n

, th
e

 u
se

r re
c

e
ivin

g
 lo

w
e

st p
rio

rity is U
t4, fo

r

w
h

ic
h

 
th

e
re

 
is 

a
 

c
o

n
tin

u
o

u
s 

lo
ss 

o
f 

p
re

ssu
re

 
o

f 
2

8
.8

 
kP

a
.

D
e

te
rm

in
a

tio
n

 o
f th

e
 h

e
a

d
 a

va
ila

b
le

:

T
o

ta
l a

n
d

s
im

u
lta

n
e

o
u

s
flo

w
-

ra
te

s
FLO

O
R

3°2°1°

TO
TA

L FLO
W

-RA
TE

(l/s)

0.6

1.2

1.8

* M
A

X
IM

U
M

 SIM
U

LTA
N

EO
U

S
FLO

W
-RA

TES (l/s)

0.30

0.45

0.66

U
SER

U
t1

U
t2

U
t3

U
t4

PIPE
D

IM
EN

SIO
N

S
m

m

16x2.2

16x2.2

16x2.2

16x2.2

D
ISTA

N
C

E FRO
M

M
A

N
IFO

LD
m4568

FLO
W

-RA
TE

l/s

0.2

0.1

0.1

0.2

* U
N

ITA
RY

 LO
SS

O
F PRESSU

RE
kPa

/m

3.6

1.1

1.1

3.6

TO
TA

L LO
SS

O
F PRESSU

RE
kPa

14.4

5.5

5.5

28.8

H
e

a
d

 a
v

a
ila

b
le

H
e

a
d

 
a

v
a

ila
b

le
 

a
t 

p
u

m
p

Lo
ss o

f p
re

ssu
re

 in
 g

e
n

e
ra

to
r

D
y

n
a

m
ic

 
p

re
ssu

re
 

a
t 

u
se

rs

Le
ve

l d
iffe

re
n

c
e

(9.81 kPa
/m

 x 3 m
 x 3 =

 88.3 kPa
)

H
e

a
d

 a
va

ila
b

le

  400
kPa

- 100
kPa

-   50
kPa

-   88.3
kPa

161.7
kPa

C
o

n
sid

e
rin

g
 th

e
 m

a
xim

u
m

 le
n

g
th

 o
f th

e
 su

p
p

ly lin
e

 to
 th

e
 m

o
st d

ista
n

t

m
a

n
ifo

ld
 (3rd

 flo
o

r), w
e

 h
a

ve
:L = 3 x h + l = 14  m

161.7 kPa

th
e

re
fo

re
:  

        = 11.55 kPa

14  m

This va
lue

 p
ro

vid
e

s us w
ith a

n ind
ic

a
tio

n o
f the

 c
o

ntinuo
us lo

ss o
f p

re
ssure

o
f th

e
 su

p
p

ly lin
e

 (c
o

lu
m

n
) a

n
d

 a
ssists in

 th
e

 c
h

o
ic

e
 o

f d
ia

m
e

te
r.

C
o

nsid
e

ring
 this a

p
p

ro
xim

a
te

 lo
ss o

f p
re

ssure
 a

nd
 the

 m
a

xim
um

 flo
w

-ra
te

va
lu

e
 re

q
u

ire
d

, in
 c

a
se

 o
f sim

u
lta

n
e

ity (0.66 l/s), th
e

 p
ip

e
 w

h
ic

h
 sa

tisfie
s

the
se

 c
o

nd
itio

ns m
ust b

e
 c

ho
se

n fo
r c

o
nstruc

tio
n o

f the
 m

o
unting

 c
o

lum
n.

In
 o

u
r c

a
se

, w
e

 c
h

o
o

se
 TU

BO
RA

M
A

 ø
 22x3.0, fo

r w
h

ic
h

 w
e

 o
b

ta
in

:

* The
 lo

sse
s o

f p
re

ssure
 ha

ve
 b

e
e

n o
b

ta
ine

d
 fro

m
 the

 g
ra

p
h

32.7 kPa
o

n p
a

g
e

 48 re
la

ting
 to

 w
a

te
r a

t 50°C
.

