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I. Introduction

This study is intended as a brief and exploratory attempt to define
and classify Soviet industrial structures, It is confined mainly to
industrial buildings, thus omitting nonindustrial buildings, as well as
structures other than buildings, The procedurs followed was first to
define the various industrial classification systems and discuss their
ugefulness and inadequacy. Secondly, industrial structures by structural
elements were defined and discussed, In so far as the limited data and
resources permitted, the structural elenents were used gs the basie build-~
ing block for research.

The bibliography at the end of the report indicates those sources
which appeared useful after brief survey, and those which were actually
used for the paper., It is clear that on the basis of so few sources,
this is in no sense an exhaustive, or even authoritative study. The
sources found were of three general types, The first were over-all texts
cn the construction of buildings, with the discussion centered on each
structural element in turn. Such sources usually divided buildings into
industrial and nonindustrial, and within these divisions, by one- and
milti-story buildings, before proceding to the discussion of the eleicents
themselves, The second type were texts on construction within specified
industries, Here the discussion is not necessarily devoted only to build-
ings but to other industrial structures as well. For examplse, Chaikin on
the building of construction-industry structures discusses quarries and
mines as well as shops and plants. The third tyne of source material
approaches the subject from the construction materials side. A single
source was used which fitted into none of these categories. This was

concerned with the construction of speeific model structures, for which



the latest labor- and material-saving techniques were used. In addition
to buildings, this source was concerned with pipe-lines, electric power
installations and blast furnaces.,

Because these sources were used as the only ones available for the
purpose, something should be said about their reliability as true reflec-
tions of Soviet practice. ¥For the most part, these are texts for the use
of construction industry students and emphasis is, therefore, more on the
best practice than on actual conditions. In addition, some sources con-—
centrate on the great eftort for unification and standardization in the
construction industry, using examples again from model, or at least ideal
projects. The disedvantages of using such sourcss are obvious, However,
since a classification must, of necessity, use typical structures, it is
perhaps likely that buildings will follow a model form more often than
that they will follow any other single pattern,

Because of time conslderations, little or no attention could be
devoted to comparing ths Seviet material with the United States (U S)
or other sources, For this reason it is difficult to ascertain how much
of the material presented here is uniquely Soviet practice and how ruch
may have more univarsal applicstion,

While it is believed that the most useful Soviet sources were used
in this »naper, it is clear that they are far from satisfactory as a basis
for a meaningful classification system of industrial structures.

Since this paper will focus attention on industrial buildings, it
is useful to place these in the context of all structures. The following

scheme suggests an over-all classification.
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Broad Functional Classification L

Nonindustrial Industrisl
Dwellings Public service Commercisl Others Buildings
{see Text)
2) Cne story a) Sehools a) Warehouses a) Pipelines

water, gas, oil

b) Multi-story b) Libraries b) R,R,stations b) Electric power
installations
¢) Hospitals and health ¢) Office build- ¢) Mining installations
inga
coal,oil,other minerals
d) Recreation facilities d) Garages d) Transport installations
1)Bulldings 2)QOthers e) Stores Docks,roads,bridges
i)Theatres; i)Parks f) Restaurants tunnels, rails
ii)Museums ii)Play-
grounds e) Agricultural installations
111)Galleries silos,animal pene,service areas

a/ Military installations are given no separate designation but mmst be subsumed under
one of the categories above,
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II, C(Classification of Structures

l, Classification by Industry

Given sufficient information, this might be extremely useful, even though
the construction elements within any one industry éan be diverse. However,
it would be necessary to have assurance that the industry sample was broad
enough to include samples of each type of structure . TFor example, it would
not be sufficient to allow a camnery, which is usually a one-story building,
to represent the food industry, since meat and fish kombinats frequently are
as high as seven stories, In addition, the variety of construction materials,
shapes and siies of buildings is very great in some industries and less so in
others. In general, buildings for heavy and medium industries are less diverse
than buildings for light industry, with general machine-building industries
being the most uniform,

Although there is not a balanced litsrature sufficient to provide represent-—
ative structures by industry, certain industries, or individual plants within
an irdustry are analyzed in detail., The informotion obtained about such in-
dustries is given ?n appendix table A.

It would still be possible to glassify structures under broad industry
aggregates, even though industries as such would be lost in the scheme. Such
azgregates are frequently used in Soviet industrial litepgture, the most fre-
guent desirnations for them »eing a) heavy industry; b) nedium industry; and
¢) light inﬁustry. Many of the most important structural elements are distinguish-
able by these designations, and building design is particularly affected by these
categories, In the remaining parts of this section of the study, as well as in
the section on structural elements, these designations are frequently referred
to. OSowe of the main differences and characteristics of these three divisions

of industrial activity are summarized below.
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Heavy'industry buildings., Plants producing products for heavy industry

are characterized by single-story structures capable of bearing heavy welghts
for equipment and products, The span of bays is generally wide and the build-
ing is usually high, to accommodate for high-capacity overhead cranes. Such
plants.include those of ferrous metallurgy, open hearth fﬁrnaces, rolling mills
and heavy forging shops; buildings for electric power plants, and assembly
stops for heavy machine-building. According to one source, the bays of such
buildings are freqﬁently 2l to 31 meters in width and 15 to 33 meters high.
There are usually only a small number of bays (1 to 3), with the work flow
running the length of the bay (Belenia, pp 16-19). Beceuse of the extreme size
of bays, it is preferable to use steel as the main structural raterial (Shtaerman,
P.17),

Medium industry industrial buildings. These inelude the great majority of
general machine building and metal working plants producing general purpose
equipment. They too, are usually one story, but with a large number of inter-
connecting bays. The basic construction material is, today, reinforced concrete,
although steel is also used. For both materials, the literature indicates a
concerted effort toward unification of construction element types and 8izes,
with prefabrication of many such elements (see part 3, on classification by
building design),

According to Belenia, such plants are characterized by bays 12-18 meters
wide and 6~10 meters high.,

