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TITLE OF THE INVENTION

ELEC”RO!AG\—TICALLY SHIELDED BUILDIV'

BnCKGnOUHD ‘OF THE IVVEWTION

This xnvnn.xon relates ‘to a bullding having an

electromagnetic shxeld structure well-suited for
application to an iﬁ!ormation network system utilizing
electromagnetic waves, and more particularly to an

electromagﬂe 1ca’1y shislded building for enhancihg the
electromagnetic sblelding perfornance 6: an external

wall.-

In many =6de:n‘bui1dings, information generally is

communicated between the interior and the ocutside of
the building by making joint use of information
communicating ecuizment such as multiple electronic

exchanges and computers. With the increasing value of

information, diversification of user needs and
increasingly individual nature thereof, the amount of
Lnformatxon involved in such comnunxcatxon is growzng.

Under these circumstances, how to transmxt the
necessary information rapidly and at low cost where

large—scale buxldxnas are involved has become of prime

importance. 1In an effort to satisgfy this need, data

hxghway—tyoe anormatxon netuor{s utxlxzxng optxcal

Eiber cables or coaxxal cables have been studied and
proposed.

However, with a data highway'system utilizing

optical fiber cables or coaxial cables, the cables must

be stretched throughout all parts of the building to
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reach the various pieces of communication equipment.
Extra time is needed to complete the vo:ﬁ-and
additional expenses arce :equired.to lay.these cables.
If electromagnetic Qaves are used Eo tfﬁnsniﬁ

information within the building, laying cables is

unnecessary but the'radio waves are limited to a certain

range owing to the emission of electrical noise waves from

such a building. Another problem is that the '

.

communication systea =ay =alfunction due to electric waves
from outside the building, television 1nternediate.
frequegcies from inside the bullding, electric waves from
wireless micropkones, and the like. ’

SUMMARY OF THE INVENTION

An objeét of the present invention is to provide an
electromagnetic shieléed buildlng.in which information
can be ccmmunicated using electric waves of any
frequency aover a wide range of frequencies.

Another object of the present lnvention is to
provide a method of electromagnetically shielding a
building. .

Still another object of the presant invention is’
to provide an electromagnetic shielding structure of an
external wgli emplaying a curtain wall, 1in w@ieh an )
external wall using a curtain wall the structure

whereof is similar to that of the conventional curtain

form of a perfect
electromagnetic shielding layer.
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In accordance with a preferred 'embodiment of °the
invention, there is provided an elet.:tr:omaqnetically shield;ed
building conmprising a building portion cons'tituted by an
electromagnetic sh.ieldinq struc‘t:.ure, all or a part of the

building being formed as an

electromagnetically shialdecli space, communications equipment
for communications within the building, and an electromagnetic
signal transmission medium in the sx.aielded space arranged so
that sets‘ of the communications equipment communicate with
each other within the building using electromagnetic waves
transmitted through the transmission medimm.

According to other embodiments of the invention, the
outex peripheral of the electro:agneticaliy shielded building
is constituted by an electromagnetic shielding structure
comprising ferrite-containing concrete, or mesh-containing
concrete.

According to another preferred embodiment .of the
building, the outer peripheral walls of the building are an
electr'omagnetic. .shielding structure, and electromagnetic'
curtain walls are fixed to the outer building walls by anchor
bolts and metal taste.nei:, affixing an electrically conductive
annular ri:ng to a side face ot the curtain wall, and
électrically iﬁtegrating mutu‘ally adjacent curtain valis.

According to another preferred embodiment of the

building, the signal transmission medium comprises a coaxial
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cable laid so as to pass through each floor of tne building,
and leakage .coavial cables or antennas stretched along the

céiling of each .floor and connected to the craxial cable via
branching devices. .

