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ISO 9404-1 : 1991 (E) 

Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bodies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. ISO 
collaborates closely with the International Electrotechnical Commission (IEC) on all 
matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for voting. Publication as an International Standard requires 
approval by at least 75 % of the member bodies casting a vote. 

International Standard ISO 9404-1 was prepared by Technical Committee ISO/TC 85, 
Nuclear energy, Sub-Committee SC 2, Radiation protection. 

ISO 9404 will consist of the following Parts, under the general title Enclosures forpro- 
tection against ionizing radiation - Lead shielding units for 150 mm, 200 mm and 
250 mm thick Walls: 

- Part 7: Chevron units of 150 mm and 200 mm thickness 

- Part 2: Rounded units of 150 mm, 200 mm and 250 mm thickness 

Annex A of this part of ISO 9404 is for information only. - 
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INTERNATIONAL STANDARD ISO94044 : 1991 (E) 

Enclosures for protection against ionizing radiation - 
Lead shielding units for 150 mm, 200 mm and 250 mm thick 
Walls - 

Part 1 : 
Chevron units of 150 mm and 200 mm thickness 

Section 1 : General 

1.1 Scope 

This part of ISO 9404 specifies the properties of the various 
lead units used in the construction of shielded enclosures for 
protection against ionizing radiation. The units dealt with are: 

- basic units: bricks, posts; 

- functional units: aperture bricks, windows, sphere 
units, plugs and reducing units. 

Only bricks for Walls of 150 mm thickness are standardized in 
this part of ISO 9404. Since four- and five-chevron bricks are 
not manufactured, 200 mm and 250 mm thick Walls are con- 
structed with bricks of 50 mm, 100 mm and 150 mm thickness. 

The 150 mm and 200 mm shielding units are dealt with 
separately in two sections for clarity. The 50 mm and 100 mm 
shielding units are standardized in ISO 7212. 

1.2 Classification 

The units described in this part of ISO 9404 are classified in 
three categories : 

- Category 1: standardized units. 

(The diagrams in figures 7, 15, 28 represent the standard- 
ized units in category 1.) 

- Category 2: these are units which are either used very 
infrequently or for vety specialized purposes, or are used 
very frequently in one country and it is feit that this use will 
become more widespread. 

(The diagrams in figures 16 and 29 represent the standard- 
ized units in category 2.) 

- Category 3 : units which are acceptable for a transition 
period. These are units which are used in one or a few 
countries and which will be withdrawn from this part of 
ISO 9404 after the transition period. This category may also 
include units which were in category 2, but which became 
less important and will be withdrawn after a transition 
period in category 3. 

1.3 Designation 

The designation of the lead shielding unit consists of its name 
written in full, the reference to this part of ISO 9404 and the 
reference number as explained in 1.3.1. 

EXAMPLE 

Aperture brick ISO 9404-1 3V0 202 
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ISO 94044 : 1991 (E) 

1.3.1 Explanation of the reference number 

The reference number consists of a figure, a letter followed by 
another figure and a group of three figures, for example 
3VO 202: 

a) 1st figure: lead thickness 

3 = 15Omm 4= 200 mm 

b) letter: encasing Profile 

V= with chevrons R = rounded form 

NOTE - In this part of ISO 9464, only the chevron shielding units are 
standardized. 

c) 2nd figure: assembly direction 

1 = assembly direction 1 (see 1.4) 

2 = assembly direction 2 (see 1.4) 

0 = two assembly directions 

d) 3rd, 4th and 5th figures: number specific to each unit. 

NOTES 

1 A unit which has two different positions inside the shielding wall has 
the same reference but, according to its Position in the Wall, the name of 
its type is different. For example: the base plain brick and the left-hand 
end ordinary brick have the same reference number : 3V0 100. 

2 Throughout the text, it is understood that 

- a plain brick is any module of brick having 100 mm x 100 mm 
dimensions inserted in a Wall, which is neither end, corner, nor 
special; 

- an ordinary brick is any module of brick which is neither base 
nor top. 

Except for the cases mentioned in note 2, the last three figures 
are fixed in series according to table 1. 

Table 1 - Series allocation 

Units Series 

Plain bricks 100 to 119 
Corner bricks 120 to 149 
End bricks 150 to 159 
Square bricks 170 to 179 
X bricks 180 to 189 
Posts 190 to 199 
Circular aperture bricks 200 to 219 
Square or rectangular aperture bricks 250 to 269 
Circular windows 300 to 319 
Square and rectangular windows 350 to 369 
Sphere units 400 to 419 
Plugs 500 to 519 
Reducing units 600 to 619 

In each of these series, a serial number is given to all the units 
(for example, 3V0 101, 3V0 102, etc.). 

1.3.2 Explanation of a designation example 

Lead circular aperture brick, 150 mm thickness, three chevrons, 
two assembly directions, No. 202 (300 mm x 300 mm) shall be 
designated as follows : 

Aperture brick ISO 9404-1 3V0 202 

1.4 Specifications of the bricks 

1.4.1 General 

The dimensions of the category 1 and 2 bricks have been stan- 
dardized in Order to ensure a 100 mm by 100 mm modulel) on 
installation and, if necessary, to allow staggered joints [see 
figure 1 a)]. 

I 

a) Staggered joints 

b) Straight joints 

Figure 1 - Assembly of bricks 

1) The dimensions of bricks may vary by a half module. 

2 
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ISO 9404-1 :1991 (EI 

The bricks have two assembly directions (see figure 2): 

- assembly direction 1 : chevron pointing 
upwards to the right 

- assembly direction 2 : chevron pointing 
upwards to the left 

Looking 
at the 
enclosure 
from the 
outside 

Figure 2 - Assembly directions of bricks 

lt is recommended that the same assembly direction be used for 
the entire shielding wall but, if it proves necessary to use the 
reverse direction, special bricks are used for the join (see 2.1). 

A diagram of the basic units of category 1 is given in figure 7. 

1.4.2 Properties of the material 

The units are made out of a antimonial lead alloy, but they are 
commonly designated as “lead shielding units”. 

