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Foreword

1991 (E)

ISO (the International Organization for Standardization) is a worldwide federation of
national standardls bodies (ISO member bodies). The work of preparing International
Standards is nofmally carried out through ISO technical committees. Each member
body interested ih a subject for which a technical committee has been established has

the right to be

presented on that committee. International organizations, govern-

mental and non{governmental, in liaison with ISO, also take part in the work. ISO

collaborates clo
matters of electr|

Draft Internation
the member bo
approval by at Ig

International Sta
Nuclear energy,

ely with the International Electrotechnical Commission (IEC) on all
btechnical standardization.

al Standards adopted by the technical committees are circulated to
Hies for voting. Publication as an International Standard require$
ast 75 % of the member bodies casting a vote.

ndard ISO 9404-1 was prepared by Technical Committee ISQ/TC 85,
Sub-Committee SC 2, Radiation protection.

1SO 9404 will co

ist of the following parts, under the general title Enclosures for pro-

s
tection against /}‘)nizing radiation — Lead shielding units for 150ymm, 200 mm and

250 mm thick w.
Part 1: @
Part 2: R

Annex A of this

/s :
hevron units of 150 mm and 200 mm thickness

ounded units of 150 mm, 200 mm_and 250 mm thickness

part of ISO 9404 is for information only.
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INTER

NATIONAL STANDARD

1SO 9404-1 : 1991 (E)

Enclc
Lead
walls

Part(1:

Chev

1.1 Scope

This part pf 1ISO 9404 specifies the properties of the various

lead unit
protectio

s|used in the construction of shielded enclosures- for
n|against ionizing radiation. The units dealt With are:

— baksic units: bricks, posts;

— fupctional units: aperture bricks,«~windows, sphere

units,

Only bric

this part

:Llugs and reducing units.

for walls of 150 mm thickness are standardized in
df 1SO 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.

separatel

in two se€tions for clarity. The 50 mm and 100 mm

The 150 :[-wm and 200~mm shielding units are dealt with
Y|

shielding

nits arésstandardized in 1SO 7212.

1.2 Classification

The units described in this part of 1SO 9404 are classified in
three categories:

ysures for protection against ionizing radiation.|—
shielding units for 150 mm, 200 mm and 250-mm) thick

ron units of 150 mm and 200 mm thickness

Section 1 : General

— Category 2: these are units which are
infrequently or for very specialized purpo
very frequently in one country and it is felt
become more widespread.

(The diagrams in figures 16 and 29 represe
ized units in category 2.)

either used very
s, or are used
hat this use will

ht the standard-

— Category 3: units which are acceptabl for a transition
period. These are units which are used ih one or a few
countries and which will be withdrawn from this part of
1SO 9404 after the transition period. This cdtegory may also
include units which were in category 2, but which became

less important and will be withdrawn a
period in category 3.

1.3 Designation

ter a transition

— Category 1: standardized units.

(The

diagrams in figures 7, 15, 28 represent the standard-

ized units in category 1.)

EXAMPLE

Aperture brick 1SO 9404-1 3V0 202

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.
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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
3Vv0 202:

a) st figure: lead thickness

3 = 150 mm 4 = 200 mm

b) letter: encasing profile

V = with chevrons R = rounded form

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 1ISO 9404-1 3V0 202

1.4 Specifications of the bricks

NOTE — In this part of ISO 9404, only the chevron shielding units are
standardized.
¢) 2nd figurd: assembly direction
1 = assempbly direction 1 (see 1.4)
2 = assembly direction 2 (see 1.4)
0 = two agsembly directions

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

NOTES

1 A unit which haq two different positions inside the shielding wall has
the same reference Qut, 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 hpve the same reference number: 3V0 100.

2 Throughout the [text, it is understood that

— aplain bricq is any module of brick having 100 mm x 100 mm
dimensions insefted 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 casles mentioned in note 2, the last three figures
are fixed in series|according to table 1.