Light industry industrial buildings. These have the greatest diversity

in construction characteristics, but are frequently multi-story buildings,
much like office bulldings or apartment houses in basic structure, It is not
unusugl for such plants to have wings of varying height and varying structural

materials, FPlants in this category include those in the textile, food, light



consumer goods, and iocal construction industries, as well as others, Insofar
as possible, the discussion of structural elenents in section III of this studv
indicates the use of each element according to whether the building is of the
light, medimc, or heavy varlety. It should be reitsrated, however, that the
buildings referred to are frequently only the main production shops. Uhere no
division by these designations is found, it is assumsd that medium industry is
the pertinernt one. A sumrary of some of the vrimary differences in structural

elerents by industry aggregate is given  in Table 1 below,

Table 1

Selected Characteristics of Industry Aggregatesé/

Industry Aggregates
Characteristies Heavy Medium Light
1. Sample of industries Fetallurgical; Heavy General machinery; Food and canning;
under specified desig- machinery; Electric Auto and Tracter Textiles; Lumber;
nation. power installations; industry, Agri- General consumers’
Operi hearth furnsces cultural machinery.goods
2, Typical bldg. design — gee Pages 5 = 10 =—eme e —
3. Foundations Types 3,4, and 5 in Type 2 in table 5 Types 1 and 5 in
table 5 table 5.
4. Skeletal structure Steel (now also rein- Heinforced con~ Concrete, brick,
foreced concrete) crete wood, steel (for
milti~story bldgs.)
5. Hoisting equipment Overhead travelling Overhead travel- Low-capacity girder
cranes to 400-tor. ling cranes to - cranes or none,
capacity; girder - 10-ton capacity;
cranes to S5-ton ~ girder cranes to

capacity. 3-ton capacity.
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Table 1 (Cont'd)

Industry Acgregates

Characteristics Heavy Medium Light
6, Exterior walls Asbéstocement sheet Brick or cement Various (see
and halfbrick (seepp. wall panels; table A)
3-33); reinforced brick or cement

7. Floors

8. FRoofs
a) beams
b) decks

e} roofing material

9, Lighting and
Ventilation

conerete wall panels;  blocks,
corrugated steel,

Vary according to shop activity (see table 7 and pp.37-38)
Structurzl steel Reirforced concrete; See table A

milti-layered wood;
Brick or concrete

arches
Reinforced concrete Asbestocement Wood
Corrugated iron or Cofrugated iron; Corrugated iron;
steel; ashestocement ruberoid; asbesto- ruberoid;press-
cement, board ;asbesto~
cement jroofing
iron, ete,

see  page 43

E./ For more detail, see under pertinent structural eiement,

2. (lagsification by Functional Department

In various industries, the structure or group of structures couprising the

industrial installation is made up of a number of functional shops. In general,

these-may be classified as follows: a) production shops; b) auxiliary shops;

¢) power plant; and d) storage facilities. The production shops include

those producing semifabricates, finighed goods, and raw-materials processing,



The auxiliary shops have service functions, such as repair, tooling, etc.,
and include admdnistrative offices, health and other facilities for the
workers. The power supply buildingshouse electiric power plants and may in-
clude boiler shops, gas-generating installstions, compressors, etc.. Storage
facilities contain raw materisls and other supplies, semwifabricates and
finished products awaiting shiprent.

The advantages of this classification are many., Production shops could
be grouped according to the size and weight of production machinery, or the
size and weight of product (these usually bear some reiation to each other);
awdliary shops could be of unified construction, given an optimum plant size
for many industries grouped together, The same could be szid for the other
shops rentioned above, Unfortunately no literature was found to facilitate
this classification. In fact, there was a total absence of literzture on any
but the mair production shops of plants, except that where only one building
housed all shops, this was sometimes distinguishable. In part III of this
study, in the section on flooring in construction industry shops, there is
an example of what could be done with this type of clasdification, given the
proper data.

3. Classification by Building Design

By design, industrial buildings nay be a) single story, sirgle bay;
b)single story, multi-bay; c) nulti-story, single bay; d)multi-story, multi-
bay; e) combinations of irremvlar heights and numbers of bavs. The designation
bay refers to the interior divisions of the shop, which may be defined either
by a series ¢f columns running the length of the building, or by more solid
partitions,

In ‘addition, the buildings nay be simple rectaregles, U-shaped, L-shaped,

etc, Cert:in serecalizaiicis 1sx be nade on ite bzsis of this classification,



but they are subject to a great deal of qualification, For example; multi-
story buildings are most common in those branches of industry produéing light-
weight articles on light-weight egulument, or when the vertical is made use of
in moving materials by their own weight (such as mills, grain elevators,
erushing installatiors, ete.). According to one source {Osipov, p.279), such
buildings are rarely wider than 36 meters and the height of the stories (which
vary in number from 2 to 6, and sowetires more), is from 4.2 to 4.8 meters,
Because of the wide use of single story industrial buildings, ard éertain
features common to most of them, there has been an attempt to unify their
' parameters, in definition at least. According teo Osipov, the fbllowing para-—
meters are generally accepted for reinforced conerete buildings, and many
structurél elements are prefabricated in accordance with them,
Distance between supporting columns—6 and 12 meters
Width of bay—6, 9, 12, and 15 neters for narrow buildings
and 12, 18, 24, 30, and 36 meters for the larger build-
ings.
Height of bays—~without cranes, 4, 5, and 6 neters {(measured
from the floor to the lowest roof supporte) and with
cranes, 6, 8, 10, 12, and 14 veters (measured from the
floor to the end of the crane rails); the distance from
the end of the crane reils to the roof support depends
on the crane cinensions, but is commonly a2 multiple of
0.2 meters,
According to another source concerned with steel siructures (Belenia,
pv 19-20), the ontimal distance between svoporting columns is 12 meters;

width of bay, 12 ieters and height of bay, from 6 to 2 meters.
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Unified parameters have also been accepted for certain multi-story
industrial buildings {Csipov, pp. 288-291); namely, those in the food and
other consumer-goods industries. These have the following unified |
characteristics,

They are made of precast reinforced concrete elements in sections 36
meters wide and 42 meters long. The network of columns are in 6 X 6 meter
squares, The buildings are 4-5 stories high; the height of one story,
measured from floor to floor is 4.8 meters (except the basenent story which
is 3.6 neters),