The surface roughness of the faces is R, quality 2,8 or better 
(see ISO 468 and ISO 1302), to give the surface finish required 
for facilitating decontamination. There shall be no cavities. 

The properties of the lead used for the bricks are given in 
table 2. 

Table 2 - Properties of the material 

Minimum density Percentage of Minimum 
of the lead antimony hardness 

IO,9 g/cm3 l) 4 f 0,5 9,5 HB21 

1) This value is not the theoretical value, but that obtained by direct 
measurement at 20 OC on commercially available units. 

2) The value of 9,5 HB is the minimum which shall be obtained at 
any Point on the brick immediately after casting. The Brinell hardness 
increases in the first few months after manufacture. 

1.4.3 Profile of the chevron 

The specifications relating to the chevron are given in table 3. 
Figure 3 Shows an example of a three-chevron brick. 

Table 3 - Specifications of a chevron 

Angle of 
Tolerante 

the chevron 
Thickness on 

e height H Angle 

and length L 
on face 

Male Female mm mm 

goo +A5’ goo O - 15' 5045 * 0,2 9o” * IO’ I b 

1 0 
e 

9o” -15’l ’ 

Figure 3 - Example of a three-chevron ordinary plain brick 
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IS09404=1:1991(E) 

Bricks with four chevrons are not manufactured except for functional units. 

All other Parts of a 200 mm thick wall comprise combinations of one-, two- or three-chevron bricks (sec figure 4). 

I 
1 I 1 I 

3 2 / 
3 1 

I i 
1 1 

Figure 4 - Example of functional unit with four chevrons - Aperture brick 
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ISO9404-1 : 1991 (E) 

Section 2 : Lead shielding units - Thickness 150 mm 

2.1 Categories 1 and 2 

A 150 mm thick wall may be built with three-chevron plain units 
(see table 4) or, alternatively, by using a combination of one- 
chevron and two-chevron plain units. For reasons of stability, it 
is recommended that three-chevron base bricks only be used at 
the base of a 150 mm thick Wall. 

Profile. To compensate for this, a combination of one-chevron 
and two-chevron 1/4 plain ordinary bricks may be used. 

2.1.1 Plain bricks 

Esch type of plain brick may be assembled in each of the two 
assembly directions. 

Table 4 Shows the standardized dimensions of category 1, 
Because of their limited use, neither 1/4 plain ordinary bricks three-chevron plain bricks. The unit module for the designation 
nor 1/4 plain top bricks are manufactured with a three-chevron of bricks is 100 mm x 100 mm. 

Table 4 - Category 1 plain bricks 

Base plain brickl) 

1/2 base plain brick2) 

Ordinary plain brick 

1/2 ordinary plain brick3) 

1/2 top plain brick4) 

1) Identical to the 100 x 100 left-hand ordinary end brick (sec table 6). 

2) Identical to the 50 x 100 112 left-hand ordinary end brick (see table 6). 

3) This brick may be turned round to constitute an ordinary plain brick 50 mm high and 100 mm long. 

4) Identical to the 100 x 50 1/2 right-hand ordinary end brick (see table 6). 

5 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 94

04
-1:

19
91

https://standardsiso.com/api/?name=869e828d56975b127ca69987f1b8f8e6


ISO 9404-1 : 1991 (E) 

2.1.2 Corner bricks 

The dimensions of category 1, three-chevron corner bricks are given in table 5. 

Because of their limited use, 1/2 ordinary corner bricks with a three-chevron Profile are not manufactured. To compensate for this, a 
combination of a 1/2 one-chevron corner brick and a 1/2 two-chevron corner brick may be used. 

Table 5 - Category ‘l corner bricks 

Type 

Dimensions 
mm Approximate 

Reference number H 
Ll L2 

Diagram Assembly 
direction*) 

mass 

Re-entrant Projecting kg 
chevron chevron 

Base corner brick 3Vl 120 100 200 150 (1) 37 

I_-~~-- __._________ ~ __________._______ ~ 

Base corner brick 
f-2 L-r 

3V2 121 100 200 150 

@ * 

rd L -\ L (2) 37 

2 L1 

--_--. .-~- --.-_-----_----_-_-- _________ ~------_~--_-_--___ 

Ordinary corner brick 3Vl 122 100 200 150 33 

Ordinary corner brick 3V2 123 100 200 150 33 

1/2 top corner brick 3Vl 126 50 200 150 (1) 12 

~~--~_---~~--- 

1/2 top corner brick 3V2 127 50 200 150 12 

*) The assembly direction indicated is for convex angle enclosures. For a concave (or reflex) angle: 

- either reverse the assembly direction using the same type of corner brick; or 

- keep the same assembly direction using the opposite type of corner brick. 

See detail on assembly directions in figure 2 and the general diagram in figure 7. 
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ISO9404-1 : 1991 (E) 

2.1.3 End bricks 

Left-hand end bricks for assembly direction 1, when reversed, also serve as right-hand end bricks for assembly direction 2. 

Because of their limited use, base end and top end bricks with a three-chevron Profile are not manufactured. To compensate for this, 
a combination of one-chevron and two-chevron base end and top end bricks may be used. 

The dimensions of the end bricks for assembly direction 1 are given in table 6. 

Table 6 - Category 1 end bricks 

Type Reference number 

Dimensions Approximate 
mm Diagram mass 

H L kg 

Left-hand ordinary 
end brickl) 3vo 100 100 100 19 

1/2 left-hand ordinary 
end brickz) 3vo 101 50 100 w 

x 
9 

LqL,l 
G-J/ ’ 

J 

1/2 right-hand ordinary 
end brick3) 

1) Identical to the 100 x 100 base plain brick (sec table 4). 

2) Identical to the 100 x 50 1/2 base plain brick (sec table 4). 

3) Identical to the 50 x 100 1/2 top plain brick (see table 4). 

2.1.4 Special bricks 

Special bricks are used to reverse the assembly direction and are made for Walls of 50 mm lead thickness; for Walls of 150 mm 
thickness, three special bricks are used side by side. 