Thble 1 — Series allocation

41T General

The dimensions of the category 1 and 2 bricks have bgen stan-
dardized in order to ensure a 100 mm by 100 mm moglule’ on
installation and, if necessary, to allow_ staggered jo|nts [see
figure 1 a)l.

a) Staggered joints

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

Uni " /,_1_,,’—"'/"1

- : ts Series T—”T
Plain bricks 100 to 119 |+
Corner bricks 120 to 149 1 4T
End bricks 150 to 159 |
Square bricks 170 to 179 ///
X bricks 180 to 189 -
Posts 190 to 199 |1
Circular aperture bficks 200 to 219 ’///
Square or rectangtrlar aperture bricks 250 to 269 |
Circular windows 300 to 319 4+
Square and rectangular windows 350 to 369 —
Sphere units 400 to 419 L | —
Plugs 500 to 519 t/ —

b) Straight joints

Figure 1 — Assembly of bricks
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The bricks have two assembly directions (see figure 2):

— assembly direction 1: chevron pointing Looking for facilitating decontamination. There shall be no cavities.
upwards to the right at the . . . .
o enclosure The properties of the lead used for the bricks are given in
— assembly direction 2: chevron pointing table 2 .
from the ’
upwards to the left .
outside
Table 2 — Properties of the material
Minimum density Percentage of Minimum
1) of the lead antimony hardness
ad > (2) 109 g/cm3 1) 4+05 9,5 HB2

ISO 9404-1 : 1991 (E)

The surface roughness of the faces is R, quality 2,8 or better
(see ISO 468 and 1SO 1302), to give the surface finish required

ligIan

Figure 2 — Assembly directions of bricks

It is reconpmended that the same assembly direction be used for
the entirel shielding wall but, if it proves necessary to use the

reverse d

The uni
commonl

rection, special bricks are used for the join (see 2.1).

1) This value is not the theoretical value, but-that

bbtained by direct

measurement at 20 °C on commercially available

Linits.

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 monthg-after manufactufe.

1.4.3 Profile of thé chevron

The specifications, relating to the chevron are
Figure 3 shows anyexample of a three-chevro

given in table 3.
h brick.

Table 3 — Specifications of a chievron

A diagrar of the basic units of category 1 is given in figure 7. Angle of Thickness T°":)’:"ce
the chevron o height H o?‘nfgl:;
i i and length L
1.4.2 ]ropertles of the material Male | Female . mn?
ts|are made out of a antimonial lead alloy, but they are 900+ 15| ggo O, 50 0 102 90° 4 10
v designated as “lead shielding units”. 0 —15 -05 ’
+15'
90° 0
’
90 £10
T
N o
— 14
e L
e~

90° -

Figure 3 — Example of a three-chevron ordinary plain brick
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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 (see figure 4).

,M

VL/L

Figure 4 — Example of functional'unit with four chevrons — Aperture brick
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Section 2 : Lead shielding units — Thickness 150 mm

2.1 Categories 1 and 2

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

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.

2.1.1 Plain bricks

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

Table 4 shows the standardlzed dlmensmns of category 1,

Because R I the designation
nor 1/4 plain top brlcks are manufactured with a three chevron of bricks is 100 mm X 100 mm.
Table 4 — Category 1 plain bricks
Dimensions Approximate
Type Reference number mm Diagram mass
H L kg
Base plaifi brick! 3V0 100 100 100 m 19
- /\y A A
1/2 base [plain brick2) 3v0 101 100 50 | 9
|
J
7
Ordinary plain brick 3V0 102 100 100 m 16
N, B
100 50 I
i
A
1/2 ordingry plain bri¢k3) 3v0 103 8
50 100
4 }
S |
1/2 top plain brick4) 3V0 105 50 100 6

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

4) Identical to the 100 x 50 1/2 right-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.
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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 1 corner bricks

Dimensions

mm Assembly Approximate
Type Reference number H Ly Ly Diagram direction*) mass
Re-entrant| Projecting g
chevron | chevron
| T

Base corner brick 3V1120 100 200 150 Ve Y (%8} B7
< L — -

Base corner brick 3v2 121 100 200 150 (2) 7
o | =—

Ordinary corner bfick 3V1 122 100 200 150 .‘ (nm 3
—

Ordinary corner bfick 3Vv2 123 100 200 150 .‘ (2) 3
-

~—~ /\y\
1/2 top corner brick 3VT 126 50 200 TS0 ~Lo— (AR 2

1/2 top corner brick 3v2 127 50 200 150 @ (2) 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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2.1.3 End bricks

1SO 9404-1 : 1991 (E)

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

Dimensions Approximate
Type Reference number mm Diagram mass
H L kg
A
Left-h di
ond by e 3v0 100 100 100 ::5 19
- ) // e
1/2 left-Hand ordinary gy
|
1,’\’ | /’
| %2 ,\‘l/ -
1/2 right{hand ordinary
end brickp) 3v0 105 100 50 ‘! g 6
1 u

1) Ident|cal to the 100 x 100 base plain brick (see table 4).
2) Ident|cal to the 100 x 50 1/2 base plain_briek (see table 4).
3) Ident|cal to the 50 x 100 1/2 top plaifi brick (see table 4).

