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[Article by M. D. Bodanskiy, L. M. Gorshkov, V. I. Morozov, B. S. Rastorguyev]

[Text] A discussion is presented of the calculation of the supporting struc-
tures of civil defense shelters against the effect of the shock waves from
nuclear blasts, the explosion of gas-air mixtures and heating during fires.

A study is made of the methods of dynamic calculation of flexible reinforced
concrete structures in the elastic and plastic stages under various support-
ing conditions; the extracentric compressed elements —— brick walls consider-
ing the opening of horizontal cracks, inside columns and walls considering
their joint operation with the ceilings and floors and with the dirt founda-
tion.

There are 12 tables, 69 illustrations and 74 references.
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FOREWORD

One of the primary goals of civil defense is the timely design and construc-
tion of structures to protect the population against weapons of mass de-
struction.

Among such structures a special role is played by the civil defense shelters,
a special role is played by the civil defense shelters, the construction of
which requires defined material expenditures and time. The structural de-
signs of the shelters and their internal equipment must be calculated and
designed so as to protect people from the destructive factors of a nuclear
blast in the zone of total destruction of buildings, against high tempera-
tures and smoke in the case of mass fires and also against the effect of
chemical and bacteriological weapons.

The problems of calculating the structural designs of shelters for dynamic
loads occurring under the effect of a nuclear blast shock wave have been
discussed inadequately in the literature and are little known to construc-
tion engineers, planners and designers. At the same time, the methods and
the calculation of protection against the radiation of radioactive fallout
and primary radiation of a nuclear blast are the subject of a broad litera-
ture [14, 17, 21, 28, 38, 39, 46]; therefore they will not be investigated
here.

The primary goal of calculating the structural elcments of shelters loaded
from a shock wave, the magnitudes of which are tens and hundreds of times
more than the loads normalized in industrial and civil construction, is the
establishment of the dimensions (cross section), guaranteeing the same pre-
sence of people in the shelter under the effect of modern methods of mass
destruction. A characteristic feature of the calculation is the specific
situation which is rare in the ordinary designing of industrial and civil
structures: the structural elements of shelters are designed for shock
wave load, which will occur once or twice during its entire service life.
This makes it possible to approach the selection of the methods of calcula-
ting the structural designs with less rigid requirements, the basic one of
which consisted in the fact that the structural element must withstand the
load without collapsing [48]. Here it is possible to permit significan re-
sidual deformations in the shelter structures accompanied by the opening of
cracks and large deflections.

2
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The calculation of structures considering the effect of the changes in their
geometric diagrams in the process of deformation and the consideration of
the working of the material of the structure beyond the elastic strings that
will permiv lowering of the expenditures on the construction and the provi-
sion of protection for a larger numeer of people.

Based on the mentioned prerequisites, in this paper the specific nature of
the design of shelters is reflected, the procedure is glven for determining
the dynamic loads from the explosion of gas-air mixtures and a nuclear
blast. A discussion is presented of the methods of calculating the basic
bearing structures (elements of reinforced concrete floors and ceilings,
colums, walls and foundations) on the effect of the dynamic loads and also
on the heating during fires. These methods can find application also for
calculation of the structural designs of civil and industrial structures for
the effect of dynamic loads in emergencies.

Chapter I was written by L. M. Gorshkov, Chapter II was written by V. I.

Morozov; Chapters III and IV were written by B. S. Rastorguyev with the
participation of V. I. Morozov, Chapter V was written jointly by V. I.

Morozov and B. S. Rastorguyev, Chapter VI and the characteristics of the

mass fires in Chapter I were written by M. D. Bodanskiy. -

The authors hope that the book will be useful to a broad class of scientific
workers and engineers engaged in designing shelters and specialists working
in the field of dynamic structural design calculations.

The authors express deep appreciation to doctor of technical sciences, pro-
fessor N. N. Popov for advice and suggestions which were taken into account
when preparing the manuscript for publication; the authors also express
their heartfelt thanks to candidates of technical sciences V. I. Ganushkin
and A. I. Kostin for their work in reviewing the manuscript.
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CHAPTER I. CIVIL DEFENSE SHELTERS
1. Classification of Shelters

Civil defense shelters are designed to protect the population against
means of mass injury., The requirements on such structures are defined
beginning with evaluation of the destructive factors of a nuclear blast
and also evaluation of the injurious effect of poisons and bacterial means
[1, 2, 23]. For the bearing structures of the shelters, the requirements
arising from the destructive factors of a nucledr blast are defining.

General Characteristic of the Destructive Factors in a Nuclear Blast

A nuclear blast in a populated area causes destruction, fires and radio-
active casualties. The nature of the destruction of the buildings and
structures by the shock wave of a nuclear blast and injuries to people is
presented in Table 1. When compiling the table it is considered that a
shock wave also affects people indirectly -- injuries from fragments of
destroyed buildings and structures, pieces of glass. The injuries from
a shock wave are observed at pressures of 0.03 kg/cm2 and more,

The magss destruction of above-ground buildings and structures in cities
can be accompanied by blocking of the streets with pieces of walls, metal,
reinforced concrete and wooden beams, brick and other materials which leads
to the formation of one-sided or two-sided obstruction of the streets.

With a shock wave pressure of more than 1.2 kg/cm“, as a rule, solid
obstructions are formed over the entire built-up area. The characteris-
tics of the obstructions (composition, height, distance the main part of
the fragments are scattered) are presented in references [14, 64].

An unavoidable cumsequence of nuclear blast is the fires caused both by
the direct effect of the light emigsion on open combustible structural
elements and materials and by the destruction of furnaces, industrial
heating units, damage to the gas mains, electrical networks, and so on.
The conditions for spreading of a fire in buildings after damage of the
bearing structures by the shock wave and destruction of windows and doors
will be ideal [21]. The control of fires is complicated if the water
lines are out of order.
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- Table 1

D2structive Effect of the Shock Wave of a Nuclear Blast [14] -

Killing radius
Pressure at the | for a ground
Nature of destruction shock wave blast of
front in kg/cm2 1 million tons
in km -
Destruction of glazing 0.03 31
Destruction of the roofs of buildings, 0.18-0.1 7-11.5 -

partitions, ceilings and floors on
wooden beams

Destruction of wooden buildings 0.2 -0.14 7-10
Contusions and slight injuries to 0.4 ~0,2 4,5-7
people
Destruction of stone buildings 0.45-0.35 4,5-5
Medium serious injuries of people 0.5-0.4 4-4 .5
Serious injuries of people 1 -0.5 2.8-4 -
Destruction of industrial-type buiidings 1 =-0.8 2.8-3.2
Destruction of strip foundations of 4 1.5
residential buildings
Destruction of underground reinforced 15-12 0.8~1

concrete pipe 1.5 meters in diameter
with a wall thickness of 0.2 meters

During World War II, mass fires were one of the primary causes of the
destruction of buildings and loss of life. It has been documented that
out of the total amount of destruction in large populated areas subjected
to air attacks, up to 80% was caused by fires [69, 73]. After an air
burst of a 20 megaton nuclear bomb as a result of the combined effect of
a shock wave and light emission the mass fires would occur at distances
of up to 30 km from the blast epicenter [49].

Uepending on the density of building and atmospheric conditions, various
types of fires can occur in the city. The individual fires, solid fires,
storm fires and versions of them -- cyclone fires, fires in obstructions ~-
are distinguished.

It is known [21] that the probability of the spread of fires with less

than 207 density of building is very low. This is explained by signifi-
cant spacing between the buildings which prevents the combination and
autual effect of the temperature flelds of adjacent individual fires.

Under these conditions even when all of the buildings are burning simul-
taneously in an area with the indicated building density each fire

develops independently. Such mass fires are called individual, With an
increase in the building density and corresponding decrease in the spacing _
between buildings, individual fires begin to have a mutual effect by the

5
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radiation fields. These are solid fires. If the buildings are closer
together, the thermal fields of individual fires merge in general (storm
fires).

The first of these fires came to be called solid fires as a result of the
fact that over the entire area encompassed by the fire, as a result of the
interaction of the radiation fields of the burning objects, approximately
the same temperature regime is established, and the second group of fires
are so-called because in their presence merging of the flame of all of the
burning objects in the investigated area is possible, and the wind veloci-
ties reach storm values,

In some cases during the occurrence of a storm fire in a section, the dimen-
sions of which exceed 11 km, its growth into a fire storm or a fire
cyclone, as it is called, is possible.

The fire cyclone is characterized by extremely intense burning of various
combustible materials with the occurrence of powerful centripetal air

flows and also the formation of a column of heated air and combustion
products rising to an altitude of up to 4000 meters. The fire cyclone
usually does not go beyond the limits of the region where it occurred.

The velocity of the air flows directed toward the center of the cyclone
fire reaches 35 m/sec or more, and the air temperature in the cyclone range
approaches 1000°C. Four to 5 hours after the occurrence of a cyclone fire
the region where it occurred is converted to a heap of incandescent struc-
tures and destroyed elements of buildings.

In addition to the enumerated types of mass fires which must be expected
in an area where the pressure at the shock wave front does not exceed
0.2 to 0.5 kg/cmz,,at«the limits of the zone with greater pressures fires
in the obstruction are possible which are distinguished from the mass
fires of other types by the great duration and relatively low air tempera-
tures. The classification of the mass fires with respect to expected
atmospheric conditions developing within the built-up areas of cities is

- presented in Table 2,

Table 2
- Classification of Mass Fires by the Outside Air Parameters
Maximum air Probable maximum Duration
Fire Type of temperature in| concentrations in 7 | of the fire
category fire °C CO COp O in hours
I Storm 600-800 1.2 4.8 12,5 to 4
11 Solid 500~600 0.5 2.4 16.5 6-8
IIT Individual to 200 0.3 1.4 18,5 6-8
v In obstructions to 40 0.2 0.8 20 . to 24
6
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In order to discover the parts of the bvilt-up areas of cities in danger
from the point of view of the occurrence of one type of mass fire or
another, it is possible in the first approximation to use the simplest
procedure for estimating fire hazard in reference [14].

. Here it is necessary to consider that the territory of categery III of
fire hazard, the dimensions of which are less than 200200 meters, located
within the boundavies of the calculated section of category I (1I1), is
all evaluated by the category of the last-mentioned section, and for

a dimensions of greater than 200x200 meters with respect to category I (II)

only the 100-meter strip around its perimeter is evaluated. This correc-

tion takes into account the calculated spread of the increased tempera-
tures and concentretions of the products of combustion to a distance of up
to 100 meters from the burning buildings located in the sections of higher
category of their hazard by comparison with the investigated territory.

People can receive burns from the light emission during a nuclear blast.
In the case of a ground burst of 1 million tons in clear weather the
exposed parts of the skin will receive first degree burns at a distance of
9-12 km from the radiation source, second degree burns at a distance of
7-9 km, and third degree burns at a distance of 5-7 km. People in build-
- ings can escape burns from light emission, but suffer from fragments of
the destroyed buildings and also from other injurious factors of the
ruclear blast: penetrating radiation and radioactive contamination.

Along with the shock wave and light emission the penetrating radiation is
cne of the decisive factors when determining the requirements on shelters.

Penetrating radiation which acts up to 15 seconds after the time of the
blast consists basically of gamma radiation and a neutron flux. The

- gamma radiation is the most dangerous in view of its high penetrating
capacity, large radius of effect and capacity to disperse in the air. In
the case of a 1-million ton ground burst the gamma radiation dosage will
be as follows [14]:

At a distance of 4 km (pressure 0.5 kg/cm?) 4 roentgens

At a distance of 2.8 km (pressure 1 kg/cm2) 80 "

At a distance of 2.26 km (pressure of 1.5 kg/cm2) 1000 " i
At a distance of 2.km (pressure of 2 kg/cm2) 4000 "

At a distance of 1.78 km (pressure of 2.5 kg/cm?) 10000 "

As a result of fallout of the radiocactive particles on the ground from the

cloud of a nuciear blast over large territories, radioactive contamination -
rakes place. Thus, for eXample, for a l-million ton blast at the edge of

a large city on the windward side with a wind velocity of 24 Im/hour, the

part of the area of the city covered by the zone with a contamination

level at the outer boundary of 10 roentgens/hour, 1 hour after the blast -
will be 60 to 70% of the entire area of the city; with a level of contam-

ination of 100 roentgens/hour, 40-50%, and with a contamination level of

300 roentgens/hour, 30-40%. -

7
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If the city 1s covered by a radioactive cloud from adjacent blasts, the
degree of radioactive contamination of the territory increases by several
times. The radioactive contamination of the area which is dangerous to
people can occur at a distance of hundreds of kilometers from the center
of the nuclear blast. The gamma radiation from the radioactive fallout
causing general external irradiation is of primary danger to man. The
radiocactive particles can get into the organism through the respiratory
organs, together with water and food, causing internal irradiation.
Taking the simplest measures of protection of the respiratory organs from
dust and observing sanitary-hygienic requirements when eating, it is
possible vo exclude or significantly decrease the incidence of radiocactive
materials in the organism.

There are no effective measures of protection against external irradiation
except a shelter. Therefore, irradiation presents the primary danger, and
protection from it is the main problem in areas of radioactive contamina-
tion.

The protective properties of buildings and structures with respect to
gamma radiation are characterized by the radiation attenuation factor
which indicates how many times the irradiation dosage of man is diminished
in the building (structure) by comparison with the irradiation dosage in
the open. The admissible dosage of the total single external irradiationm,
considering its quickest aftereffects, must not exceed 25 to 75 roentgens.

A more detailed characteristic of the injurious factors of a nuclear blast
can be found in referemces [10, 14, 21, 25, 39, 49]. -

In the set of destructive factors connected with the effect of modern

means of destruction, it is necessary also to consider the so-called
secondary destructive factors which are a consequence of the effect of the
shock wave and light emission of the nuclear blast. These include
destruction of reservoirs and various process units with easily inflammable,
combustible, explosive and poisonous liquids and gases, as a result of

which destruction of the surrounding buildings and structures, intense
fires, and so on occur.

Requirements on Shelters

Considering the discussed peculiarities of the effect of the destructive
factors of a nuclear blast, it is possible to formulate the following
basic requirements on civil defense shelters.

In the cities which can become the target of a nuclear attack, it is
necessary to protect people from all of the destructive factors of a
nuclear blast. The shelters in these cities must have emergency exits

for independent exit of people to the ground service in case of destruc-~
tion of above-ground buildings and structures and the formation of
obstructions. The enclosing structures of shelters must have the required

8
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thermal resistances, preventing heating of the inside surfaces during
fires, In built-in shelters the ceiling must not be punctured by individual
falling .ragments when the buildings are destroyed.

In rural populated areas and small cities which are not the target of
nuclear attack, basically protection from radioactive contamination must
be provided. However, near the limits of cities which can become the
target of a nuclear attack, the shelters must also withstand the effect
of the shock wave (of corresponding less intensity), and in individual
cases, the secondary destructive factors (for example, protection against
poisons which can spread in the direction of the prevailing wind far
beyond the city limits after the containers are destroyed in the city).
One of the most important requirements on civil defense shelters is the
possibility of filling them with people in a short time measured in
minutes. For shelters outside the cities which can become the target of
a nuclear attack, this time can be greater and will depend on the distance
to the city and the propagation rate of the radioactive cloud.

The civil defense structures must insure effective protection, that is,
essentially diminish the possible losses of population under wartime
conditions with the application of weapons of mass destruction; at the
same time the construction of these structures must not cause significant
additional expenditures. The basic increase in cost of the buildings and
structures adaptable as shelters is connected with providing the required
strength of the closing structures designed for the impact of the shock
wave,

Classification of Shelters

The civil defense shelters are divided into regular shelters and radiation-
proof shelters. The regular shelters are designed to protect people
against the damaging effects of a nuclear blast and also poisons and
bacterial means, The radiation-proof shelters are designed to protect
people against radioactive contamination (radiocactive radiatiom, the
incidence of radloactive particles on the surface of human skin and also
through the respiratory organs).

The shelters are classified with respect to protective properties, loca-
tlon and erection time.

wirh raospect to protective properties the regular shelters are divided
into five classes [23], depending on the calculated pressure of the air

shock vave of the nuclear blast,

The radiation-proof shelters are divided into three groups with respect
to degree of attenuation of radioactive radiationm,

With respect to location the shelters can be built in (in the buried part
of builldings) or separately standing (located outside buildings).
9
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The separately standing shelters are divided into trench shelters and
underground shelters. The covering of the trench-type structures is
located, as a rule, at ground level. The structures of the underground
type are at significant depths and are protected by the natural thickness
of the ground.

The shelters are erected in advance, with the application of permanent
incombustible material, structural elements and internal equipment of
industrial manufacture.

When it 1s necessary to erect them in short time, local building materials
(including wood) and internal equipment manufactured by the population
and local industry are used to build the shelters.

The shelters (specially the regular shelters) are located near the places
where the people work and live in view of the limited time to take shelter
after the air alarm signal is given.

The most acceptable are the built-in shelters which can be filled with
people in the shortest time., The distance from a separately standing
shelter to the exit from a building must not exceed the gathering radius,
the procedure for determination of which is presented in reference [14].

The separately standing shelters are located insofar as possible so that
one of the entrances will be removed from the nearest building by a
distance no less than the height of this building and can serve as emer-
gency exit. If this solution is impossible, a special emergency exit is
provided,

2. Planning Solutions and Structural Designs of Shelters
Planning Solutions

The space-planning and structural designs of shelters are determined by

the requirements of protection against weapons of mass destruction and the

conditions of their operation and maintenance in peacetime in the national
- economy. This combination of functions in one shelter is advantageously

economic and promotes more intense accumulation of the shelter pool.

During peacetime the shelters can be used as domestic and production facil-

ities which do not require natural lighting, garages for cars, commercial

and public eating enterprises, warehouses and other facilities. The

space~planning solutions of such facilities must correspond most completely
- to their purpose, insure the required sanitary-hygienic conditions for

the people working in them, and be economical and simple to the maximum

with respect to composition, The shelters must be designed considering

the erection of them by industrial methods coordinated with the structural

elements of the buildings and with the enclosing construction.
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In the shelters (Fig 1, 2) provision is made for basic (facilities for
shelteri:z people, lock-type entries) and auxiliary facilities (filter-
ventilation chambers, sanitary facilities, diesel electric power plants).
The height of the facilitles is taken in accordance with the requirements
of their use in peacetime, but no less than 2.2 meters from the level of
the floor to the bottom of the protruding structures of the celling,

In a facility for sheltering people provision must be made for places to
sit or ile down.

At one of the entrances to the shelter a lock chamber is built (single-
chamber or double-chamber depending on the capacity of the shelter),

the purpose of which is to prevent the danger of shock wave injury of the
people in the shelter when the doors are opened. Therefore the outside
and inside sealed protective doors of the lock chambers must have blocking
to exclude simultaneous opening of them., After the shelter is filled it
{s expedient to use the lock chambers for people in the sitcing position.

The dimensions of the filter-ventilation chamber (FVK) and the facility
for the diesel electric power plant (DES) must be determined from the
condition of the minimum required space for the equipment.

In view of the great variety of versions of the use of the shelters in
peacetime it is expedient to standardize their space-planning solutions
with the application of standard spans and standard column network. Con-
sldering the significant calculated load on the enclosing structures of
the shelters, it is necessary to limit the size of the spans and the
spacing of the columns. The ceiling span is usually taken equal to 6 m,
and the column spacing, 6, 4.5 or 3 meters.

The inside longitudinal bearing walls are used comparatively rarely, for
in this case the operation and maintenance of the facilities in peacetime
are complicated. However, in cases where this solution 1s possible, it
must be widely used as a result of the following advantages: a decrease
in height of the facility, reduction of the types of prefabricated cover-
ing elements from 3 (slab, beam, column) to 1 (slab), a decrease in depth
of the pit (replacement of the column foundations with strip foundations),
simplicity of erection.

For shelters located in the basements of one-story production buildings or
Zor separately standing shelters, a column grid can be used distinguished
from the standard one inasmuch as it is not connected with the structural
elements of the above-ground part of the building. Some decrease in the
colui ‘1, for example, from 6x6 to 4x4 meters, will permit a reduction
i1 the nonsumption of materials without having a significant negative
effect on the possibilities for use of the facilities in peacetime,
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Figure 1. Planning a storage-shelter for 150-200 people in

a basement.

1 —- facility for sheltering people; 2 -- lock chamber;

3 — filter-fan chamber; 4 -- sanitary facility; 5 -- elevator;

6 -- emergency exit
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Figure 2. Planning a high-capacity shelter in the basement of

a one~story industrial building with a column grid of 4x4 meters.
- 1 —- prelock; 2 -- lock chamber; 3 -- lock; 4 -- facility for

sheltering people; 5 ~- medical room; 6 ~- sanitary facility;

7 —- water tank; 8 -- housekeeping storage; 9 —-- produce storage;

10 -~ ventilation chamber; 11 — electric panel; 12 -~ cooling

unit of the diesel electric power plant (DES); 13 —- DES; 14 -~

fuel and lubricant storage; 15 -- food waste storage; 16 —-

drinking water; 17 -- benches and bunks
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Fig 2 shows the planning of a shelter in the basement of a one-~story
building with a 24-meter span. In peacetime the basement is used as a
storage for the materials of an industrial enterprise. The shelter is
designed tor 1000 people. There are three entrances in the shelter: two
with docrs 120x200 cm and one with gates 180x240 cm. Loads which are
lowered from the first floor by a bridge crane are sent through the gates,
The loads are tramsported within the storage by electric cars. The
capacity of the shelter can be increased with placement of the people in
tie storage racilities and in the medical room which do not enter inmto
the standardized list of mandatory facilities.

If with respect to the conditions of operation and maintenance of the
shelters in peacetime it is necessary to have a large-span facility with-
out inside walls and columns, then for separately standing shelters it is
expedient to use the arch enclosures (see Fig 3). In this case the
entrances and auxiliary facilities are placed at the ends which are made
of flat structural elements.

For operation and maintenance in peacetime, an unloading and loading plat-
torm, the loads to which are supplied by elevator, is provided in front
of the entrance to the storage.

When using the shelters in peacetime as transport structures (parking
trucks, electric cars) an inclined ramp is built for entrance of the trans—
port units, the length of which reaches 35 to 40 meters. This compli-
cates the choice of the construction site under conditions of dense build-
ing up of the territory. With a small number of transport means instead

of an inclined ramp it is expedient to design a vertical 1ift.

The space-planning solutions of shelters in residential and public build-
ings also have a number of peculiarities connected with the insurance of
the required conditions of operation and maintenance of basement facili-
ties and the buildings themselves during peacetime. The presence in the
resldential buildings of frequeatly occurring vertical stands of the
sewerage, heating, water and gas supply systems complicates the operation
of the basement facilities and sealing of the shelters.

Three versions of the placement of the pipes of the internal equipment
systems below floor level of the first floor of the residential buildings
aic possible; the first -~ passage of the pipes through the basement in
stecl tubes (for the sewerage risers) or reinforced concrete boxes;
second -~ the construction of a special engineering floor for the pipes;
third -~ passage of the pipes in the ceiling above the basement (in
chanusls vnder the floor).

The first version is preferable with respect to cost. By comparison with
it for five-story large-panel residential buildings the second version

is 5% more expensive, and the third is 6% more expensive. However, the
second version has significant advantages: it insures a good interior

of the basement; it excludes the laying of the main lines through the
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basement and the installation of sewerage risers; it permits the laying of
the intrablock communications through the building; it provides for
convenlence of operation of the internal equipment systems of the build-
ing. In higher-rise buildings the construction of the engineering floor
is cheaper. The third version is the worst with respect to all indexes.

20760

Figure 3. Arch type shelter:

- 1,2 -- entrances; 3 —- prelock; 4,7 -~ lock chamber; 5 —- electric
panel; 6 -- diesel electric power plant; 8 — facility for
sheltering people; 9 -- sanitation facility; 10, 11 -- benches
and bunks; 12 -~ filter-ventilation chamber; 13, 15 -- lock
chamber; 16 -~ unloading area; 17 -- facility for entrance of
engineering communications; 18 -~ freight elevator

In public buildings the internal equipment system risers are arranged more
compactly than in the residential buildings. Therefore it is possible to
run the pipes through the basement at defined locations, setting aside
small areas for this 1f necessary insulated from the shelter facility by
a sealed-protective or sealed door.

Structural Designs of Shelters

The facilities adaptable for built-in shelters occupy the greater part of
the building, and therefore the volume of the enclosing structures designed
to take the shock wave impact is relatively small with respect to the
volume of the entire building. For the enclosing structures of shelters,
it is possible to use standard reinforced concrete structural elements
which are widely used in industrial and civil comstruction. These include

14
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the II-20 series structural elements for production buildings with a
column ¢rid of 6x6 and 9x%6 meters designed for loads from 500 to 2500 kg/mz,
11-04 serz¢s for loads to 400 kg/m2, and so on.

The bearirg capacity of the ceiling of the shelter required by calculation
of the shock wave impact can be attained by installing an auxiliary longi-
tudinal and transverse reinforcing in intervals specially left when

) installing the ceiling (20~40 cm) between the prefabricated elements,
increasing the working height of the ceiling by laying standard elements
of the monolithic concrete layer above (see Fig 4). The amount of operating
reinforcing is determined from the condition of the working of the same
prefabricated monolithic cross section as monolithic. The joint working
of the prefabricated monolithic concrete in the slabs is provided for by
the forces of adhesion, and in the collar beanms, projections of transverse
reinforcing can also be provided,

The prefabricated monolithic structural elements are widely used in build-
ing shelters as a result of the following basic advantages:

The possibility of comstruction by industrial methods;

Increasing the spatial stability of the structure as a result of insuring
the required rigidity of the corner structures by making them monolithic;

Simplicity of creation (joining of the assemblies without welding with
subsequent monolithing) of comtinuous prefabricated elements on intermediate
supports and the possibilities of changing the reinforcing in the supports;

Improvement of the seal of the joints of the prefabricated elements as a
result of monolithing them;

Decreasing the weight of the prefabricated elements when they are made
in complete profile.

The prefabricated-monolithic structural elements can be of three types:

From prefabricated elements with monolithic seams and intervals between
elements;

Frow »refabricated elements of incomplete profile with respect to height
with relnforcing protruding to the outside supplemented with finish
concreting on sites to the total calculated height;

oo basic supporting prefabricated elements and individual sections
executed from monolithic reinforced concrete in the suspended form with

general monolithic and finish concreting of the prefabricated elements to
the full profile.

15
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Figure 4. Structural design of the ceiling of structures with
the application of standard prefabricated elements.

1 -- II-03 series slabs; 2 -- monolithic reinforced concrete;

3 -- prefabricated collar beams (nonstandard); 4 -- prefabri-

cated column (nonstandard)

In Table 3 the nomenclature for the first type structural elements is pre-
sented. This set of structures permits the design of shelters (see Fig 5)
built into the one-story industrial buildings. The monolithic concrete
(15-20% of the total amount of concrete) is used for monolithing the

seams, the construction of a reinforced coupler (5 cm) above the slabs,

in the framing above the wall panels, in the corner sections of the walls
and foundations, for the longitudinal beams built between the prefabricated
beams.

The number of types and sizes of the prefabricated elements is reduced as
a result of using concrete and steel of different types and different
percentage of reinforcing. The same form is used here. For 32 marks and
18 types and sizes of elements only 10 types of forms are required.

The deficiencies of these structural designs include the following:
increased consumption of concrete (1.46 m’ per mZ) and steel (181 kg per
m2) as a result of separate working of the elements (by the beam system
with hinged supports), significant height of the ceiling (135 cm) as a
result of floor by floor coupling of the beams and slabs, large volume of
welding operations on site joining the laid parts of the elements. The
coupling of the beams and slabs is possible within the height limits of
the beam (Fig 6). However, the above~indicated deficiencies are also
characteristic of this version of construction.

In practice the fully prefabricated structural design (107 monolithic
concrete) is the construction of a shelter from T-beams (Fig 7) resting
on columns in mutually perpendicular directions, and from square flat
slabs laid on the webs of the beam. The continuous nature of the T-beams
and their rigid coupling to the columns are achieved by connecting the
projections of the reinforcing, installing additional reinforcing at the
joints and monolithing with concrete. The joints of the auxiliary rein-
forcing to the projections are made dovetailed without welding. The
deficiency of this structural solution is the great mass of the T-beams,
reaching 15 tons, and the necessity for the application of a crane
(type SKG~50) rarely used in comstruction for installation of them. The
advantages are in the higher degree of plant readiness of the structural
6
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Flgure 5. Structural diagram of a shelter made of prefabricated
elements in a one-story industrial building.

' 1 ~- ribbed slabs; 2 -- monolithic reinforced concrete unsplit
beam; 3 -- prefabricated beams; 4 ~- prefabricated columns;
5 -- prefabricated foundation; 6 —- wall panel; 7 —- monolithic
concrete; 8 ~~ monolithic reinforced concrete ties

elements and the small number of types and sizes of prefabricated elements.
By comparison with the above-investigated solution the concrete consumption
is decreased by almost 1.5 times, and the steel consumption, by threefold.

Figure 6. Coupling of the beams and slabs at the level of
the top of the prefabricated ceiling
1 -- wall panel; 2 -~ ribbed slab; 3 -- beam; 4 -- column

- The fully prefabricated structural elements with a span of more than
6 meters have analogous deficiencies. For example, for a span of 9 m, the
continuous prefabricated slab (Fig 8) weighs 13 tons, and the steel
consumption is 140 kg/mz. The continuous nature is insured by welding
the large-diameter reinforcing (40 mm) and subsequent monolithing of the
joint.

The structural designs of the first type (fully prefabricated) have a

high degres of prefabrication, but the complexity of providing for working

with respect to the continuous scheme and the large mass of the elements
- are holding up their broad application.
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_ Figure 7. Structural diagram of a built-in shelter with
ceiling made of continuous T-beams.
1 - T-beam; 2 -~ square flat slab; 3 -- column; 4 -- wall
panel; 5 —- monolithing sections

The prefabricated-monolithic structural elements with elements of incom-

- plete profile with respect to height, especially the beamless ones, have
high technical-economic indexes. They consist (see Fig 9) of prefabri-
cated flat slabs (400x180 and 220x180 cm, 8-10 cm thick), laid on pre-
fabricated column capitals (240 cm wide and 60 cm high) and a layer of
monolithic reinforced concrete, the thickness of which depends on the
degree of protection of the shelter. The capitals are executed in the
form of a hollow truncated tetrahedral pyramid installed on a steel mount-
ing table fastened at the upper level of the column. The reinforcing
projections from the column run through an opening in the capitals. In
the middle spans flat slabs are laid, and in the edge spans, slabs with
one gentle rib by which they rest on the wall panels, All of the lower
working reinforcing is in the slabs. The upper reinforcing above the
support - in the form of welded gratings is laid in the monolithic layer of
the ceiling. Columns 50x50 cm are made in the foundation sléeves. The
column grid 4x4 meters permits the application of this structural
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Figure 8. Continuous prefabricated slab with a 9-meter span.
1 -~ slab; 2 -- support; 3 -- welded joint of the working
reinforcing; 4 -~ loops of the projections into the
monolithing seam; 5 ~- monolithing zone

solution for shelters built into one-story buildings and standing
separately. The consumption of materials per m? of basement will be
0.8 m3 of concrete and 30 kg of steel.

Figure 9. Prefabricated monolithic beamless shelter ceiling

assembly.
B 1 -~ prefabricated flat slab; 2 —- monolithic reinforced
concrete; 3 -- fittings above the support; 4 -~ prefabricated

capitals; 5 -- mounting table
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Figure 10. Assembly for joining wall panels to the prefabricated
monolithic beam ceiling of a shelter,

1 -~ slab of the inverted I type; 2 -- wall panel; 3 -- mono-
lithic reinforcad concrete

The deficiencies of the prefabricated monolithic beamless ceilings can
include the complexity of the form for manufacturing the capitals and
significant weight of taem with an increase in the column grid to 6x6 m.

The beam ceiling (Fig 10) has simpler structural elements. It consists of
continuous beams laid un the columns and supported on the beams of the
prefabricated slabs of the inverted I type (dimensions 600x300 cm, 30 cm
thick). After installing the support reinforcing of the beams and mono-
lithing to the calculated mark the slabs become continuous. All of the
stressed span reinforcing is placed in the prefabricated slabs. As a
result of the joining of the beam and the slab at the height limits of
the beam the height of the ceiling does not exceed 80 cm. The basement
walls are made of prefabricated panels (600 cm wide, height equal to the
height of the basement, thickness 30 cm). The panels are of rectangular
cross section (weighing up to 12 toms) with grooves for rigid connection
of the wall to the ceiling by installing additional reinforcing in them
and monolithing the joint. The weight of the main ceiling elements (slabs,
beams, columns) is approximately the same and is 5 to 7 tons. The con-
sumption of materials per m2 of the basement 1s as follows: 0.8 m3 of
concrete, 55 kg of steel, The amount of monolithic (construction) con-
crete is about 327 of the total consumption.

The advantages of the investigated structural solution must include the
low structural height of the ceiling and the fact that all of the beams
are arranged in one direction and protrude a total of 35 cm into the
basement. The deficiency is the complex structural design of the wall
panels (as a result of the presence of grooves) and significant weight
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of thew greatly exceeding the weight of the ceiling elements, which is
disadvantageous from the point of view of selecting the crane equipment.

Decreasing the material consumption and weight of the prefabricated ele-
ments is the most important goal of improving the structural design of

the shelters. The application of curvilinear prefabricated monollthic
elements, in particular, the arches of the curved outline, permits e_g~
nificant decrease in thickness of the shelter ceiling (to 16 cm for a span
of 330 cm and rise of 60 cm). However, the frequent arrangement of the
bearing walls on which the arches are supported (or the corresponding
small column grid) leads to an increase in the concrete consumption and
limits the possibility of using the facilities in peacetime. In addition,
the technological process equipment has still not been created for
mechanizing the forming of the curvilinear panels. The labor intensiveness
of installing the cylindrical shells is 1.5 to 2.5 times higher than the
standard flat structural elements.

An efficient form of enclosing structures for shelters providing for the
most advantageous use of the bearing capacity of concrete under compression
and the possibility of considering the plastic properties of the founda-
tion soil can be considered to be the arch construction (see Fig 3). The
curvature of the arch, the structural design of the hinges and the shape

of the embankment of a separately standing structure can be selected so
that the possibility of the occurrence of bending moments in the arch
elements is excluded.

The structural designs in the form of a sphere, the cupola and so on are
sometimes used abroad for the small-capacity shelters (family shelters,
individual shelters).