There are two types of special bricks: Square bricks and X bricks, the assembly directions of which are shown in figures 5 and 6, 
respectively. 

Figure 5 - Assembly of Square bricks Figure 6 - Assembly of X bricks 

7 
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ISO94044 : 1991 (E) 

2.1.5 Posts 

Posts are used to provide a framework for the brick enclosures. 

When used, external tie rods and rigid angle bars tan be attached. 

These posts have a maximum height of 3 m; they are made either of antimoniated lead or soft lead cast on a steel frame. 

Table 7 - Category 2 posts (assembly direction 1)‘) 

Type Reference number 

Section 
mm Approximate 

Ll L2 Diagram mass 

Re-entrant Projecting kg 

chevron chevron 

Corner post 3vo 190 150 150 250 

T-Post 2M F 
(2 male, 1 female) 3vo 191 150 150 270 

T-Post 2FM 
(2 female, 1 male) 3vo 192 150 150 230 

1) By turning these posts upside down, assembly direction 2 is obtained. 

2.1.6 Assembly of basic units 

A general diagram of the disposition of the basic units, 150 mm thick, is shown in figure 7 for the units of category 1. 
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~sosw-1 :1991 EI 

Externa 

1 

)- -- - - -- ------ --_ 
,’ 

) 

d 4 a 
l - B 

1 
* * 

a) Cut 

I 

1 

I nternal 

b) Category i, without step 

External 

L 

Internal 

C) Category 1, with step ie = f) 

Internal External 

d) Category 2, with step and inner redan (e + f) 

Figure 9 - Aperture bricks for Square and rectangular windows 
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lS09404=1:1991(E) 

Table 10 - Category 1 aperture bricks for Square and rectangular windows 

Referencr 

I I Window mountinq 
AxB 

= number ---v.--.-Y a 1 h C 1 d 1 e 1 .f 
Typeand shape Approximate 

of window mass 
mm kg 

nvn 7K? 

l 
fnn x m-m AW 455 655 

150 
0') Rectangular 

145 
I I I I 400 x 600 

3VO264 I 800 x 1000 1 655 / 

-- _~ 

855 1 655 / 855 1 150 1 0') 1 Eazg;kr 1 370 

1\/7 7Gc; 

3V2 266 

I imn 1 Ai T-,,, 511 811 75 75 Rectangular 400 x 700 1652) 
-~ ----- -~-~_-~~ 

421 511 75 Rectangular 

550x650 330 420 external x 
~~ 1552) 

441 531 75 330 x 420 internal 
--~---~. -~~--_-_ 

3V2267 800 x 1000 
691 891 

711 911 

75 

75 

Rectangular 
500 700 external x 

~--~--_---~~__ 
600 x 800 internal 

2002) 

1) No Step. 

2) These aperture bricks are made solely of steel. 

NOTE - If, in special cases, an aperture brick is turned through 180° around the vertical axis of the aperture to Change the direction of assembly, 
it should be noted that, taking into account the chevron, the centreline of the aperture is offset 25 mm from the centreline of the face of the brick. 

Table 11 - Category 2 aperture bricks for Square and rectangular windowsl) 

* 
AxB 

Window mounting 

Reference number a h 1 c 1 d 1 e .f 
Typeandshape Approximate 

of window mass 
mm kg 

455 655 100 Rectangular 

3Vl 268 650x850 
400 x 600 external 

- ~~--- ---- 305 
555 755 50 500 X 700 internal 

-~~-~ ---.--- -----~ 
555 755 50 Rectangular 

3Vl 269 750 x 950 
500 X 700 external 

~~-_I_-- 345 
655 855 100 600 x 800 internal 

1) Unlike category 1 aperture bricks, category 2 aperture bricks have an inner redan [See figure 9dI and the note to figure 1 Id)]. 

2.1.8 Windows 

The minimum average density of the glass is 5,2 g/cm3 + 0,02 g/cm3. 

The minimum thickness of glass is 330 mm. 

NOTE - The shielding value of the glass blocks fitted in these window assemblies is calculated using Cobalt-60 as the radiation Source. 

In certain circumstances, and particularly at lower energies, this may result in windows not providing shielding equal to that of the lead wall for which 
they were designed. This case may require a special design. 

12 
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ISO94044 : 1991 (E) 

2.1.8.1 Circular windows 

See figure 10. 

The dimensions of circular windows for 150 mm lead thickness are given in tables 12 and 13. 

NOTE - Circular windows are demountable. 

Figure IO - Circular window 

Table 12 - Category 1 circular windows 

Aperture brick 

mm 

Reference 
number 

Window mountingl) Flange Glass 

Di DO E I F D DV Densityz) 
Approximate 

g mass 
mm glcm3 kg 

200 x 200 3vo 300 170 172 72 76,25 389 188 140 5,2 120 

300 x 300 3V0 302 266 270 70 76,5 421 188 230 5,2 195 

400 x 400 3vo 304 366 370 70 76,5 521 188 330 5,2 310 

1) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary clearance for 
installation. 

1 2) The values correspond to measurements performed at 20 OC on commercially available units. 

Table 13 - Category 2 circular windows 

Window mountingi) Flange Glass 

Aperture brick 
Reference 

number Di DO E F D g DV Density2) 
Approximate 

mass 
mm mm g/cm3 kg 

200 x 200 3vo 307 150 160 75 75 320 210 130 5,2 110 

300 x 300 3vo 311 240 250 75 75 410 210 220 52 210 

1) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary clearance for 
installation. 

2) The values correspond to measurements performed at 20 OC on commercially available units. 

2.1.8.2 Square and rectangular windows 

See figure 11. 

The dimensions of Square and rectangular windows for a lead thickness of 150 mm are given in tables 14 and 15. 

NOTE - Square and rectangular windows for a lead thickness of 150 mm are fixed or demountable. 