2.1.4 Special bricks

Special bficks are used to_reverse the assembly direction and are made for walls of 50 mm lead thickness; for Wvalls of 150 mm

thickness

three specialsbricks 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.

(2)

/

1
0

Figure 5 — Assembly of square bricks

(2)

/

Figure 6 — Assembly of X bricks
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2.1.5 Posts

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

When used, external tie rods and rigid angle bars can 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)"

Section
mm Approxinate
Type Reference number Ly Ly Diagram ma
Re-entrant Projecting kg
chevron chevron
N
Corner post 3V0 190 150 150 . 250
' o
T-post 2MF
(2 male, 1 female) 3V0 191 150 150 - 270
T-post 2FM
(2 female, 1 male) 3V0 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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| 1V0 157
L —3V0 105
L —1V0 155

TT3v2 127

=

-~

nits for walls 1560 mm thick

T
: 5
£ 2
[72]
= ©
» o
5 -
k=] >
172} 1SS
o <)
Q =
9 g
r ©
3]
-
[}

| diagram of disposition

Figure 7 — Genera
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2.1.7 Aperture bricks

Externally, three-chevron aperture bricks are square or rectangular and their internal dimensions are standardized so that the units
they hold may be interchanged (see figures 8 and 9).

The dimensions of aperture bricks for a lead thickness of 150 mm are given in tables 8, 9, 10 and 11.

Figure 8 — Aperture brick for circular units

Table 8 — Category 1 aperture bricks for circular units

Approximate
A A
Reference numper x4 X di do ¢ S mass
mm kg

3V0 200 200 x 200 112,56 170 172 72 76,25 30

3V0 202 300 x 300 162,5 266 270 70 76,5 50

3V0 204 400 x 400 212,5 366 370 20 76,5 90
NOTE — If, in spetial cases, an aperture brick is turned through 180° around the axis of the aperture to change the direction of assembly, i{ 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 brlck.

Table 9 — Category 2 aperture bricks for circular units

A x A X d d, e 7 Approximpte
Reference number mass
mm kg
3V0 207 200 x 200 112,56 150 160 75 75 30
3V0 209 250 x 250 137,56 195 205 75 75 50
3V0 21 300 x 300 162,5 240 250 75 75 70
3V0 213 350 x 350 187,5 285 295 75 75 110
NOTE — If, in special cases, an aperture brick is turned through 180° around the 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.

10
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External \\ Internal

b) Category 1, without step

External \\ Internal
]
o)
X
o
c) Category 1, with step (e = f)
Internal External !

. axb
- xd

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

Figure 9 — Aperture bricks for square and rectangular windows

"
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Table 10 — Category 1 aperture bricks for square and rectangular windows

AxB Window mounting
x .
X Type and shape Approximate
Reference number a | b | c | 4 j e | f of window mass
mm kg
Rectangular
1)
3V0 263 600 x 800 455 655 455 655 150 0 400 x 600 145
Rectangular
1)
3V0 264 800 x 1000 655 855 655 855 150 0 600 x 800 370
3v2 265 600 x 900 491 | 791 | 511 | 8n 75 | 75 Rectangular 1652)
QU0 > /UL
Rectangular
421 on 7 330 x 420 external
3V2 266 550 x 650 1552)
41 531 75 330 x 420 internal
Rectangular
691 891 75
500 x 700 external
3Vv2 267 800 x 1000 - 2002
711 9N 75 600 x 800 internal
1) No step.
2) These aperturg bricks are made solely of steel.
NOTE — If, in spetial cases, an aperture brick is turned through 180° around the vertical axis of the aperture to change the direction of asgembly,
it should be noted tthat, taking into account the chevron, the centreline of the aperture is offset 25 mmi‘from the centreline of the face of th brick.

