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M = GP = dirt strip
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The manual contains the general require-
ments for airfields, information about their
elements, about the methods and means of
operational maintenance and repair of flying
field and basic airport installations. Special
attention is given to the unsurfaced flying
strips, which are widely distributed in the
system of ground aids to air trancport and
are set up in airports of all types of air
traffic.

In the book are examined contemporary
constructions of hard and soft coverings,
ineluding conerete, reinforced, prestressed -
monolithic and composite, asphalt-concrete
and rough coverings made of crushed stone
and gravel mixtures, and also sectional cover-
ings. Snow and ice coverings on airfields are
described. The prineciples of calculations of
the basie constructions of the flying zone are
presented; a new calculation procedure is8 given
for artificial bases of airfield coverings.

Special attention is given to the re-
congtruction of hard and soft types of cover-
ings, to the maintenance and repair of unsur-
faced flying strips and to the winter main-
tenance of airfields.

The manual content corresponds to the
standard decuments in force.

The manual is intended for students of
specialiaed technrical sahools and can be used
by technical pereonnel for airponts, who are
engaged in the servieing amd the bperatzonal
matntenance of airfield:.

Tables 70, Fige. 142, Bibliography 19.
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INTRODUCTION

In proportion to the development of the aircraft fleet the
requirements for airfields and their basic elements were changed
in the course or time, since they are determined to a considerable
degree by the dimensions, weight and takeoff and landing character-
3 istics of the aircraft based at these airfields, and also ty the
R features of their maintenance and repair.

In 1922 from Moscow to the first Soviet fair in Lower Novgorod
(distance of 420 km) the aircraft "Il'ya Muromets" laid out the
first air line in our country. In a year scheduled air service i
began on this route. i ‘

. From the number of the firstlings of civil aviation it is
%} necessary to indicate the A. N. Tupolev aircraft ANT-9. A miracle
1 ! of aviation technology was considered the five-engined aircraft
é E : ANT-14 and the eight-engined ANT-20 ("Maxim Gorkiy").

In 1939 Aeroflot was 3upplemented by the six-engined
"USSR-L-760" aircraft, which received the designation PS-124 -
g the largest all-metal land aircraft in the world. In 1938 the
3 aircraft Li-2, utilized on local lines, wat created. Due to the
5 simplicity of construction, handling and servicing it conquered the
wide recognition of the flight, engineering and technical
personnel of Aeroflot. ’

. FTD-MT-24-544-72 xi




However the most substantial development of the Civil Air
Fleet occurred in the postwar years.

. In 1646 flights of the I1-12 passenger alrcraft (designer
S. V. Il'yushin) began. From 1948 in the Civil Air Fleet the
aircraft An-2 (designer 0. K. Antonov) began to be operated.
This aireraft 1s widely used for the most various purposes,
especially in agriculture. '

In 1954 began the routine transportation of passengers on the
I1-14 aircgaft, the first mass aircraft pf Aeroflot, completely
equipped with all the necessary modern flight equipment for
flights at any time of day. The Il-14 aircraft is widely used on
the airlines of medium and short length.

In 1955 the first domestic passenger turbojet aircraft Tu-104
(designer A. N. Tupolev) was lifted into the air, and from 1956
on it began the mass transportation of passengers, having
substantially outstripped the foreign airlines.

In 1959 the most widespread heavy passenger aircraft in the
USSR with turboprop engines, the I1-18, emerged on air line. In
the same year 1959 the turboprop aircraft An-10 entered Aeroflot.
Despite the considerable weight the aircraft An-10 can perform
flights from unsurfaced airfields.

Since 1962 along the Moscow-Khabarovsk route flies the giant
turboprop aircraft Tu-l1l4. In 1964 it laid out the longest nonstop
Aeroflot line between Moscow and Cuba. These machines also fly
to Japan, Canada, India and other countries,

Since 1962 on the Aeroflot routes the turbojet alrcraft
Tu-124 and turboprop An-24, intended for the servicing of lines
of medium length, have been operated. The Tu-124 was replaced by
the Tu-134 aircraft, which is distinguished by a more modern
congtruction.

!
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In 1965 the An-22 snircraft was created, which 1s able to
accomplish flights from unpaved airfields. In 1966 this aircraft
lifted a load weighing 88,103 kg to altitude 6500 m, having set
several world records. A

In 1967 for servicing the local Aeroflot lines the Yak-40
turbojet aircraft (designer A. S. Yakovlev) was created. it
can perform flights from natural-surface runways.

In 1967 the unique aircraft-microbus Be-30 (designer
G. M. Beriyev) with two turbineprop engines was created. The
aircraft is intended for servicing the lines of short length. It
can take off from unpaved runways. '

The largest of the Aeroflot turbojet airships is the I1-62
alrcraft, being operated on air routes of considerable range,
including between continents. The aircraft possesses good takeoff
and landing characteristics.

The Tu-154 aircraft was created,which is intended for gradual
replacement of Tu-104, I1-18 and An-10 aircraft on air lines.

For air routes of considerable range the Tu-144 aircraft
was created - the first Soviet supersonic passenger airship. It
has speeds up to 2500 km/h, ceiling 20,000 m, flying range
6500 km.

All the modern alrcraft of civil aviation are subdivided into
groups:

I - long-range main airliners with 160-200 seats (Tu-144,
I11-62, Tu-114, An-22 and others);

II - medium main airliners with 100-160 seats (Tu-154,
Tu-101, I1-18, An-10 and othersz);

111
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III - short-range main airliners (Tu-:24, Tu-134 and others)

and large ailrcraft of local lines with 30-100 seats (An-24 and

others).

IV - medium and ligut aircraft of local lines up to 30 seats

(Yak-40, Be-30, An~2 and others).

The characterlistics of the aircraft, which are necessary
for the airfield builder (take-off weight, cruising speed),

have the following values:

Type of aircraft

kg

ANT=9.ciceeecescrnvecessnansan 6200
ANT=201 e eenenenrnenenenennnns 142,000
IL=24 e v eeuenenneneeneeneneenss 10,700-11,500
T1m12u e eeeennnenenennnsnnnnns 17,250
AN=2.ccetievtececsvonccnsnnsane 5250
Il*lu”....c--cooc-oqoo-oooooo- 17,500
Tu=104A, Tu=104B..ccuunenennn. 76,000

I1-18A, I1-18B, I1-18C,

I1-18D.veiererncnnnccnnness 58,700-64,000

T T 56,000
Tu—llu.......-.---...........- 173’500
AN=2l . et eernnneenninnneeenns 21,000
TUL12 e e nevrennennenceneeness 38,500
T1o62.ceueenerennnecncnnaneess 160,000
TU=-138 e e teeennennrennennennnns 44,000
AN=22...veeeueneeneesannsenea. 250,000
Yak=U0.evrerrernnennnnenennnns 13,700
BQ-BO..........-...-.....:..-. 5700

Tu=158. it iiiirennnnnenenenes 86,000

Take-off welght,

Crulsing speed,
km/h

222
200
250
300
180-210
280-350
750-800

630-650
600-660
750
450
750-800
850-870
870
740
550
460-480
900

In parallel with the development of aircraft the airfield
construction was developed. Beginnini: with the middle of the 30's
the airports of a number of larger cities began to be equipped

wlith runways with concrete artificial covering.

In 1941 the first

phase of the Vnukovo airport in Moscow, equlpped with runways,
taxiways, with air terminals and services for aicraft and

passengers, went into operatiocn.
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As in aircraft construction, in airfield building large
changes occurred in postwar years. These changes were connected
with a sharp increase in the volumes of transporting passengers
and cargo by air transport and with the advent of large and
high-speed aircraft. Most modern airports have concrete or
asphast runways, designed for large aircraft. At each airport
there are services for flight control, servicing the aircraft,
their crews an? the operational maintenance of the airport
itself and tne air field. '

~.
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SECTION I

THE CONSTRUCTION OF AIRFIELDS
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CHAPTER 1

CLASSIFICATION AND BASIC ELEMENTS OF
AN AIRPORT

The constant route of scheduled flights of transport planes
between populated points is called the air line, the path, along
which the flight i1s accomplished, the alr route, and its projec-
tion to the Earth's surface - the ground route of the air line.'
Taking into account the unavoldable deviations of aircraft in
flight, &s the ground route of the air line we conditionalily
take a strip approximately 30 km wide « 15 km on each side of
the alr route.

Depending on the designation in the USSR we distinguish main,
union, local and international lines. The main air lines - lines
of long length, connect the capital of the Soviet Union with the
large populated points of republican or regional value. Union
lines connect republican, regional and district administrative,
agricultural and cultural centers. Local air lines connect
district and reglonal centers and large populated points with the
regional centers and distant populated points, and also the
regional centers and small populated points together.

'Mogilevskiy D. A., Babkov V. F. and others. The Searching
and Planning of Airfields, Avtotransizdat, 1963.
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International lines provide the air traffic of the Soviet
Union with foreign countries.

The scheduled flights of transport aviation require special
equipment of the a' 1lines, the basis of which is airports. The
airport is the air transport entefprise"which accomplishes routine
reception and dispatéhing.of passengers, cargo, mail and provides
the organization of flights and the servicing of aireraft
(Fig. 1). The airport includes the airfield and the servicing

- and technical area. Outside the area of the airport are

locatmd the objects of radio navigation, landing, flight control

and the other operating constructions.’

The 24-hour operation of airfields and their use by large
high-speed aircraft are possible only with strong coverings of
the runways (RW), the taxiways (RD) and the aircraft parking
places (MS). At present at the airfields the hard types of
coverings are most common. Also aspnalt and sometimes other
types of goverings are widely used.

For the round-the=-clock operation of transport aviation,
especially at night and in severe weather conditions (fog, low
cloud cover, snowfall, rain), the airfields are equipped with
electronic and 1llumination facilities for flight operation at
airfields and flight control in the air.

For the uninterrupted supply of airports with fuel, opera-
tional materials and equipment, being required in large quantities,
rail siding tracks are laid, which link the airports with the
nearest railroad stations. The problems of the operational
provision of the transport operucion of airports and maintaining
the aircraft park in working order require the construction of
special buildings and constructions of well equipped hangars -
workshops with servicing structures for the repair of aircraft.

PTD-MT-24-544-72 3
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For the accommodation of official personnel of the airport .
we construct official, administrative, culture-and-welfare and
municipal bulldings.

§ 1. AIRPORTS

Airports are land, intended for landplanés with wheel or
ski landing gears, and seaports, intended for seaplanes. For
abbreviation we usually call the first simply alrports.

(3

Depending on the volume of the transport operation being
fulfilled, the handling capacity, perfection of equipment, and
class of airfield the transporé alrports of civil aviation aré
subdivided into five classes (Table 1).

Table 1.
Class of |Annual volume of passen-~| Class of
airport ger transportation per alrrield
exchange, thous. of
people
I=A 1700-3500 A
IT = B 800-1700 B
III = C 250-800 c
IV=0D 50-250 )]
Vs=E 20-50 E

Alrports with annual volume of transportation more than 3500
thois. people are considered as nonciass and are set up according
to individual requirements. Ailrports with gnnual volume of
passinger transportation less than 20 thous. people should pertain
to unclassifled; they are designed on the strength of local
requirements for their operation, and also the possibility of
realigzation of building.

The intensity of aircraft traffic to the airport is erpressed
in pairs (takeoff-landing) for & certain time interval. For
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airports of varlous classes the tentative intensity of tralilic
of various groups of alrcraft is presented in Table 2.

Table 2.

Class of alirport

Class of

airport I=A l II=B |I1I=C | IV=D |V=E

Quantity of pairs of aircraft in a
2li-hour period

I 5-10 - - - -
1z 32-63 | 18-37 6-14 - -

III 63-127] 32-63 6-35 2-10 -
v - - 8-21 8-U40 | 7-16

With respect to purpose we distinguish international, union
and local airports. Internatiocnal airports are open for inter-
national alr tra’fic and are specially equipped for the reception
(dispatching) of passengers and cargo because of the border.
Airports of union value are located on union or main alr lines.
International airports and airports of union value, at which are
operated high-speed passenger aircraft with high takeoff weight,
should provide year-round operation under severe weather condi-
tions. Such airports have the most modern equipment. The air-
ports of local air lines, which the aircraft of light or medium
types are operated, usually have the minimum necessary equipment
for accomplishing flights in the day and night time.

Airfields most frequently have a dirt matted surface and a
RW made of packed solls or with coverings of the lowest types.

For each new or reconstructed airport there are compiled

technical and economicel substantiations, determining the list and
characteristics of constructions which should be at the airport.
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This 1ist should consider the prospect for development 10 years
after the planned period of introduction of the airport into
operation. The nomenclature of buildings, constructions and

equipment of the alrport depending on 1ts class is given in
Table 3.

As the first stage of building it is permitted to place
into operation a "starting complex" of constructions and equipment,

which can insure the beginning of safe accomplishment of takeoff
and landing operations.

Table 3.
Class of airport
I 11 III v \'
Name
0 ] ) ) ) 0 ) a0 ) 0
O] ax]l PRl Xl PpX] ax|] ox] ax} ox]| ox
vVl HO [ VIR V] - QO QO - Q QO - Q [V} - O
B o J'JH o~ L — - JE:-—{ Hra ura rg‘ra‘ ﬁ'—'
SE| YE| BB BB BB BB BB| 38| BBl 88
(el o] + 0 o0 +$ 0 (ol e 0 (el o] L 0 (el o] + 0
[ 2&) n o 00 n o 0o n o Qo n o (433 n o
1 2 3 4 5 6 7 8 9 {10 |11
Airfield
RW (with arti-
ficial cover-
ing) + + + + + + + - + -
Main RD + - + - + - - = = -
Connecting and
auxiliary RD | + + + + + + + + + +
Passenger ramp + + + + + + + + + +
MS for storage
and opera-
tional types
of alrcraft 5 2
maintenance + - + - + - + - + -
7
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Table 3 (Cont'd.).

1 2 |3l4s5)6]|T7;8)}9]|w0]11
MS for washing of air-
craft + - + - + - + = + =
MS for periodic types of
: maintenance and 7 7
finishing of alrcraft |- -1 -1 -1+ - |+ - +| -
MS for special-purpose
aviation o o] o 2 13 43]43 |43 143 143
Apron and MS for aircraft 8 8
finishing + - - |+ - |+ = = =
Engine starting area + + ] + 4 - - - =
Area for elimination of
deviation + - + - + - + - + -
Helipad Sl 3 333 -]-]-]-
Reinforcement of shoulder|+ + + + + | + + - = =
Ground and planning
operations + +1 + +1 + +1 + +1 + +1
Agrotechnical measures + -1 4+ - = - -
Structures for servicing passenger
and cargo transportation
Alr terminal with ramp y y y B
area + + + 1+ 1+ |+ + +
Cargo terminal - + - - +5 - +5 -
Airborne power supply 6 6 6 6
enterprise + - |+ - |+ -1+ = = e
Section for transporta- = 5
tion of mail - = -1+ 1 - |42 |-
Hotel + - - + | - |+ - - |-
Urban transportation
station + - = = |le - - |-
Public tollets - - + - | = = e
Commerical pavilions + - - - 1= O R
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Table 3 (Cont'd.).

1 2|l 3|luls)e6]|l7}|8]9(10]11
Structures and facilities for maintenance
of aircraft
Hangar housing + ]| -1+] - 3] - +3 o> oll =
Housing for auxiliary 3
production + - + - |+ = - = = -
Motor posl building S U R I YA U e
Hangar-shelter -yr-1-1 - +7 - +7 - -1 -
Building for technical
crews
Stationary facilities for
maintenance of aircraft +10 +10 +10 +10 +1° +10 +1° = = -
on the passenger ramp + + ] + + 1] + - + - + -
The same, on the MS + - + - + 1= +9 - +9 =
Structures and faclilities for radio navigation,
landing and air traffic control
KDP + 1 + ] + + + + 1 +1] + +u +
SDP with weather observa-
tion point + 1 +1 + + 1+ ]+t +] +] -] -
Radio-beacon system of
instrument landing
approach + + + + + + + - = =
Marker beacon points
(BPRM and DPRM) P PO P O O O B Pt Pl PR
Radars: 3 3
survelillance -+ + + + + - |+ - |+ =
airfield control + + + + + + + - + -
precision-approach + ]+ ] + ] + + 1+ ]+ - + | -
weather + | -1+ -]+ -{+3]~-1]-1-
flying field 3
survelllance + - + - |+ = = = -] =
Automatic UHF-radio-
direction finder + ] + ] + + + ]+l +] +] +} -
Electronic system of 3
short-range navigation | + | + | + | + | + | + | + | - | +°| -
Transmitting radio
center + + + + + + +11 +ll +1l +11




Table 3 (Cont'd.).

1 213145161 T7] 819w

Recelving radio center +12 - +12 - +12 - - = = -

Visual signal equipment
with communication

and control lines + + + + + + + = + =
Automatic telephone

exchange +13 +13 +13 +13 +l“ +1u +1M +1H +1“ +1u
Communication line with

the city + |+ |+ ]+ ]+ +]+]+] 4+

Line communications and
radio equipment 1 1 1 1 1
installation + |+ + |+ + |+ + |+ + 1+

Structures for provision of fuel
and lubricants

Storage of GSM PO PO I PR N PO PC T R PR R
System of TsZS + ! - + - + - + = - =
Buildings and structures of subsidiary production
and servicing purpose

Airport and air squadron

administration bulld-

ing with dining hall +l+1+|+]+VP ] +]-]=]-
Dining hall + -t +]=-t=-]=-]=]1=-1-1-
Mechanization base + +1 + +l + +1 + +1 + =
Fire station + ] + ] + + |+ |+ ] +] +] ¢+ +
Commercial laundry + ] -1 +} -1+ - -]l =] -} -
Warehouse of technical

equipment + -1+ - + - + = + -
Warehouse of materiel and

ecoriomic implements + + + + + + +15 +15 +15 +15
Tank depot + ] + ] + + 1+ +] ¢ -] -] -
Fire-fighting equipment

warehouse + + + + + + + - = -
Hydrogen-extraction

station + ]+ + ]+ +] + + | ¢+ -] -
Weather site + + + + + + + + - -

10
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Table 3 (Cont'd.).
1 21 34151617181 9]i0]11

External engineering networks and structures

LEP, TP and exterior
» lighting + +1 + +1 + +1 + +l + +1
Water supply PO PR S B PR S B R O I e 1
1 1 1 1 1
Sewage system + |+ + |+ + + |+ + |+
| Combined heat and power 1 13 1 1 1
supply networks + |+ + |+ + |+ + |+ + |+
Boiler house P PR LR PR 0 PR PR R RN R e
Belt lines and publlic service organizations
Access railway spur + |+ + ] + + +16 +16 - | -
i Access highway + s+l + ]+ +] +] +] 4+
Interairport roads and
areas e lel o6 Lel ] & 12 ] ¢ 162 ] 4+ |$2
Gardens +{ - + 1 - + | - + | - + ] -
Barriers + - + - + - + = + -
Sidewalks + +1 + +1 + +1 + +1 + +1
1. 1Is provided inside, providing the starting complex.
2. Are combined with the passenger ramp when the assigned
fleet of aircraft is present.
3. Are provided only on special assignment.
b, Air terminal building is interlocked or combined with the
- KDP building.
5. Cargo terminal 1s interlocked with the mail transportation

section.

’

6. Are interlocked or cooperated with public power supply
enterprises placed in the air terminal or other buildings.
Separate building 1s provided only with substantiation of the

impossibility of interlocking.
7. With the absence of a hangar housing.

8. With the presence of a hangar or hangar-shelter.
[Footnotes continued on page 12.]
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[Footnotes continued from page 11.]

9. Only with the presence of assigned aircraft.

10. With removal of the aircraft parking places from the
hangar housing (ATB building) to a distance over 300 m.

11. Trahsmitting radio center is combined with the outer
marker beacon. A separate bullding is provided only with sub-
stantiation of the impossibility of combining.

12. With impossibility of location in the KDP due to inter-
ference.

13. Provided in one of the airport bulldings.
14, Provided in the XDP.
15. With the absence of technical equipment warehouse.

16. With technical and economic substantiation.

§ 2. AIRFIELDS

The airfield is the main element of the airport, equipped
for takeoff, landing, parking and servicing of aircraft. At the
airfield are located the flying strip (LP), taxiways (RD), aircraft
parking place (MS), passenger ramp and various purpose areas.
Within the flying strip can be located a runway (RW) with artificial
covering and a dirt strip (GP).

Airfields are subdivided into six classes depending on the
designed types of aircraft.

On the basis of the classification of airfields (Table 4)
there are adopted the takeoff and landing characteristics of the
aircraft designed for operation on the airfield being projected,
on their weight taking into account its distribution on the
landing gear wheels, since these characteristics determine the
required dimensions of all elements of the airfield and the
necessary strength of the coverings on them.




With respect to operational purpose the airfields are
divided into groups:

a) the airfields of airports (transport airfields) - for
utilization by aircraft of transport aviation;

b) special-purpose airfields - for accomplishing the operation
of special aviation (agricultural, serving forestry, aerial survey,
for the rendering of medical aid, etc.);

c) factory airfields - for flight tests of new or just
repaired aircraft - should satisfy increased requirements,
ensuing from the specifics of aircraft tests.

Airfields of this group are usually distinguished by long

length of the runways, the best surface evenness and increased
strength of coverings;

d) school airfields - for instruction or training flights
of the cadets of flying academies and advanced flying schools.
The equipment of the airfields of this group depends on the types
of tralners and the complexity of the flight problems being solved
by the educational institution;

e) club-sporting airfields, whose equipment depends on the
types of the aircraft being operated,the sporting and training
operations and mass measures being carried out by the aeroclub;

f) combined airfields, designed with coincidence of flight

activity of diff: rent purposes at one object, for example transport
and special-purpose.

With respect to the time of use all airfields are divided into
constant, equipped for scheduled operation, and temporary, pre-

pared for flights during a limited period or for the performance
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of an operational mission. The temporary airfields include, in
particular, i1ce alrfields_ located on the ice of rivers, lakes
and seas.

Table 4.

Class of airfield
Elements of the flying
strip

Al BjiC}| D} E

o

Length of overrun
(KPB), Meveeeeeeoes.. |UOOJUOOJLUOO}H0O0]|250] 50
Overall width of the
flying strip (LP), m. |360135C|240/280}220]200
Width of effective aresa
(LP), mevvvweeneeeass |160§150[140/130/120]|100
Including:
a) width of dirt strip
(GP), Meveuesueer.o |100/200f 95| 90| 85] TO
b) width of runway
(RW), Meveeoonnaons 60| 50| 45f Lo| 35| 30
Width of lateral clear
zone (BPB), m........ 1100110011001 75! 501 50

Note: 1. Length of RW and GP, and also the
design load on the covering are determined
from Technical Specifications and Standards
for Alrflelds of Civil Aviation.

2. Under crowded conditions of the air-
field location a dirt strip cannot be set

up.

Depending on the purrose the airflelds are equipped for
flights at night or daytime or under severe weather conditions.

With respect to the types of servicing of the operational
flight operation of aircraft and the flying elements of the Civil
Alr Fleet, and also with respect to the arrangement on routes the
transport airfields are base, initial (final), intermediate and
auxiliary. The airfields, at which aircraft of one or several
subdivisions of civil asviation are permanently based, are called
bases. At these airfields the main laborious forms of maintenance
and repair of aircraft are performed in planned sequence. The

14
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laborious forms of maintenance and major overhauls of alrcraft

are performed at special aviation repair bases, the placement of
which 1s not confined to any definite class of transport airfields.
Initial or final are the airfields from which aircraft begin or
correspondingly terminate their flights on the assigned route.

Here they perform complete loading or unloading, preflight and
postflight servicing of aircraft. The intermediate airfields are
designed for landing of aircraft with a brief stop, provided

by the schedule or assigned for flight, for the purpose of
maintenance. i

The auxlliary fields are intended for unforeseen landings
in the case of malfunction of the aircraft or speclal circum-
stances which arose in flight.

Classification according to the nature of servicing is not
connected with the classes of airports and depends only on the
air lines being served. The same airfield for one line can be
the base and initial (final), at the same time being intermediate
or auxiliary for other air lines.

With reference of an alrfield to some class and type we
consider the entire complex of its operational activity, and not
only the role being fulfilled with respect to any one, although
important alr line.

§ 3. BASIC ELEMENTS OF THE
AIRFIELD

We strictly distinguish the airfield site and the airspace
adjacent to it - air territory, i.e., the space above .the airfield
and the locality adjacent to it in a radius of approximately 50 km,
within which near-airfield flights, connected with takeoffs and
landings, occur.
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The air territory includes air approaches to the airfield,

i.e., the airspace in the direction of takeoffs and landings of
aircraft,

Air approaches - the most important element of an airfield -

should be free from obstructions which could make alircraft takeoff
and landing difficult.

Within the airport zone we separate the holding areas, which
are intended for the flights of aircraft awaiting clearances to
land on instruments under sever: weather conditions; large and
emall circles for organization of the order and safety of aircraft
traffic above the airfield with good visibility; zone for training
flights and test flights of aircraft under normal conditions of
visibility.

§ 4, FLIGHT ZONE

. The flight zone - the main and most complex part of the
airfleld. It includes the air field, safety 2ones and upproach
lanes.

We call the section of ground, specially prepared and equipped
for takeoffs and landings, the flying field. It should be even,
free from obstructions. The requirements for the outline of the
flying fields in plan ensue from the basic conditions of aircraft
motion during takeoff and landing -~ straightness and direction
against the wind. Flying fields of continuous form, which usually
had outlines of regular geometric figures, were common earlier:
scuare, convex triangle, circle or ellipse. In this case takeoff
end landing are possible 1in any directions. The flying fields
of continuous form occupy a large area, especially when the air-

craft operating on them had large takeoff and landing run dis-
tances.
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At the present time flying fields of contlnuous form can be
only at airflelds of the lowest groups, intended for the
operation of light aircraft which have short tak.off and landing
run distances.

The majority of modern aircraft for takeoffs and landings

require considerable length of the section of W
run. Besides this, artificial cover! g¢s are necessary for their T

yzar-round nonstop operation. Under these conditions the flying
fields of continuous form became unsuitable. Modern aircraft
withstand quite strong winds, which flow at an angle to the take-
off or landing direction, so-called "cross winds." Therefore
airfields began to organize the strip system. The flying strip

is an elongated rectangle with ratio of sides approximately 1:8-1:7
at airfields of higher classes and 1:5-1:3 at the lowest. The
flying strip allows takeoffs and landings only in two opposite
directions.

Since takeoff and landing with a strong breeze, perpendicular
to the axis of the flying strip, even for modern alircraft are
made difficult in localities where the direction and force uf the
wind change very much during the different periods of the year,
the necessity for the construction of several strips on the flying
field can arise. At alrfields with large traffic volume there
are located side-by-side flying strips.

Thus, the quantity of flying strips and their arrangement
in the plan for the airfield depend on the conditions of
winds, the intensity of traffic, the admissibility of interrupt.ons
of the transport operation, featwres of the area rellef and pro-
vision of free air approaches.

The clear zones are the sections of earth which border the
flying field. For flying flelds of strip form we distinguish
the side clear zones (BPB) and overruns (KPB) (see Fig. 1).

17
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Side clear zones increase the séfety of takeoff and landing,

king it possible for aircraft, having been somewhat deflected _ 4
from the axis of the flying strip during the takeoff or landing o
run, to finish the started operation on one of the side stribs.
The overruns raise the safety of the flight actiyitj during
deviations from the normal takeoff or landing conditions, for
example, during the inaccurate calculation of touchdown and with
premature ground contact by the aircraft (before the edge of the
flying strip). Overruns also decrease the danger of an emergency’

in cases of rolling of the aircraft beyond the flyigg,atfip 4»

during landing. Such cases can be caused by low
brakes, especlally on the slippery surface o
exceeding the landing speed, by flight the runway end

line with late touchdown, and also #rf cases of engine failures
during takeoff (interrupted takeoff). The clear zones can be

used for taxiing of alrcraft, when speclial taxiways with artificial
covering are absent at the airfield. For normal year-rouné and
round-the-clock operation of aviation within the flight zone are
located the following engineering constructions:

fectiveness of
e covering, by

" a) artificial coverings of airfields (RW, RD, MS, passenger
ramps and others); ’

b) 1llumination and electronic equipment;
c¢) draining and drying networks.

The taxiways with respect to purpose are divided into main,
connecting and auxiliary. Maln taxiways are intended for aircraft
movement at takeoff or after landing along the runway - passenger
ramp route. Connecting taxiways are laid out for shortening the
path of movement of the landing aircraft along the airfield.
Auxiliary taxiways are intended for alircraft mcvement in the
area of passenger ramps, at parking places and at fueling points.
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At airports with large traffic volume there are set up connecting

RD for high-speed exit, being jJoined with the RW at a 30-U45° angle.

Width of RD is taken according to Table 5.

Table 5.

‘Class of airfield

Designation of ‘
"RD. A B C.|D | E F

Width of RD, m

Main and connect-|
ing...'....'... 22.5 21.0 18.0 16.0 lu.o 10.0
Auxiliary........121.0 18.0t16.0114.0112.01 8.0

To provide for the'safety of taxiing of aircraft with gas-
turbine engines on thelr own thrust at the edges of RD are
located reinforced shoulders, since the engines of these aircraft,
operating over unpacked soil Dbeyond the edge of the RD, can
draw in this soil and receive damage.

Aircraft lgrking places (MS) - specially open areas with a
strong covering, set up for aircraft located at the airfield
walting for flight.

Passenger ramps - special areas for reception and dispatching
of airecraft, landing and disembarkation of passengers and for

cargo handling. The ramps are passenger and cargo.

Matted dirt flying strips and clear zones can also be included
in the airfield englneering structures.

The degree of investment of the airfield structures and

"equipment depends on the type of the alrcraft being operated,

the group of airfield, traffic volume and operatihg conditions

19




“of the.airport, and also on the necessity for insuring aircraft

movement in the daytime and at night or in severe weather
conditions.

v B Db

‘ The approach zones - these are sections of territory near the E
airfield located along the axis of the flyiag strip on both sides
of the airfield. On the approach zones, as on the entire territory
near the airfieid, there should not be natural or artificial rising
obstructions, which would be ¢f danger for the aircraft taking off _
or coming in to land, or accomplishing flights near the airfield. *
On them there should be provided for safety of continuation of
takeoff of the aircraft in the case of failure of one of its
engines after lift-off and flights with go-around under severe
visibllity conditions. ‘

™
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By limlting the height of vertical obstructions and
establishing the size of the territory, to which this limitation
is extended, we consider:

e N

a) the takeoff and landing characteristics of aircraft in

~ the first stage of their glide and climb trajectory, and also the
flight speed; ' B

ERPA LT 2

b) the direction of motion of aircraft takling off and landing.
Conslderably higher requirements are imposed on the aircraft
takeoff and landing direction, coinciding with the longitudinal
axls of the flying strip;

c) the location of obstructions relative to the direction.
of motion of aircraft and their distance from the flying fleld
- boundaries. As the alrcraft descends and reduces the distance

to the ground it is necessary that the height of the obstructions
be decreased respectively; :
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d) aircraft landing conditions. The basic calculated case
is considered instrument landing under severe weather conditions,
which dictates the highest standards of limitation of the height
of obstructions and size of the territory.near the airfield with
respect to the landing directions of aircraft.

Requirements for térritory near the airfileld, approach
lanes and other elements of airfields are regulated by. the
* specifications and standards.’
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CHAPTER I1

FLYING FIELD RELIEF AND ARTIFICIAL
AIRFIELD COVERINGS

Modern aircraft require a smooth flying strip surface,
including the artifiecial covering. In order to create such a
horizontal surface of the necessary dimensions, it would be
required to do a considerable volume of earthwork, which is
ccnnected with large expenditures of forces and resources.

F ; Moreover, such a surface would not satisfy the requirements for
! ; drainage. Therefore the surface of the flying field is set

up with slopes providing safe takeoff, landing and taxiing of
aircraft and unimpeded water runoff.

When designing the geometric outline of the flying field
surface it is neécessary to preserve the outline of the natural
surface as much as possible for the purpose of obtaining minimum
volumes of the soil being worked out. This is attained by entry
of designed surface into the natural surface of the airfield.

The relief of the flying field is determined by the
following characteristics. It is accepted to call the existing
(natural) surface black and define it by black marks and black
horizontal lines. The planned surface is called red and is
characterized by project (red) marks and red horizontal lines.
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The working mark is the difference between the black and red
marks; the working mark determines the depth of excavation or

height of embankment; the line which connects points with identical '

working marks is called the isoline. The points at which black
and red marks have identical value are called zero. The line which
connects the zero poinﬁs determines the boundaries of the earth-
works and 1s called the line of zero operations or zero isoline.