It is possible to relate building design to the broad industry ageregate
classification discussed above. In general, medium and heavy industry plants
are single story; plants in light industry may be single or multi-story. In
general, hesavy indgstry plants have less than 3 spans; redium industry plants
will be more likely to have a greater nurber of spans. A few speclalized
plants are of the single span, multi-story type, and some have a combination
of heights and spans (for example, a cerent plant may have several stories in
the mixing shop to facilitate pouring from a mixer on the usper floor to con-
tainers on the lower floor, whersas the rest of the production departient nay
be situatec in one-story shops on either side)., The amount, if ot the type,
of construction mat:rial is certainly affected by the choice of building design,
so that this classification has significence., Howev:sr, it camnot stand alore.
For example, a single story, single span building may or a7 not be suitable
for heavy industry, devending on whether 1i is made primarily of steel or
concrete, or whether it is high enough and wide enough to contain high-czpacity
overhead cranes,

Ls Classification by Construction Material

Althouvgh ingdustrial buildings carnot be said to contain only one con-



struction material, it is possible to characterize them by the raterial of their
framework or carcass. Thus buildings way bs described as primarily of a) wood;
b) concrete; ¢) brick; d) reinforced concrete, monolithic or precast; e) steel;
and f£) stone. This classification is not, however, very useful in itself, The
most that can be said is that steel is primarily recommended for heavy industry
plants where bays are high ard wide; wood, brick and stone are used almost ex-
clusively in light industry (wood, in particular being used for small, local
plants, although certain parts of all industrial buildings could prbfitably

use it); and reinforced concrete is gradually becoming the orimary basic con~
struction material for all industry except the very heaviest,

5. Classification by Structural Elemenﬂ

Because of the variety of ways in which structures might be classified it
seemed best to choose the method which best fit into the organization pattern
of the literature. In general, whether discussing industrial buildings as a
group, or the structures of & particular industry, much of the material was
outlined by structural element, In additicn, a discussion by elerent made it
possible to sub-classify by construction material, thus incorporating at least
one other clagsification system., In chodsing this rethod, ar attempt was made
in addition to distirguish industries, at least insofar as they might fit into
the areas "light", "medium" and "heavy",

By viewing the materizl in terms of elements, it became apparent that much
emphasis was placed on the relatively recent use of prefabricated, standard size
elements; particularly those of precast reinforced concrete. The following
tables should be of interest in indicating just how far this tendency has gone

in some branches of industry,.
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Table 2

Percentage of Prefabricated Elements by Industry, 1951, 1953, 1956

Industry Degree of Prefabrication (£)
1951 1953 1956
Metallurgical and Chemical 40.3 ; 53,7
g_"_ h207
Machine Building 42,6 ) 46.8
Petroleum L8 46,5 53,4 &/
Coal n.a. 21.3 31.8
Transport 15.6 16,2 19.6

Scurce: Syrtsova, p.33

a / Including pipe.
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Table 3

Indicators of Prefabrication by Type of Construction Material

(Per 1 million rubles of construction

cost)
Type of katerial Metallurgical & }Machine Building
Chendcal Industry
Metal structures (tons)
1951 68 33.3 -
1955 45 31.3
1956 62.2 27.6
Reinforced concrete (ma)
1951 32.3 33.7
1955 57.9 87.6
1956 122,9 150.7
Wood structures and parts (ms)
1951 139.4 174.9
1955 103.5 112.3
1956 1544 120.8
Cement, solid and blocks (m?)
1951 51.8 50.7
1955 35.7 27.5
1956 53.7 47.8

sSourece : Syrtsova, pp. 33-34.
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6. Other Possible Classifications

Because of the special requirements necessary, buildings could be classified
by types of intra-plant transport, and hoisting equipment; heating and lighting
facilities, etc. Obviously, these characteristics are not sufficiently univeraal
in influence to be the basis of classification. They will, however, be discussed

as though they were structural elements like walis or roofs.
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ITI. Structural Elements

1. Foundations

The type of foundation, and material used for its construection, depends
initially on two factors: the softness, or resistance of the ground, and the
weight of the structure resting or the foundation. As a peneral rule, the
weaker the ground and the heavier the weight upon it, the greater the amount
of foundation material needed. Table 4 indicates the desirability of using

certain materials at various pressures.

Table 4
Factors for Selection of Foundation Materizls Under Columns
' with Weightload in Tons
Admi ssable Reinforced Concrete Rubblestone
pressure on concrete
the ground
(kg/cm2)
L Only reinforced —— —
concrete
1.5 When weightload Weightload ——
is grester than less than
6Q tons 60 tons
2-3.5 Weightload greater Weightload less Weightload
than 250 tons than 250 tons less than
50 tons
b5 - Always profit- Weightload
able less than
150 tons

Source: Shtaerman, p.34.
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In addition to the materials listed in table 4, foundations may be of brick,
stone or wood {for some light industry shops, or auxiliary shops). |

Reinforced concrete foundations may be either precast or monolithic,
that is, cast on the site. In the most recent literature, it is clear that
heavy emphasis is placed on reinforced concrete precast foundations for
almost all industrial build .ng.

The amount of concrete, or other construction material used, depends on
whether the building has a single span, or bay, or multiple bays, or
whether the lcad on the foundation is great, making it necessary to reinforce
founcation posts with connecting strips. Table 5 indicates some of the
varieties to be found in industrial building foundations, It should be notsd
that special features of soil, climate snd natural phenomena say have an
effect on the tyne of foundation used, Perticular problems exist in areas
of permafrost, or seasonally frozen ground, areas of seismic activity, marshe
land, w=terfront areas, etc. Foundations to cover these environmental factors

cannot be covered here, but are noted in the classification in table 5.
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Table 5

Types of Foundations

Characteristics Uses

Materials

2.

3.

Le

5e

Sources:

Mainly light industry
where basements exist

Basement type: foundation
gserves, at the same time
for basement walls

Footings for eolumns which Standard construction;
are placed at regular in- average pressure and
tervals to support exterior weight

walls and roof beams, The

exterior footings are con-

nected by foundation besams,

In multi-bay shops, columns

which divide bays have foot-

ings also.

