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ANNOTATION

[Text] The work is devoted, from a practical standpoint, to very important
problems--the method of calculating random and normal seepage strength of
earthfill dams and their foundations--the solution to which exerisa great
influence on the basic dimensions of the structure, its strength and stabil-

ity and the economics of its construction.

The principal purpose of the work is to give the engineers of planning and
construction organizations modern methods of calculating and evaluating the
seepage strength of earth structures under pressure, systematically presented
and convenient for practical application.
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FOREWORD

When planning and constructing earthfill or rockfill dams, a solution must be
found to the problem of the seepage strength of the soil which forms the
embankment and foundation of the dam. The basic dimensions of the structure
and consequently, its cost, depend to a substantial extent on the solution to
this problem.

The seepage flow in the embankment of the dam and its foundation determines
tke corresponding seepage forces exerted on the frame (solid phase of the
soil). These forces, on the one hand, may contribute to a reduction in the
general stability of the slopes of the dam or may cause so-called local
seepage heaving, and on the other hand, these forces may cause seepage defor-
mation of the soil frame, in the form of so-called piping and silting.

It is known that when dams are designed, safe seepage deformations (for ex-
ample, safe piping), which cannot cause the destruction of the structure,
must be discerned; at tle same time, dangerous seepage deformations, which
cause the destruction of the above-mentioned seepage strength of the earth
must also be discerned; these deformations may lead to the total destruction
df the structure. A study and analysis of the disasters at earth dams show
that about 80 percent of the disasters occurred precisely because of a dis-
turbance in the seepage strength of the earth of the embankment or foundation
of the dam. This handbook on designing earth structures exposed to pressure
does not deal with the problem of the general stability of earth slopes (for
this problem see the "Instructions on Calculating the Stability of Earth
Slopes," VSN [Departmental Construction Norms] 04-71, compiled by R.R.
Chugayev on the basis of his scientific research). Only problems of the
seepage strength of a dam in the above-explained sense are discussed below;
calculation of the local seepage heaving is also explained to a certain extent.

According to the concept of R.R. Chugayev, adopted in SNiP [Construction Norms
and Regulations [1] and the norms of the USSR MES [Ministry of Electric Power
Plants] [14], and covered in detail in his works [2, 4], the following should
be discerned in the problem of the seepage strength of earth:

£, a) The so-called random seepage strength, which cannot possibly be estimated,
since it depends on the mechanics, and;
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b) The so-called normal seepage strength, which may be calculated on the
basis of the laws of mechanics, using previously known limiting and initial
conditions.

Especially important in the practical respect is the problem of the random
seepage strength of an earth structure, since it is on the basis of calculat-
ing this strength that the principal dimensions of earth structures must
quite often be designated, for example, the length of the seepage paths,com-
pared to the pressure exerted on the structure.

With respect to the normal seepage strength, on the basis of which the filter
material of the structures, particularly, is often planned (which is, as we
know, one of the most critical elements of a hydrauling engineering struc-
ture), the material given below uses the scientific research of A.N.
Patrashev, M.P. Pavchich, G.Kh. Pravednyy and V.N. Zhilenkov [6, 7, 8, 9,
10, 11, 13].

The main purpose of this manual is to make available to practicing engineers
modern methods of evaluating the seepage strength of earth structures exposed
to pressure, systematically presented and convenient for practical applica-
tion.

This "Manual for Calculating the Seepage Strength of Earthfill Dams," was
compiled at the Laboratory of Hydraulic Engineering Earth Installations by
G.Kh. Pravednyy, senior scientific associate, candidate of technical sciences.

9



PART 1.
GENERAL CONDITIONS

1.1 Range of Application

This "Manual" extends to the planning and construction of earth dams and is
designed for checking the seepage strength of the cross sections (sections)
of a dam.

The seepage strength of cross sections of a dam should be checked with regard
to the design accepted for the dam, the geological structure of the founda-
tion and the physical che.racteristics of the soil.

The definitive dimensions of the dam, as well as the shapes and dimensions
of the underground contour of the dam should be substantiated by the appro-
priate calculations, including estimates of the seepage strength.