A successful structural design of shelters made of monolithic reinforced
concrete is the beamless ceiling (see Fig 11).

With a column grid of 6x6 meters the slab thickness of the ceiling varies
from 250 to 450 mm depending on the load, the column cross section —-
from 500x500 to 1000x1000 mm, the column capital size with respect to

@ height of 600 mm and the slope of the faces at 45°, TFor convenience of
coucreting it is expedient to design the walls flat (without pilasters)
with continuous brackets next to the walls. In dry ground the foundations
under the columns are colummar, and under the outside walls, strip. In
the water-saturated soils the slab of a continuous foundation is designed
as an inverted beamless ceiling.

To the case of dry ground the shelter walls can be made from prefabricated
conereln nodules (see Fig 12). In order to improve the working of the
walls under the joint effect of vertical and horizontal loads, it is
necessary to place the beams along the structure, which insures uniform
loading of the walls from the ceiling. The unweighted walls work on
bending and require reinforcement., The walls made of prefabricated con-
crete blocks usually are reinforced by a monolithic reinforced concrete
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wall on the inside or the installation of monolithic columns at the breaks
_ between the blocks which are laid in this case without tying.
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Figure 11. Monolithic beamless ceiling of a shelter

The structural design of shelter walls made of prefabricated concrete
modules cannot be recognized as efficient with respect to concrete consump-
tion, but it has become widespread as a result of the simplicity of
erection and ubiquitous manufacture of these modules,

The foundations under the shelter walls are strip made of standard pre-
fabricated reinforced concrete foundation modules or momoliths; under the
columns they are columned or stripped (with a column spacing of less.-

than 6 meters), prefabricated or more frequently momolithic. The standard
foundation modules, as a rule, have sufficient thickness from the condi-
tion of working under impact, but in some cases they require reinforcement
calculated for bending. Under the effect of a shock wave on the structure
the foundations undergo significant settling (to several centimeters). In
addition, the structure moves in the horizontal direction from the un-
equalized loads acting on the front and rear.
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Figure 12. Outside walls of shelters made of prefabricated
concrete modules.
- a -- weighted ceiling; b ~-~ unweighted ceiling; 1 -- concrete
module; 2 -~ prefabricated hollow slab; 3 -- monolithic
reinforced concrete strip; 4 —- monolithic reinforced concrete
wall; 5 -- concrete preparation
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Thus, the structure and its individual parts are involved in complex
movement in space under the effect of a shock wave, they are loaded and
unloade! unsimultaneously.

In order to provide for general spatial stability of the shelters, it is
necessary to take some structural measures: rigld building of the

columns and wall panels into the foundation; coupling of the wall and
celling elements and also all of the prefabricated reinforced concrete
elements to each other; reinforcing the corners and the joints of the
walls made of concrete modules; clamping of the ceiling slabs in the walls;
the comstruction of monolithic reinforced concrete strips around the
perimeter of the outside walls and across the structure above the columns
in the prefabricated ceilings and floors; insurance of monolithic nature
of the prefabricated ceilings and floors.

In order to avoid the transmission of additional forces to the structural
elements of the built-in shelters when the above-ground part of the build-
ings 1s destroyed, it is necessary to comnect the columns of the building
rigldly to the shelter ceiling.

The structural elements of the shelters are designed for high-intensity
loading, and improvement of the technical-economic indexes of the struc—
tural designs is a complex problem. One of the ways to improve the
structural designs of the shelters can be the application of prefabri-~

- cated monolithic pre-stressed reinforced concrete structural elements
which are highly efficient with respect to material consumption,

Significant cost benefit can be obtained by considering the increase in
strength of the concrete with time. For example, in 2 years the relative
ultimate compressive strength of concrete will increase by 1.75 to 2 times
by comparison with the trademark strength after 25 days used in the
design calculations.

Technical-~Economic Indexes of Shelters

In order to discover the optimal designs frv ohaltare i+ {g necessary to
establish a method of determining the technical-economic indexes.

When designing buried structures adaptable for shelters, it is necessary
to reinforce the structural elements, and provide special internal equip-
ment, This gives rise to additional expenditures. At the same time the
structures and their internal equipment also are operated and maintained
in peacetinme,

it would be possible to establish the additional expenditures on shelters
by comparing two design solutions; the design of an ordinary buried
structure (for example, a garage) and the design of a buried garage-
shelter, However, for this purpose in each case it would be necessary to
make two designs, which is unrealistic. A more accessible method is
determination of the additional expenditures and the difference between
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the estimated cost of the facilities adaptable to shelters and the average
cost of the ordinary buried facilities (basements).

Here it is necessary primarily to decide whether the objects are comparable.

The first condition of comparableness of the objects is unity of purpose.
It is possible to compare underground garage-shelters, but it is impossi-
ble to compare a garage-shelter and an underground storage-shelter. The
second condition is unity of the design norms connected with the given
climatic, hydrogeological and other conditions of the construction site.

In addition, it is necessary to consider not only the difference of the
indexes with respect to the buildings themselves, but also the difference
of the indexes with respect to the master plan of the enterprise (including
by the waterline, sewerage, power supply, transport and other networks),
inasmuch as on making the transition to the use of the underground space
the density of building increases, and the extent of the networks is
reduced.

As the calculated units of measure it is expedient to select one location

( for those sheltered in the shelter) and one m? of useful (common) area,
for these units insure comparability of the analyzed indexes: cost

having the greatest comparability, natural (concrete and metal consumption)
and relative (the system of coefficients K: Kj —- ratio of the area of
the basic facilities to the total area of the shelter; Ky —— ratio of the
construction volume of the shelter to the total volume of the shelter;

K3 -~ ratio of the area of the basic facility to the shelter areajy K4 --
ratio of the useful area of the shelter to its capacity).

The gradual accumulation by the design organizations of techmical-economic
indexes for shelters will permit establishment of standard indexes which
can be used to estimate the quality of shelter designs and the preliminary
calculations.

The basic space-planning parameters of the shelter are its length, width,
height and the ratio of its areas. The effect of these parameters on the
construction expenditures can be 'characterized by the above-indicated
relative indexes.

The ratio of the area of the basic facility to the total (useful) area of
the shelter (coefficient Kl) is an important criterion of the economical-
ness of the planning solution. The greater the area isolated in the
shelter to protect people, the more economical it is. The coefficient

Ky varies from 0.4 to 0.6 (in shelters with utility corridors along the
outside walls) to 0.75-~0,.83. The value of Kj increases with an increase
in the capacity of the shelters, which indicates their better economic
indexes by comparison with the small-capacity shelters. The coefficlent
K2 characterizes the efficiency of the composition and use of the shelter:
space. When comparing the versions of the space-planning solutions, the
smaller value of Ky indicates that per n? of useful area, a smaller
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construction volume of the shelter is required, and, consequently, the

given version is more economical under other equal conditions, The
volumetr:c coefficient can serve as the criterion of economicalness of the
designs only in the case where the estimated cost of 1 m3 of the compara-
ble shelters is identical or close. However, the estimated cost of 1 m3

of shelter with changes in the planning and design solutions can fluctuate
within significant limits. Therefore even for equal volumetric coefficients,
the cost 6f 1 m2 of useful area in the compared designs can be different.

Thus, the coefficient K; is not a sufficiently accurate index characteriz-
ing the economialness of the design, in spite.of the fact that it

reflects the effect of the height of the facilities, the wall thickness
and it considers the efficiency of planning of the shelter.

The coefficient K, varies from 4 to 8; the larger values correspond to
shelters with solid foundation slab.

The ratio of the area of the basic facilities to the basement area (the
coefficlent K3) makes it possible to determine the possible capacity of
the shelter beginning directly with the building (basement) dimensions.
The coefficient Ky takes into account the area of the various unprotected
facilities which are provided for in basements for technological needs.
In the shelters with utility corridors along the walls K3 is equal to
0.25-0.4, increasing to 0,5-0.65 with an increase in their capacity.

The total actual consumption of usable area per man (the coefficient K4)
is 0.65 to 1.2 mz, where the smaller values of K4 are characteristic of
the high-capacity shelters.

For the developed standard designs of shelters, the best indexes are the
following: K;=0.82, K»=3.8, K3=0.6 and K;=0.64.

The natural indexes are also required to estimate the economicalness of
the planning sclutions, especially the structural designs of the shelters.
The concrete consumption in the atypical designs will be the following:
per man 1.3-3 m3; per m2 of usable area, 1.2-3,2 m3; and in standard
designs the best indexes are 0.94 and 1.05 m3, respectively.

The metal consumption in the individual designs of built-in shelters will
be a¢ Follows: for 1 man 80~380 kg, for 1 m » 70-370 kg (the indexes
incredase with an increase in the degree of protection of the shelter).
These indexes also include the concrete and metal consumption for the
structirsl elements raguivzed by the conditioms of operation and maintenance
of the bsssment in peacetime and not designed for the effect of the shock
va ve loads,

The cost indexes of the individual designs of built~in shelters vary with-
in broad limits.
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The cost of the basement shelter is approximately 1.7 to 2 times greater
than the cost of the ordinary basement. The increase in cost with respect
to type of operations will be in %:

For general construction work 55-60
For water lines and sewerage 5~10
For insulation and ventilation 15-25
For electric lighting 3-6
Strong and weak current electrical equipment 2-8
For diesel electric power plants 7-15

The increase in cost of industrial buildings with a basement shelter by
comparison with buildings with ordinary basement (for identical purpose
of the basements in peacetime) will be 5-20%.
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CHAPTER II. DYNAMIC LOADS ON THE STRUCTURAL ELEMENTS OF CIVIL DEFENSE
SHELTERS

The dynamic loads and the structural elements of the shelters are created
basically under the effect of the shock wave from a nuclear blast or the
explosion of chemical explosives. The maximum magnitude of this load and
the law of its variation in time depend on the placement of the structure
with respect to the ground surface (above ground, semiburied, completely
buried), the location of it in the builtup area (built in, separately stand-
ing) and also the dimensions, shape, orientation of the investigated struc~
tural element with respect to the blast center and the parameters of the
incident shock wave (the magnitude of the maximum excess pressure and the
duration of its effect).

The term "incident' wave is applied to the waves moving from the blast cen-
ter to the investigated surface at dip angles of 0-90°. 1In this case the
dip angle is. measured between the normal to the investigated surface and the
direction of motion of the wave. With respect to magnitude it is equal to
the slope angle of the shock wave front.

In addition to. the. loads from the shock wave, some structural elements of
the shelters (for example, the ceilings in the basements of buildings) can
also be subjected to the effect of short-term dynamic loads from the impact
of falling fragments of the buildings on destruction of them by the shock
wave. Usually the loads from the air shock wave effect are defining for the
shelters.

1. Parameters of the Air Shock Wave

The shock wave has a sharply expressed front, on which the temperature, den-
sity, pressure and velocity of the medium increase discontinuously. The
wave 1s made up of a compression phase and the rarefaction phase following

directly afrer it (see Figure 13).

The basic characteristics of the compression phase are the excess pressure
Ap¢ of the shock wave front and the compressure phase duration T, called the

time of effect of the shock wave.
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The pressures on the air shock wave front from the nuclear blast or the
explosion of chemical explosives can be defined by the formulas of V. P.
Korobeynikov [29] which after simplifications, have the form:

for 0.16 < Ap¢ < 100 kg/cm2 or 0 <R, <
Apy=—r—t—— _ kg/cn’; W
(a) 3(VT+99.8R7 —1)
Key: a. front
for Ap¢ < 0.16 kg/cm2 or R, > 2
0,227 2
Apy = ——eml
o= R Vigkiso.1m kel @

In these formulas R2 is the dimensionless radius of the shock wave

¥ o
REy ' (&)

4

Ry=r,

kg/m2 is

atmospheric pressure; E, is the blast energy with respect toithe shock wave
in kg-meter; k is the coefficient equal to 2 for the ground blast and equal
to one for the air blast.

where T, is the distance from the blast center in meters; 12 * 10

Figure 13. Variation of the pressure at a fixed point in the
terrain as a function of the time t(Ap_ is the maximum rares
faction pressure).

The blast produced in the air above the ground or the water at an altitude
at which the fireball does not touch the earth's surface the time of its
maximum brightness is called an air blast; a ground (water) blast is a blast
where the fire ball touches the surface of the earth (water) or the blast
occurs at the surface of the earth (water) [21]. For high-energy air blast
the dimensions of the fireball at the time of its maximum brightness are
less the fireball radius L of the fireball, the magnitude of which

fireball
according to [39] is:
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3 p—
Lo.mulol/q M,
: (a)

Key: a. fireball
where q 1s the TNT equivalent of the blast energy in tons.

The energy Eo communicated to the medium (air) is part of the total energy

released during the blast. For a nuclear blast, approximately 50% of all
of the released energy is expended on the formation of an air shock wave;
for a TNT blast, 65 to 70% [7].

The power of the nuclear blast is compared with the equivalent amount of TINT
with respect to emergy. The heat of explosive conversion of the latter (the
explosion energy) is approximately equal to 1000 kecal/kg.

For a pressure on the shock wave front with a ground blast of the nuclear
material with total TNT equivalent q in tons the formulas (1), (2) are
written as follows:

for
RT3 m/tonl/a,
2,333 2
Apy - — .
P Vi fouasi o m, kelem; ()
for R > 78 m/tcml/3
1YY 2 (5)
Y RVigR—rtu kelem”.
Here R 1s the reduced distance
R m/tonl/3. (5a)

Ve
Formulas (4) and (5) are represented graphically in Figure 14.

For an air nuclear blast the pressure at the front of the incident shock wave
is defined by the formulas:

2,333 2 5} 1/3
Vicsr —i kg/em®; O<R<62 /0 o0 / :
AP.{, = 6.9 / 2. 5w 2 / 1/3 (6)
ATy kg/cm”; > m/ton™" ",

The time of effect of the compression phase for a ground blast is defined by
the formula of M. A. Sadovskiy [68]:
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6/~ 1 /= —
033105V 7 Vi sec 15<R<78 m/ton’>, )

The pressure variation Ap(t) in time in the compression phase depends on the
value of Apfront is expressed by the empirical formula of Brode [70] obtai-

ned as a resilt of the numerical solution of the problem of a point blast:

Ap{h) = 11— L\, %%
p(t) AD.D (1 Ty )e +’ (8)
where o = 0.5 + Apfron“ for Apfront <1 kg/cmz.
i (a) i :
[ Il /! a 7 F 7
JAVIV RV
s [ / /
TANAVAY ln
ARV ARV 7 7
[ ] TARY)
3 4 o Vi /- /
/
/ / /17
| /
1 § 2 / / /
“ e\, fof 1 117 7
LA 1 0 ML ARY 1o AR S -
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: 4 { 7 S/
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Figure 14. Excess pressure on shock wave front as a function
of power and distance to the ground blast center.

Key; a. megatons b. kg/cm2

For shock waves with 1 < Apfront <3 kg/cm2 the coefficient o is a time
function:

a=o.5+Ap,,,[1.1_ 0,13 + 0,2Ap¢):—+]. 9
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\a0g<02
T

Figure 15, Variation of the pressure with time for shock waves
of different intensity (at different distances from the blast
center).

2
1f Apfront varies from 3 to 10 gg/cm_, t.::h.en

b
+ L fetfve (10)

where = —0,231 + 0,388Apy — 0,0332Ap3;
b = Apg (0,88 + 0,072Ap,);

¢=87] +0,1843Ap,b-ﬁ7 ,
(]

The pressure variation with time at different distances characterized by the
excess pressure on the shock wave front is illustrated in Figure 15.

The load on the structures depends to a great extent on the magnitude of the
velocity head eront which occurs as a result of braking of the masses of

- air behind the shock wave front on encountering a barrier. Its value de- ..
pends on the velocity and density of the air and is determined by the formula
known from shock wave theory:

. 2500 2
Q 5 Potth = “orot72 Ke/em”. @y

For variation: of: the velocity head with time the following relations are
established [70]

N L
Q(f)=Q¢(l—Ti-)2e = kg/cmz, (12)

where for shock waves with Apfront <1 kg/cmz, B =0.75 + 3.2 Apfront'
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For 10 > Apfront >1 kg/cm2

p=d—~>——,

(1+e55)

- d=—1,334p, £OF Apy < 3:
d= —5,6 + 0,630ppfor 3 << Apy < 10;
f = 6,40py; g = 0,725Ap,,

where

The solution to the equation of motion of the structure (structural element)
under the effect of the shock wave load is significantly simplified if the
effective load varies in time according to linear laws. Accordingly, in the
calculations frequently instead of the effective diagram Ap(t) a line dia-
gram (Figure 16) is used with replacement of the time of effect of the com-
pression (rarefaction) phase by the effective time 6 [40].

If the maximum deformation of the structural element comes at the end of the
compression phase or after completion of the load effect, the effective time
is determined from the condition of equality of the pulses:

(a) 1
Apyaxc © =i =.§ Ap (1) di, 13
2

Key: a. max
where Apmax is the maximum pressure.

Depending on Apfront’ the effective time of the compression phase with re-
spect to the condition (13) is expressed by one of the approximate formulas:

for Apy <1 kg/cm2
8 ~ (0,85 — 0,2Apy)r, sec; (14)

for | <—Ap¢'<é kg/cm2
0~ (0,72 — 0,088py)r, gec. (15)
For loads from the shock wave of the nuclear blast the maximum deformation
- of the structural element takes place during the initial period of loading
in a time which in the majority of cases is two orders less than T,. There-
fore in the calculations it is possible to assume that the pressure varies

with respect to the transient to the effective curve Ap (t) at the point
t = 0 (Figure 16).
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The effective time here is determined by the formulas:

. T 2
OO-F.—S-:T;»J sec for dp, <3 ke/em™; (16)
.- 0n = T3
* (0,769 + 1,284, + 0,03383p1)
for 3< Ap, <10 kg/cmz,

.and in place of formula (8) the expression

8p(0) =ty (1— 5. an
is used.
op
HEEN
O |1 I
2
Y
~ |/ ‘
9 g a4 [N

Figure 16. Shock wave pressure diagrams: 1 —— effective curve;
2 — pulse equivalent triangle diagram; 3 —— triangle diagram
formed by the tangent to the effective curve.

The shielded doors at the entrances to the shelters and the shutters ol
(hatches) .of the emergency exits are designed not only for the effect of the
load in the compression phase but also for the negative (return) load in the
rarefaction phase which began to operate after the compression phase. The
maximum excess rarefaction pressure Ap_ and the rarefaction phase duration

T_ are well described by the Brode empirical formula [70], which for a ground
blast after some substitutions are written in the form:

3
Ap. =3BV 9 k&;/c:m2 for R>19 m/tonl/3; (18)

\ ry
1.=0,13 f/; sec, (19)

The pressure variation in the rarefaction phase is approximated in the fol-
lowing form:

. t £\ 4
Ap. (t)-l,4Ap-T—( - T)“ - for 0,1< Apy<200,  (20)

where t is the time measured from the end of the compression phase; Ap_ is
the maximum negative excess pressure with respect to absolute magnitude.
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The effective time O_ of the rarefaction phase is:

0. ~ O,QT-, (21)

and the linear law of variation of the negative load (Figure 17) with build-
up of it to the maximum value with respect to absolute magnitude in the
time 61 % 0.127_ can be represented in the form

Ap. -‘T . for ooy

Bp- ()= (22)

t—0
Ap-(1~ T ) for O<<OL.

Y~

=t
Ny
N

!

40 .
¥. »

Figure 17. Variation of the negative pressure in the rare-
faction phase. 1 -~ curve according to equation (20); 2 -~
linear law with effective operating time.

N Example 1. Let us determine the parameters of the shock wave with a pressure
at the front of 2 kg/em? for a ground blast of a nuclear bomb with TNT
equivalence of 1 million tons.

By the graph in Figure 14 we find that for q = 106 tons the excess pressure
on the shockwave front of 2 kg/cm? will be at a distance r, X 1960 meters.
The reduced distance according to formula (5a) is

~ 190
R=T~ =19,6 m/ton

1/3
108 )

By formula (7) let us calculate the time of effect of the compression phase

1+.=3,3-10‘3VW“VW= 1,46 . sec,
By formula (16) the effective time is:
0,=1,46/(1,5+2)=0,417 sec.
The pressure of the velocity head at the shock wave front by formula (11) is

2,5.22° 2
5470 =1,09 kg/em”.

Q=
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The maxinum excess rarefaction pressure and the rarefaction phase duration
will be calculated by formulas (18) and (19):

: 3,28}/ 70° __
- dp-=—ge—=—0167 kg/em®, 1 =0,/ T0=13 sec.

2. Loads on the Structure from an Alr Shock Wave of a Nuclear Blast

‘the horizuntal covering of an unburied structure is subjected to the effect

- of a dynamic load equal to the excess preasure of the air shock wave. The
law of variation of the load in time is taken by expression (17), If the
shock wave moves along the span of the structure, then the loading of it
will be gradual, as the shuck wave advances, In the majority of practical

B cases the advancement of the shock wave is neglected and it is considered
that the -entire span 1s loaded simultaneously. This is admissible, for the
shock wave front, moving at supersonic velocities, passes over the span of
the structure ina very small time making up one to two tenths of the period
of the natural oscillations of the structure.

When the shock wave arrives at an angle 0., to the barrier, the latter ex—
presses a pressure significantly exceeding the pressure in the incident
shock wave, for on a section of it from the barrier the air particles moving
in the wave are braked, and as a result of the conversion of the kinetic
energy to the pressure energy, additional braking pressure is created. The
veflection pressure Aprefl acting on the stationary barrier can be defined

by the formula [36]

3Aph

2
By (1Y) ke/en’, (23)

Apo-rp == A/lp (I +9)4-
(a)

Key: a. refl

where

e 9(n—1) App
1+tg2aorp . - 1/1 C_9—hHdps s
e YTV syt 7,28

aref’ is the angle between the front of the reflected shock wave and barrier,

and tg Yrafl is determined from the equation

M1 — p¥? (tg @y — tg Gorp) + M (1 — p22 —
— (g ag — tg agyp)* — (1® + tg aotgaorp)?} —

- (tg 0y — tg ao'rp) = 0; (24)

in which
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M= 6Apy tg g
(68p¢,+7.2) + (Apg +7.2) tg aio

1
2;-_‘-——_
W=

Formula (24) 1is applicable only in the case where the angle of incidence
- (uo) of the shock wave on the barrier does not exceed some limiting value

alim’ the magnitude of which as a function of the intensity of the incident
shock wave is presented in reference [36, 47].

For normal reflection (ao = ar = 0) the coefficients n and ¢ in formula

efl
(23) are equal to one, and the reflected presgure ig defined by the function

2 2
Apyey =28p, + 8800 yo/em”. (25)
(a) Apy+7,2

Key: a. refl

The graphs of the variation of the reflection coefficient (AprefllApfront)

as a function of the angle of incidence (Figure 18) constructed by formula
(23) (the solid lines), indicate that the normal or frontal reflection of
the shock wave does not necessarily generate the strongest reflected shock
wave, The inclined reflection of the shock wave Apfront <2 kg/cm2 can lead

to the formation of a more powerful reflected shock wave and consequently,

a higher peak pressure on the reflecting surface than the normal reflection.
This effect was used for preliminary estimation of the optical radius of
effect for the nuclear bomb blasts in Hiroshima and Nagasaki [47].

The left-hand side of the curves in Figure 18 give the value of the reflec-
tion coefficient in the regular reflection region in which the incident and
reflected waves begin with one point, moving over the surface of the barrier.
The right-hand sides of the curves (the dotted lines) corresponding to the
angles of incidence greater than the limiting ones, belong to the region of
irregular reflection in which the so-called Mach effect occurs. Its essence
consists in the merging of the fronts of the reflected and the incident
waves at the surface of the barrier and the formation of a third shock wave
front called the head wave. All three fronts intersect at one point called
the ternary point. Since in this region the reflected wave moves faster
than the incident wave and overtakes it, the ternary point gradually rises
above the surface of the barrier, and the height of the head wave increases
on moving along the barrier.

For air nuclear blasts, the region of regular reflection on the earth's sur-
face 1s called the near zone of propagation of the shock wave, and the re-
gion of irregular reflection, the far zone. The pressure on the earth's
surface for air blasts can be determined by the graphs in Figure 18 with
known angle of incidence and pressure at the incidence shock wave front [see
formula (6)]. '
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Figure 18. Reflection coefficient k = Aprefl/Apfront as a
function of the angle of incidence % for different values
of Ap .
front

Key: a. Ap c. kg/cm2

refllApfront b APfront

Under actual conditions the shock wave interacts with the barriers of limi-
ted size and, in particular, with ground structures and buildings. In this
case, along with reflection, the process of movement of the shock wave
around the barrier called diffraction also occurs.

The effect of the load from the shock wave on the ground structure can be
divided into two phases: the diffraction phase and the braking phase [68].
The diffraction phase is the initial phase -~ the reflection pressure and
the pressure in the transmitted wave act on the structure.

1
At the time when the shock wave front reaches the wall™ of the structure,
reflection of this wave takes place, and the pressure on the wall increases

1The wall of the structure perpendicular to the direction of the shock wave
pressure will hereafter be called frontal.
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Figure 19. Diagrams of the average loads on a ground struc~

ture without openings, a -- on the front (turned toward the

blast center) wall; b -- on the roof and side walls; ¢ -- on

the rear walls; d and e -- resultant horizontal load; f --

special case of the resultant horizontal load on structures
of small dimensions.

Key: 1. reflected 3. side
2, streamlined 4. rear

discontinuously from Apfront to Aprefl' At the same time, on the edges of

the front wall as a result of the pressure difference in the incident and
reflected waves, a rarefaction wave occurs, the propagation of which leads
to a reduction in pressure on the wall from the value of Pref1 to some

value (Figure 19,a). The time from the beginning of reflection

Pgtreamline
at the beginning of establishment of the streamlining conditions can be
approximately [10] considered to be the least of the values.

3k 3
_ l,5o = —— sec or =" ge 26
z.:) Dy sec or {,. 2D¢B c, (26)
Key: a. streamline
-where h, b are the height and width (in meters) of the structure or part of

it rising above ground level; D " is the propagation rate of the shock wave
front defined by the formula

Dy=340 Y17 0.834p, m/sec (27)
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where Ap¢ is in kg/cmz.

Yu. B2 <hatriton [24] established that the streamlining pressure for Ap¢ <
kg/cm® is Laif the reflection pressure.

The magnitude of the maximum streamlining pressure considering the variation
of the parameters of the infinite shock wave during the streamlining time
can still be represented as follows:

Apoﬁr = Ap (1067) + Q (toﬁ'r)v (28)
€)]

Key: a. streamlined

- where Op(t ) and Q(t

streamline ' “gtreamline

velocity head in the incident shock wave defined, regpectively, by formulas
(8) and 12) at the time t

) are the excess pressure and the

streamline’

Th~ sidewalls and the covering of the structure are completely loaded by the
shockwave at the same time as the front travels a distance equal to the
length of the structure &, that is, for toide = z/Dfront' The average pres-

sure Apside on the walls and the covering at this point in time is assumed

to be [21] equal to the excess pressure plus the braking load acting at the
middle of the length of the structure, that is, at the distance £/2. The
brebing coefficient (resistance) for the side walls and the covering of the
structure of rectangular shape is equal to 0.5; then

Apaux = Apd} (015!601() - Ost (0151605()| (29)
(a)

Key: a. side

where the first term in the right-hand side is defined by formula (8) or (17),
and the second term, by formula (12) for t = 0.5 toide’

The average pressure on the side walls and the covering as a function of
time is shown in the graph of Figure 19,b.

The load begins to act on the rear wall for the time ts reaching the

ide
maximm value in the time trear (Figure 19,c) which is taken [21] equal to

che least of the values:

t(ﬂ,,),, =d4hiDy OT t, = 2b/D,, (30)
a

Key: a. rear

41

WOR NFERTATAT TIQT ONTV

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090009-1



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090009-1

PUK UFFLULLAL UDL unLL

For the braking coefficient (resistance) on the rear wall equal to -0.5,
the maximum average pressure Aprear is determined at the time trear analo-

gously to Apside:

Aprua '=' Apg (Fran) — 0,5Q (frwn)- (31)

From investigation of the graphs in Figures 19,a and 19,b it is obvious that
before complete loading of the rear wall by the shock wave, the significant
pressure difference is observed on the front and rear walls of the structure.
This difference in pressures creates a force which tries to shift the struc-
ture in the direction of the effect of the shock wave. This force is called
the streamlining load [21]. The duration of the effect of the streamlining
load is determined by the dimensions of the structure, and even for large
structures it is only some proportion of the duration of the effect of the
nuclear blast shock wave. After complete streamlining of the structure
(barrier) by the shock wave, the braking phase begins (the steady streamlin-
ing regime). . The resultant horizontal load which tries to shift the struc-
ture is represented in Figure 19,d,e in the form of a crosshatched region.

If one of the dimensions of the structure (barrier) is so small that a very
short time is required for the shock wave to streamline around it, the effect
of the streamlined loading can be neglected, and the shearing force defined
as the load from the velocity head (the braking load). This cas. 1s presen-
ted in Figure 19,f. The resultant horizontal force F on the structure in
this case will be determined by the magnitude of the velocity head Q(t) and
the shape of the structure characterized by the aerodynamic coefficient of
frontal resistance c.t

F=1¢Q0S; : (32)

where S is the area of the projection of the barrier on the surface normal
to the direction of the velocity.

The values of the coefficient c, are usually found experimentally.
Now let us consider the case where the shelter is built into a building.

If there are openings and holes in the enclosures of the building, the fill~
ing of which is easily destroyed and the shock wave penetrates inside, then
the average loads are determined approximately [21] with the following pre-
requigites:

1) excess pressure inside the building increases from 0 to the maximum value

in the time equal to the following: toae = 2£/D¢, where £ is the length of

the building in the direction of propagation of the wave; Apzat on the struc-

tural enclosures inside the building is defined by the formula (8) or (17) at

the time tzat’
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2) the velocity head inside the building is small and it can be neglected;

_ 3) the effect of the openings and holes in the side walls on the pressure
inside the Luilding is not taken into account;

- 4) now it is not the value of h (or b), as in formulas (26) and (30) that is
taken as the characteristic linear dimension for the front and rear walls,
but the value of X defined as the mean distance from the center of the in-
vestigated section of the wall to the edge of the opening or hole which must
transmit the rarefaction wave on the front wall in order to decrease the
reflected pressure to the magnitude of the streamlining pressure; then the

streamlining pressure t and the buildup pressure t £

o
streamlining background
the pressure to a maximum on the rear wall are defined by the formulas:
toor = 3x/Dy; brun = 44/Dy,. (33)
(a) (b) (e)
Key: a. streamline b. front c. rear

In Figure 20 graphs are constructed for the average loads on the building
with openings; it is proposed that the inside partitions are missing. The
graphs of the load variation with time can be used both for inside and out-
side parts of the buildings. These graphs are easily approximated by the
formulas and will permit determination of the load on the builtin shelters.
For example, a load will act on the covering of the builtin shelter, the
diagram of which is depicted by graph 2 in Figure 20,b.

The resultant horizontal load on the building is equal to the load differ-
ence on the front wall outside and inside minus the resultant load on the
rear wall.

o) c.)
{ 1 ) '
0 t:h‘ tim 8t tplam g y't'tffxu oo oenboun Gelgm

Figure 20. Average load diagrams for a building with openings.

a -- on the front wall; b -- on the roof and side walls; c ~-
on the rear wall; 1 -- outside; 2 -- inside.
Key: A. refl B. streamline

Example 2, Let us find the excess pressure of the reflection at a distance
R = 1870 m from the epicenter for a blast of q = 1 million tons at an alti-
tude H = 2000 meters.
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In accordance with the diagram in Figure 18, the distance to this blast
center is

ry=V B7 + R¥ =/ 2000°1-1870° = 2738 u.

The angle of incidence will be found from the expression
18 @y = R/H = 1870/2000=0,935 ¢, == 43°.

The pressure on the incident shock wave front will be defined by one of the
formulas (6).

For the conditions of the example

— .= 27,38 'm/tonslla,

w

2
7

2,33
(VTF10-9.27,389—1)

3

-~

|

Reat=

gl

N
~des]

=0,64

Bpy= kg/cmz.

According to tEe graph in Figure 18 for an angle of incidence of 43° and
Ap¢ = 64 kg/cm”, by interpolation we find Aprefl/Ap¢ x* 2.8, Hence,

Apyrp=2,8-0,64=1,8 kg/cmz.
(a)

Key: a. refl

For normal reflection (ao = 0°) the reflection coefficient for Ap¢ = 0.64
2
kg/em” 1s 2.5.

3. Loads on the Structures from Gas-Air Mixture Blasts

Intense evaporation of liquified gases and petroleum products takes place at
01l refineries and chemical production plants as a result of destruction of
the process equipment and reservoirs with the liquified hydrocarbon gases by
the shock wave of a nuclear blast and the following fires. The vapor and
fuel gases can form an explosive mixture with the air, the explosion of
which leads to further destruction and the propagation of the fire over the
territory of the enterprise. The analysis of the gas-air mixture (GVS)
blasts at oil refineries [59] indicates that almost 2/3 of the blasts are
accompanied by partial or complete destruction of the equipment and the
structural elements. Thus, the shelters in the territory of such produc-
tion facilities can be subjected to the secondary effect of dynamic loads
from the GVS [gas-air mixture] blast.

The determination of the loads on the structures from the explosion of a
mixture of hydrocarbon gases with air will be made with the following
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prerequisites. Let us propose that as a result of construction of the pro-
cess equipment and the reservoirs with the liquified hydrocarbon gases by
the nuclear blast shock wave, a cloud of gas-air mixture was formed, The
GVS concen:ration is assumed to be stoichiometric in accordance with the
equation of the reaction of combustion (explosion) of the gas in the air
which for the hydrocarbon of the type of C_H 1is expressed by the following
general equation: - : - mn

C, H,+ (m +—;‘_)02+3,76 (m+_4"-) N, =

=mCO, + £ H,0 + 3,76 (mt 5 )N+ 6

where Q 1s the heat of combustion at constant volume (or the heat of explo-

sion); Yhe procedure for calculating the heat of explosion of different ma-
terials is discussed in references [4, 7].

P
2 ~

Figure 21. Diagram of an above ground explosion of gas-air

mixture. I -- gas-air mixture cloud zone; 2 —- zone of

expansion of blast products; 3 — zone of effect of the air
shock wave.