Same as 2, with extra foot— For shops with con-
ings under heavy machinery e¢entration of heavy
' machinery

Same as 2, with strips
joining all footings in one resistance is low ard
cor both directions load heavy

Same as 2, exceph solid
slab beneath footings ings or when ground
resistance is low and

load is extra heavy

Special foundations For conditions of

weather and environment,

such as permafrost,

volcanic areas, earth-

guake zones, ete,

Osipov, Shtaerman, etc,

For shops where ground

For multi-story build-

Brick, stone, con=-
crete

Congrete, reinforced
concrete, steel, pile,
quarrystone

Goncrete, reinforeced
concrete

Concrete, reinforced
concrete, steel pile

Concrete, reinforeed
concrete, steel pile
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Puc. 230. Design of industrial foundations

(a) Foundation of footing type.
(b) through (e) Depict various ways that (a) may be used,

(f) Is a slag bed type foundation.

Source: Osipov, p.293
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Figures 2 and 3
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Fig., 2 - Foundation of type 4 (sge Table 5)

Fig. 3 - Foundation of type 5 (see Table 5)

Source: Shtaerman, p. 33
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Foundation of type 3, foundation under machinery (see Table 5)

Source: Shtaerman, p.42
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2, ©Skeletal Structure

For industrial buildings, the material of which the skeleton is composed
is pretty well limited to steel (most advantageous for multi-story buildings
and single~story shops in heavy industry), reinforced concrete (now apparently
used wherever feasible in all types of industry), and wood or brick (only used
in light industry). The skeleton consists of the columns which support the
superstructure and, to some extent, the exterior walls; the inner columns which
divide bays, the crzne rails, if any; the rcof trusses and the other beams and
girders on which upper flocors and roofs rest. loads from exterior walls are,
in most cases, transmitted to feoundation columns through base beamns. In con-
nection with the standardization of much of the skeletal structure, reinforced
corcrete foundation beams are standardized at a thiclmess of 450 mm., and are
of 3 widths: 300, 400, and 520 am. (these are, according to Osipov the most
cormmon thicknesses of extericr walls in industrial buildingel these beams are
placed 50 mm. below floor level, which, in turn, is planned at 150 mm, above
ground level (very deep foundations are as much as 1800 mm. below the floor).
The reinforced concrete skeletal elements may be either precast or monolithic,
or a combination of hoth.

The columns along the periphery are joined by longitudinal beams which
serve as support for the wall filler., These beams are standardized at a
thickness of 490 mm, and a width of 200, 250 or 380 mm. The length depends
on the distance betﬁeen columns, These beams are commonly faced with sheet
steel.

Accoraing to the same source, steel skeletons have the same construction
design as reinforced concrete, The colunns may be solid beams or several

vertical sheets welded together (the foundation beams are reinforced concrete),
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Industrial buildings with steel skeletons are alsoc built with standardized
parts. According to Belenia, they are of two types: one with conveying
equipment (overhead) up to 5-ton capacity, distarce between columns of 12
meters and bays from 12 to 24 meters; the second, with overhead travelors:
of 10 to 50 ton capacity; distance between colurms of 6 meters and bays from
i5 te 24 meters,

The first type is typified by universal machine building plants, accord--
ing to Belenia, p. 35. Very heavy cranes, of capacity from 100 to over 300
tons, present special problems (see the next sectioﬁ for the influence on
structure of hoisting and conveying equipment). According to Belenia, p.bl,
the steel skeleton of plants in heavy industry can weigh from 200 to 400 kg.
per square meter,

In general, as indicafed sarlier, steél can bear heavier weights and is
used in plants in heavy industry; those in medium industry use reinforced con-
crete skeletons, and those in light industry, steel, concrete, and sometimes

wood (see table A).
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Figure 5.

Osipov, p.22

Design of Building Skeleton

1. Foundaticn

2, Interior columns
3, +Exterior columns
4. End beams

5., Purlins

6. Floor beams

7. Walls

8, Partitions

9. Flat rcof
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Figure 6
Ha puc. 9 B oT/HqHe OT npEMepa ‘HE PEC. 8 BApYXHAA CTeHa He
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HOTO MPOMHINACHHOrO 3NAHKHA €O CTAALEHIM Kapxacod
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KapKaca chenHaJbHHME KpelJICHHIMH.
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Figure 6, Steel skeleton of one-story industrial building.

1. Lattice girder columns
2, Roof trusses

3. Crane-supporting girder
L. Trusses

5. Roof pﬁrlins

6. Roof deck

7. Roofing

8, Walls

Source: Osipov, p.26
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3, Hoisting and Conveying Zquipment

The following table indicates the influerce that holisting and conveying

equipment may have on wvarious structural elements.

Hoisting and Conveying Bquipment

Table 6

_ Structure Special installations
Type of equipment affected reguired
Vehicular (incl. hand~carts, Floor Roads and r,r. track
auto and electric cars, r.r. '
platforms)
liounted (incl., ground-type Floor Stand or housing

conveyors, escalators,
elevators, etc.)

Girder aud overhead travelling
(incl. girder cranes from 1 to
£ tons and overhezd travellors
from 5 to 400 tons)

Cantilever (incl, cantilever
and revolving cranes, etc,,
fastened to walls)

Suspended (incl. telphers,
trolley conveyers, monorails,
and overhead girder cranes up
to 10 tons and sometimes more)

Other

Source: Belenia, p.22,

Columns and walls

Columns and walls

Roof trusses and
colummns

Various

Reinforcement of
colums and walls and
crane support beams

Reinforcement of
columns and walls

Reinforcement of
trusses

Various
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In general, buildings which need overhead travelling cranes need much
reinforeement and require large expenditures of steel, The weight of such
buildings can be 300 ké/mg, and higher for open hearth furnaces (Belenia,
p.6l). Since the use of such cranes is limited to medium and heavy industry,
it is interesting to ndte that, in an analysis of 22 plants in the auto-tractor
and machine building industries, 65% of the production area is serviced by
cranes of less than 5-ton capacity, and 85%, by cranes with under 10-ton
capacity. (Belenia, p.24). In general, these may be considered medium
industry plants. They are serviced, according to Belenia by overhead
travellors of from 3 to 10 ton capeclity and girder cranss of 1 to 3 ton
capacity. Belenia recommnends the substitution of squoended-typé hoisting
equipment for the overhead travellors, He indicates that they not only
save on metal, the construction complications in the installation of crane
rails, and the lighter load on the founcation anc columns, but also allow
for more maneuverability in the shops. He limits this, however, to medium
machine-building shops, with distance between columns of 12 meters, However,
for heavy industry, he advocates the same substitution by using a radical
shop design, in which the hoisting equipment rests on its own foundations.
See figures 7 = 10 for some of these designs, none of which, as far as can

be ascertaiqu, have yet been adopted.
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Figures 7 and 8
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Fipure 9
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Figure 10.
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4e Walls