Table 11 — Category 2 aperture bricks for square and rectangular windows"

A B Window mounting
x .
Type and shape Approximpate
Reference numbdr a | h J c I d J e l ;,_f“_____ of window mass
mm kg
Rectangular
455 | 655 100 400 x 600 external
3V1 268 650 x 850 e - 305
555 755 50 500 x 700 internal
Rectangular
565 AR 50 500 x 700 external
3Vv1 269 750 x 950 e —] 345
655 855 100 600 x 800 internal

1) Unlike categoty 1 aperture bricks, categdry 2 aperture bricks have an inner redan [see figure 9d) and the note to figure 11d)].

2.1.8 Windows

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

The minimum thidknessof glassis 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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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.

1SO 9404-1: 1991 (E)

7

Figure 10 — Circular window

Table 12 — Category 1 circular windows

Window mounting? Flange Glass
Apertute brick R:Zf::::e D | b, | £ F D g DV | Density? Appr'::;:‘ate
mm mm g/cm3 kg
200 x 200 3V0 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 % 400 3V0 304 366 370 70 76,5 521 188 330 5,2 310

installation.

2) The values correspond to-measurements performed at 20 °C on commercially available units.

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

Table 13 — Category 2 circular windows

Window mounting! Flange Glass
£ Reference - 2) Approximate
Apertute brick number D; D, ‘ E | F D g DV Density: mass
min mm g/cm3 kg
200 x 200 3Vv0 307 150 160 75 75 320 210 130 5,2 110
300 x 300 3Vv0 311 240 250 75 75 410 210 220 5,2 210

installation.

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

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

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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cxd
axb
h'x!l'
|
hxl

a) Cut
/ m ~ [n T™
] X 4 . _ | X x 4 N
< < =
<
b) | Category 1, without step c) Category 1, with step
Zh’
-
z
- NOTE — These assemblies corresgond to
<@ 4 — 4 X the combined use of two existing windows
- T /= ‘é 3 \X' —H—— = of 50-mmrand- 06 mmrthickness: inuisuse,
< < only the outer window is demountable,
whereas the inner window is permanently
fixed in the wall.
d) Category 2, fixed e) Category 2, combined windows

Figure 11 — Square and rectangular windows

14


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

1991 (E)

1SO 9404-1

'UO.IISED JO ABd

'C9E OAC PUE08E OAL SMO(
"L9E 0AC(PYE 09E OAL SMO(

"'SMOPUIM B|CB[IBAR A||BIIBWIWOdAMD" ), OZ 18 paulioiad siu

‘uolje||eisul 1o} soueses|d Alessadau ayi Aq paonpai aq |leys Aayl adi1oead Ui Holig ainliade 8yl Jo suoisud

s apew ale sBuisNOY SMOpuUIM asay] (9
um JeinBueloas JO WalSAS paulquio) (G

uim JejnBuelodas Jo walsAs paulquio)  (

‘dals oN (€

WaINseaw 0} puodsaliod sanjea 8yl (g

Ip 9y} ale aiay UaAIB suoisuswIp 8yl (|

T T T T 1
8|geunowsq
QOvL L z's ] 00L 009 00§ ogl Glz | ozl L | oz Gz, ‘ 6. _ L6 _ Lz i 168 i 169 LIEONE 000 L X 008
a|qelunowsaq _
(909L z's Yy ozvy 0ge 0ge - Gz | 0L 049 SL _ SL _ Leg _ Ly f LG _ Ly 99€ OAE 099 x 0§69
T T T T T
8|gelunowsaqg
©90LL 1 Z's DL 00 ooy 00 - G1Z | 020 L %~ 02, gl A 74 i 118 _ LS ﬁam v L6y G9E OAE 006 x 009
T T T T T
s|geiunowsa
085 1 z's p8 008 009 009 - gzz {0901 | 098 | ¢— ' 05l 568 _ 659 M 568 _ 559 (GV9E OAE 000 L X 008
T T T T T
ajgelunowsaq
0oL 1 z's D9 009 0o 00 - 96l | o8 0.9 e~ 051 g59 i GG _ 559 w a6 (E9E OAE 008 X 009
T T T
paxi4
09¢ Z's 74 174 Gl Ghl S~ oLz | sev gze €= 0G1 - ; - _ - ﬁ - Z9E TAE 00€ X 002
B gwd/B ww ww
ssewl aquinu
ajew (eAMsueQ [ _ ! _ M ; ) s _ d _ q A v s _ ? 4 P _ 7 4 a v 4 8oualajay Houq aindady
-Ixoaddy ssejo awely |eusalxy ( Bununopy !