Let us take the idealized form of the GVS cloud as a hemisphere with the
base on the earth's surface (see Figure 21), and let us propose that the
initlation of the blast takes place at its center, from which the sperical
detonation wave is propagated (the spherical detonation of the GVS is con-
sidered in references [12, 6]). 1In reality, the shape of the cloud can dif-
fer from the adopted shape, and the place of initiation of the blast can be
quite different. Failure to consider these factors gives some reserve when
estimating the effect of the blast on the structures which turn out to be

in the GY3 zone. For estimation of the effect of the blast beyond the limits
of the &V5 rope the shape of the cloud is not so significant [4, 7].

The analysis of emergencies at the oil refineries [59] shows that on destruc-
tion of the tanks not all of the products stored in the tanks in liquified
state goes into the exploded gas-air mixture. Part of it (the lesser part)

burns in the liquid and gaseous state, The transfer coefficient (kH < 1) of
the 1liquid product (hydrocarbon gases) from the reservoirs to the GVS
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can be defined by the energy communicated to the air on explosion of the
mixture.

The energy is determined from formulas (1) and (2) by the destructive loads
(Apdea) for structural designs of different types with known distances from

the blast center. Then by the energy it is possible to determine the mass
of the product in the GVS. The calculations show that the transfer coeffi-
cient of the liquified product to the GVS can be taken as kH = 0.8.

For quantitative characteristic of the processes of detonation of the gas
mixtures it is necessary to know the pressure on the detonation wave front
(pD = ApD + pl), the detonation rate (DD), the flow velocity (uD), the den-

sity of the blast products (pD). These values are determined by the known
[7] formulas:

ER

Pa=2(k—1) po q,- 10=¢ kg /cn?;
Dy=V2(k*—1)q, ~/sec;

D NP
= 22 m/Bec; (35)

Pn= Q‘-{—” Po ke-sec’/n”,

where Po is the denity of the exploded mixture in kg—seczlma; k = cp/cv is
the ratio of the heat capacities; q, is the specific heat of the blast in
units of mechanical work determined from the expression
!
=24 n?/gec?, (36)
Ty

in which Qv is the heat of explosion in kcal; g is the gravitational accele-
ration; n, is the number of kmoles of the ith material of the GVS; ui is the
molecular mass of the ith material of the mixture.
In the approximate calculations of the parameters of the detonation wave
front, it is admissible to take the ratio of the heat capacities for the
products of explosion of the GVS k =-1.25 [4, 7].
The parameters of the detonation wave (D, up, ApD) for explosion of a stoi~-
chiometric mixture of certain hydrocarbon gases are presented in Table 4.

After the detonation wave front reaches the interface between the GVS ard
the medium (air), the dissipation of the detonation products begins. The
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interface between the detonation products and the air will move faster than
the detonation products, and from the very beginning of the process of ex-
pansion of the glass products the pressure in them will drop. The rarefac-
tion wave traves with respect to the blast products; the shock wave travels
~ through the air immediately entrained in the movement. The distances at
which the effect of the blast products in products will not be felt on the
air shock waves can be estimated by the approximate method used for conden—
sed explosives [7]. Here it is proposed that the charge detonates simul-
taneously, that is, the detonation rate is not taken into account. Then in
the detonation products with density equal to the initial density of the
charge, there will be a mean pressure pave which is half the pressure at

the detonation wave front.

On explosion of the cloud of gas—air mixture in an unlimited medium (air)

the explosion products occupy some limited volume v, for sometime after the
beginning of diffusion corresponding to the residual pressure of the environ-
ment Py If the average initial pressure of the explosion products is equal
to Pave

determined from the law of expansion of the explosion products (if we con-
slder them an ideal gas):

and the residual pressure P, = P; for v = v_, the limiting volume is

pvt = po}, (37)
where k = 1.25 to 1.4.
Hence,
Vealth = (Dep/py) 22, (38)
(a)

Key: a. ave

Here v, 1s the initial volume of the blast products equal to the volume of
the GVg.

For the gas-air mixtures of propane or butane Pove = pD/Z % 18/2 = 9 kg/cm?
and their expressions (38), consideriag Py = 1 kg/cm2 will be obtained as
follows:

For pots oo =9 =48,

for k=54 .  ofuy =9 =58

—

Consequently, the products of the explosion of the gas-air mixtures expand
approximately 5 to 6 timea, and not 800 to 1600 times as on explosion of
ordinary explosives.
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In the case of a spherical blast using GVS (see Figure 21) the maximum
radius of the volume occupied by the blast products will be:

" '3/‘_.3- = l,7f°.

where T, is the initial radius of the volume of the exploded gas—-air mixture.

For the explosives such as INT, the limiting radius of the volume occupied
by the blast products is 10 times greater than the initial radius of the
charge. The effect of the GVS blast products is limited to much smaller
digtances than when exploding ordinary explosives, but these distances can
be expressed in hundreds of meters, for the initial radius of the GVS vol-
ume greatly exceeds the radius of the explosive charge on the basis of the
fact that the GVS density is thousands of times less than the density of the
standard explosives.

t
0 7z,

Lo, b
Dg Uep (a)

g

Figure 22. Variation ofthe excess pressure in time on
different radii from the center of the hemisphere (see Figure
21) on exploding a cloud of gas-air mixture.

Key: a. ave

The surface of the base of the cloud of GVS (see Figure 21) on detonation of
the mixture is under the effect of an excess pressure, the nature of the
variation of which in time at different distances (O, r0/4, r0/2, ro) from
the center of the hemisphere is shown in Figure 22. The designation of Yave
on this figure corresponds to the mean value of the speed of the GVS-air
interface whén the blast products disperse. The time that the detonation
wave frout reaches a circle of the investigated radius is taken as the time
crigla.

From Figure 22 it is obvious that on approaching the outer boundary of the
GVS cloud, elonation of the detonation wave in time takes place and that the
duration of the effect of the effect of the loads from the detonation waves

is different and ‘depends on the radius. Consequently, the gpecific pulse
on the base also depends on the radius of the investigated elementary area.
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The integration of the functions presented in Figure 22 gives an approximate
expression with the specific pulse

.

. Apy ro
i=0,43 2Pz%0 “ 5 (I +04r/rg) kg-sec /m (’<'o)

or on substitution of the values of ApD and DD by formulas (35) and k = 1.25

=02 ropqu—_u’ (1 + 0,4r/ry) kg—secz/mz (r < ). (39)

On integration, the value of the average speed of the GVS-air interface was
taken equal to the arithmetic mean value of the velocities at the beginning
and at the end of dispersion of the blast products. Its magnitude for the
mixtures of hydrocarbon gases (propane, butane, and so on) with air was ap-
proximately 0.4 of the detonation rate.

_ In order to simplify the solution of the equation of motion of a structural
element under the effect of a load, let us take the triangle diagram for
the calculations with the law of variation of the lodd analogous to expres—
sion (17):

Bp (0) = Ap, (1 — /0), (40)

in which the effective time of effect 6 is determined from the condition (13)
by the expression

~ 08!0
O~ — = V04 sec (r<Cry). (41) -
For q, = 2.8'106 mz/sec2 (GVS propane or butane), we obtain
0 = 0,47.10"%, (1 + 0 Arirg)sec (r < 1) (42)
) The initial radius (r ) of the hemisphere with gas—air mixture 18 determined
B by the formula
ro=0,78v/uG, u, n

- (43)
where w is the volume of the GgS of the stoichiometric composition obtained
from 1 kg of the product, in m”/kg; the values of w are presented in Table

_ 4;
GH is the mass of the product in the gas—-air mixture in kg.

On reflection of the detonation wave from the barrier (the structural element
is arranged »erpendicular to the direction of propagation of the detonation -

- 50
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wave) the pressure on the barrier exceeds Ap_ by approximately 2.5 times [7].
D y

The law of variation of the pressure at the barrier on reflection can be
represented in the form

Ap(mg (t) = 2,58p, (1 — 1/9), (44)
a

Key: a. refl

where the effective operating time is defined by the expression

0,325
0= 7= U+ 1%8r/r) sec (r<<iry (45)

6 2 2

or on substitution of q, = 2.8-10" m"/sec”,

0 = 0,195 10~ 1, (1 + 1,28r/r,) sec (r < ry). (46)

On expansion of the blast products after completion of the detonation pro-
cess the shock wave travels from the GVS-air interface through the air.
Figure 23 shows the pressure distribution shortly before arrival and immedi~-
ately after arrival of the detonation wave at the GVS-air interface.

"
s

Figure 23. Wave parameters at the GVS-air interface: a -
before arrival; b -- after arrival of the detonation wave at
the interface of the media; 1 -~ shock wave; 2 -—- interface
of the media; 3 -- rarefaction wave.
Let us denote the following: Py is the pressure at the interface of the
media; u_ is the speed of the interface of the media; u is the speed of
X shock
the air after the front of the shockwave formed in it.

According to B. I. Shekhter [7], the pressure P, is determined from the joint
solution of two equations:

= _Dn 2k [y __ (P \=1D/EBY)
BT {H"k—l[l (xu) ) ]}
' 2py
W+ 1)ps '

(47)

Up=lyy =2
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where y is the isentropic index (the Poigsson adiabatic curve) for air; pa is

the air density in front of the shock wave front.
The values of u, and Apx =Py " 1 are presented in Table 4.
In the dispersion zone of the detonation products of the gas-air explosive

mixture limited to the radii ry<r; < 1.7 Ty the pressure at the shock

wave front can be determined by the formula obtained from the energy balance
equation considering the natural energy of the air near the location of the
blast [7]:

Ap =3 (v—1) po 9y —3p, Jo
2 n

3 -
)+ ke’ o <ri<1,7r,, (48)
where y = 1.25 to 1.4; p; = lOakg/mz-

For the standard GVS when Po = 0.124 kg-seczlm4 and q, = 2.8:10° m2/sec2

- 3 2 '
Ap=~ 13 (—:‘:—) +0,5 kg/em” (r<r, << 1,7r). (49

If L, =Ty then Ap = 13.5 kg/cmz, which in practice coincides with the ini-
tial pressure Apx at the interface of two media calculated by equation (47).

Without presenting the intermediate calculations made by K. P. Stanyukovich,
let us write in final form the relation determining the pulse flow for the
dispersion zone of the explosion products running at a distance ry from the

center of the GVS hemisphere:

i=58.102p,r,V g, ]/7"’- kg-sec/m2 (ro<ry < 1,7rp). (50)
. 1

For the calculated load diagram in the form of a triangle with maximum pres-
sure by formula (48) the effective time is determined from the condition(13)
with a pulse value with respect to the expression (50). For the standard
GVS, the effective time is approximately equal to:

0~ 1,82 1047, 1/(%—)5 cee (<n<1,7r). (51)
. [) .
At distances of more than 1.7 r,, the shock wave is "separated” from the

explosion products, the expansion of which for r, = 1.7 r, ends, and it

begins its independent existence of them. Under these conditions the appli-
cation of the point blast theory 1s possible [29], and, consequently, the
pressure at the air shock wave front can be defined by formulas (1) and (2)

or by the graph in Figure 24 for known distance T, from the blast center of

the GVS and the amount Q of hydrocarbon gases in the storage tanks.
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Figure 24. Graph for determining the pressure at the front of
an air shock wave after the dispersion zone of the detonation
products as a function of the amount of stored hydrocarbon
gases (Q in tons) and a distance r, from the blast center of

the gas—air mixture.
Key: a. kg/cmz b. Q, tons

The energy EO entering into the expression (3) for dimensionless radius of
the shock wave is part of the total emergy EH released on explosion of the
gas—-air mixture, EO = nEH (n < 1); the rest is expended on radiation and

other processes. The coefficlent n is defined as follows. At the outer
boundary of the dispersion zone of the blast products (r, = 1.7r0) in accord-

ance with (49) that the shock wave front Ap¢ ~ 3.2 kg/em®. Solving formula
(1) with respect to EO for Ap¢ = 3.2 kg/cm2 and considering EH = (2/3)ﬂporgqv,
we find that for Py = 0.124 kg—secz/m4 and q, = 2.8'106 mz/sec2 the coeffi-~
cient n = 0.5,

For the same values of p. and qv expression (3) for the dimensionless shock
wave radius assumes the  form

Ry, = 0,24’2/"'0(@2 1,7 rg). (52)

The pressure pulse on the barrier arranged parallel to the direction of
motion of the shock wave is defined by the approximate formula of G. Brode
presented in reference [29]. Let us repregent it in the form
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Figure 25. Effective time of effect of the air shock wave after
the dispersion zone of the detonation products on explosion of
the gas~air mixture.

Key: a. Q, sec b. Q, tomns
r 2
) i=125 -Rl,; kg-sec/m” (R;>0,5), (53)
E

Then the effective time of the effect of the shock wave will be:

2i 2,5rp 10-4
= |08 = S22
Ay dpgRT 5% (54)

where Ap¢ in kg/cm2 is defined by the formulas (1) and (2) as a function of
the value of R,. This time can be determined also by the graph in Figure
25 as a function of r, and Q.

Thus, for the above-investigated prerequisites of the load on the structures
from the explosion of a stoichiometric mixture of hydrocarbon gases with air
(of the type indicated in Figure 4) depend primarily on the zone (see Figure
21) in which the structure is located and the distance r to the blast center.

Example 3. Let us determine the parameters of the dynamic loads on the
structures located at different distances from the blast center of the GVS
cloud formed on destruction of a tank with 1000 tons of liquid propane.
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The radius of the GVS cloud zgne by fgrmula (43) for w = 13.8 m3/kg (see
Table 4) and GH = 0.8-1000-10° = 810~ kg will be

r=078 /1388105 = 179 x.

The limiting radius of the dispersion zone of the blast products r, = 1.7 x
1
X 179 = 304 m.

Accor&ing to Table 4 the pressure at the detonation wave front ApD = 16.95
kg/cm®.

The effective operating time of this pressure at a distance r = 150 m will
be found by the formula (42):

0= 0,47.10~8. 179 (I + 0,4-150/179) = 0,112 sec.

For normal reflection of the detonation wave from the barrier the pressure on
the barrier increases by 2.5 times, that is, Ap = 2.5°16.95 = 42.4 kg/

refl.D
/cmz, and the effective time of effect for r = 150 meters by formula (46) is:
N erefl = 0.195-10_3~179 (1 + 1.28:150/179) = 0.072 sec. In the dispersion

zone of the detonation products of the GVS at a distance r = 250 m the pres-
sure at the front and the effective time of the effect of the shock wave by
formulas (49) and (51) will be equal to:

Ap =13 (179/250)% 4+ 0,5=4,76 +0,5=5,26 kg/cmz;
0=1,82.10-4.179 (250/179)8=0,114 sec.
At the boundary of the dispersion zone of the detonation products, that is

forr = rl = 304 m, by the same formulas we find:

Ap=13(179/304)% +-0,5=3,2 k&'/cm2
B:=1,82-10-4.179)/ (3047179)s 0,123 sec.

The parameters of the air shock wave at a distance from the blast center of
r, = 500 meters (beyond the dispersion zone of the blast products) for the

dimensionless radius of the shock wave by the formula (52) R, = 0.24°500/179=

= 0.67 will be determined from the expressions (1) and (54):2

7 7 5
Ap == = _ .
I (ViTmsoen—) —3275 =08 ke/cm;
_25:500100
=T 0s.067 =028 sec.

An analogous result was obtained by the graphs in Figures 24 and 25.
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CHAPTER III. CALCULATION OF REINFORCED CONCRETE FLOORS, CEILINGS AND WALLS
ON THE EFFECT OF AIR SHOCK WAVES

1. General Principles

The enclosing structures of the shelters must have the required strength and
stability so that they can take the effect of the pressures occurring during
the blasts. Usually these pressures increase in a small time interval such
that the forces of inertia occurring during movement of the structures will
turn out to be significant. Therefore the effect of the blast waves is
congsidered as the effect of dynamic loads (short term), and the structural
elements are calculated by the methods of structural dynamics. Here the
air shock waves cause dynamic loads which usually can be considered not to
depend on the deformations of the structures, and the waves traveling to

the structure through the ground create loads which depend on the movement
of the entire structure and deformations of its structural element.

Let us consider the basic operating requirements imposed on the shelters.

Very frequently such structures have a special operating requirement imposed
on them -- the shelter structural elements must withstand the one-time effect
of a load without collapsing. Large residual deformations and displacements
can occur in the structures which in reinforced concrete and stone structures
are accompanied by strongly developed cracks. The construction material in
the most stressed cross sections is almost destroyed, as a result of which
such structures can become unsuitable for further normal use, but they will .
save the lives of people in the shelters. At the same time the comlete use
of the strength characteristics of the materials will permit us to obtain
- the most economical structural designs of the shelters.

Similar requirements can also be imposed on ordinary structures erected in
seismically dangerous areas.

In accordance with the indicated operating requirement, the specific state is
formulated as follows: the achievement of the specific state leads to de-
struction of the structural element. This limiting state can be called the
limiting state with respect to the total bearing capacity.
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Sometimes increased strength requirements are imposed on the structural ele-
ments of the shelters; the structure must take the multiple effect of short
term loade; under a single effect of a load residual deformations must not
occur in the structure, and all of the cracks must be closed after the load
effect ends. For such structures the special requirement consists in the
fact that residual deformations and displacements should not occur in the
structure, but in this case there are no restrictions on the magnitudes of
the displacements. Under the effect of the load, cracks can develop in the
stvucture (for example, in the elongated concrete zone of a reinforced con-
crete beam), after the closure of which the formation of insignificant re-
sidual deformations is possible; these deformations can be ignored.

In accordance with these requirements, the limiting state is determined as
follows: the achievement of the limiting state is characterized by the oc-
currence of residual deformations in the material of the structure.

Inasmuch as insignificant residual deformations still are permitted, this
limiting state can be meantioned as the limiting state with respect to
absence of large residual deformations.

Later we shall use the following names for the introduced limiting states:
the limiting state with respect to the total bearing capacity is state la;
the limiting state with respect to absence of large residual deformations,
state 1b.

The dynamic methods of calculating the structural elements in the plastic
stage, the principles of which were get down in the papers by A. A. Gvozdev
[15] and I. M. Rabinovich [50] have been wideiy doveloped at the present
time. The application of these methods to the cale¢ulstion of various struc-
tures is discussed in many papers [16, 22, 43, 48, 52, 57]. The experimen-
tal data on the effect of the loading speed on the strength characteristics
of the materials are presented in references [6, 9, 13, 18, 30, 31, 67].

2. Calculation of the Structural Elements in the Elastic Stage

The deformation of the elastic structures is described by linear partial
differential equations which are solved considering the boundary conditions
determined by the type of supporting reinforcements.

The derivation of these equations and the methods of solving them are dis-
cussad 1n various courses with respect to structural dynamics [5, 34, 51,
61].

When calculating the structural designs for the effect of short term loads
1t is expedient to solve the equations of motion by the Bubnov-Galerkin
method [42]; it is possible to take the static form as the form of the
bending.

Let us consider beam structures. The equation of the vibrations of a beam

of constant rigidity, as is known [61], has the form
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B T =plx, @

where B is the bending rigidity of the beam; m is the mass of the beam per
unit length; p(x, t) is the load per unit length; w(x, t) is the bending of
the beamn.

The bending moment and the transverse force are determined from the expres-
sions

] Pw
M= —'B——-' - B
o Q=B85 )

Let us propose that the dynamic load can be represented in the form

p(x, &) = pf, (0)f (), 3)

where p is a fixed (frequently the largest) value of the dynamic load; fl(x),

f(t) are functions characterizing the load variation with respect to this
band in time.

For bending of the beam we shall take the expression

w(x, &) = pF (T (t), %)

where the function F(x) (the form of the bends) is equal to the beam dis-
pleaements from the effect of the static load with an intensity f.(x). The
function F(x) is determined obviously from the solution of the eugation

- BFWY (x) = [, (¥) (5)

and must satisfy defined boundary conditions at the ends of the beam which

- depend on the type of supporting reinforcements. The function T(t) describ-
_ ing the variation in time of the displacement of the structure usually is
called the dynamicity function. When calculating the structure in the elas-
tic stage its largest value has the basic significance. It will be inter-
preted as the dynamicity coefficient in the elastic stage.

- Substituting (4) in equation (1), we obtain the error

Lis )= pIT (), (x) + mT (OF (8) —
‘ — fi Wf (D). : (6)

{ .
From the condition [ [ (x, f) F(x)dx=0 We find the equation for the func-
tion T(t): b .
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T () + 0T () = ¥ (),
. )]

{hix F(x)dx

where 0

0=
]

mg F3(x)dx (8)

The value of w is a parameter similar to the angular frequency of the vibra-
tions of the structure corresponding to the dynamic load of the type of (3).
It is convenient to use equation (7) in dimensionless form. If we set

s=a, y(s)=T(.:T), | ®

we shall have

)

a2y s
ds? +y=f <_).
(10)
Let us consider some examples. The load distribution with respect to the

beam span will be taken as uniform, that is, fl(x) = 1, and the bending func~
tion F(x) is found from the equation

BFWY (x) = 1. 11)

For the beam with hinge-supported ends the boundary conditions will be as
follows: for x =0 and x= %, F=0, F' = 0. From (11) we find

1 x? By
= —xt e —
Fx =5 (2 3 ) (12)
and from (8) we shall have
_12Ver . /B 987 /E :
y3in m n l m’ (13)

For the beam with rigidly clamped ends the following must occur: for x =0
and x = &, F =0, F' = 0. 1In this case we obtain:

128 \ 2 2
AT ‘/E_.?E-ﬁ l/E
I m I m’ _ (15)

The forces 1n the beam will be equal to the product of the forces from the
static load pfl(x) on the function T(t). Thus, the dynamic calculation of

FO=— (55 )

the structure reduces to solving equation (7), the dependence of which on the
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properties of the structure is manifested only in the magnitude of the fre-
quency w. In the investigated examples the frequencies of the beam oscilla-

- tions (13) and (15) almost coincide with the lower frequencies of its natu-
ral vibrations corresponding with respect to boundary conditions and equal
respectively to the following [61]:

. z_mﬂnmvfz
B m’ p m’ (16)

This is explained by the fact that the static form of the bends is close to
the form of the beam oscillation with lower frequency.

The indicated fact can be used for approximate dynamic calculations of a
quite broad class of structures (continuous beams, frames, arches) and
especially when calculating the structural designs for which the static form
of the bends 1s in closed form (for example, slabs). The conditions and the
displacements are determined by multiplying some of their static values
assumed, for example, in accordance with the reference data, times the dyna- =
micity function T(t) determined from equation (7). The value of w can be
taken equal to the frequency of the natural vibrations corresponding to the
form of the osclllations which is close to the static form of the displace-
ment of the structure from the load distributed over the surface of the
structure analogously to the dynamic load.

The values of the frequencies of the natural vibrations can be taken from
various courses in oscillation theory or from the instructions [27].

It is necessary to consider that this calculation is used for the structures,
the displacements of which can be represented by an expression of the type

of (4). This calculation is inapplicable for structures, the deformation of
which takes place as a result of the superposition of various stressed states
just as, for example, the open cylindrical shells experiencing a complex
stressed state.

Let us write out the values of the dynamicity function T(t) for three laws
B of variation of load with time corresponding to different conditions of the
effect of the wave on the structural element (Chapter II):

a) p(t)=p(1.. _:’_), ;(1)=1___;_ (see Figure 16, the straight line 2);

(¢%))

sin oy

T()=1— L —cosa
0] g coser+

0<1<0).
(18)

The dynamicity coefficient will be equal to; k.D = T(tm), vhere th is the

time that the function T(t) reaches the largest value. The time tm is found
from the equation
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. | _
T)= ——e--{- wsin of + Lsomt == (), (19)
from which [51]
of,, =2 arctg @b (20)
and
kn=2(]_.. 31'Cl8m0).
1] (21)
- Formula (21) is valid for w6 > 2.33, for then
} ) ' (22)
For wd > 200 it is possible to sed kD =2,
4
P?" Ogtgel;
N 6) p(O: y (23)
. —0
P(I - T’) 0,<!<6,4+0,=0 (see Figure 19,b);
Tt=T=L_Siﬂ(lJt' .
i O e Oy (24)
_ . =8 1 :
TH=Ty,=1-1=% (h_ LI inaf
! 6. e T 5'"“?"—01%-‘—:;97-; 0, <I<<H, (25)
- The dynamicity coefficient for 62 = o ig:
ofun S |
b, = P S A .
a =l - (26)
, ;
Pl=5)  0<I<0,0=pypy
¢) p(l)': {0 (2)
P (1= 52 ) 0 <t<0,+0,=0; (27)
(see Figure 19,a)
6'2 =_el_:; —ébboﬁ'r < 1; -~
1—-4 Porp
(a)
Key: a, refl
b. streamline
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sin wf

T{)=T,=1 —.éL—cos of +
]

b, Oglge';..
o ] (28)
T(:)=T,=(1 - ____"; ')A—Ha,sin o(l—8y)—
? .
—ocos0(t—0);  6,<IKH,
where
& =sinog, —1=c298 | T ,
. w9, 0, '
€y =C0S me,_L’"‘ﬁ
wg, °
The dynamiciﬁy coefficient will be:
for
©0, > 2arctg 0 5, (29)
18w 0,
kn=2(l - _*"C_g;‘i’_.l_);
7 for
. - (31)
: ©0, < 2 arctg 08,
. N 7
by = (l - LG—QL) A+ [0y sin o (* —6,) — % cos @ (*—By)l,
' (32)
where the value of t* is found from the expression
by ot cdra—
tg.@@ - (@) (33)
al;l' o,

Figure 26 shows the graphs of the dynamjcity coefficients for the load of
the type of (27) for & = 0,5,

For Z- 0.5 the conditions (29) and (31) are equivalent, respectively, to the
following:

08, >2, 785, ©0, < 2,785. (34)
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Figure 26. Dynamicity coefficient in the elastic stage (load
with streamlining.

Key: a. refl

3. Dynamic Strength of Reinforcing Steel and Concrete

At the present time in the structural elements the low-carbon steel, classes
A-1 (St3), A-IT (St5), A~-III (35GS) are the most widely used. The experimen~-
tal results, for example [18, 31, 67] indicate the significant effect of the
deformation rate on the strength characteristics of these steels. Then when
calculating the structura’ elements reinforced by such steel, for determina-
tion of the dynamic yield point we shall use the criterion proposed by D.
Campbell [72] in the same form as it is presented in reference [32]. In it,
for the case of a uniaxial stressed state for a known law of variation of
the stress in the elastic stage o(t), the dynamic yield point will be taken
equal to:

oy = 0 (1),

35)

where T is the delay time of the plastic deformations (the time of the end of
the elastic stage) determined from the equation

T
. S[a(t)}“ di=t63 for [o{1)> gl (36)
0 .
and the condition that during some time interval o(t) > 00. Here % is the
magnitude of the static yield point of the steel, t, and o are certain para-
meters which depend on the properties of the steel "and on the temperature.

The parameter t  is equal to the delay time for the case where the stress is
applied instantaneously and is equal to the static yield point. On the basis
of processing the experimental data in reference [32], the values of the
parameters are obtained for the steels of classes A-I and A-II for room tem—~
perature: « = 17, t. = 0.895 sec. For the class A-III steel, the effect of
the deformation rate is somewhat less than for the class A-I and A-II steel.
For practical calculations this can be considered by decreasing the magnitude
of the calculated resistance for the class A-III steel (by 5-10%).
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The expression for the stress in the reinforcing g(t) in the elastic stage
can be represented in the form

o () =0T (), (37)

where o is the stress from the load applied statistically and equal to some

magnitude of the dynamic load;
T(t) is the dynamicity function.

From (36) and (37) it follows that

golf ot =t (2" )

When using the exact expression for T(t) a solution of this equation is fre-
quently difficult and possible only with the application of numerical inte-
gration. However, in many cases the procedure based on the replacement of
the function T(t) in the interval (0, 1) by linear functions gives sufficient
accuracy. .

For the case of the load of the type of (17) we set T(t) = kt. The coeffi-
cient k and the delay time T are found from (38) and the condition kt = T(T).

Excluding k, we obtain the following equation for determining T:

1 1

o (ot ) & =< T(0). (39)
(]
For the steels of classes A-I, A~-II, A-III we have
: Yo o117
;,1776 o 17 T (7). 40)

From (39) and (40) we have the dynamic yield point op = UCT(T) as a function

of the time it is reached: .

. . .
o=l (@ + D% o
Un=1,l7761:‘”” gy (v in seconds) (41)

Let us find the expression for the dynamic yield point which occurs in the
structural reinforcing when the stress reaches the maximum, that is, for
T = t%*, when

L] =0

d | fmpe

For t > t* the stress decreases, as a result of which only negligibly small
plastic deformations can occur in the reinforcing and it is possible to
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consider that the structure still has not reached the elastic stage. We
shall consider the stress equal to O, = 0(t*) the minimum dynamic yield
point.

Let an instantaneously increasing dynamic load that is constant in time (that
is, 8 = =) act on the structure. Then, as follows from (18),

b
10

T(f)=1—cosw! and =

and from (38) for this case we obtain the exact solution

a /e a+1 n/2
2

o MO : . (.Qf :
fo{ ) = {(I—cosorpdt =2 | sin® ——dt == sinxdx,  (42)
. Go ¢ p) @

The lact integral is calculated exactly for the given value of a:

n/2
= j‘ sin2e ydy = @2—=D  =n
3 2all 2

From (42) we find the maximum value of cc (let us denote it C_Jc), for which
the structure operates only in the elastic stage: '

= _ (of)'%q,

% atl :
9 @ Jla (43)
The minimum dynamic yield point is:
B} Ou = 20, = (217 (at;)" oo, (44)

from which for o = 17 we have

0, = 1,0513 (01)1/17 05; 0, = 0,5256 (wto)!/17 0, 45)

and for t:o = 0.895 sec
0y = [,044501/17q, (46)

(here w is understood as the dimensionless variable w-1 sec).

In order to feocilitate the use of formulas (45) and (46), the graph of the
- function wl/17 is constructed in Figure 27.

If we set T = t* = 7/w in formula (41), we obtain

g, = Llo!7 g, 47)
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The comparison with (46) shows that the approximate method of determining the
dynamic yield point gives an error of «5%.

Now let us consider the effect of the load of the type of (17), For it, the
- function T(t) and its maximum are defined by formulas (18) and (21).

If we substitute (18) in equation (38), then it is difficult to golve the
equation. Therefore we replace (18) by the following expression:

T‘"l I4 =(l-—- M) — .
‘ ( ) ‘ o (l Cos o l), (48)
where w* is determined from the condition of the maximum T#(t), that is,
'3 =
i W tmax T, or considering (20)
0= R =—-————nmﬂ e == 00} 6'—"——-“ - 49
(a)tm"° 2arctg w o 2 arctg@d (49)
Key: a. max
The functions (18) and (48) assume equal maximum values at the same point in
time, and therefore the values of the integrals from them in (38) will be
close. The values of O, will be found from (45) and (46), replacing w by w*.
We obtain:
- 0y = 1,0513 (@ly)N7 BT gy (50)
Gy = ]'0445“?”” 8117 8, (£, = 0,895 sec). (51)
_ w
15 ]
Lt
7 i
7
- 73 /4/
12 /
: wl
a 100. 200 300 400 500 600 00 @
1/17

Figure 27. Graph of the function w

For "0 > 5 it is possible to set §1/17 = 1. Here the error will be less

than 17.
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The maximum value of Ec for which the structural element still operates in
the elastic stage will be found from the expression

' 0e=2(1— arctgme)-
* ( ) Gor

Hence, considering (50) and (51) we shall have
S, == 9,526 (o) /1T g1t o

Og .
| rclg@d (52)
wb

for o = 17, t0 = 895 sec

= _ _0.5202)1 /17 §li17 g,

arc tg wh : (53)

1——28

Let us consider the effect of the dynamic load of the type of (23).
The minimum dynamic ultimate strength can be reached only for t > 8, when a
decrease in the load occurs. Therefore the time of its occurrence “will be

equal to the time t* at which the function Tz(t) reaches the first maximum.

From expression (38) we have the following equation:

0, \@ 9, t*
o) = (Tuolde + § 1T, 01 . (54)

_ In order that it be possible to obtain the analytical function from (54),
let us replace the functions (24), (25) by linear functions. Let us set

7'1(0=k1-é—1, (55)

where k] is found from the equality Tl(el) = Tl(el), that is,

_ sinwb {
k‘u,___s*_ng:fi and T;(f)=(l“”_—mo,l)e_,' (56)
The function Tz(t) is replaced by
T, (O)=T,(0) + &y (t—0,), (57)

e where kz will be found from the equality fz(t*) = Tz(t*), that is

[Tz ([‘) - Tl (ex)l-

1
PP
P -8y

Let us substitute the linear approximations (56) and (57) in (54) in place

of Tl and T2, and after integration we obtain
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SoNe__ 1 (T (9% — [Ty 0y ! ]
b(2) <a+n{°“T‘(9‘”“+ S B AN ©(58)
Hence, for o = 17 and t0 = 0.895 we find
= 1,1
O, e e, (59)
where
R(al*) = o0, T, 01" 4 (o — o)) LU 17, 0y
Te () =T, (8) ] (60)

It 1s obvious that o, = 0 T, (t*).
c2

Let us note that the maximum "elastic" value of ac is characterized by the
following conditions: for oc > ac, plastic deformations occur in the rein~
forcing; for oc_z BC the reinforcing operates in the elastic stage, but

here the stresses can exceed the static yield point.

Inasmuch as the value of G _ corresponds to stress in the reinforcing equal
to the minimum dynamic yiefd point g, this stress 0, must be taken as the
limit when calculating the structural designs by the limiting state lb.

Let us briefly touch on the problem of the effect of the deformation rate on
the stress-strain state of the concrete [6, 30]. The increase in loading
rate leads to an increase in the ultimate strength of the concrete and the
change in its o-€ deformation diagram. A characteristic feature of the dy-

_ namlc o-€ diagrams is their approximation to the linear diagram (0 = E€) as
the deformation rate increases. This fact is explained by a decrease in the
role of the plastic deformations during fast loading.

Therefore when calculating the reinforced concrete structural elements for
the effect of short term dynamic loads, the determination of the moments of
the internal forces will be correctly made beginning with the triangular
stress diagram in the compressed zone of the concrete. This especially per-
tains to the calculation of the structural elements in the elastic stage
(by the limiting sate of 1b).

The effect of the loading rate on the concrete strength can be considered
with sufficient accuracy by increasing the calculated values of the stresses
in the concrete by 20-30% [6].