According to Osipov, industrial buildings have walls of various kinds
of brick, amall or large cement blocks, asbestocement gheet and large panels
of various materials. There are, of course, other materials too: metal,
wood, reinforced concrete, etc, An idea of the varieties used for some in-
dust:ies is given in table A, The thicknéss of walls depends to some extent
on whether buildings are heated or unheated. Osipov says that for heated
buildingswalls are from 250 to 500 mm. thick, but can be much less for un-
heated buildings, or those in which the production processes are themselves
heat producing. For multi-story buildings, or high one story buildings with
heavy crane or cther equirment, walls are reinforced by cross-beams fastensd
to the exterior columns, or by a lattice work of rein‘orced steel or &oncrete
beams. Shtaerman indicates that such reinforced walls are only used in one
story buildings if the height of the shop is 5-8 melters, and if the heating re-
guirements necessitate the use of walls 1 to 1-1/2 bricks thick. Such walls
are also ugsed in the food industry for multi-story buildings of sugar re-
fineries, extraction plants, etc., In general, the reimforcement {equivalent
to an additional skeleton) is reinforced concrete or steel,

where
Wooden walls. Table A indicates/these are most frequently used, There

is emphasis that they are only desirable in richly forested areas,

Asbestocement sheet., This is recomrended for walls of unheated buildings,

or those with heat-induéing production eguipment. Even so, the lower part of
the walls, subject to the most stress and moisture should be made of brick or
other durable material to a height of 2~3 meters above floor level (see figure
- 11). The standardized dimensions of such sheet are: 1600-2100 mm, in length,

1040 um, wide and 6 mm, thick.
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Brick. A widespread wall material as indicated in Table A, whether light,

medium or heavy industry.

Brick or cement blocks. This is considered highly desirable in heated

buildings; the blocks are brick, light or porous cement, or a silicate mixture,
Standard sizes are: length: 1, 1.5, 2, and 3 meters; height: 0.6, 1,2, and
1.8 meters; thickness: cement-~300, 400 and 500 mm,; brick--250, 380, and 510
mn, According to Shtaerman, they are used primsrily when plants of}gzme type

are prorduced in numbers, and heavy hoisting equiwment is available.

Large wall panels. Thege are a recent development., They are wmade of brickJ

cement, reinforced concrete and combinations of cement—concrete~-silicate mixtures.
Panels may or may not be insulated, and may or may rot be single or double laver,
Single layer panels, according to Osipov, are most satisfactory when made of re-
inforced autoclavic foamy cement, weighing from 700 to 900 kg. per m3 « The
thickness of the panels depends on the outside temperatures and the heat require-~
ments of the plant. Foamy cement panels of 800 kg/'m3 and an outside temperature
of --300 centigrade, must be 200~250 mm, thick, Double layer panels are rein-
forced concrete slabs, insulated with cement or other material. Reinforced con-
crete panels uninsulated are used for walls of unheated buildings, Brick panels
are of two types: blank, or with window openings, One panel is a brick slab,
5.98 x 2,84 meters; one-half brick thick, with ribbed columns one brick thick
at top and bottom, Above and below the panels are reinforced concrete con-
nectors, Such anels may also be insulated or not,

Concrete., These walls are reinforced or not, but are monolithic {rein-
forced concrete precast is in the form of slabs or panels mentioned above).

Qther materials., As indicated in table A, walls of come temporary build-

ings are metal, ard of some small and light-industry plants, stone. In general,
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local industry (which is usually light) makes use of local construction

naterials for walls, as well as local insulating materials, such as peat.
According to Belenia, walls of unheated buildings (ususlly heavy in-

dustry where technological processes make heat) are usually ccrrugated steel

or asbestocement with half-brick (see figure 11).
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- 34 -

5. TFlooring

Floors are made of a wide variety of materials ircludinz earth, adobe,
asphalt, cement, ccnecrete, wood, metai, tile, cinder brick, and lincleum,
vany of these varieties are laid over a layer e¢f cerent. Undoubtedly there
are many other raterials and many varieties within each of these categories.
Hach floor type has specific properties which make itespecially desirable or
undesirable for particular shops. |

Flocrs of vacked down earth are used in_certain storehouses, and in in-
dustrial éreas where the floor is subjected to high terperatures, or where
heavy otjects falling might cestroy other types of floqrs or the object itself
{Osipov, p.358). They thersfore apvpear in such buildings as forge shops,
foundries, etc.  Such floors usually have roadweys for whesled vehicles filled
in with slag, rubble or gravel.

Adobe floors are used in sheds, gareges or storage areas where the amount
of dust crezted is rot important; tuey :ave the advantage of teing cheap, but
are in nee@ of freguent repzir. Adobe floors niay e made of a mixturs of 15-30%
clay and 70-857 sand, placed in two or three layers, 20-100 mm. thick and tightly
packed or rolied at eszch layer.

For asphalt floors, Shtaerman (p.155) recommends a mixture of 50% granite
or basalt, 22% quartz sand, 129 tripolite and 16% bitumen or asphalt. This,
he claims, 1s oroof against alkalls, salts and acids, but warms that such floors
should not be us=d in arzas where asphalt solvents, such as kerosene and aleochol
are present, This flooring appears prirarily in storage and other auxiliary
departrents, in passzgeways and for certain food-industry shopne where acid-forming

materials, such as certain a-imal and vegetable oils ars prevalent.
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Wlood flooring is of two types, plank and block. *food planking is fastened
to slzepers w ich are imbedded in cerment sub-flooring; wood block also rests
on concrete or slég—COncrete sub-flooring and the blocks are filled in with tar
or sand, Tood flooring, according to Shtaerman has 2 low coefficient of heat
absorption, resiliency, noiselessness, low wearability and is not dust-producing;.
it is also simple to repair and may have production equirment fastened to it.