The sections of the natural surface, which do not correspond
to the technlcal requirements imposed on the relief of flying
strips, are czlled defective places. Individual roughnesses,

- small in height and extent, are called microrelief.

The relief of the flying fleld and artificlal coverings of
the airfield 1s characterized by: amount of slopes; matiiug of
sections with adjacent slopes; length of sections and their
direction in the plan and in vertical plane.

The amount of slope of a section of the flying field is
defined as the ratio of the difference of marks of adjacent points
to the distance between them. The amount of slope of the surface
of the flying strip is designated so as to provide safe takeoff
run, holding of the aircraft over the flying strip after 1lift-
off and before touchdown, touchdown, landing run and taxliing the
aircraft, and to preserve the amount of slope required for the
draining of water.

The slow runoff of precipitation leads to the overcondition-
ing of soils and to decrease of their resistance to loads from
the wheels of the aircraft. Therefore under the medium ground
conditions of the northern and central strips of the European
parts of the USSR the surfaces of matted dirt flying strips should
be glven a slope not less than 0.005. In heavy loamy and clay
soils, in order to improve the conditlons of surface water
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drainage, an increase in the slope up to 0.007 and even up to
0.010 is admissible. With the setting of slopes it 1s also
necessary to consider the stability of soill against erosion by
melted snow and rain water. The degree of erosion depends on

the intensity of the surface runoff of water, the particle-size
distribution of soils, the presence and state of sod covering.
For easily eroded soils (silty soils, silty and light loams, light
sandy loams, fine-grained and silty sands) it is possible to
allow slopes 0.012-0.015; for difficultly eroded (stony, gravelly
and clay) - up to 0.020-0.030. With such slopes there is ensured
the stability of the dirt surface of alrfields on a good sod
covering and a smooth surface. With large slopes and water con-
sumptions special measures are necessary for the stabilization

of soils - the planting of sod or paving. The maximum amounts of
slope of dirt surfaces of airfields are given in Table 6.

Table 6.

Class of airfields

l‘"ements of airfields and their
sections

Longitudinal slopes

Dirt strip:
middle Bection..cceeeveceeeenes 10.020{0.020{0.02510.025(0.030
end sections!:

descending?......ccee0eeve... |0.020{0.020|0.020{0.020{0.025
ascending....ceevev00eeeesacs |0.005/0.005/0.010{0.010}0.015

Overrun:
descending®....ccveiverennnee.. [0.020]0.020}0.025|0.025{0.030
ascending.cveeeescerecenes ceees |0.005/0.00510.01010.01010.015

Side clear zones:
middle section..eevevveeeseess..10.020/0.025/0.030/0.030}0.030C
end sections!:

descending?....cceeeevveeaee. [0.020}0.025{0.025[0.030/0.030
ascending.....cce00ese00e0... 10.005/0.005/0.01L0/0.010§0.015

R 70,0 00 0.0 0 010H 0OQ TG 0 Q0D G Q0D AT - - 0.025|9.030]0.030

GI‘OUp MS----.o-on-.-o-c.o----.ooo = - 00020 0v020 0-035
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Table 6 (Cont'd.).

Cross slopes

Dirt strip:
single-slope profile......cce...}0.020}0.020{0.020{0.025}0.025
two-slope profile..cceceeeececes.}0.01510.015}0.015(0.020}0.020

. Overruns: ]
one-slope profile.....cceece0...]0.025/0.025|0.025{0.030{0.030
two-slope profile...ccceeeveeess}0.02010.020}0.020]0.02510.025

Side clear ZONeS....ceecececessess]0.02510.025]0.030]0.036{0.030

3 Taxiway...-.....-................. - = 00025 0.025 0.030

Group MSe..ceceeceecscrsescavscncnee - - 0.01510.01510.020

Length of end sections of the GLP of the airfields of i
classes A, B.and C is 1/6 L, o3 D, Eand F — 1/4 L, A [Translator's

Note: n.n = flying strip].

2The ascending and descending directions when viewing toward
the working part of the GLP. '

On 1light, well draining sandy loam, sand and gravelly solls
the slopes can be decreased to 0.002-0.003. Slopes less than
0.005 are permissible also on short watershed sectlons of the
flying strip 100-150 m on voth sides from the most elevated point
under the condition of a small water catchment area.

In the areas of supermoistening at airfields located on
the water-logged sections of rellef with insufficient slopes and
unfavorable soil conditions, it is economically inexpedient to
increase slopes to the minimum permissible values because of the
earthworks. It is sometimes more rational to dry the flying
field with the ald of drainage, draining the surface waters
outslide the airfield. Under this condition 1t is possible to
* allow slopes of the flying field surface lower than minimum
within 0.002-0.003. The necessary ground (planning) operations
should be provided for purposes of the organization of good
surface runoff in the complex of the drying project.
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Small slopes can be allowed alsc in the arid steppe and
semi-arid areas with insufficient moistening, where a little
or a conslderable part of thelr deposits precipitate 1n the winter
period (Middle and Lower Povolzh'ye, southern areas of the
Ukraine).

Usually for maximum preservation of the flying strip surface
the designed surface 1s set up curvilinear with slopes different
in magnitude and direction. The diversity of the combination of
slopes creates theo characteristic elements of relief: relatively
even sections, slopes, hillsides, watersheds, thalwegs, troughs,
closed depressions (minor depressions), hills and others. A
change in the direction of slope complicates alrcraft takeoff
and landing. For the safety of takeoffs and landings the flying
strip should have smooth mating of the adjacent slopes, which
are determined by the permissible surface curvature in the vertical
plane.

The baslc characteristic of the surface roughness 1s the
minimum radius of curvature. The surface curvature 1s characterized
by the value of radius R of a circular arc, passing through the
salient points of the surface (Fig. 2). The surface fracture 1is
determined by the sum of slopes, if the slopes of the adjacent
sections are contrary, i.e., have mutually opposite direction.

If the adjacent slopes are of one direction, 1.e., cocurrent, the
fracture is determined by thelr difference. The distance between
two adjacent fractures 1s called the slope pitch a or the project-
ing pitch. The minimum projecting pitch is taken as 40 m and
should not be more than 50 m.

The permissible difference of adjacent slopes is determined
by the ratio of the projecting pitch to the minimum radius of
curvature. The minimum permissible radii of curvature of dirt
surfaces of airflelds are given in Table 7.
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Fig. 2. Relationship between the

radius of curvature of the surface
and the difference of slopes: a -
projecting pitch; 11, 12, 13 -

slopes of the flying strip surface;
Al - algebraic difference of ad-
Jacent slopes; R - radius of cur-
vature.

Table 7.
Classeé of
airfields
Element of GLP and direc- =
tion of slopes o 5
a |m
< | am
Effective area of GLP,
km:
in longitudinal direc-
tion..........l...'.. 10.0 6'0
BCrO88.cececessssccccesl 8.0 | 6.0
Side clear zone and over-
runs, km:
in longitudinal direc-
tion.'.lll.l.' C.OV‘I.. 6.0 u.o
across..l‘....ﬂ’..ll..; 3.0 3-0

On the slopes of the RW coverings there are imposed higher
requirements than for the relilef of dirt flying fields with sod

covering, since from them are performed flights of large aircraft,
which possess high takeoff and landing speeds.

The basic characteristics of RW relief are the longitudinal
and cross proflles. The longitudinal profile is the section
of the RW with vertical plane passing through its axis, cross -
the section of RW with vertical plane perpendicular to its axis.
The longitudinal profile is designed in the form of conjugated
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straight lines. It should satisfy the specifications with respect
to amount of slopes, their extent, 1t should be smooth and provide
mutual visibility of two points, ljocated at a height of 3 m from
the runway surface at a distance of not less than half the RW
length.

The best surface contour of a RW with artificial covering
in the cross section is considered a two-slope convex symmetrical
profile with constant cross slopes over its entire length and in
an extreme case on a large part (Fig. 3). Runways with
such cross section are convenient for operation and are favorable
for the drainage of precipitation. Runways with single-slope
cross profile are set up only under extremely difficult conditions
of relief (for example, in a locality which has a highly pronounced
incline with slope more than 0.010 in one direction).

1 !,
by S A7 L
' 5w L4 jd A._._fa-sm.._:-‘—.---om" 2;“:4
‘:‘ﬂﬂ-".:—-(a) (a) HvMe'
5 18

== ST

] e

L—- 15-25m ...l.‘._‘ : 16" —-— —*‘:--15'15,"-———
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Fig. 3. Cross sections of runways and taxiways: a) two-slope
profile of the runway; b) single-slope profile of the runway;
¢) two-slope profile of the taxiway; d) single-slope profile
of the taxiway; 1 - axis of the ground trough; 2 - dirt and
metal transition strip; 3 - covering; U4 - base; 5 - natural
pase; 6 - edge drain; 7 - dirt mating strip.

KEY: (a) And more.
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In special cases of relief on one RW There 1s allowed the use
of both cross profiles - two-slope and single-slope. Transition
from two-slope profile to single-slope is accomplished gradually
by smooth displacement of the ridge in the plane of the RW.

The artificial coverings of ramps, MS and other areas are set
up both with two-slope and with single-slope cros: profile. The
minimum value of the longitudinal slopes of the surface of the
RW, RD and MS covarings sometimes cannot be restricted, since
the water will drain from the coverings into closed or saw-tooth
troughs, which lay at the edge of the covering. Beyond the
airfield the water is dralned along deep collectors, which are

usually located parallel to the RW. However, with too small surface

slopes the deepening of the collector, necessary for provision of
minimum slopes, can be so considerable that water discharge into

an open water intake will be made difficult. Thus, RW are rationally

arranged so that the artificial coverings would possess minimum
longitudinal slopes, necessary for water runoff along open
troughs.

Table 8.

Class of alrfields

Name of slopes A |B, c]op E F

Amount of slope

RW

Longitudinal slope: )
middle section.cieocesesessaees |0.01250.0125|0,015/0.015|0.020
end sectione:
descending..ccececeeacecessss 10.008{0.008}0.008{0.015{0.015
ascending....cceoceeeesessse. 10.00510.005/0.010{0.010|0.015
Lateral slope:
single-slope profile...ecees... |0.015}0.015{0.015}0.020|C.020
two-slope profile.....eeceeee.. 10,01210.01210.012/0.01510.015
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Table 8 (Cont'd.).

RD and MS

Longitudinal slope: :
main and connecting taxiways... {0.015(0.020}0.025{0.030/0.030
auxiliary RD (on separate sec-
tions with length 200 m each).. {0.020[0.025]0.030{0.035}0.035
MS.cieeeeeeeececoncnncansnensss [0.010/0.015/0.020]0.020/0.020 o

Lateral slope:
single-slope and two-slope

profiles:

RD..‘..I..........‘.l...l..l. 0015 0.015 0.020 0.020 0.020 n
MS.eieeeneeeereeenssessssseas |0.008/C.010}0.010}0.012}0.012

Ramps and speclal areas

Longitudinal and side slopes..... |0.008{0.010}0.010}0.012|0.012

Reinforced part of the dirt
shoulders of RD, MS and ramps
arranged outside the limits of
the flying strips in any direc-
tilon..cceeeeteeceeceecsennsnsenss |0.030/0.030[0.035(0.035(/0.035

The coupling of shoulders with
the terrain....ccceeeeveseeesss 10.10010.10010.10010.10010.100

Notes. 1. On the end sections of the RW the descending slopes
should be constant (mononomical).

2. The length of the end sections of the RW with name of
slopes 1s taken equal to; for the airfields of classes A,
B, C - 1/6, for the airfields of classes D, E and F - 1/4
of the RW length.

3. The side slopes of the RD and shoulder within the
flying strips should correspond to requirements for slopes
for the flying strips.

4, It is recommended to take the extent of the RW and RD
sections with maximum slopes not more than 300 m.

The runoff of water along open concrete troughs 1s ensured
with the magnitude of longitudinal slope 0.0025-0.003. The minimum \
longitudinal slopes of the ground troughs, which it is permitted
to set up in the area of insufficient moistening or under favorable
soil conditions, when precipitation drains from the coverings
directly onto the adjacent dirt part of the airfield, should not
be less than 0.005.
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In order to accelerate the runoff of water, the minimum
side slopes of coverings are taken considerably greater than the
minimum longitudinal slopes, i.e., within from 0.008 to 0.012. !
However, on the sections of intersection with the coverings of
dirt flying strips or clear zones the minimum side slopes should
be decreased to 0.005 in order that the coverings would not !
impede flight operating on the sections of the airfield being
intersected.

The maximum values of the side slopes of RW should be taken
only undeyr adverse soll, hydrogeologlcal and climatic conditions.

The maximum value of longitudinal slopes 1s restricted by
the requirements for safety of takeoff and landing operations,
and also by the length of the RW. The maximum permissible slopes
of RW, RD, MS and other areas with artificial coverings are
given in Table 8, and the radii of curvature of the RW surface
in longitudinal direction should be not less than thdse given
in Table 9.

Table 9.
Radius of Radius of
Class of curvature of{flass of curvature of
airfield runway sur- |pirfield |runway sur-
.| face, km face, km
A 20 C 10
B 15 D, E, F 6

Note: 1. The radius of curvature of the surface
of main and connecting RD and group MS in
ghe longitudinal direction should be

2. The radius of curvature of other areas
with artificial coverings in all directions
should be taken not less than 3.0 km.
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The maximum longitudinal slopes on the runway are permissible
only on short sections with smooth mating with the adjacent
sections. The rational mating of longitu ‘nal slopes and their
alternation with respect to magnitude and extent ensue from the
features of accomplishing alrcraft takeoffs and landings on
unsurfaced flying strips or RW.

Let us examine the case of a run:ing take-off for climb.'®
The speed of the alrcraft from the r.oment of starting will builad
up more intensely, the smoother the initlal section of the flying
strip 1s. If the end of the strip, opposite relative to takeoff,
will be considerably raiséd, then the aircraft, flying in the pro-
cess of acceleration at a low altitude, can in 100-200 m touch the
surface of the covering with nonretracted landing gear, and
shock will oceur. Therefore the end sectlions of the flylng strip
should be ‘designed with minimum slopes. The effect of longitudinal
slopes is also similar during aircraft landing: the aircraft
can hit against the covering if the pllot, performing the holding
operation, encounters a flying strip with large opposing slope
and is not able at the proper time and precisely to raise the
nose. Therfore the flylng strip on the section of level-out
and holding should have small smooth slopes.

tn

The landing of alrcraft at & large following slope can be
carried out due to the "departure" of the ground to touchdown of
the alrcraft considerably further than the end of landing run.
Therefore on the end sections of the strip considerable slopes .
are adverse under the condition of landing at a slope. The best
outline of the longitudinal section of the flying strip is a
convex surface with small slopes on the end takeoff and landing -
section. In this case the alrcraft will start under optimum

!D. A. Mogilevskiy, V. F. Babkov and others. Research and
Planning of Airfields. M., Autotransizday, 1963.
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conditions of small'surface slopes. The aircraft, which had time
to gain some speed, will easlly overcome the maximum slope in

the middle of the flying strip and acceleration to liftoff will
occur at the slope.

. A convex profile is convenient for larding. In this case
the alrcraft will touch down on the suirface with minimum slopes.

4 A decrease in the landing speed with opposing slope occurs
considerably faster and finally the landing run 1s smoothly
completed to the taxilng speed with following slopes.

Sl
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CHAPTER III.
UNSURFACED FLYING STRIPS OF AIRFIELDS
§ 5. THE PURPOSE OF UNSURFACED STRIPS

Dirt flying strips (GLP) are areas specially prepared from
local soll, intended for the accomplishment of safe takeoffs and
landings. Dirt flying strips have identical purpose as RW, but
they are distinguished by the fact that there 1s no artificial
covering on them. In the system of ground provision for air
transport the dirt flying strips are very wldely distributed,
since they are set up at alrports of all types of air traffic
(Fig. 4):

a) at airfields of classes A, B and C of international and
internal alr lines the CLP are set up usually along the maln RW
and are used as spare in the case of breakdown of the artificial
coverings of RW (for example with icing of the RW surface);

b) at airfields of the local air lines of classes D, E
and F not having RW with artificial coverings, the GLP is the
only element of the air field providing landing and takeoff of
aircraft; 1f on the flying field of the airfields of these classes

there 1s created a RW with artificial covering, the GLP is set
up as a spare; ‘ )

34

[PRSTR A P

~

it s, o P ot b




¢) at the spare airfields of all forms of air routes
intended for unforeseen landings and subsequent takeoffs of
alrcraft;

d) at the airfields of the special use of aviation

(agricultural, forestry, aerial survey, etc.).

Fig. 4. Dirt flying strips (GLP) a)

depending on the class of air- g o e sl gt
field: a) airfields with g F
artificial coverings on the RW :

-~
oo —af

r_
{
|
B 531 I I

(for airfields of class A, B, C, e e
D - Al = 400 my E - AL = 250 m; T?”r“‘y”‘”"“‘"~j'~"- y
F - AL = 0); b) airfields which a-‘i?'._ Lo JL
do not have artificial coverings g
on the RW: 1 - overrun; 2 - t) - -
side clear zone; 3 - working . ¢
area of dirt flying fleld. e R
) 2
, Llﬂ ’

Thus, depending on the class and purpose of the ailrport
the GLP should conform to the requirements for provision of the
takeoff and landing of all types of alrcraft of civil aviation.

The specifications on the alsports of civil aviation contain
the requirements for elements of GLP (dimensions, surface slopes,
etec.) taking into account the aircraft type which 1is designed
(maximum) for this alrport or airfield of the special use of
aviation. The requirements for elements of GLP are somewhat
different from requirements for RW with artificial coverings,
which i1s explalned by the peculiarity of the properties of solls
and methods of building of areas from the soil. When designing
GLP we consider the properties of the local solls, climatic,
hydrological and topographical conditions . of the area of con-
struction, and also the flight conditions of aircraft at the
alrfield.
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Fine-grain soils (sands, sandy loams and loams with organic
impurities) of the surface layers possess comparatively low
mechanical strength even under the most favorable conditions,
i.e., with optimum humidity and after their intense packing.
Therefore the surface of GLP under the action of alrcraft and
natural factors are unavoldably destroyed with greater or lesser
intensity. After the passage of the aircraft wheels on the sur-
face of the soll there are formed tracks, deepening with repeated
passes along the same track. Under the short-term action of
the gas flow of alrcraft engines the particles of the surface
layer of soil are ralsed into the alr, forming a dust cloud.
Under the prolonged action of gases from jet engines at rest and
at start under takeoff conditions besides the formation of a
cloud of dust there 1s possible the movement of a layer of soil
several centimeters thick for several meters. The surface is
eroded with the runoff of rain and thaw water, is scattered
by wind. In winter on the GLP surface there are formed little
-knolls (swelling of soils); in spring there appear sags of highly
water-saturated knolls.

In connection with the low strength and wear resistance of
soll frequent and systematic repair of the GLP is necessary.
With intense operation of aircraft there is necessary systematic
repair of the surface in the interruptions between flights - after
100, and sonietimes even 20 takeoffs and landings (depending on
the aircraft type and condition of the ground). With occasional
(single) takeoffs and landings of aircraft on spare GLP the
repair is carried out not less than 2 times per year - in spring
and in autumn. For the purpose of decrease in the accumulation
of soll deformations: tracks from the aircraft wheels and
blowoff by the alr flows of engines, during systematic flights it
i1s recommended to change the place of start along the width of
the flying strip. Therefore the GLP are set up, as a rule, wider
than the RW with artificial coverings. The prolonged effect of
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the gas flow from jet engines on the takeoff sections of the GLP
should be eliminated.

The resistance to the rolling of aircraft wheels along the
soil in connection with the expenditure of operation for deforma-
tion of the soil (formation of tracks) is greater than when
rolling over a nondeforming surface of artificial covering.

The adhesion of tires of aircraft wheels with wet loamy soil
is less than with a wet artificial covering. Therefore for
identical conditions (local atmospheric) and characteristic of
the designed ailrcraft the length of the GLP should be somewhat
greater than the RW with artificial covering.

The operational qualities of the GLP can be sharply changed
during one year in connection with the annual conditions (Fig. 5).
In the dry periods of the year

A the flying strips on cohesive
E" solls possess sufficient strength
Em l /,/ K for the movement of all modern
%“ o ‘\ aircraft of civil aviation.
§6 When a well developed sod
§‘ "[ covering and low intensity of
(1) S REOOOEROEREAE flights are present, the dust
Juma | Hecnd .lema ] deews  Muna

formation under these conditions
can be 1lnsignificant. The air-
craft motion over the frozen

(2) (3) ) (5) (2)

Fig. 5. Chart of change in the
soll stre.ngth of the GLP dur-
ing a year. 2 soil in winter (cleaned of
KEY: (1) Soil strength, kgf/cm;

(2) wWinter; (3) Spring; (4)
P Summer ; (55 Autumn. special complications. However,

snow) also does not cause

during the periods of moistening
of soil in the spring and autumn, and also after lingering rains
in summer the strength of soils is lowered, sometimes so much
that the wheels of aircraft bog down, forming deep tracks, in
consequence of which flights become impossible. In a number of
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cases considerable complications to aircraft movement are exerted
by the contamination of landing gear, fuselage and airframe by
liquified soil, being thrown out from the tracks by the wheels.
The pieces of 801l can enter the aircraft engines. The period

of sharp lowering of the soll strength is called the period of
bad road conditions. In the middle band of the Soviet Union

are pronounced spring and autumnal bad road conditions, and in
rainy years also a brief summer. In the southern part of the USSR
and in the Central-Asiatic republics due to frequent thaws and
insignificant depths of soil freezing the autumnal bad road
conditions are frequently drained off with spring.

The speed of the soaking of soils of the flying field
depends on the grain-size distribution of the soll, area relief
and degree of compaction of the soil. On the sections of the
flying field with increased slopes and even surface (the absence
of small minor depressions and tracks from the wheels of trans-
port) the fallen precipitation drains off and the soil absorbs
considerably less water than on sections with uneven surface
and small slopes. The more highly the soil is packed, the less
the voiume of pores in it and the smaller the quantity of free
and capillary moisture, which most sharply lowers the
resistance of soll to loads, that can be contained. Friable and
insufficient packed soil rapidly becomes soaked; with the
passage of the aircraft wheels on such s0ll deep tracks are formed
and the resistance to the rolling wheels considerably increases.

Spring bad road conditions begin from the start of the thaw-
ing of soll after the snow cover comes off. They usually cease
after complete thawing and drying of the upper layer of soil to
a depth of 30 cm. The soaking and reduction of the bearing capacityi
of soil during the spring period is considerably more intense
than in autumn and in summer. This i1s explained by the fact that
before spring thawing the soill to a depth of about 1/3 the depth
of freezing (to 25-40 cm) becomes saturated with ice caps, which
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were formed in winter as a resuit of the drawing up of moisture
from the lower layers. The volume‘of ice caps often exceeds

the volume of pores (knolls, swells).ﬂ Therefore with thawing the

soil becomes not only water-saturatedj but also friable. 1In the
process of thawing in the spring the percolation of water from
the surface layers into the underfying layers is hindered by

the presence of frozen, not still thawed sweet clover. In spring
at low air temperatures the evaporation of ground molsture is
insignificant, and rain deposits create additional moistening.

During the period of autumnal bad road cond{tions the soil
is overmoistened because of the precipitation (rains, wet snow)
and weak evaporation at the lowered positive alr temperature. The
thickness of the layer of the overmoistened soil in autumn _
usually does not exceed 10-15 cm. Summer bad road conditions are
possible only during the period of lingering rains and are brief
in view of the considerable evaporation of moilsture at elevated
alr temperatures.

For decrease in the scaking of soil when designing the GLP
it is necessary:

a) to select sections without lowered piaces, being well
ventilated, without closely located water and vadose water
(closer than 1.5-2.0 m to the surface in spring and autumn);

b) to impart increased slopes of the GLP surface for the
rapid runoff of precipitation. The longitudinal slope should
be not less than 0.005, and cross within from 0.05 to 0.025;

¢) during the period of construction and in the process 3
of operation to pack the soll on the entire effective area of i
the GLP to a depth 1/3-1/4 of the freezing depth. The . degree :
of compaction of soill Kynn shouid be >0.95. For the compaction
of soll use heavy rollers with regulated pressure in the tires;
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d) to accomplish drainage of soils and accelerated water
drain on the flying fleld - high ditches for protection from the
flow of rain and thaw water from the catchments, adjacent to the
flying field; thalweg pits and sometimes dryers for the
remcval of water from the low sections of the GLP rellef;
shielding turf for the removal of flow of ground water;

e) to provide for the creation of sod covering of perennial
grass mixtures taking into account the climatic and soll conditions
of the area of construction of the airfleld; in the process of
operation provide care of the sod covering (fertilizing, sowing,
moving, etc.).

The low cohesiveness and low mechanical strength of the local
soll, as the building material, also affect the requirements for
the geometric forms of the general relief and allowances for
the guality of the relief of the GLP surface (including micro-
relief). During the construction of unsurfaced flying strips it
is not possible to create a surface in the form of a combination
of geometrically precise and even planes, as 1s provided for RW
with artificial coverings.

The surface of the GLP is a combination of curvilinear
(smooth) surfaces with generating radius of curvature several
kilometers at every point. During the construction of GLF with
the ald of a complex of excavating, levelling and packing machines
assigned in the project the plane 1s obtained in the form of
a rippled surface, deviating from the projected in some direction.
These deviations at intervals between points from 5 to 20 m
(local relief) during the construction of GLP are allowed
correspondingly from 10 to 20 cm (for RW these allowances are
below); protuberances (indentations) of the microrellef of GLP
under 3-5 m rods are allowed in 5 cm (for RW, the gaps under the
rod are considerably less).
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In the process of operation the evenness of the GLP i
deteriorates. The operational allowances for the quality of the
local relief of GLP are 1.5-2 times greater than the constructions
indicated above. The unevenness of the GLP surface in conjunction
with dissimilar deformability of the soil under the aircraft
wheels during takeoffs and landings create dynamic loads on the
structure and equipment of aircraft. The service life of the :
alrcraft structure during systematlc flights from GLP 1s lowered 5
in comparison with the flight conditions from RW, which have
solid artificial coverings. The degree of reduction in the
service life depends on the characteristics of the shock-absorbing
systems of the alrcraft landing gear.

PURBRERTRPRp I 3+ § B e

The expounded features of dirt flying strips make them un-
suitable to provide for routine and intensive flights of modern
long-range and high-speed transport planes of civil aviation.

o armak et

The GLP as spare strips under specific conditions can provide
only single takeoffs and landings of these types of aircraft.
For regular flights with low intensity of alrcraft, servicing
local air lines, there are set up so-called improved dirt flying
strips, which are described below.

The strength of the soil of flying strips, as was noted,
is changed during a year under the effect of atmospheric conditions.
Therefore it must be known whether the strength of soils of flying
strips is sufficlient in a given period for takeoff's and landings
of a specific alrcraft of civil aviation.

By strength of the soll we mean the 1limit of plastic resistance
with deformation of soll by a local load. This value 1s designated
¢ (in kgr/cmz). The required strength of soll depends on the
dimensions, location and load factor of the wheels of the main
struts of an aircraft, and also the reserve thrust of its engines
and can be considered as the greatest for two cases:
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1) the possibility of moving the aircraft from its place
to the takeoff with the aid of the thrust of its engines

°¢‘I'P'==lv4 ’—:%: (1)

- ‘ 2) 1limitation of the deformations of the flying strip sur-
] ’ face by the maximum permissible depth of the track after the

. first pass of the aircraft (Hnon < 0.065D (D - outer diameter of
the tires of the wheels))

- [
Ou = Frx m&%ﬁfg" —-;'-i . (2)

b e oo o B i e

-

where By ™ PH/DB -~ the specific load factor of the wheels of
the main struts of the alrcraft;

P - load of main strut wheels, kg;

outer diameter and width of the wheel tires,
cm;

o
5
[«
w
i

RO - RO/G83 - thrust-weight ratio of the aircraft;

=

Ry - thrust at takeoff (takeoff conditions), kgf;
G_.. - takeoff welght of the alrcraft, kg;

m and k - coefficlents considering the deformation of
tires with rolling and repeated passage along

f one tfack of the wheels of a four-ﬁheeled strut

of an aircraft are determined from Table 10.

For single and dual wheels on one axle of main

j struts kTaHA = 1,
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Table 10.

G, kgf/cni2 m kraun
3 1.0f 1.65

5 1.1} 1.65

7 1.2] 1.54

9 1.4] 1.54

11 1.7} 1.54

Comparison of soll strength, obtained by calculation using
formulas (1) and (2), with actual, determined by tests on the
flying field (see § 68 Chapter XVI), will permit solving the
question of the use of GLP for takeoff and landinz of this
ailrcraft.

Dirt flying strips on the flelds of collectlive and state
farms for the aircraft of agricultural aviation have some dis-
tinctive feature.

The aircraft of agricultural aviation of the An-2 and An-2M
type possess good passability along the soil (required soil
strength for takeoffs and landings maximum with takeoff welght is
o= 4 kgf/cm2 and more). But practice showed that for timely
spring agrocnemical treatment of fields the passabllity of these
machines on poorly prepared areas of collective and state farms
proves to be insufficient. A feature of this type of operation
consists in the fact thav it 1s necessary to apply mineral
fertilizers to fields in very constricted periods: frow the
moment of complete witrdraval of the snow cover to the beginning
of drying out of the soil on the fields. This period lasts
from 4 to 10 days. Poorly packed and laid out areas on loamy
solls (meadows, pasture, etc.) during this period have strength
about 2 kgf/cmz. If we perform work from forzen soll before
the removal of the snow-corer - melted water washes away‘fertilizer;
if later, when the soil has dried, the fertilizers are not fully
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mastered and thelr effectiveness 1s small. In eilthe case the
productivity 1s lowered, agriculture will bear losses. in this
case 1t 1s necessary to keep in mind that in the economies,

as a rule, the necessary construction technology 1s absent for the
timely qualitative preparation of improved dirt flying strips.

Experience of the combined operation of aviation units of

agricultural aviation and alrfield construction specialists of

the MGA permitted drawing up the minimum requirements for the

selection and preparation of sites on the fields of state and

collective farms of a number of reglons of the country, with

the observance of which there 1s ensured soil stxength not 1less

than 4 kgf/cm and operation of An-2 alrcraft in the spring

bad road condition period: 1) the dimeaslons and slopes of the

sites should correspond to class F airfields; 2) the sites must

be selected on sand-loam or light loamy solls, located on elevated

and watershed sections with southern or southeastern la;»ut and

with the absence of ground waters closer than 2.5 m from the sur-

face; 3) timely (from the autumn) in bad rcad conditions on
~the flying field (site) separate the takeoff point with width

25-30 m over the entire length of the GLP for takeoffs and landings,

on which to create the increased side slopes (0.015-0.020),

thoroughly lay out the surface and pack the soill in 5-8 passes of

smooth metal PRK-4 rollers or pneumatic-rubber D-219 rollers

(or other types) with moistness of the soil close to optimum,

in the low places set up the simplest dryers (with pipes or without

pipes, but with a filling trench with crushed stone or gravel);

4) bvefore intense snow melting (one-two weeks) thoroughly clean

the site of snow (in winter do not remove snow from the site),

after snow removal for accelerating the thawing of soil cover

the surface with a thin layer of ashes, coal or peat dust, slag;

5) 1in the intervals between flights level the wheel tra:ks with

light rollers.

by

ok



]
I
3
b
&
¥
[

Radical improvement of the nperational conditions of aircraft
on airfield dirt strips can be achieved only by the construction
of lightened type coverings. Some reduction of the duration of
the nonflying period can be achieved, having created a good sod
cover and having improved the planning of airfields, particularly,
having eliminated all places where water can stand. The bad road
condition period can be shortened with the aid of several opera-
tional measures, described below.

§ 6. SOD COVER

Sod cover is the top layer of soil, densely overgrown and
secured with roots of perennial grasses. This increases the
supporting capacity of the ground, decreases its ability tc be-
come sodden, dust formation at the airfileld, and contributes to
shortening of the period of the spring bad road conditions. The
sod cover on the LP should withstand a load from aircraft wheels
with internal tire pressure 5-7 kgf/cm2 without the formation
of wheel tracks deeper than 3?5 em, possess as much as possible
a uniform structure and density of the soll on the entire working
area of the field, have an even and thick grass stand.

‘ The quality of the sod cover 18 determined by its thickness,
coherence and state of the grass stand. Depending upon the thick-
ress the turf is subdivided into the following types: slight -
with thickness of sod layer up to 6 cm; medium - from 6 to 11 cm;
thick - thickness exceeds 11 cm. The sod cover on airfields
should have layer thickness not less than 6-7 cm.