4. Characteristic Limited States of Bent Structural Elements

The limiting state with respect to the total bearing capacity (la) of bent
and extracentrally compressed (with large eccentricity) reinforced concrete

structures occurs as a result of their operation in the plastic stage, that
is, when the stressed reinforcing in the cross sections most stressed
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normal t¢ the longitudinal axis is in the condition of plastic flow. 1In
these cross sections a significant opening of the cracks takes place almost
to the entire height of the beam. This leads to the splitting of the entire
structure .n.o individual, slightly deformed sections.

The achievement of the limiting state la is characterized by the beginning
of destruction of the concrete in the compressed zone in the cross sections
operating in the plastic stage. Here it is proposed that the reinforcing
nas sufficient plastic deformation reserve and does not break before complete
rupture of the compressed concrete and that the cross section 18 not extra-

B reinforced, that 1is, the compressed concrete is not des*royed before the be-
ginning of yield of the reinforcing.

It is known that for reinforced concrete structures the destruction with re-
spect to inclined cross sections from a transverse force is especially dan-
gerous. Therefore in order to prevent a large opening of the inclined crack
it is expedient that the transverse reinforcing which takes the transverse
force operate only in the elastic stage,

The destruction of the concrete in the compressed zone occurs at the time

when the stresses in the concrete reach the ultimate compressive strength with
bending. At this time the displacements of the structure must be the largest,
that is, the speed of the structure is equal to zero.

The limiting state la is normalized by the values of the deformations which
are selected in such a way that they can be found by dynamic calculation of
the structure and at the same time they will be convenient for experimental
determination. For bent reinforced concrete elements the most convenient
normalizing value is the angle of opening of the crack at the plasticity
hinge [15]. 1In this case the strength condition of the structure in which
n plasticity hinges are formed has the form

< wul ([ = la 2: RRLT) ”)v (61)

where wi is the angle of opening in the ith plasticity hinge obtained from
the dynamic calculation; wwi is the limiting angle of opening in the ith
plasticity hinge.

The mngnitude of the limiting angle of opening wn essentially depends on the
relaiive height o in the compressed zone of the concrete taken at the time
of rupture in theP cross section with the crack and equal to the following
for the rectangular cross section

= Ra =.fﬂ_) 62
oy = R“.p(u iy ) (62)

(a) ’ Key: a. 1

where R and R1 are the calculated resistances of the reinforcing and the
concrete,
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Figure 28. Graph for determining the limiting angle of opening
in the plasticity hinge.
The values of w" must be determined from the experiments by dynamic bending

of the beam elements.

Figure 28 gives the graph of ¢W as a function of ap and the characteristic of
the cross section Sb/SO constructed by the results of such numerous tests
with different beam structures. When using them the values of o_ and Sb

must be determined without considering the compressed reinforcing (F;), for
its effect on the value of {_ 1s not investigated. The graphs in Figure 28

is well approximated by the gunction

i, = 0,035 4- 208,
i by i )

The calculation of the bent reinforced concrete structural elements by the
1imiting state 1bddtermines the operation of the structure without residual
elongations of the stressed reinforcing. The achievement of this limiting
state is characterized by the beginning of the occurrence of plastic defor-
mation in the stressed reinforcing in the most stressed cross sections.

The normalization of the limiting state 1lb is accomplished by the stresses;
at the time the maximum displacements are reached, the stresses in the
stressed reinforcing of the most stressed sections will reach the yield point
(dynamic).
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5. Calculation of a Hinge-Supported Beam in the Plastic Stage

The plastic stage occurs after the stresses in the stressed reinforcing of
the most w.7essed cross section reached the dynamic yield point, and plastic
flew begins in the reinforcing. This state of the cross section is called,
as is known, the plasticity hinge. It is depicted in the form of an ordinary
hinge at which a concentrated bending moment of constant magnitude is
applied. When calculating the reinforced concrete structures, the position
of the plasticity hinges is assumed to be constant (the stationary plasti-
city hinges).

The plastic stage of the entire structural element is considered to occur
after the plasticity hinges form, and it is converted to geometrically
variable, that is, to the mechanism. 1In this case all of the elements into
which the structural element is broken down are assumed to be absolutely
rigid.

In the case where after formation of the plasticity hingest the structural
element still remains geometrically unaltered, the elastic operation of its
individual elements is taken into account, and the structural element is
considered to be in the elastic-plastic stage.

We shall consider that the beam is loaded uniformly under a distributed load
of intensity

p () = Ap (1b,

where b is the calculated width of the beam. When calculating the beam slabs,
it is taken equal to one meter or 1 cm.

1. Calculation for an instantaneously increasing dynamic load of the type of
(17)

vO=p(1~5). b= oot (64)

The bending moment in the middle of the beam span in the elastic stage in
accordance with (18) is:

M([):M,,(l - -%——cos ol 4 sind )=M,.T(1);

wd

—
=2 o 5, (65)
p 1

8 I m

The time at the end of the elastic stage will be found from the equations
(38) or (40). 1In these expressions we shall replace the stress ratio in the

reinforcing UO/GC by the ratio of the bending moments MO/Mp’ where M, is the

moment of the internal forces in the middle cross section of the beam at
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the time the stresses in the stressed reinforcing reached the static yield
point 00.

The ratio

My

k ST em———

_ : M, (66)

is called the dynamicity coefficient with respect to the bending moment. For
- known kM’ the magnitude of MO is found by the formula

My = by M;. (67)

Equation (38) is written in dimensionless form

sy 1/a
s (0tg) 1= | § y“(s)ds] ‘
. L ’ (68)
where s = wt is the dimensionless time; sy = WT;
(=T 'i) ]
ve) (w (69)
for a load of the type of (17) we have
y(s)=1— == —coss+ ns .
h . (0] (70)
For the linear approximation of this expression from (39( we obtain
k
Hlob@H DI msimy ) (71)

- and for the special case of steels classes A-I, A-II and A-III, from (40)

LI6y =s}/1 y(sy), _ (72)

where .
Mo ' 7117 pb?
My e

=ky o'/ = -
Y=Ryo > My= 2 73)

The bending moment in the plasticity hinge will be equal to;

lln the presence of a static load the value of M, is understood as the dif-
ference between the moment of the internal forces in the most stressed cross
section and the bending moment from the static load in the same cross section.
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My = Mpy (s9) = Myy; 9y = o (s). (74)
(a)

Key: a. hinge
If the beam is reinforced with steel, the strength of which can be considered
not to depend on the deformation rate, the end of the elastic stage t_ 1is
determined by the condition M(ty) = Mo, that is, y
ky =y (s,) and M, =M, (75)
For 6 = =, from (75) and (70) we obtain

Sy == arc cos (1 — ky). : (76)

The bending of the beam at the end of the elastic stage is:

, . Py
()= =2 (-’5——1x3+7‘)y(sy).—_

‘B.12\ 2
— WMy _i___ 1x
3813 ( 2. e+ 2, )' * a7n

Hence, we obtain the maximum elastic bending (for x = 2/2)

_ My 2 5pp
g = e ==

9,68 384 V" (78)
In the plastic stage the total bending of the beam is:

Mg

O (x, D=7+

(€1_1x3+%) (ogxs f) (79)

where ¢(t) 1s the angle of rotation of half of the beam.
The equation of motion of the beam in the plastic stage can be obtained on

- the basis of the principle of the possible displacements (for example, [48])
or using the Bubov-Galerkin method as was done in [22]. Let us use the
second procedure: substituting expression (79) in the equation of the beam
vibration (5), we obtain

Pt mpx=p (1)

let us multiply this equation by x and integrate within the limits from O to
Z /2. Then

me_ 208
24 8 . (80)
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The initial conditions of motion for t = T:i¢ = 0, d = &0.

The initial velocity éO is determined from the equality of the momentum of
the beam at the end of elastic and the beginning of the plastic stage:

. _ —4_“ .
%= §w(x, 'c)dxf 1)

- Let us substitute the formulas (12) and (18) in the expression for the bend-

ing (4). Then after differentiation with respect to t and integration with
respect to x we find

- ptrt (v =pl’(or

Do 308 308 » (82)
vhere - l—coss
_ - _2=CosSy
r=sins, —
(83)

Let us integrate the equation (80), first making the subsi:itution t=t+T:

;;,_.=_’3'H1 - -‘e——%-v.]: (84)
q,__=_37_ (1__.._.7,)2——:;—]'!'&’0: (85)
R R

The maximum angle of rotation will be reached at the time Em for which ¢ = 0,
Equating the expression (85) to zero, we obtain the following formula for
the dimensionless time (8 = wt) of opeartion of the beam in the plastic
stage:

-

Suaro = Olyang = 00 (A +1/ A4 %—) (&7

where

A=c°ss’—i:Tsy;=1~EseL—?" (88)

Let us find the maximum angle of opening of the crack in the plasticity hinge.
The angle of opening only in the plastic stage obviously will be:

Yy = 20. ' (89)
The deformation obtained during the operating time in the elastic stage where
there is no sharp break of the bending curve is considered, provisionally

taking the angle of opening at the end of the elastic stage equal to the
angle wy which would occur under the condition of deformation of the beam
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in the elastic stage by the plastic diagram.

Then

T
Y= . (90)

where Yo is the maximum elastic bending.

From formulas (89), (90), (78), (86), we obtain the total maximum angle of
opening at the plasticity hinge

. R '
‘punko = 19’,)28 knv (91)

where

— 5) K e ".
byt 0501 (A— B ) 5 41085, o

Here gmax and r are determined by the formulas (87) and (83). The maximum
bending obviously will be:

Spl?

3848 e

1
_ . Waake =7 Puave =

(93)

Hence it i3 obvious that the coefficient k_ is equal to the ratio of the -
total deflectlion of the beam to the elastic deflection caused by the fast
loading of intensity p. Therefore kn can be called the dynamicity coeffi-
cient with respect to the displacements. From the formulas (92), (72), (74),
(87) it is obvious that with a specific function y(s) the coefficient k
depends only on two parameters Y and w. This fact offers the possibilqty
of easily constructing the graphs which greatly facilitate the calculation.
Figure 29 also shows the graphs of the dynamicity coefficient with respect to
the displacement k_ as a function of Yy for different values of wd. The func-
tion y(s) was taken in the form (70), and for determination of the time s

of the end of the elastic stage, the approximate equation (72) was used.

The plastic deformations in the beam occur if
k' <%Yo (94)
where Y, 1s the maximum value of Y when plastic deformations are still pos-—

sible in the reinforcing. The value of Yy can be found from (73) and (53):

=k, /T~ O - - lg w0
Vo= Py, -0l < 1,9158~1017 (| -w’-). (95)

[

Here the limiting value of the dynamicity coefficient with respect to the
bending moment

kMO = 70(0—"/” (96)
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Figure 29. Dynamicity coefficient in the plastic stage for a
hinge-supported beam considering the effect of the deformation
rate (instantaneous increase in load).
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Figure 30. kMO as a function of w.
“Key: rad./sec

determines the 1limit of elastic working of the beam, that is, for kM > kMO
the beam works only in the elastic stage. In Figure 30 we have the
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graph of kﬁd as a function of w for different values of wl, As is obvious,
the value of kMO can be appreciably less than the value of

k =2(1_M‘
Mo p ).

97)

This value determines the limit of elastic working of the structure, the me~
chanical properties of the material of which are not influenced by the de-
formation rate.

The graphs in Figure 29 show that for w8 > 200 the values of the coefficients
k_ in practice do not differ from their values of the case where § = », For
this case we obtain the calculation formulas using (85) and (86). The dimen-—
sionless working time of the beam in the plastic stage will be:

1,08 sin sy
n—i ' (98)

SMH KO —
and the dynamicity coefficient with respect to displacement

kn=v,(l+0,694 -2:?_')

=) (99)

Here Yl =1 - cos sy where we should have Yl > 1.

Let us define the transverse strength in the beam. Since in the plastic
stage the beam elements are assumed to be absolutely rigid, the transverse
force can be found only from the condition of equilibrium of the beam under

the effect of the load and the inertial forces. For the beam cross section
with the coordinate x we have:

Qs 1)=P(1-—-—-é—)(-é——-x)——if}mq53:dx=
(1= 4) (4 ~4) 55 (5==).

Substituting the value of § from(84) in this expression, we obtain

wo=f (=)= 5= 20— 4)- ) e

Hence, it is obvious that the transverse force has maximum value at the
beginning of the plastic stage. Therefore the calculated value of the trans-
verse force must be determined at the end of the elastic stage. In the in-
vestigated case the transverse force on the support for t = T is:

=%?l'

(101)

that is, the dynamicity coefficient with respect to the transverse force
will be:
77
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kQ = . (102)

In Figure 31 we have the graphs of kQ as a function of kM for several values
of w. As is obvioug, the coefficient kQ can significantly exceed kM' The

value of k. for fixed w increases to certain constant values (horizontal

9
lines on the graph in Figure 31) which depend on w6.

Aa (a)
¥ G xy s
09-'501— B~
o AV
A
. v/ i
/
v /
el AN
. T
"5 A / /‘l” N
WL/ )
. Y /&
' A
MR/ 2/yin
S Ry//42¥i
V1
12 AL
V404
II////
r ///
'/,
10 B
X
e T R T T R T R T T AT T

Figure 31. kQ as a function of kM'

Key: a. for

When calculating the strength of the inclined cross sections with respect to
the transverse force it is necessary that the stresses in the transverse
reinforcing not exceed the values of the minimum dynamic yield point (46).

The formulas obtained in this way can be used also when calculating beams

without considering the effect of the deformation rate on the strength
characteristics of the steel if we replace equation (72) by (75) and set

kM-YaYl,-YoakMO.
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In Figure 32 the graphs are constructed for the dynamicity coefficient with
vespect to displacement of k_ as a function of the dynamicity coefficient
with respect to bending moment kM for different values of wd.
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Figure 32. Dynamicity coefficient in the plastic stage for
the hinge-support beam without considering the effect of the
deformation rate (the instantaneously increasing load).

2. Calculation for a load with build-up of the type (23)

P—é- 0<<iLo;
p)={ ™

(—8
, p(l*T, ‘) 0, <1< 6,49,

In this case the function (69) of the dimensioless time s = @t has the form

. Ju@=—2 (0<s <y
$) = =1_5=0n (_.’_ L) .
4 4249) - By 1 (0L +w0, X (103)
X-Sin (s— wh,)— ia‘)g_‘_ (08, <5< (8, + 6,) w).
. 1
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Let us initially find the value of YO ~~ the maximum “plastic" value of the
coefficient y (73). From the expression (59) we obtain

Yo = kup @'/17 = 0,85R (s*),

(104)
where s* = wt* ig the first root of the equation
Yz (s)= ! +# cos (s — w0
? ( wb, 0, ) - 1)"—
105
—L coS s — —l—=0 (103)
NN @0,

greater than wel, and R(s*) is defined by formula (60).

For y < YO’ the plastic stage occurs in the beam. Here the end of the elas-
> > < < .

tic stage is possible for T Bl or sy wel and for 1T 61 or sy w(-)l
It is obvious that the intermediate case will be the one where T = 61 (sy =
= wel). This case corresponds to the coefficient Y = Y, the value of which
can be determined from (40) considering the first of the expressions (103):
¥ = 0,85 (08,)!/17 (1 - M) _

u)el

(106)

The displacements and the forces are also defined by the formulas (91), (93),
(67), (101), (104).

1. Let the following condition be satisfied:

In this case the plastic stage occurs at the time T > 91 (sy > wel) . The

equation for the time of the end of the elastic stage will be obtained from
(59) and (60), replacing wt* by sy = WT:

- L1776y =R s,), (108)

where 4 R(sy) =

. {0)91 [y (@B + (5, —wby) 22 fv()sl‘;— Lyn( ((:301)1"}'/"
2 -— U
_ T (109)

Since the variation of the load with time during operation of the beaw in the
plastic stage is analogous to (64), the general view of the relations ior
the dynamicity coefficients coincides with (92), (99), (102).
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It is easy to find that

ku =% + 0.591 (A ——%6"70) Eﬁaxc + 1,281;;“,“. (110)
Here v, = y,(s.)
1 2 y
I ! €S § i
V= ——de __ _ D
( (1)9; + woz) cos (Sy (091) l.\ﬁ. mez '

where

—s-uﬂuu= (1)92 (A + I/-Aa-l- %),
2

Aee]— S1—08
! 0, V1

For 62 = © ye will have

by =v1+%€|’i n>1), (111)

where .
Y1=1+4 e [sin (s, —wg,) —sin s,J;

1
r==——0o I[cos (s, —®8,)—cos s,].
. mex ( v l) y, (112)
2. If y <Y, the plastic satage occurs at the time T < Bl (sy < mel). The
dimensionlegs time sy of the end of the elastic stage is determinef from the

equation obtained from (40) for .T(T) = Tl(‘r), that is,

/17
sy/

],1776Y= e, (S'—Sinsy). (113)

In the plastic stage the equation of motion of the beam in accordance with
(80) and (23) has the form:

forrftiel

Key: a, hinge

forf, <t <y, +9

L L SR e TR N
e=i(1 ) M

- Solving these equations with insurance of continuity of ¢ and ¢ for t = 91,
we obtain

8l
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by = s +0,591 (B e ) S 1,281 — 0,461 (08,

2

—5) 8,1 ;uane +0,196 (@6, —sy)’ 8y,
where .

n=Hnis)= K:f (s, —sins,);

1
1= e—(1— .
. (1—cossy);

Ellno = b, [A + l/A’ + -2-'-11-——%2'“—5’)6’-";
' "

A=1+°ﬁ:,—e_’s‘"-vl;

. ll)el—Sy __Sy_
b=1+ 00, @By’

- For 92 = o the formulas assume the form

ky =¥y + 1,28y, + 0,694 -?-7 > 1),
e

where ’
Yo = (00, —s,) {r 40,461 (00, —sy) [% (1 '-.i) +

ol
2l
n=r+ 0,923((091_5,)[0,5 (1 -.53:) + l—y,], |

Yl and r are defined by formulas (115) and (116).

(114)

(115)

(116)

(117)

Figure 33 shows the graphs of kTr as a function of Y for several values of
0 . and wez constructed by the forialas (110):and (114). Part of the curve

1

k_(Y) plotted by the solid line corresponds to working of the beam in the
plastic stage, and the dotted line, to elastic working, These parts are

adjacent to each other at the point with the x-axis Yo in the plastic

stage (y < YO) the curves k.ﬂ(y), beginning with some value Y, g0 sharply

upward, approaching the vertical. This section corresponds to the loss of
the bearing capacity by the structural element, for an insignificant increase
in load causes such large deformations (that is, k“) that tlie structure must

break.
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As is obvious, with an increase in wel, that is, with a decrease in the dyna-

mic effect of the load, the section corresponding to the plastic stage of the
beam decreages. For wel = 21 and for w@zlz 200 the difference in the magni-

tude of, th:z load causing the limiting stage in the beam with respect to
strength and with respect to absence of large residual deformations does not
exceed 10%. Therefore for wel > 27 and wez > 200 it is expedient to calcu=

late the structural elements only in the elastic stage (limiting state 1b),
for consideration of the plastic deformations provides no cost benefit. The
intersection of the curves in Figure 33 is caused by a decrease in the effect

of the deformation rate on the yield point of the reinforcing with an in-
crease in the buildup time.

When calculating the structural elements without considering the effect of

the deformation rate in the formulas obtained, it is necessary to replace
the coefficient y by KM Then the value of this coefficient which determines

the limit between the elastic and plastic stages will be:

ko = yy (s*), ‘ (118)

lt)

Tl ""I\\\ —
e MR\ U2
2

. 8 !
ik"'ﬁ il 3 L\ o5 : o2
. ‘-y*«m . \\% SR ]
H = e dwne =
12 75 20 10
0 0

S<i-

Il 8 o4
T 650 “\ whps
5 o 3 L]

W\ Nl
2 4
1 \ . z \
0 )

a8 10 12 44 46 7 s 0 17 4 6 7

Figure 33. Dynamicity coefficient in the plastic stage for
a hinge-supported beam considering the effect of deformation
rate (load with buildup).

where s* is determined from the solution of equation (105); analogously, the
value of k_ for which the plastic stage occurs at the time sy = mel will be-
come equal to: ’ sin f;

by = gi(00,) = 1— o0, (119)
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Figure 34. Dymamicity coefficient in the plastic stage for a

iainge-supported beam without considering the effect of the
deformation rate (loading with buildup).
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Figure 35. Dynamicity coefficient in the plastic stage for a
hinge-supported beam considering the effect of the deformation
rate (load during streamlining).

If EM < kM < kMO’ the time of the end of the elastic stage is determined from

the equation
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k4" = ’Jz (Sy)-

and the dynamicity coefficient with respect to the displacements is found
from the expression (110) or (111).

if k> » then the time of the end of the elastic stage will be determined
from the equation kM = yl(sy), and the coefficient kﬂ, by the formula (114).

For the cases where the effect of the deformation rate is not taken inte
account, the Figure 34 gives the graphs of kTr as a function of kM for various
values of wei and wez. From these graphs it also follows that for wel > 2n
and w92 > 100 it 7. possible not to consider the plastic stage.

The strength conditions of the structural elements permit us directly to
obtain the limiting value of the dynamic load with known time characteristics
which can be taken by the given structure. When performing the calculation

with respect to the limiting state 1b this follows from the conditions Yy >y
(kM > kMO)' When calculating by the limiting state la, using the function

- _pP Myl
M=y =5 (120)

we find from (91) the equation for the coefficient y:

ko (1) - 2,48y .
Y Mt (121)

After solution of it [for which it is necessary to use the graphs of the
function k_(y)] (Figures 29 and 32-34) the load is found by the formula
(120). 1If there is a relation between the load and its time of effect, then
it 18 necessary to make several efforts, first taking, for example, 6 = o,

The selection of the cross sections of the structural element for the given
dynamic load can be made only by successive approximations, for the total
load on the structure depends on its characteristics. In the first approxi-
mation it is possible to set: k¥ = 0.7 to 0.8 for the structures reinforced
with class A-I, A-II, A-IIT steel and = 1.1 1f the effect of the deforma-
tion rate is not taken into account.

3. Calculation for the load of the type (27).

This Joad acts on the structural element with streamlining of it by a shock
wave.

The calculations analogous to the ones presented_above made it possible to
obtain kn as a function of y or kM for it. For A = 0.5 these functions are

represented on graphs in Figure 35 and Figure 36 for different values of the
streamlining time characterized by the value of wOl/(Zn) and the values of
wd > 500.
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Figure 36. Dynamicity coefficient in the plastic stage for a
hinge-supported beam without considering the effect of the
deformation rate (loading with streamlining).

Key: a. streamlining
6. Calculation of a Beam with Clamped Ends in the Plastic Stage

When calculating beams clamped on supports it is necessary to consider the
sequence of formation of the plastic hinges in the span and on the support
which is determined by the relation between the effective and the limiting
bending moments in these cross sections.

Let us introduce the following notation: Mbear’ M°Pa% are the bearing and

spanning bending moments caused by the effective dynamical loading; Mhiﬁﬁe'

M:E::e are the limiting bearing and spanning moments.
Then, if (a)
ﬂ_ ,MOI'II >-M&n
MRy M wn

Key: a. bear b. span c. hinge

then the plasticity hinges first are formed on the supports if

P

9 - -
ny'

then in the span they are formed sooner than on the supports and, finally,
for equality of the ratios
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fmen| M3
MPP mrP (123)

all of the h’'nges are formed simultaneously.

The expeviments show that in the reinforced concrete clamped beams this re-
lation (B) between the bending moments varies with variation of the load.
With an increase in load, it still differs from the expression for the uni-
form elastic beam of constant rigidity. This "redistribution" of the forces
egsentially depends on the relation between the percentages of reinforcing
on the supports and on the span, that is, in the final analysis, the beam
rigidity determined considering the opening of the cracks in the stressed
zone of the concrete.

We shall first find the values of the bearing and spanning bending moments
in the clamped reinforced comncrete beam under the effect of the static,
uniformly distributed load p. It is proposed that the cross sections in the
span and on the bearings are in stage II of the stressed state, that is,
cracks occurred in the stressed zone of the concrete, Accordingly, we
assume that in the sections next to the supports of length a the beam rigi-
dity is BP®3T  and in the central section of length £ - 2a it is equal to

B%P8% yere Bbear and B3P0 .re the rigidities defined, as usual, consider-

ing the opening of the cracks in the stressed zone of the concrete, for the
cross sections on the support and in the middle of the span, respectively.
The value of a will be found from the condition of vanishing of the bending
moment in the cross sections at a distance a from the supports.

The bearing bending moment Mbear
- the force method

can be found from the canonical equation by

8uMom + Ap =0, (124)
where ! a AT,
5,,_35[1—27(1——‘)].
) o Bl (198 (3_2\({_1)].
By wﬂ""[x 1(3 t)(l ﬁ,)]‘
_ Borl 125
Xp (125)
tlenc: 2, we obtain:
J4d n I
won = Py M= 2 (-2, (126)
where
a? 2a 1
= E (- (-F)
' ,_z«:(,__l_) C (127)
! (i
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The value of a/% obviously itself depends on the ratio B = leearl/Mspan'

The calculations show that for B > 0.5 it can be approximately considered to
be constant and equal to a/% = 0,23, Then from the formula (127) we obtain

0,269 +0,731B;

b= ro.08 (128)
From (126) it follows that
ﬁ = ——‘l Mon ‘ = -————2k1
MP 32k, "
(129)

Then we shall consider that for this value the condition (1.2) is satisfied,
that is, we assume that the plasticity hinges on the supports are formed
earlier than in the span. This condition is satisfied, for example, for

- = - bear /y8pan
Bl 2, for then kl 1.125, 8 = 3 and Mhingelﬁhgnge 2. It is obvious that

with a decrease in Bl the condition (122) is all the more valid. It is

violated for sufficiently large values of B, when the percentage reinforcing
on the support exceeds by 4-5 times the perCentage reinforcing in the span.

Let us now proceed to the dynamic calculation and let us obtain the calcula-
tion formulas for the load of the type p{t) = p(1 - t/9).

In the other stage we neglect, as usual, the working of the beam concrete in
the stressed zone, that is, we consider that both in the span and on the
supports cracks occurred immediately which caused variation in rigidity and
redistribution of forces.

The equation of the beam vibrations (1) now will have the form

Htw N?w t

—— — 2 — — = 2
BiGa MG p(l 0) =12 (130)
- Bbear

where the following is doted: Bl

- poPan

for 0<x<a; L-a<x<%B,=

for a <x< % - a,

The expression for the dynamic bending deflection is taken in the form (4):

w (%, &) = pF ()T (o). (131)

Here, just as in item 2, F(x) is the static form of the deflections from the
uniformly distributed load of unit intensity satisfying the equations:

Bwﬁvuhﬂ;ogxgml—agxgh

BYEY (=1 a< s < I, (132)
Key: a. bear b. span
’ 88
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the boundary conditions F(x) = F'(x) = 0 for x = 0 and x = % and the conju-
gation conditions for x = a and x = & - a,

The exprersion for the deflection of the middle of the beam span will be
obtained 1 the form

1 = Plva
w‘(z ") 35 1 () (133)
here
wher v,=1~O,32(k1—1)~0,849(k,-—0,407)(1——-;—)

1

(for a, =%=0,23>;

. 4 sinw, ¢ (134)
Ty (t) == l_T —Cos I+W
(135)

In order to determine w, it is possible to use the formula for the oscilla-
tion frequency of the ciamped beam of constant rigidity

=244 /8%
o=V - (136)

The bending moments on the supports and in the middle of the span are equal
to:

Mt = — 2R T, (05 TP () =2 (B—26) T (0. 37)

- The end of the elastic stage comes after the occurrence on the supports of
plasticity hinges. The time (Tl) of the end of the elastic stage is found
from equation (40) in which the stress ratio oo/cc will be replaced by the

ratio of the bending moment:

kOl‘l Mgn [I
M o= — MO = PR

men TN T g (138)
where Mzear is the moment of internal forces in the bearing cross section of

- the beam at the time the stresses in the stressed reinforcing reach the
static yield point 0y; the moment M(s)pan has the same meaning for the cross

gection in the middle of the span,

Tha ey aifon Uar the time of the end of the elastic stage will have the
torm analogous to (72):

L1776y = s)/17 y, (s,); sy =, 1y, (139)

where
89
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V= kon l/|7 - Mg"m:l”
Mo (140)
s s sins
yl(s)=Tl (m ) I—H—COS + ‘9- (141)

The absolute value of the bending moments in the supporting plasticity hinges
at the time t = 3 is:

M7 "— ATi(t)= Mpl i }

- “w=T, (""1) =41 (sy). (142)
The value of the coefficient y defining the limit of elastic working of the
beam is determined from the expression similar to (95):

=55 m}’" =1,9156~ 117 “ __arctg m,e)
\ 0,0 )

(143)

where §= —>——

2arctg 0, ©

After the occurrence of plsticity on the hinge supports, the beam is conver-

ted to a hinge-supported beam, in the supporting crogs sections of which
_mqbear

concentrated bending moments are applied equal to Mhinge

The working of the beam and with elastic—plastic stage will continue until

the plasticity hinge occurs in the middle of the span.

The equation of the beam pressure in the elastic-plastic stage obviously is
also described by the equation (% g but with boundary conditions: x = 0,
x= %, w= 0, BP®T( 2/ x2) = M‘hin o+ The Bublov-Galerkin method is also

applicable for the solution of it. The beam deflecton at the end of the
elastic stage in accordance with (131) and (142) is:

My
w, (x, ©)=pF ()Y, = pF (x)— e (144)

For t > T., the elastic-plastic stage of working of the beam begins. The
expressioil for the deflections will be represented in the form

@y (x5, ) = pG ()T, () + pF ()y,, (145)

where G(x) 1s the static form of the deflection of the hinged beam, and the
function Tz(t) is defined from the equation which was obtained from (130):

fy+orT, =(1 -—%——y,)m‘, (146)

where
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ot
jG(x)dx
ot=-2

4
m{ G (x) dx (147)
0

The initial value (for t = T.) of the function T obviously is zero. The
value of 1’2(‘f1) will be determined from the cond%tion of equality of the

momentum at the end of the elastic and the beginning of the elastic~plastic
stage '
N _ [ Fxydx
‘ Tyu) =T, (r) O,
fGwax (148)
0

Then in order to simplify the calculations let us consider that the rigidity
of the segments of the beam near the supports influences the deflection of
the hinged girder insignificantly. Therefore as G(x) let us take the form
of the deflections of the hinged girder with constant rigidity with respect
to the entire span equal to BSP3R  that ig,

Gry=—t_ [ _ il (149)
(x) Py I > -
Then
n? B
0="7r — (150)
and T2 () = oy, (150a)
where l—cos® .
rl=sinmlrl———;’-e‘—"‘;
. : (151)
v,=0,184—0.13k,+(0,184k‘—0,071)pl.
1 (152)
The coefficient V3 has the following values: for Bl =1, kl =1, Vg = 0.167;
for 31 = 2, kl = 1.125, \)3 = 0.105.
Solving equation (146), we obtain
Ta(')=cxSi""’(‘—fo-vac0w(t—rl)+l—vr-%- (153)
yhane .
cl:%’l \’a*}‘w_le3 Ca=1-1y, —TT‘.
(154)

The bending moment in the middle of the span will be:
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np o FPrw Id .
R R S
2
o
+2-B—2k) vi= M T3 (6, (135)
where o
T' t = ——-3—— =
2() =y, + Ty _T,(!) T (1,)-}- T 2 (0); (156)
MR =22 3 _op), ‘
M (157)
- Let us find the angle of opening w;ear in the bearing plasticity hinge as the
sum of such angles in the elastic wbear and elastic-plastic wbear stages.
According to (145) we obtain
0 = pT. () 36(2)
=P 0= 24B“PT ®. (158)

The deformation on the support inclined during the time of working of the
beam in the elastic stage will be considered approximately the provisional
angle of opening equal to [considering (133)]:

2
=

1
2’ "‘) 1923np Ty (ry). (159)

Thus, we have

o= w°"+wv°" = 1 Ty(e) + 8Ty ()
(160)

The elastic-plastic stage continues until the time T, when in the middle of
the beam span after the stresses in the stressed reinforcing reaches the
dynamic yield point, a plasticity hinge occurs. This time is determined from
equation (38) in which the stresses are replaced by the bending moments in
accordance with formulas (137) and (155),
T, L/ )
o D" = 173 (Ot 4 [ T3 (01" a, (261)
0 ‘ %
where
B = .
an (162)

In this expression let us replace the functions T (t) and T*(t) by the
approximate linear functions.

As a result, we obtain the equation similar to (58):
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D" = — [T (e + @_—?%:T_)x
X(Ts (@)™ (T )t l)]- (163)

Let us take o = 17, to = 0.895 sec and let us write this expression in dimen-
sionless form:

L1776 ¥ = Ry(Syp)i Sy = 01 T,

(164)
where : B2t
R - 1 —<Ry) (s—sy)
10 = {sy 1y, (74 B E0y
111
X w0~ (s19) " (165)
v =K} 0){“7. (166)
Here yl(sy) is defined by the formula (141) (sy = wlTl);
. w [0)]
Ya(s) = ¢y 8in — (s —s5,)— ¢, cOS — (s— —y S
() =¢; m‘( v)—Ca sm,( Sp)+ 1—vy, 5 (167)
where ; and c, are found by the formulas (154);
* i 3 "
Y=y (s,)+‘,ﬁj—~2—kty2 () s=a,t. (168)

The dynamicity coefficient for the middle of the span k;pan (162) gill be
expressed in terms of the dynamicity coefficient for the support kMear (138):

pop_pon %y
Ll wrr e (169)
where
Mon
B = Mf’;, . (170)

Then the coefficient Y' (166) in equation (164) can be expressed in terms of
the coefficient y (140) using the structural parameters Bl and BZ:

e 2ky . .
V=y——2__
Vhe-m (171)

It can happen that the equation (164) has no solution.

This fact indicates that in the middle cross section of the beam the plasti-
city hinge does not occur, and its work is limited only by the elastic-plas—
tic stage. Then the maximum value of hte angle of opening in the bearing
plasticity hinge according to (160) will be:

on = p_l' on
Zyake 192870 "2 (172)
93
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where kb;ar is the dynamicity coefficient with respect to the displacements

for the support equal to:
- kg= vy Ty(1y) + 8T, (1) ’ (173)

The time thl is determined by the formula

1
tgo Lmi=m) ”**I/‘?“*"W
2 1 * (174)

“atoe

The transverse force on the beam in the elastic-plastic stage will be:

QO.0=L T, @)+ T, (0. 7s)

If the root syﬂ of the equation (164) is less than 81 = wltml’ then the

plasticity hinge will occur in the middle of the span, and the beam will go
into the plastic stage. In this stage the beam appears in the form of a
mechanism made up of absolutely rigid halfbeams joined by the plasticity
B hinge. In the bearing cross sections, concentrated moments are applied equal
to Mhizge from (142); in the middle of the plasticity hinge, a moment from

(155):
) MP = M} T (v)) = M3 U3 (5y0)-
_ (176)
The total beam deflection for its left half in the plasticity stage is:
wg (%, O =0 (x + w (¥, ) =
= ¢ (x + pG (W T; (xa) + PF Ty (). (177)
The function ¢§(t) included here will be found from the equation
me e PR\ e e
20 ?” s (1)~ M —m, (178)

which is obtained from the equation (130) analogously to the equation (80).