. In accordance with the invention, the.body of a
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building is constructed of concrete containing an
electromagneélc shielding member. 1In another

method, the

external wall of a bullding is’ constructed of PC, precast

concrete, panels having.an imbedded mesh, the mesh in the

PC panels is eléctrically connected to fixing members of

the building boég, and the PC panels of upper and lower
floors are electzically connected and greceaded.
Alternatively, use is_madg of curtain yalls con*::ﬁc:ed
of electromagnetic shielding memders and fixed to the
body of a buillding by anchor bolts via métal £ast€ners.
Electzically conductive cushions axe afSixed to the
side faces of the curtain walis,'aqi neiéhboring
cu:tain‘walls are eléctrically integrated t§ fora an
electromagnetic shielding space. The communication
system includes a cpaxial ca?le laid so as to pass
through the floors of the bqilding, leakage coaxial
cables stretched aiong the ceiling bf each floor'and
connected via to the coaxial cable branching devices,
and antennas. These cables énd antennas are gmploied
as a transmitting medium to permit communication within’
the building by utilizing electric waves. -

Ig accordance with Fﬁe above:de§cribed .
arrangements., the invention Slocks elect:ié Qaves at
the body of the building by the formation of an
electromagnetic shield. As a result, electrié waves
will not leak from the building even if information is

communicated within the building using any desired

‘Erequency over a wide freguency band. 1In addition,
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communication equipment within the building ‘will not
malfunction due to eLectrlc,wavég penetratiqg the .
building from outside. When the mesh is impeddgd in
the PC panels, the Qeshes are electrica{ly ;onnecteh to
the fixing members of the building body ané the PC.
papels of upper and lower floors are eléctzically
Lntercoqnected and grounded;‘an electromagnetic
shielding.effect can be obtained at the external wall
of the.building through simple construction work.

If the curtain wall is adopted as the external
wall, a curéain wall having an electrowmagnetic

shielding function is used and the electrically

conductive cushion is affixed to the side face of the

curtain wall, Then, by securing the curtain wall to

the body of the building by the anchor bolts via the
metal fasteners, mutuallx adjacent curtain walls can be
py adopting this arrangement,
the external wall can be assembled through the
conventiénal method, i.e. by securing the curtain walls
to the metai fasteners by the ancﬂor bolts and then
assembling the external wall, at the sawe time that the.
enﬁirety of the external wall is fyrﬁished wigﬁ the
electromagnetic shielding property.

In the communication system, the leakage ccaxial
cables strqtchgd along -he ceiling of each floor serve
as antennas and the antennas are interconnected by a

coaxial cable via branching devices. As-'a result,

- electric wave signals emitted by the communication
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equipment on each 1105: are transmltied by .the antenéas
of the leakage coaxial cables and received.by the

communication equipment on other floors throush the

“antennas of the leakage coaxial cables on these other
" floors.

<
-

BRIEF DESCRIPTION OP THE DRAWINGS
Fig. 1

is a view for destribing an embodiment of a
building the body of which is electromagneticaily
shielded in accordance with the p:ésent invention; ‘

Fig. 2 is a'view illustrating an embodiment of tha
electromaénéhic shielding of a building body in
accordance with the présgnt invention;

FPig. 3 is a view illustrating another embodiment
of the electromagnetic shielding of a building bedy in
accordance with the present lnveﬂtion;

Pigs, 4A, 4B and 4C are views useful in aeséribing
the electromagnetic shield{ng of bullding openings in
accordance with the present invenﬁion;

Pigs. 5A and 5B are views for describing an

embodiment of another electromagnetic shielding method

-according to the present invention; and

Fig. 6 ls a view illustrating an embodiment of the’
electromagnetic shielding structure of an external wall
using a curtain wall in accordance with the present

invention.

.'DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiménts of the invention will now be described

with reference to the drawings.
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As shown in Fig. 1, a building in accordance with the-

invention.includes a body 1, pipe shafts 2-1 through 2-n

'fog eléctrical equipment (each electrical equipment pipe

shaft being referred to as an EPS hereinafter), a coaxial

cable 3, branching devices 4, leakage coaxial cables S,
and a grounding.plate 6. Figs. 2, 3 and {4, numeral 7
denotes a mesh-containing concrete, 8 a mesh, 9 .
ferrite-containing concrete, 10 ferrite, 11 a doorwayi
12 a revolving door, and 13 a window.