With respect to coherence we distinguish the following types
of turf: slightly cohesive -~ easily broken up with the hands, or
easlly cut up; medium cohesive - cut up by a spade with difficulty
and requires effort for breaking up with the hands; highly
cohesive - does not lend 1tself to breaking up with the hands and
is cut up by a spade or hoe with great difficulty. The turf
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1 possesses satisfactory quality when a sample of it 12-15 cm thick
1 ' and 6 x 15 cm in area, cut out in moist state, is not broken
down and 1s not torn off with its careful lifting from the grass.

f The grass stand is the surface part of the layer: it should
be thick, uniformly close, not above 20-30 cm. The quality of
the sod cover depending on the state of the grass stand is
determined by the quantity of shoots per unit of area (Table 11).

Table 11. v :

3 3
g Quantity of shoots per 20 x 4
4 x 20 cm area ;
1 sod- f
g Turf dry , : _
F gggzolic chernozem|steppes i
1 zone and i
: forest-~ 1 !
A steppe gem -t
E | P eser
FOOTwvuvnrnnnres | <100 <50 <35 3
Satisfactory.... }100-200 50-100 35-50 ;
GOOd. ce v s er s 200-'400 100_200 50—100
Excellent....... >400 >200 >100

At alrflelds utilized by aircraft with jet engines the turf g l
should be stable and be rapidly restored after scorching by the i i
§ Jets of hot gases from the engine nozzles. For 1lncreasing the :
resistance of the sod cover to burnout a special selection of !
1 grass-ground cover is made.

3 The best grasses -~ sod-formers are meadow grasses with.

i admixture (up to 25%) of legumes, which together create a thick

1 system of roots and rhizomes, densely penetrating the top layer -
of the soll (grass) and connecting it with the underlayers

oy 2L NN T T AL LM s aves

(legumes). With respect to resistance to abrasion and wear the most
stable 1s pasture rye grass, the most resistant to high tempera-
tures 1s awnless brome grass, the best ground cover with respect

to all the criteria 1s blue grass.

T
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The strength of the sod cover depends on the qualitative
composition of the surface layer of the soll of the flylng tield,
the features of grasses and sod-formers, humidity, temperature,
care and others. The top plant layer of the earth should be
well penetrable for water and air, sufficlently cohesive and at
the same time elastic.

The best solls for the creation of durable sod cover - highly
fertile sandy~-loam and light lcary, which have durable crumbly
structure. The humus content in the soil should not exceed
4-8%, since humus, as clay, sharply lowers the water permeability
of the soil. A flying field with increased humus content has
reduced supporting power of the surface covering. The reaction
of the soil should be weakly acid or weakly alkaline. To avoid
the premature dying of grasses it 1s necessary to strictly
observe the conditions of operation of the sou covering on unpaved
airfields.
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CHAPTER 1V
DRAINAGE OF THE FLYING FIELD

§ 7. PURPOSE OF THE DRAINAGE
SYSTEM

The operation of flying fields is pefmissible‘if the soils
possess high supporting power, which depends on their moisture
content. With considerable moisture content the load-bearing
capacity of soil is shérply lowered and the normal operation
of alrcraft from ground takeoffs becomes lmpossible. For the
favorable development of sod cover on the flying fleld the soills
also should not be too moist. Thus, on unsurfaced takeoff strips
of flying flelds excess moistening 1s inadmissible. Therefore
the main task of the drainage system of the flylng fleld 1s the
removal of the excess surface or ground water. Durling the con-
struction of the drainage system of the flylng fleld it 1s necessary
to consider the reasons for excess molstening and the types of
water supply. The excessively moistened areas of the flying
field proceedlng from conditions whicn cause overmoistening of the
soll, in the assumption of Prof. A. V. Brudastov, are divided
into four main types:

a) areas of alluvial feed, which are characterized by over-
moistening of the surface by the inflow of water from sections
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located outside the flying field, and also by flooding of the
territory during seasonal floods;

b) areas of atmospheric feed, which arc characterized by
bogging due to overmolstening by precipitation and by thaw water.
The overmoistening'of such areas is characteristic for sections
 with small slopes, complex microrelief and slight water permeability

of the cover rocks (clays, heavy and medium loams, heavy and
medium dusty sandy loams);

c)’ areas of grouﬂd feed, which are characterized by over-
moistening of the surface as a result of the capillary rise of
ground moisture, and also as a result of vadose water from
precipitation. Such tyﬁe of overmoistening is characteristic

. for sections with layers of small thickness of the soils being
penetrated (sands, sandy loams and light loams), underlain by
water-repellent soils (clays or heavy loams);

d) areas of ground-delivered feed, which are characterized
by excess molstening as a result of the squeezing out of forced
ground waters to the surface of the flying fleld or their
capillary rise. This type of overmoistening is encountered in
the terrace parts of fluvial valleys with the presence of loose
rocks; covered by a layer of clay or loam.

The described types of water feed can be encountered both
individually and in combination with each other. Drainage systems
considerably accelerate the drying out of soils at the sites and
reduce the perlods of bad road conditions at the airfields.

§ 8 THE PRINCIPLES OF DRAINAGE

The drainage of the flying field should be solved taking
into account the project of the vertical planning of tlie airfield.
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In a number of cases the vertical planning can largely eliminate
the excess overmolstening of the soll. While creating the project
of vertical planning of the flying field it is necessary, as a
rule, to ensure the natural runoff of surface water.

The methods of drainage of the flying field depend on
the causes of the formation of excess overmoistening and the type
of water feed.

Protection from the inflow of water, running off {rom adjacent
catchment areas, is accomplished with the aid of high ditches,
which intercept and discharge water into the nearest basins or
into depressions in the relief. The earth banks of high ditches
should be set up on the side of the airfield continuous for the

- entire length. For interception and diversion of water there can
é be used embankments and side drains of automobile roads and rail-
3 " roads, passing near the airport. For protection of the flying

- field of the airfield from flooding during seasonal floods dikes

b with reinforced slopes are constructed. The height of such dikes
is taken 0.5 m higher than the highest horizon of flood waters,
which is repeated once in 10 years.

With atmospher’- feed the main method of drainage of the flying
field is the acceleix:ion of runoff for the purpose of rapid
water removal outslde the airfield and maximum decrease in the
absorption of precipitation by soils. For the prevention of stand-
3 ing water in this case there is set up a speclal storm sewer
F system. With ground feed there 1is provided lowering of the level
of ground water with the aid of drains. The draining standard

(maximum permissible depth from the scil surface to the maximum
level of ground water or prolonged perched water table) for GLP

! is taken equal to 0.6 m in sandy and sandy-loar soils and 0.8 m in
1 loamy. With ground-delivered feed at the points of water emergence
3 to the surface 1t is intercepted by trap channels‘or by closed




collectors; in a number of cases dralnage is set up. As a rule,
water removal from the dralnage network should be accomplished
by gravity. The construction of pumping plants which require
constant maintenance is allowed only in exceptional cases with
special substantiation.

When selecting the type of drainage of the flying fileld one
" must take into account the climatic zones of the USSR, geological
and hydrogeological conditions, area relief.

§ 9. SCHEMES OF DRAINAGE AND SEWER
SYSTEMS

The project of construction of the drainage system is develop-
ed taking into account the type of water feed of the area,
character of the rellef and surface of the flying field, The area
rellef is exposed with the aid of detailed geodetic photbgraphy
of the planned surface, as a result of which we more precisely
determiné the presence and location of low areas.

The dralnage system of the flying field consists of closed
elements of the network (dryers, drains, collectors, sewers, trap
drains) and open elements -~ channels, the construction of which 3
admissible .only outside the outer edges of “he approcach corridor.
The dryers are set up for the removal of the surface water with
atmospheric feed, and drains -~ for removal and lowering of
ground waters with ground and ground-delivered feed. The collectors
receive and drain off the water flowing out of dryers or drains.

The sewers drain off the water entering from collectors. Trap
drains are set up with ground and ground-delivered feed and are
intended for the interception of ground waters from an external
water intake.
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The open include discharge, high and trap channels. The
discharge channels remove water from the closed dralnage network
into a water intake. High channels are intended for the capture
of water which enters from adjacent spillways. The trap channels
capture and drain off water with ground and ground-delivered
feed.

The drainage network with atmospheric feed is set up as selec-
tive (Fig. 6), intended for drainage of separate sections
of the flying field, and as constant
(Fig. 7), with which drainage is
accomplished on the entire flylng fileld.
During selective drainage with a small
quantity of overmolstened sections
sewer dralns are marked out 1n a
plane along low sections and along
thalwegs, where there can primarily
be the accumulation of precipitation
Fig. 6. Diagram of se- and overmoistening of soils. With
;ggzivioir;iggg::Oflsfp" constant drainage of the swampy
dryer; 2 - collector; sections dralnage lines are marked
8 = e out at an acute angle to the surface
horizontals in the form of parallel lines, which ensure the best
water catchment. The distances between sewer drains are usually
taken on the basls of test work and are tentatively given in
Table 12. The angle between the dryers and collectors being

coupled in the direction of motion of water 1s taken from 75 to
phlthd

Fis. 7. Diegram of con-
stant a..'nage of the
flying fiela: I - dryer;
2 - collector; 3 - sewer;
4 - main sewer.
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Table 12.

Surface slopes

Soils

0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008
0.009

0.01

Distance between dryers, m

ClaYeececescecocaceccaaasaet 25 135 JUO JU5 |50 |55 |60 }65 |70 |75
Medium loam...ccccec0...] 35 145 }50 |55 {60 |65 |70 |75 (80 |85
Heavy dusty sandy loam..| 45 |55 |60 |65 |70 |75 |80 |85 |90 {95

Collectors as much as possible should be marked out perpendic-

ular to the surface horizontals of the flying field. With two-

sided joining of the sewer drains the distance between collectors

is taken as double the length of dryers, while with single -
a singleﬁlength of the dryers.

The coupling of pipes of the sewer drains with the collector

pipes 1is usually accomplished with the aid of shaped stones
(Fig. 8), and with the absence of such stones the pipes of the
dryer are put into the collector pipes.

Fig. 8. Coupling of pipes
of sewer drains with col-
lector pipes: 1 - shaped
stone; 2 - ccllector pilpes;
3 - dryer pipes; U4 - tar-
impregnated hemp 1-1.5 cm.

Sewers and main channels are laid along the shortest path
to water intakes, by arranging them in the low places of the
surface of the flying field. The maximum permissible length of
the elements of the sewer drainage network is taken according
to Table 13. In a number of cases the surface water can be
concentrated in the closed low places of the dirt part of the
flying strip, and also in the places between the RW, RD and MS.
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For the removal of surface water from such places we set up thalweg
wells with water discharge from them into sewers, draining off the
water away from the airfield. The slopes of the elements of the
dr{ "nage network on the flying field are designated so as to
eliminate their erosion and clogging (Table 14).

Table 13.
Maximum length
of elements, m
Element of T
drainage net-
work

Normal
In excep
tional
cases

Main sewer and
sewers.......]1000 1500

Collectors.....] 200 250
Sewer drains
with pipes 100 150
Sewer drains
without pipes! 50 65
Table 14.

Standard slopes
of elements of
the sewer drain-
age network
Element of dralinage
network

minimum
maximum

Main, high and trap
channels.....ccceee.0... |0.0005 |0.006
Main sewers and collectors
with pipes more than
30 ¢m in diameter.......|0.0010 [0.008
Maln sewers and collectors
with pipes up to 30 cm
in diameter...c.ceee0...10.0015 0.010
Collectors and drains with

pipes _ 0.0020 |0.010
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The depth of laylng of the pipe dryers must be taken as small
as possible. It is established on the basis of the strength
calculation of pipes from the effect of an aircraft load. For
airfields with given wheel load 17 and 12 t the minimum depth
of laying for clay and asbestos~cement pipes 50-75 mm in diameter
is taken not less than 0.60 m. With ground and ground-delivered
feed on the alr fleld 1s set up a sewer network, with the ald of
which water 1s discharged and the level of ground water 1s lowered
to the established norm of drainage. The low surface of the ground
waters in this case in the transverse direction‘is characterized
by a depression curve (Fig. 9). The lev2l of action of the
sewer is the level, below which the sewers cannot lower the ground
water.

We distinguish two types of dralnage: perfect, at which the
drains pour directly into a water-confining stratum, and imperfect,
at which the drains pour above
the water-confining stratum.
The drainage network in the
plan is arranged similar to
the arrangement of sewer

drainage network and includes Fig. 9. Diagram of lowering of
drains, collectors and the level of ground water by the
dralnage network: 1 - actual

sewers. At the flying field water level; 2 - depression

is laid constant drainage or curve; H - minimum laying depth
selective in separate sections of the ground water.

with high level of ground water. Dralnage sewers, as a rule,

are arranged perpendicular to the motion of the grouvnd water,

parallel to the water table ccntour (Fig. 10).

The distances between drains are designated depending on the
soll:

Meager Cl&y-...-.-..............-. 8—101’1’1
Heavy sand log8Mi.sicesescesecaccaas 10-12 m
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Medium 108M..ccvverececescceneees 12-14 m
Ligl‘t loam.o‘o--oo’o-o-no.oo----o 1“"16"‘
Dusty loam----o..---.nnon-o---oc- 16-18m
Medium-grained sand......cccveese 17-20 m

Fig. 10. Diagram of the filling of
the sewer drainage network: 1 -
water table contour; 2 - collector;
3 - drailns; U4 - sewer.

The depth of laying of drains depends on the hydrogeological
conditions of the terrain and it i1s established by calculation.
For preventing the breakage of pipes 1t is recommended to lay
pipe drainage lower than the freezing depth of the soll. Usually
the drainage network on the flying field is laid to a depth from
1.0 to 1.5 m, in this case the depth of laying of drains shcul
be soniewhat more than the required norm of drainage.

The laying depth of the collectors, sewers and main channels
is determined by the form of their coupling with drains. Trap
drains with ground-delivered feed are lald from the top of the
swampy section. With fine bedding of water-confining stratum the
trap drains are set up on the water-confining stratum or close
to it. With depth of occurrence of water-confining stratum
2.5-3.0 m the trap drain is set up less than this depth.

The slopes of the drainage network and the permissible speeds
of water in them depend on the construction features of the
drains. The maximum slopes of draina from clay pipes are given
in Table 15. The calculated speed of motion of water in drains
should not allow either the clogging of pipes or the erosion of
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soil at the places of location of joints.
and wooden drains the speed of water is allowed from 0.25 to

For clay, concrete

1 m/s.

Table 15.

Diameter Maximum slopes Diameter Maximum slopes

of pipe, of pipe,

cm maximum |minimum cm maximum minimum
4.0 0.0Bg 0.0032 10.0 0.024 0.0009
5.0 0.05 0.0023
6.5 0.040 0.0019 13.0 0.017 Doy
8.0 0.035 0.0013 16.0 0.013 0.0005
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§ 10. CONSTRUCTIONS OF ELEMENTS OF
DRAINAGE SYSTEMS

The constructions of elements of the drainage systems of
the flying field should ensure the safe operation of alrcraft on
airfields and satisfy the requirements for maximum prefabrication
and industrial feature of construction. When building the

. Grainage network at airfields we use the following constructions:

a) sewer pipe drains; b) pipe drains; c¢) collectors and
sewers; d) drain constructions.

Sewer drains (Fig. 11) made of clay or asbestos-cement pipes
50-75 mm in diameter are lald 1n rectangular type trenches with
width along the bettom 0.1--0.2 m, and weak solls - trapezoidal
type with width along the bottom 0.20 m larger than the pipe

diameter. Before laying the pipes we set up the base from

packed crushed stone or gravel. In asbestos-cement pipes for the

reception of water along the entire length of the drain every
0.3-0.5 m we make grooves 1-1.5 mm wide to a depth % of the
diameter of the pipe. The clay pipes are laid without framing
of Joints. The trenches are filled in by the filter method,

with which materials of larger fractions are arranged in the
underpart with gradual decrease in the value of fractions at the
top of the trench. As the filtering materials we use sand-gravel
mixture, large crushed stone or gravel of fractions 3-5 c¢m. The
use of large pebbles 5-10 cm in size 1s possible also. However

in this cese above the filling there is additionally laid a
layer of gravel 5 cm thick.

At the top of the trench there 1is left a water-recelving
slot, the remaining part of the sewer draln 1s treated with hot

asphalt by the impregnation method with asphalt consumption
6-7 1 per 1 m? or it 1s sodded.
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Fig. 11. The construction of sewer drains: a)
gravel receiving part; b) receiving part in the
form of a narrow slof with sand-gravel mixture
filling; c¢) the same, with sifted gravel filling;
d) the same, with 1limited width of gravel
filler; 1 - gravel filling (top layer 5-6 cm,
bottom 2-3 em); 2 - sand-gravel mixture; 3 - clay
or asbestos-cement pipes; 4 - sod 5-10 cm thick:
5 - layer of crushed stone (gravel) of function
(sic) 1-3 cm, treated with asphalt; 6 - coarse-
grained sand; 7 - sod 5-10 cm thick; 8 - gravel
or crushed stone of fraction 5-6 cm; 9 - pre-
paration from packed crushed stone with layer

5-7 em; 10 - gravel or crushed stone of fraction
1-2 cm; 11 - soil.

Pipe drains made of clay, asbestos-cement and ceramic pipes
100 mm in diameter (Fig. 12) are laid in a trapezoidal trench
with width along the bottom 0.20-0.25 m and with depth 1.0-1.5 m
and are filled in with gravel or crushed stone. Above the
filling we lay the insulating layer of sod or moss, whereupon the
trench 1s filled with the soll, removed earlier from the trench.

Over the filled in and packed soil we place a plant layer 10-15 cm
thick.

Collectors and sewers made from asbestos-cement, high-
strength concrete and reinforced-concrete pipes (Fig. 13) are
laid in the trench, as a rule, of trapezoidal cross-section with
width along the bottom 10-25 cm more than the pipe diameter. The
slopes of the trench in stable soils are taken 7:1 and in less
stable 4:1. Depending on the material pipes of the following
diameters are taken: asbestos-cement pipes with inner diameter
75-546 mm; high-strength cement pipes witn inner cdiameter
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< J0-60 Fig. 12. Construction of drainage

T ) . trench: 1 - drain pipe with diameter
not less than 10 ¢em; 2 - stone filling;
3 - insulaticn with sod or moss; U4 -
filling with soil, removed from the
trench; ‘5 - vegetable soill.
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300-500 mm; reinforced-concrete with inner diameter 500 mm and
more. Durling the construction of the drainage network from
pipes with diameter less than 500 mm preference should be
i given to the asbestos-cement pipes, which are more reliable and
economical.

Fig. 13. The pipes of drainage
systems: a) reinforced-
concrete; b) concrete; c)
asbestos-cement.

The pipes are laid on a planned base and are connected by
couplings. The joints of couplings are poured over with asphalt
or cement test. - High-strength cement pipes are coupulsory
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tested - filve pipes from each batch of 100 pieces. The pipes are
considered having withstood testing i1f with load 1.5 times less
than breaking no damage 1s established. Reinforced-concrete
pipes are used with height of filling above the top of the pipe
not less than 0.75 m. The pipes are made of concrete of a brand
not below 200 with fittings from steel of class A-I, having
design tensile strength 2100 kgf/cm or steel of class A-II of
periodic shape with design strength 2700 kgf/cm

The conditlons of the suitabllity of reinforced-concrete
plpes after testing are the same as for concrete. The joints
of concrete and reinforced-concrete pipes should be thoroughly
sealed. The jolnts are set up from roofing felt or ruberoid
or from cement mortar. In the first case the Joints overlap with
two layers of roofing felt or ruberoid in the form of 150-200 mm
strips on hot pltch. 1In the second case at the places of Jjoining
of pipes there is applied a belt of cement mortar 1:3.

The concrete and reinforced-concrete pipes of sewers are
lald on the bases made in one pilece or of assembled blocks.
Cement pipes with diameter 300-500 mm are lald on bases made of
assemtled concrete blocks (Fig. 14) with strength of concrete under
compression not less than 300 kgf/emz. Blocks are laid on
a layer of cement mortar with calcuiation of 10-20 I per 1 m2
of the block bottom. Vibration ensures the tight fit of the
blocks to the soil.

Fig. 1b4. Sewer pipes on a
base made of assembled blocks:
a) block for base under the
sewer pipe; b) general view
of the sewer pipe and base
made from assembled blocks:

1l - sewer plpe; 2 - cement
mortar 1:3 - 1l:U4; 3 - block of the base; 4 - cement mortar
1:6-1:8; 5 - mounting clamps 10 mm in diameter.
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Reinforced-concrete pipes with diameter over 600 mm, when
the modulus of the underlying soil is equal to or more than
300 kgr/cme, are lald on monolithic concrete bases, and with
deformation of the soil less than 300 kgf‘/cm2 we set up reinforced-
concrete bases. The thickness of concrete and reinforced-concrete
bases 1s determined by calculation and is taken as 15-20 cm.
Constructions on a sewer drain network consist of manholes and .
thalweg wells and outfall constructions.

The manholes of sewers are set up as rectangular and round
from precast and in sitﬁ concrete. Rectangular wells with
internal size in the plan 0.7 x 0.7 m (Fig. 15a) are used with : 4
external diameter of sewer 1less than 700 mm and depth of laying ’ |
of pipes not less than 2.0 m. With greater depth cf laying and
larger diameter of sewer pipes we use wells with internal size
1 x 1 m(Fig. 15b). Round wells (Fig. 15¢) with inner diameter
0.7 m are used with external dlameter of sewer up to 400 mm and
laying depth of pipes up to 2.0 m. With the external diameter
of sewer 400-500 mm and greater laying depth of pipes we used
round wells with inner diameter 1 m (Fig. 15d).

O

Manholes of two types are constructed: with covers on the

surface; with burled covers. Manholes with buried covers are 3
constructed only at the points of intersection of sewers with :

the effective area of the unsurfaced strip of the flying field. ;
In all remaining cases on the flying fleld we construct the first ; 3

type of manholes. "It Is advantageous to use manholes from precast .
reinforced-concrete elements - cover, opening of middle components
and bottom. Under the bottom of the manholes is laid out a
crushed stone or gravel slab 15-20 cm thick. Around the manholes

with covers on the surface at a distance of 0.8-1.0 m from the
edge there should be crushed stone or gravel reinforcement of the

,'
i N e S e i 0 e

soil 20 em thick with asphalt impregnation to a depth of 6-8 cm.
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Fig. 15. The construction of manholes:

1 - reinforced-concrete cover; 2 - crushed
stone or gravel area with asphalt impregna-
tior to a depth of 6-8 em; 3 - concrete
wall; 4 - brackets 16 mm in dlameter for
descent into manhole; 5 - packing of tar-
impregnated hemp 1-1.5 em thick; 6 -
asphalt insulation; 7 - asbestos-cement
overflow pipe; 8 - concrete base; 9 - slab
made Irom cement mortar 1:6-1:8; 10 -
crushed stone preparation; 11 - reinforced-
concrete plate; 12 - framing with broken
clay.

Thalweg wells (Fig. 16) are constructed of rectangular cross
section with approximate dimensions in the plan 1.6 x 0.3 m and
2.4 x 0.3 m from precast or in situ reinforced concrete.

201 .Jﬁil 2 don Fig. 16. Construction of thalweg well:

SR 13i:To.TI 1 - lattice; 2 - area with asphalt
R ¢ treatment; 3 - concrete walls, of well:.
g .|M?"’Jﬂ* I overrlﬁw' 5 - slag slab; 6 - layer
. of cement mortar 1:6-1: 8; 7 - waterprcof
soll; 8 - packing made of tar-
impregnated hemp 1-1.5 c¢m thick.

The lattlces of thalweg wells from two-three components are
metal,welded and are placed or supporting frames. The lattices of
thalweg wells are located 8-10 cm lower than the surrounding
ground surface and are connezted with it by a funnsl-shaped area.
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On objects with swelling soils the thalweg (and manholes) wells
are set up taking into account antiswelling measures. Opening
constructions (caps on sewers) are set up concrete and reinforced-
concrete. The construction of opening structures depends on the
hydrogeological conditions and laying depth of pipes in the soil.
The banks and bottoms of ditches around the cap are reilnforced

by turfing, paving with ctone, and also by precast concrete and
reinforced-concrete plates. The characteristic construction of
opening structures is shown in Fig. 17.

Fig. 17. Constructions of 3
opening structures: 1 -
turfing; 2 - double
surfacing to moss with
extent not less than 3 m;
3 - cement mortar.

The dimensions of separate elements of manholec and thalweg
wells (bottom, walls, covers and lattices) must be determined
by calculation of strength from the action of the airecraft wheels.

When designing the open channels (composite, high and trap)
speclal attention should be pald to reinforcement of the bottom
and banks. If the rated water speeds in the bed of the channels
exceed the value of the permissible speeds given in Table 16,
it is necessary to reinforce the banks and the bottom of ditches

h e e e . o

Dikes are also set up with reinforced banks on the side of
the basin by the seeding of grasses, flat sodding, sodding to
wall or by the square, by single or double surfacing. Flat
sodding and by the square are performed wlth the banks .of dams
with slope not more than 1:1.5 with steepness of slants up to
1:1 there is used scdding to the wall. . Single and double surfacing
of the banks of dams !s produced by cobblestone 20-30 cm 1n size;
larger stone 1s used for the top layers.
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Table 16

Soll or type

of reinforcement

Permissible noneroding

speed, m/s

|S1imy ground
Pine sand
Medium
Course

Light loam
Medium

Heavy

Dense clay
Flat turfing

Double
Brickwork

Turfing to the wall
Single surfacing

Concrete facing

0.15
0.35
0.50
0.75
0.ko0
0.60
0.80
1.20
1.20
1.30
2.50
3.50
3.50
5.00

Fig. 18.

Reinforcement of banks of the channels:

"KEY: (1) Not
ovar 1:1.

a)

sodding; b) paving; c) soil treated with organic binder:
d) wooden fastening; 1 - flat sod; 2 - wooden spokes
25-30 cm long with cross section 2 x 2 em; 3 - sod

30 x 50 em in size, packed (with the exception of the
top layer) with grass down; 4§ - crushed stone with layer
5-8 em; 5 - water level in the channel; 6 - layer of
soil, treated with organic binder, moss or straw; 8 -
vegetable soli; 9 ~ strips of sod into square; 16 -
wooden posts 0.12 in dlameter; 11 - dirt filling.
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§ 11. PRINCIPLES OF CALCULATION OF
DRAINAGE SYSTEMS AND THEIR ELEMENTS

When designing the drainage systems on airfields there are
accomplished: hydraullc calculation of the dralnage network,
strength calculation of elements of the drainage network.

Hydraulic calculation makes it possible to determine the diameters
of plpes, the crosz section of troughs and channeis in the dis-
charge and drainage network depending on the calculated water
consumption. Strength calculation is accomplished for the purpose
of determining the design loads and forces from the action of the
alrcraft wheels and selection of the cross sections of the elements
of the drain network. '

a) Hydraullic calculation of the drainage network.

The hydraullec calculation of the drainage network 1s performed
taking into account the degree of molstening and the type of water
feed. The method of calculation is developed by Soviet sclentists
A. M. Kostyakov, G. A. Alekseyev, L. T, Abramov, N. I. Belov,

P. F. Gorbachev and others. With the atmospheric type of feed the
calculated consumptions of drainage llines are determined by the

method of 1limiting intensitles with determination of the calculated
raln force A4 and with consideration of the maximum time of drainage

formation Trl Basle prerequisites of this method are the
following.

P’

The calculated rain force A, which characterizes its relative
intensity, is determined by the formula of the State hydrolozical
institute (proposed by G. A. Alekseyev)

A=A+ RBgN, (3)

where A and B - constant parameters characterize the downpour
nature of rains, the physlcogeographical and
climatic conditions of the reglon of construction

66

Bech e b ehRgn A iemeane. y - o hmmz3 =

RPN

e e e B otk bkl

an il s -

s o T




b

R

e e

of the airfield and are taken according to
climatic handbooks;

N - period of single overfilling of the drain net-
work being taken; not less than 0.2 year for
an arid zone and zZone of insufficient moistening;
0.3 year for zone of variable and excess
moistening; 0.5 year for zone of excess
moilstening with average annual amount of
precipitation more than 500 mm.

The characteristic of the climatic zones of the USSR and

their geographic boundaries are given in Table 17 and on the
map of Fig. 19.

The maximum time of dralnage formation, i.e., the duration

of the rain, during which the preclpitation forms surface runoff
Tnp’ 1s determined by the formula

Top= K (TA;)H min, (4)

where K - the coefficlient which considers the duration of
runoff after the termination of rain, taken equal
to 2.0 for the arid and insufficient moistening
zones; 1.75 for the zone of variable moistening;
1.50 for the zone of excess molstening

oT limiting mean drainage-forming rainfall intensity,

established by L. T. Abramov for concrete coverings
0.30 mm/min.

After determination of A and Tnp there is performed hydraulic
calculation of the drain networks of the flying field and the

artificial coverings on the basis of L. T. Abramov's nomograms
in the following sequence:

a) determine the dimensions of catchment area F, length
of catchment L and side slope 1. By the length of catchment L
and surface slope 1 for rain force A = 3 and roughness factor
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Table 1

1.

No. of
zone

Characteristic
of zone

Geographic boundaries
of the zone

I

IT

IT1

e v e e

Permafrost zone

Excess molsten-
ing zone

Variable moist-
ening zone

Insufficient
moistening zone

Arid zone

Inclvdes the zone of tundra,
forest-tundra and the north-
eastern part of the forest zone.
Is located to the north of the
line: Monchegorsk - Ponoy -
Nes'-Oshkur'ya - Suxaya - Kansk -
state boundary - Birobidzhan -
Ce-~-Kastri.

To the south of boundaries of
I zone includes the zone of
forests to the line: L'vov -
Zhitomir - Kaluga - Gor'kly -
Izhevsk - Tobol'sk - Tomsk -
Kamsk and further to the south
of I zone to boundaries with
the Peoples' Republic of China.

Includes the forest-steppe

zone to the south of II zone to
the line: Xishinev -
Kirovograd - Khar'kov -
Kuybyshev - Chkalov - Omsk -
Biysk.

To the south of boundarles of
IIT to boundarles of the V
zone 1includes the steppe zone.

To the south and east of the
line Dzhul'fa - Stepanakert -
Kirovabad - Kizlyar - Sal'sk -
Volgograd - Ural'sk -
Aktyubnisk - Turchat -
Karaganda - Semipalatinsk in-
cludes desert-steppe and desert
zones with the propagation of
saline soils.

Note.

The climatic conditions for mountain regions
are determined in each individual case from

local weather data.

68

TR e




p— - S — P e et IR L C )

e e s e Y . £ A A

|
i
i
1
i
fd .‘,.,‘MA.,.-..,,M__.,.J;_

*4Q0 6£ ‘®e3jy Buly - g¢

faqueysng - LE fezunag - 9f fijuadysel - G ‘peqeuyiqysy - p¢ fapn uern - £€

fsanyar - 2€ ‘epusleavy - € ‘nyeg - 0f ¢ASATQESOAON - 62 $Nsaehoused)y

- g2 fqswQ - Lg ¢ Aeuegsny - 92 SISTLTAL - G2 ‘ASynNABX - HZ ‘BUST]

- €2 ixsurqedioyn - gz f3anquadQ -~ T2 ¢ ,UBU}BA3SY -~ 02 ‘pealoIToA - 61

fqsAoTpasas - @1 fAayshqhny - LT fe3TOA - 9T fA03soy - GT f4Aastuax - 41 ‘

feqaedr - €1 f.uezey - 2T fyzauodop - [T $BSSOPO - 0T ‘(pPJIBYASTBS =~ 6 ‘
$MOOSOW = ¢ SASTY - L €¥s,T[93ueByiday - 9 {MSUTW - G ‘pealutua] - f ‘B3TY
- € ¢‘s3u0z 93BUTTO pu® peEoy - g ‘YSSn oYz Jo Aaepunoq TRUOT3BN - T :XIM
*UOTU[ 39FAOS 2Ya JO 'S8uU0Z OF3BUTIO ay3 Jo deWy 61 °*3Td

i s

\

-

% €06 -HDf~
e/ TE

69

T/ .‘ 6
D RN, wlpo 2
0 Dd20 210,

: &&EwmySE&ruxmwwwwwm
Dinneny &7 wml«:.,u. —7// \
SR xsﬁa.c\. A\

f;,. 11 /fﬁ\ :
DVINEL -
2 T Nacs
WIOUIDITY g
< plaonimiy X




e s

C = 0.160 by nomogram (Fig. 20) therc is determined the running
time of rainwater along the catchment to min. For obtaining the
running time of rainwater for other values of A and C one should
multiply to by nomogram values of the correction factors ¢ (by
rain force) and ¢ (by surface roughness), i.e., tl = t0¢w min;

b) calculate the running time of water to the calculated
section by formula

gu;% min, (5)
where 1 - length of the calculated section, m;

ch - average speed of water flow, m/min;

c) determine the calculated running time to the first
calculated section
T.mt,+¢, Ming (6)

d) by the calculated running time T1 and rain force A
with coefficient of cover z = 0.237 (for concrete surface)
according to the nomogram given on Fig. 21, determine the
modulus of runoff (unit calculated flow rate) Sl {in 1/s) from
1 ha of catchment.