To be taken into consideration when estimating the seepage strength are:

1) The random seepage strength of the earth of the embankment of the dam and
the earth of the foundation, which may be disturbed in some places, not known
in advance, in the longitudinal section of the dam, for the following reasons:
in the process of carrying out the work, by uneven settlement of the dam, and
nonhomogeneity of the earth, not taken into consideration, etc., which may
result in the formation of lateral movements (cracks) of concentrated seepage
in the embankment of the dam or its foundation. On the basis of estimating
the random seepage strength of the earth of the embankment of the dam and its
foundation, the following dimensions are established for an earth dam: the
length, which determines the placement of the drain for the downstream shell
of the dam, the thickness of the core or facing shield, the impervious
blanket, etc. This calculation should be made on the basis of the greatest
possible pressure exerted on the structure, in accordance with the method
(suggested by R.R. Chugayev) of the controlling pressure gradient Jk (as a
certain characteristic pressure gradient for the entire seepage area or part
of it). The foundation and embankment of the dam should be taken into con-
sideration individually when making these calculations:

I#
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* 2) The normal seepage strength of the earth in the embankment of the dam

and the earth of the foundation, which may be disturbed in a number of the
spots known to be weakest in the cross section of the structure, for example:
at the contact surfaces of the fine and coarse soils which form the founda-
tion for the actual embankment of an earth dam; in the area where the seepage
flow emerges into the tailwater, where there may be either seepage heaving of
the earth or external or internal piping in the embankment of the earth dam
or the soil of the foundation; when the seepage flow emerges into the filter
layer of the drain or the transitional zone, etc. It is recommended that the
normal seepage strength of the soil of the foundation of earth dams and their
members be calculated according to the method given below.

If the seepage strength of the structure or its individual structural members
is not guaranteed, appropriate engineering measures should be stipulated to
strengthen the structure or its individual members.

1.2. Accepted Terms and Designations

It is recommended that the following terms and letter designations be adhered
to.

Basic Terms

Seepage deformations of the soil--deformations of the solid phase of the soil,
caused mainly by the forces of hydraulic action.

Dangerous seepage deformations--seepage deformations which may result in the
destruction of the structure.

Safe seepage deformations-seepage deformations which in time cease and do
not threaten the safety of the structure, among which are included, for
example, negligible erosion or deposit of fine dusty soil particles, observed
in the initial period of operation of egrthen structures.

Piping-a change in the granulometric composition and structure of the soil,
as the result of individual particles within the soil being shifted by the
seepage flow, or being carried away, or the dissolving of the water-soluble
salts contained in the soil, or their washing away, as a result of which the
strength of the soil may be disturbed.

Mechanical piping--a breaking away or shift within the soil, or removal of
individual particles of its mass, resulting from the action of the seepage
flow.

Internal mechanical piping--a shifting, caused by the seepage flow, within
the soil, of fine particles of it.

External mechanical piping--the removal by the seepage flow of individual
particles of soil lying on the surface of the earth mass.
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Dangerous mechanical piping-the breaking away, shifting and removal by the
F seepage flow of fine particles and particles of the framework of the earth

in an amount which disturbs its strength.

Silt deposition-the depositing in the pores of the soil of fine particles
carried by the seepage flow (internal silting) or their deposit on the sur-
face of the earth mass (surface silting).

Contact erosion-the erosion of fine or cohesive (clayey) soil upon contact
with coarse soil (or filter soil) due to longitudinal seepage.

Heaving (percolation)--the breaking away and shifting of a certain amount of
soil, due to the combined force of hydraulic action.

Seepage strength of the soil--the capacity of the soil to resist the occurrence
of dangerous seepage deformations of its framework (piping, contact erosion,
peeling off of cohesive soil, seepage heaving.

Framework of the soil--the aggregate of its particles, receiving and trans-
mitting the action of external forces which ensure the strength and support-
ing capacity of the soil.

Soil filler--particles located in the pores of the soil framework.

Piping soil--soil in which mechanical piping may occur and develop when the
seepage rates exceed the critical rates.

Non-piping soil-- soil in which mechanical piping is impossible.