Solving equation (178), let us find the total values of the deformations for
the working time of the beam in all three stages:

in the bearing hinge

oae = V9" () + @ (tuam') |928nn —— ko, (179)

where
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1— Sy

F =, 41 (5, + 8y, (,) + 0,576 ( o
! (180)

) Shane +2,82r Sy

— Swaxc
A

- _ ) .
Smaxe = @) fyauo = 0,0 [l _ﬁ% —Ya2t

J. (181)

: ‘.I/ S\ 207 )
+ (l o, 68 Yg) + wf

rp =000 (T, —~ 1)) +¢, sinm(r,—--:,)—-E

.
A

in the middle of the beam span

) [
o (;' 1:’) 5 Pl 4np
20 (fyand) = = K

D =
MaKke 1 QGB"D
where . -
S Smaxe \—2 -
o = Y(Sy) 4 5y, (5,4) -+ 0,576 (1 "":D—:% V2 3, 6 ) Suaxe (182)
+2,82r, Sy ares
8 an + MOH)
_v,=L‘"7;—”— =T, (0) +Ta .

The transverse force assumes the maximum value at the end of the elastic—
plastic stage, and its value on the support will be:
ol ! !
Quane= T (M1 + Ty ()= 2oy, == 2L, (183)
For 6 = ® the expressions for the dynamicity coefficients with respect toithe
displacements (180) and (182) have the form:

£ 8 34713 .
Va 41 (85) + 843 (sy0) + el (184)
B = g1 (5, + 84 (50 + 270 S )
" (185)

As 1s obvious from (139), (164), (171), the values of the dynamicity coeffi-

cients kzear, k;pan for the beam with given values of the parameters Bl (125),
82 (170) and wle are completely defined by the value of the coefficient (140). -

In Figure 37 the graphe are plotted for k;ear’ k?xm and kQ for different

values of the parameters 81, 62 and wle.
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For clamped beams, the strength of the material of which is not influenced
by the deformation rate, the formulas (179)-(185) are also valid if we set
bear

Y™ kM in them, and the equations (139) and (164) are replaced, respec-
tively, by the equations:
ki =y (s,

B =yt (s ;k":—-kon 2%y )
If yl( yn) Mp M —_-—ﬁi (3—2ky) (187)

(186)

Figure 38 shows the graphs of the relations for k;ear, kopan

T
function of k;ear. Let us write the strength condition of a beam clamped to

the supports when calculating it by the limiting state la:

and k., as a

3 j
o e =l B 0,598 YlBe =2 g ™,

1928™ 9687 (188)

bear span

where w“ s wﬂ are the limiting angles of opening in the bearing and

spanning plasticity hinges, respectively, determined by the graph in Figure
28.

) The factor 0.5 on w;ear in (188) is taken for approximate consideration of

the effect of the finishing on the strength of the section of the beam adja-
cent to it.

- If the beam does not reach the plastic stage, that is, equation (164) has no
solution, then in this case it is necessary to check its strength when work-
ing in the elastic-plastic stage from the condition

p
gnruxc = W 3’; < 0n5\l’:n,

(189)
where k:gar is found by formula (173).
If wg::; < 0.5 wzear, this means that the beam can withstand a load of grea-

ter magnitude than used in the calculation. For w;::i > 0.5 w;ear’ destruc-
tion of the beam takes place on the supports to the occurrence of plastic
deformations in the reinforcing in the middle of the span. This case indi-
cates the impossibility of redistribution of the forces as a result of the
plastic deformations from inefficient reinforcing of the beam.

7. Calculation of a Beam with One Clamped End and the Other Hinged End in
the Plastic Stage

When deriving the calculation functions we shall be begin with the prerequi-
- sites which were adopted when calculating the beam clamped on supports. The
rigidity of the beam in the section of length a adjacent to the clamped sup-
port will be denoted by BPe8T, the rigidity on the remaining part of the
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Flgure 37. Dynamicity coefficients in the plastic stage for a

clamped beam considering the effect of the deformation rate.
Solid line —-— kﬂear dotted line -- k8Pan, dagh-dotted line —
_ kg. 1In Figures 37, 38 and 40-47 the Eeft—hand scale 1s for the
dynamicity coefficients with regspect to displacements; the
right-hand scale is for the dynamicity coefficients with re-
spect to transverse force.

beam, B°P2% The value of a will be determined from the condition of vanish-
ing of the bending moment in the cross section with the coordinate x = - a.

bear

The magnitude of the bearing moment (M ) is found from the expression

=
Mon—Tk" i (190)
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Figure 38. Dynamicity coefficients in the plastic stage for a
clamped beam without considering the effect of the deformation

rate. Solid line -- k"ear’ dotted line -~ k%pan’ dash-dotted
line -- kQ. _‘

Key: a. bear

vhere L b —ap +3a) (1—-—’—)
k=B B2,
: -L+(l-—a )'(l——l—')
. ? By
a BDﬂ
Qg=—3 N =——.
2= B e (91)

The bearing reaction on the hinged support will be:

Aé%"( “":L) (192)
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The bending moment in the span will assume the maximum value in the cross
section with the coordinate

N &
Xp == === 1-—_'.)
L ( 4 (193)
Its value will be:
M“°=P_"'( ..ﬁ)’
8 ' 4 /" (194)
If the following expression is satisfied
e 6w
n; ’
e (-2)y w= (195)

the first plasticity hinge will occur on the support. Then we shall consi-
der the case itself. The calculations show that it is possible to set
az * 0.3. Then )
: _ 0,26 +0,74p,
37 0,578+ 0,422, (196)

The dynamic load is assumed in the form of 7).

The expression for the elastic deflection of the beam will be represented,
as before, in the form of (131), where F(x) is the corresponding static for
of the deflections:

Ty =1 —-é-—cosm2 t+ M;

: . © 8 (197)
15,45 1 / B

3 m’

g =

(198)

In the elastic stage the bending moments on the suppor and in the span (for
X =x_):
0

M'lm = ""'%l"kz Tx“);

MP@y=2(1— k)7 g
' 8 ( 4) (199)

After the occurrence of the plasticity hinge on the support, the elastic-
plastic stage of working of the beam comes. The time T. of the end of the
elastic stage is found from the equation (139), in whicl]i:

yjon
Y =kﬁ.{"(021/" = ‘—1 0

on
MDZ

R R (200)

= __'__s____ sins | on __ plt
yi(s)=1 Cos s+ o M3 =Tk2'

) (201)
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- In the elastic-plastic stage the beam is considered as a hinge-supported
beam with concentrated moment on the right end equal to:

pt
= ry kT, (v)=M; Yo 1= T,,(tl). (202)
The angle of opening in the bearing plasticity hinge will be:

WO =y = B By, 4,457, (), (203)

where

T,(t)-—:Elsinm(t——n)—?,cosm(t—rl)+l—y.—%;
PN AR SP-IE BPVIN B
a=- ’l"’s+me- G=1—v 8’
;—oms—oe( —-"i)+1225~7+(oosk —0,018) L ;
33— V» ’ 4 ’ 1 » '] ] Bl *

7= 0,637—0,24512,-—(0.067—-0,l75k,)B—";

fm [ —8) Bt @ 15k Bt k1],

Here Em = xm/JL 1s the relative coordinate of the cross section with maximum
deflection determined from the equation
4§'—6(1—"T’)§=+6,=o;
0<EL< ] —2,.

'

The transverse forces in the elastic—plastic stage are equal to the follow-
ing:

on the hinged support

@0 t)=%[(l—;%)yl+f,(n];

on the clamped support

Q0= (1+%’-)v.fr,(t>].

The elastic-plastic stage continues until the time of formation of the plas-
ticity hinge in some spanning cross section of the beam in which the bending
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moment has the greatest (with respect to this band) value. The coordinate
X of this cross section will be defined from the expression

(=2 wsr)

o= 2w+T®) - . - (204)

Thus, the coordinate (x.) of the cross section in which deformation of a
second plasticity hinge is possible will depend on time. Consideration of
this functipn leads to very tedious calculations when determining the time
(t,) of the end of the elastic-plastic stage. Therefore it is expedient to
make this calculation by successive approximations: being given some value
of Xq» determine the time T2 and then compare the adopted value with the
valcues calculated by formula (204) for t = T,
The equation for determining the time T, of the end of the elastic-piastic
stage has the form analogous to (164):

L1776y" = R, (sy0); Syn = @,7,, B (205)

where

R, (s) = {s, [(2n—n?) y,J*" +

#y - 112
('— T) (s—sy) [{¥3 (5))'*~((20— ") )18

AT

np 1717
MgP @y

y':—.— . =kgfm,4‘,/”;
M
M:":-”é‘i(l—’:—*}’;'l : (206)

i (-]

y,_<s>=Tz(mi=); () = @n—mh)y,+ -

Tz("'s—);.‘ | (207)
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- Here Mgpan

the plasticity hinge arose;

e
fn
B = an

the span.

is the moment of the internal forces in the cross section in which

is the dynamicity coefficient with respect to the bending moment

Just as when calculating the beam clamped on both ends, the case is possible
where the beam works only in the elastic-plastic stage. This takes place if

the equation (205) has no solution.

\ . (b)
HMu (e)

Figure 39. Calculation diagram of the beam with one clampled
and the other hinged supports in the plastic stage.

Key: a. span b. bear c. hinge

The angle of opening in the bearing hinge is defined by formula (203) for
t = tml’ where t is the time for the beam to reach the maximum elastic-

ml
plastic deflection. The time t

defined by the formula ul

- : 1
: C Gt e
o O m =) _ l/‘+’ @)
& 2 B h +_l. )
a 0

The beam strength conditions in this case has the form

Il'g:axc < 0’5‘#:“'

satisfies the equation dT2/dt = 0 and is

In the plastic stage the beam is represented by a mechanism depicted in
ure 39. A moment equal to _Mhear is applied to the right-hand bearing

cross section. In the spanning plasticity hinge occurring in the cross

= . MSpan
E*?g Yith the coordinate x Xg the moment acts equal to: Mhinge
2

If the angle of rotation of the left-hand side of the beam (x long) it is
denoted by ¢(t), the angle of rotation ¢l(t) of the right-hand side of the

beam will be:
E =20

§°! g — l

Fi ()=
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The equation of motion of the beam in the plastic stage has the form:

. 3 1— L
2o ( 5 ?z) ' where y: =T\(1,) + ().

After the calculations we determine the angles of opening in the plasticity
hinges. The angle of opening in the bearing plasticity hinge is:

¥
‘p:';m- == W k:n: (210)

where

k3" =¥y y, +4,45T, A °335 (, Sy

7)) Wyt e

Makc ) Stake 4 1, Ilafngranc

30,0

smunc“wzo[l"-‘—_vz‘f’ l/- l“"&y" e +2 ”ra} (211)

(212)

The angle of opening in the plasticity spanning hinge congidering the pro-
visional angle of opening in the elastic-plastic stage is:

np o np
Vikee = 3,35 7 o (213)
where ke =;c i+ ;e Taft,) + ﬁ0138* ( [ 1
i o (1—£y) (]

gwmc) 5% ae -+ 0 465’asmakc

VT 0

fo (1 —£0) (214)
V=365 (8 (| _ A v .
S (1=%) g+

: AR (Eogy

For 8 = « the dynamicity coefficients with respect to displacements kbear
. 3pan

m are calculated by the formulas:
K =y y, 4 4,45T, (x,) -+ __0_%'
(1—Eo) (va—1) (215)
=+ W Ty (r) 4 0355
Tt e ey (> (216)
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Figure 40. Dynamicity coefficients in the plastic stage for a

beam with one clamp support and the other hinged support con-

sidering the effect of the deformation rate.

43, 46 and 47 the following are denoted:

In Figures 40-

the solid line de~-

notes k#ear; the dotted line denotes kEPaM; the dash-dotted
line is kgpan on the clamped support.

spect to the bending moment

Then

np __ zon M3"

W=l s =

A e
V=y—2F
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Figure 41. Dynamicity coefficients in a plastic stage for a
beam with one clamped support and the other hinged support
without considering the effect of the deformation rate.

and therefore the values of the dynamicity coefficients kzear’ k:pan are

completely determined by the values of the parameters Bl, 82, w26, Y. In
bear | span
- . k7r and kQ on a clamped

support for certain values of the parameters Bl, 62, wze. When calculating

Figure 40 the graphs are constructed for k

beams without considering the effect of the deformation rate in the expres-~
slons obcain.d it is necessary to set y = kﬁear’ and the equations for de~

termining sy and Syn are taken as follows:

. k/?’" =y (Sv); er =y’ (syn).

(218)
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bear span
b

In Figure 41 graphs are presented for k k

obtained without considering the effect of the deformation rate. The check-
ing of the beam strength when calculating it by the limiting state la is
done just as for a beam clamped on both supports.

and kQ on a clamp support

8. Calculation of Continuous Beams

- The dynamic calculation of continuoug beams is appreciably more complicated

that the calculation investigated in the preceding items, especially if it
- is necessary to consider the nonsimultaneous loading of the spans under a
dynamic load. This situation occurs in the case of movement of the shock
wave front along the longitudinal axis of the beam. Later a more detailed
investigation will be made only of the case where simultaneous loading of
all of the spans takes place.

In the elastic stage it is possible to perform the calculation in accordance
with item 2. The displacewents and forces are found by multiplication of
their static values from the load of intensity p (determined, for example, °
by the tables for calculating continuous beams) times the dynamicity func~
tion T(t) which satisfies equation (7). The value of w entering into this
function is taken to coincide with the angular frequency of the natural vi-
brations of the continuous beam which corresponds to the shape of the vibra-
tions closest to the elastic line from the static load p. For continuous,

- equal-span beams with edge hinge supports it is possible to take:

for two spans

~lsk ) ST (219)
O I l m '
for three spans
. for four or more spans
: B

Here B®P2® i the bending rigidity of the beam cross sections in the spans.

After formation of the plasticity hinges on all of the supports the contin-
uous beam is converted to a set of single-span, hinge-supported beams with
concentrated bending moments in the bearing cross sections. Therefore each
span can be approximately calculated by the relations obtained above for the
single-span beams with different supporting conditions on the ends. Here
the middle spans of the continuous beam must be calculated by the formulas
for the single-span beam clamped on both supports, and the edge span with
the hinge support, by the formulas for the beam with one clamped and the
other hinged supports. In these formulas, the values of the coefficients
(128) and (196) can be changed, taking into account the redistribution be-
tween the bending moments on the supports and in the span and the:magnitude
of the angular frequency of the oscillations w, (1 =1, 2),

: 106
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The value of the coefficient ki must be changed in accordance with the values

of the ratios between the supporting and spanning bending moments in the con-
tinuous be:m. For unequal values of the moments on the supports it is pos-
sible to talie their mean values. Let us obtain the values of these coeffi-
cients whiéh will be denoted by kH, for the equal-span continuous beam with
edge hinge supports. From the tables for calculating the continuous beams

we find that on the second supports from the ends for any number of spans
greater than two, the bearing moment is: MPear -0.1pf4. Therefore when
calculating the edge spans it is necessary ~in place of k2 from (196) to take

K= 9—;—'—k, = 0.8k,.

8

bear

For the two-span beam M = -0.125 plz, and therefore kg = kz. When calcu-

1
lating the middle spans the value of coefficient k? will depend on the number
of spans:
bear 2
for three spans Ml = -0.1pL", and therefore instead of kl from (128) we
H .
take kl = l.Zkl,
for four spans M?ear = -0,107 pKZ; Mgear = ~0,071 pkz;
0,10 ) . )
SR~ 0089 and A=200p o7,
12
for five spans Mgear = -0.105 plz; Mgear = Mgear = -0.079 plz.
Then:
for the second span
B = 0,105 +10.O79 by = 1,105k;;
LT

for the third span k? = 0.948k1.

The oscillation frequencies w, (i = 1, 2) are replaced by the corresponding

oscillation frequencies Wy of "the continuous beam defined for the equal-

span beam with edge hinged supports by the formulas (219)-(221). In the
dimensionless expressions (180), (182), (211), (214) here it is necessary
to multiply the third term times the ratio (w,/w,)? and the fourth term by
mi/wH. The angles of opening in the bearing pias icity hinges wgear of the

continuous beam are taken equal to the sum of the angles of opening in the
supporting hinges of the adjacent spans.

17
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Figure 42, Dynamicity coefficients in the plastic stage for

the edge span of a continuous three~span beam with edge hinge
supports considering the effect of the deformation rate.

Key:

a. bear

When performing the calculation with respect to the ilimiting state la the

strength condition of the continuous beam is:
f.wspan; for all of the supports, except the edge supports, wg

mi

for edge clamped supports

The dynamicity coefficients k

for the spans q,ipan <
ear 11)bear,
bear bear max — i
qJmax £0.5 l’)'rr *

bear

T kzpan’ kQ for continuous three—span beam

are presented in graphs in Figures 42-45; for the edge spans of the contin-
_uous beam with more than three spans, on the graphs of Figures 46, 47.

the middle spans of continuous beams with more than three spans it is
possible to use the graphs of the dynamicity coefficients for the clamped

beam in Figures 37, 38.
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Figure 43. Dynamicity coefficients in the plastic stage for

the edge span of a continuous three-span beam with edge hinge
supports without considering the effect of the deformation
rate.
9. Calculation of Rectangular Slabs
The rectangular slabs for which the ratio of the side lengths b and a satis-

fy rhe conditions b/a > 2 usuzlly pertain to beam slabs and they are calcu-
lated by the above-discussed methods. If

b
Iso-<2 (222)

the calculation of the slabs must be made considering the bearing conditions
with respect to all four sides.

The dynamic calculation of the slabs is much more complicated than the cal-
culation of the beams. Even under the effect of static loads the solution
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Figure 44. Dynamicity coefficienis in the plastic stage for

the middle spans of a continuous three-span beam with edge
hinged supports considering the effect of the deformation
rate (the dash-dotted line is kQ).

of the slab equilibrium equation can be obtained only in infinite series and
not for all of the support conditions along the edges [44]. Therefore the
calculation of the slabs in the elastic stage for the effect of the inves-
tigated dynamic loads will be made by simplified methods discussed in item
2, as systems with one degree of freedom; the times (bending and torsional
moments) and transverse forces will be found by multiplying their static
values from the load with intensity p = Ap defined by the slab calculation
tables times the dynamicity coefficient T(t) satisfying the equation (7).
The angular solution frequency of the slab w entering into T(t) is taken
equal to the lower angular frequency of the natural vibrations of the
slab and is also determined by the reference data.
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Figure 45. Dynamicity coefficients in the plastic stage for
the middle spans of a continuous three-span beam with edge
hinged supports without considering the effect of the defor-

mation rate (dash-dotted line -- kQ).

Hereafter we shall consider the calculation of a slab which is hinge suppor-
ted on all four sides (see Figure 48). 1In this case the vibration frequency

is: ‘
m=n2<~“l’_+_’:’—)l/%' (223)

where m is the mass per unit area of the slab; D = Eh3(12(1 - vz) is the
cylindrical rigidity of the slab.

Let us denote the bending moments per unit length of cross section parallel

to the sides of length b and a, respectively, by Ml and Mz. The largest
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Figure 46. Dynamicity coefficients in the plastic stage for

%]

effect 0of the deformation rate.

values (at the center of the slab) are:

where the coefficients n;s Ny depending on the value of the ratio

assumed by Table 5.

M, () = pa®n,T (f);
Ms (6) = pa®n,T (1),

the edge span of a continuous beam with edge hinged supports
with a number of spans greater than three considering the

(224)
(225)

b/a are

Thé function T(t) is defined by formulas (18), (24), (25) or (28). The de-
flection of the slab can be found from the expression [44]:
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(x [) pa® sin xs.n 2 Y T(t) (226)
=
w 1. y' :‘C D (1 + x”)’ - 1]
where X = a/b.
Table 5
N 11 21 13 | e 18
m l 0,0364 0,0438 0,0515 0,0587 I 0,0656 0,072
ny 0,0364 0,0363 0,0357 0,0348 | 0,0336 0,032
b/a ] 18 17 1,8 [ 19 2
ny 0,0776 0,0829 0,0874 ’ 0,0911 0,0946
ny 0,0303 0,0287 0,0266 | 0,0252 0,0236

The elastic stage of working of the slabs continues to the time T when in
certain cross sections the stresses in the reinforcing reach the yield point.
Since b > a, the greatest bending moment will be in the cross section paral-
lel to the side b, that is, M,(t). We shall consider that the slab is re-
inforced in such a way that t%e yield of the reinforcing is caused initially
by this moment. Let us denote the dynamicity coefficient with respect to
the bending moment by:

Ml M a)
PO . Mpy=pa*n,
pEny Mpg (227)
where Méa) is the running moment of the internal forces in the middle of the

slab in the cross section parallel to the side beam and the stresses in the
reinforcing are equal to the static ultimate strength,

Then all of the relations will be valid for the end of the elastic gtage ob-
tained for a hinge-supported beam in item 5.

When calculating the slab in the plastic stage it is proposed that the slab
1s broken down into four rigid elements by the linear plasticity hinges

(see Figure 48). Here it is important to consdder the process of the de-
velopment of the hinges in time and the law of variation of the stresses in
the reiuforcing in time, for these factors determine the magnitude of the
dynamic ultimate strength in the reinforcing along the plasticity hinges.

In the general case the dynamic ultimate strength will be variable along the
plasticity hinges, which greatly complicates the calculation. A detailed
analysis of ihe stressed state of the elastic slab performed on the basis of
the exact golutions of the vibration equation indicates that the noted fact
can be ignored for a slab loaded by a uniformly distributed load. In this
case when t > 2m/8w the value of the bending moment in the square slab
varies little along its diagonals.
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Figure 47. Dynamicity coefficient in the plastic stage for the %"
edge span of a continuous beam with edge hinged supports with a ‘
number of spans greater than three without considering the effect

of the deformation rate. ’

I 1

Figure 48. Calculation diagram of a rectangular hinge-supported
. slab. 1-4 ~-- rigid element.
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In view of this fact let us assume that the stress in the reinforcing equal
to the dynamic yield point occurs along all of the linear plasticity hinges
simultaneously, and its value is constant along the entire length of the
plasticity hinges. We shall consider that the fact is valid also for rec-
tangular siabs under the condition (222) and sufficiently uniform reinfor-
cing.

The equation of the vibrations of an elastic slab has the form [44]

duw P w Fw Pw
D ——— 2—_ —— —— == s
( o T aap T o )""." am —PO=rl0 (228)
In the plastic stage the expression for the deflection will be represented
in the form

wox, o )=o) Q(x, y) + pF (x, Y71 (229)

Here .
M
=T —
Y (T) p‘a‘; n"" ’ (230)

F(x, y) 1s the gtatic form of the deflections;
- Q(x, y) is the form of the deflections of the beam in the plastic stage.

For the segment of a slab ABCD (Figure 48) it has the form:

¥ for 0<x<Cy, Oy

(231)

,

wls s

Qe g)={y for 0<y<n 0<x<

Y for 0<y<7. £<2<

ole
.

9(t) is the angle of rotation of the rigid discs of the slab.
Let us substitute expression (229) in equation (228), let us multiply all

of the terms by §I(x, y) and let us integrate over the area S of the slab.
As a result, we obtain the equation

iy {9 5, 9 dedy= P O js fae dry,

(232)
which after calculation of the integrals assumes the form
T ma® - ]
o Q=@ ¢ =L 3b—a) [ ()—yil. (233)
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The initial velocity &10 will be determined from equality of the momentums
of the end of the elastic and the beginning of the plastic stage:

. 64-4pa®

@ = 0 T(f) B
D (14401 (l_.g.) ) (234)

With a load of the type of (17), £(t) = 1 - t/6, after integration of equa—-
tion (233) we obtain the following expression for the angle of opening in
the plasticity hinge:

64pa?

Vuaro SRDUE (235)
where '
- 0.461(1—033y) (, 55 _ o
ko=t =055 (l P a(:;,“)s et
0,8|rs,m,m ( .
+ 1—0,330 ° (236)
Here r is determined by the formula (83) and
- _____ 1,76 (1—0,5%)
Suaio = “’e[] Yl+l/ 1"'—“Y1) +me(l—0 33)0:J
’ x=1- : (237)

When calculating the slab with respect to the limiting state la the strength
condition will be wmax < 1P , where the limiting angle of opening w can be

determined by the graph in Figure 28.

In Figures 49 and 50 the graphs are presented for k g a8 a function of Y and

kM for two values of X and different values of w8. For 6 = « we have

v ie 480—y@—y)
ky v,[1+ e ’](v1>l) (238)

Here x = a/b (b is the lemgth of the long side of the slab);
Yy is defined by the formulas:

when calculating the effect of the deformation rate Yl = -cos sy’ where sy

is found from the solution of the equation

Mf,m'/”

pat n;

L1776y =s}/1? (1—coss,), y=

without considering the effect of the deformation rate
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Figure 49, Dymamicity coefficient in the plastic stage for a
hinge-supported plate considering the effect of the deformation
rate.

10. Example Calculationms

When calculating the structural elements reinforced with low-carbon steels
(classes A-I, A-II, A-III) not strengthened by drawing, it is necessary to
consider the effect of the deformation rate. For other reinforcing steels
(for example, classes A-IV, A-Ilv, A-IIIv) this effect is not taken into

account.,

When determining the parameters of the dynamic load (Ap, 9) we begin with the
1 Mton nuclear blast. The effective time 6 of the wave effect will be de-
termined by the formulas (16) of Chapter II -~ with approximation of the law
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Figure 50. Dynamicity coefficient in the plastic stage for a
hinge-supported plate without considering the effect of the
deformation rate.

of pressure variation with time along the tangent.
Example 4. The ceiling of a separately standing shelter is made of contin-

uous hinge-supported reinforced concrete glabs with basic characteristics:
2 =300 cmy b = 80 cmy, h = 30 cm (h0 = 27 cm), ¥ = 0,012, the operating

reinforcing class A-II (Ra = 2700 kg/cmz), type 300 concrete (Ri = 160 kg/ -~

/cmz). The constant static load from the fill and natural weight q = 0.2
kg/cm®. The calculation diagram of the slab is a hinge-supported beam.

Let us determine the limiting value of the dynamic load of the type of (17)
(with instantaneous buildup) when calculating the ceiling by the limiting
state 1b.

Let us find the values of MO and B.
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We have:

Mg =10,18.10¢ kg-cm;

2700
=0,012 222 ~ 0. 202:
ap=0,012 == =0,20;
My=2700.0,012-80-27% (1 — 0,5-0,202)—0,18.10* = 1,51.10¢ kg-cm;
B = 2,3.10t0 kg-cmz.

Let us define the angular oscillation frequency w, considering that the
running mass of the structural element considering the £1il1l is:

0,2-80 9,87y / 2,3.1010
m— —1,63.10-% o2 ,3.10
p 63-10-3; o ——30021/1’63.1042130_ rad./sec.

Let us set wd = «; then from (94), Yo = 1.915. By Figure 27 wl/17 = 1.33.

~&1.51.10%1,33

= w00 er5 =% ke/em

or

893
bp=—"=1,16 kg/cm?.

At this pressure, according to Chapter II we have the time of effect of the
wave T = 3 sec. By formula (16) of Chapter II

3,
9=——'—1,5+l'“ =115 gec,

Then wd = 130-1.15 = 150 and Yo = 1.915 (1-0.014) = 1.89 and the more pre-~

cise values of p = 94.4 kg/cm, Ap = 1.18 kg/cmz. These values in practice

do not differ from those which were obtained above for wd = ®, Therefore,

hereafter when calculating by the limiting state 1b we shall consider wh=o
everywhere.,

Example 5. Let us check the strength of the structural element from example
4 for the effect of a load of the type of (17) of intensity Ap = 2.2 kg/em2
when calculating with respect to the limiting state la.

For this ioad we have T, = 2 sec.

] =0,54 sec

2
“15+2,2
and w6 = 130-0,54 = 70.

Let us find p = 2,2:80 = 176 kg/cm; from (65) and (66) we have
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176.300?

p=

=1,98-10° kg—cm;

- v=0,764-1,33 = 1,0I5.

According to the graph in Figure 29 for wd = 70 and Y = 1.015 we obtain k“’
= 4.4. According to the graph in Figure 28 for o_ = 0.202 we have:

y_ = 0.05. P

™

Then from (91)

176.300%.4,4

¥uaro =975 3 10 — 00473 < ¥ =0.05.

that is, the structural element withstands the given load. A comparison of
it with the limiting load of example 4 indicates that consideration of the
plastic deformations permits an increcase in the bearing capacity of the beam
by 2.2/1.18 = 1.86 times.

Example 6. Let the ceiling from example 4 belong to a built-in shelter.
The dynamic load is taken with a gradual increase in pressure of the type of
(23). The buildup time 61 = 0,02 sec.

Let us determine the limiting value of the dynamic load for the calculation
with respect to the limiting state 1b.

We have

(3_9_,_=l30~0,02=0'83
n

n
Let us take wez = 200 and by the graph in Figure 33 we find Yo = 1.5. Then

o blslionly
P s 9 kg/em

oF 119
Ap=~§6-—_—.l,49 kg/cm2

Example 7. Let us check the structural design of the preceding example for
the effect of a load of the type of (23) with 91 = 0.02 sec and Ap = 2.3

kg/cmz for the calculation with respect to the limiting state la.

- For Ap = 2.3 kg/cmz, e

2 ~ a 0'53 8ec. We haue' P 2'3 80 180 k'g/cm’
M = 2906 10

kg-cm, kM = 0.73, vy = 0.97.

. By the graph in Figure 33 when wellﬂ = 0,83, w62 = 68 we find kTT = 4,1 and
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+ 184.-300°.4,1
Vmane =m=0.046 < Yy =0.05,

that is, the strength condition is satisfied. The consideration of the plas-

ticity formation permits in the given case an increase in the limiting

load by 2.3/1.49 - 1.54 times,

Example 8. Let the slab from the preceding example be a wall element of a
structure erected on the surface of the ground. A load acts on the wall with
reflection of the type (27). Let us determine the maximum value of the dy-
namic load with Bl = 0.02 sec for the calculation with respect to the limit~
ing state la.

The constant horizontal load is absent; therefore M, = 1.69'106 kg-cm.

0
The weight of the slab

2,4.10-3.30-80
mes———————

o1 =0,585.10~2 kg—seczlcm2 .

The vibration frequency is:

oulll) /2RO
=0t AT T rad./sec.

Let us use the strength condition in the form of (121):

bn(y)  2,4.2,3-101.0,05
T e=m——
Y 1,69.10%1 37.300 =%

Using the graphs from Figure 35 for

W, 218.0,02

0,7,
n 2n

we obtain by selection k_" = 3.2, vy = 0.8.

From formula (120) we find the dynamic load with reflection

8-1,69-100.1,37

P=Porp == 300%.0.8

=256 kg/cn®
256
Bporp=—m=3,2 kg/cmz

In accordance with formula (25) of Chapter II this value corresponds to the
pressgre with normal reflection on the shock wave front equal to Ap = 1.1
kg/cm*.
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Example 9. The beam type reinforced concrete slab with clamped ends is an
element of the ceiling of a separately standing shelter. The baslc charac-
teristics of the slab are as follows: & = 600 cm, b = 100 cm, h, = 37 cm
(h = 40 cm), working reinforcing, class A-II, type of concrete 380. Rein-
forcing coefficients: on support uP®8T = 0,012 in the span.uSPaT = 0,008.
The constant static load q = 0.25 kg/cm?.

Let us determine the limiting value of the dynamic load of the type of (17)
for the calculation with respect to the limiting state 1b.

Let us find the limiting moments and the rigidities on the support and in
the span

' 0,25 100.600*
l M:" |=="——i—2—“"_= 0.75' 100 kg—cm, a:"==0,202;

'"nn

=2700-0,012-100-37 (1 ~0,5.0,202) ~ 0, 75. 103, 23. 10¢ kg-cm;

§°"=0,33; B°"=7,4.1010 kg/cmZ:

"0 . 0,375. 4700
MP=0,375.10 yg-cm a:p=o,oog%=o,1as;

Alg? == 27000, (08-100.37* 1—0,5.0, 13)—0,375. 108==2,38. 10* kg-cm;

&*“’=0.272: B =5 ,4].]010 kg-cmz.

The vibration frequency: 0 25' 100 2 4. [ETTo0
. R . » ) 2L
me= 081 =0,0253; o =—600’ 0.0253

=91 rad./sec; o!/17=) 3,

According to formulas (125), (128):

7.4 0,269 +0,731.1,37

== 37 k=
B : 157046 +0,54.1,37

5,41 =1.06 .

Using formula (143) for wie = o ywe find:

2Mg"o)17 12.3,23.100-1,3
P= Py, 1,06.6000.1,015

=6 kg/cm;
68 2

Apm =

P=100=068 kg/cm”,

Example 10. Let us check the structural design of example 9 for the effect
of a load of the type of (17) with Ap = 1,8 kg/cm? for the calculation by

the limiting state la. When Ap = 1.8 kg/cm“ we have T, = 2,2 sec.
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. 2,2
O d ©,0=60
_ 15+1.8 0,665 sec and @

The structural strength is checked by conditions (188).

By formulas (170), (138) we have:

3,23 on _ 180-600° 1,06

282 g g =5,75.108;
r3’“2,33“"35' M) 12 5 ,
3,23
on L 1;
K =515~ 0%

Y = 0.73 and by the graph in Figure 37 for w.0 = 50, Bl = 1.38 for 62 = 1,35

we find by interpolation kzear =35, k:pan = 4,8,
By the graph in Figure 28, wzear = 0.05; wipan = 0.056 and from (188) we

have:
on 180.600%.5

¥uane =99 21, 1010
180.600°.4,8
96.5,41. 1010

=0,019 < 0,5¢3" =0,025;

L.Np —
q’Menc =

=0,036 < \Psp=0,056.
that 1is, the strength conditions are satisfied.

Comparison with example 9 indicates that the consideration of the plastic
deformations in the beam clamped on the supports increases the bearing ca-
pacity by 1.8/0.68 = 2.65 times.