Fin
a

lly, w
e

 c
o

n
sid

e
r th

e
 to

ta
l lo

ss o
f p

re
ssu

re
:

Sin
c

e
 th

e
 h

e
a

d
 a

va
ila

b
le

 a
t th

e
 p

u
m

p
 (=

 400 kP
a

) is h
ig

h
e

r th
a

n
 th

e

to
ta

l lo
ss o

f p
re

ssure
 (= 299.8 kPa

), th
e

 p
ip

e
 c

h
o

se
n

 (TU
BO

RA
M

A
 ø

 22x3.0)

is su
ffic

ie
n

t to
 e

n
su

re
 th

e
 flo

w
-ra

te
s re

q
u

ire
d

 a
t th

e
 u

se
rs.

T
o

ta
l lo

s
s

 o
f

p
re

s
s

u
re

SIM
U

LTA
N

EO
U

S
FLO

W
-RA

TE
l/s

0.30

0.45

0.66

*C
O

N
TIN

U
O

U
S LO

SS
O

F PRESSU
RE

kPa
/m

1.6

3.2

6.1

D
ISTRIBU

TED
 LO

SS
O

F PRESSU
RE

x h kPa

4.8

9.6

18.3

Lo
ss o

f p
re

ssu
re

 in
 th

e
 h

e
a

te
r

D
yn

a
m

ic
 p

re
ssu

re
 to

 th
e

 o
u

tle
t

Le
ve

l d
iffe

re
n

c
e

Lo
ss o

f p
re

ssu
re

: m
a

n
ifo

ld
-o

u
tle

t

Lo
ss o

f p
re

ssu
re

: m
o

u
n

tin
g

 c
o

lu
m

n

To
ta

l lo
ss o

f p
re

ssure

  100
kPa

    50
kPa

    88.3
kPa

    28.8  kPa

    32.7  kPa

299.8
kPa

C
h

e
c

k

* D
e

te
rm

ine
d

 w
ith the

 Lo
a

d
 U

nit (L.U
.) m

e
tho

d
.
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42
43

T
E

C
H

N
IC

A
L

G
U

ID
E

L
IN

E
S

Like
 e

ve
ry p

ip
e

 w
h

ic
h

 tra
n

sp
o

rts h
o

t a
n

d
 c

o
ld

 flu
id

s, if n
o

t c
o

n
stra

in
e

d

a
n

d
 if sig

n
ific

a
n

t d
iffe

re
n

c
e

s in
 te

m
p

e
ra

tu
re

 o
c

c
u

r, TU
BO

RA
M

A
 w

ill

e
xp

a
n

d
 o

r c
o

n
tra

c
t.

The
 size

  o
f  this  va

ria
tio

n  in d
im

e
nsio

ns  d
e

p
e

nd
s  o

n  the
 line

a
r e

xp
a

nsio
n

 c
o

e
ffic

ie
n

t, w
h

ic
h

  in
  th

e
 c

a
se

  o
f  TU

BO
RA

M
A

 is �
 =

 0.15 m
m

/m
 °C

.

W
h

e
n

 th
e

 p
ip

e
 is in

sta
lle

d
 o

utsid
e

 th
e

 w
a

lls a
n

d
 e

xp
o

se
d

 to
 c

o
n

sid
e

ra
b

le

va
ria

tio
n

s in
 te

m
p

e
ra

tu
re

, it is n
e

c
e

ssa
ry to

 e
sta

b
lish

 th
e

 va
ria

tio
n

 in

le
n

g
th

 w
h

ic
h

 w
ill o

c
c

u
r in

 se
c

tio
n

s o
f p

ip
e

 fre
e

 to
 e

xp
a

n
d

, so
 th

a
t a

n
y

d
a

m
a

g
e

 c
a

n
 b

e
 p

re
ve

n
te

d
 u

sin
g

 su
ita

b
le

 su
p

p
o

rtin
g

 b
ra

c
ke

ts.