In the building shown in Fig. 1, the body 1 is

electromagnetically shielded, as indicated by the

dashed line in Fig. 1, in such a manner that electric

waves from communications equipment within the building

The leakage coaxial
cables 5 are stretched along each ceiling and are

connected to the coaxial cable 3 via the branching devices
4. By using electric waves'transmitted thréugh theée
cables, communication is possible among communicafions
equipment installed on each floor without requiring
that cables be laid to laterconnect the equipment. In
particular, if the entirety QE the building body 1 is
qunished with an elecﬁromagnetic shieldiﬁé capabili‘;
the transmission and reception of electric waves
between upper and lower flours will be blocked by the
body 1. For this reason, the leakage coaxial cables 5
are provided éo.éerform a relay function on each floor.
A community television cable ordlﬁérily used in

buildings can be employed as the coaxial cable 3, which,
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is passed thrbugh tﬁe EPSs 2-1 through 2-n, Though not
shown, a comnunity antenna :ls connected to the head end
6! the coaxial cable 3,Aand television receivers or the
like are connected't;‘fhe coaxial cable 3 ?ia the
branchi;g devices 4: Accordingly, a signal received
from the‘community antenna ls distributed by the
branching devices 4 via the head end and coaxial cable
3. ' '

In accordancé with the invention, the emission of
electri-al noise to the exterior of the building is .
eliminated by electromagnatically shielding the body 1.
Therefore, merely stretchirg the leakage coaxial cables
S along the ceiling of each floor as antennas ané
connecting them to the branchiﬁg devices 4 makes it
possible to freely use even electric waves in a
frequency band subjected to restrictions in accordance
with law, thus enabling these electric waves to be used
for the communication of information within the
building. The.lnbention thus makes it possible to
employ electric wave; of any economical, convenient
easy-to-use frequency band; ,

A specifié method of electzomagnetica}ly shielding
the body of a building is shown in Fig. 2, in which
the body 1 is constructed of concrete 7 having'an
imbedded mesh 8. An alternative is shbwﬁ in Fig. 3, in
which the body 1 is constructed of concrete 9 in which

ferrite 10 has been mixed. In a case where the body is

constructed of the mesh-containing concrete 7, a method
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using PC panels for the external wall, a method using
PC panels for the external wall for, or a‘metﬂod using
a mesh fogm can be embloygd. Generally,.kn én ofdiﬁary
building body, electric waves are attenuaiedfby S~ 20
dB.. Howéver.-lf the aforementioned ﬁetrrté-contain(ng
concrete or mesh-containing concrete is used to
construcf the body, as set forth abové, noise removal
in a building having such a body can be raised to 60
ds. This makes it possible to avo;d ehi;sion of "
electrical noise from the building and to p;event the
communication system'wlthin the building from being
adversely affected by electric waves from outside the
buiiding.
Even if the body of a building has an

electromagnetic shielding structure, the building has

openings in 1£s body, such as a doorway 1l and window

13, as shown in Fig. 4A, and electric waves péss'

through these openings. Accordingly, it is necessary
that these openings also be electromagnetically

shielded. To this end, a revolving door method can be

< employed, as.shown in Fig. 4B, or a double-door:éan be

employed, as shown in Fig. 4C.. 1In Ehg latter ﬁethod,
the linear propagation property of h§gh-;requency
electric waves is utilized to attenuvate the energy of
the elegtri; ya&es during their transit from the first
door to the second door, or an interlocked arrangemen£

is adopted in which one of the two doors is always kept

closed. At a windbw opening, it will scffice if the
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glass contains electrically conductive mesh or makes

- use of an electrically conductive tape that also

conserves energy. Adopting the_above-descrlbed

expedientg prevents electric waves from passing in and
6u£ of the buildiég throuéh the doorways and ﬁindo@s to
previde the overall building with an electro- '
magnetically shielded structuré.