Example 11. The beam reinforced concrete slab with one clampled end and
the other hinged end is an element of the ceiling of a separate%y standing
- ‘filter. The working reinforcing is class A-IV (Ra = 5100 kg/cm“); the re-

maining slab characteristics are the same as in example 9.

Let us define the limiting value of the dynamic load for the calculation with
respect to the limiting state 1b.

The values of the beam rigidities are the same as in example 9. Let us find
the limiting elements on the support and in the span. We have:

gl*  0,25.100.6002
M| =P = === 12 10 kg
5100 5100
of .0 012 S - —_— o
og=0,012750 0382 aP=0,008 700,255,

) M§"=5100-0,012.100-372 (1—0,5.0,382) — 1, 12. 10%= 5, 66. ig6 kg-cm;

M39F5IOO-O,008-100-37‘ (1—0,5:0,285)— 1,12.109==3, 76.. 10° kg-cm

Oscillation frequency
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15,45 5,41. 1080
0= 600’1/ 0.0 =0 rad./sec.

By formulas (191), (196) we have: = 1.37; k

1 9 = 1.1. Let us set w29 = ®
and let us find for kMO = 2:

BM§" _ 8.5,66.10¢
ShPhy LLooe xeclcw; Bp=0,57 kg/em; Ap = 0.57 kg/cm .

Example 12. Let us check the slab of example 11 for the effect of a load
with Ap = 1.3 kg/cm2 when calculating by the limiting state la. For A = 1.3
kg/cm? T, " 2.5 sec, 6 = 0.83 sec and m26 = 52, We have:

130.6003-1,1
ﬂ, 376“1\51' Mgg=T=5.“.mt kg-cm;

5,66
./ kM —m=088
and by the graph in Figure 41 for Wy © = 50 and the nearest value of Bl = 1.45

we find kbear 4.2, k;pan 24,

By the graph in Figure 28, wbe“ 0.0432; wfrpa“ = 0.047 and from (210), (213),
we have:

on __130-6000.4,2
MaKE ™ 106,85, 411010

g o 130-6005.4
uake="43,8.5,41. 1010

=0,0204 < 0,591 =0,024;

=0,046 <P =0,047,

that is, the strength conditions are satisfied.

Consideration of the plastic deformations for the investigated beam increases
the bearing capacity by 1.3/0.57 = 2.3 times.

Example 13. The ceiling of a separately standing shelter is made up of beam-
type, three-span, continuous slabs with edge hinged supports. The basic
characteristics of the ceiling: 2 = 2 = 23 = 500 cm, ho = 37 em (h = 40

cm); b = 100 cm, the working reinforcing class A-IV; type of concrete 300;
reinforcing coefficient for the edge spans (1 = 1 and 3) y; span . ussp an o

0.008; for the middle span uzp an 0,006; for the bearing cross sections
bear bear
Uy = Hq
Let us calculate the ceiling with respect to the limitins state la for the
effect of a load of the type of (17) with Ap = 1.4 kg/cm“, The rigidities
and the limiting moments are equal (example 11 is used):

= 0.012. The constant static load q = 0.25 kg/cm .
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B =BP=5,4110 g /cn?;  BIP=2,8.100 kg-cnm’;

By =83 =7,4.10% kg-cmz;

0,25.100.600%
Mg"2=M3{'3=6,78-10'—%——:5,85-10‘* kg-cm;

MEP, =MGPy=14,88.10°—0,63.10°=4,25.10° [cg—cp;
MP,=3,8-109—0,22.10° =3,58. 10
’ kg—-cm,

Let us find the vibration frequency of the beam by formula (220). Let us
substitute the average value of the span rigidity in it:

2.5,41.1010.4.2 8. 10
B3 =TT g =480 kg-cmz-

3

18,3 4,55. 1010
Wp == —_————
" 60021/ 0,0353 =68, rad./sec.

Let us consider the first span and let us define the angles of opening in
the plasticity hinges using formulas (210), (213).

For Ap = 1.4 kg/cm?,
8 = 0.8 sec and wHB = 54.
We have:
on
2 7.4 |
m————t ] ,37;
S TR \
0,26 4+0,74.1,37
Ho_ o L .
ky = 0‘80.57a+0,422-1,37 1,285
My, 5,88 140.600¢ :
m— T . on__ . - L1000
52—’”_'3". 1% 1,38, M3 ——5 0.885=5,55.101;

A= e —5‘5551,06 and by the graph in Fig. 43 we find

#q"=3,6, kyP=3,8. Then by Figure 8 for alP=0,25

Cn 7120 600%. 3,8 R— I
W =007 1 B =G = 0,047 =y, = 0,047
140-600%-3,6
Yonare, nen =155 55,47 1% = 00189

" (a)
Key. a. 2Zmax, left

Let us proceed to the second span and let us determine wbear

span 2max, right
meax using formula (188). We have;

and
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By 1.4
1= ==

= =1,4;
5;!9 2,8

pop o e09H0,731:2,64
O BL2= 470 46 4.0.54.2,64

Mon i
= =—2'§§=|,s4; My =
MPy o9

140.6003-1,4

12 =5,88.108:

kx’"sw= 1

5,88
and by the graph in Figure 45 we find (for whe = 50 and Bl = 2.6) k:ear %1.6.

The curve for k;pan
the middle the plasticity hinge was not formed. Let us determine the angle

of opening in the hinge on the support

is absent. This indicates that in the second span in

: 140-600°- 1,6
Yomake, apus = m =0,009.

(a)
Key: a. 2max, right

By figure 28 for

a,,=o.mz%°.-f’_—.o,aaa

Vo= 0,042 30, =0,018¢ + 0,000 =0,0279 < $0", =0,042,

that 1s, the strength conditions are satisfied.

Example 14. The ceiling element of a separately standing shelter is a square
slab hinge supported around the outline. The basic characteristics of the
slab: a =b = 600 cm, h0 = 32 cm (h = 35 cm), the working reinforcing class

A-1V, concrete type 300 (Eb = 315,000 kg/cmz), U = 0.006. The constant
static load q = 0.2 kg/cmz.

Let us determine the limiting magnitude of the dynamic load of the type of
(17) with 6 = » when calculating by the limited state 1b.

Let us find the limiting moment (running), considering that n, = 0.0364
(Table 5):

5100 ' :
oo =019 M§=5100.0,006.32¢, 1—0,5.0,19) —

—0,2.600.0,0364 =2,57.10* kg—cm.

ap=0,008

Setting kMD = 2, we obtain

Ms ‘ 2,57-104
A == = * . 2
g kyoatn,  2.600%-0,0364 =1,02 kg/cm”.
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Example 15. Let us_check the slab in example 14 for the effect of the load

For

5100
ap=0,006 22 _
P 160 =019

by the graph in Figure 28 we find Wﬂ = 0.05.

We have (227):

2,57-10t
ka =T 5 6000.0,051 — "% 1=1.
) By the graph in Figure 50 we find k. =17.
The cylindrical rigidity of the slab
D EP___ 3500030 , 2
12(1—v)  12(1—0,026) — *1610° kg-cm®/cm;

let us check the strength conditionms, using (235):

64-1,8.600%.7

m=0.039<¢n=0.%.

Yrmaxe =

that is, the strength condition is satisfied.
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CHAPTER IV. CALCULATION OF THE STRUCTURAL DESIGNS OF CEILINGS AND FLOORS
UNDER THE EFFECT OF COMPRESSION WAVES IN THE GROUND

1. Basic Prerequisites

The effect of an explosion is transmitted to the structural elements located
in the ground primarily in the form of compression waves. These waves are
generated by the air shock wave. During movement in the ground the basic
parameters of the wave vary -- the pressure magnitude, the buildup time of
the pressure and the time of effect. After the wave approaches the struc-
ture, they interact, the essence of which consists in reflection of the
wave from the surface of the structure, leading to a rise in pressure, and
subsequent change in pressure as a result of the movement of a structure.

In order to determine the loads on buried shelters it is necessary, conse-
quently, to know the mechanism of propagation of a shock wave in the ground
and the interaction of it with a deforming structure. These problems are
the subject of many papers. They are discussed most completely in refer-
ences [40] and [52] in which there ia also a broad bibliography.

Let us briefly discuss the information needed hereafter on the wave processes
in solid media -- the ground.

Usually, considering the relatively small dimensions of the structural ele~
ments of buried structures, it is considered that the wave front in the
ground is parallel to the surface of the ground. This permits restricting
the problem to studying the simplest planar one-dimensional motion. In this
case all of the parameters of the wave process depends only on one spatial
coordinate and time.

Let us direct the Oz axis into the ground, and let us place the origin of
the coordinates at each surface. The displacement of the cross section at
the time t which for t = 0 at the coordinate z will be by u(z, t), The
relative deformation will be:

Pl ' (1)
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The stress in the same croas section g(z, t), As is known, plane, one di-
rectional movements of the medium is described by the following equation
which is valid for any solid medium independently of the magnitude of the
digplacem.nt u:

Zu X .
aft [ (2)

where p 1s the initial (for t = 0) density of the medium.

Then we shall consider the layer of the ground of small thickness without
considering the variation in density of the ground with depth, that is, we
shall take p = const.

The properties of the specific medium, in the given case of the ground, are
characterized by a deformation law (deformation diagram) establishing the
relation between the stress and strain

0= U(g), (3)
which i1s defined experimentally.

The experiments show that the deformative properties of the nonwater-satura-
ted soil, just as many other materials will essentially depend on the defor-
mation rate: the deformation diagrams have a different form under the effect
of the dynamic and static loads. A similar analysis of the dynamic compres—
sion diagrams of the soil based on broad experimentsl studies appears in
references [40, 41, 53]. In the handbook for calculation of residual strains
{54] a discussion is presented of the procedure for obtaining such diagrams,
and a schematic of the experimental getup is given.

Let us present some of the most important information about the deformative
properties of the soil. Figure 51 shows the standard compression diagrams
of the soil: the dynamic curve and static curve 2. These curves have
qualitatively different form in the initial section, including in practice
the most important pressures (to 5-7 kg/cmz). The dynamic diagram is turned
with the convexity upward, d20/de? < 0. As will be obvious from what fol-
lows, this has great significance for the properties of the wave propagated
in the soil.

Curves 1 and 2 correspond to the increase in pressure (that is, load). The
decrease in pressure in the soil occurs in accordance with the dotted curves
of 3 and 4. Here, as is obvious, after unloading in the ground large re-
sidual deformations are formed caused by packing of it.

For practical calculations usually simplified (calculation) compression !
diagrams are used. Figure 52 depicts such standard diagrams (see [40]):
for the load the so-called Prandtl diagram with linear strengthening) 1),
for unloading lines 2-4, The latter line is most frequently used corre-
sponding to unloading occurring with constant deformation, In this case
the calculation diagram of the soil deformations is characterized by three
parameters: os, EO’ El'
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Figure 51. Diagrams of soil deformation (0 -~ €). 1 —— dynamic;
2 -- gtatic; 3,4 —— on unloading.

!
1 2934 g

i ]
art:tif,,/l\gn:'tyé}l:\g

& £

Figure 52. Calculation deformation diagrams of the ground.

Usually instead of the deformation moduli E0 and E1 we use the wave propa-

gation rates: elastic q = %‘!; elastic-plastic a1=1/_§.
[}

The values of them are presented in Table 6 for different soils according
to the data of reference [41].

Table 6
Wave propagation rates in
m/sec
Sotd elastic a elastic-
0 plastic a;
Sandy, disturbed structure 100 50
Sandy, undisturbed structure 200 100
Loamy 220 110
Argillaceous undisturbed structure 250 130
Packed clay 500 250
Loess 300 100

The deformative properties of the soils for the nonuniform stressed state
are subjected to more complex laws which are discovered in the model pro-
posed by S. Grigoryan [19], [20].
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2. Loading Wave Propagation

The deformation diagram of the medium is taken in more general form in accor—
dance with Flgure 53:

for loading, the curvilinear diagram o = ®(e) with the condition

&
—<0;
@ < %)

for unloading -- the straight line corresponding to ¢onstant deformation
(E_= ),
P

From condition (4) it follows that the deformation modulus E = dd/dg de-
creases with an increase in the deformation.

Figure 53. Deformation diagram of the
medium.

Considering the expression

do d6 Jde _db du

d2 o 0z o o2’

from (2) we obtain the following equation:

g = a® (U, . (5)
where
T b E
=Y 5%V )
and it is denoted
oy By,
o ” ™

Equation (5) is a quasilinear (since the coefficient a depends on u_)
partial differential equation, From solving the equations of this gype
broad use 1s made of the characteristic method (for example, [37]), Let us
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briefly discuss the concepts based on physical representations here. Let
the solution of equation (5) u(z, t) exist, which is a wave process in the
investigated medium. Let us assume that any point of the medium a new dis-
turbance has occurred. It will be propagated with respect to the given
wave in the form of a new wave. Let the new disturbance be of the type
such that at its front the velocity u, and the deformation u, at the medium

will remain continuous, and the second derivatives Uer U s U will vary

zz’ tz
discontinuously (weak disturbance). Then the law of motion of the new wave
front with respect to the given wave u(z, t) will be the line on the sur-

face u(z, t), along which the derivatives Upes U, U cannot be uniquely

defined by the values of u, and u,. In the given solution u(z, t) such lines

are also called characteristic curves, and their projections on the planes
zt are called the characteristic projections or simply the characteristics.

The characteristics and the values u, and u, along them are determined from

the equations [37]:

dz = +a (w)dl, dz=—a (u)df; (8)
du, =a (u,)du,, du, = —Qq (u,)dug, (9)
The entire set of characteristics is broken down into two families of lines:
The first family (C,) - dz = adt is given by the function of the type o(z,
t) = o = const; the second family (C_) -dz = -adt is given by the function
of the type B(z, t) = B = const.
Here o and B are constant parameters for each characteristic.
The first family of the characteristics defines the laws of motion of the
fronts of all possible waves along the Oz axis in the positive directions;
the second family defines the laws of motion of the fronts of the counter-
waves caused, for example, by reflection of the wave u(z, t) from a barrier.
Important significance of the characteristics also consist in the fact that
any solution of equation (5) will be made up of the characteristic curves
[37].
Equations (9) can be integrated:
along the characteristics of the first family (C+)

up — b (u) = r (a); . 10)

along the characteristics of the second family (C_)

U +AW)=ry @), . (11)
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where "

AWJ=SGM&
’ (12)

and rl(a), rz(B) are constant coefficients for each characteristic (the
Rieman invariants.

Let the new wave front be propagated in the positive direction of the 0z axis
through the medium in which the deformation and the velocity are constant
(they do not depend on z and t) and area equal to the following: u, =€y

ut = v0 (steady state deformation). In this case all of the characteristics
C_ began with the region with 80, Yo (Figure 54), that is, in (11) the co-

efficient r, will have one value for all characteristics equal to:

rs =0y + A (g,) = const. (13)

From (10) and (11) we have

] Mu) = — I B)—r, (@), (14)

E,=const
Vg=const

0 A

Figure 54. Wave propagation in a medium with steady state
deformation.

Along the characteristic C+, rl(a) = const, then from (14) and (13) we have
A(uz) = const, that is, the deformation u, is constant along each character-

istic of the first family. Therefore the characteristics ¢ will be straight
lines and the investigated wave process which is called a stmple direct wave
is described by the expressions:

e = —h () + vy + A (gy); (15)
s 2=a(u) + ¢ (a), (16)

where c(a) is a constant(for each characteristic) coefficient.
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Analogously, for the wave propagated with respect to the steady state defor-
mation in the opposite direction (simple return wave), the following rela-
tions are valid:

ur = A (u;) + v — A (eg); 1

2= —au)+c(p). (18)

It is obvious along the rectilinear characteristics of simple waves the
stress 0 and velocity u _ are also constant.

Let us proceed with the investigation of the wave processes in the soill
caused by the pressure p(t) occurring on its surface. [For compression waves
(0 < 0) frequently the pressure p = -0 is given instead of the stress]. The
pressure p(t) is assumed to be monotonically increasing to p (see Figure
55). It is necessary to solve equation (5) under the conditTafs:

boundary -~ for z = 0, 0 = —p(t);

(19)
initial -~ for t = 0, u = 0, u = 0.

These problems have been investigated in detail in [52].

A simple direct wave will be propagated through the medium according to (15)

and (16) for ' 0, eo = 0, From each point of the axis Ot a rectilinear

characteristic emerges, along which the voltage [equal to the voltage at the
point (O, tH) of intersection of the characteristic with the Ot axis] and

also the deformation u, and velocity u_ are constant.

Figure 55. Wave propagation in a medium with monotonically
increasing pressure on its surface.

Figure 56, Propagation in a medium with suddenly applied
constant pressure on its surface.
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The equetions of the characteristics from (16) will be

2 = alu, ¢t — L)

The voltage at the point (z, t) is:

0 )=—p(t)=—p(t—-5).

Hence, we have the equation for determining u, = uz(z, t)

~p@-—')=¢w¢.

a (u;)

The velocity is obviously equal to;

uy (2, = —} (uz)'

(20)

(21)

(22)

(23)

In the region located above the characteristic emerging from the point (O,

tm), the parameters of the medium are constant (0 = “Ppa ).

X

It 18 obvious

that the value of a(uz) (6) 1s the propagation rate of the corresponding

stress state of the medium. Under the condition (4), the velocity a(u )
= decreases with an increase in pressure, as a result of which the character-

istics of Figure 55 gradually diverge. Therefore in any cross sections

z > 0 the time of increase in pressure to the maximum increases with removal
of the cross section from ¢he surface (z = 0). This is especially clearly

manifested for a pressure on the surface that increases di

scontinuously to

the maximum (Figure 56). In this case the characteristics form a fanlike
beam, and in any cross section except z = 0, a gradual increase in pressure
is observed. In the region of increase in pressure the relations have the

- form:

a(u)=2: w=—A().

(24)

The wave propagated in the ground with increasing buildup time of the pres~

sure is also usually called the compression wave.

The conversion of the air shock wave to a compression wave is felt favorably

in the strength of the structural elements, for with an increase in the

- pressure buildup time, the calculated value of the load on the structural

alenents decreases.

3. Process of Lowering the Pressure (Unloading)

Let us now assume that beginning with the time t the pressure on the sur-
face decreases (Figure 57)., It is obvious that In the ground, beginning
with this time, the process of the decrease in pressure -- unloading -- also

begins.
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Figure 57. Propagation of waves in a medium with unloading
Key: a. max

The line that delimits the loading and unloading regions in the plane zt
usually is called [52] the unloading wave (curve I on Figure 57). We shall
denote all the parameters of motion of the ground in the loading region with
the index 1, in the unloading region with the index 2, and in the wave it-
self, the index *; then the unloading wave equation will have the form z = z*

(t), and the parameters of the medium on it: U*, e*, u:. In accordance with

the adopted deformation diagram of the ground during unloading (see Figure
53) the movement of the medium in the region (2) is described by the equa-
tions:

FuD 5D g,@

W n a0

(25)

where €*(z) is the deformation in the cross section at the time of beginning
of unloading.

The boundary conditions for the system (25) are:

for z=10 o = —p, (£);

(26)
- for
z2=2*(f) 0"’.=0‘”(2"(t), ) ==0* (t); } 27)
uf® = uf @ (1), ) =v* (o).
From (25) we have
¢m@0=§&@h+d”&0,
0
from which
u® _ du® (0,
-—aT' — dt ' (28)

that is the velocity of the soil in the unloading region does not depend on
the coordinate of the cross section remaining, just as for the absolutely
solid body, constant for the entire medium of depth z*(t). From the first
equation (25), the relations (28) and the conditions (26) it follows that

o® (2, §) = px (12 — p; (8), 29)
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) _d a0, 1)
where X(O-—-—-;E———.
Satisfying ihe conditions (27) considering (23), we obtain:

PX (2" () — pa () = 0* (1) (30)
e ()

uf? @ (), = — § a(e)de. (31)

! ouf®
From (31) it follows ({'since -7;-.==0) )
2

g (eM 2
() =—a(e) =,
and from (30) we find

0 (0a (") L +0% (1) = —p, (0.
. (32)

Let us denote by t = ¢(pl) the relation obtéined by resolution of equation
P; = p;(t). Then from expression (21)

o 0=—p[—Z0]

a(e?) (33)
we obtain
2O =ai—e(—0*). (34)
Substituting (34) in (32) considering (6), we obtain
{t—o(—0")] %"r"+a'= —~pu(®)
or
%’,"—"-— tp(——c*)‘:i;= —Pa(0). 35)

Let us note that this equation does not depend on the deformation diagram
0 = ®(e). Integrating (35) under the initial conditions U*(t )=-p , we
£ind o max

Puako 1

~0"0+ § e®B=+ § b0 drt by (36)

m

where &£ and T are the integration variables.

Let us consider special cases. Let us assume that the pressure on the sur—~
face can be presented by the expressions;

137

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090009-1



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090009-1

AVAN Vi L Avaiis UUM vt

p()= Praxe — 0, (£, — ) 0t < im); (37a)
P1() =Pusse— s (I—tn)¥; (t2tn); 0,>0; a0, (370)

where k is the integral power.

From (37a) we have

=
|
{

t=1tn—0 (Dyaro—p) " , 6=a, °,
that is,
1

=t —'." -— * .
Q) =tn—" (Pyaxe—E) (38)

Substituting (38) and (37b) in (36), we obtain the following equation for
determining o*:

5k L
(1) (Pyaxe +- 0" + m(puauo‘*'o') b
=5 _(t—p Y+ =
This equation is satisfied by the expression
Puanc + 6* =c (f —(n)t (40)
under the condition that the coefficient ¢ is found from the equation
5k L a
C+——c b 2 __0 -
HTy P 1)
Thus,
ot () = “—Puaxe Foo(t—ta)t 42)
The equation of the unloading wave from (34), (38) and (40) will be
‘ 1
- 2 (1) =a )1 + &H) — tn), (43)

where e*(t) is determined from the equation

® (e%) = o* (1).

Let the compression diagram be represented by the Prandtl diagram (see
Figure 52), that is,

6=Eg for |o|<]o,) .

9=0,+E (e—¢) for |0/>]0g,, (44)
E;<Eo (4 <ay) and Puaxo >|0,].
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Then a @')==a,=='v/€} > and from (43) it follows that the unloading wave is
a straight line

.
() =a (1 + 8 (t — tn). @)

From (42) and (45), we find the distribution of the maximum pressures p* =
*
= ~0" by the depth

_ P* () = puaxec — ci2%, (46)

where ¢ = £ IXETE
[a, (l+ 5'-'7)]

dow let us consider the special case of loading (37) where k = 1, that is,
the pressure on the surface varies according to linear laws. In this case

- the equation (41) has the form “¢ 4+ 2004 — aq0y =0, hence

(-1 +VTTE).

From the condition of vanishing of the pressure at the points t = 0 and t =
= 0 we obtain

(47)

Oy = Puaxe and @ = Pmake
tm 0
where 6 is the duration of the phase of the drop in wave pressure.

The expression (46) in dimensionlesé variables will have the form

——=l—c=, 48
iy , (48)

where

Let us find the depth z' on which the maximum pressure is 90% of the maxi-
mum pressure on the surface. From (48) we have

0,1
2 =z,
c; 0

In Table 7 the values are presented for z"/z0 and z' for zq = 5m (al = 50
m/sec, tm = 0.1 sec) for several values of tm/e. By these data it is
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possible to determine the degree of attenuation of the wave pressure in the

ground.
Table 7
I 1 03 ol 008 0,028 oo
2'[zo 0,343 L15 2,24 4,1 8,1 20
z' in
meters | 1,715 5,75 11,2 20,5 40,5 100
for 5 :
=
z*5 m

Let us consider another special case where the pressure on the surface in-
creases discontinuously to the maximum [that is, t = 0 and pl(t) = 0].

Then frm (34) o

2* (f) = a (e*), (49)

from (32) we obtain the equation
d ({c*)

= o = —P; (f)’
from which P lfp (t)dt
2
—t0* 0= {pdr, —o*=p'= ; (50)
L]

For the deformation diagram corresponding to expressions (44), the unloading
wave will be a straight line )

2*=gq,t, (51) .

If the pressure on the surface is given by the expression (37b), then from
(50) and (51) we find '

G .h.. %z
P* =P — Gyt P T Gy (52)

For k = 1 and 9 = pmax/e’ where 6 is the time of the effect of the pressure

on the surface, we have

P ()= P 1~05:2). (53)

The maximum pressure will be 90% of Prax at a depth

2 = 0,20,

For a pressure on the surface in the form of
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ty\
P2(0=Punxo(l—"e‘) (54)
analogously wz obtain
.0 _rta_ 2 N
p (Z) Puauc(] 6014.3(051)’ )’ (55)

from which z' = o.1ea1.

Now let us briefly comsider the unloading in medium width Ep # © (line 2 on
Figure 52). 1In this case the calculation formulas in closed form can be
obtained appreciably more rarely than for Ep = o,

For the general case, therefore wide use is made of the graphoanalytical
method of characteristics [8, 66]. If the diagram is presented in the form
of the Prandtl diagram and the pressure on the surface assumes the maximum
value discontinuously, the velocity of the unloading wave (ap) 18 constant

and equal to a;. With a pressure drop according to a linear law p(t) =

= p(1 - (t/6)) the maximum pressure, that is, the pressure on the unloading
wave, will be found from the expression [54]

- p*(2) =pmm[l—-g:%(l— -Z-;—)] where a,=V—?—- (56)

For analytical determination of the unloading wave in the general case it is
possible to use the functions presented in [52]:

z + ayfy = Ggfy — 20

1
Ef;“" (2 10+ 042wt + oo (M es o ) =

—Me (2w W= -,:.‘-ppz (t,—%). -

- where cl(z, t) and (cl ( t)] are determined by the formulas (21) and (12);
the values of Zys tl’ Zy, t, are the coordinates of the points on the unload-
* o K
ing wave [zl z (tl), 2y =z (tz)].

If any point of the unloading wave (zl, tl) is known, the expressions (57)

offer the possibility of determining the other point of the unloading wave
(z2, tz), by (22’ t2) it is also possible to determine (z3, t3) and so on.,

Tnerefore the entire unloading wave can be determined by-the solution of the
system (57) if some initial part of it is known.

Using expressions (57), it is possible to prove that if the Prandtl diagram
is adopted, and the pressure on the surface varies according to (37), then
the unloading wave will be a straight line

- 141

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090009-1



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090009-1

FURK UrLiLiaL von viuLl

2 =a, (t—tn). (58)

For this purpose we shall check whether the two arbitrary points (zl, tl)
and (zz, tz) of the unloading wave can lie on one straight line, that is,
satisfy the equations:

h=tp+ 2, =y +2
m ap 2 m+ap. (59)

Using the functions (21) and (12):

61(z )= "Px(t— i).

AMe)=ae,+ay(e;—e,) = (_GELO—%)O""'%O"

from (57) and (37) after transformations we obtain the equation for ap

(-2 (B ) (L) -

)2

As is obvious, this equation does not depend on the value of z and t; there-
fore the functions (59) are valid for any z and t, that is, the unloading
wave is a straight line. Taking this into account, for the unloading re-
gion we obtain:

R 11\,

o (2, )= — Puarot Ep'h z—a, (¢ —tu)*+
+Eps,lz+a,(¢ L
U 2, = =008, + 2 Puana+0) —a T le—0 ¢—tu)l* +
1
+al Sp [z+al(i—tm)]kv ’j )
where :
1 1\ ay
w (=) (1 +5)

.

fy= 1 1\k
2 (5= o)

1_ 1y a »
al(ﬂp_ﬂx) (l )( 1)
vz 9F l .l & )
p("p+ ":) !
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From equation (60) we have the known expressions [8];

for k = 1 l/fa}q(a,+uﬂ (61)
=)/ ——:

ay a:: +a3 a?

i .
for k = 2 and PO=0 Gy=0, at ol (62)

In the case where the deformation diagram o(c) is arbitrary and where the
functions (37) represent the pressures pl(t) and pz(t) only near tm, the

equation (60) permits determination of the initial unloading wave velocity.
Example 16. The deformation diagram is assumed in the form of a Prandtl
diagram, where a2/a1 = 4, The law of variation of the pressure for z = 0
will be given in the form

p(t) =0, 2 (,_l)’_

vhere 0 is the time of effect of the load.

Thus,

80,
Puanc= 12055 k=2; a1=a,=+3;'-

and the unloading wave is a straight line. The unloading wave velocity will
be determined by the formula (62) ap = 0.359&2. In dimensionless variables

! z
T==—3 = ———
] g a0

we obtain the following expressions for the unloading wave and the stresses
in the unloading region:

1
1=0,5 +0,696E; —Z—= —2.40,7378%
- ‘

GCT _ 0577 (E—8 (1—0,5)P—0,077 £ +4 (s —0,5).
A

This problem is solved in [52] by a more complex graphoanalytical method.
4. Compression Wave Reflection from a Stationary Barrier

net us propose that in the soil at a distance z = H from its surface a sta-
tionary barrier is found, and on the surface the preasure p(t) is given
which increases monotonically to the maximum value of p__ _, and then it re~

mains constant (Figure 58), For the deformation diagra%axof the medium
0 = ¢(e), let us consider the condition (4) satisfied.
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After approach of the simple direct wave front to the barrier, the reflec-
tion process begins. As a result, the plane z~t turns out to be divided
into a number of regions indicated in this figure: 1 — the region of non-
steady state deformation, propagation of gimple direct waves; 3 — the re-

_ gion of steady state deformation with o = On = Prnax and the corresponding

€’ 4 —- region of propagation of simple return waves with respect to steady

state deformation 3; 5 —- the reiion of steady state deformation after re-
’

flection with o = U;efl and ogff u, = 0; 2 — region of development of

reflection (the front II -- the characteristic of the second family with re-
spect to simple direct wave). In region 2 all the characteristics are cur-
vilinear, and therefore the determination of the parameters of the wave
process in this region is the most difficult. In the majority of cases this
problem is solved only by numerical integration of equation (5).

(a)
AL

o%)

Figure 58. Wave propagation in a medium with reflection from

a stationary barrier. I-III -- characteristics; 1-5 -- regions.
Key: a. crefl
max
At the same time the maximum parameters 0;ef1 and Erefl in the reflected wave

on the barrier can easily be found.

Actually, in the region 1, r, = 0, and therefore from (14) we have r) = =2\
(€). On the characteristic III we will then have

’S"” = _m(em) (63)

Since for z = H, u_ = 0, in region 2 from (10) we have r, = -A(erefl), where

t
Erefl is the deformation on the barrier at the point (H, t), from which the

corregsponding characteristic of the family C+ emerges. Then on the charac-

refl

teristic III riIII) = —A(em » and comparison with (63) gives the following

equation for determining the maximum deformation of the reflection on the
barrier

M) =2M () (64)
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It is obvious that o = b (el).

The reflection effect usually is characterized by the reflection coefficients
for the siress n, and the deformation n, equal to:

e H
or (]
g e
- m . ’m
n,,—-a—; nn_~_. - (65)
m em

For a linearly elastic medium (0 = Eg) from (64)

Ry=ny =2, (66)
Let us consider the medium with deformation diagram in the form of (44). 1t
is obvious that:
; Me)=ae for |o|<(q,; } (67)
A(z)=a,,e,+al(g._e,) for |o|>|0,l.
Then from equation (64) we obtain:
2) for 1%l <o, <oyl
o = Do, (a—" — )e,:
- @ a)
(o )&
M a ( B l) em
=2ﬂ_(£!__1)&- . (68)
8 a, om’
oF =g + (1__)0"
o
2a
=t (1= )2 (69)
b) for |o,[>la,]
ey = 2e, + (%‘:-—-l)e,;
. B
Ay =2+ (i ])& =2+ o
e )
at \o, (70)
0,3.7—20,,,—-( —-—‘-)a,;
do
"_-2...(1__“1_)_‘2_ (71)
% /Om
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Figure 59. Graphs of the reflection coefficient for the
stress (nH) and strains (nD) for interaction of the wave with

a stationary barrier.

As 1s obvious from the expressions obtained, for ]oml > IOSI/Z the following

expressions are valid:

ng>2, ng< 2; 72)
for Ioml j_[os|/2 the conditions (66) are satisfied.
1

For Um = os the reflection coefficients assume their extremal value:

(a) (b) )
Pl IR, SR L R (73)
) )
Key: a. min b. max

The graphs of the coefficients oy and n, are constructed in Figure 59 for

a = 0.5a0. With an increase in'om/cs the coefficients n, and nD approach 2,
which is explained by a decrease in the effect of the initial section of the
deformation diagram (for |e| f.lesl).

5. Interaction of Compression Waves in the Ground with Flexible Structures

The calculation of the structures buried in the ground is comnected with in-
vestigation of the processes influencing each other: the deformation of

the structural element and wave propagation in the ground, that is, with the
solution of the problem interaction of the wave with the structural element.

This problem can be solved using the above-investigated methods of investi-
gating the wave processes in the ground and the movement of the structural
elements.

Results are presented below from studying the motion in the elastic stage of
a beam structure located in the ground at shallow depth when the effect of
a free surface is felt.

The pressure with a density Ap, instantaneously increasing and constant in
time, acts on the surface of the ground. The compression diagram of the
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ground under load is assumed to be linear; for unloading, with constant de-
formation (Ep = »), Here the reflection coefficient will be 2, The varia-

tion of the buildup time of the compression wave with depth is taken into
account by tae fact that on the surface of the ground a buildup of the
pressure to a maximum with time equal to

(74)

is provisiénally assumed, where H is the thickness of the ground above the
structure,

As a result of the caclulations, the generalized dynamicity coefficients gen
were defined taking into account the entire process of interaction of the
wave with the structure and with the free surface of the ground.

In Figure 60 graphs of kgen are constructed as a function of the dimension-
less parameters

Sy = m_” pa,

b=

a 2m o’ (75)

where w is the lower frequency of the vibrations of the structure in the air;
p is the soil density; m 1s the mass of the structure per unit area of
buried surface.

The dotted line plots the function for kge“ obtained for the ground of the

linearly elastic medium without consfdering the effect of the free surface
of the ground which we shall call "approximate."

For any ul curves kgen increase from 2 for s, = 0 to some maximum value and

then decrease to a value also close to two.

For small 8, the value of kgen is close to the dynamicity coefficient for the

structure in the air, and for large s_, it approaches the reflection coeffi-~
cient of the wave from a stationary garrier, which indicates the static
effect of the compression wave on the structure when it is buried deep in the
ground.