Th
e

 va
ria

tio
n

 in
 le

n
g

th
 is c

a
lc

u
la

te
d

 u
sin

g
 th

e
 fo

llo
w

in
g

 fo
rm

u
la

:

Δ
L =  �

 •
 L •

 Δ
T                    w

h
e

re
:

Δ
L

=
va

ria
tio

n
 in

 p
ip

e
 le

n
g

th
 

m
m

�
=

lin
e

a
r e

xp
a

n
sio

n
 c

o
e

ffic
ie

n
t o

f th
e

 m
a

te
ria

l
m

m
/

m
°

C

L
=

le
n

g
th

 o
f th

e
 se

c
tio

n
 o

f p
ip

e
 fre

e
 to

 e
xp

a
n

d
  

m

Δ
T

=
te

m
p

e
ra

tu
re

 va
ria

tio
n

°C

W
h

e
n

 c
a

lc
u

la
tin

g
 Δ

L w
e

 m
u

st c
o

n
sid

e
r th

e
 te

m
p

e
ra

tu
re

 d
iffe

re
n

c
e

 Δ
T

b
e

tw
e

e
n

 th
e

 m
o

m
e

n
t o

f in
sta

lla
tio

n
 a

n
d

 th
e

 m
a

xim
u

m
 o

p
e

ra
tin

g

te
m

p
e

ra
tu

re
:

A
lso

 se
e

 th
e

 g
ra

p
h

 in
 th

e
 n

e
a

r p
a

g
e

.

E
X

P
A

N
S

IO
N

C
a

lc
u

la
tin

g
 th

e
e

x
p

a
n

s
io

n

E
X

A
M

P
L

E
:

E
x

p
a

n
s

io
n

Ta
m

b
=

 20°C
 (a

m
b

ie
n

t te
m

p
e

ra
tu

re
);

Tm
a

x
=

 75°C
 (m

a
xim

u
m

 o
p

e
ra

tin
g

 te
m

p
e

ra
tu

re
);

L
=

 6 m
;

Δ
T

=
 ?

fro
m

 w
h

ic
h

 w
e

 o
b

ta
in

Δ
L =

 �
 •

 L •
 Δ

T =
 0.15 •

 6 •
  55 =

 49.5 m
m

E
x

p
a

n
s

io
n

c
a

lc
u

la
tio

n
g

ra
p

h

Th
e

 fixe
d

 p
o

in
ts a

re
 th

e
re

 to
 p

re
ve

n
t m

o
ve

m
e

n
t o

f p
ip

e
s a

n
d

 fo
r th

is

re
a

so
n

 a
 rig

id
 lin

k m
u

st b
e

 m
a

d
e

 b
e

tw
e

e
n

 th
e

 syste
m

 a
n

d
 th

e
 w

a
ll.

Th
is is d

o
n

e
 th

ro
ug

h
 th

e
 use

 o
f rig

id
 c

o
lla

r tie
s, m

e
sh

 a
n

d
 g

e
n

e
ra

lly m
e

ta
l,

w
ith

 th
e

 p
a

rt o
f th

e
 p

ip
e

 c
o

ve
re

d
 in

 ru
b

b
e

r m
a

te
ria

l a
n

d
 fro

m
 a

c
o

m
p

o
n

e
n

t to
 b

e
 fixe

d
 to

 th
e

 w
a

ll fro
m

 th
e

 o
p

p
o

site
 sid

e
.

N
a

tu
ra

lly, th
e

 ru
b

b
e

r p
a

rt (o
r sim

ila
r m

a
te

ria
l) fu

n
c

tio
n

s a
s a

 p
re

ve
n

tive

a
g

e
n

t 
a

g
a

in
st 

d
a

n
g

e
r 

o
f 

d
a

m
a

g
e

 
to

 
th

e
 

p
ip

e
s’ 

su
rfa

c
e

.

Th
e

 fixe
d

 p
o

in
ts a

re
 p

la
c

e
d

, u
su

a
lly, in

 c
o

rre
sp

o
n

d
e

n
c

e
 w

ith
 c

h
a

n
g

e
s

in
 th

e
 syste

m
’s d

ire
c

tio
n

 (b
ra

n
c

h
, e

lb
o

w
, e

tc
.) to

 im
p

e
d

e
 a

n
y d

a
m

a
g

e

c
a

u
se

d
 b

y e
xp

a
n

sio
n

 in
 th

o
se

 p
o

in
ts.