Contact area of soils--the area including the boundary of two adjacent :ioils
differing in their granuloetric composition, determined by the depth of the
possible penetration of the particles of one soil into another.

Stratification of soil--the separation of coarse particles from fine ones,
taking place in the transporting and 2ouring of the soil.

Peeling off of the soil--the breaking away from the mass of aggregates of
particles of cohesive (clayey) soil in the contact zone (in the pores) of
coarse soil or the soil of the filter material.

Drain--a device designed to intercept and lower the level or pressure of
ground waters, and also to carry away, in an organized manner, the water
which has seeped into the drain.
Filter material [reverse filter]--a layer of sandy-gravel-pebble and rubble

soils or synthetic materials, protecting the non-rocky soil of the structures
from mechanical piping, and in some cases also from seepage heaving.

M
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Transitional zone--the transitional layer (layers) of soil material between
the core (earth shield) and the fills of the dam, ensuring seepage strength
for the core (shield), as well as the impermeability of the actual material
of the transition zone into the pores of the material of the dam fill.

Water confining stratum-a practically water-impervious layer of soil, under-
lying the pervious foundation of the dam.

Letter Designations

yr--volumetric weight of dry soil;
A -specific gravity of material of soil particles;
d--diameter of soil particles;

dio...d 17 ...dsr-diameters of soil particles, the smallest of which in its
compcsition may be present as 10...17...60% by weight;

dci--diameter of (piping) particles of soil which may be carried
away by the seepage flow;

-dso

Y1 d-0--coefficient of variation in grain size of the soil;

n--porosity of the soil (in portions of a unit);
c--coefficient of porosity'
k--coefficient of soil seepage'

Do, do--average size (diameter) of the seepage course (pores) in
coarse and fine soils;

Dm-aX , dma --diameter of the maaximum seepage course (pores) in coarse and
fine soils;

W--moisture content of the soil, in %;
WT--flowability limit of the soil;
Wp--build-up limit of the soil;
W --plasticity number of the soil;
9--coefficient of water saturation (moisture content) of the

soil;
YB--specific gravity of the water;
v--coefficient of kinematic viscosity of the water;
g--acceleration of the force of gravity;

Jkp, kp--critical pressure coefficient and seepage rate, at which
mechanical piping occurs;

Jxofr tJg 0 --permissible pressure gradient and seepage rate (equal to the
critical, divided by the safety factor);

0 -angle between the directions of the seepage rate and the
forces of gravity;

X--coefficient of inequality of distribution of particles in the
soil, or the coefficient of piping localization;

Re --Reynolds number;
Z --pressure at the dam (difference in the water level lines of

the headwater and tailwater; when there is no tailwater,
Zh B); 

I
hB, hH --depth of the water respectively at the headwater and tail-

water;



T--deepening of the surface of the water confining stratum
under the surface of the foundation of the dam;

hl, h2 --deepening of the surface of the confining stratum respectively
under the water level in the headwater and tailwater;

p--horizontal distance between the water lines of the head and
tailwater;

--thickness of the almost impervious barrier (S-shield,
&-core, r--blanket ... );

Jk--active pressure gradient (piezometric gradient) controlling
the random seepage strength of the structure in question;

(JON-permissible value of Jk'

Other letter designations are explained in the text.



PART 2
CALCULATING THE RANDOM SEEPAGE STRENGTH OF THE SOIL

OF EARTH HYDRAULIC ENGINEERING STRUCTURES
BY THE METHOD OF THE CONTROLLING PRESSURE GRADIENT*

2.1 General Conditions

Calculations of the random strength of the soil of a structure and its
foundation should amount to determining the maximal permissible length of
the seepage route in the earthen structure, compared to the pressure exerted
on the structure, i.e., the determination of a length of the seepage route
which eliminates the possibility of uncovering the courses of concentrated
seepage.

071

Figure 1. Diagram of an Earth Dam

1--embankment of the dam; 2--foundation of the dam;
3--drainage; A-B--conditional line of flow, separating
the seepage areas of the embankment and foundation of
dam; (--length determining the location of the drain

On the basis of calculating the random seepage strength of the soil, the
main dimensions of the earth structure under pressure are established, such
as: the length, I , determining the location of the drain of the downstream
shell of the earth dam (Fig. 1); the thickness of the core or shielding face,
and also of the blanket, the length of the blanket in front of the earth
dam, etc.