The modulus of runoff for other values z, are determined by
formula

..s‘,-.s}-..o_’l!%,.:..,_.‘ o ©© o o o (7)

e) determine the calculated flow rate for the first section
of the network by formula

Ql-lel Z/S; (8)

f) select the dlameter of pipe D by the value of Q1 and
slope of pipeline.
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Fig. 20. Nomogram for determining the periods of
running of rainwater: a) basic nomogram; b)
nomogram of correction factors ¢ for rain force;
¢) nomogram of correction factors Y for the rough-
ness factor. .

ﬁ}/s from 1 ha

Fig. 21. Nomogram for determining the modulus
of runoff (in I/s) from 1 ha.
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The subsequent sections of drain lines are calculated
analogously to the first, in this case to the calculated running
time it is necessary to add the running time of water along the
previous sectlon of the pipeline

r,-r,+£":. (9)

where Zn - length of the previous section, m;

v, - average speed of water flow In pipes on the previous
section m/min.

We further determine the modulus of runoff S2, calculated
flow rate Q2 and select the sections of pipes. The subsequent
calculations are performed in the same order. During the cal-
culation of drains of artificial coverings the calculation is
performed also before obtaining the running time, egual to the
maximum time of drainage formation Tnp‘ By the maximum time of
drainage formation there 1s determined the calculated flow rate,
which for the next sectlons of the sewer is taken constant.

The diameter of pipe drains should be taken constructively
(without calculation); the diameter of pipes 1is taken not less
than 10 cm.

With ground type of feed by calculation there 1is determined
the distance between drains A, the flow rate of water entering
the drain Q, and the working time of drainage for lowering the
vlevel of ground water to the accepted norm of drainage’. ~The ~
distance between drains (m) is determined by formulas:

-

for perfect drainage

A=2 V2 - sr— ik (10)

for imperfect drainage

Amt
t

1 = S)rk ‘
(-;i) ' (11
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where k

filtration factor, m/day;

p - seepage factor, m/day;

H - thickness of water-bearing layer, m;

S - norm of lowering of the ground water level, m;
ho - height of water level in the drain, m;

d - diameter of drain, m.

The flow rate of water entering the drain is determined by
formula

Q = pAl m3/s (12)

where I - length of drain, m. The working time of dralnage for

lowering the level of ground water T to the accepted
norm of dralnage is determined by formula

r=2 days (13)

where g - discharge capacity of the draln with accepted diameter
d.

The lowering time of the level of ground water for airfields
should be taken as not more than two-three days. Hydraulic cal-
culation of the drains 1s not performed. Their diameter is taken
from conditions of the nonsilting of pipes within 75-100 mm.

With ground-delivered feed the calculated flow rate of runoff

~i1- established oy -the~sa2ls of detallead-research -on -the -parsdeulars - ~-

hydrogeology of the section. The open collecting chanrels, which
recelve water from the sewers, should be designed for flow rates
which ccrrespond to the discharge capacity of the sewers.

High ditches are usually not calculeted. If necessary it

i1s possible to calculate them by the methods applied in land
reclamation.

The hydraulic calculation of closed sewers is performed by the
Chezy formula with their complete filling.
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The analysis of dralnage measures shows that the calculated
case, as a rule, 1s the removal of precipitation. However, for
airfields located in the excess moistening zone, the section of
sewers should also be checked for the admission of thaw water.
In this case the calculated flow rates are determined by

formulas:
a) with catchment areas up to 5 Jem?
0,278 AF 3

where A - value of elementary runoff, mm/h;

F - catchment area, kmz;

¢ - runoff coefficlent, taken equal to 0.80-0.95;

b) with catehment areas over 5§ kmz.

o,..“—‘g%‘-'fqu/s. (15)

b) Strength calculation of elements of drainage netwerk.

The plipes of the drailnage network are calculated for load
from wheels of the calculated aircraft and from the weilght of
the soll above the pipe by the method of limiting conditions. When
determining the load from wheels there are considered the con-
~ditions of 1ts transfer through the fllling soll. For this we
use formulas of the theory of elasticity, taking the load from the

[PtV e B A ™ ot v e s W a

alrcraft whesls in the form of concentraked foraes. The computed

values of normal stresses at depth H, necessary for the selection
of sections of pipes, are determined by formula:

a,--x-;,i‘ kgf‘/cme, (16)

where PK - pressure from the alrcraft 1oad, applied on the surface
of the flying field, kgf;

H - depth of location of the point at which we determine
vertical stress from the surface of soil, cm;

T4
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r - horizontal projection of distance from the point at
which we determine the vertical stresses to the
point of application of force, cm;

K ~ coefficlent determined depending on ratio %

. T (17)

For computation of the full load on the pipe the vertical
stresses are totaled for the area of the horizontal projection
of the pipe. To obtain the calculated load P it 1s necessary to
multiply the calculated load by the dynamic-response factor, equal
to 1.1-1.15. The load from the weight of the soll above the pilpe

is calculated by formula

Q ..K,-;HB, kgf/linear cm, (18)

where vy - volumetric weight of soil, kgf/cm3;
H - height of filling above the top of the pipe, cm;

B_ - calculated width of trench at -he level of the top
of the pipe, cm;

K_ - vertical load factor from the soil in the trench,
determined by formula

)
O e (19)

e - Naperian base;

-A - coefficient .depending on the coefficient of internal
friction in the filling soil (for dry sand and clay
soils A = 0.166; for water-saturated clay soills
A =0.122).

The calculated bending moment in the pipe walls 1s determined by

formula
M =20 4 Q)r, ket/cm, (20)
where P - load from the aircraft wheels, kgf;
Q - load from the weight of 3011 above the pipe,

kgf;

15
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Dgu + h
"'cp » ——— = inner diameter of pipe, cm;
Da" - inner diameter of pipe, cm;
h - wall thickness of pipe, cm;
N - coefficient of support, determined by

Fig. 22.
The wall thickness of pipes 1s determined by the following
formulas: for cement pipes

M<mR, 3% kef-cm, (21)
for reinforced-concrete pipes

M <mR.bx(ky—) :

mR,Fy
=3 (22)

where M - the calculated bending moment, determined by
formula (20), kgf-cm;

R_ - the calculated tensile strength of concrete kgf/cm2-

L]

3

length and thickness of wall of the component :
being calculated, cm; :

m - coefficlent of the working conditions is taken
as 1.0;

R -~ calculated compressive strength of concrete with
bending, kgf/cm2;

X = helight of the compressed zone, cm;

m, - coefficlent considering the working conditions of
fittings;
Fa - area of the section of lorgltudinal elongated

fittings, em?.

a) b) e) Fig. 22. Methods of laylng pipe
“““ S 7 S R in the trench: a) normal laying
L@[ A4 (® ; or the bottom of the trench (N =
; At LN = 1.50); b) laying on concrete
S, or reinforced-concrete base

(N = 2.50); ¢) laying on flai. !
bottom (N = 3.12).
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3 Asbestos-cement pipes can be calculated by formulas (20),
(21), (22), however, in this case it is necessary to consider the
strength indexes of asbestos-cement.

Concrete and reinforced-concrete bases under the pipes are
calculated as beams on elastic supports for the effect of load
from the aircraft wheels, computed by formula (16). Covers
and lattices of manholes, thalweg wells are calculated as beams
- lying on two supports, or plates, supported along the contour,

for evenly distributive load from the alircraft wheels. The walls
of manholes and thalweg wells are calculated for horizontal

pressure, which 1Is transferred through the soil from the alrcraft :
wheel, located next to the well. The horizontal stresses in the ‘
soil are determined by the formula of the theory of elasticity i

-~

for half-space ! ;

0. = 3P (222 1—2;.[ 1 __(2R+z).v.'?___z_]1 i

€ 2= l R 3 R(R""Z) . (R +:)!RJ Ry * (23) ;

where Oy - horizontal stress in the soil, kgf/cmz; ;
H

P - concentrated force from the aircraft wheels, kgf; : g

R - distance from the point of application of force
to the point at which the stresses are determined,

em (R = /x2 + y2 + z2);

X, ¥y, 2 - distances along the axes of coordinates from the
point of application of force to the poilnt at
which the stress 1s determined, cm;

u - Poisscn's ratio for soll.

Formula (21) is derived for tne case of application of one con-
i centrated force to the surface of the half-space. |

For the computation of stresses from any distributed load we
use the common procedure of summation. In this case the distributed
load is replaced by a group of concentrated equivalent forces.

At each investigated point the stresses from each of such forces
are determined and then these stresses are totaled. The volume
of computations is reduced many times when using the chart :

PR
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Fig. 23. Chart for computation of stresses with
Poisson's ratio y = 0.3.

compiled by G. I. Glushkov. According to the chart by assigned I
values of o, = % and a, = % there is determined the value of Kx
and further the horizontal stress in the soil by formula 3

oy = ;P;K, kgf/cmz. - (2b)

After the determination of horizontal stresses in the soil it is

poisible to change to the computation of lateral pressure on the

walls of the well, for which the calculated pressure must be

multiplied by the concentration factor, equal to 1.75-2.00. The

vottoms of ‘the wells are calculated as plates leaning on walls,

from the action of airecraft load. The caps of sewers should be :

calculated as revetment walls for strength and stability.
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CHAPTER V
ARTIFICIAL COVERINGS OF AIRFIELDS

§ 12. THE PURPOSE OF ARTIFICIAL
COVERINGS

The flylng field should provide all-year-round non-stop ;
operation of the airfield. The operation of dirt strips of the
alr field 1s made difficult during the spring and autumn bad X
road condition periods, and in summer - with prolonged 2loudbursts, j
when the formation of excess overwetting and the loss of the i
bearing capacity of the soll are possible. WIth the location of |
the flying fleld on noncohesive, dustforming so'ls, as a result of
intense dust formation in the dry season the safety of operation
of aviation on alrfields cannot be provided.

| The basic measures for maintaining the surface of the flying
] field 1n a state suitable for operation are the creation of a

! stable sod cover, improvement in the conditions of surface
i

runoff because of rational vertical planning and construction

of a drainage network. Sod cover strengthens the soil, protects
it from soaking during the bad road periods, and in the dry :
season - from dust formation. Dralnage measures accelerate the é
process of drying out of soils. Sod cover and drainage make

it possible during the periods of spring and autumn bad roads,
in summer with cloudbursts and with severe dust to r:duce the
interruptions in the flight activity of aviation. However, in
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many instances it is not possible to completely eliminate
interruptions in the operation of the dirt strips of the flying
field with the aid of sod cover and drainage. During the
separate periods of the year the surface of the flying fileld,
especially with its location on clay, loamy, dusty, chernozem
solls, rapidly gets soaked and loses bearing capacity. With the
location of the flying field on noncohesive (sand) or dust-
forming soils, on which the creation of sod cover is made
difficult, the surface of dirt strips strongly raises dust and
conplicates the operation of aviation. During these periods of
the year the dirt surface of the flying field is unsuitable for
operation.

For the complete elimination of interruptions in the flight
activity of aviation and the provision of year-round non-stop
operation of the airfield, on the flying field are placed
artificial coverings (on the runways, main and branch taxiways,
group and individual parking places of aircraft, ramps).

Under favorable soll-ground, hydrogeological and climatic.
conditions, which prevent overwetting and dustiness of the
flying field, artificial coverings cannot be set up on the
airfields.

§ 13. FPACTORS WHICH AFFECT
ARTIFICIAL COVERINGS

The artificial coverings of alrfields are subjected to the
effect of operaticnal factors, connected with the basing of
aircraft, climatic and hydrogeological factors.

Features of the artificial coverings of airfilelds should
be considered the relatively large area of their contact with
the base soil, little sinking into the ground active layer and
completely exposed surface. This must be borne in mind when
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evaluating the effect of each of the indicated factors on the
operation of the coverings.

During analysis of the effect of operational factors on the

work of artificial coverings it is necessary to consider the

¢ intense action of static and dynamic aircraft loads, the gas flow
and high temperature from the operating engines. Static design
loads correspond to the total takeoff weilght of the calculated

- type of aircraft. For most contemporary alrcraft the design
load 1s transferred on the covering with the ald of a three-point
landing gear, which consists of one nose and two main struts.
The major portion of the load (80-90%) is evenly distributed to
the two maln struts, and the nose strut absorbs the remaining ;
part of the load. ' §

Depending on the construction of the alrcraft the main

struts can be with single and multiwheel landing gear. Multi-
wheel landing gear considerably improve the working conditions

of coverings because of the load distributlon on a large area.
The simplest type of multiwheel landing gear 1s a strut which

has two dual wheels (Fig. 2l4a). Even better working conditions

of coverings are provided by the supporting point of the aircraft,
which has fcur wheels (Fig. 24b). The use of dual and quadrupled
wheels on the alrcraft struts makes 1t possible to considerably
reduce the thickness of coverings. Besides the statlic loads,

characteristic for alrcraft parking places, airfield coverings
are subjected to dynamic loads from aircraft moving at high speed
during taxiing, takeoffs, landings and braking.

In connection with the effect of 1lift and different speeds
of the aircraft the amounts of loads affecting the coverings are
dissimilar. On the ends of RW with normal landing the dynamic
loads insignificantly exceed the static, and in a number of cases
are even less than 1t. The dynamic load can reach even larger
value after the first impact of wheels on the covering, but its
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Fig. 24. The main struts of contemporary alrcraft.

absolute value differs little from the static load. The time of -
action cf impact loads during aircraft landings is calculated in ‘
fractions of a second. Observations showed that considerable i

deterioration in the working conditions of coverings does not occur
with landing shocks. This is confirmed by the results of the
inspection of the state of coverings at different airfields,

which showed that on sections where alrcraft landings occur the
coverings, as a rule, do not have serious failures.

During alrcraft movement in the process of taxiing, takeoffs
and landings, as a result of the local natural roughness of
coverings (tearouts, potholes, offsets in joints, etc.) alrcraft
vibrations are developed, in consequence of which the actual
loads on the covering increase. The speed of aircraft has a )
considerable effect on the amount of load. During aircraft
movement at low speed the pneumatic tires of the wheels during b
the passage over roughness are squeezed and do not cause sharp
increase of the load on the covering. From a speed lncrease of
aircraft there are observed shocks of wheels against the covering,

and loads on the covering increase. With further speed increase
1ift begins to be developed which receives part of the aircraft
weight, and the load on the covering 1s substantially decreased. ' |

The greatest loads on the coverings are during alrcraft
motion at speed 30-U0 km/h, when tne effect of 1ift is small. The
amount of load on the covering much depends also on the state of
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its surface. On sufficiently even coverings the dynamic loads
insignificantly exceed the static. With roughness up to 1-2 cm
high the dynamic loads increase by 20-30% as compared with the
static loads. With roughnesses 3.5-4.0 em high the increase in
the dynamlic loads reaches 30-45%. Besides vertical forces, the
coverings of airfields are affected by the horizontal forces
which appear from the shocks of wheels when rolling on the
roughness and from the friction of pneumatic tires during aircraft
2 braking. The wear of coverings and the possibility of the
formation of waves and shears on asphalt-concrete and crushed
stone coverings treated with organic binder depend on horizontal

forces.

During the power test of engines the covering is affected
by vibration. Tests of the covering by aircraft with operating -
engines on the aprons showed that a considerable increase in ;
the loads on the coverings does not occur in these cases. On 5
the parking places the alircraft are in static state a long time.

At the parkling places they exlit at low speeds, thefefore the
dynamic effect of the load will be minimum.

Thus, those sections of coverings where the alrcraft moves at
speed 30-40 km/h are under the most adverse working conditions

under the action of alrcraft loads. Such sectlons include ‘ f
maln taxiways. End sections of RW, connecting and auxiliary :

taxiways, where alrcraft move at low speeds, are under more

favorable conditions. | b

The middle sections of the RW, where the aircraft speed
reaches consliderable values, experience lesser loads. The aircraft

N T

parking places where the loads bear a static character are in
! the best conditions.

The difference in the operatlon of the middle and end parts
of the RW is evident from the chart (Fig. 25) of the distribution
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Fig. 25. Chart of distribution
of surface fallures of plates
along the length of the RW.

o Lot |
SR
"Ljf : : .
K22 4, 6 o 0 @ w6 BN
274 % o = 5103

of slabs with surface failures along the RW length. The basic
mass of deformations 18 concentrated on the end sections, where

the aircraft speed is considerably less than in the middle part.
In quantitative respect the dynémic action of airecraft loads on
the covering can be characterized by dynamic-response factor7KAH,'
which shows an increase of forces in the covering from the effect
of the dynamic feature of the application of loads and can be
quantitatively defined as the relationship of deflections of

the covering with dynamiec wan and static wcT loads
- A
K“'-W:T" (25)

For contemporary aircraft the dynamic-response factor 1s changed
from 1 to 1.20.

The observations and calculations show that the large jet and
turbojet aircraft will sufficiently accurately touch down along
the axis of the RW. From the distribution of the landing places ¢
of large alrcraft along the width ¢f the RW, obtalned by foreign
investigators (Fig. 26), it is clear that on the center section
of the strip there occur about 50% of the takeoff and landing
runs. On the RD, especlally on the main, the alrcraft wheels

move along one track, which considerably lncreases the repetition
of application of loads. Thus, the working conditions oy
coverings on the RD and on the middle part of the RW are the most
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severe, which is considered by the increased amounts of thickness
of coverings on these,sections.

s

- Fig. 26. Distribution of aircraft motion
. during takeoff and landing runs (accord- ‘ o
! ing to -foreign investigations). o
— KEY. (1) Quantity of actions of wheels, , i

%5 (2) Distances from the axis. of strip,
m.
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The strength of the edge (side) sections of the RW coverings
on both sides of the axial strip, and also the MS can be

decreased 10-15% in comparison with the strength of the central
section. :

Besides loads from the weight of the aircraft, the covering
is affected by the air stream from a reclip-engilne aircraft and
the flow of exhaust gases of jet engines, and also tearing
forces as the‘consequence of the effect of suction during
engine operation.

The streams of contemporary turbojet engines with maximum
revolutions have gas temperature 600-800°C, and speed on leaving
the nozzle - 600 m/s. Upon contact with the covering the '
temperature of the stream is lowered to 250-350°C, and the speed -
to 10 m/s. The stream at the place of contact with the covering
is propagated to an area of elliptical shape, called the field of
the stream. For contemporsry aircraft the length of the stream
field is 50-60 m under taxiing conditions and 80-100 m under |
. maximum rpm conditions; the maximum width of the stream field

is 20-30 and 30-50 m respectivzly. The duration of the effect
of the stream of exhaust gases of Jet eagines on the covering

on the average is: during engine runup (nominal rating) at the
parking places 3-5 min; at rest on the takeoff area with low rpm
2-3 min; at rest on the takeoff area when waiting for takeoff f
clearance (nominal rating) 1-2.5 min. '

o Sattrans: Bairun
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On RW, where the alrcraft moves at larger speed, and the
duration of the effect of the stream 1s short, the artificial
coverings are not highly neated. For the takeoff sections of
RW and MS of aircraft the high temperatures (up to 200°C) and
high gas flow velocitles (up to 100 m/s) constitute a danger to

- SR Ty e TR [
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artificlal coverings. Therefore these sections of coverings,

and also the secticns of the flylng field adjacent to the ends *
; of the RW and taxiways, where the stream of exhaust gases burns
{ out the plant covering, should be reinforced. For the elimina-
k- . tion of the dangerous effect of the stream it is possible to .

use sloping concrete barriers or latticed shields, which
deflect the gas stream upward.

Gl and o b s

No less lmportant effect on the operation of artificial
coverings have climatic and hydrologlcal factors. Artificial
coverings are subjJected to tne action of natural factors -
variable temperature-molst conditions, swelling or expansion
of the underlying solls, repeated freezing and thawing, to the
action of solar radiatlion, wind erosion, etc.

The frost swelling, whlch occurs because of the segregation
of 1ce, separating in the form of layers, leads to an increase
in the total volume of the freezing rock mass of the soll and
the vertical rise of its surface. Stresses belng developed in
the artificial coverings under the action of variable temperature
conditions can cause breakage. They are especially dangerous
for long concrete slabs. Of vital importance for the development
of temperature stresses in coverings 1s solar radiation. Repeated | 1
freezing and thaving can lead to breakage of coverings or the
appearance of separate cracks. Natural factors should be
considered during selection of the type and construction of
artificial coverings.
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For a decrease in the harmful effect of natural factors one
~hould use materials of high quality and strictly observe all the
technical specifications during thelr treatment and use.

§ 14, BASIC REQUIREMENTS FOR
ARTIFICIAL COVERINGS

The constructions of the coatings should be economical,
have high bearing capacity, which does not depend on the time
of the year and the condition of the ground on the flying field.
During the operating actlon of airecraft wheels the coverings should
be little worn and well resist the action of the stream of exhaust
gases of Jjet engines, be resistant to the harmful action of
fuel and lubricants. Therefore, when designing artificial
coverings great significance is given to the selection of
rational constructions, to the use of materials of good quality
and to stabilization of the soil base. The basic requirements
imposed on artificlal coverings include: strength, reliabiiity
and durability; lack of dustinesz of surface; smoothness and
sufficient roughness, which creates adhesion of the aircraft
wheels with the covering; resistivit: to climatic and hydro-
logical factors; impermeability, which prevents the penetration
of surface water into the ground base; resistivity to the
action of the exhaust gas stream of Jet engines; resistance to the
action of fuel and lubricants; economy, simplicity of construction
with maximum use of mechanization means; simplicity of care of
the covering during repair and maintenance; the possibility of
use of local construction materlals: the possibility of rebuilding
of coverings with the appearance of new types of aircrarlt with
C high speeds of travel and 1loads on the strut.

87

g s 3 Ak P 1 e g s
e e a—— Nl -«




M I MR ST o e ey o
G B i st st R TG B A TN TS R ST T S L A e e R s s o T SN - -

it ; e

§ 15. THE TYPES OF ARTIFICIAL
COVERINGS, THEIR CLASSIFICATION
AND FIELD OF APPLICATION

Two types of artificial coverings are used on airfields -
- rigid and nonrigid. Rigid coverings possess the ability to

absorb tte tensile stresses caused by tiae action of alrcraft 3
load and by temperature-shrinkage factors. The covering under E:
load works as a plate on an elastic base; deformations of the
covering, as a rule, are elastic, and pressure of the slab to
the soil is small. The rigid include: coverings made of pre- ° j
stressed cast in-situ concrete and reinforced concrete; precast 3
prestressed reinforced-concrete slabs; cast in-situ reinforced
concrete; concrete and reinforced concrete ccverirgs.

Nonrigid coverings do not absorb tensile stresses. Their
resistance to aircraft loads 1s explalned by the resistance of
the underlying soil to compression and side squeezing. In the |
spring and autumn bad rocad periods the pressure on the ground
reaches a considerable magnitude, and the deformations of coverings
bear a plastic character. Nonrigld t;pe coverings include:
asphalt-concrete; rough crushed stone and gravel, constructed
by the method of impregnations or by mixing on the spot; from
solls reinforced by binding agents.

Depending on the service 1life and structural features the
artificial coverings are divided into major, improved, simplified
and temporavry. The major types of coverings are applied on N
airfields intended for the operation of large jet and turbojet
alrcraft. They allow a large quantity of takeoff and landing
operations and have long service life. Major coverings include .
rigid coverings, asphalt-concrete, and also rough crushed stone
coverings, constructed by the impregnation method.

[ERCTPPEVSER SOR R

The improved coatings are used on alrflelds intended for
the operation of medium aircraft. The 1lmproved coverlngs
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include rough crushed stone, constructed by the method of mixing
on the spot, and gravel coverings, treated with organi- binding
agent.

Simplified coatings are used with operacion of the airfield
by light aircraft. The coverings are constructed from soils,
reinforced with binding agents. Temporary coverings after use
allow dismantling, transportation and installation on another
airfield. Temporary coverings include coverings of steel,
plastics and light alloys. The types and constructions of
artificlal coverings are established depending on the category of
the design lvad, climatic and hydrological factors with the
necessary tcchnical and economical substantlation and the presence
of local building materlals.

§ 16, PRINCIPLES OF TESTS OF
ARTIFICIAL COVERINGS FOR STRENGTH
AND DURABILITY

For checking the reliability of construction tests are
conducted of artificial coverings by static and moving dynamic

loads for the purpose of determining: the magnitude of permissible

operational and breaking loads for coverings of different types;
the amount of deformations during operation in elastic and plastic
stages; the maximum permissible quantity of applications of

loads for coverings of varlous types; the amount of deformations
during the action of calculated loads and change of the
temperature conditions.

Tests are conducted on the coverings of alrfields, and also
on specially constructed test sections with coverings of different
constructions. In the process of construction of the covering we
lay special equipment, which makes it possible to determine the
deflections and relative deformations, and also the stresses in
the base and the underlying soil. The coverings are tested both
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in the summer and during the most adverse periods of the year
(spring, autumn).

For static tests there are used installations which permit
creating a load on the covering (Fig. 27). The installation
consists of two metal beams 24 m long, resting on bogies with
alrcraft wheels, and is outfitted with a set of hydraulic jacks
with load-1ifting capacity from 5 to 200 t. The beams are
loaded with ballast of cast lron ingots and serve as a detent
for the hydraulic jack during the loading of coverings. The
coverings are tested with rigid metal stamps of various diameter.
The deflections of coverings are measured by mechanical indicators
with accuracy of reading 0.01 mm, which are fastened to a
special reference tubular truss. The elongation of the upper
fibers of coverings 1is determined by wire-type resistance
strain gauges with base 100 mm.

o eimm b e s

Fig. 27. Installation for statlc tests.

§ 17. FEATURES OF FOREIGN ARTIFICIAL
COVERINGS

For testing the coverings for the effect of moving dynamic
loads mobile units are used (Fig. 28). The installation consists
of a platform with sections for weights and a four-wheeled
alrcraft strut. It is towed by the YaAZ-210 truck-tractor at
speed up to 50 km/h. The coverlngs are tested with repeated
passage along one track (conditions of loading characteristic
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for the taxiways) and over the entire area (conditions character-
istic for the runway).
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Fig. 28. 1Installation for testing
coverings with moving loads.

Figure 29 depicts the test results of rigld concrete cover-
ings with static load. Figrre 30 gives the curves illustrating

the state of different type coverings during their testing with
moving load. '

120

‘ Fig. 29. Relationship between the

L,/// . | load and deflecticns of the corner

) 2 of the slabs: 1, 6 - with two-
|

2. » layered concrete coverings; 2, 3,
L L L, 5, 7 - with single-layer concrete
B —f—=— 7 ( _coverings on a sand base.

i i
s F3 Y [ ’ [T 4
Deflection of the corner of slab, mm.

Fig. 30. Curves of the state of cover-
ings depending on the quantity of
passes of the testlng unit: 1, 2 -
single-layer concrete coverings with
reinforcement of the edges of the

slabs for through jolnts with three ¢ e
rods 12 mm in diameter; 3 - single- Quantity of wheel passes
layer concrete coverings with keyed

connection of slabs in the Joints;

4 - two-layer and single-layer concrete

coverings with bolted connections in

transverse jolnts.

Breaking of slabs,%
U
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Foreignvartificial coverings have much in common with the
constructions used in the USSR. Abroad there are also used two

basic types of coverings - rigid and nonrigid. Rigid coverings
are constructed, as a rule, as reinforced concrete and from cast
in-situ concrete. Precast reinforced-concrete coverings abroad
are not widespread. In recent years cast in-situ prestressed
coverings were widely spresd. Nonrigid coverings consist of a
supporting layer énd a bitumen-impregnated top layer. The
supporting layer is constiucted from stone, slag, caliche!?,
gravel, limestone, shellrock, sand-clay mixture, corals, earth
and cement or thin rolled concrete. All the enumerated materials,
except the last two, can be connected by bitumen or other binding
materials.

The technical specifications abroad provide for the wide use
of local building materials. Considerable attention is glven
to detailed determination and evaluation of the properties of
natural soll bases.

The international airport Schiphol in Amsterdam has two-
layered rigid concrete coverings: top layer 22 cm thick, lower -
30 em. Between the layers of concrete a layer of sand with
thickness 2 em is created. The covering is laid on a base of
crushed stone 15 cm thick and sand 30 cm thick. The covering is
designed for aircraft weighing up to 300 t¢.

The covering of the La Guardia airport in New York is made
of crushed stone treated with organic binding agent. The
bearing capacity of the covering corresponds to design load on
one wheel 36,300 kgf. The Bonn airport of Cologne is equipped
with a new RW with prestressed covering. The prestressed
coverings are also applied in France at the Orly airfield
and in England on the London airfield. In England cast in-situ

lcaliche - saltpeter-containing hard rock.
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cement-concrete coverings are widely used. The thickness of
slabs 1s restricted to 30 cm, sinc: the equipment useé cannot
provide satisfactory packing tc a great depth. If necessary
two-layered coverings are used. The covering , which withstands

wheel load 45 t, consists of a top concrete layer 30 em thick and
bottom layer 20 cm thick.

Abroad much attention is given to improvement in the evenness
of coverings, which is necessary for decrease of the harmful
action of vibration during aircraft takeoffs and landings.

Great significance is given to care during the construction
of concrete coverings. Care of concrete is fulfilled the most
thoroughly in the first hours and first days after laying. These
measures are directed toward improvement in the quality of the
construction of artificial coverings.
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CHAPTER VI

BASES OF ARTXFICIAL COVERINGS
OF AIRFIELDS

§ 18. SOILS AS THE NATURAL BASES OF
COVERINGS

The soils as bases should absorb the pressure from the load
being transferred through the coverings, without allowing
dangerous deformations in this case.

In concrete and reinforced-concrete coverings, which possess
considerable rigidity, there appear insignificant deflections from
the load, therefore the reaction being developed by the underlying
soil will be small. The strength of such coverings depends to
a greater extent on the strength of the material of coverings
themselves than the mechanical properties of the soll base.

The breakage of rigid coverings occurs, as a rule, with loads °
less than those which are necessary for the loss of stabllity of
the soll base according to the theory of limiting equilibrium.

In nonrigid coverings there appear considerable deflections
from load, therefore their strength mainly depends on the strength

characteristics of the soll base.

The classification of soils, provided in Table 18, is taken
depending on the content of clay, silty and sandy particles.

94




Table 18.

“> Content of fractions, % by weight
o«
[9)
Type of soil 33 Sandy Silty Clay
EE 0.05- Less than
Z Q 2.0-0.05 mm 0.005 mm 0.005 mm
Sands: gritstone, 0 - <15 <3
coarsa-gralined,
medium-grained,
fine--gralned
Silty sands - More than silty| 15-50 <3
Sandy loam - Particles 2.0- | Less than 3-12
0.25 mm over sandy
50%
Fine sandy loam 1-7 | Particles 2.0~ | Less than <12
0.25 mm less sandy
than 50%
Silty - - More than <12
sandy
Loam - More than - 12-18
silty
Loess loam 7-17| Particles >50 3-18
coarser than
0.25 mm are
almost absent
Silty - - ' More than | 12-25
sandy
Heavy - More than silty - 18-25
Clay >17 - - >25

Sandy soils are additionally classified according to the
First the soil is determined from
Table 18 and, if it falls in the category of sandy, its name is
additionally more precisely defined by Table 19.

data provided in Table 19.
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Table 19

Type cf soil Indexes of size distributilon
Detritus (pebble) soil Weight of fractions, 10 mm over 50%
Rotten soil (gravel) Weight of fractions, 2 mm over 50%
Gritstone sand Weight of fractions, 2 mm 25-50%
Coarse-grained sand Welght of fractions, 0.5 mm over 50%
Medium-grained sand Weight of fractions, 0.25 mm over 50%
Fine-gralned sand Weight of fractions, 0.1 mm over 50%
Silty sand Weight of fractions, 0.1 mmunder 75%

Note. The type of sand is established by means of sequential
summation of percentages by the weight of the content
of particles first coarser than 2 mm, then 0.5 mm,
0.25 mm and 1s taken according to the first satisfactory
index in the order of arrangement of names in the table.

