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LABORATORY FURNITURE AND FITTINGS

1. GENERAL REMARKS ON DESIGN AND CONSTRUCTION OF
LABORATORY FURNITURE

Numerous publications on laboratory furniture exist in all
industrialized countries.

The main criteria are laid down in standards and other specifi-
cations. In this context, the British Standard 3202'Laboratory
Furni ture and Fittings' (1) may be mentioned together with some
publications of the United States Department of Health, Educa-
tion and Welfare (2). At the Present time, Germany has nine

DIN standards and the directives for laboratory work published
by the Berufsgenossenschaft for the Chemical Industry and the
Berufsgenossenschaft for Public Health which have influenced the
construction of laboratory furniture (8, 9). Furthermore,
several general guidelines must be taken into consideration;
e.g. some specifications relaiting to ventilation systems, gas
and water supplies, lighting, fire protection, electrical in-
stallation, accident Prevention etc (see reference list).
Laboratory furniture for chemical and similar work consists of a
few repetitive units varying in shape and style but uniform in
their arrungement and their basic design, such as

island benches éfig. 1)
wall benches fig., I)
fume cupboards (fig. 1)
cupboards (fig. 11)
sink units (fig, 111)

Depending on the field of work, there are some additional units:
©.g. balance desks (fig, IV), titration desks, microscope desks
(fig, v), etc.

One can distinguish between two types of laboratory furniture

and fume cupboards: The supporting elements for the bench tops
may be

a) steel or wooden framework in which the underbench
components can be mourted (fig, I, XII)

or

b) fixed carcass units of different types (fig, vI).

It is recommendable to utilize only type a), and to provide a
foot space of 20 cm height for comfortabie standing and cleaning.
All these units, in particular the benches with len:;ths of I m
and more, and the fume cupboards with 1,2, 1,5 and 1,8 m front
lengths and 2,8 m height are space-consuming items which must be
ahipped dismantled, then reassembled on site and Joined to the
Piping system of the building by skilled craftsman,
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Fig. II Laboratory cupboards

i

Fig. [II Laboratory sink unit
with draining boards




Fig. TV Balance desks with built—in
anti-vibration mount ings

Fig. V Desk for sitting w.rk




Fig.VI Island and wall benches, with service cell on the
back, bench tops of large size acid-proof stone-
vare tiles mounted on fixed carcass units
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Table 2

Width of
working areas
and space

dimensioning a-‘b#'C'O'b#-Q

f
d

]
a) width of bench tops 0,6m and 0,75m 3
b) width of operating area 0,45m i
c) width of passage way 055m
d) thickness of partition depending from its structure |
e ) optimal distances . Jm | 3am | 36m |
t) for laboratories l 6-7.0m[66-8m [72-90m
for offices 3-45m133-5m i136-55m
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Fig. VII Prefabricated piping system made {rom
copper tubing and plastic plpes

Fig. VIIT 1Island plumbing cell with gas, water,
compressed air taps, electrical sockets
and cup sinks




Fig. X

Instrumentation desk on casters
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one should take into account
that the design of the furniture and its essential dimensions of
length, height and depth will largely govern space planning and
the whole design of the building, plumbing and ventilation system,
the choice of materials for floor and wall covering, etc.

During the past twenty years, additional laboratory furnishings
such as

the plumbing cell (fig,VIT, VITI and X1) and
the movable desk units (fig. IX and X)

which are better adapted to the actually predominant pPhysico-
chemical methods of analysis have been developed,

They can replace, if practical, the conventional complete bemnch
designed as fitted furniture. The prefabricated Plumbing cell
mounted in the axis or on the wall of the laboratory includes all
Pipes and outlets for the various services and must be connec ted
to the service Piping system of the building. The easily dis-
mountable, or, in some cases, independent and movable desks are
placed adjacent to the plumbing cells. These instrumentation
desks with different top coverings may be used as bases to carry

plumbing cell, Such flexible laboratory furniture will be pref-
erred if the purpose of the laboratories could not be specified
in detail at the Pianning stage.