It is g
o

o
d

 p
ra

c
tic

e
 to

 a
lw

a
ys h

a
ve

 th
e

 fixe
d

 p
o

in
t c

o
ve

re
d

 b
y a

 p
ip

e

jo
in

t, 
b

y
 

u
sin

g
 

p
ip

e
 

c
o

u
p

lin
g

 
o

r 
a

n
y

 
o

th
e

r 
w

e
ld

e
d

 
jo

in
t.

It is e
a

sy to
 u

n
d

e
rsta

n
d

 th
a

t th
e

 p
re

se
n

c
e

 o
f fixe

d
 p

o
in

ts lim
it th

e
 le

n
g

th

o
f th

e
 p

ip
e

 tra
c

ks fre
e

 to
 e

xp
a

n
d

, b
y d

im
in

ish
in

g
 a

s a
 c

o
n

se
q

u
e

n
c

e
 th

e

re
le

va
n

t Δ
L va

lu
e

.

N
.B.: Fo

r p
a

rts o
f syste

m
s insta

lle
d

 in c
o

nc
re

te
, the

 e
ffe

c
t o

f the
 e

xp
a

nsio
n

is n
e

g
lig

ib
le

, sin
c

e
 th

e
 p

ip
e

 is u
n

a
b

le
 to

 e
xp

a
n

d
 a

n
d

 th
e

re
fo

re
 a

b
so

rb
s

th
e

 e
ffe

c
t in

d
e

p
e

n
d

e
n

tly.

TEMPERATURE DIFFERENCES ΔT in °C

LE
N

G
TH

 
V

A
R

IA
TIO

N
 

Δ
L 

in
 

m
m
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44
45

IN
ST

A
L

L
A

T
IO

N
 T

E
C

H
N

IQ
U

E
S

Th
e

 flo
w

 p
o

in
ts p

e
rm

it a
xia

l flo
w

 (in
 b

o
th

 d
ire

c
tio

n
s) in

 th
e

 p
ip

e
.

Be
c

a
u

se
 o

f th
is th

e
y m

u
st b

e
 p

o
sitio

n
e

d
 a

w
a

y fro
m

 th
e

 jo
in

t a
re

a
 w

ith

th
e

 
p

ip
e

 
fittin

g
s, 

o
n

 
a

 
tra

c
k 

fre
e

 
fro

m
 

th
e

 
p

ip
e

’s 
su

rfa
c

e
.

Th
e

 c
o

lla
r tie

 fu
n

c
tio

n
in

g
 a

s a
 flo

w
 p

o
in

t m
u

st in
 n

o
 w

a
y h

o
ld

 p
a

rts w
h

ic
h

c
o

u
ld

 d
a

m
a

g
e

 th
e

 e
xte

rn
a

l su
rfa

c
e

 o
f th

e
 p

ip
e

.

Th
e

 flo
w

 p
o

in
ts a

lso
 a

c
t a

s a
 su

p
p

o
rt a

n
d

 g
u

a
ra

n
te

e
 (if su

ffic
ie

n
t in

n
u

m
b

e
r) m

a
in

te
n

a
n

c
e

 o
f th

e
 g

e
o

m
e

tric
a

l re
c

tilin
e

a
r o

f th
e

 syste
m

 in

th
e

 p
re

se
n

c
e

 o
f th

e
rm

a
l stre

ss.

U
su

a
lly th

e
 d

ista
n

c
e

 is 1.2-1.4 m
 fo

r p
ip

e
s w

ith
 a

 d
ia

m
e

te
r o

f b
e

tw
e

e
n

16 to
 32 m

m
.