13 
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ISO 9404-1 : 1991 (EI 

b) Category 1, without step 

d) Category 2, fixed 

Figure 11 - Square and rectangular windows 

a) Cut 

c) Category 1, with step 

0 ,’ ‘. . < ” I 
g--4* 

r-1 I I 

NOTE - These assemblies correspond to 
the combined use of two existing windows 
of 50 mm and 100 mm thickness. In this use, 
only the outer window is demountable, 
whereas the inner window is permanently 
fixed in the Wall. 

e) Category 2, combined windows 

14 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 94

04
-1:

19
91

https://standardsiso.com/api/?name=869e828d56975b127ca69987f1b8f8e6


Ta
bl

e 
14

 
- 

C
at

eg
or

y 
1 

Sq
ua

re
 

an
d 

re
ct

an
gu

la
r 

w
in

do
w

s 

Ap
er

tu
re

 
br

ic
k 

m
m

 

20
0 

x 
30

0 

R
ef

er
en

Le
 

nu
m

be
r 

3V
2 

35
2 

M
ou

nt
in

gl
) 

Ex
te

rn
al

 
fra

m
e 

G
la

ss
 

Ap
pr

ox
i- 

a 
b 

C
 

d 
e 

f 
A

 
B

 
g 

g’
 

h 
h’

 
1 

I 
D

en
si

ty
*)

 
m

at
e 

m
as

s 
m

m
 

gl
cm

3 
kl

 

- 
/ 

- 
1 

- 
1 

- 
15

0 
-3

) 
32

5 
42

5 
21

0 
- 

14
5 

14
5 

24
5 

24
5 

5,
2 

26
0 

Fi
xe

d 

60
0 

x 
80

0 
3v

o 
36

34
) 

45
5 

65
5 

45
5 

65
5 

15
0 

-3
 

67
0 

87
0 

19
6 

- 
40

0 
40

0 
60

0 
60

0 
5,

2 
1 

10
0 

D
em

ou
nt

ab
le

 

80
0 

x 
1 

00
0 

3v
o 

36
45

) 
65

5 
, 

85
5 

, 
65

5 
, 

85
5 

, 
15

0 
-3

) 
, 

86
0 

1 
06

0 
22

5 
- 

60
0 

60
0 

80
0 

80
0 

5,
2 

15
80

 

D
em

ou
nt

ab
le

 

60
0 

x 
90

0 
3V

0 
36

5 
49

1 
79

1 
51

1 
81

1 
75

 
75

 
72

0 
1 

02
0 

21
5 

- 
40

0 
40

0 
70

0 
70

0 
5,

2 
1 

17
06

) 

D
em

ou
nt

ab
le

 

55
0 

x 
65

0 
3V

0 
36

6 
42

1 
51

1 
44

1 
53

1 
75

 
75

 
67

0 
77

0 
21

5 
- 

33
0 

33
0 

42
0 

D
em

ou
nt

ab
le

 
I 

I 
1 

I 
I 

80
0 

x 
1 

00
0 

3V
O

36
7 

69
1 

1 
89

1 
1 

71
1 

1 
91

1 
1 

75
 

1 
75

 
92

0 
1 

12
0 

21
5 

13
0 

50
0 

60
0 

70
0 

D
em

ou
nt

ab
le

 
I 

I 
1 

I 
1 

1)
 

Th
e 

di
m

en
si

on
s 

gi
ve

n 
he

re
 

ar
e 

th
e 

di
m

en
si

on
s 

of
 

th
e 

ap
er

tu
re

 
br

ic
k;

 
in

 p
ra

ct
ic

e 
th

ey
 

sh
al

l 
be

 r
ed

uc
ed

 
by

 
th

e 
ne

ce
ss

ar
y 

cl
ea

ra
nc

e 
fo

r 
in

st
al

la
tio

n.
 

2)
 

Th
e 

va
lu

es
 

co
rre

sp
on

d 
to

 
m

ea
su

re
m

en
ts

 
pe

rfo
rm

ed
 

at
 2

0 
O

C
 o

n 
co

m
m

er
ci

al
ly

 
av

ai
la

bl
e 

w
in

do
w

s.
 

3)
 

N
o 

St
ep

. 

42
0 

5,
2 

76
06

) 

80
0 

5,
2 

17
40

6)
 

4)
 

C
om

bi
ne

d 
Sy

st
em

 
of

 
re

ct
an

gu
la

r 
w

in
do

w
s 

1V
O

 3
60

 
an

d 
2V

0 
36

1.
 

5)
 

C
om

bi
ne

d 
Sy

st
em

 
of

 
re

ct
an

gu
la

r 
w

in
do

w
s 

1V
O

 3
60

 
an

d 
2V

0 
36

2.
 

6)
 

Th
es

e 
w

in
do

w
s 

ho
us

in
gs

 
ar

e 
m

ad
e 

so
le

ly
 

of
 

ca
st

 
iro

n.
 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 94

04
-1:

19
91

https://standardsiso.com/api/?name=869e828d56975b127ca69987f1b8f8e6


Ta
bl

e 
15

 
- 

C
at

eg
or

y 
2 

Sq
ua

re
 

an
d 

re
ct

an
gu

la
r 

w
in

do
w

s 
m

 

Ap
er

tu
re

 
br

ic
k 

m
m

 

20
0 

x 
20

0 

R
ef

er
en

ce
 

nu
m

be
r 

3V
2 

35
5 

M
ou

nt
in

gl
) 

Ex
te

rn
al

 
fra

m
e 

G
la

ss
 

Ap
pr

ox
i- 

b 
I 

d 
f 

A(
Bl

g 
h 

I 
D

en
si

ty
*)

 
m

at
e 

a 
c 

e 
m

as
s 

m
m

 
gl

cm
3 

kg
 

- 
1 

- 
1 

- 
( 

- 
- 

- 
32

5 
32

5 
21

0 
14

5 
14

5 
5,

2 
20

0 

Fi
xe

d 

30
0 

x 
30

0 
3V

23
56

 
- 

- 
- 

- 
- 

- 
42

5 
42

3 
21

0 
24

5 
24

5 
5,

2 
34

0 

Fi
xe

d 

30
0 

x 
40

0 
3V

2 
35

7 
- 

- 
- 

- 
- 

- 
42

5 
51

0 
21

0 
24

5 
33

0 
5,

2 
42

0 

Fi
xe

d 

40
0 

x 
50

0 
3V

23
58

 
- 

- 
- 

- 
- 

- 
51

0 
60

0 
21

0 
33

0 
42

0 
5,

2 
62

0 

Fi
xe

d 

65
0 

x 
85

0 
3v

o 
35

93
) 

45
5 

65
5 

55
5 

75
5 

10
0 

50
 

80
5 

67
0 

14
2 

40
0 

60
0 

ex
t. 