smopuim Jeinbuelosas pue asenbs | Aiobaleny — p| s|qe]

15


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

1991 (E)

1ISO 9404-1

"(09€ OAL) SsauXO!
"(L9E OAZ) ssaudly

1 Www g 40 Mopuim Buiisixa Ue pue (Z9g OAZ) SSeUMdIYyl ww QL 40 Mmopuim Bupsixa/Ue 40 asn paulquiod ayl Ol S

) Ww QoL 40 Mopuim Bunsixa Ue pue (0gg OAL) SSBUMDIYL WW G O mopuim Builsixd) ue Jo asn psuIquIod 8yl 01 S

"'SMOPUIM 3[ge|leAe Aj|e1oiawwiodnlo.),0g 18 paw.oylad sjuswainseaw

uodsanod Ajquasse siyf (p
uodsali0d Alquwiasse siyl (€

b1 puodsa.i0d senjea ay) (g

‘uone||esul 1oy souelesld Alesseoau Byl AQ padnpas aq |jeys Asyl adiorsd ul youq einpede 8yl jO SUOISUBWIP 8y} ale alpy usAlb suolsuswip 8yl (]

05z L q's “ul 008 009 00¢ S90 L G98 _ mmc_anu_
d's ‘1X8 00L 005 oclL 0.6 0LL ool 05 G688 _ S99 _ 51574 7 jeieie) (p09E OAE 056 x 0SL
05z | q's "l 00L 005 oct 0.6 0LL _ mmc_n_Eoo_
q's X8 009 0014 (44 049 G08 05 ool SSL _ siie] k eieie] i f£¢14 (£6SE OAE 088 x 099
_ vmv_ﬁ _
029 q's ozy oge oLz | 009 0l - - - _ - _ - _ - 8GE TAE 00§ x 00F
. nmw_“_ _
(0744 q's oee 1774 0Lc 0Lg 5144 - - - _ - _ - w - LGE TNE 00F x 00€
_ vmv_ﬁ _
ove q's 2174 5174 0lg ecy 5147 - - - _ - — - _ - 9G€ TAE 00€ X 00€
T t t
paxi4
00c q's Spl Sl (1]¥4 574N 145 - - - ‘ - _ - _ - GGE CAE 00Z x 00C
B ewWo/6 wuw ww
HM“ (ZMBueq ! Y 3 _ q _ Vv ra 4 2 _ p _ 2 _ q _ 4 o HM_.‘_M”M.“_ )o11q ainjady
-ixoaddy sse|9 awely |eulaixy ( Bununopy

smopuim Jeinbuejoas pue aienbs g Alobalen — G| a|qel

16


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. It facilitates handling of the sphere unit, increases biological protection around the mounting and allows the sphere
unit to be fixed in its aperture brick.
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o o
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a) Category1 b) Category2
Figure 12 — Sphere units
Table 16 — Category 1 sphere units
Sphere unit mounting?! Flange Sphere unit .
Reference d Approximate
i 5
Aperturp brick number D; D, E F D g Dy 4 tong mass
min mm kg
14
300 A 300 3V0 402 266 270 72 76,25 320 43 200 202) 115
333)
1) The flimensions given’here are the dimensions of the aperture brick; in practice they shall be reduced by the necessary clearancg 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
articulatep tong.
3) A sphere_unit for a 33 mm diameter tong can receive reducing units to accommodate 20 mm or 14 mm diameter tongs.

Table 17 — Category 2 sphere units

Sphere unit mounting' Flange Sphere unit .
Approximate
Reference d
Aperture brick number D, ] D, ] E | F D & Dy o ufng mass
mm mm kg
300 x 300 3V0 411 240 250 75 75 270 -3 215 ;gz) 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.

17
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2.1.10 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. It facilitates handling of the plug unit, increases biological protection around the mounting and allows the plug unit to
be fixed in its aperture brick.