F
lo

w
 p

o
in

ts

E
x

a
m

p
le

 o
f fix

e
d

 p
o

in
t

E
x

a
m

p
le

o
f flo

w
 p

o
in

t

C
O

M
P

E
N

S
A

T
IO

N
B

Y
 W

A
Y

 O
F

E
X

P
A

N
D

E
R

 A
R

M
S

By u
sin

g
 th

is te
c

h
n

iq
u

e
 th

e
 syste

m
 h

a
s a

 g
e

o
m

e
tric

a
l se

t-u
p

 w
h

ic
h

p
e

rm
its a

b
so

rp
tio

n
 o

f th
e

 e
xp

a
n

sio
n

. Fo
r th

is p
urp

o
se

, in
 c

o
rre

sp
o

n
d

e
n

c
e

w
ith

 c
h

a
n

g
e

s in
 d

ire
c

tio
n

 (e
lb

o
w

s, te
e

s, e
tc

.) e
xp

a
nd

ing
 a

rm
s a

re
 u

se
d

,

w
he

re
b

y the
 p

ip
e

 ha
s the

 p
o

ssib
ility to

 e
xp

a
nd

 in the
 p

re
se

nc
e

 o
f the

rm
a

l

stre
ss. C

a
lc

ula
tio

n
 o

f th
e

se
 e

xp
a

n
d

e
r a

rm
s is m

a
d

e
 th

ro
ug

h
 th

e
 fo

llo
w

in
g

fo
rm

u
la

:

LS = F • √ d
 • Δ

L 
w

h
e

re
:

LS
=

le
n

g
th

 o
f e

xp
a

n
d

e
r a

rm
 (m

m
)

F
=

m
a

te
ria

l c
o

n
sta

n
t o

f th
e

 p
ip

e
 (m

m
)

d
=

e
xte

rn
a

l d
ia

m
e

te
r o

f p
ip

e
 (m

m
)

Δ
L

=
va

ria
tio

n
 in

 le
n

g
th

 o
f p

ip
e

 (m
m

)

H
o

w
 to

 c
a

lc
u

la
te

 th
e

 e
xp

a
n

d
in

g
 a

rm
s re

le
va

n
t to

 a
 TU

BO
R

A
M

A
 p

ip
e

 tra
c

k w
h

e
re

:

d
 =

   40 m
m

 (e
xte

rn
a

l d
ia

m
e

te
r);

L 
 =

     6 m
;

Δ
T 

 =
   55°C

A
s p

re
vio

u
sly c

a
lc

u
la

te
d

 o
n

e
 o

b
ta

in
s a

 Δ
L =

 49.5 m
m

Th
e

re
b

y:

LS =
 F •

 √ d
 •

 Δ
L =

 30 •
 √ (40 •

 49.5) =
 1335 m

m

E
X

A
M

P
L

E

FP

E
x

a
m

p
le

o
f e

x
p

a
n

d
e

r a
rm

LP

FP

L
Δ

L

LS

Tu
b

o
ra

m
a

fixe
d

p
o

in
t

fixe
d

p
o

in
t

fittin
g

w
a

ll fixtu
re

Tu
b

o
ra

m
a

flo
w

p
o

in
t

w
a

ll fixtu
re

p
e

rm
itte

d
 a

xia
l flo

w
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T
E

C
H

N
IC

A
L

 IN
ST

A
L

L
A

T
IO

N

Δ
L

L

FP

Δ
L

L

FP

LS

LS

FP

Δ
L

L

FP

LS

FP
LP

W
e

 a
re

 sh
o

w
in

g
 so

m
e

 e
xa

m
p

le
s o

f a
 c

o
rre

c
t o

u
te

r tra
c

k in
sta

lla
tio

n
 o

f

TU
BO

RA
M

A
 syste

m
, th

ro
u

g
h

 th
e

 a
d

o
p

tio
n

 o
f d

ive
rse

 te
c

h
n

iq
u

e
s in

c
o

n
tro

llin
g

 th
e

rm
a

l stre
ss o

n
 th

e
 m

a
te

ria
l.