5,
2 

12
50

 
C

om
 b

in
ed

 
no

 
97

0 
12

0 
50

0 
70

0 
in

t. 
5,

2 

75
0 

x 
95

0 
3v

o 
36

04
) 

55
5 

75
5 

65
5 

85
5 

50
 

10
0 

no
 

97
0 

12
0 

50
0 

70
0 

ex
t. 

5,
2 

1 
75

0 
C

om
bi

ne
d 

86
5 

1 
06

5 
20

0 
60

0 
80

0 
in

t. 
5,

2 
I 

1 
I 

1)
 

Th
e 

di
m

en
si

on
s 

gi
ve

n 
he

re
 

ar
e 

th
e 

di
m

en
si

on
s 

of
 

th
e 

ap
er

tu
re

 
br

ic
k;

 
in

 
pr

ac
tic

e 
th

ey
 

sh
al

l 
be

 
re

du
ce

d 
by

 
th

e 
ne

ce
ss

ar
y 

cl
ea

ra
nc

e 
fo

r 
in

st
al

la
tio

n.
 

2)
 

Th
e 

va
lu

es
 

co
rre

sp
on

d 
to

 
m

ea
su

re
m

en
ts

 
pe

rfo
rm

ed
 

at
 2

0°
C

 
on

 
co

m
m

er
ci

al
ly

 
av

ai
la

bl
e 

w
in

do
w

s.
 

3)
 

Th
is

 
as

se
m

bl
y 

co
rre

sp
on

ds
 

to
 

th
e 

co
m

bi
ne

d 
us

e 
of

 
an

 
ex

is
tin

g 
w

in
do

w
 

of
 

50
 

m
m

 
th

ic
kn

es
s 

(IV
O

 
36

0)
 

an
d 

an
 

ex
is

tin
g 

w
in

do
w

 
of

 
10

0 
m

m
 

th
ic

kn
es

s 
(2

VO
 3

61
). 

4)
 

Th
is

 
as

se
m

bl
y 

co
rre

sp
on

ds
 

to
 

th
e 

co
m

bi
ne

d 
us

e 
of

 
an

 
ex

is
tin

g 
w

in
do

w
 

of
 

10
0 

m
m

 
th

ic
kn

es
s 

(2
VO

 
36

2)
 

an
d 

an
 e

xi
st

in
g 

w
in

do
w

 
of

 
50

 m
m

 
th

ic
kn

es
s 

(IV
O

 
36

0)
. 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 94

04
-1:

19
91

https://standardsiso.com/api/?name=869e828d56975b127ca69987f1b8f8e6


ISO 9404-1 : 1991 (E) 

2.1.9 Sphere units 

See figure 12. 

The dimensions of sphere units for a lead thickness of 150 mm are given in tables 16 and 17. 

NOTE - The flange is optional. lt facilitates handling of the sphere unit, increases biological protection around the mounting and allows the sphere 
unit to be fixed in its aperture brick. 

l ‘\\ 
\ +EiD l 1 

. 

0 
a 

: 

a) Category 1 b) Category 2 

d 5 

\ 1 

Figure 12 - Sphere units 

Table 16 - Category 1 sphere units 

Sphere unit mountingl) Flange Sphere unit 

Aperture brick 
Reference 

Approximate 

number 4 DO E F D g 04 
d5 mass 

@ tow 

mm mm kg 

14 

300 x 300 3vo 402 266 270 72 76,25 320 43 200 202) 115 
333) 

1) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary clearance for installation. 

2) This passage of the tong is obtained by using a reducing unit which may be removed to obtain a diameter of 36 mm which allows the removal of an 
articulated tong. 

3) A sphere unit for a 33 mm diameter tong tan receive reducing units to accommodate 20 mm or 14 mm diameter tongs. 

Table 17 - Category 2 sphere units 

Aperture brick 
Reference 

number 

Sphere unit mountingl) Flange Sphere unit 
Approximate 

Di DO E F D g D4 
d5 mass 

9 tang 

mm mm kl 

3OOX300 3vo 411 240 250 75 75 270 -3) 215 
14 
202) 90 

1) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary clearance for installation. 

2) This passage of the tong is obtained by using a reducing unit which may be removed to obtain a diameter of 38 mm which allows the removal of an 
articulated tong . 

3) Not standardized. 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 94

04
-1:

19
91

https://standardsiso.com/api/?name=869e828d56975b127ca69987f1b8f8e6


IS09404=1:1991(E) 

2.1 .lO Plugs 

See figure 13. 

The dimensions of plugs for a lead thickness of 150 mm are given in tables 18 and 19. 

NOTE - The flange is optional. lt facilitates handling of the plug unit, increases biological protection around the mounting and allows the plug unit to 
be fixed in its apet-ture brick. 

a) Category 1 

Figure 13 - Plugs 

Table 18 - Category 1 plugs 

Plug mountingl) Flange 

Aperture brick 
Reference 

number Di DO E 
Approximate 

F D ,f? mass 

mm mm . kg 

200 x 200 3vo 500 170 172 72 76,25 220 34 45 

300 x 300 3V0 502 266 270 70 76,5 320 43 110 

400 x 400 3vo 504 366 370 70 76,5 430 60 215 

1) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the 
necessary clearance for installation. 