It is, however, relatively expensive ard is recomsended only where it is de-
finitely needed.

Iietal floors zre made of iron or steel sheet. Because of the need to con-
serve metal, they are recommended only where other types of flooring are not
pessible, for example (Osipov, p.363), where the floor is subjected to heavy
blows, or the activity of high temperatures through contaet with red-hot wobjects,
and other aress where the floor must have a smooth and hard surface., In highe
temperature shops, they use cast-iren sheet :easuring 250 X 250 or 300 X 300 nm,
This is fastened to sub-flooring of sand or concrete, if sand, the layer is 80
mz, thick, For withstanding the weight of hard blows, steel vplate is used,
either stamped or sheet steel, This is laid on a cemrent base, which in turn is
laid on concrste sub-flooring.

Cement and concrete flooring are widely used in production shops where the
floor is subject to constant hui.idity or the action of mineral oils; in driveways
for rubbsr-wheesled wvehicles, anc elsewhere. Theyr also serve as the hase for rany
other flooring iraterials.

In general, flcoring cannot be classified by industry but differs according
to the funetion of the area in the plant in which it apnears. According to
Shtaerman, ir shoos of tie food industry where the floor may be subject to
vegetable and animal oils anc to sugar syrups, or foods prepared :with these

ingredients, floors must be made of metal plate, cinder brick or acid-proof
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asphalt, If metal or brick, these flcors must be laid on acid-proof material.
Inceed, if there is 2 possibility of leakage through the floor, he considers
it undesirable to bave reinforced concrete fourdations, unless some vater
proof raterial is laid under the floor surface.

The classification in table 7 gives some indication of floor variety

and area of use, particularly in construction industry vlants.



Table 7

Flooring Types in Construction Industry and Other Shops

(1) (2) (3) (4) (5}
Concrete & Slag-Concrate Heinforced Clay-Brick Wood-working
TYPE OF FLOOE Xortar Masonry Concrete Products Factory
Flant Plant Procicts Flant
Plant
Second floor of saw
WOOD will; machine

A, Board or Flank

B. Block (parquet type)

CONCRETE

ASPHALT

PLATE MBTAL
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Locker rooms and offices
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Unloading plat— —————-- Passazeway for ———————————-m
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storage storage

Display rocoms

Pressing
dert

storage and
assembly; depts.
of furniture and
carpentry shop

Storage areas

-LE -

PFainting shop

—_ Cage of Stairway
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Flooring Types in Construction Industry and Other 3hops

CINDZR ERICK

Forging and heat-
ing dept.

() (7} (8) (9) (10}
TYPE OF FLOOR Construction Industry
Machine and Garages Material Refrigerator Sugar -  Fruit Soap-making
Repair shops storage semi-tempo- Refin-  Cannery shop
rary ing
WooD
A, Board or Plank ——mmm—=locker rooms & offices-
B. Block (parquet MHachine and
type) tool shops
CONCHETS Fitting and Apparatus Ore prod.
assembly depty dept. Shop floor
boiler and (over cement 1
welding rooms layer) &
i
Cin BN Auto-engine Washing
repair shop; & inspec-
BoilingjAcety- tion
lene; metal stations;
plating painting
shop
ASPHALT Auto park- Storage areas; Main floor Production
ing; com~ loading & un- (on slag floors
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6. Roofs

These may be divided into three elements: roofing mat-::;rial; i.e., that oart
which meets the ~lementsy roof deck, on which the roocfing material is placed; roof
beams and supports through which the weicht of the roof is carried to the skeletal
supports. Lxeept for a few muiti-story buildings, industrial buildings have no lofts
or attics,.

Roof beams or supports may be of wood, structural steel or reinforced concrete
(according to Osipov). lood is rarely used hecause of fire hazard, structural steel
is widespread in the USSR, but because of its costliness, is preferably replaced by
reinforced concrete beams, precast., JStandard sizes of such beams, when made of pre-
cast reinforced concrete are 6, 9, 12, 15, 18 and 24 meters in length, with height
egual to ons-fourth of length, Beams over 12 meters are made in ‘individual 3-meter
sections. For multi-wing buildings with bays from 60 to 90 meters, it is preferable
to use arched supports. Such arches of brick are considered very economical (see
figure 12). Cylindrical arch shells are considered sturdy (sce figure 13). They
are usgually of minforced concrete 80-100 mm. thick. However, they may also be of
multi-iayered wood, in thin flexible boards placed in layers at angles to each other.
At present, a new reinforced concrete arch is favored (see figure 14). The concrete
is 40~50 mm thick and has a svan of 20 to 25 meters, The erpenditure of xetal for such
structures is 2.5 times less than for comparable structures.

According to Osipov, roof decks of industrial buildings are most freguently
made of reinforced concrete, asbestocement and wood. In monolithic rein-
forced concrete deck, the concrete sheets are attached to the purlins; with
precast sheets, it is more economical to eliminate rurlins (progony).

kost rmodern development is the use of autcclavie porous ccncrete for roof
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decks, which serves as insulation as well. Standardized sheets of such naterial
are‘i.S and 7 metors long; 0.5 metérs wide; ard 0.14 to 0.16 meters thick. Such
- materiale can be vsed only over arveas with norwal intsrior hwuidity., In peneral,
however, the most usual vrocedure is 1o use other insulating naterisls under the
exterior rcofing.

Roofing materials are extremely variec, and may come in sheets, blocks or rolls.
According to Shtaerman, the mest freguently used sheet material in the food in-
dustry is roofing iron, which cowes in sheets 1420 by 710 mv, and weighs from
3.25 to 6 kg. Frequently corrugated iron is used in sheets from 3 to 6 meters
lorig, 0.4 to 0.9 meters wide and l-1,5 mm thick. Another sheet roofing is made
~ of Portland cement and asbestos fiber (c2lled Asbofanera in Russian), These
vary in dimensions from 60 X 120 em, to 100 X 200 em, and are from 4 to 12 mn,
thick.This is a highly fireproof material,

The block types are various forms of fired-clay tile, slate, and shingle.
The most comron form of rolled roofing material is ruberoid, which is z press-
boara impregnated with bitumen. It comes on rolls 0.8 and 1 meter wide and 20-25
meters long, Thers are also other types of pressboard rolls.