The mechanical properties of soll bases as a result of the
action of natural factors are highly changed during a year and
a number of years. They are subjected to moistening, to drying
out, to freezing and thawing of surface layer. An increase in
the moisture of soils leads to a reduction in their bearing
capacity, this is greater the more silty and clay particles that
are contained in the soil.

A temperature decrease of the soll within the limits of its
plus temperatures 1s accompanied by an increase in the viscosity
of water in the pores, which leads to some increase in its
bearing capacity. Freezing of the soil is accompanied by the
accumulation of ice 1in its pores, by increase in the volume and
by the loosening of the freezing layer. Because of this in
winter there is noted a rise of the surface of soil, called
frost swelling. Frozen soils are practically incompressible and
possess greater bearing capacity. In the spring the ice in the
5011 melts, the pores of the loosened soil are filled with water
and the compressibility of the base 1s sharply raised, which
leads to a considerable reduction in the bearing capacity of
the soil. During the summer period the soll dries and its
bearing capacity increases.
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The effect of water and thermal conditions on the bearing
capacity of soils in the bases of constructions shows up to a f
considerably lesser degree than in the bases of coverings, since
the foundations of constructions will usually 1llie lower than the
freezing depth, where the soil has sufficiently stable conditions
of temperature and moisture and therefore the modulus of
deformation is little changed during a year.

The bases of coverings, as indicated above, during the
separate periods of the year sharply change bearing capacity
and become very nonuniform in depth. 1In the works of many
sclentists there 1s emphasized the necessity for planning road
surfaces and coverings of airfields on the strength of the
calculated state of the soil base, when its bearing capacity is
the lowest. On a considerable part of the territory of the USSR
the calculated state begins with the thawing of frozen solls
during the spring bad road perlod, and in the majority of cases -
at the moment of the complete thawing of the entire frozen layer
of soll. Therefore, the parameters of soll, taken during the
calculation of coverings and which characterize its bearing
capacity (modulus of deformation, the coefficient of substratum),
should correspond to the calculated state of the soll base.

The annual cycle of change in the molsture, density and the
bearing capacity of soils, equally regular in all areas where ]
seasonal freezing and thawlng take place, is quantitatively
developed dissimilarly under different natural conditions. j

W, V. Dokuchaev established the presence of a definite !
connection between the water conditions of soils anc¢ the climate
and hydrogeological conditions of the locality. The water
balance of the atmosphere - arrival in the form of precipitation ‘ i
and consumption in the form of evaporation - basically stipulates
the water balance of solls. Proceeding from this the Soyuzdornii f
[State All-Union Scientific Research Institute of Roads and ;
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Highways] compiled the chart of the climate zones of the territory
of the USSR, given above.

dominant types of soils:

Climate
Climate
Climate

Climate

‘Climate

These data are compiled on the basis of analysis of the dis-

zZone I
zone Ii
zcne I
zZzone IV
zone \'

Each climate zone hLas its pre-

Tundra, podzolic soils
Podzolic

Podzolic, chernozems,
gray podzolie

Chernozems, chestnut,
alkaline soils

Chestnut, brown, alkalire,
solonchak soils, scattered
sands.

tribution of the soil cover inside road-climate zones.

Beslides the general climatic regularity, the water conditions
of soils are also affected by local sources of excess moistening
{surface or ground water).
depending on the ground water level and the runcff conditions

Within the same climate zones

of the surface water the autumn reserves of moisture in the

solls can considerably differ.

the designing of airfield coverings (SN'120-60).

The noted hydrogeological conditions should be considered when

designing the artificial coverings.
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Therefore the calculated moisture
of soils should be estimated taking into account the hydrogeo-
logical conditions of the locality, which are divided into three
types (Table 20) according to the technical specifications of
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§ 19. THE BASIC MECHANICAL MODELS OF
SOIL BASES

1 o ) _ A feature of the calculation of coverings involves the

' netessity for account of the reaction forces of the soil base

besides the effective forces from external actions. For this are
necessary mechanical indexes, which characterize the ability of '
soils to resist the effective loads and determine the features
of development of deformations of the soils under the action of

i B these loads. '

1 The processes of deformation of soills under load are
extremely complex and varied. A precise account of the natural
mechanical properties of the soil is practically impossible.
Usually during calculation of coverings it 1s necessary to -
introduce some schematization of the mechanical properties of the
soil by means of the replacement of the natural ground base by
some calculated model, whose properties are known. Consequently,
the more accurately the accepted calculation model will reflect
the behavior of the ground base under the covering, the more
precise the results of calculation will be.

When selecting the calculation model it 1s necessary to see
that 1t deplcts the mechanical properties of the soils with a
minimum quantity of parameters, since f'or such a nonhomogenous
medium -8 soils each parameter is determined approximately as a
mean-integral value. Therefore the fewer the parameters the taken S
calculation model will contain, the fewer the approximate values
that will be introduced into the calculation of coverings.

The most widespread ir the practice of designing of con-
structions, which rest upon r atural solls, was the simpiest
model based on Winckler's hypothesis. This model has the following
assumptions:
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a). constructions and bases are conne. ted with each other
in vertical direction so that any movements of the construction
involve the same movements (settling) of the base in the same
place; ' '

o p) the construction is not connected with the base in
horizontal direction, therefore shifts relative to the base are
possible;

c) the amount of vertical movement (settling) of the base
is proportional to the intensity of the load on it.

This model can be represqnted schemut ically in the form of
a number of separate indentical springs, installed on a rigid
base and each working independentl, of one another.

The mechanical properties of the material of the model are
characterized by one parameter - proportionality factor, which
it 1s accepted to call the substratum coefficient. Therefore
thls mocd .1 is usually called the model of a base with oue
substratum coefficient. The substratum cuafficient (kgf/cm3) is
numerizally equal to the load which must be applied to a unit of
area of the base, in order to create unit vertical deformation.

The relationship between the reaction of the base and its
settling 1s expressed by formula

p = Cw, (26)

where p - reaction of base, kgf/cmz;
' 3

C - substratum coefficient, kgf/cm”;
w - settling of tase, cm.

The main disadvantage of a model with one substra:um
coefficient involves the fact that 1t does not possess the property
to "distribute" load, whereas experiments show that the surface
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of soil 1s deformed beyond the limits of the locaded part.

The model of elastic half-space, in which the soil is
considered as an elastic isotropic solid, and the deformation
distribution on its surface is taken according to Boussinesq's
hyperbolic law is free from the indicated shortcoming. According
to this model the soil base is deformed beyond the 1limits of the
loaded part. 1In this case deformations are extended to the
sides to infinity, gradually attenuating in proportion to the
distance from the loaded part. The mechanical properties of
the material of the model are characterized by twc parameters:
modulus of deformation E and Poisson's rafio H.

The mechanical parameters of solls are determined on the
basls cof the results of field tests by a test load, carrlied out
by a special procedure.

The procedure for field determination of parameters of the
soll.

For tests we use round rigid punches, metal or concrete
with diameter 700-1000 mm. The tests are conducted in the spring
bad road period, when the bearing capacity of the soil base
has the smallest value. The places of conducting tests:are
arranged along the supposed directions of coverings, in this
case we select the characteristic sections, the condition of soils
on which is typical for the entire object. Simultaneously with .
tests by indentation of the punch for the purpose of determining
the grain-size distribution, volumetric weight, moisture and other
characteristics the solls are tested in the laboratory by the A «
ordinary prccedure in accordance with standards and rules.

When setting up the die the close fit of its lower surface to
the soil should be provided for. For this after the removal of
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the plant layer the soll is levelled and on it 1s packed a quick-
setting cement mortar with layer 2-3 cm, to which the punch is
tightly installed. As instruments for measurement of settlings
we use dial indicators with scale value 0.01 mm. Durling tests
together with the determination of deformatlions of the surface

of soll under the punch we measure the deformations of surfaces
outside the punch. The instruments are placed on the punch
(three indicators) and on the surface of the soil (in two
directions along the axis of the bunch), in a zone equal to 1-1.25
the diameter of the punch. Instruments are placed in the immediate
vicinity of the punch at a distance of 5-10 cm from one another.
In proportion to the distance from the punch this distance is
increased to 20 em. The first instrument 1s installed at a
distance of 2 cm from the edge of the punch. The load on

the punch is applied in stages: 0.2, 0.4, 0.8, 1.2, 1.4,

2.0 kgf/cma, whereupon after each stage of loading we perform
unloading for measure.ient o” the residual deformations of soil.
The readings of the instruments are taken after stabilization of
settling. The settlings are considered stabilized if during

10 min the difference in readings does not exceed 0.01 mm. The
described sequence 6f tests makes it possible to calculate all
the parameters of the soil base (modulus of deformation, sub-
stratum coefficlents) necessary for the calculatior of coverings.

The modulus of deformation of the soil 1s calculated on the
strength of complete stabllized settlings of the punch at each
stage of loadings according to the method of I. I. Cherkasov.
During the calculation of rigid coverings the basic calculation
parameter is considered the modulus of deformation, which
corresponds to complete settllng of the punch.

wy 1
Dy, 10000

In view of the fact that the indentation curve, constructed

by complete settlings, i1s expressed by dependence
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p-A(b'j)‘ (27
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and the exact coilncidence of relative settling of the punch on
one of the stages of loading with value

B h e

» 1
Dg. ™ 10000

is highly improbable, computation must be performed with the -
aid of nonlinear interpolation.

Parameters of indentation curve A and n are calculated by »
formulas:

NZigsig ;:,—znz o Ziee .

AT @
|gA-zL’—_;§.|i';'_, (29)

where p - specific pressure on each stage of loading, kgf/cmz;

LY complete settling of punci;i on the same loading
stage, cm;

D - punch diameter, cm;

-N - number of loading stages, at which W, and p were
determined;

n - degree of strengthening;
A - hardness number.

Then we calculate the modulus of deformation for the pre-

scribed relative settling by formula *
Eg=n(l —u1) A(D"f')'-' kgt‘/cm2 (30)

where Mg - Poisson ratio, taken from Mo = 0.25 for sand to Mg =
= 0.4 for clay;

n - correction factor for the thickness of the layer being
compressed;

o - relative settling of punch (in this case ﬁi = 1/10,000).
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The value of p 1s determined depending on the ratio of the
thickness of the layer being compressed to the punch dlameter
- according to the following data:

hO/DmT" 0.125 0.250 0.500 1.000 2.000 10.000
n.. 0.141 0.258 0.457 0.682 0.825 1.000

The thickness of the h0 layer being compressed is determined
on the spot according to the results of experiments by indentation
of the punch or.1s taken according to Table 21.

Table 21,

Ratio of the thickness of
compressible layer to the
radius of punch
Soil
Limits of change
Mean
From To Value
Gravely sand with gravel
content from 10 to 50% 1.95 2.04 2.0
Fine-grained sand 1.96 3.64 2.5
Silty 2.22 2.94 2.5
Silty sandy loam 2.04 2.40 2.2
Sandy loam 1.79 2.57 2.1
Light loam 2.04 2.26 2.2
Silty 1.71 3.18 2.3
Loess 1.88 2.10 2.0

By the described method we determine the moedulus of deformation
by the results of each individual experiment. Then by the
generalization of results of a number of experiments we calculate
the averaged modull of deformation of the characteristic stratums
and, finally, the entire soll base as a whole.
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The substratum coefficlents are calculated on the strength
of complete stabilized settlings at each stage of loading by
formula

C-;gi,kgf/cm3 (31)

where p - total pressure at each staze of loading, kgf;
r - radius of punch, cm;

Wo - complete settling of punch on the same stage of
loading, cm.

On the basls of the performed computations we construct
graphic relaticnships of the values of substratum coefficients
to the value of complete settling C = f(wo). The computed
value of the substratum coefficlent is determined according to
curve C = f(wo) for the taken value of calculated settling.

§ 20. ARTIFICIAL BASES

Artificlal bases of coverings ralse the bearing capaclty of
the soils, especially during the period when they are in the
overmoistened state; they regulate the conditions of moistness of
the underlying soils; they prevent the squeezing of the diluted
soil through the Jolnts of the coverlng under the action of
moving operational loads on the covering and prevent the breakage
of coverings from swelling.

Depending on the place of locaticon of the airfield and
the effect of loads on the covering 1t 1s possible to construct
the bases sand, from sand-gravel mixtures, from crushed stone
or gravel, treated In the top layer with organic binding
materials, and also from sand or thin concrete or cement-soil.
For selection of the type of base technical and economic comparisons
of the variants are necessary.
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The simplest type of artificilal base under the concrete
covering 1s a sand base, which 1aproves the working conditions
of the coverings on the whole 1i. connection with the constant
bearing capacity of sand, low coefficlient of friction of the
covering agalnst the sand base and its draining ability. As a
rule, between the concrete slabs and the sand base there should
be placed a separating layer made of grease-proof bitumen-
impregnated paper and others. For the construectlon of sand
bases we use 1rregular sands, which conform to the requirements
given in Table 22.

Table 22
Content of silty-clay
gizsegf ;ge openings of particles (finer than
s 0.05 mm), % by weight
Sand 2 1 0.5]0.25]0.15 Zone of Zone of
moderate excess
Quantlty of particles which molisten- molstening
are held on the sieve ing
Coarse Up to 35| 250 | - 290 |- i 5
Medium Up to 20 - 250 |275 1290 5 y
Fine Up to 10| - - |250 {290 il 3
Extra-fine - - - |260 [290 4 3

It is permitted to use fine-gralned and extra-fine sands
for the construction of bases only when special measures are
provided, which ensure the stabilicy of the sand layer, for
example, the introduction of coarse-grained, additlons, treatment
with binding agents, etec.

Crushed stone and gravel mixtures are used for the construc-

tion of bases only 1n the absence of danger of the mutual
penetration of gravel and the underlying layer of soil. For the
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_ construct.on of bases the gravel mixture should satisfy the
L requiremenss given in Table 23.

Table 23.
3 Content of fractions
1 for II and III climate
1 Sizes of zones, % .
E-- fractions, mm Dry Damp
Locality Locality
>25 52-36 68 .
25-5 30-40 20
5-0.5 15-20 10
<0.5 3-4 2

; In all cases of the construction of bases from gravel-crushed
stone mixture 1t 1s de<irable to pack the soils of the underlying
1 i layer to a depth of 10-15 cm. Soils cannot be reinforced when

1 i the mechanical composition of the gravel-crushed stone mixtures

1s selected to fit the composition of the soil of natural base

by the type of selection of the filltering filter for drains.

Strengthening of soils of the base, as a rule, can be
accomplished in the III-IV climate zones. In the II climate i
zone light loamy, sandy loam and other coarse-grained soils can
be subjected to strengthening. As strengthening additions at
the present time we use organic and inorganic binding agents:
liquid bitumen, 1liquid coal and peat tars, high-resinous *
petroleums, portland cement, slaked and unslaked lime. The use
of lime for the strengthening of bases under rigid coverings

¢
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are limited to IV and V climate zones in view of its insufficient
frost resistance. More detall about the use of different methods
of strengthening of solls, and also requirements for binding
materials, the technology of construction of strengthened bases
are given in the Instructions for the use of solls strengthened
by binding materials (SN 25-64) in road and airfield construction.
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The thickness of the sand or gravel layer according to
technical specifications of the designing of airfield coverings
(SN 120-60) should not be less than that indicated in Toble 24.

Table 24,

Climate'zones

II III v

Soil of base Recommended thickness of

base made of medium- and

coarse-gralned sands, cm
Sandy 15 10 10
Sandy loam 20-25 15-20 10
Heavy loam and clay 25-30 20-25 15
Silty soil and silty loam 35~50 25-40 15-20

Note. Greater thickness should be taken for areas in the
northern part of this climate zone, and lesser -
the southern.

The sand and gravel-crushed stone bases of small thickness
(up to 10 em) can be set up under favorable hydrogeological
conditions mainly in the southern areas for the prevention of
freezing of the covering together with the soil. If the sandy
solls conform to the requirements of Table 22, the construction
of artificial base is not provided.

Coverings can be constructed without sand or gravel-crushed
stone base, as a rule, only in exceptional cases with the presence
of sandy solls and under especlally favorable hydrogeological
conditions. The bases, lald out in sections, with soils subject
to swelling, have their peculiarities.

It 18 recommended to select constructions of rigid coverings
and their bases with the presence of swelling soils in the natural
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: base so that the coverings would allow the greatest possible
i deformations without fallures, and the bases would facilitate a
decrease of the swelling to permissible limits. 1In this case
conditions of the safety of aircraft motion should be observed.

& il AL G S s .
Lo

=i On the strength of conditions of safe operation of alrecraft
' for concrete coverings there are established tentative maximum
permissible roughnesses, connected with heaving (Table 25).

Table 25 T
Offsets on the
: Joints of Mounds and ;
?i;?:gtsgﬁi adjacent slabs holes at gi§$2:2;ge
P | (only for freely |joints, mm g
lying slabs), mm
Taxiways 15 15 0.009
Runways 10 10 0.006

Note. The maximum permissible roughnesses are ziven for
aircraft which have tire pressure up to 10 kgf/cma.

If with respect to the prediction of swelling the deformations
of the covering turn out to be equal to or less than the maximum
permissible, than there are no limitations of the construction
of covering and base.
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CHAPTER VII
RIGID COVERINGS OF AIRFIELDS

§ 21. BRIEF INFORMATION ABOUT THE
DEVELOPMENT OF RIGID COVERINGS

In the Soviet Union rigid coverings began to be constructed
on airfields in 1932-1933. These were coverings made of concrete
hexahedral slabs 10~14 cm thick with dimensions of the side
1.25 m. The slabs were placed by hand. Coverings of such type
were constructed up to 1941 and in the first postwar years and
they reliably ensured the operation of the aircraft of that
period. However such coverings are unsultable for the operation
of large high-speed aircraft (Tu-104, I1-18), since their
strength turned out to be insufficient. Furthermore, the
dimensions of old concrete runways were small for the new air-
craft, the takeoff and landing run length of which was considerably
increased Iln comparison with aircraft of the Li-2, Il-14 type.

Later stronger concrete coverings began to be used. Initlally
an increase in their strength was provided only by an increase
in the thickness of the concrete slabs from 10-14 to 14-22 em
and the sides of the hexahedral slabs to 1.5 m. Such coverings
were also lald out by hand with the use of small mechanization
means. During subsequent years for the building of airflelds
there appeared domestic concrete-laying machines, which made
it possible to completely mechanize the c¢onstruction of concrete
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coverings. In this case it was neeessary to forego the hexahedral
" slabs and to change to slabs of rectangular form, the application
of means of mechanization for the laying of which 1s considerably
simpler. However, concrete coverings possess a number of
substantial shoftcomings, which will be examined below. Therefore
the further improvement of rigid alrfleld coverings occurred
because of the change in their construction.

Reinforced concrete coverings - the first stage of improvement
of concrete coverings. They already had extensive application !
for airfields designed for medium and heavy loads. Still more | 3
improved are prestressed concrete and reinforced-concrete

coverings. Thus far they are used in limited volume due to
some technolégical difficulties of thelr construction.

Rigid coverings, being assembled from prestressed reinforced-
concrete slabs, manufactured at plants of reinforced-concrete ‘
products, have large prospect. The prefabrication of slabs i

ensures thelr high quality. At the site there 1s accowmplished
only the installation of slabs, as a result of which the perilods
of reconstruction or erection of RW are sharply reduced. i

At the present time at many plants there is mastered the ;
series manufacture of prestressed slsbs for precast coverings ‘
and the volume of their use on airfields grows with every year.

! On several airfields, on which aircraft of the Tu-114 type

‘ operate, durable reinforced-concrete coverings were applied.
However, there is no wide prospect for thelr future use, since
they are substantially inferior with respect to their technical
and economic and operational indexes to coverings made of
prestressed concrete and reinforced concrete.
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§ 22. GENERAL POSITIONS

The type and construction of alrfield cove-lngs are designated
on the basis of the technical and economical comparison of
variants taking into account the class of the airfield, its
purpose and the magnitude of standard load (Table 26); the
r1limatic, hydrogeological and soll conditions of the building
area; the proposed intensity of opera ion; the concentration
and directivity of motion and features of the effect of the
aircraft belng proposed for operation on the coverings; the
presence of local building materials.

Table 26
Magnitude of Pressure 1in
Category of standard load pneumatic Type of main
standard load | on strut, t tires, kgf/cm? | strut
I 70 10 Four-wheeled
II 55 10
II1I 4o 10
1 |
v 30 10 Single-wheeled;
v 8 6
VI 5 4

Note. 1. The distances between the pneumatlic tires cof con-
ditional four-wheeled strut are taken equal to
70 and 130 cm.

2. The requirement for planning standard loads of
III-IV category can be established as single-
wheeled, equal to 17 and 12 t respectively,
and pressure in pneumatic tires for V Snd VI
categories of load - equal to 8 kgf/cmc.

The recommended constructions of coverings depending on the

category of standard load are r'ven in Table 27.

}

The rigid types of coverings can be constructed in all §
road-weather zonee on sections with hydrogeological conditions !
of I-II types according to the classification of hydrogeological |
conditions given in Table 20. Rigid coverings are not used in l
the III type hydrogeological conditions. z
f

!
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i
|
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Table 27

Type of covering T { II III |1Iv |v | VI

Category of load

Recommended constructions

Concrete

Cast in-situ-prestressed + + | + = =] =
Reinforced-concrete + + + o+ |+ -

Precast from prestressed
ferroconcrete slabs (plant
nanufacture) - + + | +{+ ! =

= - - - |+ -

Note. 1.

The + sign signifies the advisabllity of the use
of constructions; the - sign inadvisability.

For I;II categories of standard loads it 1s per-
mitted to use ordinary ferroconcrete coverings.
On swelling and .settled soils ordinary

- ferroconcrete coverings can also be used for the

lower categorles of standard loads.

The use of cast in-situ prestressed coverings
is most advantageous on straight sections
with length not less tnan 500 m.

Coverings made of precést prestressed slabs of

- plant manufacture primarily should be used: -on

sections subjected to nronuniform swelling or to
settling; with necessity cf building of cover-
ings in shortened periods; on sections where
concrete-laying machines cannot be effectively
used; with necessity of bullding coverlngs at
temperatures belew the freezing point.

With calculated intensity of operation of cover-
ing not exceeding 1000 taxiings of the calculated
aircraft per annum, concrete coverings can be
used alsc for the IV cagegory of standard loads.

When buildiug rigid coverings on sections with III type of
hydrogeological conditions there are provided the corresponding
engineering measures (drainage, lowering of the level of ground
water, erection of embankments) for the purpose of bringing the

avalilable conditions to the II type.
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The minimum rise of the bottom of the trough during the
construction of rigld coverings above the level of ground water and
vadose water 1in all cases should be not less than that given in

Table 28.
Table 28
Climate zone
Soil of natural base CEN LAV
Rise of the bottom of
trough, m
Medium sand 0.810.7] 0.6 0.5
Fine sand and sandy loam 1.3]1] 0.9 0.9} 0.8
Silty soils, silty and light loams 2.0 1.6 1.5 1.4
Heavy loams, clay : 2.0 1,5 1.2 1.1 :

With such rises the role of capillary rise of ground water
to additional moistening of bases is considerably lowered.

Rigid coverings, aé a rule, are placed on artificial baszes
made from materials treated with organic and inorganic binding
agents. Soil-sand-cement bases for cast in-situ coverings are
taken constant, equal to 20 cm.

With the IV-VI categories of standard loads and intensity
of operation up to 10060 takeoffs and landings of the calculated
aircra‘ec per annum the bases can be constructed from untreated
mate.1als, in this case the construction of sand bases 1s allowed
only in the I type of hydrogeological conditions.

Between tne slabs and base in cast in-situ rigid covering:s
there are provided dividing layers of oituminized paper, grease-
proof paper, a plastic film or sand-bitumen mixture. With
roughness of the base exceeding 20 mm, furthermore, there shculd

115

i Rl

——

2 e i bE ae

- =



¥

U T

be installed an evenlng subldyer of sand cement or sand aspﬁalt.

With the construction of coverings from precast prestressed
ferroconcrete slabs, being placed on all types of artifiecial
bases, except sand, vhere is provided an evening sublayer of
sand-cement mixture 2-4 em thieck. The dividing layer in this
case 1s not necessary.

With change of temperature and moisture in cast in-situ
rigid coverings there appear tensile, compressive and bending -
stresses, which cause the cracking of slabs. For reduction
of these forces and prevention of cracking the concrete,
reinforced concrete and ferroconcrete coverings are dlvidea into
separate slébs with longitudinal and tranverse seams. As a
rule, the longitudinal and transverse seams of the coverings
in the slab intersect at right angles. With the laying out of
seams staggered or with their displacement in the plan there is
observed cracking in the direction of the adjacent transverse
seams 1In the form of corners splitting off. Such fallures appear
as a result of temperature strains and large friction forces in
the seams.

o

The longitudinal and transverse seams, which form standard
rectangular slabs, are laid out according to the type of com-
pression joints or the type of expansion joints. The compression
Joints make it possible for the slabs to reduce thelr dimensions,
1.e., be compressed during shrinkage of the concrete in the
proress of its hardening and with temperature drop. The expansion
joints are the clearances between adjacent slabs, the width of
which ensures the freedom of movement of slabs during expansion,
with temperature rise or with increase in the molsture of
concrete. The maximum dlstances between the transverse compression
seams in concrete and ferroconcrete coverings are taken according
to Table 29.
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Table 29

Type of covering

Thickness of covering; em

Less than

26 cm

More than
26 em

Distance between seams, m

Concrete
Ferroconcrete

5
25

7
30

The recommended maximum distances between the compression
Joints 1in reinforced concrete coverings for different climate

zones are given in Table 30.

Table 30
Thickness of covering, cm
Type of covering 16-18 | 20-22 | 24-26 | 28-30
Less than 26 cm
I 20 20 20 20
II1 20 25 3 rY
v 20 25 30 35

In cast in-situ prestressed coverings no compression joints

are installed.

Longitudinal seams in all types of coverings are combined
with technological joints.! In concrete coverings the distance

between longitudinal seams s equal to 3.5-7 m.

!The construction of technological joints is stipulated by

the width of coverage of the concrete-laying machines.
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When laying concrete, when the free-air temperature 1is above
+10°C,‘the distances between the transverse expansion joints
for all types of rigid coverings, except precast from prestressed
ferroconcrete slabs, are equal to 60-100 m. At lower temperatures
the distances between the expansion joints are taken as for the
compression joints. 1In this case in reinforced concrete and
ferrcconcrete coverings no ccempression Jolnts are constructed.
In precast coverings expansion Jolnts are installed every 20-25 m
~ iIn both directions. In twe-layered concrete coverings the
distances between the transverse compression Joints can be
increased to 10 m, no expansion jolnts are installed in this
case.

In all seams, as a rule, butt joints are provided: pin,
matching, etc. The parameters of pin butt joints are given in
Table 31. Sometimes instead of the construction of butt Jolints
there 1s'performed strengthening of the edge sections of slabs
by reinforcement according to the recommendations of Table 32
or the thickening of these sections. In transverse expansion
Joints there is recommended the construction of slabs under
the joint. The constructlon of seams without butt jolnts or
without strengthening of the edge sections is allowed only for
longitudinal seams of cast in-situ prestressed coverings with
biaxial compression.

Table 31

Distance between pins,
Thickness of | Diameter of Length of ci
covering, cm pin, mm pin, cm

In through In dummy

Joints Joints

20 and less 20 Lo 30 4o
22-30 25 30 50 Lo
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Table 32

l Quantity of reinforcement rods of class
A-IT in each cross section zone of the
Thickness of | slab, pleces.
slabs, em
In through joints In dummy Joints
20 b 12 3912
22 b g 12 | 3912 |
2h 59812 hgi2
26 4 gy 39 14 ’
28 59 14 4 g 14
30 5@ 14 4 g4

The constructions of seams of cast in-situ rigid coverings
are given on Fig. 31, and recommendations regarding their use
are given in Table 33. '

The required thicknesses of structural layers of airfield
coverings are determined by calculation. The minimum permissible
thicknesses of coverings are given in Table 34.

‘ The thickness cf single-layer rigid coverings, as a rule,
should not exceed 30 cm. When according to calculation large
thickness is necessary, more effective constructions of coverings
with respect to bearing capacity, durable bases or two-layered
coverings are necessary. Two-layered coverings are constructed
by the method of adding on a separating layer. As separating
layer there is used grease-proof paper and other rolled materials,
laid in two layers, or a layer of sand-bitumen 0.5-1.0 cm thick.
It 1s advantageous to make the bottom layer of the two-layered
covering from concrete, keramzit, sand and slag concrete. In
the top layer prestressed ferroconcrete and reinforced concrete
can be used. The mutual arrangement of the slabs of the upper and
bottom layer should be such in order to avoid the matching of
Joints as much as possible,
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The sections of verges, directly adjacent to the artificilal
coverings of RW, RD, MS and ramps and being subjected to the
action of gas and air streams from aircraft engines, and also to
the possible effects of airport transport and operational
facilities, are reinforced.

The recommended constructions of coverings for the reinforced
sections of verges are given in Table 35.

; 8 :
This half of the pin
is coated with bitumen
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Fiz. 31. Constructions of joints (dimensions in cm). 1 -
covering slab; 2 - pin; 3 - slab under joint; 4 - wooden
liner; - sealing material; 6 - wooden plug 190-15 mm in
diameter; 7 - cap with Plastic packing; 8 - working fittings;
9 - 1ower liner.

KEY: (1) Painting with bitumen. Slope 1:10; (2) Painting
with bitumen. ‘
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Table

33

Type
of
seams

Construction of
seams

Recommendations regarding use

In longitudinal
seams

In transverse
seams

II-a

II-b,

I1T

Iv

VI

Expansion seam
with pin joint.

Through expan-
sion joint with

slab under seam.

Through expan-

sion joint with
slab under the

Joint.

Through expan-
sion jJoint with
reinforcement
of edges of
slabs.

Through expan-
sion joint

with thickening
of the edges of
slabs.

Matching com-
pression joint

Dummy compres-
sion jJoint with
pin connectlion

For reinforced
concrete and
ferroconcrete
coverings at the
points of inter-
section and
adjoining to
different con-
structions or
other types of
coverings.

For conecrete coverings at the points
of intersection and adjoining to
different constructions and other
types of coverings.

For all types of
coverings with
thickness of
slabs more than
20 cm.

For concrete

coverings coverings except
prestressed
121
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For all types of
coverings except
prestressed.

For reinforced con-
crete and ordinary
ferroconcrete
coverings.

For cast 1n-situ
prestressed cover-
ings.

For concrete cover-
ings, and also
ferroconcrete cover-
ings, placed on
swelling or settled
soils; at points of
intersection and
adjoining to dif-
ferent constructions
for all types of
coverings, except |
prestressed.

For all types of




Table 33 (Cont'd.)
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VII

VIII

Dummy compres-
sion joint with
pin connection

Through compres-
sion Joint with

reinforcement of
edges

For concrete
coverings

For all types of
coverings (except
prestres<ed with
biaxlal compres-
sion) with thick-
ness of slabs

20 cm and less,
and also for
concrete and
ferroconcrete
coverings of any
thickness with
construction on
swelling or
settled soils.

For concrete cover-
ings in technologi-
cal jolnts.

Notes.

1. In type II joints the thickness of the slab under
the joint hn 1s taken equal to 15 cm with thickness

of the covering slab h < 20 c¢m and 20 e¢m - with

“h > 20 cm.

2. The total weakening of the cross section in joints
of types VI and VII should be not less than 1/4 h.

3. The pin 1n a joint of type VI 1s painted with

bitumastic on the entire length.

4, In the joints of types III, IV, VII and VIII . - the
elastic characteristic of the covering slab (cm).

5. In prestressed coverings with blaxial compression
the longitudinal seams are made through without
Joints and additional reinforcement of edges.

Table 34

Covering

Thickness, em

Prestressed ferroconcrete

Reinforced coricrete, concrete
and ordinary ferroconcrete

14
16

Note. The thickness of the structural layer of
prestressed ferroconcrete with biaxial
compression with layilng of transverse flttings
in channels should be not less than 18 cm.
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Table 35
Sections of verges|{Reinforced sections
adjacent to the of verges of RD, i
ends of RW MS and ramps ;
Category of standard load
Covering :

I |ITI |IIT |1V

\')

I |IT |III

v

Recommendations regarding use

Cast in-situ concrete
covering of precast
concrete and
ferroconcrete slabs

Asphalt-concrete made
of mixtures of
mediun-grained and
increased crushed
stone.

Stone materials and
solls, treated with
organic and lnorganic
bindirg agents.