In the industrialized countries, companies we e founded for the
manufacturing, supply and assembling of laboratory furniture.
They also supply the plans, indicating location and sizes of the
piping, exhaust and electrical terminals in the building. The in-
creasing demands and the modulation and elementation of labora-
tory furniture has stimulated production in series, e.g. in the
United States, in Germany, France and the United Kingdom, where
a wide variety of carcasses made of timber, plastic-laminated
wood and epoxy-resin coated steel is being produced (fig. X11),

For the equipment of industrial research centres in developing
countries, one can not always start from the possibility of im-
porting complete laboratory furnishings. The overseas transport
would cause additional costs for e.g. dues, packing, delegation
of specialists etc. Moreover, complete supply will not be neces-
sary in all cases., - The production of complete laboratory fur-
niture as an independent business branch has only been developed
recently in the industrialized countries. In spite of this, the
industrialized countries still utilize not only prefabricated
furniture for the equipment of laboratories: laboratory benches
are also mounted on site by the co-ordinated work of carpentars,
tile-layers, plumbers and other craftsmen, their work being
understood as secondary building work. In this case, fitters or
carpenters build the supporting framework, on top of which tiles
are embedded in acid Proof putty on a concrete basis. The plumb-
ers execute the necessary piping work. A furniture manufacturer
subsequently supplies the carcasses to be fitted into the frame-
work of the benches (fig, XIII and XIV). This method has proved
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satisfactory for many years and coul.d also be appiied to lab-
oratory furniture of inoustrial research centres 1in developing
countries if a skilled loca! industry exists. [n this case, the
contractor charged with construction aad equipment of the build-
ing may also order and co-crdinate the subcontractor work for
the laboratory furniture. The buiiding contractor woul!1 have the
necessary contacts to the specialized trademen. He could pre-
pare the tender for supply an! assembly and supervise the prog-
ress of work on site.

2. THE ESSENTIAL DIMENSIONS OF LABORATORY FURNITURE
(Table 1)

2.1. Depth of working surface

The optimum working depth of benches for standing work was found
to be 60 cm clear depth of the working surface plus 15 cm as
space for the accomodation of above-bench fitments, such as gas
stands, electrical sockets, shelves etc. The total depth of 75 cm
is specified in DIN 12 922 'Laboratory benches; elements, essen-
tial dimensions'. The catalogues of important manufacturers for
laboratory furniture in Germany, France, the UK and the United
States as well as the British Standard 3202 also show an overall
depth of & 75 cm, corresponding to the sizes of most of the labo-
ratory apparatus,

Table 2 shows the influence of the dimensions given in table 1
upon space planning.

2.2, Height of working surface above floor

The observation of the heights mentioned in table ! has always
caused some problems because of the various types of bench tops.
Their thickness results from the different thickness of the cov-
erings and their supporting bases: 6 cm for ceramic tiles, b cm
for Pyroceram, 3,7 cm for acid-proof stoneware, 2,8 cm for plas-
tics, etc. It is however inconvenient for the user if there are
height differences between adjacent bench units.

Project and tender should therefore expressly prescribe that
desks and benches with difrerent coverings must have uniform
heights, e.g. by underlining the bench tops.

2.3. Lengths of benches

Table 1 shows some modular lengths which have found general
acceptance. The basic length of 1,2 m is frequently applied, but
the series of lengths 60 - 90 - 120 cm and its multiples has
been deriwed from this basic length in the practice of manufac-
turing laboratory furniture. This modulus of length in 30 cm
steps (M 300) allows satisfying adaptation to local conditions
and the utilization of elemented units (fig, XII).



Fig. XIII Laboratory bench assembling on site

Fig. XIV Pume cupboards assembling on site
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Fig. XV High pressure gas cylinder in exhaust cabinet
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Fig. XVI Service terminals provided for the connection
to the piping system of a bench




3. MATERIALS

The materials used for the construction of laboratory benches
and fume cupboard are required to posess a variety of proper-
ties, This applies, in particular, to the bencl: top coverings;
the various possibilities are “cheduled in Bs 1202 (1),

In Germany and France, ceramic tiles, stainless steel, Pyro-
ceram (a thermal sho; resistan. flat glass), large size stone-
ware plates as standardized in N[N 12 916 (5.67) and plastic-
laminated wooden panels are used. Timber boards, naturai stone,
inlaid teak or similar hard timber, concrete coverad with
ceramic tiles are Probably available in all countries, In Aany
case, bench tops made of stainless steel, Pyroceram or large-
size acid-proof stoneware (fig. [ and VI) must be imported, The
time for delivery, transport, clearance, damages etc can con-
siderably delay the completion of the laboratory fquirment work
Locally-available timbers shouid be used and manufactured as
usual in the country for ~upboards, under-bench units and
carcasses,

The surface finish of wooden parts should meet the recuirements
of laboratory furniture. Chlorinated rubber paint coatings have
yield satisfactory results. Steel carcasses spray-coasted with
powdered expov-resin in an electrostatic field and subsequently
stoved have proved to be resistant for many years. They ar-» high-
ly corrosion resistant, but must be imported if provided tor re-
search laboratories in developing countries.