(m)

The points S, corresponding to the maxima kgen determine two calculated

< sém) the effect of the free surface and consideration of

(m)
i

cases., For sTT

the vnleading in the layer of soil are significant. For s_> s these

ﬂ
facts almost have no effect on gen’ and the layer of soil can be considered

as an infinite linearly elastic “medium.
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Figure 60. Generalized dynamicity coefficient in the elastic
stage for structural elements with soil fill.

Key: a. kgen

For each of these cases defined wave processes in the ground layer are
characteristic. Figure 61 depicts the unloading waves & (5) (from the struc-
- ture), E (s) from the free surface), the relative pressure q* on the surface

of the beam and the relative deflection y(s) for certain values of sTr and pl

The crosses and dotted lines depict the vul?eg of the deflections y *(g) de-
fined approximately. As is obvious, o (Figure 61,a,b) intersection

of the unloading waves running from the structural element and from the sur-
face of the ground takes place. Here, all of the ground over the structure
is converted as if into a solid state and remains such until the maximum de-
flection is reached. This is connected with the fact that the pressure on
the surface of the structural element does not exceed its first maximum
value (for s = 8, + 89 where sg = th). The magnitude of the deflection

determined "approximately" has in this case large values beginning with the
time of conversion of all of the soil to an associated mass. In these cases
the soil layer can be defined as a "thin" layer. The primary role in the
conversion of the "thin" layer of soil to a solid state is played by the

- unloading process not from the surface of the ground, but from the structural
element, for the unloading wave from the structure begins earlier and is
propagated with greater velocity than from the surface of the soil.

For s, > sém) (Figure 61,c,d) the unloading process caused by the wave from

the structural element ceases before encounter of this wave with the unload-
ini wave running from the surface of the ground. Beginning with some time
Sy ) lesa than the time the deflection reaches a maximum, the pressure on

the surface of the structure exceeds its value of s = S + 8g» that 1s, the
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Figure 61. Processes of the interaction of a compression wave
with a flexible structure from various vaiues of the parameters

- S, (s = wt).

Key: a. max

weight associated with the structural element is again converted to a defor-—
mable medium. The deflection of the beam y*(s) calculated approximately, as
is obvious, in practice coincides with y(s) at the times when there is an
associated mass on the beam with a thickness less tham the total thickness

of the soil layef. The noted circumstances explain the cause of the fact
that when s_ > s ) the layer of soil when calculating the structural element
can be consgdereg as an infinite linearly elastic medium.

In reference [40] a similar conclusion regarding the possibility of consider-
ing the soil as a linearly elastic medium in the problems of the interaction
of waves with structural elements was drawn on the basis of experimental data.
Using the graphs of k%en (Figure 60), we obtain the condition of correctness

of each of the two noted cases of calculating the burried structural elements.
For this purpose we assume that these cases are delimited by the values of
8ps My corresponding to the points of intersection of the solid and dotted

lines. Applying the coordinates Spo Hy of these points in the coordinate

plane So> Hp» we find that the "boundary" values of s_, iy lie on a straight

T
line

Sa + 3y =25, . (76)

Therefore when calculating the buried structures in the elastic stage for the
effect of a shock wave of sufficiently great duration applied to the surface
of the ground, it is possible to consider the soil as an infinite linearly
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- elastic medium if

an
sz + 3w, = 2,5
In the case where '
Su + 3“"1 < 2!51

(78)

it is necessary to consider the effect of the free surface of the ground and
the propagation of the unloading processes in the soil layer.

From Figure 60 it is also possible to find that the buried structure can be
calculated without considering its interaction with the ground which is taken
into account only as the associated mass, if

5. < 0,25, . (79) :

Here the error in determining the dynamicity coefficient does not exceed
2.5%.
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CHAPTER V. CALCULATION OF ROCK WALLS AND COLUMNS FOR THE EFFECT OF SHOCK
WAVE LOADS

Depending on the location in the structure the walls of the shelters are
divided into outside and inside walls. The operating conditions of these
walls under the effect of external loads on the structure from a shock wave
differ significantly, for the outside walls take the vertical and horizontal
external loads, and the inside walls, only the vertical (mass forces occur—
ring during horizontal displacement of the structure are not considered here).
In addition, the working conditions of the outside walls under the effect of
a horizontal external load depend in turn on their location with respect to

the other bearing structures of the shelter ~- the floors and ceilings,
columns, inside walls, and so on. Accordingly, the schematics of the opera-
tlion of the outside walls in the horizontal direction can be different —- the

schematics of beams structures or slabs with different supporting conditions
around the outline.

From this chapter a discussion is presented of the method of calculating the

outside unreinforced rock walls working by the beam structural schematic.

For calculation of the outside stone wall with longitudinal reinforcing, the

methods of calculating reinforced concrete structures investigated in Chapter
- ITI can be used. The calculation of the inside walls and columns is pre-

sented in the case of the effect of only vertical forces causing central

compression or extracentral compression with small eccentricities.

The calculated resistances of the column and wall masterials made from con-
crete and rock masonry are taken with a hardening coefficient equal to 1.2
[6, 30], and the calculated pressures for nonrocky soil in the foundation,

_ equa.. to the normative pressures of the soils of the foundations in accord-
ance with the main SNiP II-B. 1—62*, augmented by several times if by the
operating conditions of the structure its settling under the effect of the
dynamic load is permitted.

For shallow laying of the founda:ions having relatively small dimensions, it
is necessary to consider the possibility of squeezing of the soil from under
their footings under the effect of the load. In order to prevent this phe-

nomenon, the calculated pressures for soft ground must not be designated as
more than 15-kg/cm2.
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The static loads are taken into account with a coefficient of 1.2,

The strength calculations of the inside walls and columns are performed by
the static methods with respect to the corresponding chapters of the SNiP
by the general formula

Nl‘l< Nnr

where NB is the maximum value of the large general force, NTT is the reduced

longitudinal force from the external force effects determined from the ex-
pression

Ny = Nyawe + 1,2N¢r,
(a)

Key: a. static

in which Nmax is the maximum value of the longitudinal force from the effect

from the dynamic load; Nst is an arbitrary force from the static loads.
1. Loads

All the loads are divided into horizontal and vertical. The vertical (or
longitudinal) forces are transferred to the walls from the floors and ceil-
ings. These forces are taken to be equal to the support reactions of the
ceiling from the dynamic load acting on it which is variable with respect to
the law (17) of Chapter II and applied only within the limits of the ceiling
span purely. Here the effect of the deformation of the ceiling is not taken
into account, which can be permitted when calculating the walls of structures
on soft ground.

When determining the cost of vertical load on the walls of the builtin shel-
ters the mass of the walls of the building supported on the walls of the
structure is not taken into account for Ap> 1 kg/cmz, where Ap is the pressure
on the shock wave front, for under such loads the building is entirely de-
stroyed [14]. For Ap < 1 kg/cmz, the weight of the part of the building
walls resting on the calculated wall can be taken into account.

The basis load causing the bending of the outside wall is horizontal. The
magnitude of the horizontal dynamic load pz(t) is determined without consid-
ering the nonsteady state transient processes occurring during the buildup
time of the load to the maximum value and the time of loading of the wall

by the compression wave with respect to the entire height (the arrival time).
This load is therefore taken to be uniformly distributed with respect to the
height of the wall and equal to the following:

'p,(t)-=§p( —%), o
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where p ls the maximum pressure determined by the formulas in Chapter II, and
€ 1is the coefficient, the magnitude of which is determined by the conditions
of the interaction of the compression wave in the ground or the transmitted
shock wave “with the structural elements of the wall.

For the walls which take the load through the ground, the value of £ depends
on the £i1l diagram and the type of soil. For complete burial of the wall £
is equal to the coefficient of the lateral pressure kb’ the value of which

varias from L to 0.3 [35, 40]. 1In the calculations it is possible to set
kb = 1 for water saturated soil and kb = 0.5 for soil with natural humidity.

For the walls enclosing the shelter from the facilities not protected from
the shock wave it is approximately possible to set £ =1.

For the elements of the walls erected above the level of the ground and tak-
ing the load from the air shock wave directly, the value of the coefficient
¢ is taken according to the data of Chapter II in accordance with the con-
ditions of reflection of the air shock wave from the surface of the walls
and flow over the structure.

2. Characteristic of the Limiting States

Under the effect of the calculated forces, deformation of the walls and the
soil in the foundation takes place as a result of which the points of the
vell take the vertical and horizontal displacements.

Depending on the relation between the bending moment and the longitudinal
force the wall can work with respect to two different diagramg: either under
the conditions of compression of all of the cross sections or on the occur=-
rence in some of the cross sections of the tensile stresses leading to the
occurrence of horizontal cracks.

The first case is extended to walls centrally and extracentrally compressed
with small eccentricities of application of the longitudinal force, and the
second case, is extended to the extracentrally compressed walls with large
eccentricities of the force. In the general case for any cross sections the
boundary between the regions of small and large eccentricities under static
loading is the ratio sk/s0 = 0.8, where Sy is the static moment of the com-

pressed zone of the cross section with respect to its stressed face and s

is the static moment of the entire cross section with respect to the same
face.

L2t us couslder the conclusions obtained during static loading for the case
3% dyaamte loacing.  Then for s /sO > 0.8 we shall have a region of small
eccentricicies. For a rectangular cross section of height d, this inequality
is equivalent to the following:

e < 0,225, : (2)
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where e, is the eccentricity of the longitudinal force with respect to the
center of gravity of the cross section,

On satisfaction of this inequality the calculation of the wall for strength
can be made by the methods discussed in item 4 of this chapter.

Great eccentricity will occur under the condition sk/s0 < 0.8 or rectangular

cross section
€, > 0,225d. ’ (3)

When calculating the walls extracentrally compressed with large eccentricities
for dynamic load, the magnitude of the eccentricity is not limited.

The numerical value of the eccentricity of the longitudinal force is deter-
mined by dividing the moment of all of the forces with respect to the wall
axis by their resultant. During the process of displacement of the points of
the wall under the effect of external dynamic loads the magnitude of the
eccentricity of the longitudinal force changes. For the beginning of loading,

- the relative eccentricity of the longitudinal forces can be approximately de-
termined (without considering the static loads) by the formula

20 P Qo
d 3 !
- opess
where H is the wall height; £ is the span of the ceiling; o is the dimension-
less level defined from the expression

(4)

— 14 L05d—¢)
a=I+ th &)

in which e is the distance from the axis of application of the bearing reac~
tion of the ceiling to the inside face of the wall.

The cross section for which the eccentricity is defined by formula (4) will
be found at a distance Ho/2 from the lower plane of the ceiling. For the
values of o < 1.172 the maximum bending moment will in practice be in the
‘cross section of the middle of the height of the wall, for o differs insig-
nificantly from one. For o > 1.172 the maximum moment with respect to the
absolute value will occur in the cross section on the level of the ceiling,
and the eccentricity of the longitudinal force in this cross section will
be defined by the formula

2 _0.5!(1—2eid)
d ~ d(1+051d) (6)

This case requires special investigation. In the first approximation for

¢ > 1.172 the wall can be calculated by static methods, Then we shall con-
sider the bearing outside walls with a magnitude of the dimensionless parame-
ter a < 1,172.
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For self-bearing outaside walls the maximum bending moment will be in the
middle of the height of the wall, and the magnitude of the relative eccentri-
city of the longitudinal force in this cross section will be defined by the
formula

- —tad

d 4d? (l +§'£2:TH) ' (7)

where kT is the friction coefficient of the wall material with respect to the

ceiling material. Formula (7) was obtained considering the longitudinal
forces occurring in the self-bearing outside walls as a result of friction
of the upper end of the wall against the bearing structures (the ceiling).

The first limiting state of stone walls with large eccentricies 1s reached as
a result of the appearance in the most stressed cross sections of horizontal
cracks opening with an increase in the displacement of the wall and decreas-
ing the working part of the compressed cross section. These cracks divide
up the wall into individual blocks which rotate relative to each other which
are deformed at the points of contacts with each other, with the foundation
and the ceiling. The horizontal cracks occur in the masonry after destruc-
tion of the mortar from tension. As a result of low temsile strength of the
mortar, the elastic deformations of the wall turn out to be negligibly small
by comparison with the residual, and when calculating walls by the first
iimiting state the elastic stage can be neglected.

The achievement of the first limiting state is characterized by the beginning
of destruction of the masonry material of the compressed zone in the cross
section with open horizontai cracks at the time the wall receives the great-
est displacements.

The first limiting state (state la) is normalized by the magnitude of the
total angle of opening of the horizontal cracks. The strength condition of
the wall is

?Mauc < o ‘ (8)

where ¢max is the angle of rotation of the blocks obtained from the dynamic

calculation;

¢n is half the limiting angle of opening of the crack (the seam), the magni-
tude of which is determined from the experimental data or by the formula

. C1L2R ¥ dige HY R
C o gy , L
Vooore o S e Engo .. - T ®

in which R is the calculated resistance to compression of the masonry; H' is
the height of the row of masonry; Yo is the height of the compressed zone of
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masonry in the cross section with the crack; E, 1is the modulus of deforma-
tion of the masonry determined by the formula kEk = 0.5 EO’ where E0 is the

modulus of elasticity (the initial modulus of deformation) of the masonry
defined by the chapter SNiP II-B. 2-62%, The value of Yo is determined by
the formulas (37), (38).

The calculation of the stone walls with respect to absence of large residual
deformations (state 1lb) insures preservation of the initial seal of the walls.
The achievement of this*limiting state is characterized by the beginning of
reduction in seal of the walls as a result of the appearance of cracks in the
stressed zone of the most stressed cross section of the masonry at the time
the wall receives the greatest displacements.

The condition of calculation of the walls with respect to absence of large
residual deformations is the following: at the time the wall reaches the
maximum displacement, the height of the opening of the seam must not exceed
the admissible values. This condition is reduced to the following:

LA .l ‘.' \. . n u‘-‘.
v S b, | (10)
FIR S VAR AR B S VT e
where ¢max 1s the angle of rotation of the block obtained from the dynamic
*
calculation; ¢n is half the angle of opening of the crack from the condition

of preserving the seal of the wall; n is the maximum width of opening of the
crack.

According to the experimental data, for a value of n = 0.4 mm the seal of the
walls with stucco is maintained. When it is necessary to maintain the ini-
tial seal of the wall the calculation with respect to absence of large resi-
dual deformations is made in the case where ¢g < ¢", where ¢n is determined

by the formula (9). If ¢ > ¢, then this indicates that the width of open-

~ ing of the cracks from the strength condition is less than (or equal to) that
permitted with respect to absence of large residual deformations, that is,
the initial seal of the wall is maintained for the calculation by the first
limiting state.

3. Calculation of Outside Stone Walls

The wall is assumed to be broken up by the horizontal crack into two identi-
cal blocks 1 and 2 which rotate relative to each other (Figure 62). The
angle of rotation of the longitudinal axis of the block with respect to the
vertical is denoted by ¢. The height of the compressed zone, the crushing
zones at the point of supporting the wall on the foundation and the point
of supporting the ceiling elements on the wall is denoted by Yor Y1 and Y,
respectively. The value of y. can be taken equal to Yol the values of

Yy is defined by the formulg

=P 1
y!_‘R‘;Ev (1)
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-

where R" is the normative resiatance to compression of the masonry; & is the
ceiling span.

It is posgible to take ¥, approximately equal to the length of the finishing

of the ceiling elements which usually does not exceed 12 cm. For the walls
filling the frames, Yy = Yo

The lumped masses L and m, are equal to the mass of part of the ceiling with

which the load is transferred to the wall and the mass of part of the wall
located above considered in the calculation, respectively. By Q(t) the load
from the ceiling is denoted:

QW =p (t)é. (12)

where pl(t) is the dynamic load acting on the ceiling;
R () = Rl +p (td, (13)

where R, is the weight of part of the walls located above considered in the
calculation.

The horizontal load pz(t) is taken by the formula (1). The pressure diagrams

obtained in the experiments at various points in time with respect to height
of the wall indicates the significant effect of the interaction of the com~
pression wave with the wall blocks rotating with respect to the direction of
effect of the load on the magnitude of the horizontal load. In the central
part of the wall the pressure can be half the pressure at the upper and lower
points of the wall (after loading of the wall by the compression wave with
respect to the entire height). This interaction on derivation of the calcu~
lation formulas was taken into account by the generally accepted procedure:
by subtraction of the term pao (9u/dt) from the horizontal load where u 1is

the horizontal displacements of the points of the wall, p is the soil demsity,
a, is the propagation rate of the elastic waves in the soil (see Table 6).

The displacement of each point of the wall (for example, A and B) is expanded
into the horizontal u and vertical w displacements. The displacements of the

- points of the lower disc of the wall caused only by rotation of the discs by
a smzll angle ¢ (Figure 63) are defined by the formulas

U=—2¢; w=xqp.

(14)
- Analogously, for the points of the upper disc (Figure 63)
(7 — 2); W= —yp (
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Figure 62. Calculated diagram of a stone unreinforced wall.
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Figure 63. Displacements of the points of the wall in the lower
and upper disc.

The total displacements of the points of the discs will be:
a) for the lower disc
U = —29, . (16)
= Wy —ul + 19 = W + (r— o, an
where W¢ are the vertical displacement of the foundation (without rotation);

wt = y, sin ¢ cos p= y, ¢ is the vertical displacement of the disc caused by
crushing at the point of suppbtting the wall on the foundation;

b) for the upper disc
Uy = —(H — 2)p;
@y =W + 0P —xp = Ws + (s — o,

(18)
(19)
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where wb is the vertical displacement of the ceiling element;

W' =Y.

The value af Wb can be expressed in terms of W¢ and ¢ from the condition that
W =W, for x = d - Yor 2 H/2. Hence:

Wo=W¢ + (2d— 2 — y, — y))o;
~ wzz—. W¢+(2d—2!/a—.‘/1‘”x)q)'

(20)
(21)
The equations of motion of the wall will be obtained beginning with the

principle of the possible displacements. As the possgible displacements let
us take the displacements caused by small variations of ¢ and W¢, that is,

the values of Ad and AW¢.

Then in accordance with the principle of possible displacements we write

Ad, + A4, + A4, =0,

Key: é?)i
where the indexes for operation of the forces (AA) on the adopted displace-
ments denote the following: i —- force of inertia; p —- external and B --
internal forces.

(22)

The work of the internal forces on the possible displacements will be deter-
mined under the assumption of the rectangular compressive stress diagram.

We shall assume that at the point where the wall is supported on the founda-
tion this work is half the work of the stresses at the point of contact of
two blocks. Let us also assume that the vertical displacement of the wall
foundation W¢ has little influence on its horizomtal displacements.

Then considering the assumptions made by formula (22) we obtain the desired
equations of motion:

a) for bearing walls

Ao+ A0+ Ap=p, (1 %)-R, (1,5d—3yq) (23)
where .
- L4 sh (s
4 qui[m,-q- 3 S d (] d )+
Mo~ 15% s\ M1 —9 5\,
+4%(1 154 _d) +2,25m°(.| 2 L H

(24)

mc = pcdH is the small mass; m, = Rllg, where g is the gravitational accele-
ration;
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ey
Aa"‘"paO'i;' (25)
P, a, are the soil characteristics of the wall;
1,5Ey y;
A=
4 H' (26)
¥ (1 15% 05 %)
A"'d’[w 4(' l'5d 0.5 d)‘
EPWAI A
—1.5(1 2 4)] an
b) for self-bearing walls
Ao+ Ao+ Ao phy(1—5) —Ri(LEd—3p0). (28)
where ) ) . o
T () s[4 —2 )],
A,—A,-—k?m,u(] '54)[”;1»(' 24)]. (29)
—__pa.,li’d._l_.'i__ ‘ _18% o
7= [3 : k.,(l 15 d)] ' (30)
T oW e A s (pH40) S
: Gl ) (wt)-
. . S . 1. .2"_" _::.:.;. toeadtea
. I,5 (1 2'4' )]- . .,.."., . ,\ (31)
KL = Aa, where A4 is defined by formula (26).

The equations of motion of the walls (23) and (28) are also valid for walls
that are not banked with soil. It is only necessary to assume that pa, = 0
in them and the value of the coefficient & from formula (1) in accordance
with the indications of item 1 is taken. The presented equations are appli-
cable for ¢ < 0.1 rad. For large angles of rotation it is necessary to in-
troduce the term [R(t) - Q(t)] H) into the left-hand side of the equations
(23) and (28).

In the equations (23) and (28), Al, A3 and Aa are the inertia, resistance and
rigidity coefficients respectively. ‘

The equations (23) and (28) are nonuniform second-order differential equa-
tions with constant coefficients.

The solution of equation (23) as a function of the type of roots of the
characteristic equation

AR £ A A0 (32)
160

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090009-1



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200090009-1

FOR OFFICIAL USE ONLY

will be:

a) for the effective roots 8; and sy

_P_A; _i‘ D ';‘i’ 5 -.3:7’.: -AL —_—
-2 (1 g D+ Dye +M)
— 2 (1,50~ 3y), (33)
A,
where VA e, et A,
1 ; A 1
oty PR —ls. (1 . 03 —1:-
‘_ Dy 52"*751-[52( 1 A, 0-)+:9]
T.i,:d, f;i'i|~3. . .;2L ’,;L v
e ng—nF%!fae)+ey"

b) for the complex roots

Y S [P A VU
¢ Aa{' o T * [‘('fﬂ;e)w?s’l
- R (34)
"—D,sin s,l]l—;' (1,54 —3y,),

where ' *

For the walls not banked with soil A3 = 0; therefore the solution of equation
(23) has the form

==&$ _t sin At _R _
(" i (l 5 cosM+—-—-Ae) 7 (1,5d—3y,), (35)

where

The solution of equation (28) is determined from the expressions (33)-(35) in
which the coefficients Ai are replaced by Ai'

The strength condition of the wall when calculating by the first limiting
state will be the expression (8); for the calculation with respect to absence
of large residual deformations, expression (10).

. The limitiag megnitude of the load on the walls is determined in accordance
witi: the ¢Xpression (8) from the equality ¢max = ¢1T, where 4)“ is determined
by the formula (9) and ¢max is determined by the formulas (33)-(35) for t =
=ty the magnitude of which is determined from the equation ) = o,
Hence the limiting value of the load for R1 =0
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— % (3 -

& (40 f (twaxc) '’ . (36)

where d)w(yo) is defined by formula (9); g(yo) = A5/A4; f(tmax) is the maxi-

mum value of the time function from the right-hand side of the expressions
(33)-(35).

From form:la (36) it is obvious that P depends on the value of Yo Let us
take the value of Yo to be that for which Py has the least value. Then from
the condition of the minimum Lkimiting loads

() ™

the height of the compressed zone is:

a) for self-bearing walls

2 (2
!Io=l.25d[l—-?(-§‘-’)] for 2%(1,35;
2e

37
bo=0 1.25d . for 702]35."
b) for the bearing walls
[ 2 (1 B )]
=L -
. 4d?
o= 1,25d -’ s = for B354
’ ) l+0,5-&-
[
192 -
- H08%2 (38)
: = L 4
Y% =0,125d for v > 1,35640,925 e

For the walls filling the frames including quite rigid bars, between which
the masonry is located, the height of the compressed zone is determined from

the equation (20) for Wb = W¢ = 0 and Y1 =¥y = ¥y

Yo=0,5d— %q ~0,54,

In the solutions of (33)-(35) for these walls Rl = 0,

¢ Med () H L i
: = (1+5) 4=%

the remaining coefficients, just as in formula (23).
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4. Calculation of Columns and Inside Wails

The formulas presented below for determining the longitudinal forces in the
column an! wall cross sections and under the footing of their foundations
are obtained considering the vertical displacmeents of the structure inves-
tigated as 'a rigid body.

Let us consider the frame of the structure made up of columns (walls) with
foundations and part of the ceiling from which the load is collected which
is transmitted to the column (the wall) through the span supported on it.
Under the effect on the structure of the dynamic loading, vertical shifting
of the columns (walls) and the foundations takes place. The equation of
motion of the entire structure as a rigid body will be

P+ Ny () — Mi; = 0, (39)

where P(t) is the total dynamic load acting on the covering of the structure;
N, (t) is the total longitudinal force under the footing of the foundation
caused by the resistance of the soil to the movement of the structure; M is
the mass of the entire structure; u is the vertical displacement c¢f the
structure.

The expression N¢(t) can be represented in the form

Ny(f)=—pa, Fyu—

pal Fy.
2 & (40)
where p is the density of the soil in the base; a; is the propagation rate

of the elastic-plastic wave in the foundation soil taken by Table 6 from
Chapter 1IV; F¢ is the area of the foundation footing under the column (wall);

D is the large side of the foundation footing of the column or the width of
the footing of a strip wall foundation.

When calculating the wall the area of the foundation footing is defined by
the formula

where b is the distance between the axes of the beams (slabs) resting on the
walls,

As a result of solving equation (39), the displacement, the velocity, the
acceleraticn, the force under the foundation footing are found, and firom the
condltior of dynamic equilibrium, the force in any cross section of the
column (wall).

The longitudinal force in any cross section of the column (wall) at the time
t is:
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NO=NoD@, (42)

where Np is the longitudinal force caused by the load p applied statically,

and ¢(t) is the function which depends on the time and is defined by the
formula

M

¢(z)='s'(1)‘;ﬂ s _1 et
PO=S-L[so-r+ 4, “3)
in which ml = m¢> + mlk’ M= m¢ + L + o, mk, mq,, o are the mass of the

column (wall), the foundation under the column (wall) and part of the ceiling
respectively, from which the load is collected on the column (wall); my,

is the mass of part of the colum (wall) from the foundation to the investiga-
ted cross section;
cor . Lot ‘

i
"

S.i’ =,l—.’.——,e—5,|t[c -t_i ‘_1_: - ]
() ! ,.‘e Qs?a | ':‘(I;I-Q%)S"?fhl" (44)

where ‘—‘1' az and r are defined by the formulas respectively:

_=—a‘—.‘ _r= ~ _ _ Y kM'“
h=o B r=Vike—l. b= 0FoD "’

where k is the coefficient equal to 2 for columns and 1 for walls.
As 1s obvious from formula (43), with an increase in m,, that is, with an in-
crease in the distance from the foundation to the investigated cross section,

the dynamicity coefficient decreases.

The maximum value of the longitudinal force in the column (wall) is:

Nuao= Npq’nm’ 45)

where ¢max is the dynamicity coefficient which respect to the force in the

column (the wall) determined by the formula (43) on substitution in it of
t = tmax found from the solution of the equation

g 1-5) e [ ) i

: l I ) i 2 1—
— ———)singyt| =0.
. +(r " %) 9s (46)
For 6 = », the time toax is defined from the expression

- 2
tgq'( B e —
,_,l (47)
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The longitqdinal force under the foundation footing is;
Ng () = NS (1),
0() 2S () (48)
3
where Né¢) is the longitudinal force caused by the load P applied statically,

- and S(t) is defined by the formula (44).

The maximum value of the longitudinal force under the foundation footing is:

N@ Make = N(g)smauev (49)

where Smax is the dynamicity coefficient with respect to the force defined by

formula (44) on substitution in it of t = ¢t s> which we find from the solu-
max
tion of the equation

s _ _ 1 q-,;['g eosa
A (G R

+(r—’i—m%) sinq_,t].—_O.

(50)
For 8 = « the time tmax is determined from the expression (47).

In Figure 64 the graph is presented for Smax as a function of r for various

values of eal constructed by the formula (44).

The longitudinal forces can be defined more exactly by comparison with the
investigated method if the column (wall) with the foundation is considered a
rigid body loaded by the longitudinal force from the ceiling elements, which
is found considering the deformation of these elements under the effect of
dynamic loads. When calculating the deformation of the ceiling elements the
equation of motion of the column (wall) with the foundation of the rigid
body has the form

where T(t) is the longitudinal force from the ceiling elements:

m = my, + my

The longitudinal force for the column on which two spans are supported with
identinal rigidity B is:

Ty = —28%%
Tw=-2822,

where y are the deflections of the span.
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Figure 64. Graphs of the dynamicity coefficient with respect

to force in the centrally compressed and extracentrally com-
pressed columns and walls with small eccentricities considering
the vertical displacement of the entire structure as a rigid body.

Key: a. max

The forces in the column (wall) cross sections and under the foundation foot-
ing are defined by the formulas (42), (43) and (45) in which the form of the
function S(t) depends on the investigated stage of operation of the ceiling
elements.

The expression for S(t) is complex and awkward and is not presented here.
The consideration of the deformation of the ceiling is recommended for use
in structures located on foundations made of sufficiently dense soil, with
ceilings that have low frequency of natural oscillations, with a magnitude
of the dimensionless parameter n, > 1.7 defined by the expression:

u’= M' Q= .21_- e o= My
Wo ! wb' m.Q+m¢ '

-

where w is the angular frequency of the natural vibrations of the beam on
stationary support.

In Table 8 for three values of nfl) the values of the dynamicity coefficients

are presented for the force under the foundation footing calculated as the
maximum values of the function S(t) for working of the ceiling elements in

= the elastic stage for a suddenly applied load with & = @ for the following
values of the dimensionless parameters:

ng=2; n§”=:-;1n§”: nS”=(g-‘)’n$‘).
1 1
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- where the value of nél) is assumed to be equal to 0,57,
Table 8
B Values of § for values of
Nurber ax ()
t o, parameter nl
o
0,095 0,076 0,083
1 I 1237 1,208 1,182
2 1,5 1,248 1,222 1,2
3 2,25 1,296 1,259 1,23
- 4 3 1,336 1,278 1,241
5 4.5 1,686 1,528 1,486
6 6 1,736 1,686 1,646
17 12 1,938 1916 1,835

For the values of n, < 0,57 the dynamicity coefficient Smax varies little,

remaining close to 1.1-1.2.

From Table 8 it is also obvious that on variation of the value of nz(Q) the
dynamicity coefficient varies within the limits from 1.2 to 1.94.

5. Example Calculations

Zxample 17. Let us determine the magnitude of the limiting load which the
self-supporting wall withstands (d = 0.5m, H=3m) laid from concrete blocks
using type 25 mortar (R = 430 tons/mz, Ek = 705,000 tons/mz, Pe = 0.184 ton-

seczlmé). The wall is completely buried in the ground (p = 0.124 ton/seczlma,
ao = 100 m/sec, £ = 0.35). The friction coefficient of the wall material
against the ceiling km = 0.6. The height of the masonry row H' = 0.6 m.

The relative eccentricity according to formula 7N 2e0/d = 1.83 > 1.35; there-
fore by formula (37) yO/d = 0.125 or Yo = 0.0625 m. When calculating by the
first limiting state ¢n according to formula (9) is:

1,2.430.2.0,6

e 14.10=3 .
0 =705.10° (62,5-10-3) — 14'10~* rad;

for calculation with respect to absence of large residual deformations from

formula (10)

Pp=

T0—ez,5 0110 rad,

Calculation by the first limiting state. Let us determine the masg of the
wall m, = 0.184:0.5-3 = 0.276 ton-sec?/m. Let us find the coefficient Ai of

the equation (28):
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AVAL VA as AVadi VML VAMa

0,5-3
7 =0,276.0,5 (% + 1,33—0.546)—0-5'0-273 - X

2
%(0,8125) (.|+_4_o_75)=o,242—0,05=0.237 ton-m-sec ;

S M( 5060 3125) =211 ton-m-sec;

=
1
.705.10% (6,25-10-3)?
3= 1,5:705.10%( L ton-m;
0,6
7,=0.5 [° ,35:36_ 9%, 6(0 8125)(0,33-36 4 1)—1, 125] 0.6 u?,

The characteristic equation (32) 0.237s2 + 21.1s + 430 - 0 gives the real

roots s; * -32 and 8, * -57.

The maximum value of ¢ x from (33) for 6 = 1 sec will occur for t = 0.135
sec (the term with e92% w111 be neglected in view of its smallness)

Puare = 0743' 103 p (0,882).

From the condition (8)

14. 10~ 2
P<m=33 ton/m or Ap = 3.3 kg/em”,

For the calculation with respect to absence of large residual deformations
the limiting load will be:

0,915.10~2
0,48.10-3.0,882

In this case it is_possible to consider the mass of the masonry located above.

Here the value of Al is more precisely defined, the roots 8 and 8, are de-

fined, and the further calculation is performed by the formulas (33), (34).

=2,6 tons/m2 or Ap < 0.26 kg/cmz.

Example 18. The structure is given with the basic characteristics; column
good 6 X 6 meters; coating made of reinforced concrete slabs 40 cm thick over
bars with a cross section of 40 X 85 cm (w = 50 radians/sec); the constant
load on the covering without considering the natural weight q = 0.128 kg/cm
reinforced concrete columns 240 em high, 40 X 40 cm in cross section made of
type 300 concrete (Rlimb = 130 kg/cmz), with longitudinal reinforcing made of

class A-II steel (R e = 3000 kg/cm ); U = 0,02; the foundation 40 cm high,

240 x 240 = 57,600 cm2 in area; subcolumn 40 x 120 X 120 cm; foundation soil
sandy (p = 1.6 10‘6 kg-sec?/cm#; a, = 5:103 cm/sec),

Let us determine the limiting magnitude of the dynamic load on the column of
the structure.
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In accordance with the above-presented data we find the values of the masses
(the dimensionality ] = kgnseczlcm); m, = 0,92; my = 7.6; m_ = 85,53;

M=0.92 + 7.6 + 85,53 = 94,05,

Let us determine the dimensionless parameter

a0 m 2.0,4
’l,=-—(|+_——"n )=_—16(] ——85'53):_-[,08'

He my -+ mgy, 8,5 8,52
where
ay © oM 2.94,05
=—==0,416; = = ~ =
@D Mo = oFe D~ 1,6-10-%.240% 230 —&5-

_ Since n, = 1.08 < 1.7, the calculation is performed by the formulas (43)-(49).

Let us find the parameters

- . reeVipe —1=2,74;

- ag . - -
‘ ‘h=;‘c—5=2.45 ligec; 92=r-q,=6,7 1 sec.
By formula (43) let us determine the dynamicity coefficient with respect to
the force for the loger cross section of the column. For this cross section
m = w, = 7.6 kg-sec“/cm.

For simplification of the calculations let us take § = ®, Then by formula
(47)

: - 2 -
18 9 tyane ="'_—”" ==0,812; pfpngc = 2,44

or

tae =24 0 26
NaKe =57 —0,§64 sec.
By formula (44)
Sume= =0 (44 L
MRHO cos ¢, X7 sin2,44 | =
=1-0,41 (—0,999) =1,41.
The same result will be obtained by the graph in Figure 64 for @ql > 50 and

ro= 2,74,
The dynamicity coefficient (pmax is;

7,6
Opare =1 41wt )~
anc = 1,41~ 94.06“'“ 1)~1,38
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and the maximum value of the longitudinal force

Nuayc =(Ap-6002) 1,38=496.10Ap kg.
The limiting magnitude of the longitudinal force for the coefficient o£ loti-
gitudinal bending ¢ = 1 in accordance with the chapter SNiP II-V., 1-62" is:
Ny=1,2Rnp Fy+ Ry, 0 WFy==1,2-130-40-40 4 3000.0,02.40.40 =
«=346.10*° kg.