Table 19 - Category 2 plugs 

Plug mountingl) Flange 

Aperture brick 
Reference 

number Di DO E F D JT 

mm mm 

200 x 200 3vo 507 150 160 75 75 without flange 

250 x 250 3vo 509 195 205 75 75 without flange 

300 x 300 3vo 511 240 250 75 75 without flange 

1) The dimensions given here are the dimensions of the aperture brick; in practice they shall bf 
necessary clearance for installation. 

Approximate 
mass 

hl 

30 

50 

80 

reduced by the 

18 
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IS09404=1:1991(E) 

2.1 .ll Reducing units 

See figure 14. 

The dimensions of reducing units for a lead thickness of 150 mm are given in tables 20 and 21. 

NOTE - The flange is optional. lt facilitates handling of the reducing unit, increases biological protection around the mounting and allows the reduc- 
ing unit to be fixed in its aperture brick. 

a) Category 1 b) Category 2 

Figure 14 - Reducing units 

Aperture brick 

mm 

300 x 300 

Reference 
number 

3V0 602 

Table 20 - Category 1 reducing unitsl) 

External mounting*) Internal mounting 
Approximate 

Di DO E F di dO e f mass 

mm kg 

266 270 70 76,5 1 170 172 72 76,25 70 
+ flange 

400 x 400 3V0 604 366 370 70 76,5 
120 

+ flange 
266 270 70 76,5 

I 
1) These reducing units have a flange (for the dimensions of the flange, see table 18). 

2) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary clearance for 

installation. 

Table 21 - Category 2 reducing unitsl) 

Aperture brick 

mm 

250 x 250 

300 x 300 

300 x 300 

350 x 350 

External mounting*) Internal mounting 
Approximate 

Reference 
Di DO E F di dO e f mass 

number - 
mm kg 

3V0 609 195 205 75 1 75 150 160 75 75 20 

3V0 610 240 250 75 75 150 160 75 75 45 

3V0 611 240 250 75 75 195 205 75 75 30 

3V0 613 285 295 75 75 240 250 75 75 30 

1) These reducing units have no flange. 

2) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary clearance for 

installation. I 

19 
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IS09404=1:1991(E) 

2.1.12 Assembly of functional units 

A general diagram 
of category 2. 

of functional units for 150 mm lead thickness is given in figure 15 for units of category 1 and in figure 16 for units 

In each of the diagrams, uni 
units have been illustrated. 

- in category 1 : 3V2 352 

ts such as aperture bricks (circular, rectangular and Square), windows, plugs, sphere units and reducing 

- All units are represented in their usual assembly direction, but they tan be reversed, except for 

- in category 2 : 3V2 355 
3V2 356 
3V2 357 
3V2 358 

which are fixed units. 

20 
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ISO9404-1 : 1991 (E) 

2.2 Category 3 

2.2.1 Plain bricks 

Esch type of plain brick tan be assembled in the same way in each of the two assembly directions. 

Table 22 Shows the dimensions of category 3, three-chevron plain bricks. 

Type 
Reference 

number 

Base plain brick 3vo 110 

Top plain brick 3vo 112 

l 
T’able 22 - Category 3 plain bricks 

Dimensions 
mm 

H 
c 

L 

15 

Diagram 
Approximate 

mass 

I kg 

100 

43 

4 

85 100 

m 

12 

2.2.2 Corner bricks 

The dimensions of category 3, three-chevron corner bricks are given in table 23. 

Table 23 - Category 3 corner bricks 

Type 

Dimensions 
mm Approximate 

Reference 
number 

H Ll L2 Diagram mass 

Re-entrant Projecting kg 
chevron chevron 

Base plain brick 3Vl 140 15 200 150 9 

Top corner brick 3Vl 142 85 200 150 23 

23 
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ISO94W1 : 1991 (E) 

Section 3 : Lead shielding units - Thickness 200 mm 

3.1 Categories 1 and 2 

3.1.1 Basic units and assembly of Walls for enclosures of 200 mm thickness 

Basic units with four chevrons are not manufactured. Lead shielding Walls of 200 mm thickness must therefore be constructed using a 
combination of one-, two- and three-chevron basic units. Examples of possible combinations are given in figures 17 and 18. 

The specifications of one- and two-chevron basic units are given in ISO 7212, and of three-chevron basic units in 2.1 .l to 2.1.5 of this 
patt of ISO 9404. 

1 1 

2 2 

1 1 

a) One- and three-chevron bricks b) One- and two-chevron bricks c) One-, two- and three-chevron bricks 

Figure 17 - Examples of wall construction with plain bricks 

3 

1 

3 
, - - ..- _ 

I, - 

3 1 

4 
11 \ 

a) One- and three-chevron bricks b) One- and two-chevron bricks c) One- and three-chevron bricks 

Figure 18 - Examples of corner construction with corner bricks and plain bricks 

3.1.2 Posts 

Posts are used to provide a framework for brick enclosures. 

When used, external tie-rods and rigid angle bars tan be attached. 

A corner post and two T-posts with four chevrons are standardized (see table 24). However, corners for 200 mm thick enclosures tan 
also be constructed using a combination of one- and two-chevron posts, or two two-chevron posts. Some examples of possible com- 
binations are given in figures 19 and 20. 

24 
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ISO94044 : 1991 (EI 

A One-chevron corner posts 

6 Two-chevron corner posts 

C Three-chevron corner posts 

Figure 19 - Examples of corner construction using posts 

A One-chevron corner posts 

B Two-chevron T-posts, lM2F (1 male, 2 female) 

C Three-chevron T-posts, 2Ml F (2 male, 1 female) 

NOTE - The darkened posts are reversed on assembly. 

Figure 20 - Examples of intersecting wall construction with T-posts and corner posts 

25 
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ISO94W1 : 1991 (E) 

Table 24 - Category 2 posts (assembly direction 111) 

Type 
Reference 

number 

Dimensions 
mm 

4 L2 
Re-entrant Projecting 

chevron chevron 

Diagram 
Approximate 

mass 
kg 

T-posts (1 M2F) 4VO 192 

1) By turning these posts upside down, assembly direction 2 is obtained. 