L. SERVICE PIPING FOR LABORATORY BENCHES AND FUME
CUPBOARDS

The planning of the plumbing system of a research centre with
laboratories is governed by the outlets of the water, gas, com-
pressed air, steam and electric lines on the laboratory benches
and in the cupboards. The services and number of taps, cocks and

valves to be provided for should therefore be specified at an
early stage,

b1, Laboratory bench fittings

The three types of bench fittings, i.e. stands, wall-tjxing and
front controlled patterns, are made of brass. In well air-condi-
tioned rooms, chrome-plated surfaces are usually sufficiently
resistant. Acid-proof coatings are however €enerally preferred
in German laboratories for wet chemistry work.

Colour-coded lever handles and handwheels of cocks and valves
could facilitate the identification of the fluids supplied. A
suitable colour code is specified (5.08) in DIN 12 920,

BS 3202 recommends an alphabeticecl identification system.
Changing positions of the letters depending on the position of
the handle sometimes makes readings difficult and, besides, such
letter symbols are not universally comprehensible,

Experience has frequently shown that more service piping have
been installed than are really necessary for the activities of
the laboratories.




Table 3 Recommended number of outlets, sinks and sockets

for bench tops of 0,6/0,75 m width

Services length: 13 3,6 L,2 L,5 m
Gas taps 2 2 3 3
Water taps 2 2 l b

above cup sinks 1 1 2 2
compressed air valves 1 1 1 2
fused electrical circuits 2 2 2 3

with " »
two-phased sockets L 4 b (6) 6 (8)
three-phased sockets 1 1 1 2

for bench tops of 2221,5 m width

4Gas taps

| 4 4L 6 6
Water taps 4 L 8 8
above cup sinks 2 2 l b
Water taps 3 3 6 6
%ot water taps 1 1 2 2
{
‘ above
sinks with overflow 1 2
compressed air valves 2 2 2 L 3
fused electrical circuits 4 L |
with
two-phased sockets 8 8 8 (12)* 12 3
three-phased sockets 2 2 2 (4)* 4 f
k :
for fume hoods ; |
i length 1,2 1,5 1,8 m 1 §
?Gas taps 2 2 3 |
(front controlled) E
iWater taps :
(front controlled) 2 3 4 |
icup sinks 1 2 2 :
‘compressed air valves 1 1
ifront controlled
used electrical air valves 1 1 2 i
with
two-phased electrical sockets 2 3 4
three~phased electrical sockets 1 1 1

#) for physical or physico-chemical laboratories




bo1.1, Compressed air supply

Measurements carried out in some laboratory buildings of BAYER
and SCHERING have proved that e.g. the compressed air service
utilization rate was not even 6%. If compressed air must be pro-
vided on the benches, 3/8" valves will be sufficient for a gauge
psessure of 1 kar and for a maximum supply of 0,15 standard

m

/min. ( 3),

4.1.2, vacuum service

Water-operated ejector pumps and even motor-operated small rotary
pumps are more practical and more efficient, because they deliver
8 vacuum below 20 Torr and their pressure does not depend on the
varying load of a Piping system.

4.1.3, Steam supply

The necessity of supplying steam to benches and cupboards seems
to be pParticularly doubtful.

Steam as a heat source could certainly be helpful in the evapo-
ration of inflammable liquids, temperature-controlled electrical
appliances, even explosion proof, are however on the market and
are much more practical in use. Steam-heated laboratory apparatus
is now rarely manufactured.