G
ra

p
h

ic
 e

x
a

m
p

le
s

Fixe
d

 p
o

int a
t the

 b
a

se
 o

f the

m
o

unte
d

 c
o

lum
n

Fixe
d

 p
o

int in a
n inte

rm
e

d
ia

ry a
re

a

o
f the

 m
o

unte
d

 c
o

lum
n

A
b

so
rp

tio
n o

f le
ng

th w
ith c

o
m

p
e

nsa
tio

n ring

in a
 stra

ig
ht c

o
nd

uc
to

r
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48
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PR
E

C
A

U
T

IO
N

S

U
se

 o
f TU

BO
RA

M
A

 fo
r th

e
 c

o
n

stru
c

tio
n

 o
f h

e
a

tin
g

 a
n

d
 h

o
t w

a
te

r syste
m

s

o
ffe

rs 
m

a
n

y
 

a
d

v
a

n
ta

g
e

s, 
a

lre
a

d
y

 
illu

stra
te

d
 

in
 

th
is 

G
u

id
e

.

H
o

w
e

ve
r, in

 o
rd

e
r to

 e
n

jo
y a

ll th
e

 b
e

n
e

fits o
f th

e
se

 p
ro

p
e

rtie
s, th

e
 u

se
r

m
u

st b
e

 w
e

ll a
w

a
re

 o
f e

ve
ry a

sp
e

c
t re

la
tin

g
 to

 th
e

 p
ro

d
u

c
t to

 b
e

 u
se

d
.

To
 a

ssist th
e

 TU
BO

RA
M

A
 syste

m
 u

se
r, w

e
 h

a
ve

 p
re

p
a

re
d

 a
 n

u
m

b
e

r o
f

im
p

o
rta

n
t re

c
o

m
m

e
n

d
a

tio
n

s, se
t o

u
t b

e
lo

w
.

Th
e

 u
se

 o
f TU

BO
RA

M
A

 in
 th

e
 sta

te
d

 o
p

e
ra

tin
g

 c
o

n
d

itio
n

s c
re

a
te

s

a
b

so
lu

te
ly n

o
 p

ro
b

le
m

s fo
r th

e
 m

a
te

ria
l.

H
o

w
e

ve
r, e

xc
e

e
d

ing
 the

 lim
it c

o
nd

itio
ns fo

r use
 m

a
y im

p
a

ir the
 p

ro
d

uc
t's

re
sista

nc
e

.

A
ll p

re
c

a
u

tio
n

s m
u

st th
e

re
fo

re
 b

e
 ta

ke
n

 to
 e

n
su

re
 th

a
t th

is d
o

e
s n

o
t

o
c

c
u

r; th
is n

o
t o

n
ly p

ro
te

c
ts th

e
 syste

m
 itse

lf, b
u

t fre
q

u
e

n
tly a

lso
 its u

se
r.

TU
BO

RA
M

A
 m

ust ne
ve

r b
e

 insta
lle

d
 o

r sto
re

d
 w

he
re

 it is sub
je

c
t to

 d
ire

c
t

ultra
vio

le
t lig

ht.

Exp
o

su
re

 to
 u

ltra
vio

le
t lig

h
t c

a
u

se
s a

g
e

in
g

 in
 th

e
 m

a
te

ria
l, le

a
d

in
g

 to

lo
ss o

f its in
itia

l c
h

e
m

ic
a

l-p
h

ysic
a

l c
h

a
ra

c
te

ristic
s.

C
a

re
 m

u
st b

e
 ta

ke
n

 to
 e

n
su

re
 th

a
t th

e
 p

ip
e

 su
rfa

c
e

 d
o

e
s n

o
t c

o
m

e
 in

to

c
o

nta
c

t w
ith sha

rp
 e

d
g

e
s w

hic
h m

a
y c

ut its surfa
c

e
 a

nd
 le

a
d

 to
 she

a
ring

.

Th
is fa

c
to

r m
u

st b
e

 b
o

rn
 in

 m
in

d
 d

u
rin

g
 b

o
th

 in
sta

lla
tio

n
 a

n
d

 sto
ra

g
e

.