- |- +

+ |+ | - |-

+

i
|

+ |+ +

PR TETTCaiy S

d §

"Road Concrete."

Note. With the construction of coverings from the local soils,
treated with different binding agents, a necessary con-

dition 1s the construction of protective layers.
airfields being desigr=d for standard load of III-V
category there is alluwed the construction of soil-

cement coverings without a protective layer with the

On

necessary impregnation with organic binding agents
and with emulsions.

23. MATERIALS FOR COVERINGS

For the construction of rigid coverings there should be used
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cement-ccnerete, which conforms to requirements GOST 8424-63
The reconmended brands of concrate according to
compressive and tensile strength during bending are given in
Table 36.




Table 36

Rated brand for strength

Purpose of concrete During Tension with
compression bending

; 5 Single-~layer coverings and top
' layer of two-layered coverings

. Bottom layer of two-layered 2250 235
3 coverings, bases under asphalt-
3 concrete coverings and for
slabs under Joints.

L Anchor slabs of cast in-situ >300 -
prestressed coverings.

2300 >h5

For the bottom layer of two-layered coverings and bases
under asphalt-concrete coverings, and alsc for heat-insulating
3 layers there can be used sand concrete, keramzit cconerete and
slag concrete on porous blast-furnace slags.

; Rigid airfield coverings can be reinforced with rod, wire
and spun reinforcements. The type and class of reinforcement

depend on the type of covering and the purpose of reinforcement

in the constructicn. As tenslioned reinforcement it is recommended
to use hot-rolled reinforcement bar of indeiited shape of class
A-IV (GOST 5781-61); high-strength binding wire of indented shape
of class B _-II (GOST 8480-57): reinforcement strands
(ChMTU/TsNIIChM 426-61); high-strength smooth binding wire of
class B-II (GOST 7348-55) in the form of bundles with tension to
the hardened concrete.

{
As unstretched reinforcement there is recommended hot-rolled 3

: s
reinforcement bar of indented shape of class A-II (GOST 5781-61), ‘
and for reinforcement of uniaxlally compressed slabs of precast

coverings also cold-drawn ordinary smooth binding wire of class i
B-I (GOST 6727-53). |




)
|
1
i
{
{
i
H
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As installation, distribution, and structural bars and for
elements of butt joilnts there 1s advisable hot-rolled smooth
reinfoicement steel of class A-I (GOST 5781-61); ordinary cold-
drawn binding wire of class B-I (GOST 6727-53).

R R A

_ - As tensloned reinforcement there is allowed reinforcement f
;m. steel of class A-IIIv (GOSY 5781-61), reinforced by drawing.
; . , For the construction of bases under main coverings there can

be used crushed stone, gravel, sand-gravel, soll-gravel and earth- |
crushed rock mixtures, local soils, rotten stone, shellrock, sand,
and also acld and basic blast-furnace slags. All materials

should satisfy the requlirements expounded in the Technical
specifications of the production and acceptance of airfield con-
struction operations SN 121-60. 5

G e s A

For filling the joints of rigld coverings there can be used:
rubber-asphalt binding agents (’RBV), "Izol" mastic, rolled
molsture-proof 1zol, porolzol, TsN-2 mastic and other materials,
having undergone production te:ting and having shown positive
results,

S SR b A

£ § 24, CONCRETE COVERINGS AND VARIETIES
OF THEIR CONSTRUCTIONS

Siad ot

Concrete coverings at the present time are the most wide-
spread at alrports of the USSR. The simplicity of construction
and technology of construction provided them wide application,

in spite of a number of significant shortcomings.

Concrete 18 one of the most widespread bullding materials,
utilized in all areas of building. It is distinguished by high
strength and density, sufficient frost and weather resistance.
In general-construction practice the mechanical strength of
concrete 1s characterized by the compression strength (brand of s
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c-ncrete). However, as noted above, the material from which

rigid type coverings are constructed should handle bending, and
consequently absorb compressive and tensile stresses. Therefore
the mechanical strength of concrete for coverings is characterized
also by the ultimate tenslile strength during beading.

The ultimate strength is determined by the testing of
control samples of concrete, which were stored after manufacture
at a temperature of about +15°C and relatively high humidity
for 28 dajs. For compression tests there are manufactured
concrete cubes 20 x 20 x 20 cm, while for bending tests ~ concrete
beams 15 x 15 x 60 em.

A feature of concrefe as a building material is the con-
slderable difference of its compression strength and bending-
tensile strength.

Since the slabs of concrete coverings under the action of
operational loads and natural factcrs handle bending, tension
and compression, the determlning characteristics of airport
concrete are the ultimate bending and tensile strength. This
circumstance leads to the fact that the high compression strength
of concrete in the construction of the covering 1s not used,
but there 1s used the abllity of concrete to absorb bending and
tensile stresses, which is 8-12 times lower than the ability of
concrete to absorb compressive stresses.

Besldes thls, it 1s necessary to consider the fact that
after laying the concrete gathers strength gradually, in the first
days it is insignificant, and the natural factors which cause
internal stress in concrete are already in effect. Temperature
and shrinkage stresses are the most dangerous for concrete during
the hardening period. The greater they are, the larger the
dimensions of concrete slabs in the plan. Therefore it is
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necessary to restrict the dimensions of slabs so that the internal
stresses appearing in them would not reach values dangerous
for the strength of concrete.

The specifications of the designing of airport coverings
(SN 120-60) determine that concrete coverings are constructed,
as a rule, from rectangular slabs with ratio of the dimensions
of sides within 1:1-1:1.5. The maximum size of the side of the
slab should not exceed 5-7 m. Thus, the concrete covering is
divided into separate slabs with longitudinal and transverse
seams. The construction of the seam has great significance for
the bearing capacity and service 1life of the covering. The
experience of building and operation of rigid coverings shows
that with the unsuccessful construction of joints they are pre-
cisely the source of progressing fallures of the entire covering
on the whole. '

In concrete coverings we construct compression joints and
expansion Jolnts. The compression Joints are constructed with
clearance. The clearance in them is formed subsequently during
the compression of slabs. The compression joint can be through
with a thin lining of rolled material (grease-proof paper, izol
and others). The most common are compression joints in the form of
dummy Joints, for which the slab is cut through on top to 1/3
the thickness. With the appearance of dangerous temperature
or shrinkage tensile stresses in the slab its rupture occurs
along this weakened section and the dummy joint 1s converted
into a compression jJoint. The distance between the compression
Joints 1s determined by the dimenslions of the slabs of this
ccncrete covering.

The expansion joints are constructed with clearance. The
width of the expansion Jjoints 1s greater, the greater the dis-
tance between them. The expansion joints can simultaneously
fulfill the role of compression jolnts, bu: the ccmpression joints




cannot fulfill {ae role of expansion joints. The transverse
eipansion joints should be located from one another according
to the requirements expounded in § 22.

R e

Longitudinal expansion Jolnts, as a rule, are not constructed
1 on runways. All longitudinal seams are set up according to
the type of compression joints. Only in individual exceptional
cases, under very adverse climate conditions, can longitudinal
expansion Joints be applied on RW and soll MS. ‘

Gt ic i i,

Both the compression Joints and expansion Jjoints should be
waterproof. In the process of operation of the covering the
width of the Joints 1s constantly changed, therefore to fill them
materlal 1s necessary which has sufficient elasticity and main-
tailns watertightness of the joint during the calculated changes

in 1ts width.

At the present time for the filling of joints in concrete
coverings there are used "Izol" mastic and rubber-asphalt binding
agent, which correspond to the above-indicated requirements to ‘

the greatest degree.

: Around the jolints are formed edge and corner sections, the 1
‘ strength of which is lower than the strength of the middle '
fields of the slabs. In order to ralse the strength of edge

and corrner sections of slabs and to bring it to the strength of

the middle fields in the Joints between slabs we use butt joints. .
Butt joints somewhat unload the edge or corner sections of slabs

from the load being transferred on them from the aircraft wheels,
transferring part of it through the joint to the adjacent slabs. . ;
The most common are pin butt Joints, in which the load from one
slab is transferred to the adjacent with the aid of metal pins.

i A e

e Ry T ey b U W Nl et e, et - - o o

128

AISUEIANE " o D I 42 mc

Ul BT APAR AN AR sl ¥ | 051

ettt i . S oo o gl N cdTande, B Ak b Sduah ki Wﬂd




et

§ 25. REINFORCED CONCRETE COVERINGS

Reinforced concrete coverings include those in which the
percentage of reinforcement is less than the minimum provided
for ferroconcrete slabs. In reinforced concrete sections at
calculated loads the tensile stresses are absorbed both by the
reinforcement and by the concrete. The reinforcement of concrete
coverings substantially increases the service 1life and stability
of thelr operation under the action of repeated moving loads
because of the decrease ln the quantity of Jolnts, and also
the strengthening of the top layer by reinforcement bar. The
presence of reinforcement prevents the opening of cracks, caused
by moving loads and by temperature variaticns, in consequence
of which the high operational quaiit.es of coverings are ensured.

Reinforced concrete coverlings are reinforced by lattices
r.de of rod reinforc-uent of class A-II, with diameter 10-14 mm.
The mesh is located in the upper zone of the section of coverings

at a distance from the surface equal to 1/3 the thickness of the
slab.

The coefficients of 1longitudinal reinforcement of slabs

are taken from Table 37. The spacing of the longitudinal rods
is taken within 15-30 cm.

The transverse reinforcement 18 structural. The distance
between the transverse rods is taken as the following: 40 cm

with thickness of slab up to 22 cm; 30 c¢m with greater thickness
of slabs.

It is recommended to take the transverse and longitudinal
rods of the mesh of the same dlameter.
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Table 37.

Distance between com- Coefficient of longitudinal
pression Joints, m reinforcement of slab, m

20 0.15

25 and more 0.17

30 0.21

35 0.25

§26. FERROCONCRETE COVERINGS

In ferroconcrete coverings the reinforcement is designed for
the absorption of the.forces which appear in slabs from the
effeet of operational loads. Fovr the same load the thickness of
the ferroconcrete slab is less than for concrete or reinforced
concrete, but the consumption of reinforcement considerably
Increases. Besides this, as experience shows, ferrcconcrete
coverings are insufficiently reliable under the intense action
of calculated operatlional loads. Therefore they are now used
in exceptional cases and cannot be consldered as promising.

For the reinforcement of ordinary ferroconcrete coverings
there is used reinforcement 12-16 mm in Aiameter in the form of
mesh and frames. The reinforcement is placed in longitudinal
and transverse directions in the upper and lcwer zones of the
section of the slab. The necessary area of the reinforcement 1s
determined by calculation. The minimum reinforcement factor -
0.25. The distance between rods is designated within 10-30 cm
depending on the required area of reinforcement and the taken
rod dlameter. In designing one shculd use the minimum quantity
of different rod &iameters.

Reinforcement mesh and framework are welded by the contact

method. The butting of reinforcement mesh and individual rods
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is accomplished in accordance with the recommendations of § 11
and Appendix III SNiP II-V, I-62.

The magnitude of the protective layer for all types of
coverings 1s taken equal to 4 cm on the upper reinforcement and
3 em on the lower relnforcement.

§ 27. CAST IN-SITU PRESTRESSEL
COVERINGS

Cast in-situ prestressed coverings include those for which
during construction there 1s accompiished preliminary compression
of concrete. The compressive stresses prevent the emergence
of tensile stresses from operational loads. This makes it

- possible to transfer considerably greater tensile stresses to the

construction than to concrete coverings.

Coverings made of cast in-situ prestressed reinforced
concrete possess high résistance to cracks because of the good
resistivity to tensile and bending stresses; we do not fear
a small crack opening in concrete of the extended area, since
under the aection of prelimihary compressive stresses thev are
closed after the removal of load; they make it possible to
reduce the thickness of covering 1.5-2 times in comparison with
ordinary ferroconcrete coverings because of the use of high-
strength reinforcement bar and concrete of high grades; they can
be constructed from large slabs, which sharply reduces the number
of Joints and thereby improves the operational qualitles of
tne covering. Some varleties of prestressed coverings can not
have expanslion joilnts at all. Advantages of cast in-situ pre-
stressed coverings are most clearly manifested during the
operation of large aircraft.

The type of prestressed covering should be selected taking
into account the climate and hydrogeologlical conditions of
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location of the airport, the dimensions and configuration of the
section of the covering being created, the presence of local

bujiding materials. Under severe climate conditions 1t 1s ="
advantageous to construct coverings with stressed reinforcement
by high-strength steel reinforcement. In mild climate for

the creation of prestressing in longitudinal direction there can ;
be used the method of compression withcut reinforcement with the -

. ey S R et Ng T
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aid of power joints.

The sections of the coverings with length less than 500 m o
are advantageously constructed with tension 6f reinforcement
to the hardened concrete. With the length of section 500 m and
more there can be constructed longline iensioned concrete and

prestressed coverings compressed without reinforcement.

§ 28 PRESTRESSED COVERINGS WITH
TENSIONING OF REINFORCEMENT TO.
HARDENED CONCRETE

For the reinforcement of this type coverings we use beams
or strands of high-strength cold-drawn wire, or rods made of
high-strength low-alloy hot-rolled steel (Fig. 32).

The reinforcement 1s installed before concreting. Its
adhésion with the concrete 1s prevented, as a rule; because of the
use of metal corrugated plpes, into which the reinforcement
is passed. With reinforcement of the covering in transverse
direction in the process of concreting with the ald of metal .
rods, hoses and other similar objects in the slabs are con-
structed channels, through which the'reinforcing beams or rods
are pulled after the setting of the concrete. .

The prestressing in coverings 1is created after the concrete
acquires the designed strength by means of the stretching of
reinforcement by hydraulic jJacks, set into the vertical sides of
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Fig. 32. Prestressed covering, g
1 reinforced in two directions by E
wire-rod bundle reinforcement: 3
_jt 1 - reinforcing bundles of cold-
drawn high-strength steel 5-8 mm b
in diameter; n and m - spacing !
of reinforcement in longltudinal i
‘ ! . and transverse directions
2 (determined by calculation).
X

g | W 1

slabs, with subsequent anchoring of this reinforcement in stressed .
state (Fig. 33).

Filg. 33. %ension of the wire-
rod bundle reinforcement of

., 41 the covering by a hydraulic
SNayf~ Jack.
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The method of tensioning of reinforcement. to the concrete
makes it possible to accomplish the stepped application of
prestressing, which it is advantageous to do during the construc-
tion of coverings in order to re:mve from the slabs, which still
have insufficient strength, shrinkage and temperature stresses
and to reduce the losses of prestressing, which occur due to
shrinkage and creep of the concrete.

A technological shortcoming of this type coverings 1s the
difficulty of mechanization of construction and a greater quantity
of manual operations during assembly and insulation of the
reinforcement and its stepped tension and anchoring. Besides
this, with tension of reinfercement in the channels of the
30lidified concrete, 1f the straightness of these channels 1is
even insignificantly distrubed, there occur large losses of
prestresses due to friction between reinforcement and the
walls of channels, which sometimes reach 20-40%, which is
equivalent to the loss of a corresponding amount of reinforcement
bar.

With biaxial reinforcement with tensioning of reinforcement
to the concrete the thickness of the covering should be not less
than 18 2m, while with reinforcement in only one direction -
not less than 16 em. The maximum length of channels is
restricted to 50-70 m, since with greater length the losses of
prestresses due to friction strongly increase. Therefore through
the indicated gaps in the covering it 1s necessary to provide
technological breaks, and consequently expansion Joints. The
dimensions of the technological breaks should provide for the
plaaement of jacks in tnem for tensioning of the reinforcement and
anchor devices. The technological breaks, being filled up after
the termination of operations by ordinary concrete, disturb the
evenness of the covering, which is also one of the shortcomings
of this type covering.
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High-strength wire for the manufacture of bundles of reinforce-
ment or strands intensely corrodes without special protection.
Therefore a mandatory technological operation is the injection
of channels with cement mortar, for which in the construction
there are provided attachments for the connection of mortar
pumps to the channels (Fiz. 34), ensuring the exit of air from
them when filling with mortar. With the reinforcement of
coverings with hot-rolled rod reinforcement 14 mm and more in
diameter the injection of channels 1is not compulsory. In this
case the reinforcing rods before laying in the channsls are coated
with corrosion inhibitor.

If the reinforcement must be arranged perpendicular to the
direction of concreting, it is difficult to place it within
1imits of the slab. There is a constructive solution of the
covering, the stressed reinforcement in which is extended beyond
the cross section of the slabs into the base or into the underly-
ing soll. This provides certain technological advantages, since
in this case there is thz possibility of laying the reinforcement
in the planned position before the beginning of concreting, and
channels are not constructed in the slabs. However in thils case
it 1s necessary to additionally provide the construction of
special supports in the edge slabs for transverse reinforcement
or under the end sections of slabs for longitudinal reinforcement,
and also 1ts reliable anticorrosion protection in the soll.

Fig. 34. Mortar pump for in-
Jection of the channels of
wire-rod bundle relnforcement.
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; '~ The stressed reinforcement, extended beyond the slabs of

the covering, creates a bending moment in:them, which under

some conditions can disturb the longitudinal stability of the

covaring on the whole. Therefore when designing such & covering

it 1s necessary to try to provide the minimum amount of

eccentricity of compressive force, to place the reinforcement

as close as possible to the bottom of the slabs. The bending .
moment appearing from the eccentric application of compressive

force should be damped with reserve by the stabilizing effect

of the slabs own weight. *

Prestressed coverings with tensioning of reinforcement to
the soiidified concrete are sufficlently general-purpose and can
be constructed at different sites. The method of tensioning of
reinforcement to concrete at the present time is advisable

with compression of the cast in-situ coverings of predominantly
small size and compression of all varieties of coverings in
transverse direction.

§ 29 PRESTRESSED COVERINGS WITH
TENSIONING OF REINFORCEMENT BEFORE
CONCRETING

In 1956 in the Soviet Union there was developed a design of
stressed cast in-situ longline tensioned concrete coverings
(Fig. 35) and the method of their reinforcement. This type
covering underwent production testling and 1s used for the building é
of airports. ' s ]
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In longitudinal direction the covering 1s reinforced with
high-strength wire (or strands), being spread by a mechanized C
method on a section 500-1000 m long (Fig. 36). The tensioning of
reinforcement is accomplished before concereting simultaneously

I TP N

on the entire length of the catching device. This ensures low

specific labor input with spreading and tensioning of reinforce-
ment and elimlnates tensioning losses due to friction. :
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E : ' . ,,S?)N;P Fig. 35. Diagram of pre-
3 s L stressed longline tensioned
3 2 concrete covering: 1 - anchor;
] 2 2 - rods; 3 - covering; 4 -
% stays; 5 - slab under joint.
E |
i
I-I I-I
2y 2o !
N ’F : 0 /’- ' '-,’ a
,Ql },., = -J - [ 1 g e &~
—— ” L n
N ! 1 1 S
A -.u; 777 0r7e 7. 7p ! /1/ ?f//r ........ R =0
—_N— - 4~ P} - K= \
g h==n r:- 4 2 27—t - l_m 5o
1< L
: i
- !
it ‘ 1dr ?

LEr

Fig. 36. Prestressed longline tensioned concrete
covering: 1 - stays of cold-drawn high-strength _
steel of indented shape 3-5 mn in diameter; 2 - §
reinforecing bundles of cold-drawn high-strength
steel 5-8 mm in diameter or planrt-manufactured 1
strancs; n and m - spacing of reinforcement in {
longitudinal and transverse directlons (determined ¢
by calculation).

Besides wire or strand reinforcement coverings of the con-
sidered type can be reinforced by rod hot-rolled low-alloy
high-strehgth reinforcement of class A-IV with indented shape.
With the aid of a self-propelled welder moving along road forms
the separate reinforcing bars are joined on the spot with length
equal to the distance between the anchor slabs. The bars are
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Joined in a length of the necessary length with threaded bushings,
however the ends of the separate rods should have rolled thread,
since with thread cut by the usual methods the effective cross
section of the reinforcing rods is decreased.

For keeping the stressed reinforcement in tension for the
period of concreting of the covering and for the concrete to
reach the necessary strength we Install anchors at the beginning
and end of each section every 500-1000 m. Anchors are of the
following types: wunderground in the form of sunk ferroconcrete
walls; ground ferroconcrete slabs, entering the composition of
the area of the covering being erected, belng kept from displace-
ment by friction forces, the necessary magnitude of which is
reached with the aild of soll tamplng; ground ferroconcrete slabs
with width equal to the width of coverage of the concrete-
laying machine, and with length equai to the width of the covering
being erected, arranged across the covering being constructed.
These anchor slabs also form the site of the covering and work
under the action of horizontal shearing forces, being developed
by the stressed reinforcement connected to them as continuous
beams of the wall, lying horizontally, the displacement resistance
is provided by spurs (Fig. 37), the depth of laying of which is
determined by calculation.

[ 3}
<
(]
T
2. 8

Fig. 37. Cross-sectional view of anchor
slab: 1 - covering; 2 - slabs under Jjoint;
3 - undergrcund anchor; 4 - anchor slab.

For improvemext in the ¢éonditions of transfer of prestresses

to the concrete and reduction of its losses, which appear from
friction of the underseam of the slab against the base, the
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covering after the concrete gets the necessary strength is cut
by transverse seams into slabs 50-100 m long. The strength of
the corner and edge sectlons of the slabs at the transverse

seams increases because of backing slabs under the transverse
seams.

; : For coverings with tensioning of reinforcement before con-
creting the use of steel wire 3-5 mm in diameter with shaped
surface or bar steel of indented shape makes 1t possible to
manage without special devices for anchoring the reinforcement
in concrete, since such reinforcement with tempering has the i
ability to be self-anchored. Therefore in longline tensioned
concrete coverings the tempering of reinforcement 1s practically
accomplished by 1ts disconnection from anchor slabs and cutting
in the transverse expansion joints.
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The shortcomings of the examined method of tensioning of i
reinforcement include the impossibility of restoration of losses
of prestressing, which proceed from creep of the concrete and
relaxation of stresses in the reinforcement. Thus far there 1s 1
no sufficiently verified information about the corrosion of
wire reinforcement 1n the coverings working at operational load
with the opening of cracks in the lower zone. Therefore such
coverings stlll must be designed for prohibltion of cracks which
intersect the wire reinforcement, and 1n slabs to create a
protective layer of concrete: 1in coverings with thickness up
to 20 em - not less than 4 ecm, and in coverings with thickness
more than 20 ¢m - not less than 5 cm.
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In coverings with tensioning of reinforcement before con-
cretiag the reinforcement can be arranged in the manner most
suitable for the operation of slabs under load. Therefore the
stresued reinforcement 1n slabs should be placed in two layer:,
but with displacement of 1ts overall center of gravity downward
from the neutral plane to 1/6 the thickness of covering. This
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will provide not only an increase of the useful height of the
section of slabs, but 1t will facilitate more effective work of
the concrete in the extended zone.

When designing coverings with the self-anchoring reinforcement
being stretched before concreting special attention must be
given to the effect of temperature-shrinkage stresses, which are
develcped in long slabs, and in the period of hardening of
concrete before the transfer of prestresses to 1t can cause
transverse cracks. The basic means of reduction of the indicated
stresses is good care of the hardening concrete, which provides
stability of the temperature-moisture conditions of coverings.
On the surface of the freshly lald concrete there should be
created a vapor-, water-tight film, and after termination of the
setting of concrete it 1is necescsary to cover the slabs with a
heat-insulating layer of sand 10-15 em thick, in which moisture
above optimum should be constantly maintained. Care should be
accomplished before the transfer of prestresses to the concrete.

When the stabllity of temperature-molsture conditions in
the process of hardening of concrete cannot be provided or the
distance between the expansion joints is more than 100 m, for
the prevention of cracking of the covering constructive measures
are specified - construction of dummy joints in the slabs every
20-25 m, which are metal diaphragms 1.5-2.0 mm thick, having
grooves for longitudinal wire reinforcement. Since in the area
of these Joints corrosion of the reinforcement 1is possible,
they are strengthened with metal pins, as 1n dummy joints of
conventional coverings.

In the coverings, reinforced by stressed bar steel 20 mm
and more in diameter, temperature-shrinkage cracks cannot lower
the strength of the covering, since there 1s no danger of breaks
of reinforcement due to corrosion in the areas of cracks, and
the cracks themselves are reduced after the transfer of
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prestressing to concrete, and in the covering solidity 1s restored.

§ 30. PRESTRESSED COVERINGS, COMPRESSED
IN LONGITUDINAL DIRECTION BY THE METHOD
WITHOUT REINFORCEMENT

For the creatlion of preliminary compressive stresses in the
concrete without the use of stressed reinforcemént there can be
used different constructions of load-bearing Joints. The most
successful technlcal solution of such a coverlng was achieved
by French engineers, who used flat jacks (Fig. 38) as load-bearing
elements. For perception of the thrust being created by Jjacks,
on the faces of the covering there are constructed thrust plates
or other anchor systems.

£ i g ' 3
B ¥ ¢ “

Flat hydraulic jack.
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Fig. 39.

The coverings, in which longitudinal prestressing is created
by flat jacks, are fixed type coverings, since regardless of the
temperature, moisture and other changes the length of slabs
remains practically constant, fixed by the position of the 1limit
stops. Only the most extreme slabs have some possibility of
insignificant displacements because of the elasticity of stops.

An advantage of fixed type coverings is the possibility of
avoiding transverse expansion joints. The working Joints
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function only during the perlod of building, when prestressing
is created, and then they become solld.

However the fixed system has a great shortcoming, since pre-
stresses in such a covering depend cn the temperature and moisture
varlations of the concrete. This shortcoming is not decisive
when bullding coverings in areas where sharp seasonal temperature
variations are absent. But for severe climate conditions of
the majority of the areas of the Soviet Union the use of com-
pression without reinforcement with the aid of flat hydraulic
Jacks 1s coupled with some difficulties. The magnitude of
prestresses in the slabs, being compressed hy the method without
reinforcement, should be designated so that in the spring time
the covering would have the calculated bearing capacity, and
during the coldest period of the year the concrete should not
experience tensile temperature stresses. Investigations show that
with change of the mean temperature of slab by 1°C the pre-
stresses in a fixed type covering are changed 2.5-3.0 kgf/cmz.
This parameter, which is the product of the coefficient of linear
temperature expansion of concrete by its modulus of elasticity,
is important for the correct establishment of the construction of
the covering.

Flat hydraulic jacks can be located in load-bearing Joints
during the .ime when prestresses are created and restored. Fer
the retention and fixing of thrust created by jacks in the Joints
are placed wedged locking devices. As experience shows, it 1s
necessary to observe the load-bearing joints of coverings, belng
compressed by flat hydraulic Jjacks, and to compensate tne losses
of prestresces 1.5-2 years after the initial compression. After
this period the load-bearing joints are made solid and the
covering becomes practically seamless. The fixed type covering,
compresséd without reinforcement, with dally and especially with
seasonal temperature and molsture variations experiences con-
siderable changes in prestresses, which 1s a substantial
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deficiency. For the purpose of soffening the fluctuations of
prestresses 1t 1is possible to use load-bearing joints with
pressure regulation in flat jacks, or load-bearing joints having
elasticity.

It is possible to regulate the pressure in Jacks in stages:
with lowering of temperature increase the pressure to calculated,
and with rise of temperature reduce it to the prescribed value..
Such stepped regulating can be expediently accomplished twice a
year - spring and autumn. However in this case daily fluctuation
of prestresses in the covering remain, and seasonal are smoothed
to a considerable degree.

A good construction of elastic load-bearing joint can be

permitted with the application of steel elastic constraints,

which work under tension. The maln parameter of the joint is ' by

the ratio of the length of elastic connection to the distance
between the joints. The value of this ratio is affected by
conditions of smoothing of the fluctuations of prestresses. 1In
order to completely eliminate these fluctuations, it is necessary
to make the length of the connection equal to the distance between
Joints, 1.e., to change to solld stressed reinforcement of the
covering. With complete absence of elastic connections we have

a fixed type covering with the sharpest fluctuations of pre-
stresses.

Calculations show that the optimum relationships tetween
maximum and calculated prestresses for the examined construc%tions
of load-bearing joints should be taken within 1.5-2.5.

§ 31. COMPRESSION OF PRESTRESSED

CAST IN-SITU COVERINGS IN TRANSVERSE
CIRECTION

The method of transverse compression by wire-rod bundle or
rod reinforcements, placed in the cross section of the covering
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and stretched to the solidified concrete, is the most common.

Transverse compression by such a method is laborious - it exceeds
the labor consumption of longitudinal stressed reinforcement of
longiine tensioned concrete coverings 3-3.5 times.
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Some improvement of the method of transverse stressed

WY

reinforcement of coverings can be achieved by the removal of <
transverse reinforcements from within the section ¢f the covering

slabs to the base. In this case the transverse reinforcement

can be placed on the entire width of the covering before the z ]
beginning of concreting, and it is not necessary to install channels :
in the slabs for 1ts arrangement. This makes it possible to | §
break up with time the technological operations of transverse :
and longltudinal reinforcement, which providés a sharp 1ncrease

in the rate of conereting.

In practice unlaxially compressed cast in-situ prestressed
coverings with calculated unstressed transverse reinforcement can
find wide application. A basic feature is the fact that the
slabs of these coverings have different margin of resistance to
cracks 1n longitudinal and transverse directions.

s il B B e

The bending moment, with which the crack resistance of com-
pressed cross sections of slabs (which have only longitudinal
preliminary compressive stress) is provided, will be

ML= WRp + Ml (32)

S a

The longitudinal sections, which do not have prestresses,
can take moment.

l"' = W/er
' ' (33)
where W - the resistance moment of the cross section of the
slab, cm3.
R_ - the tensile strength of concrete with bending, kgf/cmg;

pH
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Hol - the moment of forces in the stressed reinforcement
relative to the top core, kgf-cm.

Consequently, 1f we design a uniaxially compressed covering,
calculating it fof the prohibition of cracks with operational load,
% then the effect from prestressing in longitudinal direction will
not be used, and the necessary thickness of the covering in
this case will be the same as an ordinary concrete covering. But
5 if we reinforce the transverse driection of uniaxially compressed
slabs by the calculated unstressed reinforcement and allow as in
orédins»y reinforced concrete the limited opening of longitudinal
cracks in unstressed concrete of the tension area, then it is

possible to obtaln a very effective construction of the airfield
covering.

Such a covering with operational load will work with different
rigidity of sections in longltudinal and transverse directions,
l.e., 1t will possess orthotropism. Orthotropic slabs on an
elastic base possess the abllity to effectively redistribute
internal forces, transferring a large part.of them to more rigiad

directions and unloading the directions which possess lesser
rigldity.

Coinbos s oty oK R - e b s bl A AR R S g PRPY R DRV T T N
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For determining the rigidity of unstressed ferroconcrete
sections of the slab, working under load with the opening of
cracks, V. I. Murashev's formula can be used

B = EW (kg — x), (34)

where Ea elastic modulus of reinforcement, kgf/cmz'

s

ho - the useful helght of the sectlion of slab, cm;

x - che helght of the compressed zone of the ccncrete of
the slab, cm;

W - conditional elasto-plastic moment of resistance of the
sectlon, equal to the moment of force in reinforcement
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relative to the center of gravity of the compressed
zone of concrete, divided by stress in the reinforce-
ment, cm3;

By having the actual values of longitudinal and lateral
rigidities of orthotroplc covering, it is possible to determine
the bending moments Mx and M&. By the cqnstruction of the
covering the following equality should be provided:

Me=WRpu + Mas ; (35)
.'", - FIRI (k. —0,51), ( 36 )

o
where Fa - the cross-sectional area of bottom reinforcement, cm“;

Ra - calculated resistance of reinforcement, kgf/cmg.

With transverse compression the longitudinal seams between
slabs cannot have butt Joints, since because of compression
forces rather high friction forces are developed in them, which
ensure the combined work of adjacent slabs under the actlion of
operational loads. In coverings with unlaxial longltudinal
prestressing 1n longitudinal seams it is necessary to provide
butt Jjolnts for .. :rease 1in thé bearing capacity of the edge
sections of slabs.

§ 32. COVERINGS OF PRESTRESSED
FERROCONCRETE SLABS OF PLANT
MANUFACTURE

Airfield coverings made of precast prestressed ferroconcrete

slabs cveate the possibility of mass production of slabs by
industrlal methods at plants of ferroconcrete products and the
conversion of the bullding site into assembling. In this case
the necessity arises for subsidiary enterprises for storage and

handling of initial building materials, the preparation of concrete

and 1ts transportation to the place of laying.
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It is advantageous to use precast coverings if i1t 1s necessary
to construct them in shortened periods or in winter conditions.