=) o -
Q Q| Q
N
T
a) Category1 b) Category2
Figuré 13 — Plugs
Table 18 — Category 1 plugs
Plug mounting" Flange A imat
i Reference pproximate
Apertyre brick number D; l D, | E L F D g mass
mhm mm kg
200 |x 200 3Vv0'500 170 172 72 76,25 220 34 45
300 |x 300 3V0 502 266 270 70 76,5 320 43 110
400 |x 400 3V0 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
necesgary. clearance for installation.

Table 19 — Category 2 plugs

Plug mounting! Flange A imat
. Reference pproximate
Aperture brick umber D, l D, | E F D P mass
mm mm kg
200 x 200 3V0 507 150 160 75 75 without flange 30
250 x 250 3Vv0 509 195 205 75 75 without flange 50
300 x 300 3v0 511 240 250 75 75 without flange 80
1) The dimensions given here are the dimensions of the aperture brick; in practice they shall be reduced by the
necessary clearance for installation.

18
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21.11

See figure 14.

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

1SO 9404-1 : 1991 (E)

NOTE — The flange is optional. It 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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a) Category1 b) Category2
Figure-14 — Reducing units
Table'20 — Category 1 reducing units?
. 2) -
- Reference External mounting Internal mounting Approximate
Apertyre brick number D; l D, l E I F d; | d, I e I f mass
rpm kg
70 | 765
300 [x 300 3V0 602 266 270 + flange 170 172 72 76,25 70
70 | 765

400 [x 400 3v0\604 366 370 + flange 266 270 70 76,5 120
1) Thése reducing-units have a flange (for the dimensions of the flange, see table 18).
2) Th¢ dimensions ‘given here are the dimensions of the aperture brick; in practice they shall be reduced by the necespary clearance for
installaion.

Tabte2+—Category2 reducing-units’
. 2) -
Rt External mounting Internal mounting Approximate
Aperture brick :u‘:':i'::e D; I D, l E | F d; | dy I e I f mass
mm kg

250 x 250 3V0 609 195 205 75 75 150 160 75 75 20

300 x 300 3V0 610 240 250 75 75 150 160 75 75 45

300 x 300 3V0 611 240 250 75 75 195 205 75 75 30

350 x 350 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.

19
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2.1.12 Assembly of functional units

A general diagram of functional units for 150 mm lead thickness is given in figure 15 for units of category 1 and in figure 16 for units
of category 2.

In each of the diagrams, units such as aperture bricks (circular, rectangular and square), windows, plugs, sphere units and reducing
units have been illustrated.

NOTE — All units are represented in their usual assembly direction, but they can be reversed, except for
— in category 1 : 3V2 352

— in category 2 : 3V2 355
3V2 356
3v2 357
3Vv2 358

which are fixed unitg.
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Figure 16 — General diagram of functional and corner units for 150 mm lead thickness (category 2)
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2.2 Category 3

2.2.1 Plain bricks

Each type of plain brick can 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.

Table 22 — Category 3 plain bricks

Dimensions Approximafe
Type Refer%nfe mm Diagram madss
numbe H L Kg
Base plain brick 3Vv0 110 15 100 4 -
Top plain brick 3v0 112 85 100 12
2.2.2 Clorner bricks
The dimemsions of category 3, three-chevron corner bricks are given in table 23.
Table 23 — Category 3 corner bricks
Dimensions
mm .
Approximate
Type R@qrence H Ly Ly Diagram m3ss
number L
Re-entrant | Projecting kp
chevron chevron
Baseptaimrbrick 3vt+140 5 200 150
Top corner brick 3V1 142 85 200 150 23
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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 unitsin 2.1.1 to 2.1.5 of this
part of 1SO 9404.

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

Figure 17 — Examples of wall construction with plain bricks

1 S % o
s o g 2 & o
N -
2r 121D 5 1
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 td provide a framework for brick enclosures.

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

A corner post and two T-posts with four chevrons are standardized (see table 24). However, corners for 200 mm thick enclosures can
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.
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w
J

Key
A One-dhevron corner posts
B Two-¢hevron corner posts

C Threefchevron corner posts

Figure 19 — Examples of corner construction using posts

Key

A One-thevron corner posts.