IN
T

R
O

D
U

C
T

IO
N

O
P

E
R

A
T

IN
G

C
O

N
D

IT
IO

N
S

U
L

T
R

A
V

IO
L

E
T

L
IG

H
T

C
O

N
T

A
C

T
 W

IT
H

S
H

A
R

P
-

E
D

G
E

D
B

O
D

IE
S

Pip
e

s w
h

ic
h

 h
a

ve
 b

e
e

n
 a

c
c

id
e

n
ta

lly sc
ra

tc
h

e
d

 o
r sc

o
re

d
 m

u
st n

o
t b

e

u
se

d
.

U
se

rs a
re

 a
d

vise
d

 to
 u

se
 to

o
ls w

h
ic

h
 a

llo
w

in
g

 c
u

ttin
g

 w
ith

o
u

t b
u

rrs a
n

d

p
e

rp
e

n
d

ic
u

la
r to

 th
e

 p
ip

e
's a

xis.

Fo
r v

e
ry  w

id
e

  ra
d

iu
s c

u
rv

e
s, th

e
  p

ip
e

  m
a

y  b
e

  b
e

n
t c

o
ld

(se
e

 p
a

g
e

 25).

Fo
r ra

d
ii c

lo
se

 to
, b

u
t n

o
t b

e
lo

w
, 8 tim

e
s th

e
 d

ia
m

e
te

r o
f th

e
 p

ip
e

c
o

n
c

e
rn

e
d

, th
e

 p
ip

e
 sh

o
u

ld
 b

e
 h

e
a

te
d

 w
ith

 h
o

t a
ir (se

e
 p

a
g

e
 32).

C
U

T
T

IN
G

 P
IP

E
S

B
E

N
D

IN
G
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PR
E

C
A

U
T

IO
N

S

F
IT

T
IN

G
S

 W
IT

H
F

E
M

A
L

E
 T

H
R

E
A

D

S
Y

S
T

E
M

S
A

T
 A

M
B

IE
N

T
T

E
M

P
E

R
A

T
U

R
E

≤
 0

°C

W
he

n using
 fitting

s w
ith fe

m
a

le
 thre

a
d

, d
o

 no
t a

p
p

ly e
xc

e
ssive

 tig
hte

ning

to
rq

u
e

s w
h

e
n

 c
o

n
n

e
c

tin
g

 to
 m

a
le

 fittin
g

s.

A
lso

, ta
ke

 c
a

re
 n

o
t to

 p
la

c
e

 to
o

 m
u

c
h

 h
e

m
p

 b
e

tw
e

e
n

 th
e

 p
a

rts to
 b

e

a
sse

m
b

le
d

, o
r u

se
 a

lte
rn

a
tive

 m
a

te
ria

ls su
c

h
 a

s te
flo

n
 o

r sim
ila

r p
ro

d
u

c
ts.

In
 a

d
d

itio
n

, c
h

e
c

k th
a

t th
e

 m
a

le
 p

a
rt is lo

n
g

 e
n

o
u

g
h

 fo
r a

 p
ro

p
e

r

c
o

n
n

e
c

tio
n

; g
e

n
e

ra
lly, a

t le
a

st o
n

e
 tu

rn
 o

f th
re

a
d

 sh
o

u
ld

 b
e

 le
ft fre

e
.

If in
sta

lla
tio

n
 re

q
u

ire
m

e
n

ts m
e

a
n

 th
a

t a
 TU

BO
RA

M
A

 fittin
g

 m
u

st b
e

c
o

n
n

e
c

te
d

 to
 a

n
 iro

n
 p

ip
e

 o
r u

n
io

n
, th

e
 c

o
n

n
e

c
tio

n
 sh

o
u

ld
 b

e
 m

a
d

e

u
sin

g
 TU

BO
RA

M
A

 fittin
g

s w
ith

 m
a

le
 th

re
a

d
.