In the USSR there are developed, tested and applied several
types of precast prestressed ferroconcrete slabs for coverings, 3
¢ and rational methods of their installation are also developed. ,
The optimum construction for a precast airfield covering at the
present time 1s a ferroconcrete slab, reinforced by biaxial |
. double-row prestressed reinforcement. Such a slab provides the
strength and resistance to cracks required for the coating with
insignificant consumption of reinforcement bar. Slabs of ordinary
reinforced concrete are irrational, since even with increase in
the consumption of reinforcements 2-3 times they do not possess
the necessary crack resistance and service life. '

e i et i
i i s

The dimensions of slabs should be the maximum permissible
with respect to the technological capabiiities of the equipment
used for the transporting of slabs and the installation of
covering. A number of conveyor and the majority of production-
line plants zre equipped only for uniaxial (longitudinal) stressed
reinforcement of slabs. For mass-production at such plants
there 1s developed the PAG-XIV slab with dimensions in plan
2.0 x 6.0 m (Fig. 39), which 1s reiuforced in longitudinal direc-
tion by double-row prestressed reinforcements of indented bar

steel of class A-IV, and across - by ordinary unstressed
. reinforcement. Such a slab 1s orthotroplic and has different _ é
rigldlity of sectlions in longltudinal and transverse direction. ' ' @

Longitudinal bar reinforcement is stretched hy the electro-
thermal method to rigid pallet-trucks before concreting.

If the equipment of the ferroconcrete product plant does not
make it possible to make a slab 6 m long, then the dimensions of
slabs are taken 2.0 x 4,0 of brand PAG-III with scheme of
reinforcement as plates PAG-XIV. The basic thickness of uniaxially
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: i compressed slabs is 14 cm, but with insignificant conversion of
E_ : available equipment at the manufacturers it is possible to
4 manufacture slabs with thickness from 12 to 16 cm.
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Fig. 39. Diagram of the reinforcement of
siab PAG-XIV: 1 - distribution rods 5 mm
in diameter; 7 = 5960 mm; 2 - lifting loop
14 mm in diameter; Z = 600 mm.

KEY: (1) Bottom reinforcement; (2) Axis
of symmetry; (3) Top reinforcement.

For slabs reinforced with indented rod reinfor:cement we
use concrete of brand 300. The transfer of prestressing to
conerete is allowed with its strength not less than 210 kgf/cmz.

AL the present time for standard prestressed slabs for pre-
cast coverings of airports there are working drawings, approved
by C~~stroy of the USSR, and the produ~tlon of PAG-XIV slabs
mastercu " a number of ferrocouncrete product plants. The general

view of a preca. coverin~ is shown on Fig. 40.

Coverings of precast prestressed ferroconcrete slabs are
designed on the basis of the same specifications which are
presented to rigid cast in-situ coverings. For the most rational
organization of mass production 1t is necessary that the slabs
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released by industry have, as a rule, identical thickness and
dimensions in plan.

Fig. 40. General view of the covering
of precast prestressed PAG-XIV slabs.

To provide the necessary bearing capacity of this covering
there are used artificlal bases, the rigidity and thickness of
which are designated by calculation taking into account the
prescribed design load, hydrogeological and climate conditions,
in which the alrport i1s located.

§ 33. PRINCIPLES OF CALCULATION CF
RIGID COVERINGS

Rigid coverings are calculated by the method of limiting
states, accepted in the USSR for the calculation of building
constructions. The limiting state - 1s such a state of construction,
with the advent of which it becomes lncapable of resisting
external actions or obtalns damage or deformations inadmissible
with respect to operating conditions., The calculated limiting
states are taken different for different types of rigld coverings.

With the appearance of cracks 1n concrete and reinforced
concrete coverings their bearing capacity practically disappears.
Therefore for such coverings the state, corresponding to the
appearance of cracks as a result of the effect of load, is
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the calculated and is characterized as the limiting state with
respect to strength.

‘ For compressed sectlions of prestressed coverings as

3 calculated there 1s taken the limiting state with respect to

5,' cracking. However, taking into account that the cracks in

;;I' such coatings do not »epresent practical danger for further *
: operation and in the absence of load they are 1n tightly closed

state, and the bearing capaclity of coverings with the advent of

cracks is by no means exhausted, the guarantees against their

appearance during calculations are .aken less than for concrete

and reinforced concrete coverines.

In ferroconcrete coverings, reinforced by unstretched
reinforcement, cracks are allowed in the stage of operation, but
the width of their opening 1s limited. The calculated 1limiting
states for such coverings are the limi“ting state wvith respect to
strength, which begins when stresses 1n the stretched reinforcement
reach its calculated resistance, and the limiting state with
respect to opening of cracks, belng characterized by thelr width, ;
is equal to 0.3 mm.

The problem of calculation of the covering involves providing

guarantees against the onset of some limiting state in it during
the period of operation. At the same time for obtaining the

economical solutlons these guarantees should not be superfluous,
i.e., it 1s necessary to see that the values of forces, which ,
appear 1n the slabs of coverings, be close to the maximum

permissible values.

In general form the basic condition of calculation by 5
limiting states can be expressed by dependence

Np< D(m, k, R" | S). (37)
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é - where Np - force which appears in the covering slab from the

L calculated load;
1 ® - functlon which characterizes the maximum permissible
] force;
m - coefficient of the operating conditions of the
construction;

k - coefficient of the quality of materials;
RH - standard strength of materials;
S - geometric characteristics of the section.
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b Since the limiting states of rigld coverings indicated above
: are caused by the action of bending stresses, the calculation

é is conducted for this form of forces. Taking this into account
the basic condition of calculation can be written in the form:

Mp < My, (38)
E where Mp - calculated bending moment from external actions;
; M - maximum permissible bending moment for the section

np in question.

The ralculation of coverings involves determining moments

] Mp and an,the divergence between which should not be more than

! 5%.

Since moments Mp and andependcxlthe conctruction of cover-
ing (its thickness, the quantity of reinforcement, amount of
i prestressing in concrete, type and thickness of artificial base),
: the calculatlions must be conducted by the method of successive
approximations. The construction of coverlng Is assigned and
Mp and an are determined. If the divergence between them exceeds
5%, refine the construction of covering and again calculate,
Thls 15 repeated until the values of Mp and Mn

approach within i
5%.

p
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The Determination of Calculated Bending
Moments in Slabs of Rigld Single-Layer
Coverings, Constructed on Sand Bases.

The slabs of rigid coverings are theoretically slabs of
limited dimensions, lying on elastic bases and experiencing the
effect of a repeated moving dynamic load from the aircraft wheels,
and also temperature effects from uneven temperature distribution
through the thickness of the covering. The precise calculation
of such a construction 1s very complex. Ther=2fore we resort
to a number of simplificatlions, which consliderably facilitate
calculation, and do not substantially affect the accuracy of
results. These simplifications are reduced to the following.

The calculation 1s performed on a static wheel load. The
dynamicity of the effect of load 1s considered by the dynamic-
response factor knu (Table 38), the value of which depends on
the group of the section of coverings (Fig. 41).

Repetition of the application of load and temperature effects
are considered by the complex coefficient of the operating
conditions m, which also considers a number of factors. This
coefficient 1s introduced intc calculation when determining
the 1limiting moment an.

Taking into account the relatively greater linear dimensions
of the slabs used in bullding practice, with central loading they
are considered as infinite. 1In this case the formulas for
determining the calculated bending moments are considerably
simplified. |

The calculated bending moments with placement of the load
on edge sections (near joints) are determined with the aid of

transfer coefficients, obtained on the basis of theoretical
calculations and confirmed experimentally.
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Fig. 41. Diagram of division of coverings into
groups of sections: 1 - sections of group Aj

2 - sections of group B; 3 - sectlons of group
C; U - sections of group D.

With the ald of correction factors there is considered the
redistribution (increase in one and decrease in the other
direction) of bending moments in slabs of prestresced coverings
with uniaxial compression. The redistribution of moments occurs
because these slabs have different rigidity in longitudinal and
transverse directions: in transverse direction there should not
be cracks in the stage of operation, but in longitudinal direc-
tion they are allowed.

With the presence of several wheels on a calculated alreraft
strut the calculation is performed for the acticn of each wheel
individually and the forces are totaled, using the principle
of independence and summation of the action of forces.

The proper:ies of elastic base when determining bending
moments are described by a certain calculated model. During the
calculation of airfield coverings, as noted ébove, two calculation
models are used: Winckler's mydel, characterized by one substratum
coefficient; model of linearly deformable half-space, characterized
by the modulus of deformation and Polisson's ratio. Recently
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there is noted the tendency to use only one model - Winckler.
According to this model the base 1s represented by a system of
vertical springs not connected together; deformation of the
surface occurs only at those points where the load 1s arplied.
AS shown by the experimental studies conducted by L. I. Manvelov
and E. S. Bartoshevich, this model corresponds the closest to
the actual distributive properties of secll bases during the
calculated period.

The calculated bending moments are determined in the following

order.

1) We establish the position of the calculated sectlion with
central loading of the slab. With single-wheeled strut the
section located under the center of the pneumatic tire impression
is the calculated, while with multiwheel strut it is the section
located under the center of impression of the pneumatic tire that
is closest to the center of gravity of the strut (Fig. 42);

2) We determine the bending moment from the action or
pneumatic tire, the center of impression of which coincides with
the calculated section

M, = K3pPy f (z) kgf-cm, (39)
where PH - standard single-wheel load, kgf;
k “ and n_ - the dynamlc-response and overload factors
A P respectively, whose values are given in Table

38;
f(a) - the function whose values are given in Table
39, depending on the given radlus of load

.

Here R = radius of the circle, equivalent to the area
of impression of pneumatlic tire, em;

1 - the elastic characteristic of the slab, which
is determined by formula
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where C - calculated substratum coefficient of soil base, which
it 1s recommended to determine according to data of
field soil tests by test loads, and in their absence we
use tabular values;

B - rigidity of the calculated sections.

v, 5 Fig. 42. Calculated diagram of the air-
g ecraft strut: 1, 2, 3, 4 - wheels of the
, alrcraft strut; Pl’ P2, P3, Pu - air-
'V 3 craft wheel load; R - radius of the
circle equivalent to the area of im-
$ pression of pneumatic tire; ry - the dis-
§ tance between the centerc of impressions
s of pneumatic tires.
g KEY: (1) Calculated section.
Y
'j%

3) We calculate the bending nioments which appear in the
calculated section from the action of the pneumatic tires, located
outside this section

M= Wiy Po, (41)

where ﬁi unit bending moment in directions x and y.

x(y) ~

The values of unit moments are given in Table 40 depending
on the provided distance from the center ~f impression of the
pneumatic tire to the calculated section

i--f-,'r.--f-.
b) We find the maximum bending moment with central loading
as the largest total moment being created by all wheels of the
aireraft strut in the calculated section, perpend’cular to axis

"x," or "y."
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?
!‘; Miiy) = Kxp) (M, + }:/H.:(y)). (ll2 )
- where kx( y = coefficient which ccnsiders the redistribution of
bending moments.
Table 39
— _
e | fiz) s He) r a f13) a fia)

0 0 0.2 | 01831 | 0,52 | 0,121 || 0,58 | 09555
4 0,02 | 0,4209 0,28 § 0.1763 0,54 | 0,1171 0.80 | 06,0834
4 0,04 | 0355 || 0,30 {0,150 |} 0.5 | 0,739 || 0.62 | 0.0°13
3 0,05 | 03158 1 032 | 0,180 B 0,82 1 0,173 |l 0,864 | 0.07
3 . 0,08 10,221 ¢ 034 ) 0,055 & ¢, | o172 I 0,85 | 0,075
] 8’}3 3.2714 g.gg g.:igé L2200 I 087 | 0TS
' 504 . ' G55 10,070 o 63 | 0.0778
¥ 0.14 | 022 | 0,40 .| 0,1438 S.d | 0.65.% | 0,82 | 0.0721
4 0,16 {0778 1} 0,42 | 0,1205 4| 0,68 } 0,0271 4 0,94 | 0.0704
4 0.28_ 0,21c9 0.44 | 0,1333 0,:0 | 0,055 0,9 | 0.0087
1 0,20} 0,202 0,45 | 0,13i3 0,72 | 0,060232 0,98 | 0,057
3 0,22 | 0,144 0,-8 | 0,127 0,74 | 0,0:23 1,00 | 0,635
i 0,24 | 0,1904 0,50 | 0,1239 0,76 | 0,0577
: For prestressed coverings with uniaxial compression the values
3
1 of kx(y) are given on Fig. 43, For other types of coverings it
k is taken as one. i
|
3 %

u N =

|

13 i

13 ' -
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i r.' I 0 *’r .

w1 ¢ :

Ny e o 0 5 4 N u/a

u——«' N f!
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Fig. 43. Values of coefficients Kk, and ky depend~ i
ing on the rigidity ratilo. ]
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5) We determine the computed value of bending moment
My = KM, . (43)

where K - the coefficient which considers the possible increase
of bending moments with the position of load in the
edge zones of slabs.

It in the seams between slabs we construct butt joints or
with through joints we provide strengthening of tine edge sections
by slabs under the jJoints or by relnforcement, the value of
coefficient K is taken as:

1.2 - for concrete and reinforced concrete coverings, and
also cast in-situ prestressed coverings with biaxial compression
when determining the calculated moment in longitudinal direction;

1.0 -~ for coverings of precast prestressed ferroconcrete slabs,
cast In-situ prestressed coverings with uniaxial compression,
and also with biaxial compression when determining the calculated
moment 1n transverse direction.

Determination of Maximum Permissible
Bending Moments

The maximum permissible bending moments are determined by
formulas:

a) for concrete and reinforced concrete sections

w bt

Moy = mhoRy 5 kgfecm, - (4l)

where m - the coefflclent of operating conditions, which con-
siders: the effect of repetition of loading both on
the development of fatigue phenomena in the material
of covering and on the possible accumulation of
residual deformations in the base; the 1lncrease of
the strength of concrete with time; temperature
stresses; the degree of danger of the appearance of
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cracks in the covering for its operation; values of
m are given in Table 38;

kﬁ - the degree of uniformity of concrete, which considers
the possible deviation of the strength of concrete
from the designed brand; its value is taken as 0.7;

RHH - standard tensile strength of concrete with bending,
p it 1s taken equal to the brand on bendiing, kgf/cm<;

b) for ordinary ferroconcrete sections

My =mF.R:z,, (45)

where F_ - the area of the section of reinforcement in the tension
a o
zcne, cm<;

Ra - the calculated strength of reinforcement, kgf/cm2;

2y - arm of internal pair, cm;

c) for prestressed sections

Moy = "‘(R;nkomo + Ogn — ’h)b‘z: kgf’ cm, ( e )

where Mg = coefficient of the operating conditions of concrete
during calculation with respect to cracking. The
value of this coefficient during the calculation of
airfield coverings 1s taken as 1.2;

Cgr = the magnitude of losses of prestressing in concrete,
caused by friection of the covering against the base

(it 1s taken as 1 kgf/cm? for each 10 m of stretched
section);

Ogy = the magnitude of established prestresses in the
A outermost fiber of coiicrete of the tension zone, which
is determined according to SNiP II-V. 1-62.

Determination of the Width of the Crack
Opening in Sections Reinforced by
Unstretched Reinforcement

The width of the crack openling 1n sections reinforced by
unstretched reinforcement is determined by formula

a.-;fl, cm, (47)
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where-Ea - the elastic modulus of reinforcement, kgf/cmg;
o, - stre=s 1h reinforcement, kgf/cmz;
M, ket
01-?-.:;.’::“‘2' (u8)
ZT - distance between cracks
l,ski%%q,cm, : (49)
k! -

1 coeffliclient which is determined by formula

ki-?r.;‘:%r“"" © (50)

s 2 R SO

coefficient depending on the type of reinforcement. It
is equal to: 0.7 - for indented reinforcement; 1.0 ~

for smooth rods; 1.25 - for welded mesh from cold-drawn
wire.

"

Features of Calculation of Rigid
Single-Layer Coverings, Constructed
on Durable Artificial Bases

The construction of durable artificial bases - an effective
means of increase of the bearing capacity and service l1life of
rigid alrfield coverings. However from a calculation point of
view this question until now was still Insufficliently studied.
Approximate methods of calculation are used, which do not entirely

consider the positive role of the coiastruction of durable bases
for rigid coverings.

The most theoretically and experimentally substantiated
procedure is the one whose basis is formed by the general theorv
of calculation of nonrigid coverings used in the USSR, according
to which a multilayer system of materials with different modull
of deformation 1s reduced to a single-~layer system with modulus
of deformation equivalent to it. In this case in the procedure
there is considered the main feature of operation of artificial
bases under rigid coverings, involving the fact that the relative
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deflections, which they obtain during the action of a wheel load
on the covering, 1s considerably less than in nonrigid coverings.

This feature affects both the character of stress distribution
in the base and the calculated value of its deformation modulus.
With small relative deformations the stress distribution in the
bases of coverings will approach the relationships valid for
elastic todies.

In the empirical formula of Soyuzdronii, which expresses the
stress distribution in the base along the vertical axis under the
punch

a-»_——%;—T kgf/cm2 (51)
e )
where p - calculated load on punch, kgf/cme;
z - the equivalent depth of placement of the caliculated

3K
8 section, cm;

coefficient a, depending on the stress concentration under
the punch, is taken as 1 during the calculation of nonrigid
noverings; for isotroplc-elastic bodiles it is 2.5. During the
calculation of bases under rigld coverings 1t is accepted as
2.0.

In this case the ormula for determining the relative
thickness of artificilal base by the theory of calculation of
nonrigld coverings takes the following form:

o)

TR e (52)

R

where h - the required thickness of artifical base, cm;

d - diameter of the circle of transmission of load to
the base, cm;

E0 - modulus of deformation of the underlying soil;
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E - equivalent modulus of deformation ot the system
3HB  m5011 + artificlal base";

9,!/7_.‘: ’

""/ *—E. (53)
where EOCB - modulus of deformation of the artificial base,
kgf/cma.

The modulus of deformation of both soll and artificial bases
is found depending con the relative deformation. The relative
deformaticns of bases of rigid coverings do not exceed, as a iule,
1 x 10'“. The values of the moduli of deformation of the materials
used in artific al bases of rigid coverings are taken for these
values of relative deformations.

With the construction of a durable artificial base the area
of transmission of pressure to the soll 1s increased, in
consequence of which the modulus of its deformation increases.
This 1s consldered quantitatively in the calculation procedure
by the introductlion of correction factor krp when determining
the modulus of deformation of the soil.

Calculation 1s by the method of successlve approximations
in the following sequence.

1) We preliminarlly designate the construction of strictly
the coverings so that the bending moment from the load with
construction of the covering without a durable base would exceed
limiting moment an by 10-15%. By the trial-and-error method we
select the required value of the substratum coefficlent of the
soll base CTp for the case of construction of covering without
durable base.

2) We calculate the required equivalent modulus of
deformation of the base




EN=187BC, kgf‘/cm2 (54)

3) We determine the conditional diameter of the circle of ;
transmission of load from the covering to the base .

2,50 ;
47“177—:’" cm (55) P
Here %
‘B : é
ly= '/ '?"F‘ (56)

where B - the rigidity of slab;

Kw - the coefficient, which for prestressed coverings
with uniaxial compression is determined according
to the chart provided on Fig. UU4, and for other types
of coverings is taken as 1.

L) We calculate the modulus of deformation of the underlying
soll by formula

Eo= 1830 kgf‘/cm2 (57)

T Fig. U4, Value of coefficient
—— Kw depending on the rigidity

L ratio =%,
T By

i
0 a1 42 63 0y 05 06 07 08 09 g-r
¥

5) We designate the materizl of the artificial base eond

by tables we determlne the value of 1ts mwodulus of deformation

E L]
OCH
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L 6) By Fig. 45 we determine ratio %, for which we
‘ preliminarily establish the value of coefficient krp. Initial
3 EIK'
value of krp is taken as 2 and by calculated values of ;ﬁ& and
i E
i . (58) we establish its value on the chart of Fig. 45.
E~ Tk
]
h N O, y
N ,/’/ o
E } /4 N 4
: 2L T Vi 3
3 ’= g:: N~ 7l A
B TSN W1 L
g f - /4'ﬁ::,,_‘ﬁf
¥ ] F ] s
l ! /VT——-—"J :
I A A I g f
Fig. 45. Chart for determining % (numerals on f
? the right curves indicate the value of ;ﬁg, %
]
: on the left - krp). i
§
g If the value of kr taken and obtained on the chart differs g
hy more than 10%, we take a new value of kr and by the method %

of successive approximations we attain agreement of the values
accepted and obtalned by the chart.

7) We determine the reguired thickness of the artificial
base o |

d
"vr""}'!' cm,
.w
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CHAPTER VIII

NONRIGID TYPE COVERINGS

§ 34. CHARACTERISTIC OF COVERINGS
AND VARIETY OF THEIR CONSTRUCTIONS

” Nonrigid type coverings should possess sufficient bearing
, | capacity and provide safe operation of aircraft. The thickness
F and construction of nonrigid coverings depend on the magnitude

i of calculated loads of the aircraft and diagram of support points,
the intensity of operation of the airfield and the quality of
natural soil bases. Nonrigid type coverings are set up in the 5
form of a multilayer construction of stone materlals and 1local
solls, treated, as a rule, with binding materials.

The construction of the nonrigld covering consists of top
layer, supporting layer and artificial base (Fig. U6).

Fig. 46. Diagram of nonrigid type cover-
ing: 1 - top layer; 2 - supporting layer;
3 - artificial base; 4 - natural soil
base.

The top layer should correspond to the following requirements:
should not allow the penetration of surface water into the s.pport-
ing layer of covering; should shield the supporting layer fronm

o B

oot M e
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collapse by repeated alrcraft loads; withstand shear forces from
the alrcraft wheels, appearing during impacts, movement and
braking: have an even surface, which does not allow th. sliding of
aircraft wheels and excessive wear cof tires; should not be
subjected to damage by the air jets of recip-englne aircraft

and gas flow of Jet engines.

Supporting layer - the basic structural element of the non-
rigid cov- ring. The main purpose of this layer consists of the
transmission of pressure from fthe aircraft wheels to the natural
soll base. In a number of cases the supporting layer performs the
same functions as the top layer of the covering. The supporting
layer should withstand the forces which appear in the layer
itself from vertical loads of the aircraft; should not allow the
destruction of the natural soil base; should withstand the change
in volume and loss of supporting powe:r with a change in the
humidity.

The stabllity of the supporting layer is attained by the use
of durable stoneware materials and fine fillers, selected in
such a way that a uniform mixture 1s obtained, which during
compaction would ensure a dense, well wedged mass. For Improvement
of the properties binding materials can be added to the supporting
layer.

An artificial base in conjunction with the supporting layer
transfers pressure from the alrcraft wheels to the natural soll
base. Artificial bases are constructed from durable stcne
materials and local solls, treated with binding agents; & laver
of sand can also enter the composition of the artificial bases.
In the II and III climate zones sand bases with thickness from
5 to 20 c¢m are constructed on solls which are highlyv over-
moistened in tne spring and autumn bad road period, with artificial

bases from stone materials. They decrease the deformation of
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coverings caused by swelling, and they prevent the mixing of y
crushed stone with the overmoistened underlying soil. i

g - Under very favorable natural conditions of location of the

A airfield (southern travelling-climate zones) artificial bases

cannot be made. In this case the coverings are constructed on

the well compacted soil of the flying field. Depending on the

materlals and degree of stability there are used the types of non- ;
rigld coverings indicated in Table U41. :

! Table 41
F Type of ‘covering Name of covering
E Fundamental Asphalt, black crushed stone,

being constructed by the impregna-
tion method.

Ir sroved Black made of gravel and crushed
| stone mixtures, being constructed
i by the mixing method.
1

LAk

Simplified Optimum soil mixtures (local
soils, consolidated by binding
agents. '

The type of covering is selected on the basis of prescribed
calculated loads (class of airfield), the presence of local
rullding materials and the technical and econnmical comparisons
of variants.

§ 35. ASPHALT COVERINGS

Asphalt coverings - one of the basic typec of nonrigld
coverings and used on airfields with category of standard loads
111, IV, V, VI. They have an even surface, allow the construction
of economical structures with different thickness on different
sections, create complete mechanization of operations and ensure
rapld periods of tuilding.
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We construct asphalt coverings from a well compacted mixture
~of crushed stone, sand and mineral powder, connected together by
bitumen. The coverings are set up on durable artificial bases
(crushed stone, éravel, cement-concrete). !

At places of systematic starting and testing of engines it
is recommended to reinforece the asphélt coverings with welded mesh
made of wire 2.5-3.5 mm in diameter with mesh size 100 x 100 mm.

" The joining of mesh - overlapping, length of cwverlap in both
directions - 100 mm.

On the end sectlons of RW there is reinforced a strip 15 m
wide along the takeoff line. On group MS the relnfcrcement of
asphalt concrete should be provided on the entire length of M3
with width of the reinforced strip equal to 15 m.

At places of servicing and repalr of alrcraft for the pre-
servation of coverings from the destructive action of spilled
fuels and olls it is recommended to provide the laying of cement
mortar of composition 1:1 on an unpacked asphalt mixture with
subsequent compaction of the mixture with rollers; consumption
of mortar is 4 Z/m2 of covering. The mortar 1s prepared from
quick-setting cement of brand 350 with water-cement ratio 0.8,
fine sand is used as filler. Additionally it 1s necessary to
introduce plasticlzing and water-drawing additions Into the
mortar.

The asphalt covering can be single-layer and two-layered
(Fig. 47). On sections where large braking forces are developed
during the aircraft motion, which causes large tangential stresses,
asphalt concrete should be laid in two layers. Juch sections

'Asphalt coverings on cement-concrete bases can be considered
as a varietyv of rigid coverings.
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include the end sections of RW and main RD. On the remaining
sections the covering can be constructed in one layer.

Single-layer asphalt coverings are constructed with thickness
4~-6 cm, two-layered - 10-12 cm. The operating experience of
® asphalt coverings showed that with intense aircraft traffic and
actual thickness of layers less than stipulated, there appeared
cracks, potholes and other defects.

7g. 47. Constructions of asphalt coverings: 1 - twc-
1ayered asphalt concrete; 2 - crushed stone; 3 - sand;

4 - single-~layer asphalt concrete; 5 - cement-concrete;
6 - soil treated with cement or bitumen; 7 - bleck
crushed rock; 8 - soil and gravel mixture; $ -~ black
gravel or soll and gravel mixture, treated with bitumen.

For the best adhesion of asphalt concrete with the stone
base in the undercoat are packed coarse-grained mixtures with a
smaller quantity of mineral powder and sand. In top layers we
use fine-grained mixtures which provide increased strength and
. evenness of the covering. With the thickness of two-layered
asphalt covering 10-12 em (with the thickness of bottom layer
5-6 cm) the tangential stresses are decreased and reach a
. permissible magnitude,

Ao,

Depending on the fineness of the mineral materials and the i
ratio of medium and fine fractions the asphalt concrete is
subdivided into coarse-grained, medium-grained, fine-grained
and sand. The coarse-grained mixtures are characteritzed by

m
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maximum size of particles 40 mm; they are used in single-layer
asphalt coverings and in the bottom layers of two-layered cover-
ings. Por coarse-grained asphalt concrete there are necessary
uniform durable rocks, which are not broken up during packing.
Medium-grained mixtures have size of the largest particles 20 mm.
The crushed stone for such mixtures Is prepared from less uniform
stone materials (cobblestone and others). Medium-grained mixtures
require a larger quantity of mineral powder and bitumen in
comparison with coarse-grained mixtures. Fine-grained mixtures
are characterized by maximum size of particles up to 15 mm; they
are used in the top layers of asphalt coverings.

Sand mixtures (size of the largest particles up to 5 mm)
require a still larger quantity of minéral'powder and biltumen,
therefore they are very sensitive to high temperatures. 1In
order to avold the appearance of waves and shears (in areas
with hot climate), it is necessary to pay special attention to
the thoroughness of selection and preparation of such mixtures.

Asphalt mixtures should conform to requirements GOST 9128-67
(Table 42). The mixture composition is selected on the basis of
technical and economical substantiation taking into account the
presence of local materials. In thls case to provide the proper
compaction the size of coarse particles of crushed stone, entering
the asphalt mixtures, in the top layer should not exceed 0.6 the
thickness of this layer and the bottom - 0.7. If the asphalt
covering is constructed into one layer, then the maximum size of
crushed stone should not exceed % of its thilckness.

As mineral powders we use finely ground limestone, dolomite,
marble, coal ash and natural finely pulverized soils, which possess
low swelling.
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E-' When selecting the brand of bitumen 1t is necessary to con-
sider the climate conditions in which the airfield is constructed.

I As binding agent in asphalt concrete we use petroleum road bitumens,
: which conform to the requirements GOST 11954-66 (viscous) and

: GOST 11955-66 (1liquid). Depending on the climate conditions for

hot asphalt mixtures we use the following brands of bitumen:

in I travelling-climate zone BND-90/130;
in II travelling-climate zone BND-90/13G and BND-60/90;
in IV and V travelling-climate zone BND-60/90 and BND-40/60.

The operating experience of large modern jet and turbojet
aircraft showed that asphalt coverings are in good state if and
only if the preparation and laying of asphalt-conerete mixtures
ocecur in strict conformity with technilcal rules and GOST.

The ‘asphalt-concrete mixture, as & rule, i1s 1laid in hot state
and packed with rollers. Asphalt-concrete mixtures can also be
laid in cold state. In thls case it 1is necessary to bear in
mind that right after laying the cchesion of cold mixtures is low,
which also restricts the use of coléd mixtures during the construc-
tion of asphalt coverings.

The effectiveness of the application of asphalt coverings
is ensured only with a good quality of operations, therefore
they should be performed in dry and warm weather. Speclal
attention must be pald to the correct preparation of the asphalt-
concrete mixture, jolning of the earller laid layer with the one
newly laid. '

§ 36. CRUSHED STONE COVERINGS,
CONSTRUCTED BY THE IMPREGNATION
METHOD

. Crushed stone coverings (Fig. U48), constructed by the
impregnation method, have high strength, water reslstance; lack
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of dustiness; ensure year-round operation of aireraft with
standard load on the strut from 5 to 30 t in II-V travelling-
climate zones.

Fig. 48. The construction of black

crushed stone coverings: 1 - surface

treatment; 2 ~ black erushed stone;

3 - crushed stone; 4 - soil and gravel .
mixture, trealted with bitumen.

Black crushed stone coverings are constructed by layers,
according to the principle of garreting, of clean dry and uniform—
strength crushed stone, selected by fractions. With each sub-
sequent deposit of crushed stone there are simultaneously
performed compaction and pouring of binding agent. Bindirng
agent penetrates the thickness and together with the crushed
stone creates a layer of stable and durable covering. Depending
on the purpose of the covering the impregnation can be deep '
(6.5-8.0 cm) or light (4-6 em). With deep impregnition there is
used crushed stone of two-three fractions with maximum size of
particles up to 65-70 mm, with 1light - crushed sicone of two-
three fractions with maximum size of particles up to 30-40 mm.
For impregnation we use petroleum viscous bitumen BND-130/200,
BND-90/130, viscous shale bitumen BS-1 and coal tar D-6 and D-7.
The recommended dimensions of {ractions, the consumption of
stone materials and the standaids of pouring of binding agent
are given in Table 43.

o
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Black crushed stone coverings are usually constructed on
artificial bases from crushed stone, soil and erushed rock or
soll and gravel mixture, and alro irom stabllized soils. Soil
and crushed rock and soil an<Z gravel baces can be treated with

. black binding agent by the method of mixing on the spot. During
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the construction of black crushed stone coverings we first crumble

and slightly pack the one-dimensional layer of crushed stone;

further we pour the bitumen, which seeps into the pores between

the crushed stones.

With further compaction by heavy rollers

there 1s attained final distribution of bitumen in the crushed

f.one layer.

are treated in the same order.

The subsequent layers (second, third, fourth)

For preliminary compaction we use light rollers weighing

5-6 t, while for subsequent - heavy weighing 8-10 t.

travel at a speed of 1.5-2.5 km/h.

5 times along one track.

The rollers
Light rollers pass from 2 to
Compaction by heavy rollers 1s performed {

until the crushed stone takes a stable position; usually the
number of passes of a heavy rcller along one track is 4-5.

The final stage of work is the surface treatment, during

which on the covering is poured bitumen or tar, then stone fines

are broken up and comyacted in several passes.
is created a mat 0.5-1.5 cm thick, which increases the water-
tightness of coverings, decreases the movement resistance of

transport devices and preserves the covering from wear.