Another example of an opening in the body of a

building is a duct. A duct can be electromagnetically

. shielded by using a metal mesh in the duct filter. As

for portioﬁs where gaps are formed, electromagnetic
shizslding can be provided by using an electrically
conductive rubber packing or electrically conéuctlve
brushes. These portions can be eleFﬁromagnetically
shielded by any appropriate method.

Figs. 5A, 5B are views for deécribing an
embodiment of another method of electromagneticaliy

shielding a building, in which 21 represents a PC

(precast concrete) panel, 22 a condﬁctor, 23 a

fastener, 24 a slab and.25 a mesh.

In Figs. 5A, 5B,, the mesh 25 having the conductor
22 led out therefrom it imbedded in the PC panel 21,

which is attached to the slab 24 by a fastener 23.

- When the PC panel 21 is attached go the slab 24, the

conductor 22 is connected to the fastener 23, and the

meshes 25 in PC panéls 21 of the upper and lower floors

-are electrically interconnected via the fasteners 23,

By grounding the mesh 25 in the PC panel 2l on the
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lowe;yASt floor, all of the meshes 25 in the PC panels
21 cove;iné the building are grounded.tq improve the
electromagnetic shielding berformance of the building.
. In addition to the above embodiments, it is of
cnﬁrse possible to provide an e;ternal'wéll Witﬁ an
electromagnetic ;hieldiag structure in accordgnée with
the invention. for example, if a curtain wall is used
as the exter;al wall, the prior-art structure is such
that cushién {an ;nnular ring) is attached to the side
.face of 5 conventional curtain vall,.a curtain wall
edge portion'is placed on the cushion, and Eﬁis is
fastened by securing aachor bolts to fasteners fixed to
the building body side. Thereforé, mutually adjacent
curtain walls will not be electficélly integrated
merely by constrﬁctlng an exgernal wall of curtain

walls using eiectromagnetic shielding members, and

electric waves wlll'lgak from the g&ps-between the

curtain walls. Thus, the.overall external wall will

have a very poor electromagnetic sh}elqing effect. An
example of an electromagnetic shieldin; structure
capable oflsoiving this problem will now be described.
Fig. 6 is a view showing an embodiment of an '
electromaghetic shielding structure of an exte;nal wall
using a chtain wall fér a building in accérdance with
the 1nventlon: .Numerals 31, 39 denote PC curtain
walls, 32, 34 anchor bolt;, 33 a Eastér, 34 an annulgr

ring, 35 a back-up member, 36 a caulking material, 37

. the beam of a steel frame, and 38 a crossover
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connecting wire., ’

.

Fig. 6 shows a transverse section of the

cannection between ép upper-side PC curtain wall 31 and

a lower-side curtaih wall 39. In the external-wall

.

structuge using the PC curtains walls shown in Fig. 6,
the Eas:éner 33 is secured-to the sfeel frame beam 37,
and the PC curtain walls 51. 39 are fixed to the
fastener 33 by anchor bolts 32, 40, By securing the PC
cartain walls 31, .39 to the fastener 33 with the
annular ring 34 affixed to the side face of the PC
curtain walls 31, 39, the gap between the panels is
closed by the annular ring wound on the side face, as
illustrated. A gap near the sgrface of the éxternal
wall is filled with the hack-up ﬁémber 35- and with ﬁhe
caulkiﬁg material 36 disposed on theiback;up member,

In the electromagnetic shieiding structure of an
external wall using a curtain wall in accordance w}th
thé invention, electroﬁagnetic shielding members are
used in the PC éurtaln.wallg 31, 35, the main body 1;
made an eleztromagnetic éhleldﬁng layetr, and an

electrically conductive cushion is used as the annular

ring 34.  In a case where the PC curtain wall has the

annular ring 34 affixed to the side face with an

electrical insulator layer interposed therebetween, the
annular ring 34 and anchor bolt 32 are cgnnected using

the crossover wire 38, thereby electrically integrating
the electromagnetic shielding layers on the main bodies

of the PC curtain walls 31, 39 at the anchor bolts 32,
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40 and fastener 33, ThF annular ring 34 is
elect:icallx integrated v{th the anchor bolt 32‘5y the
crossover wire 38. An electrlcally integrated
siEucturE is obtained by'using an electromagnetic
shie%ding member aé,ihe ﬁacﬁ—ué'membef 3s.