In general, medium and light industry buildings must be heated and require
roof insulation. According to Belenia, this adds significant weight to the roof,
and the roofing mwaterial should therefore be light weight, He suggests that in
zones where snow on roofs reaches a weight of 100-150 kg/mz, the roofing material
should weigh no more than 70-100 kg/mg ;5 where the snow load is 50-80 kg/mz,
the roofing material may weigh as much as 150 kg/mz.

In heavj industry, plants are frequently unheatsd, and the technological
processes produce heat. Here the roofs need not be insulated and are usually,

according to Belenia, of corrugated iron or steel, or asbestos cement.
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Figures 12 snd 13
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figure 12, Brick dome with double arches
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Figure 13, BReinforced concrete cylindrical domes

Source: Osipov, p.332
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Figure 14. Thin-walled Double-arched Domes
(a) General view

{b) Lengthwise view

(¢) Side view

Source: Osipov, p.334
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7. Air and Lighting Facilities

In general, industrial buildings are constructed to use daylight, although,
according to Belenia, for 10 years they have been designing buildings with
artificial light to overcome lack of even light and poor weather conditions,
Two types of apertures are in use: wall windows and overhead skylights,
According to Belenia, buildings with only one wing and with height of worliing
area to width not less than a ratio of 1 to 2, light may be introduced through
wall wirdows., ‘ccording to Osivov, the frames of such windows are made of wood,
steel or reinforced concrete, Skylights may be used only for lizht, or as a
means of ventilation or for both., Those used for light alone, have glass set
in at a h5° aﬁgle, but cannot be opened, Skylights are of various shape,
depending on their purpose. Iectangular skylights are particularly common,
and especially good in tropical regions beceuse they let in less sunlight than
other shapes. M-shaped skylights are used mostly for shops which have heat-
produecing technologies because the angle of the glass allows better ventilation.
Belenia suggests that for industrial buildings of standard design, the best
procedure is to use artificial lighting arwl wventilation, so that the building

design need not be affected by these factors,
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Figure 15.
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Figure 15, Skylieht types

Source: Belenia, p.30,
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8, Other Elerents

Several very important elements have been omitted from this study, due
to lack of time and insufficient material, These include doors, stairwells,
elevator shafts, and such unformed bﬁt labor and material consuming
elements as plastering and surface facing. These last two are more important
in nonindustrial buildings., Indeed, plastering apoears to take fromls to 25%
of the manhours in construction of housing (see Syrtsova), Other, less sig-
nificant, elements omitted include roof and foundstion insulating materials

and sub-foundation sands and gravel fill.
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Figure 18
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Figure 19
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Figure 20,
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Figure 22,
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Figure 22, Main Shop of Kirov Thermo-Electric Power
Plant in Leningrad

Source: Pokazatel'noe Stroitel'sno, p.1%48
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APPENDIX




STROCTUNAL KLEMENTS IN SEIFCTED CONSTRUCTTON INDUSTHY BUTLITNGS

TABLE A

) {2) (3) [ (5) 6) m I (8) 9) (10) {11} z2) {13) (14)
Output Bos of Kain shop Hes of Ne» of | Width and | Poundaticn Skeleton Walls K:ranes Coluems Boof Other
Flant Shop or Installation (Type and Torkers ﬂc:ﬁnpneu volume | Stories Baya Helght of
—capueity) {__ | @} | (a3} | Bam - _— ] —
1 Crushing and scrting plant 250,000 @ ot |49 7,400 Reinforewd 1
quarry stone Concrete
and gravel
2 Croshing and sorting 30,000 = of 2 485 Viood Wood 2
N installation o . aheathed
3 MWater chlorination installstion | 9w’ par smirt 4 2907 38 Wood Wood ,
4  Concrete snd Mortar shops. 41,000-113,0000° | 1443 | 46290 | 3,139 matd [|2 aelnforced | Filled Refnforced 4
cenant’ 5 -5, 891 ~ concrate | brick coerete
0, 000-50, 000x : aheet.
of mortar
5 Cencrete apd Horter shop R concrete 65 Relnforced Cinder 5
40,000 o' mortar congrete block
&  Tewparary concrete-msking ohop | 243,000 concrete 15 a0 2,715 Hetal. Wood panels €
ary heat jnstal—
. latlons
¥  Reinforced coricrete products 10,000-25,000° |76200 | 2,254, m0] 19,143 Brick 7
abopa . 21,893 )
8  Belpforced voncrebe products 10,0000" 13 5,058 25,600 Retnforced | Brick 8
ahop {Large penels for concrete '
- ﬂilnll!.ngng . |
9  Eelnforoed concrets products 5,0000° 57. 1.170 8,205 Beluforced | Brick I
shap wiicrete )
10  Eeinforoed end “cellularn 20,000 o Y 4,096 40, 406 Hetallic | Cindm N EC
Congrets Shop ; block
Y1 Flaot for reinforosd {armored) | 17,000 w 68 2,358 10,728 Rednforced | Driok o
Foany cewent and' feamy concrete
wilicates (majn shop)
- - ‘ =
Fiv 000-7,500 tons |59-77 7921224 800, Brick or
tings shops 5y 1500 55 Al 2:07& ] cluder block|
. i o
Shop for: plaster buurd panals | 3,000-7,500 &2 |47 00 2,710 {indli ood Wood £111
or .tmﬁ:l';nc: pew ' * sl'\np and opaty and brick . 4
shed) ,
. ‘ =
1, Swp for plaster-elog olemerts | 7,500 o 65 910 4,960 Brickn Brioks W
15 Saseill 96,000-134,0000° [70-266 | 680-3,320 [ 520 ler 12 Bricke . 15
16 Sewmill 12,000 26 oo 2,287 2 o Wood . ... | Wood 5
v ~ 17
17 Forging-welding shops 18 4B 2,186 siod Brte Wood -
38 Mechapized carmt storage 3,500 tons 5 500 &, %00 Wooden nilos 18
t sto 000 tons 690 030 Relnforced | Filled Wooden silos | 19
19  Mechmiged cemen rage 2, 1 "' concrete concrate :
20  Faterial storage (with shed) 1228 4,679 m 20
A Win varchouse and metal starags S04 1,861 Toed Wood 2
22 Qarage {to sorvice 400 trwcke 500 7,980 42,000 Hotal with 22
with hested park for 91 autos} * * brick £111
Carage for 100 trucks a5 1,500 7,300 Brick Brick 2
%
Truck overhaul shop has 3,370 17, 500 Bri clt Brick
' 2
25 Furniture and wood parte dhop 1 2 Brick,cinder {dirder Wood Drying iln 5
{inal. wood-drying room Elock or erane in of palelned
conbdned with finished cindarsioeded siorage clay brick
product storage) reghons,woods  TOOm
Brick Refnforomt' 26
26 Clay-brick plant Rotnforop
(precast
- reat
— - L5 IR IR . o .
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{ Cant'd )