* These calculations are made according, to the method proposed by R.R.

Chugayev, presented in his scier tific works [2, 3, 4].
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2.2 Fundamentals of Calculating the Random Seepage Strength. Permissible
Controlling Pressure Gradients U )d

According to the method of the controlling pressure gradient, it is held that
the random strength will not be disturbed on condition that [21:

where J is a certain average pressure gradient for the entire seepage area
under discussion, or for part of it,which controls the random strength of
the given earth structure; (JkOd is the permissible value of the controlling
pressure gradient.

In calculating the random seepage strength according to the formula (1),
separate consideration should be made of the embankment of the dam and its
foundation (Fig. 1), located below the conditional horizontal line A-B,
which separates the seepage area into the two parts mentioned above.

The permissible controlling pressure gradients(J,)d should be taken: for
the foundation of the earth dam, according to Table 1, and for the embankment
of the earth dam--according to Table 2.

Table 1. Permissible Piezometric Gradients 0J) Controlling the Random
Strength of the Soil of a Dam Foundation (approved SNiP 11-I, 12-67).

Class of structure by durability
Foundation soil

I II III IV-V

Dense clay .............. .... 0.70 0.80 0.90 1.10
Coarse sand, gravel .......... ... 0.35 0.40 0.45 0.54
Loamy clay ... ............. .... 0.32 0.35 0.40 0.50
Sand of average coarseness ....... 0.22 0.25 0.28 0.35
Fine sand ... ............. .... 0.18 0.20 0.22 0.26

Table 2. Permissible Piezometric Gradients (J ) Controlling the Random
Strength of the Embankment of an Ear'hdDam and the Antiseepage
Earth Fill of Rock-Earth-Fill Dams (approved SNiP 11-I, 4-73)

Class of structure by durability

Soils forming dam embankment I Ii III IV-V

Gravel-clay mix and clay ... ...... 1.5 1.65 1.8 1.95
* Loamy clay .... .............. ... 1.05 0.15 0.25 1.35

Sand of average coarseness ... ...... 0.70 0.80 0.90 1.00
Sandy loam..... ..... ... . 0.55 0.65 0.75 0.85
Fine sand ...... .............. .0.45 0.55 0.65 0.75



For soil facings, cores made of gravel-clay mix, clay and loam, in accordance
with SNiP 11-1.4-73, "Earth Dams. Planning Norms," the numerical values of
Jk should be taken as:

a) For earthfill dams, Jk-4-10 ;

b) For rock-earthfill dams, Jk-2-6;

c) For the blanket, Jk should be not more than 10-12.

Calculations of the random seepage strength of the soil of earth dams made
according to formula (1) are verificational in nature, and moreover, having
a preliminarily outlined (or existing) section of the dam, we establish the
values of Jk and (J Od for its embankment and foundation, and then check the
given section in accordance with formula (1).

The value of Jk should be determined by means of the following methods [21:

1) The method of separating the embankment of the dam from its foundation
by a horizontal flow line; in this case, as was noted, Jk should be calcu-
lated separately for the embankment of the dam and for its foundation;

2) The method of the "straight line of the depression": this method should
be used mainly to determine Jk with respect to the embankment of the dam;

3) Virtual methods and the method of the extended contour line; as a rule,
this method should be used to determine Jk with respect to the foundation
of the dam.

To be assumed as the estimated water level in the reaches are: in the head-
water, NPU (normal supported level), and in the tailwater, the lowest water
level.

Note. With a dry tailwater, the water level of the tailwater should be

considered as coinciding with the surface of the bottom.

2.3. Determining Jk for the Embankment of the Dam.

1i. Uniform-dam embankment. When discussing a uniform dam embankment
(Fig. 2), we separate it from the foundation by a horizontal flow line A-B.
After this, not being concerned with the water seepage in the foundation, we
use the following methods to determine Jk for the dam embankment.

a) If the drain of the downstream shell of the dam is in the form of a
stone banquette (Fig. 2,a) or in the form of a pipe drain (Fig. 2, b).