The longitudinal force from the static loads

Nez =(my +my) g =(85,53 +0,92) 981 = 84,8.10° kg:

then from the condition Nmax + 1.2 Nst < NB the limiting magnitude of the
dynamic load on the ceiling which can be taken by the column is:

Np—1.2N0r  (346—1,2. 84,8) 10 2
496100 mo1 =05 kg/em”.

Ap <

The maximum value of the longitudinal force under the foundation footing from
the dynamic load by formula (49)

N mane =(0,5-600%) 1,41 =254.10° kg.

The maximum stress in the ground under the foundation footing considering the
static loads will be:

o No.mane + Mg 254.10° 4 94,05.981
B r."nkc=——l.:° = 240?

=5 kg/cm2 < Rs,

where Rg is the calculated pressure on the foundation soil under the effect

of the «iynamic loads.
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CHAPTER VI, CALCULATION OF THE ENCLOSING STRUCTURES FOR THE THERMAL EFFECTS
OF MASS FIRES

1. Calculdated Thermal Effects

The effect of fires on the enclosing structures of shelters is connected
with the variation of the temperature of the environment with time depend-
ing on the type of fire. Inasmuch as the temperature conditions of mass
fires have been discussed little [3, 11, 45], it is expedient to take the
standard temperature as the initial curve for determining the calculated
thermal eéffects of mass fires, In contrast to the temperature regime
represetited by this curve, for any single fire the temperature distribution
1s more cotiplicated, If measures are not taken with respect to extinguish-
ing or localizing it, four periods are distinguished: the initial period of
ignition, the period of complete combustion, the period of afterburning and
the cooling off period. In the case of the occurrence of fires in buildings
subjected to the effect of a nuclear blast shock wave or damaged after
ordinary air bombing, the duration of the initial fire period does not
exceed 10 to 15 minutes [11, 45].

At the end of the initial period, as a result of the combustion of the
volatile products the temperzture at the center of the fire reaches 500 to
600°C.

During the second period combustion of the basic mass of the combustible
materials takes place. Under the effect of high temperatures, the structural
elements of the building -- the ceilings and floors, the supports, the
partitions —— are heated up, deformed and collapse. A charred heap is

formed at the place where the building stood in which the charred remains
burn completely up.

The third period is characterized by the afterburning of the solid carbon
residue in the pile of incandescent fragments of building materials,

- The fourth period —- the cooling off of the charred pile ~- 1s characterized

by the fact that the combustion is in practice absent in the body of the
pile.
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The curves for the temperature regimes of mass fires of the first three
types (see Table 2) without considering the duration of the cooling off
period of the charred piles are presented in Fig 65. Curves (1, 2, 3)
were calculated under the following prerequisites: 1) the duration of the
initial period of the fire was taken equal to 15 minutes; 2) the burned
load for 1 m? of projection of a floor of the building will be 50 kg;

3) the nature of the temperature variation during the first and second
periods of the fire corresponds to the standard temperature curve; 4) the

temperature at the end of the third period of the fire drops to the initial
temperature,

The temperature drop in the burned piles to 100-70°C can continue for several
days [69, 71, 73].

£, |
10001 Ly Y
800 NN
60 ! f'\ v;\ -
400{ — RN
20 R
o 1 2 3 ¢ $§ 5\-?%(1)

Figure 65. Variation of temperatures at the center of the
fire,
1 -- type I (see Table 2); 2 -~ type II; 3 —- type III;
4 —- type IV (KV-III)
Key:
1. hours

The specially performed studies made it possible to establish that the temp-
erature regime of the fires considering the cooling off period of the
charred piles can be represented in the form of a curve made up of three
sections (Fig 66).

The first of them is limited with respect to-time to 1 hour -~ from the time
of beginning of the fire to collapse of the structures (basically, the
ceilings and floors). The calculations :show that at the time of collapse the
surface temperature of the unburned structural elements can reach 700 to 800°C

at the same time as the average temperature of the fragments does not exceed
250°C.

During the second period as a result of redistribution of the temperatures
with respect to the thickness of the fragments, the total temperature drop
in the pile is from 700 to 250°C. The duration of this period defined

by calculation does not exceed 8 hours and depends on the thicknesa of the
fragments and thelr thermal physical characteristics.
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“a
The third section of the curve is characteristically the cooling off period
of the pile. Its duration is affected by the significant effect of the
hollowness of the pile, its height and the temperature of the fragments at
the beginning of this period. However, the convective air temperatures
formed in-the piles as a result of the temperature difference of the pile
(to 250°C and the environment (less than 50°C) have a decisive effect on
the shortening of the time of the third period. The intensity of the con~
vective currents of the pile increases significantly if unobstructed

through channels -- passages -- are created under them in advance.
tl.c 1 P
T
So0HA T/
st
O \
L)
620 E
0 1t 23 4567895101 v (1)

Figure 66. Graphs of the temperature variation
- 1 -- in the center of the fire; 2 -- fragments of the
structural elements after collapse; 3 -- surfaces of the
structural elements before reaching the limit of their
fireproofness
Key:
1. hours

The temperature variation of the lower surface of the pile in time consider-
ing the effect of the ccnvective currents can be determined using the
expression

[, 0128y % (1)
t=f,,(,3;)+230e [(ozl+c )z 0.25}’

Key: 1. init

where t is the desired temperature of the lower surface of the pile in °C;

tinit 1s the temperature of the collapsed structures before the fire in °C;
€ is the hollowness of the pile in fractions of a unit; 7 is the time from

the beginning of the fire in days; n is the number of floors.

In contrast to the charred piles, the temperature regime of the obstructions
formed as a result of the destruction of buildings and other above-ground
structures by a nuclear blast shock wave is significantly more favorable

for the shelter enclosures (Fig 65, curve 4), At the same time the dura~-
tion of the fires in the piles (type IV) can exceed by 2 or 3 times the
duration of other types of mass fires. The combustion in such piles will

be center type combustion. On the average, no more than a third of the
combustion materials which also :support the high temperatures for 10 to

12 hours, burn actively in the pile.
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During the process of development of mass fires, the air temperature also
varies, which reaches 800, 500 and 200°C for type I, II and III fires,
respectively [69, 73]. The maximum increase in the air temperature in
the territory where the type IV fires occurred does not exceed 10°C.

e
800}~ |1 {-t=pde-
sool LN

2 3

P ~
w00 st Ny

] ; wy ‘
2001 = ] <~
s INT T

0 1 2 & ¢ 5 6 7 8 9 7 v (1)

Figure 67. Variation of the air temperature during the fires.
1 - type I (KV-I); 2 -~ type II (KV-II);3 —— type III (KV-IV)
Key:
1. hours

The actual temperature conditions in each individual case can differ some-
what from those presented in Figures 65 and 67. However, before taking the
field measurements, the proposed temperature curves with small margin can
be used when calculating the enclosing structures of shelters and designing
the internal equipment.

From what has been stated it follows that the enclosing structures of the
shelters during mass fires occurring as a result of nuclear blast cam
experience the following thermal effects:

Short-term effect lasting up to 12 hours directly from the center of the
fire and the heated air;

Prolonged effect lasting more than 12 hours from the charred pile formed
in the building as a result of collapse of the ceilings and floors, and
the partitions when the limit of their fireproofness comes.

The floors and ceilings not in contact with the ground or unburied outside
walls and the entrauces of the built-in (under an above-ground structure)
and separately standing shelters can be subjected to the short term thermal
effects.

Only the floors and ceilings of the bullt-in shelters can be subjected to
long~term thermal effects.

The short-term thermal effects, depending on the type of mass fire and the
temperatures occurring in it can be of five types: KV-I, KV-II, KV-III,
KV-IV and kv-v,1

l[Translator's note: KV stands for short term.]
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The calculated thermal effect on the enclosing structures of shelters is
defined according to Table 9 depending on the expected type of fire, the
type of comstruction (built-in or separately standing) and the calculated
structural design. For mass fires of the first three types the calculated
thermal effects presented in the second column of the table are realistic
only for ‘calculating the floors and ceilings of the shelters located under
two-story or higher buildings of I, II and III degree of fireproofness.

If there are passages in the floors and ceilings of such shelters, the
prolonged thermal effect (DV) must be replaced by the short-term type KV-V
_ during the calculation (see Fig 68), and in all remaining cases (other
degrees of fireproofness of the above-ground buildings, the one-story resi-
dential or industrial structures) the DV is replaced by the KV-I type
effect. When the separately standing shelters are located in the zone of
the formed piles their enclosures are designed for the short-term thermal
effect type KV-III.

te
700
500}
300 -
_ . 100 HHH =
fo 123 456789

+41

?[« [%)

)

Figure 68. Variation of the temperature of the outer surface
of the ceiling of a shelter.
1 - with passages (KV-V); 2 —- without passages

) Key:
1. hours
Table 9
Calculated Thermal Effects
) Thermal effects on the structures
Type of fire Built in Separately standing
Floors and Walls and Floors and cellings,
ceilings entrances walls and entrances
I DV KV-I KV-I1
II DV KVWII KV-I1
II1 DV KV-IV -
v KV-III - -

2. Protection of the Enclosing Structures of Shelters from Heating

The admissible heat and humidity parameters of the air in the shelters in
the case of limited air supply are basically maintained as a result of the
accumulation of heat released by people and equipment and the enclosing

- structures [14].
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Under the conditions of the thermal effect of a mass fire the removal of

heat from the structures becomes worse, and with insufficient thickness of

the enclosures, an inflow of heat from the outside will be observed which

undoubtedly will worsen the protective properties of the shelrer. Accord-
- ingly, the enclosures and the entrances of the shelters must be thermally
insulated in the corresponding fashion, which is achieved by increasing the
thickness of the bearing structure or the structure of the thermal insula-
tion layer, the shields and ducts.

The thermal insulating layer can be built both on the outside and on the
inside surface of the enclosure. The outside thermal insulation is made
from incombustible materials with low coefficient of thermal diffusivity
(slag, sand, crushed claydite, pumice, slag concrete and so on).

In order to construct the internal thermal insulation, special heat insulating
wadding, slabs, panels, and sheet thermal insulating materials are used [55].

The shields designed to protect people against radiant heat emitting from
the heated inside surface of the enclosure are made of sheet building
materials (metal, asbestos, plywood, and so on), and they are installed on
the inside surface of the enclosing structures at the points where people
are constantly present. The greatest effect is achieved with double shields
installed at a distance of 10-15 mm from the inside surface of the enclosure
and from each other,

The ducts can be constructed to lower the thermal load acting on the floors
and ceilings of the shelter and decrease the required shielding. They are
channels that are open at the top (or closed by any burned structural ele-
ment) arranged perpendicularly to the length of the building. The width
and spacing of the ducts (the distance between their axes) must be no more
than 0.4 meters, and the depth, no less than 0.3 meters. In the bulldings,
the floors and ceilings of which are made of reinforced concrete panels,
the width of the ducts can be increased to 1 meter. It is expedient to
construct the ducts in the floors and ceilings of built~in shelters located
in buildings, the floors and ceilings between floors of which will collapse
when the limit of fireproofness arrives.

3. Designing Enclosing Structures of Shelters for Heating During Fires

- The problem of designing the enclosures for heating consists in determining
the temperature of their inside surfaces.

The desired temperature in general form can be represented as a function of

- many parameters:
3y &)
t=;¥ B h, a; B; H; t::s; t:gu; Gy Oggy "')1 (2) (2)
i) (2) (2) (5) (6)
Key: 1. external effect; 2. init; 3. enclosure; 4., soil; 5. outside;
6. inside
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diffusivity of the ericlosing materia}; B is the width of the shelter;

H is the height of the shelter; t?ﬁit is the initial temperature of the
is the initial soil temperature surrounding the
shelter; ay is the heat exchange coefficient for the outside surface of
the enclosure; o,y is the coefficient of heat exchange for the inside

calculated enclosure} tigit

surface of the enclosure.

It is extfgmely difficult to obtain this function usin
of thermal conductivity,

solution of a serles of problems on a hydrointegrator.

The experimental checking of the proposed calculation formulas demonstrated
that they insure a precision of calculati

in the limits of +10%.

Design for Short-Term Thermal Effect

The design of the enclosing structures for short-term thermal effect is

carried out from the condition

i< 1@

npens

Kry: 1. max; 2. lim

where tj4n, is the limiting temperature (°C) on the inside surface of the
structure, the magnitude of which for the shelters is taken at 30°C [14,

55] (when constructing double shields on the inside surfaces of the

enclosures the value of tjjy increases by 10°C); t
temperature (°C) on the inside surface of the str

formula

Key; 1. max; 2.

A is the coefficient characterizing the total amount of heat acting on the
enclosure taken according to Table 10 as a function of the type of calcu-

max is the maximum

al.S 1 [
TEA Hayy

ey ")

frane
gl

init

g the Fourier equation
The calculation formulas that are presented below
were found after mathematical processing of the results of the numerical

ng the enclosures for heating with-

ucture defined by the

- lated thermal effects;
Table 10
Table of Coafficients. A and K.
Thermal effect V-1 KV-1T KV-IIT . -1V . KV
A-10-3 16.7  11.8 11 7.2 13,9
K-10-3 13 17,2 17.8 21 15.4
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h is the total thickness of the calculated structure in meters;

m
h= 3 h, (5)
i=1

where hy is the thickness of the individual layers of the multilayered
structure in meters; m is the number of layers;

a is the coefficient of thermal diffusivity of the structure in m2/hr

(‘} ”‘) )

o M ﬁ l
S 2 vl
1Zﬂ L

where Ay, Yy» ¢4 are the coefficients of thermal conductivity, the specific

mass and the heat capacity of the i-th layer taken in accordance with
SNiP II-A,7-62 [56];

a=

¢ is the coefficient taking into account the effect of the size of the
structure on the temperature of the inside surface of the structural
element; when calculating the walls of a shelter the coefficient ¢ in all
cases is taken equal to one, and when calculating the floors and ceilings,
it is determined by the formula

5,46—B/H
o=1+——p, ™
Tllﬂlﬂl(l)
Key: 1. max
where B is the width of the facility (the spacing between the outside wall

adjacent to the ground or the inside concrete walls no less than 0.4 meters
thick) in meters;

H 1s the height of the facility (the distance from the surface of the floor
to the upper point of the inside surface of the ceiling) in meters;

Tmax 1s the time of occurrence (days) of the maximum temperature on the
inside surface of the structure during the short-term thermal effect taken

equal to:
Thax = 0.15 days for 150.15; (8)
Tmax = T days for 1>0.15.
Here
f-f—K ;‘,,1—5- days (8a)
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K is the coefficient characterizing the total amount of heat acting on the
enclosure; it is taken according to Table 10 as a function of the type of
calculated thermal effect;

¥ is the coefficient taking into account the effect of the amount of heat
exchange on the temperature of the inside surface of the enclosure defined
by the formula

(1),0.182 (9)
MIKC —_ N
‘\P=l——-3.7(l 0,1&),

Key: 1. max

o 1is the heat exchange coefficient on the inside surface of the enclosure
in kcal/mz-hr—deg;

tinit is the initial temperature of the calculated structure taken equal to
the maximum calculated temperature of the soil for the given terrain, but
no less than 15°C.

When calculating the enclosure with internal thermal insulation, the maximum
temperature of application of the thermally insulating material [55] must

be above thé temperature of the inside surface of the enclosure in contact
with the heat insulating layer defined by the formula (4) under the condi-
tion that o=0 and ¢=1.

The calculation of the heat insulation of the outside door of the shelter
(for example, in the lock chamber) is made in accordance with the discussed
method of thermal calculation of the floors and ceilings; the difference
only consists in the fact when determining the coefficient ¢ it is not the
height of the fa¢ility that is taken as H, as when calculating the floors
and cellings, but the length of the lock chamber; correspondingly B is
equal to the height of the lock chamber.

In the structures where it is possible to neglect the heat influx through
the entrances, the calculation of the thermal insuiation of the outside
door is not made.

In order to facilitate the calculations by formulas (4)-(9), a nomogram
(Fig 69) is constructed which makes it possible to determine the maximum
temperature on the inside surface of the enclosure tmax and the time of its
onset Tpay depending on the type of short-term thermal effect KV. In
addition, the nomogram permits calculation of the enclosures under the
thermal effects differing from the KV type effects. For this purpose the
nomogram has the scales S, the divisions of which correspond to the areas
(deg~hr) included between the x-axis and the curve for the temperature
variation on the outside surface of the enclosure. When calculating the
enclosures for the effect of the thermal load similav with respect to out-
line but different with respect to absolute magnitude from the calculated
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loads, from the corresponding points of the scales S straight lines are
drawn at an angle of 45° to the horizontal axis. These straight lines
will also be calculated for the given thermal load.

It is possible also to use the nomogram when determining the values of
¢ and ¢ used in the formulas (4) and (11).

The determination by the nomogram of the maximum increase in temperatures
on the inside surface of the enclosure is made in the following procedure.

On the a-axis, from the point corresponding to the thermal diffusivity of

- the calculated structural element (point 1) a perpendicular is drawn to the
intersection with the curve h corresponding to the thickness of the
enclosure (point 2). From point 2 a horizontal line is drawn until it
meets the given calculated thermal load of the KV type (point 3), from which
a vertical is dropped to the intersection with the curves o (point 4) and
b/H (point 7), In addition, on the Tpax axis at the point of intersection
of it by the vertical, we determine the time of occurrence of the tempera-
ture maximum on the inside surface of the enclosure. Drawing horizontal
straight lines from the points 4 and 7, ou the lefthand scales when
necessary [for calculation by formulas (4} and (11)] we determine the
values of ¢ and Y. On the right of point 4 we find the point 5 from which
in the given sector we draw the straight line to the intersection with
contiruation of the tp,yx axis (point 6), and then the inclined straight
line to the intersection of point 8 with the horizontal straight line drawn
from the point 7, We find the point 9 at the point of intersection of the
perpendicular dropped from the point 8 in the horizontal axis of the nomo-
gram. Drawing the ray of the process (X) from the point 9, we return to
the point 1 from which we now drop the perpendicular to the intersection at
the point 10 with the curve h, just as when finding point corresponding to
the thickness of the calculated enclosure. From point 10 we draw the hori-
zontal line to the intersection with the inclined straight line X drawn
from point 9. Reproducing or dropping (depending on the location of point
11) the perpendicular to the given thermal load of the KV type and drawing
the horizontal straight line from the point of their intersection (point 12),
on the lefthand scale we determine the desired increase in temperature
(Atpay) . Summing the value of Atp,y obtained with tj,i¢, we determine the
maximum temperature on the inside surface of the enclosure during the time
of the fire.

When using the womogram it is necessary to consider two peculiarities.

First, the straight line drawn from point 2 does not always intersect the
- straight lines of calculated thermal loads. This case 1s possible when
calculating the enclosing structure, the thickness of which 1s equal to
- or less than 0.5 meters, In this case the horizontal straight line drawn
from point 2 intersects with the vertical straight line bounding the
straight lines KV on the right; the points 4 and 7 are shifted to the same
vertical straight line, and the point 5 merges with point 4. The time of
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Figure 69. Nomogram for determining the value of
Otpax=tpax~tinit of the inside surface of the enclosure under
the thermal effects of the KV type
Key:
1. 8, hr-deg 3¢ Mtpax

2. Tpgys days 6, S, hr-de
3. KV-I ... ! 8
4. a, kcal/m2-hr-deg
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occurrence of the maximum temperatures with an enclosure thickness to 0.5 m
and a coefficient of thermal diffusivity of the enclosure material is no
less than 1.0°10~3 m*/hr will always be equal to or less than 0.15 days.

Secondly, when calculating the heating of the shelter walls in connection
with the fact that ¢ is taken equal to one, the point 7 is shifted to the
Tmax axis, and the point 8 merges with point 6. For the rest, with the
exception of the indicated peculiarities, the procedure for performing the
calculations by the nomogram in both cases does not change.

Simplified Method of Calculating the Floors and Ceilings of Shelters for
the KV-III type Thermal Effect

For designers the fires in the piles (IV type mass fires) are uncondition-
ally of the greatest interest. Therefore, along with the investigated
method of calculating the enclosures for thermal effect of the KV type, let
us present a simplified version of it,

The minimum thickness of the gingle-layer reinforced concrete structure
providing protection from heating during type IV fires must not be less
than 0.6m*, The thickness of the two-layer structures can be taken accord-
ing to Table 11.

Table 11
Thickness of the Heat Insulating Layer Providing Protection
from Heating of Two-Layer Structures

\ Material of the Thickneas of the heat insulating layer in m
heat insulating for a thickness of the bearing layer of
layer reinforced concrete in meters

0.4 0.35 0.3 0.25 0.2 0.15
Sheet asbestos 0.05 0.06 0.08 0.09 0.1 0.11
Asbestos cement slabs 0.09 0,11 0.13 0.16 0.18 0.2
Concrete with gravel 0.21 0.26 0.31 0.35 0.4 0.45
Concrete with brick rubble 0.17 0.21 0.25 0.29 0.33 0.37
Planted ground 0.23 0.28 0.34 0.39 0.45 0.5
Sandy clay (wet) 0,3 0.38 0.45 0.52 0.59 0.67
Brick masonry and crushed
claydite 0.12 0.14 0,17 0.2 0.23 0.25

Claydite concrete, dry sand

and slag concrete 0
Boiler slag 0
Blast furnace slag 0

*In accordance with the norms adopted in the Federal Republic of Germany,
the thickness of the reinforced concrete ceiling preventing its heating
during fires in piles also must be equal to or greater than 0.6 meters [74].
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When making the heat insulation from material not presented in Table 11,
‘the thickness of the layer can be determined by the formula

Key: 1. ins

where hy s 1s the desired thickness of the heat insulating layer in meters;
Ay 18 the coefficient determined by Table 12 as a function of the actual
thickness of the bearing reinforced concrete structure; a4, is the co-

efficient of thermal diffusivity of the heat insulating material in m2/hr.

Table 12

Values of the Coefficient Aq

Values of A} for the thickness of the
Structure reinforced concrete structures in meters

0.4 0.35 0.3 0.25 0.2 0.15

Without shield 82,5 102.5 122 141 160 180
With shield 27.5 47 66.7 86.3 106 125

_ Calculation for the Long-Term Heating Effect

- The calculation of the cellings for long-term heating is also made from the
condition of satisfaction of the inequality (3) in which tpax 18 the highest
temperature (°C) of the lower surface of the ceiling reached while people
are in the structure 2qual to:

@ (@) (3)

mane = [(Taxe) forr Tone << Tnpens ]

s > ey

Key: 1. max; 2, ext; 3, lim

(10)

where 14, is the limiting time people will be in the structure, days;
Text 18 the time (in days) for the lower surface of the ceiling to reach
the maximum (extremal) 7alue of the temperature determined by the graph

of function £(1); £(tr) is the function of the temperature variation on the
lower surface of the ceiling as a function of the time T3

- 11
=fm = 2 L 05< <10 days; St
121 (1)

Key: 1. init

T is the time from the beginning of the fire in days; £, 6§ are the
empirical coefficients equal to:
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6= 0,1124
% 41" (12)
4%, G h
a3

where n is the number of floors in the building above the shelter; h, a are
calculated by the formulas (5) and (6); ¢, ¥ are the coefficients
determined by formulas (7) and (9) for any time within the limits from 0.5
to 10 days; tynit is the initial temperature of the calculated structure
defined just as when calculating for a short term thermal effect.

When constructing the inside thermal insulationm, the surface temperature of
the enclosure in contact with the heat insulating layer, just as during the
ghort term thermal effect, must not exceed the limiting temperature of the

application of the selected heat insulating material in accordance with the
SNiP [55].

The temperature of the inside surface of the enclosure in contact with the
heat insulating layer is definmed by the formula (11) under the condition
that a=0, and ¢=1.

4. Effect of Heating on the Bearing Capacity of the Ceilings and Floors and
Seal of the Structure

The thermal effect of mass fires is not only the cause of heating the
enclosing structures, but in a number of cases leads to a significant
reduction of their calculated bearing capacity and to destruction of the
seal of the structure.

The heating is of special danger for the ceiling of a shelter as the most
outer structural element., Therefore the bearing capacity of the ceiling
must be determined not only by the force effect but also by the thermal load.

When calculating ceilings it 1is assumed that:

The bearing capacity of the ceiling before heating (q1) corresponds to the
calculated equivalent static load for the given shelter;

The bearing capacity of the ceiling after the calculated thermal effect of
fires (qp) must not be less than 0,15 kg/cm? in buildings up to 3 stories,
and 0.3 kg/cm2 in buildings over 3 stories high inasmuch as the basic load
on the ceiling of the bullt~in shelters in the case of a mass fire is

the load from the collapsed structure;

The effect of the shock wave when determining the value of q, is not taken
into account, for the occurrence of the mass fires is possibie only with
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a pressurg on the shock wave front of no more than 0.5 kg/em2 for which the
enclosing structures of the shelter do not reach the calculated limiting
state.

The value of qy within the limits of accuracy of the engineering calculations
can be detérmined from the condition that the compressed concrete layer hj,
the temperature of which reached 500°C and higher does not participate in

the working of the cross section [60].

Thereforé the calculation of the bearing capacity of the cellings consider-
ing the thermal load must be made for thermal effects type KV-I, KV-II,

KV-V, and DV for which the outside temperature can exceed 500°C (see Fig 65
and 68). 1In other cases (thermal effects of the KV-III and KV-IV type) the
effect of heating on the bearing capacity of the ceilings cam be neglected.

- The procedure for calculating the ceiling considering its heating during a
fire can be considered in the example of a single-span beam.

For a single-span reinforced concrete structure qy 1s defined by the formula

, /_?g)
BFARaho(l“l' R

n

9= ) (14)

b3
where F, is the area of the transverse cross section of the reinforcing
in cm?; Ry 1s the calculated resistance of the reinforcing in kg/cm?2;

Ri 1is _the calculated resistance of the concrete compressed with bending in
kg/cmz; 2 1is the calculated span of the structure in cm; b is the width of
the cross section in cm; u is the reinforcing coefficient

=P o on—hy (15)
P«—-bh;’ o. 0 l

wvhere h'y 1s the working height of the cross section after heating of the
structure in cm; hg is the working height of the cross section before heat-
ing of the structure in cm; hy is the height of the concrete layer in cm
with a temperature of 500°C or more. It is determined by the formula
obtained from expression (4):

hy = 652 a%65 cx. (16)

In the presence of heat insulation over the ceiling hins tpe magnitude of
the layer hins heated to 500°C will be found by the formula (16) after
substitution of the coefficient of thermal diffusivity of the heat insula-
tion in it in place of the coefficient of thermal diffusivity of the rein-
forced concrete,

1f hin8<hi“9, the bearing capacity of the ceiling is noi checked.
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1f hinsynInS, the value of hi™ is calculated again with the coefficient of
thermal diffusivity found by formula (6), after which q, is determined by
formula (14), the magnitude of which must not be less tﬁan that indicated
in the present item.

In order to prevent loss of seal of the struvcture, it 1s necessary to pro-
vide for protection of the sealing materials by the heat insulating layer
insuring maintenance of their properties during heating of the enclosures
during fires. The thickness of such a layer can be determined by the nomo-
gram in Fig 69 under the condition that a=0, and ¢=1, The surface tempera~
ture of the heat insulating layer bordiering with the sealing insert is taken
equal to the limiting temperature of : oplication of the sealing material

for the calculation.

In connection with the fact that the limiting temperature for the sealing
material, as a rule, is appreciably below 500°C, the calculation of the
protective heat insulation layer must be made in practice under the effect
of any (from KV-1 to DV) thermal load.,

In cases where the protective heat insulating layer was calculated from the
condition of maintenance of the temperature below 500°C on the surface of
the sealing material, the additional checking of the bearing capacity of
the enclosures with respect to thermal load can be omitted.

The heating of the entrances and, in particular, their rubber seals can have
a significunt effect on the overall seal of the structure, In particular,
this pertains to the outside door of the structure, the seals of which burn
under the thermal effect of mass fires. The seals of the inside sealed

door are maintained in this case, inasmuch as for the normative dimensions
of the lock the temperature of the inside door does not exceed 100°C during
a fire.

The application of heat resistant rubber or other materials suitable for
this purpose (for example, asbestos cotrk) to make the seals will permit

prevention of the loss of seal of the structure in the presence of mass

fires.

5. Example Calculations

Example 19. Let us calculate a celling of a separately standing shelter
located in the vicinity of a formed piled for the thermal effect of type IV
fires.

The structural design of the ceiling is as follows: asphalt 5 cm, concrete
foundation 15 cm, sand base 10 cm, protective layer from mortar with

metal screen 3 m, two layers of hydraulic insulation based on bituminous
mastic, a layer of claydite concrete 10 cm, reinforced concrete 40 m.

The height of the facility is 2,2 meters, it is 6 meters wide, The limiting
time for people to be in the shelter is 1 24~hour period.
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In accordance with Table 9 and the explanation to it, the calculated
thermal effect is taken for the KV-III ceiling.

Let us calculate the ceiling. By Table 10 A=11'103; K=17.8:10"3, Let us
take ty,4,=15°C.

By formula (6) we find the magnitude of the coefficient of thermal
diffusivity for the ceiling (the fifth layer is not considered):

" (0,054-0,15+0,1+0,03 +0,140,4)*
005 015 0,1 003 01 04
06 T T t0sT 127046712

1
X 0.5.2110-0,05+0,2.2200-0,15+0.5.1600.0.1 & =
+0,2-2350.0,03 40, 181600-0, 1 40,2.2350-0,4

=1,615.10-% x3/;
"h=0,05+0,15+0,1+0,034+0,14+0,4=0,83 &;

Tagane = 17,8 10-3 —maSE 0 306 day
) sae =10 Vreswne T
)
) Key: 1. max
Let us take a=5 kcal/m2-hr-deg; B/H=2.73;
E 5,46—2,73
o= +W=15.15:
0 3w0,l.2
=] —————10,5=0,878;
b=1 3,31 .
: (1,615.10-3)"2 1 .
tuarc =11-16* 0,83 " 16,15-0,878 +15 -

o) 2
= I5.26<t.,p°z=30° c.

Key: 1. max; 2. lim
The ceiling satisfies the condition (3).

Example 20. Let us calculate the ceiling and walls not adjacent to the

ground of a built~-in shelter in the presence of type II fires for thermal

effect. The limiting time for people to be in the shelter is 2 days. The
structural design of the ceiling is 0.3 meters of reinforced concrete;

the walls are brick, 0.51 meters thick. Thc dimensions of the facility are

as follows: B=12 meters; H=2.2 meters., The number of floors of the build- -
ing above the shelter is equal to 5., The ceilings and floors of the build-

ing between floors collapse when they reach the limit on their fireproof-

ness,
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In accordance with Table 9, the calculated thermal effect on the DV ceil-
ing and the KV-II walls is as follows. Let us take ti,1¢=15°C, o=5 kcal/m3-
hr-deg. The ceiling is calculated from the conditions (3) and (10) by
formula (11). According to the calculation result, the lower face of the
ceiling, already by the 12th hour after the beginning of the fire, is
heated to 100°C, which is appreciably greater than the limiting temperature
equal to 30°C. Consequently, it is necessary to thermally insulate the
ceiling.

Let us calculate a ceiling with a heat insulating layer made of slag fill
0.3 meters thick

'
peros ©.3+0.3) =1,20-10-% wt/hr;
(6‘25+—)‘° 171000.0,3+0.2-2550.0.9

h=0,340,3=0,6 «.

The results of the calculations of the ceiling by formula (11) are presented
in the table, from which it is obvious that the temperature on the lower
face of the ceiling reinforced with a 30-cm layer of slag in practice

will become equal to tji;=30°C on the second day.

. - 230sb1d .
:{ﬁ | ) ¢ | o ) v f;v!— ec
05 | 1,027 (3514|049 | 00299 1 0,867 3,89 18,85
1 1,027 1 3.006 | 1 0.04979 1 0.849 13,5 28,5
1,5 | 1,027 2911 152 | 005448 | 2,837 14,95 29,95
2 1,027 | 2,918 | 2,035 | 0,0544 1 0,828 15,12 30,12

Key:
1. t, days

The calculation of the walls will be made for a short-germ thermal effect
of the KV-II type. By Table 9, A=11.8-103; K=17.2-10"

- 0,501
1=17,2.10-*
v

AT 120 day.

In accordance with formula (8) let us take Tp,, equal to 0.15 days; then

(1,4-10-3)1.3 L1

tu(ﬂl";___“'&lo1 0,518 170,803 T 15=24.92<tupen=30° C.
(2)

Key: 1. max; 2. lim
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The wal'l';‘satisfy the requirements of condition (3).

Example 21. Let us calculate the bearing capacity of the ceiling built into
a five-story shelter building with type II fires. The shelter ceiling is
reinforced concrete without heat insulation:

hp=30 cm; a=2.55-1073 w2/hr; F_ =30 cm?; R,~3000 kg/cn?;

Ry=200 kg/cm?; £=600 cm; b=100 cm; q;=0.51 kg/cm?,

By formula (16) hy=652 (2.55°1073)0.65=13.4 cm. Then

30
hy =30—13,4==16,6 cu; H=T100.16.6 =0,0181

and by formula (14)

_ 8.30-3000. 16.6(1-0.018132&%))'

=0,243 .-ks/cm2§0,.3 kg/cmz.

h= 100- 6002

From example 20 it is obvious that the temperature of the lower face of
this ceiling during fires significantly exceeds the maximum admissible
- temperature equal to 30°C,

Considering that the construction of the inside thermal insulation does not
prevent reduction of the bearing capacity of the ceiling, let us comsider
the case with outside heat insulating layer. Just as in example 20, let us
take the 30-cm layer of slag. The height of the slag layer heated to 500°C
for a=1.47-10"3 m2/hr will be determined by formula (16):

fe

¢
® =652 (1,47.10-3)0. ¢ =9,4 <h$"i30 (2’8

Key: 1. ins

Consequently, the 30-cm layer of slag f£ill not only improves the heat
engineering properties of the ceiling, but it also insures invariability of
its calculated bearing capacity (q;=0.57 kg/cmz) even after the thermal
effect of mass fires.
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