STHUCTURAL BLEWFNTS IN SELECTED FOOD_ INMSTRY BUITIINGY

(1) @ (3) () 5 5 i (8) (9) (10) (1) . 2} (3) (14)
Qutput Nos of Hain shop Shop Bo. of No» of [iidth and | Foundation Skeleton Walle Craned Columa | Roof Other
Flant Shop or Instaliation {Type and |Workers | floorspuce | wolume | Stcries |Bays Helght of .
... capacity) — |Bars J— N
1+  Sugar refinery (fig-18) (see rig.16) 23 BRubbla Steel Eriek Stesl  |Roofing iron, Floor batwesn
stone wooden pheath- stories is
ing, reln- reinfarcod
forced tcone concrete slab
crete haue on ahest beams
sheatn
24 Sugar refinery {fig-17) (sen fig-17) 2 Reinfarced | Reinforced’ Ruberoid on | Flooring sppears
_ concrete canerete. cenant; on to be metal
Iilled with reinferced sheets
turf : canorete
hase sheets
3+ Algohol factory (fig-18)
{1945 oodal)
Left parts 1 ek Wood Brick Wood Vood
Rght pars: {oeo £1g-18) 4 Strustural Brick Strocturgl,
steel teal &nd briek '
kv Frult Cannery (in South) 1 3 (ove tig. | Local stonel| Locally cut] Local Wood covered
. 19) stoue stone with ruberoid
5¢ Hoapmaling shop of oil.
and fata factory
Left parta 3 Frick vWood for Ro3f iran on Twoe arches
top fioor. wood lathings in roofs of
tignt part: 1 Brick arch different
covered hélghts
with cement
sheeta and
. Fuberoid
6. Meat—disuebering Dapts of 30 meters | See fige| 7
meat-—konbioat wide Fai)
T Refrigeration Plaut
(pani-temporary) 1 QarTyY Wood Brick (38 g.me Hood Wood.
stane thick)

- g6 -



T4BLE & { Cont'd)

STRUCTURAL FLILGENTS Th OTHER IRDLSWRY BUTLDINGS

(1) (2) @) (&) (5) (&) (7) (8) %) (10) LCL'L) (12) 13} (14)
Cutput Nos of Main shop Shop Ho. of Mo+ of | Width end [ Foupdation Skeleton sdalle ranes Column  Roof K ther
Flant 8hep or Ingtallation (Type and Yorkera floorspace w¥olume |Stories Bays Height of
ﬂgcit.xl Bays
" !
1.  Hlast furnace shops Labn Precast
reinforced
concrete b/
2 Four-story industrisl aildings® 1,80 n° 17,0000° Vonolithiec | Precast Brick (base= Pracast
{induatry wimown) reinforeed reinferced ment walla relnforced
concrets conorete monolithic concreta
conerete)
3. Flant for imwtrial rubber prodscte® 8,800 n‘” 66,9001::5 2 Honolithic Reinforced Large brick Reinforcod~—Paneln Steel hearm
{Pimensions 30 x 129m) precast concrete Ylocke concrote \__6:1. Soe  |under 2nd floor
. reinforeed | (precast) {precast) fof rein reinfarced
concrote foreed conerets Tlooring
(bepemmt) koncrete
11 Elsctric plpe-waiding shop* Produces welded 37,900 650,000 | 1 3 Each 27 a- | idonolithic Structural Brick Structural Precast
phpa vith dism. (goe fig. in width reinforced | stesl (slag block steal reinforced
of 720 ome 2) (pen fig. conerete aleng metal conerete
46} Tramea) wth X
- ruberoid
covering.
Se Thernal-slectrie power plant®
1s Figure 225'/ 6,760 204,650 |1 5 d4/ Relnforced |Lainforced '
(ot of Conexrete and | foamy -3
land an structural camnt punsle )
which tildgs- Btodl {r, Em,a REeinforced Large rein= DBetween story
stand } Srah comcrete  foropd Toring 11ks
o zoncy) and concrets | roof
N . :truct’uml paunsls
21 13,624 442 500 | 15 I & Structural Rednforced \_utnAlv .
{plot of o steal foamy cemant
land, etcs) panels {roplaces Steal
-| brick masonry)

a/ The roofs of forging and welding depertments, and roof of shop for repair of intereal combustion engines are reinforced conceate, tha rest is woode
b/ Under foundation was o alag laysr 2+5 msters thick and a slag~cenent layer 15 ooters thick; the total wolume of the sub-founiation layer was 9,800 n3.
¢/ The width and haight of Bays dlffer acowrding to departmort as follows:

Departmant

Machine Hall Deaeration Depts Bunker Dupte Boilar room
Flant Width of 25 ¢ -5 . G5 27
Bay({Heters)
Height of :
Bay (-} A =506 28035 38
Flank #2 Width of 24 Tes 95 27
Bay (E.)
Height of 23 2546 28435 w
Bay (He)
Ses Figs 3.

d/ Comsoted foundstion plate of btunker and deasratlon depte., oolwmns in face of machine hall are precast reinforsed concretas Colfuw in face of boiler roow, girders and roof beans of mchine and boiler rooms and other perte ars of metals

* These ares all of model type with more precest relnforced concrote than usvals They represent the most advanced standards in terma of high sation of on and labor and material esving designe
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