R
e

m
e

m
b

e
r th

a
t if th

e
 flu

id
 c

o
n

ve
ye

d
 is w

a
te

r, a
t th

is te
m

p
e

ra
tu

re
 th

e

fo
llo

w
in

g
 c

h
a

n
g

e
 in

 sta
te

 ta
ke

s p
la

c
e

:

T ≤ 0°C

 
liq

uid
 (w

a
te

r)
so

lid
 (ic

e
)

a
n

d
 is a

c
c

o
m

p
a

n
ie

d
 b

y a
n

 in
c

re
a

se
 in

 vo
lu

m
e

 w
h

ic
h

 le
a

d
s to

 g
re

a
te

r

stre
ss o

n
 th

e
 p

ip
e

. Th
is stre

ss m
a

y re
a

c
h

 le
ve

ls in
c

o
m

p
a

tib
le

 w
ith

 th
e

p
ro

p
e

rtie
s o

f PE-X
c

.

Fo
r th

is re
a

so
n

, fre
e

zin
g

 sh
o

u
ld

 b
e

 p
re

ve
n

te
d

 b
y a

d
o

p
tin

g
 o

n
e

 o
f th

e
se

p
re

c
a

u
tio

n
s:

1) fo
r he

a
ting

 syste
m

s:

- e
m

p
ty w

h
e

n
 n

o
t in

 u
se

- a
d

d
 a

n
ti-fre

e
ze

 a
g

e
n

ts (a
s in

 a
ir-c

o
n

d
itio

n
in

g
 syste

m
s)

- in
su

la
te

 a
s a

p
p

ro
p

ria
te

2) fo
r w

a
te

r sup
p

ly syste
m

s:

In
 th

is c
a

se
, h

e
a

lth
 re

q
u

ire
m

e
n

ts m
e

a
n

 th
a

t th
e

 fre
e

zin
g

 p
o

in
t c

a
n

n
o

t

b
e

 lo
w

e
re

d
 b

y a
d

d
in

g
 a

d
d

itive
s, a

n
d

 so
 th

e
 m

a
in

 p
re

c
a

u
tio

n
s a

re
 to

in
c

re
a

se
 th

e
 le

ve
l o

f p
ip

e
lin

e
 in

su
la

tio
n

, a
n

d
 to

 c
re

a
te

 re
c

yc
lin

g
 lo

o
p

s

fo
r th

e
 m

o
st e

xp
o

se
d

 se
c

tio
n

s.

N
.B.

It is a
 c

o
m

m
o

n
 m

ista
ke

 to
 th

in
k th

a
t in

su
la

tin
g

 p
ip

e
s w

ill e
lim

in
a

te
 a

ll risk

o
f fre

e
zin

g
.

Re
m

e
m

b
e

r tha
t insula

tio
n is a

 b
a

rrie
r, d

e
sig

ne
d

 e
sse

ntia
lly to

 d
e

la
y the

o
nse

t o
f fre

e
zing

, a
nd

 c
a

n ne
ve

r m
a

ke
 it im

p
o

ssib
le

.
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IN
SPE

C
T

IO
N

O
F SY

ST
E

M

P
R

O
C

E
D

U
R

E
Th

e
 in

sp
e

c
tio

n
 o

f th
e

 syste
m

 (p
u

rsu
a

n
t to

 EN
V

12108:2001 n
o

rm
a

tive
) is

fu
n

d
a

m
e

n
ta

l to
 th

e
 w

o
rk h

a
vin

g
 b

e
e

n
 c

a
rrie

d
 o

u
t c

o
rre

c
tly. It p

e
rm

its,

in
 fa

c
t, a

sc
e

rta
in

m
e

n
t th

a
t fo

r n
o

 re
a

so
n

 w
h

a
tso

e
ve

r, a
re

 th
e

re
 a

n
y

le
a

ka
g

e
 p

o
in

ts in
 th

e
 syste

m
.

Th
e

 fo
llo

w
in

g
 te

sts a
re

 sh
o

w
n

 b
e

lo
w

:

- Insp
e

c
tio

n o
f p

ip
e

s a
nd

 jo
ints

Th
is ve

rifie
s th

a
t th

e
 in

sta
lla

tio
n

 o
f p

ip
e

s h
a

s b
e

e
n

 c
o

rre
c

tly e
xe

c
u

te
d

a
n

d
 th

a
t n

o
 p

a
rts h

a
ve

 b
e

e
n

 a
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