4.1.4, High pressure gas supply

Furthermore, the Nnecessity of a general supply of high pressure
gases, such as nitrogen, oxigen, hydrogen, helium, carbonic acid
etc to the benches should be carefully examined at the stage of
Planning. The alternatives are

a) service piping running through the whole bu ‘ding from a
central space for storage of the high pressure g€as containers
to needle valve Panels on the reagent shelves of the benches

b) short tap pipes running from exhausted decentralized storage
boxes for high pressure gas bottles on the floors to needle
valve panels on a limited number of benches @.g. in chromat-
ography laboratories (fig, Xv)

c) Clamps on laboratory benches and cupboards for fastening high
Pressure gas cylinders fitted with roducing'vnlves; this is
doubtless the most economical solution! (18)

However, one must take into consideration that alternative c)
will increase fire load and explosion hazards in case of fire.
German guidelines for accident prevention therefore prescribe the
removal of high pressure gas bottles from the laboratory (8,11)
during the night,




4,1,5., Water services

In industrial research plant, separate services for potable
(town) water and industrial water should be provided four the
laboratory work areas, The handwheels of valves for potable and
non-potable water supply must be clearly distinguishable, e.g.
by colour coding or by conspicuous and durable labels.

The supply of non-potable water to .he benches can cons_iderably
diminish the consumption (water jet pumps 180 - 550 1/h) of
potable water,

Moreover, the drinking water piping system must he protected
against backflow (1, 2, 3, 4, 6.01) which could occur by hose
connection of laboratory apparatus to water taps,

N I H therefore mentions (2) the use of an industrial water sys-
tem to serve all laboratory work areas as an approved method.
Such a distribution system must be independent of the potable
domestic system, In this case, only the few water taps for pota-
ble water must be marked or labelled.

Hot water servicing does not seam to be indispensable everywhere.
Local electric water heaters ahove the labcratory sink units
could be more practical and more economical than hot water taps
on benches which are fed from a central system.

4,1,6, Distilled and demineralized water

Plastic taps for distilled or demineralized water should not be
provided for all benches (1, 2). Generally, it is sufficient to
provide one tap fed by a central plant in each of a certain type
of laboratories or in the storey, and this only if the activity
of the institute, necessitates a permanent supply of distilled or
demineralized water. In all other cases, it will be satisfactory
to use distilled water form bottles stored on the reagent shelf
of the bench,

4,1,7 Gas service

The number of gas taps on the benches and in the fume cupboards
cannct be taken as a basis for the evaluation of the gas consump-
tion., A gas tap 3/8" delivers 1200 1/h at the usual pressuxe of
90 ll)l- w.c., A Bunsen burner consumes about 100 1/n (1,2,3, 6.02,
6.03).

The diversity factor of O,4 or 0,5 mentioned in BS 3202 should
only be based on 100 1/h gas consumption and not on the maximum
possible supply of the tap. Gas stands or other types of gas fit-
tings are installed on all benches and cupboards, although the
utilization of gas-heated laboratory apparatus is steadily de-
creasing in favour of electrically-driven appliances.

Instead of the common town gas (90 mm w.c.), natural gas

(200 mm w.c.) is now being used in many service systems of labo-
ratories. The higher pressure requires adequately designed burn-
ers and bench fittings withk greaseless stuffing box valves. For
saftey reason, out-door location is required if high pressure gas
bottles for propane/butane supply are utilized,

Oy




4.2. Pipeline terminals

The terminal. of the Piping system to which the installation of
benches, cupboards and prefabricated Plumbing cells are to be
connec ted (fig XVI) should not exceed the following sizes:

water 1"

gas §tovn) 3/

gas (propane/butane) 1/2»
compressed air 1/2n
vacuum 1/2"
waste 50 mm NB

Copper tubing and welded or soldered connections are used for
prefabricated Pining in benches and plumbing cells. Gas, vacuum
and compressed air bench Piping mounted on site are usually made
from black steel with malleable iron banded fittings, and water
Piping from galvanized steel tubing and galvanized iron fittings,
The supplyline terminals should have shut-off valves.,

4.3. Sinks and drainage

Cup sinks and sinks with overflow are made of acid-proof stone-
vare, fire clay, stainless steel and plastics. In Germany, their
dimensions are standardized (5.05 and 5.06) in DIN 12 914 and

DIN 12 915, The glazed ceramic sinks of brown, white and grey
colour and the ceramic S-traps for laboratory use are highly cor-
rosion-resistant and therefore preferred for laboratory furniture.

In comparison with ceramic sinks, stainless steel sinks are
less resistant e.g. against air containing small amounts of
halogen, particularly chlorine, which frequently occur in che-
mical laboratories. For the waste lines, iron pPipes with spigot
and socket connections made from fine grain spun cast iron can
be used (1), or PVC and PE waste lines with welded connections,
wvhich experience has shown to be sufficiently corrosion-resist-
ant and shockproof.