B Two-chevron T-posts, TM2F (1 male, 2 female)

C Three-chevron T-posts, 2M1F (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
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Table 24 — Category 2 posts (assembly direction 1)"

Dimensions
mm .
Approximate
Type Reference L, L Diagram mass
number =2 k
Re-entrant | Projecting 9
chevron chevron

Corer posts V0190 200 200 430
T-pgsts (2M1F) 4V0 191 200 200 465
T-pgsts (1M2F) 4V0 192 200 200 410

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

3.1.3 Aperturg bricks

Externally, four-cHevron aperture bricks areSquare or rectangular and their internal dimensions are standardized so that the uhits they
hold may be interghanged (see figures 24.-and 22).

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

f—
AxB
e d
:
d,
x|
-
A xB
e d
|
m
~ a,
|

a) Space view b) Category1 c) Category2

Figure 21 — Aperture bricks for circular units
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b) Category 1, without)step
External Internal 1}
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c) Category 1, with step (e = f)
e  f
ngernal l\& External N DN
[%\ N )
X —+ X
n []
NN

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

Figure 22 — Aperture bricks for square and rectangular windows
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Table 25 — Category 1 aperture bricks for circular units

Reference A x B X l di l dm | do ] e | S App;:);(;:\ate
number mm kg

4v0 200 200 x 200 112,5 170 i 172 97 101 40

4V0 202 300 x 300 162,5 266 — 270 95 101 70

4V0 204 400 x 400 212,5 366 — 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 A X B X I di I dm do I € l S App::;?ate
npmber
mm kg
4)/0 206 150 x 150 87,5 100 107 114 65 65 30
4\0 207 200 x 200 112,56 140 150 160 65 65 50
4)/0 209 250 x 250 137,5 185 195 205 65 65 70
4y0 211 300 x 300 162,5 230 240 250 65 65 100
4P0 213 350 x 350 187,5 275 285 295 65 65 130
4P0 215 400 x 400 212,5 320 330 340 65 65 160
4P0 217 450 x 450 237,5 365 375 385 65 65 190
NOT — If, in special cases, an aperture brick is turned through 1802 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 27 — Category 1 aperture bricks for square and rectangular windows
Window mounting Apprdximate
A
Reference x B a b I c I d e 7 Type ar‘1d shape mhss
number of window
mm kg
Rectangular
1)
4V0 263 600 x 800 455 655 455 655 200 400 x 600 195
Rectangular
_1
4V0 264 800 x 1000 655 855 655 855 200 600 x 800 295
Rectangular 402)
4V0 265 600 x 900 491 791 511 811 100 100 400 x 700 240
421 511 — — 100 —
4V2 266 550 W 650 330 x 420 external 2052)
- — a41 531 — 100 330 x 420 internal
| wla]wd FaleYal 4 1
691 291 — — 100 — 525——686-externat
600 x 800 ext |
av2 267 800 x 1 000 or o7 x T externa 2702
— — 711 911 — 100 600 x 800 internal
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 256 mm from the centreline of the face of the brick.
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Table 28 — Category 2 aperture bricks for square and rectangular windows1

Window mounting
Reference A x B b d l
number

e l f Type a|.1d shape
of window

Approximate
mass

kg

Rectangular
455 655 - - 100 - 400 x 600 external
4V1 268 750 x 950

Rectangular
_ - 655 855 N 100 600 x 900 internal

600

L0060 FoYa¥

655 855 — _ 100 - Rectangular

4v1 269 750 x 950 600—~—800-externat 240

Rectangular
_ — 655 855 - 100 600 x 800 interfal

1) Unlike|category 1 aperture bricks, category 2 aperture bricks have an inner redan [see figure 22d) and the note)to figure 24].

3.1.4 Windows

The minimum average density of the glass at 20 °C is 4,2 g/cm3 * 0,02 g/cm3 at‘the’ internal side (stabilifed glass) and

5,2 g/cm3 | 0,02 g/cm3 at the external side.

Because ofthe instantaneous dose rate which can be reached, in enclosures with 200ymm thickness walls, the first slalp of glass of the

internal side¢ of the window shall be stabilized.

The minimyim thickness of glass for category 1 and 2 windows is 165 mim/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 dource.

In certain cirgumstances, and particularly at lower energies, this may resuit 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 Cifrcular windows
See figure £3.