3.1.3 Aperture bricks 

Externally, four-chevron aperture bricks are Square or rectangular and their internal dimensions are standardized so that the units they 
hold may be interchanged (sec figures 21 and 22). 

The dimensions of aperture bricks for a lead thickness of 200 mm are given in tables 25, 26, 27 and 28. 

a) Spate view b) Category 1 

w-4 
Figure 21 - Aperture bricks for circular units 

-4 Pi 
c) Category 2 

26 
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ISO94W1 : 1991 (E) 

Extemal 

b) Cal 

a) Cut 

:e 

External 

Internal 

‘y 1, without step 

C) Category 1, with step k = fl 

Internal 

Internal - 

Q 
% 
rg 

External 

Q 
% 

rg 

- 

-- 

/ 

-- 

f 

Q -- % 
b 

d) Category 2, with step and inner redan Ie + f) 

Figure 22 - Aperture bricks for Square and rectangular windows 

27 
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ISO94044 : 1991 (E) 

Table 25 - Category 1 aperture bricks for circular units 

Reference 
number 

AxB x di 4n dO e f 
Approximate 

mass 
mm kg 

\ 
4vo 200 200 x 200 112,5 170 - 172 97 101 40 

4vo 202 300 x 300 162,5 266 - 270 95 101 70 

4vo 204 4OOX400 212,5 366 - 370 95 101 120 

NOTE - If, in special cases, an aperture brick is turned through 180° around the vertical axis of the aperture to Change 
the direction of assembly, it should be noted that, taking into account the chevron, the centreline of the aperture is off- 
set 25 mm from the centreline of the face of the brick. 

Table 26 - Category 2 aperture bricks for circular units 

Reference 
number 

4V0 206 

4V0 207 200 x 200 1 112~5 1 140 I 150 1 160 1 65 1 65 I 50 

4V0 209 

4vo 211 

4V0 213 

4V0 215 

4V0 217 

NOTE - If, in s 
the direction of 
set 25 mm fron 

AxB x di 4-n 4 e f 
Approximate 

mass 
mm kg 

150 x 150 1 87,5 1 100 1 107 1 114 1 65 1 65 30 

250 x 250 1 137,5 I 185 1 195 1 205 1 65 1 65 1 70 

300 x 300 1 162,5 1 230 1 240 j 250 1 65 / 65 1 100 

350 x 350 187,5 275 285 295 65 65 130 

4OOX400 212,5 320 330 340 65 65 160 

450 x 450 237,5 365 375 385 65 65 190 

becial cases, an aperture brick is turned through 180° around the vertical axis of the aperture to Change 
tssembly, it should be noted that, taking into account the chevron, the centreline of the aperture is off- 
the centreline of the face of the brick. 

Table 27 - Category 1 aperture bricks for Square and rectangular windows 

Window mounting 
Reference AxB 1 b ( Typeand shape 

Approximate 

number 
a c ( d 1 e 1 f 

of window 
mass 

mm kg 

4vo 263 600 x 800 455 655 455 655 200 -1) Rectangular 400 x 600 195 

4vo 264 800 x 1000 655 855 655 855 200 -1) Rectangular 600 x 800 255 

4V0 265 600 x 900 491 791 511 811 100 100 Rectangular 400 x 700 2202) 

421 511 - - 100 - 
4V2 266 550 x 650 

330 x 420 external 
2052) 

- - 441 531 - 100 330 x 420 internal 

4V2 267 

1) No Step. 

691 891 - - 100 525 680 external x - 
or 

800 
600 x 800 external 

x 1000 2702) 
- - 711 911 - 100 600 x 800 internal 

2) These aperture bricks are made solely of steel. 

NOTE - If, in special cases, an aperture brick is turned through 180° around the vertical axis of the aperture to Change the direction of assembly, 
it should be noted that, taking into account the chevron, the centreline of the aperture is offset 25 mm from the centreline of the face of the brick. 
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Table 28 - Category 2 aperture bricks for Square and rectangular windowsl) 

Reference 
number 

I 
Window mounting 

AxB Approximate 
a b 1 c 1 d e 1 f Typeandshape 

of window 
mass 

mm kg 

455 655 100 Rectangular - - - 
400 x 600 external 

4Vl 268 750 x 950 600 
Rectangular 

- - 655 855 - 100 
600 x 900 internal 

655 855 - - 100 Rectangular - 

4Vl 269 750 
600 x 800 external 

x 950 340 
Rectangular 

- - 655 855 - 100 
600 x 800 internal 

1) Unlike category 1 aperture bricks, category 2 aperture bricks have an inner redan [see figure 22d) and the note to figure 241. 

3.1.4 Windows 
- 

The minimum average density of the glass at 20 OC is 4,2 g/cm3 + 0,02 g/cm3 at the internal side (stabilized glass) and 
5,2 g/cm3 AI 0,02 g/cm3 at the external side. 

Because of the instantaneous dose rate which tan be reached, in enclosures with 200 mm thickness Walls, the first slab of glass of the 
internal side of the window shall be stabilized. 

The minimum thickness of glass for category 1 and 2 windows is 165 mm for stabilized glass and 345 mm for glass of density 
5,2 g/cm3 + 0,02 g/cm3. 

NOTE - The shielding value of the glass blocks fitted in these window assemblies is calculated using Cobalt-60 as the radiation Source. 

In certain circumstances, and particularly at lower energies, this may result in windows not providing shielding equal to that of the lead wall for 
which they were designed. This case may require a special design. 

3.1.4.1 Circular windows 

See figure 23. 

The nominal dimensions of circular windows for a 200 mm lead thickness are given in tables 29 and 30. 