As a result there

The

recommended brands ol binding agent for sui'face treatment are

given in Table 41,

Table 44,

Bitumen
?aterial Sk a2 Petroleum Petroleum Liquid ey

or surface Vis Liquid q tar
treatment e qu 1
viscous

Siftings (0-5 mm) - 8G-40/70 S-4 D-4

MG-40/70 BS-0
Stone fines and BND-200/300 | SG-70/130 S-5 D-5
key (5-15 and BND-130/200 SG-130/200 S-6 D=6
12-25 mm). MG-130/200
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§ 37. COVERINGS OF GRAVEL AND CRUSHED
STONE MIXTURES, CONSTRUCTED BY THE
MIXING METHOD

The coverings of gravel and crushed stone mixtures, constructed
hy the mixing method, are sufficiently waterproof, dense, elastic
and allow year-round operation of the aircraft with standard
load on the strut from 5 to 8 t in II-V trafelling-climate zones.
As mineral material we use the gravel and crushed stone material
of the local quarrys. Crushed stone of reduced strength 1s
allowed. It 1s advantageous to construct coverings by the method
of impregnation from crushed stone of solld rock. Gravel and
crushed stone mixtures are selected according to the principie of
the greatest density. 1In the mixture there 1s a certain part:~
of loamy and dusty particles of ground stone rock, which connect
skeleton particles together. Gravel and crushed stone mixtures
are selected in certain ratios, which ensure mechanical strength .
and water resistance. A

Black gravel and crushed stone coverings (Fig. 49) are single-
layer and two-layered. Single-layer coverings are allowed only
on airfields located in the V travelling-climate zone. For the
bottom layer of two-~layered coverings we use black gravel and
crushed stone mixtures; the construction of bottom layers without
treatment with binding agent 1s also allowed. The thickness of
coverings depends upon the aircraft weight, mechanical

characteristics of the underlying soll and on the average changes
from 10 to 40 cm.

E;:;;;;:::qj Fig. U9. The construction of a covering
S0 from gravel and crushed stone mixtures,
h##??77§ﬁﬁ’ constructed by the mixing method. 1 -
(R RAT AN surface treatment; 2 - layer treated with

binding agent; 3 - layer not treated with
binding agent.
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With the calculated thickness of the cerring more than 15 cm
two-layered coverings are constructed. The minimum thickness of
the top layer of two-layered covering is 5 cm. The longitudinal
edges of the covering of RD are thickened by 5-8 cm for their
strengthening and insulation of the base.

To provide watertightness and stabllity of the top layer

- of the covering 1t is mandatory to construct a protective layer

by the method cof surface impregnation.

Coverings are lald on the natural soil base, pre-compacted
to density not less than 95% of the maximum, determined in the
laboratory by the method of standard compaction. For raising the
‘strength and service life of the sectlons which undergo the

‘intense action of sircraft loads (starting sections, places

where taxiways adjoin the runway; sections of liftoff of aircraft
during takeoff), the coverings are constructed by the '
1mbregnation method or by means of addition of cement or
unslaked 1lime into the mixture. The quantity of additions of
cement or lime for gravel and crushed stone mixtures 1is 2-3% of
the weight of the mineral part.

The approximate compositions of the optimum gravel and
crushed stone mixtures for the construction of black coatings are
given in Table 45. Por the coverings constructed by the method

of mixing on the spot liquid bitumen can be used (Table U6).

The brand of bitumen 1s established depending on the building
area of the airfield. In a hot climate we use bitumen of ‘
increased viscosity, in the areas with greater amount of pre-
cipitation -~ 1liquid or shale bitumen, which provide shorter
periods of forming and high solidity of coverings. The con-
sumption of liquid bitumen is 4-7% of the weight of mineral
material.

180

OSSR vy




T I e

Braia e

TS TR

*$G - wo330q JOJ pu®
‘g€ cw:p aJqouw jou 3q pTnoys J2£eT doj 9Yyjg J0J S3INJIXTW SUOJS PIYsSNJId pue [Jos

pue iaAead pue 1108 Ut (sfe1o) uuw moo 0 uBYyj3 SSTTBWS £aToT3Jaed JO 3uUa23U0d dYl, °830N
.~ oT{ ot NH st| 2z ,of | on | €9 | - = - - .
i - . =7 S OT | ST | G2 : 05 | 001 = - - pauteaZ-auty !
i 8 8 oH €T} 81 ! &2 €t { 06 | o8 - . - - . “
=i =) 3 f 9 2T 8T | SE | ol 00T | - - pautead-unypay
fy & =| oI =, =i 616 |09 : G , - -
) L. 8 0T ST | 22 ge | €n [ ol | &g - =
lLT| 8T - 0€ = - 06 | 09 | 08 * 48 - -
-t.- T £ g 1} ST {08 | LS ! o8 j 00T =
o B o =] =1 -toe i s ! - | oot
] g = 0T - ' -1l g gt o9 ' &L . - 00T PauUTeI3-35480D
" aafivy wozgoq aof FRiup -
9¢ | on| 0§ 09| oL | 8 - - - i T
€T} 91| e cE | 8w | 0l 00T - = - - 1 - 1708
cc T4 ot 9¢ S% | 09 S. 06 = = - i -
0T| O0T| =2t ST| 22 | o€ o | €9 | oot = = - pautead-suty
12| €2| 82 GE| on | GG oL | ¢g | s6 - - - .
8 8 ot £ET| 8T | &2 €€ J 0S5 | o8 00T = = pauTead-umipay
gT|{ 02| &2 ge| Gt | €y s | S9 | S8 G6 - = )
. L 8 oT{ ST | 22 gc | En | ol | S8 00T - pPauTBI3-35I80)
a2fipq Eouuoa pup dog
i y3tom £q ¢ “LAdIS 9yj nw:omcu Juj;ssed saToTgaed Jo £31juend
600°0!L0°0]s1°0] s2° 0] 50 ! 1 2 |s |ot M Gz on | 0% 2an3x Ty
uw € sButusado sA2FS JO 82ZIS

G 91qBL

181

1

i’




T FETS PRI I IR T L SN TR A W Ty T R PRSI TS TS T T SR

B i O -

Table 46

Bitumen
: t
rethed of restion | [k | froniien Bk [oan
Viscous
Mixing on the spot SG-15/25 S-3 D-3
B - §G-25/40 s-4 | D-4
MG-25/40 S-5 =
MG-40/70 - -
Mixing in installations: :
Without preheating of - SG-25/40 I S=14 D-4
mineral materials 'SG-40/70 S-5 D=5
MG-25/40 - -
MG-40/70 - =
With preheating of
mineral materials:
Warm mixtures BND-200/300{ SG-130/200 | S-6 D-6
MG-130/200 |BS-0 -
BND-130/200 - BS-1 D=7
BND-90/130 B3-11 D-8
BND-60/90 | BS-111 -
BND-40/60 | |
Cold mixtures - | s6-40/70 | s-6 | D-6!
g $6-70/130 , - -
| Mo-40/70 | - =
| Ma-70/130 - -

A high quality of coverings is attained if the moisture of

mineral materials is optimum.

With insufficient moisture, as a

result of low viscosity the coverings are easily destroyed; with
excess moisture during the period of compaction waves and cracks
are formed, therefore the moisture content by weight of mineral
materials being recommended should be 3-5%.
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The gravel and crushed stone mixtures, treated with liquid
bitumen, with respect to strength and water resistance should
satisfy the following requirements:

Compressive strength at 50°C not less than 5 kgr/cm2
Compressive strength at 20°C not less than 8 kgf/cm2

Compressive strength at 20°C in water-

saturated state not less than 5 kgf/cm2
Water saturation according to weight not

more than 3%
Swelling according to volume not more than 3%

The mixture for the construction of coverings from gravel
and crushed stone mixtures can be prepared by the method of
mixing on the spot, in a stationary or mobile mixing installation.
Mixing on the spot 1s the most economic and effective; it can
be accomplished by disk nharrows, cultivators, motorized road
graders and road harrows.

Black coverings should be constructed in the warm season
and finished so that the forming of the covering during 20-30
days would occur at air temperature not below +10°C and before
the onset of the rainy period. In this ccse uniform distribu-
tion of bitumen, uniformity and strength of black coatings are
attained.

§ 38. SIMPLIFIED COVER. NGS

Simplified coverings are constructed by means of consolidation
of the local soils. Consolidation imparts to the solls water
resistance, density, lack of dustiness and ensures the operation
of aircraft with standard load on the strut from 5 to 8 t on
airfields located in IV and V climate gzones.
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In the practice of airfield building the most common are:
consolidation by the additions of other soil, gravel, crushed
stone, changing the granulometric composition of the local soil
before the formation of optimum mixtures; consolidation by
binding bitumen, tar, cement, lime, increasing the cohesion and
the water resistance of the local soils.

We resort to consolidation by the additions of other soil
when the granulometric composition of the loczal soils is
characterized by deficiency or by excess of basic fractions -
sand, dust and clay. With a deflciency of dust and clay the
cohesion of solls in dry state 1s decreased, but if they are in
excess, then with moistening in the soil plastic deformations
intensely deselop. In both caces the resistance of soil to
external loads 1s decreased and the operating conditions of the
flying field become inadmissible.

The soil mixtures of optimum granulometric composition under
variable conditions of molstenling possess constant resistance to
aircraft loads. For the creation of optimum mixtures to heavy

loamy, dusty and clay local soils we add sand and gravel materials;

to dusty and sandy local solls - loamy solls. We add sand and
gravel particles also to the local soils in the areas of over-
moistening for imparting stability to the soil skeleton. For
the calculation of optimum compositions of soil iixtures one
should use the data of Table 47.

Table 47

Size of seive openings, mm
No. of b | 20 10 5 2.5 0.63! <0.05
mixture

Quantity of particles having passed
through the sieve, % by weight

1 100 |60-80 |45-65 |30-55 |20-45 |15 351 7220
2 - 180-95 |65-90 |50-75 |35-65 2o-u5 i 25
3 - -~ |90-100 |70-85 |U45-75 Ias 8-25
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. For the creation of an alrcfield covering the soil optimum
mixtures are treated with licuid bitumen by the method of mixing
on the spot. .When optimum 501l mixtures are not treated, the
surface of the coverings can be sowed with grass mixtures.

A The reinforcement of local soils by bitumen and tar makes it
possible to create sufficiently durable and water-resistant

e cold and hot. With the cold method we heat only the binding
agents to 80-90°C; with hot - we heat the binding agent and soil
to 120~150°C and mix in asphalt mixtures.

On airfields we construct the types of simplified coverings
from the local soils, given in Table 48, consolidated by
bitumen or tar.

Table 48
Method of treatment

Type of covering

Flushing of the surface of
the packed soil with 1liquid
bitumen or tar (olling)

Mixing of loosened soil on
the 'soil flying strip with
liquid bitumen or tar with
the ald of harrows, graders
and others; levelling and

compaction )

Mixing of soil in an
installation with liquid
bitumen or tar without the
preheating of soll, packing,
levelling, compaction

Mixing of dried up soil in |
an installation with bitumen |
or tar of increased
viscosity, packing, lecvelling
and compaction

Soil covering freed of
dust

Temporary type coverings
from soll, treated by
mixing on the spot

Temporary type covering or
base under the fundamental
aoverings of soll,

treated in an installstion

285

material. For the construction of coverings We use two methods -

R e A e A Cu

R N O R A




DT T AT I T e o

Soils with number of plasticity from 3 to 17 can be used,
the solls with number of plasticity over 12 require an increased
quantity of bitumen. Sand and sandy-loam solls with plasticity
number less than 3 can be applled only for construction of the
bottom layer of covering. Saline soils are not recommended. The
norms of consumption of liquid bitumen for the reinforcement of
soils are given in Table 49.

Table U9
Consumption of liquid
Moisture, % | \itumen (dehydrated)
of the
Soil: weight of
Soll | % of the | kgf/m2 of mixture
_ weight in a dense body
Mixtures with num-
ber of plasticity 4-7 5-8 100-155
3-7
Loams with number
of plasticity:
7-12 . 6-10 - I 8-12 155-200
12-17 8-10 12-10 200-250

For increasing the strength and stability of coverings on
the separate intensely operating sections of the airfield there
is recommended the addition of cement or unslaked lime in the
amount of 3-4% of the weight of the mineral part (for loams with
number of plasticity 7-12).

During the treatment of soil with cement there is formed a
durable soll-cement framework, which forms a sufficiently durable
and waterproof covering. The soil, treated with cement, has
considerably greater strength than the same soll, but treated
with bitumen; the modulus of deformation of scil-cement can be
up to 1600 kgf/cmz, while the modulus of deformation of the soil
treated with bitumen, not more than 800 kgf/cm2.

186

Lan gop okl bl i 3




Cement-soil coverings can be constructed under more adverse
weather conditions than black soil coverings. Cement-soil
coverings require less expenditures for construction as compared
with black soil coverings. The shortcomings of cement soil must
include low resistance to abrasion. Therefore above the cement

- soll it is compulsory to construct surface treatment or a wear
layer from materials treated with organic binding agent.

. Cement-soll coverings are advisable on airfields located in ;>"%
ITI, IV and V travelling-climate zones. Cement soil is also o
used in bases under asphalt and black crushed stone coverings. i

For treatment with cement the most suitable are soils of
optimum composition, and also light loams and sandy loams close
to them. Clay and loamy soils are broken up and mixed with
cement with difficulty, they require more cement. The sandy soils,
treated with cement, as a result of increased porosity have
reduced strength.

Vo AR S

It is not recommended to reinforce soils, which have humus
substances which lower the water resistance and strength of
the covering, with cement. For reinforcement by cement peat and
swampy soils, or soils which contain more than 10% by weight
humus substances and more than 4% water-soluble salts, and also
acids, are not suitable. Cement soll coverings (Fig. 50) are
constructed single-layer and two-layered. The layer of cement
soil in single-layer coverings is established by calculation and
should be not less than 8 cm and not more than 20 cm; the
thickness of two-layered coverings is 25-35 cm,

Fig. 50. Construction of cement soil coverin% 1 - surface
treatment; 2 - cement soll; 3 - packed sail; - cement soll
with 1ncreased cement content 5 - asphalt concrete.
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For the construction of cement-soil coverings there is used
portland cement of grade not below 400; for bases the grade of
cement can be lowered to 300. The tentative consumption of
cement for 1 m3 cf cement soil is given in Table 50.

Table 50
Consumption of cement, kg/1 m3
Soil For For
construction construction
of covering of base

Optimum compositions, which
do not contain humus 175-200 125-175

Heavy sandy loams, light
loams and fine ¢ .ad (con-

tent of humus <1%) 200-225 150-175

Siity and heavy loam

(content of humus <1%) 225-250 175-225
Chernozems 225-250 200-250 J

Cement 301l coverings with respect to strength and water
resistance should satisfy the following requirements: compressive
strength of water-saturated cylindrical samples 28 days in age
(D =5cm; H= 5.1 e¢m) for coverings - not less than 30 kgf/cmz,
for bases - not less than 20 kgf/cmz, ratio of compressive
strength of water-saturated samples to the compressive strength
of air-dried samples should be not less than 0.4-0.6; the modulus
of deformation of water-saturated samples - not less than 1500-
1000 kgr/cmz. With the construction of cement-soil coverings
it 1is necessary to preliminarily break up the soil sc that
particles coarser than 5 mm would be no more than 25%, and coarser
than 10 mm - not more than 10%. Further we evenly distribuce
the cement, mix it with soil, pour water, mix and pack the
moistened mixture. After the termination of compaction we pour
liquid bitumen at a rate of 0.8-1.2 Z/m2 and sprinkle sand with
a layer of 1 ecm. Surface treatment 1s constructed during the
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consolidation of noncohesive soils in 7-10 days. For the con-
struction of cement-soil coverings we use D-391 soll-mixing
machines, D-%530 road harrows, D-343A and D-343B cement spreaders.

Along with cement fcr the construction of covering:s lime can
be used in the form of lactic quicklime or slaked lime. The
strength of the soll treated with lime 1s less than the strength
of cement so0ll. With reinforcement by lime on the solls there
are imposed the same requirements as during treatment with cement.
Lime harmfully effects the mucous membranes of respiratory
passages, therefore during the production of works 1t is necessary
to especially observe the safety regulations.

Simplified airfield coverings require high quality of
production of works. Therefore constant control must be
accemplished of the quality of soils and optimum mixtures, their
quantitative ratio, uniformity of mixing, moisture. The quality
control of materials is produced by building laboratories.

§ 39. PRINCIPLES OF CALCULATION OF
NONRIGID COVERINGS

The types and constructlons of nonrigid airfield coverings
are established on the basis of calculations taking into account
the category of design load, the climate and hydrogeologlcal
conditions, the presence of materials and features of the accepted
method of production of works.

When determining the calculated thickness of covering as
the strength criterion there is taken the magnitude of the
maximum permissible relative deformation, beilng establisined by
the stage of failure depending on the construction of covering:

; (60)
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. d=m113 (61) p=105¢,; (62)
by !‘, opk,,
where H - thickness of single-layer covering, cm;
d - calculated diameter of the track of one pneumatic
tire;

P - calculated load on one wheel, kgf;
p - operational specific pressure on the covering;
8 - internal pressure in the pneumatic tires of the
aircraft, kgf/cmz;

E1 - modulus of deformation of the material of single-layer

covering, kgf/cmz;

a - coefficient depending on the quality of the materials
being used, taken according to Table 51;

a - conversion factor to deformation, which causes the
initiation of fracture of covering, taken according
to Table 52;

Ksan - the strength reserve factor of the covering, taken
for starting sections of RW, RD and MS equal to
1.5; for the middle sections of RW - 1.3;

¢ - coefficient which considers the loading effect from
wheels on the aircraft strut (it changes within
0.6-0.8); for strut with single pneumatic tire

c =1,
Table 51 Table 52
E,, Caloculated diameter
1 Caloulated value
kaf/cn? g;lgg'“::t‘° tire | ¢ coefficient &
%B 25-2 {f
0 3138 1.
900 B8 1.4
1000 4 1.3
1®

The computed value of the modulus of deformation of soll EO
is taken on the basis of results of fileld soil tests or by Table

53.
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Table 53

Climate zone é
I1I I1I Iv \' E
Soil Calculated modulus of <
deformation, kgf/cm? :
Fine sandy loam 200 250 275 250
Extra-fine sandy loam and fo oo
sandy-silty soils 150 175 250 200 ;
Loam 125 150 200 250
Heavy loam, clay 4 110 130 200 250 P 5
'S11ty loam and silty - !
isandy loam 100 125 175 200 it
{ il

The calculation of two-layered coverings is performed also
using the formulas given above. In this case the thickness of
the top layer is designated constructively and 1s refined by
calculation taking into account the moduius of deformation of
the material of the top layer.

IR S
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CHAPTER IX

STORM SEWER SYSTEM AND DRAINAGE NETWORK
OF ARTIFICIAL COVERINGS OF AIRFIELDS

§ 40. PURPOSE

The artificial coverings of RW, RD and MS are subjected to the
intense effect of alrcraft loads. The strength ahd stability of
the coverings 1s ensured only with sufficiently high bearing capa-
city of the solls of bases, which is sharply lowered with over-
moistening of the soils. Thus, with overmoistening of soils their
modulus of deformation (substratum coefficient) can be decreased
30-40%, which will lead to an inadmissible reduction in the
strength of coverings. The overmoistening of the solls of bases
can occur because of the infiltration of water through the body
and jeints of coverings and as a result of the capillary rise of
the level of ground water. For the preventioh of overmoistening of
the soils of bases and the verges of artificial coverings there is
constructed storm sewer and drainage network. With their ald are
collected surface (downpour, thawed) waters, which drain from the
covering, verges and from soil catchments adjacent to coverings,
and they are carried away outside the airfield; surplus water 1is
carried away from the draining bases of artificial coverings; the
level of ground water and prolonged autumn vadose water is lowered;
the grdund waters, which proceed under the artificial coverings
from the adjacent sections of the flying field are captured.

With the construction of storm sewer and drainage network
there should be solved the principles of its operation, layout in
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the plan, longitudinal sections, and there should be determined
the calculated flow rates of water, the dimensions and constructions
of drains and structures.

§ 41. PRINCIPLES OF OPERATION

The selection of the basic principles of operation of storm
sewer and drainage network of artificial coverings is accomplished
depending on the climate, hydrogeological and topographic con-
ditions of the airfield location. Upon consideration of these
conditions there can be two solutions: storm sewer and drainage
networks are not constructed with artificlal coverings or are
constructed selectively; artificial coverings are equipped with
a complete system of storm sewer and drainage networks. The first
solution relates to cases of location of the airfield in an arid
zone or in other zones with the presence of well filtering soils
(sands, sandy loams). With the absence of draining systems or
with their selective construction on low sections of RW, RD and
MS (for examrle at the places of their passage through natural
thalwegs) the disposal of water is accomplished to the soil
sections of the flying field or to so0ill troughs with the slope
of the ground surface toward the coverings. The secend solution
is used with necessity of the removal of surface and ground
waters from the artificial coverings of RW, RD and MS at airfields
located in the zoner of excess and variable molstening or in the
zone of insufficient moistening on clay, loamy and heavy sandy
loam soils, For protection of the artificial coverings from the
draining water from adjacent catchments the edges of coverings
should be raised above the adjacent ground surface of the flying
field not less than 30-50 cm, and along the coverings we construct
scll verges with slopes from coverings not less than 0.015.

In necessary cases from the highland side for the capture of
surface waters we construct soll troughs, along the bottom of
which are laid water-:eceiving thalweg wells, At the location of
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the airfield in zones of overmoistening, variaﬁié'or‘iﬁsufficiént
moistening on loamy and clay soils, with slope of troughs less
"than 0.0050 along their axis are laid pipe dryers. '

If on tne separate sections of the flying fieid, adjacent to
artificial coverings, there are closed low places, then in them
are installed water-receiving thaiweg wells.

For the disposal of surface water along artificial coverings
we construct open tfoughs, rain-gully wells and overflows to
underground collectors, which discharge the water cutside the
boundaries of the airfield. .

With location of the airfield in zones of excess, variable
or insufficlent moistening with loamy and clay soils there should
be provided removal of water from artificial bases with the aid
of edge drains. The draining base of the underlying layers in
this case leads to the drains. The water from drains is delivered
into the manholes of the collectors, applied along the coverings.
Edge drains cannot be constructed in an arid zone or in other
zones when sand or sandy loam soils exist.

e

If on the section of the location of the airfield the level
of ground water is high or prolonged autumn vadose water 1is
observed, it 1s recommended along the edge of coverings to
construct deep drains. These drains are used for the removal of
water from artificial bases.

B e,

On sections with high level of ground water or with proionged
vadose water deep drainage should be constructed. Deep drainage
should ensure lowering of the level of ground water taking into
account the construction of embankments under the covering to
a magnitude determined by the characteristic of the soil of the
natural base of covering and by the climate.~ones, in which the
airfield is located. '

i
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The minimum rise of the bottom of the trough above the level
of ground waters depending on the soils of the natural base of
covering and climate zones of fhe location of the airfield is
‘changed from 0.5 to 2.0 m, which was stated above..

Ll e o kit o SdeaL

F~» the capture of ground waters, which proceed under the
artificial coverings from the adjacent sections of the flying
field, along the edges of the covering deep protective banks
are constructed.

All constructions of the storm sewer and drainage network -
thalweg wells, water—receivihg wells, edge drains and pipe
dryers, deep banks - are gonneéted to collectors, layed along
the edge of the covering. Water through the collectors is
removed outside the boundaries of the airfieid and is disposed
into ravines, ri#ers, lakes.

§ 42. SCHEMES OF STORM SEWER AND
DRAINAGE NETWORKS

The schemes of ccnstruction of storm sewer and dralnage
networks are developed during the project of vertical planning.
In the absence of storm rewer and drainage networks (in an arid
zone) the scheme of draining depicted on Fig. 51 is characteristic
The dispo:rul of water 1s accomplished into the verge, reinforced
by paving, and into the scil trough, located 15-20 m from the
; verge of the couvering. On the bottom of the soil trough are
% . placed manhcles with grated covers, exiting to the surface, or
i thalweg wells. Manholes or thalweg wells are connected to

collectors, which remove water outside the boundaries of the
. airfield.

The scheme of draining with the presence of storm sewer and
drainage network with coverings of the airfielid is depicted on
Fig. 52. The draining system includes: cpen troughs, rain
gulljes, edge drains, thalweg wells, soil troughs, overflows 4

s
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Fig. 51. Scheme of draining in the absence of

storm sewer and drainage. networks: a) cross

section; b) 1azout; 1 - piled-up soil; 2 - paving;

3 - covering; 4 - axis of runway; 5 - collector;
- 6 - manholes.
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Fig. 52. The scheme of draining with the

equipping of coverings with storm sewer and

drainage networks: a) cross section; b) layout; ; .
1 - piled-up soil 2 - axis of collector; 3 - sand

base; 4 - concrete covering; 5 - edge drain,

6 - rain gL'ly; 7 - overflow; 8 - thalweg rain

gully; 9 - open troughs; 10 - runway collector;

11 - axis of so0il trough; 12 - axis of runway.
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collectors,'main collectors, main channels, mouth constructions.
If the artificlal coverings of RW and RD are designed with ridged
surface profile, open troughs and collectors are constructed on
two sides of the coverings; 17 the coverings have single-slope
profile, the storm sewer netwcrk is constructed on one lower side.

With the presence of high level of ground or vadose waters
trh.ere are additionally laid deep drains and banks.

Open troughs serve for the direct reception of surface waters
waich drain from coverings and their removal into an underground
network. Troughs on the edges of coverings nave a triangular
cross section and approximately the following dimensions: for
RW with single-slope profile - width 5 m, depth 10 em; for RW
with ridged profile - width 4 m, depth 8 cm; for RD - width
2.4-3.0 m, depth 8 cm.

If border thickenings are necessary the’r width is taken as
0.8 my, depth - 8 ecm.

For group MS of alrcraft and otter areas of coverings the
dimensions of troughs are determined byfﬁalculaticn depending
on the magnitude of caichment area and on the average there is
taken width 4-5 m, depth 8-10 cm.

X

The léagitudinal slopes of open troughs should be not less
than 0.0025. 1If artificial coverings do not have the required
longitudinal slope, the bottom of open troughs is given a
serrated profile with minimum longitudinal slove 0.0025,

Rain gullies ar2 intended for the reception of surface water
collected by troughs, and its overflow into the drain collector.
Rain gullies are constiucted on the bottom of open troughs and in
all the low places of coverings. The distance between rain-gully
wells in troughs is assigned depencding on the calculated rain
force and the type of covering according to Table 54.
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Table 54

Ridged RW | Single-slope RW and
and areas areas with coverings
| with with length of
Longitudinal cgzgrings catchment 50-60 m Ridged and
slopes of L
the bottom length of Calculated rain singleRD
of troughs catchment force, mm/min Scbe
25-30 m
2-3 3-4
0.0025-0.005 | 100-150 100-125 75-125 |100-150
Over 0.0050 150-200 125-175 125-150 150-250
Note. 1In all other cases, not indicated in the table, the
distance between rain-gully wells is taken not more
than 200 m. C

Rain-gully wells are constructed of normal and reinforced
type; vreinforced rain gullies are constructed when the slopes of
open troughs exceed 0.005.

The troughs equipped with thalweg wells capture ground
water from the catchments adjacent to coverings. Troughs and
thalweg wells are constructed so as to eliminate any possibility
of flooding of artificial coverings. ‘the distance between
thalweg wells In troughs 1s taken as the following: with slopes
of troughs up to 0.005 — 100 m; with slopes more than 0.005 - to
200 m.

Thalweg wells are located perpendicular to the thalweg. If
on the bottom of soil troughs we lay plpe dryers, with the slope
of troughs less than 0.005 the dryers are given a slope not less
than 0.003, and theilr length is taken as 100 m.

The edge drains, being lald along the coverings, drain the
water from artificial bases with the ald of overflow into
collectors. Edge drains are layed along coverings at a dis-
tance of 1.0-1.5 m from their edge. Standard data on the
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construction of drains, including for deep drainage (the distance
between drains, slopes and others), are similar to data taken

when draining soil strips cf the flying field and are examined
above,

For the removal of ucter, gathered from artificial coverings
and adjacent catchments outside the boundaries of the airfield,
the network of collectors is constructed taking into account
the following requirements: collectors are placed 5-10 m from
the edge of the coverings; the quantity of intersections of
collectors with artificial coverings should be minimum; the
slopes of collectors should ensure pipelines not filling up with
mud and eliminate the appearance of velocities dangerous for
butt Joints, the slopes of collectors should be not less than:
for pipes up to 300 mm in diameter 0.002-0.003, for pipes
300-500 mm in diameter 0.001-0.0015. The slopes of the overflow
from rain-gully wells are 0.02-0.03. The slopes of the over-
flow from thalweg wells are 0.005-0.020.

On collectors there is provided the construction of manholes
at their beginning, on turns, with change of slones, on
connections to the collectors of zrerflows from rain gullies or
other drain lines; the distance between manholes on the straight
sectlons of collectors depending on the diameter of t; - pipes
are taken: up to 250 mm - 50 m; from 250 to 400 mm - 75 m;
from 400 to 600 mm - 100 m and over 600 mm - 125 m.

For determining the depth of laying of the collectors the
plpes are calculated for strength from the action of ailrnraft
loads. It 1s inexpedient to take the depth of laying of the
collectors less than the depth of freezing, since in this case
breakages of pipes are possible during thawing and swelling of
the soill.
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The places of water discharge from collectors (open channels
or water intakes) are equipped with mouth constructions (caps), the
requirements for construction of which are similar to those
examined above.

§ 43. STRUCTURAL ELEMENTS OF STORM
SEWER AND DRAINAGE NETWORKS

PRI TR T Y ORI A NP £, m A T ) A

Open troughs (Fig. 53a) on RW have triangular cross section
and are constructed from the same materials as the covering. At =
the mating places of the troughs with the soil surface of the
flying field there 1s constructed paving. Curb thickenings on N
RD are made in the form o€ the construction depicted on Fig. 53b. }
On the mating section of the curb thickening with the soil ?
paving should also be mandatory.

i e s PO

-~

Fig. 53. Constructions; a) open trough on RW;
b) curb thickening on RD; 1 - covering; 2 -
base; 3 - paving; 4 - edge drain; 5 - curb
thickening.

Rain-gully wells (Fig. 54) are of the normal and reinforced

type. The first type of wells (Fig. 5l4a) is constructed on RW .
and soil MS with longitudinal slope of open troughs less than

0.005 and with any longitudinal slopes (on RD and individual MS).

The second type of wells is constructed if the longitudinal
slopes of open troughs exceed 0.005. With the slope of the
troughs from'0.00S to 0.007 we use the construction depicted on
Fig. 5lbc, and with slope more than 0.007 - the construction
depicted on Fig. 5ub.
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Fig. 54. Construction of rain-gully well: I - cross
section across the runway; II - cross section along ‘
the runway; 1 - lattice; 2 - bitumastic; 3 - layer of 5
Brease-proof paper; 4 - insulation layer of sand j
‘ treated with bitumen; 5 - water-resistant soil; é -

. overflow pipe; 7 - slab bed; 8 - 1ining of tarred hemp

1-%.5 gm thick; 9 - cement mortar of composition
1:6-1:8.
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In all cases the depth of the rain-gully wells from the bottom
to the top of the Supporting frame is taken as 1.0 m. Rain-gully
s wells are installed with the long side perpendicular to the axis
/ of the open trough. The wells can be of precast and cast in-situ
construction. The concrete used for the manufacture of rain-gully
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wells should have grade not below 200 and reinforcement from steel
of class A-I. The lattices'ahd supporting frames of the rain
gullies are also manufactured from steel of class A-I. The bottom
of water intakes is installed on a slag bed.

At the places of joining of the rain gullies with artificial
coverings and overflows there should be provided reliable water-
proofing from bitumastic, grease-proof paper and insulation layer
of sand treated with bitumen. The cleararice between the openings
of overflow in the rain-gully well and the external diameter of
the overflow pipe 1.0-1.5 em is thoroughly packed with tarred oakum.

When building the artificial coverings of swelling solls we
use special constructions of rain-gully wells of fine laying
(Fig. 55), providing identical rise in the swelling of wells and
coverings. The rain gully of such a construction consists of
reinforced-concrete troughed slab, coupled with the artificial
coverings, and stoim sewer devices - celler metal lattices and
vertical branch connection in the bottom.

The branch connection with the aid of elastic joining (lining
of tarred hemp) 1is connected with a welded elbow of steel pipes
with anticorrosive coating, into which goes the asbestos-cement
overflow pipe. The welded elbow is connected with the overflow
pipe with the aid of a Jolning coupling. At the places of
coupling of the reinforced-concrete troughed slab with the soil
surface of th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>