Bench waste lines made from acid-proof stoneware and - particu-
larly in the United States - of €lass are of highly corrosion
resistance but have low impact strength.

For research centres in developing countries, the use of cast
iron pipes which are available anywhere, should be recommended

for the main ducts as well as for the Piping in benches mounted
on site.,

5. GONSUMPTION OF FLUIDS

Croissant (3 P.49) carried out continuous measurements of steanm,
water, gas and compressed air consumption (table 4) - at 5 min-
utes smallest interval of recording - in 12 laboratories of an
industrial research contro(tvo analytical, three research, two
application engineering, three routine, one agriculture and one
teaching).He recorded the consumption peaks and the mean values
for 24 h, covering also the maximum values when multiplied by
1,5. He came to the conclusion that exact values guaranteeing a




Table 4 Consumption per m bench length
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s80lid basis for planning in all types of institutes could not
be stated, but that the results of the measurements gave a
realistic impression of the order of magnitude to be expected
for most of the cases.

The measurements Yielded the results shown in table 4,

Consumn Ption

pPer m bench length scatter per scatter
range worker range

Steam 0,07-2,2 kg/h 1:3,1 1,9 -6,6 kg/n 1:3,5
Water 0,03-0,12 m3/h 1:4 0,12-0,16 m3/h 1:3
Town 0,01-0,04 mo/h * 1.4 0,02-0,11 m3/n* 1:5,5
gas
Compressed air 3 » 7, »

0,02-0,1 m’/n 114 0,11-0,52 m”/n 1:4,8

* 3

standard m

6. GONCLUSIONS

When planning an industrial research centre, the laboratory fur-
niture should be considered as an integral part of the building
and its details should be specified in the project.

In the past, experience showed that Planning, tender and supply
of laboratory furniture and its assembly on the site astarted
after completion of the building would cause considerableadditio-
nal costs and much loss of time. If however, assembling of la-
boratory furniture could be coordinated with the advance of con-
structional work, the necessary labour would be available at all
stages to carry out additional work caused by the erection of
benches and fume cupboards and their connection to the main
lines.

If it is decided at an early stage of Planning that the engineers
of the contractor are unable to design the laboratory furniture
and that local subcontractors cannot execute such work, an expe-
rienced manufacturer for laboratory furniture should be engaged
to submit information on the supply and assembly on site of pre-
fabricated laboratory furniture.

Because of the difficulties of overseas supply, there are only a
few specialized companies interested in such business. The ma jor-
ity of manufacturers do not have the necessary experience.
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ANNEX - Reference list

British Standard BS 3202-1959
'‘Laboratory furniture and fittings' BSI, London W 1,
112 p (with bibliographical data) (E)

US Department of Health, Health research laboratory
design, Publication 1807, Bethesda Maryland USA,
NIH, 1968, 83 p ( with bibliographical data ) (E)

DECHEMA Erfahrungsaustausch 'Laborbau'
(DECHEMA Sharing experience 'Laboratory design')
174 p, 6 Frankfurt/M. 97, Germany, DECHEMA, 1969 (G)

Dunkl/Geyer 'Rationale Lésungen von Laborbau und
Laboreinrichtungsproblemen in Hochschulen, Industrie-
unternehmungen und im Gesundheitswesen der USA'

(Rational solutions of problems in the design of
laboratory building and equipment for universities,
industry and public health in the United States)
Beitrige zur Universititsplanung, Heft 6

(Contributions to the planning of universities)

79 p, 6 Frankfurt/M. 97, Germany, DECHEMA, 1970 (c)

5)

German Standards (DIN), Beuth-Vertrieb GmbH
1 Berlin 30, Germany

5.01) DIN 1946-1960, Part 1,'Ventilation plant,principles'

(G+E)
5.02) DIN 4102-1970 'Fire resistance of building
materials and structural elements' (6)
5.03) DIN 5034-1969 'Space lighting by daylight,
principles' (@)
5.04) DIN 12 912-1973 'Laboratory furniture; ceramic
tiles for laboratory bench tops (6)

5.05) DIN 12 914-1973 'Laboratory furniture; cup sinks' (G)

5.06) DIN 12 915-1973 'Laboratory furniture; sinks with

integrated overflow' (6)

5.07) DIN 12 916-1972 'Laboratory furniture; large

size tiles for laboratory bench
tops!' (6)