Since the annular ring is wound on the side face
of the PC curtain walls, a gap at the jo§p£ of tﬁe left
and right PC curtaina valls‘is closéd bf an annular
ring, back-up member and caulking magerial. just as
shown in Fig. 6, in order to obtain an electrically
integrated structure. ) )

By thus providing éhe periphery of a building with
an electromagnetic shielding structure as set forth
above, the communication of information utilizing
electric waves can be carried out freely Hlthiq the 3
building. ' ‘

In the system using the branch devicés shown in
Fig. 1, the branch devices connected to the community
coaxial cable possess reverse-connection loss in order
to reduce interference among one another. More
specifically, owing to reverse-connection loss, signals
flow between the head end and each set of equiﬁmént,
but signals do not readily fidw betweep one set of
equipment and another. Ordinarily, reverse-connection
loss is set in accordzuace with the FH or television
frequency band of 80 MHz or greater for community use

and 1s effective for high frequeﬁcles of 10 MHz or
more.
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In a case where a frequency band of the coaxial
cable other than the FM or television frequency bard is

adopted for the communication line, there will be a

.frequency band in which reverse-connection loss. is

effective, i.e. a high—freqﬁency band of 10 Hﬂz‘or.
more, and a frequency band in which reverse-conﬁecﬁion
loss is not effective, i.g. a low-frequency band.of
several Héz or less. .
Accordingl&, if the high-frequency band is used,
it is necessary that the head end be provided with a
repeater aﬁd that the transmission of information

between communication controllers be carried out

through the repeater. 1In other words, assume that a

signal transmitted by a communication controller is an

up-signal and that a signal received thereby is a

down-signal. By using the repeater to switch the

vp~signal for the down-signal instead of up- and
down-carrier f£requencies, a single transmission line
will enable nommunication between communication

controllers,

1f the low-frequency band is used, on the other
hand; the repeater is unnecessary. However, aOhase
band FSK (Erequencf shift keying) system ls employed -
for signal transmission beﬁween communication .
Fontrollers so that FM and television broadcasts will
not be adversely affected. More specifically, when

informatlon 1s transmitted via a television community

ailal cable by *1", "0" pulses, the pulse signal
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con;ains high-£frequency components, as S'éesult of
Which'PM and television broadcasts are aéver;ely
affected. With the base band PSK system, however, a’
frequency shift (FS) takes place in a fréquency band of

several MHz or less in accordance with the "1*, =0

information; so that.there are no high~frequency

components detrimental to PM and television broadcasts.
The present invention is not.limitéd to the above-
described embodiments but can be modified in various
ways. .For example, instead of leading out a coﬁductor
from a mesh imbedded in a PC panel, the mesh and an
1mbedded.bolt used for connection to tbe fastener can
be electrically connected beforehand at the factory. )
Further, in the above-~described embodiments, the

annular ring and anchor bolt are connected solely on

‘the lower sl'de of the curtain wall, Aﬁbﬁevef, a gimilar

connection can be nade on Fhe upper side as well, ln:
additlon, 1f the annular ring is‘iftikeé-ioAﬁﬁe siée h
face of the PC panel without an ;ntetﬁening insulating
iayet,.the crossWwire between the annular ring and
anchor bolt can be deleted.
In aécqrdance wlth'thé lnveniinn; the bédy of a

buildfng is electtémagneélcally shielded and
communication hs£n§ electric waves of any frequency is

carz{ed osut inside the building.

co@munlcatlon using a wide frequeﬁcy band and permits

~communication lines to be increased without llmltatlbn.

since the laying of communication cables is

This enables .. .-——cmv et
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&
unnecessary, building construction is facilitated and

Since an
electrdmagnetlc shielding effect is obtained thanks to

the mesh imbedded in the PC panelé, work ‘on-site is

simplified, the term of construction is shortened and

expenses are reduced.