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

NOTE — Cirpular windows are demountable.
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b) Category1

Figure 23 — Circular windows

Space view

c) Category2

Table 29 — Category 1 circular windows

- foronce Window mounting! Flange Glass - Approjimate
Aperture brick number D; l D, | Dy I E , F D g DV Density2) st
mm mm g/cm3 kg
200 x 200 4V0 300 170 = 172 97 101,25 404 270 140 4,2 and 5,2 216
300 x 300 4V0 302 266 — 270 95 101,5 486 270 230 4,2 and 5,2 32D
400 x 400 4V0 304 366 — 370 95 101,5 560 270 330 4,2 and 5,2 47D

2)

The values corrpspond to medsurements performed at 20 °C on commercially available windows.

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

Table 30 — Category 2 circular windows

. '  Bronce | lNind:aw mounting?) | Fla?ge Glass Approimate
Aperture brick number B; Pm [ o £ F 2 g DV Density4! mass
mm mm g/cm3 kg
200 x 200 4V0 307 140 150 160 63 67 400 336 120 4,2 and 5,2 250
300 x 300 4V0 311 230 240 250 63 67 490 335 210 4,2 and 5,2 400

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

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

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.

30
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cxd
axbh

thl
AxB

a) Cut
Q
%
<
B
b) Category 1, without step c) Category 2, with step
— | @
| S - x| x
i<
. 9 |
d) Category 2, fixed e) Category 2, combined windows"

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. It facilitates handling of the sphere unit, increases biological protection around the mounting and allows the sphere

unit to be fixed in its aperture brick.
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Figure 256 — Sphere units
Table 33 — Category 1 sphere units
Sphere unit mounting! Flange Sphere unit
Apprdximate
Reference d pprg a
Aperture brick mamber D, De, D E E D = Dy U LU5| e} mass
mm mm kg
14
400 x 400 4V0 404 366 - 370 101,5 95 430 60 300 202 300
333)

articulated tong.

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

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
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Table 34 — Category 2 sphere units

Sphere unit mounting! Flange Sphere unit
Approximate
. Reference dg
Aperture brick number D; Dy, Dy E F D g Dy ¢ tong mass
mm mm kg
400 x 400 4V0 415 320 330 340 63 67 400 -2 290 ;33, 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 pagsage 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 articulatgd tong.

3.1.6 Plugs
See figure 26.
The dimensjons of plugs for a lead thickness of 200 mm are given in tables 35 and 36.

NOTE — Thd flange is optional. It facilitates handling of the plug, increases biological protectiofiaround the mounting and allows tHe plug unit to be
fixed in its agerture brick.

a) Category1 b) Category2

Figure 26 — Plugs
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Table 35 — Category 1 plugs

Plug mounting! Flange i
Ref Approximate
Aperture brick eterence D; I Dp, l D, I E l F D ol mass
number
mm mm kg
200 x 200 4V0 500 170 - 172 97 101 220 34 60
e

300 x 300 4V0 502 266 — 270 95 101 320 43 140
400 x 400 4V0 504 366 - 370 97 101 430 60 275

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 36 — Category 2 plugs

Plug mounting' Flange Approximate
Aperturd brick R::lf;:i'::e D; l Dy, J Dy l £ I F . ? B _l,,, b mass
mnj mm kg

150 x |150 4V0 506 100 107 114 65 67 without flange 20

200 x |200 4V0 507 140 150 160 65 67 without flange 40

250 x [250 4v0 509 185 195 205 65 67 ‘without flange 65

300 x [300 4V0 511 230 240 250 65 67 without flange 100

350 x [350 4V0 513 275 285 299 65 67 | without flange 140

400 x |400 4V0 515 320 330 340 65 67 without flange 180

1) The dimensions given here are the dimensions of the aperture bricky in"practice they shall be reduced by the necessary

cleararice for installation.

3.1.7 Reduc|
See figure 27.
The dimensions|

NOTE — The flan
ing unit to be fixg

ng units

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

e is optional. It facilitates handling\of/the reducing unit, increases biological protection around the mounting and allow:
d in its aperture brick.

the reduc-
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Figure'27'— Reducing units
Table 37 — Category 1 reducing units'
External mounting?) Internal mounting .
Reference Approximate
Aperture Hrick number D; \ Dy, l D, l E | F di l dm I dy \ e \ f mass
mm mm kg
95 | 101
300 x 300 4V0 602 266 — 270 170 — 172 101 97 85
+ fllange
400 x 400 4V0 604 366 — 370 % | 101 266 - 270 101 95 135
+ flange

1) These[redugingunits 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 necessar

clearance for

installationt
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