5.08) DIN 12 920-1971 'Color code for fluids,on

handlevers and handwvheels of
laboratory taps' (G)

5.09) DIN 12 922-1972 ‘Laboratory furniture; benches,

dimensions' (6)

5.10) DIN 12 923-1972 'Laboratory furniture; fume

cupboards, dimensions' (¢)




5.11) DIN 18 160-1968 Part 'y 'Heating plant,

smoke stacks' (G+E)
5.12) DIN 18 225-1958 'Traffic ways in buildings' ()
5.13) VDI 2051-1966 'Ventilation of laboratories' (G)
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6) DVGW Specifications
Deutscher Verein von Gas- und Wasserfachminnern
6236 Eschborn, Frankfurter Allee 27 (Germany)

6.01) DVGW W 503-1966'Hasserversorgung; Vorbrauchanlagen"(G)
(Water supply; service piping)

6.02) DVGW GW 3 "Technische Regeln fiir Bau und Prifung von
(1968) vorgefertigten Bauteilen mit Gas- und
Wasserinstallation" (G)
(Specification for construction and
testing of Prefabricated appliances with
€as and water installations)

6.03) DVGW G 621"Technische Regeln fiir die Installation

(1971) von Gasanlagen in Laboratorien" ()
(Specificationu for gas service
installations in laboratories)

[,
7) VDE Prescriptions
Verband Deutscher Elektrotechniker
6050 Offenbach/Main, Merianstr. 29 (Germany)

7.01) VDE 0100-1965 "Bestimmungen fir das Errichten von
Starkstro-anlagon mit Nennspannungen
bis 1000 V" mit Anderungen:c) 12.65 und
°) 12,65 (G)
(Rules for the installation of high
tension plant up to nominal voltages of
1000 Volt. Amendments c) and e) 12.1965)

8) Berufsgenossenschart fir die chemische Industrie
Nr. 12 Richtlinien fiir chemische Laboratorien, (c)
Verlag Chemie, 694 Weinheim (Germany), 1972

(Berufsgono.sonschaft for the chemical industry.
Directives for chemical laboratories)

9) Unfallverhiitungsvorschrift
'Medizinische Laboratoriumsarbeiten' (G)
(Prescription for accident Prevention, Work in
Wedical laboratories)

HGUVVY, 6 Frankfurt/M., Bockenheimer Anlage 37 (Germany)

10) Druckgasverordnung (Pressure gas regulation) (6)
Carl Heymann's Verlag, 5 K81ln und 1 Berlin (Germany)




11)

15)

16 )

17 )

18)

F.

Geyer 'R8le et intér8t de la normalisation dans (F)
l'aménagement et 1'équipement des laboratoires'
Courrier de la Normalisation, No 228
Nov/Dec 1972

Geyer 'The role and significance of standardization
of laboratory equipment and furniture' (E)
Laboratory Practice, London 1973, No 4

Geyer'Richtlinien fiir die Planung und den Bau von
Laboratorien' (G)
(Principles for design and building of
laboratories) Chemie-Ingenieur-Technik
694 Weinheim (Germany) 1971, No 11

Geyer'Anforderungen an Laborbauten' (6)
(Requirements for laboratory building)
GIT, 61 Darmstadt 1967,Nr. 12 und 1968/Nr.1

CB v.d.Decken/B Hiindorf

.

H.

H.

'Untersuchungen iiber die stréomungstechnischen
Vorghinge in der Kapelle eines Laborabzugs (G)
(Experiments about flow within the cabin

of a fume cupboard)
GIT, 61 Darmstadt 1968, Nr. 8

Strangmann 'Wasserverbrauch in chemischen und (G)
biologischen Laboratorien'
(Water consumption in chemical and
biological laboratories)
GIT, 61 Darmstadt 1964, Nr, 6

Beck 'Liiftungseigenschaften von Laborabziigen' (G)
(ventilation power of laboratory fume
cupboard) Chemie-Ingenieur-Technik
694 Weinheim 1964, Nr. 36

Feurich 'Rohrnetze fir Sauerstoff, Druckluft,
Yacuum, Kohlensiure in Krankenhdusern
und Laboratorien' (G)
(Service piping for oxygene, compressed air,
vacuum and carbon dioxide in hospitals and
laboratories)
GIT, 61 Darmstadt 1964, Nr. 8,9,10