NOTE - Circular windows are demountable. 
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a) Spate view 

I 

F E 
e c* - r 

4 I 1 

b) Category 1 c) Category 2 

Figure 23 - Circular windows 

Table 29 - Category 1 circular windows 

Window mountingl) 
Reference 

Flange Glass 

Aperture brick 
Approximate 

number Di Dr-Tl DO E F D g DV Densityz) mass 

mm mm glcm3 kg 

200 x 200 4vo 300 170 - 172 97 101,25 404 270 140 4,2 and 5,2 215 

300 x 300 4V0 302 266 - 270 95 101,5 486 270 230 4,2 and 5,2 320 

400 x 400 4vo 304 366 - 370 95 101,5 560 270 330 4,2 and 5,2 470 

1) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary clearance for installation. 

2) The values correspond to measurements performed at 20 OC on commercially available windows. 

Table 30 - Category 2 circular windows 

I 
, 

Aperture brick 
Reference 

Window mountingl) Flange Glass 
Approximate 

number Di I Dr-Tl DO E F D g DV Densityz) mass 

mm mm glcm3 kg 

200 x 200 4vo 307 140 150 160 63 67 400 336 120 4,2 and 5,2 250 

300 x 300 4vo 311 230 240 250 63 67 490 335 210 4,2 and 5,2 400 

1) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary clearance for installation. 

2) The values correspond to measurements performed at 20 OC on commercially available windows. 

3.1.4.2 Square and rectangular windows 

See figure 24. 

The Square and rectangular windows for a lead thickness of 200 mm are fixed or demountable. 

The dimensions of Square and rectangular windows for a 200 mm lead thickness are given in tables 31 and 32. 
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1 

1 

-aL 3 2Q 
% -c % ------ m-c 7 

1 ’ 

I 

a) Cut 

b) Category 1, without step c) Category 2, with step 

d1 Category 2, fixed e) Category 2, combined windowsl) 

1) These assemblies correspond to the combined use of two existing windows of 100 mm thickness. In this use, only the outer window is demountable, 
whereas the inner window is permanently fixed in the Wall. 

Figure 24 - Square and rectangular windows 
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3.1.5 Sphere units 

See figure 25. 

The dimensions of sphere units for a lead thickness of 200 mm are given in tables 33 and 34. 

NOTE - The flange is optional. lt facilitates handling of the sphere unit, increases biological protection around the mounting and allows the sphere 
unit to be fixed in its aperture brick. 

E 
E 

L F&E+q 

a) Category 1 b) Category 2 

Figure 25 - Sphere units 

Table 33 - Category ‘l sphere units 

Sphere unit mountingl) Flange Sphere unit 

Reference 
Aperture brick number Di 4-l DO E F D <? 04 

d5 
4) tow 

mm mm 

14 

4OOX400 4vo404 366 - 370 101,5 95 430 60 300 202) 
333) 

Approximate 
mass 

kg 

+ 300 

1) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary clearance for installation. 

2) This passage of the tong is obtained by using a reducing unit which may be removed to obtain a diameter of 38 mm which allows the removal of an 
articulated tong. 

3) A sphere unit for a 33 mm diameter tong tan receive reducing units to accommodate 20 mm or 14 mm diameter tongs. 
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Table 34 - Category 2 sphere units 

Sphere unit mountingl) Flange Sphere unit 
Approximate 

Aperture brick 
Reference 

number Di Dr-r-l DO E F n g 04 
d5 

@ tow 
mass 

mm mm kg 

400 x 400 4vo415 320 330 340 63 67 400 -2) 290 
14 
203) 240 

1) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary clearance for installation. 

2) Not standardized. 

3) This passage of the tong is obtained by using a reducing unit which may be removed to obtain a diameter of 38 mm which allows the removal of 
an articulated tong. 

3.1.6 Plugs 

See figure 26. 

The dimensions of plugs for a lead thickness of 200 mm are given in tables 35 and 36. 

NOTE - The flange is optional. lt facilitates handling of the plug, increases biological protection around the mounting and allows the plug unit to be 
fixed in its aperture brick. 

a) Category 1 b) Category 2 

Figure 26 - Plugs 
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Table 35 - Category 1 plugs 

3.1.7 Reducing units 

Plug mountingl) 

Aperture brick 

mm 

200 x 200 

300 x 300 

Reference 
number 

4vo500 

4vo502 

Di Drrl DO E F 

mm 

170 - 172 97 101 

266 - 270 95 101 

r400x400 I 4vo504 1 366 1 - l 370 1 97 I 101 

Flange 

D 
-L ‘P --- 

Approximate 
mass 

kg 

The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary 
clearance for installation. 

Table 36 - Category 2 plugs 

Aperture brick 

Flange 

D 
l ,? --~ _-~- 

Approximate 
mass 

kg mm mm 

150 x 150 4VO506 100 107 114 65 67 without flange 20 
~~--- 

200 x 200 4vo507 140 150 160 65 67 without flange 40 
~_---- 

250 x 250 4VO509 185- 195 205 65 67 without flange 65 
----_-- -__--~----_--~--- 

300 x 300 4vo 511 230 240 250 65 67 without flange 100 
--_---- 

350 x 350 4vo 513 275 285 299 65 67 without flange 140 
- --.-- _--- 

400 x 400 4vo 515 320 330 340 65 67 without flange 180 

1) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary 
clearance for installation. 

See figure 27. 

The dimensions of reducing units for a lead thickness of 200 mm are given in tables 37 and 38. 

NOTE - The flange is optional. lt facilitates handling of the reducing unit, increases biological protection around the mounting and allows the reduc- 
ing unit to be fixed in its aperture brick. 
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0 
a 

: 

a) Category 1 b) Category 2 

Figure 27 - Reducing units 

Aperture brick 

mm 

Reference 
number 

300 x 300 
I 

4vo 602 

400 x 400 
I 

4vo 604 

Table 37 - Category 1 reducing units’) 

Di 

External mounting2) 

hl DO E 

Internal mounting 

F di l 4-n dO e 1 f 

mm 

266 - 270 95 
I 

101 - 172 101 
+ flange 

170 97 

366 - 370 95 
101 

- 
+ flange 

266 270 101 95 
I 

- 
Approximate 

mass 

kg - 
85 

135 

1) These reducing units have a flange (for the dimensions of the flanges, see table 35). 

2) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary clearance for 
installation. 
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