The entire external wall surface using curtain
walls'can be constructed as an electrosagnetic
shleléing layer .gince an electrically conductive

cushion is used as the annular ring wound on the side

face of the curtain wall. If an insulating-layer is

interposed between the electrically conductive cushion
and the electramagnetic shielding layer of the curtain
wall, the electromagnetic shieldingieftect of the
external wall can still be assured by coﬁnecting the

electrically conductive cushion and the anchor bolt

with the crossover connection wire. Moreover, by

connecting the electrically cecnductive cushion atd
anchor bolt in advance before construction of the
external wall, the latter can be constructed and the
electromagnetlc ahieldlng effect can be obtained
sxmultaneously, merely by securxng the PC curtain wall
to the'faqtener by means of ‘the anchor bolts, just as
in the prior art.

In thé communication system, a coaxial cable
ordinarily laid in a building is utilized. Leakage
coaxial cables and'aqtennas need only be proyided on

the ceiling of each floor and connected to the
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aforementioned coaxial cable via branch devices.’ This

reduces the éxgenses required for the -communication

‘medium and eliminatez some of the labor involved in

cops;ruction work. 1f wireless ;zan§ce1vers are used,
communication within‘the.building becomes possible,
This makes it unneceégar} to modify the partitions ;nd
equipment arrangements on each floor as vé;l as the
wiring of communication lines when tenants change.

The
overall result is a very flexible system.
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WHAT IS CLAIMED IS: :

1. An electromagnetically shieléed building qompx:ising: .

a building portion constituted by an elecﬁrom&qne.tic :
shielding structure, all or a part of the interior of the
building being formed as an electromagnetically ‘shielded

space; '

comnmunications equipment for communications within
said building; and-

an ‘electromagnetic signal transmission medium in

sald shielded space arranged so that sets of said

communications equipment communicate with each other within

said building wusing electromagnetic waves transmitted

through said transmission medium.

2. An electromag;\etically sh;elded building according

to claim 1, wherein the outer peripheral pbrtlon of said
building is constlt'utéd by an electromagnetic shielding
structure comprising ferrite-containing concrete. -

3.’ _An electromagnetically shielded building .according
to claim 1, wherein the outer peripheral portion of sa.:l.d
building is constituted by an electromégnétic shield.ing

structure éomprising mesh-containing concrete. o

4. An electromagnetjcally shielded building according

to claim 1, whefeln the outer paripheral portion of smaid

AR
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building 1is-' constituted by an electromagnatic shislding

structure comprising an external wall of PC panels having an

imbedded eléctrically conductive mesh electrically connécted

. to fixed electrically conductive members of said body and

grounding PC panels.

5. An electromagnetically shielded building according

to claim 4, wherein the electromagnetic shielding of saia

building is by a mesh-containing concrete ‘. the outer

peripheral portion of said building and said electrically
conductive mesh in said PC panels are connected to the mesh

in said mesh-contalﬂxng concrete.

6. An electrouagnetically saielded building according

to claim 1, wherein the outer peripheral walls of said

building are an electromagnetic shielding structure and

electromagnetic shielding curtain walls are fixed to said

outer building walls by anchor bolts and metal tastener,.
affixing an electrically conductive annular ring to a side

face of sald curtain vall, and electrically integrating
mutually adjacent curtain walls.

7. An electromagnetically shielded puilding according

to claim 6, wherein said electrically conductive annular

ring and said anchor bolts are electrically connected

- W
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8. - An' electromagnetically shielded building according

to claim 6, wherein a gap between mutually adjacent curtain
walls .1is filled by’ a back-up xenber comprising an

electromagnetic shielding material, and a caulking material

disposéd 6n said back-up member.

S. An e€lectromagnetically shielded bcild;ng according

to claim 1, wherein said signal transmission mediun

comprises:

a coaxial cable laid so as to pass through each
floor of the building, and
leakage coaxial cables or antennas stretched along

the ceiling of each floor and connected to said coaxial

cable via branching devices.
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Ottawa, Ontario
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