In this case, we first make the vertical I-I at a distance equal to 0.4hB
from the headwater line, and the vertical II-II through the extreme lefthand
point B of the drain (Fig. 2, a, b). Next to be fixed is point M of the



intersection of the vertical I-I with the water level of the headwater and
'k point N of the intersection of the vertical II-II with the line 0-0, made at

the water level of the tail water, After this we derive the "straight line
* of the depression," MN, which controls the random strength of the soil of
*. the dam embankment.

.. I ...
,g -- t

0 1 44 hg 1 H

" O N1 - j_LP

Figure 2. Theoretical Diagrams of Dams

a--uniform earth dam with stone banquette;
b--same, with pipe drain.

The value of Jk in this case will be equal to

-Z z (2)

where a is the angle of incline of the line MN to the horizon; I--the esti-
mated width of the dam; hB--the depth of the water in the headwaiter;
L--the horizontal distance between the water line of the headwater and the
extreme left point of the drain (see Fig. 2).

b) If there is a sloping drain or no drain (Fig. 3). Here, in contrast to
the preceding case, the vertical 11-II is made at a distance of 0.4hH from
the water line of the tailwater.

The value of Jk is calculated from the formula

Z Z
J~m (3)

where Lyp is the distance along the horizontal between the headwater and
tailwater line; hH is the depth of the tailwater.

a When hH-O, the "straight line of the depressionv takes the form of a straight
line MN' (Fig. 3).
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Figure 3. Dam With Sloping Drain

J kcontrolling gradient if there is
a sloping drain; Jk '--if there is no
sloping drain.
(l)--normal supported level
(2)--tailwater level

In this case the value of the controlling gradient will be

J. . (4)

where L ' is the space along the horizontal between points M and Nt.
p

c) When the drain is placed relatively close to the headwater; there is no
water in the tailwater (Fig. 4).

Figure 4. Dam With Interior Drain

El E 2 9 E--drain locations

In this case, the value of J is determined in the following way: two paths,
A-E and A-E , should be drawn from point A of the actual water line in the
heawater. ?ath A-E makes an angle of 45* with the vertical; path A-E 2
makes an angle of 90 with the line of the slope.

1) If point E of the start of the drain lies to the right of point E1, then

Jk will be determined according to the formula (2).

2) When point E of the start of the drain lies between points E1 and E2' the
value of Jk should be determined according to the formula:



. 1 -'L. (5)

where 1 is the distance from point A of the actual water line to point E of
the beginning of the drain.

3) If point E of the start of the drain lies to the left of point E2, the
value of Jk should be determined according to the formula:

4 (6)

where 1 is the length of the perpendicular dropped from the initial point E
of the 3rain to the line of the upper slope.

20 The embankment of the dam with a core or shielding face. In this case
two values should be determined for J : a) for the core (Jk or the shield
(3 ), and b) for the remaining part A the dam embankment

As a result of the corresponding seepage calculations [2, chapter 3; 5], the
amount of drop of the free surface of the seepage flow at the core or shield
is determined--Z' (Fig. 5).

rxhi

Figure 5. Dam With Core and Shield

Z'--drop of free surface of seepage flow;
Sy and 5 --thickness of the core and the
shield (average).

After this the value of (J or U) is determined according to the
formulas:

ZEn and (Jj) Z- (7)

where & and ; are the thickness of the core and the shield (average).

The values of Jk obtained pertain only to the lower part of the core or

shield, i.e., the part placed below point a, shown in Figure 5; above this
point the values of Jk will be lower.



If there is no water in the tailwater of the dam, the values of (Jk) and

(Jk) conservatively will be:

The value of (Jk)T in the structure of the core or facing should be deter-
mined as indicated in paragraph 10, showing in Figure 5 (dotted line HN) the
straight line of the depression MN through point a, and selecting point N as
indicated in figs. 2-4 (depending on the type of drain).

2.4. Determining Jk for the Foundation of the Dam

1. A uniform dam foundation; a dam without a cutoff.

To obtain the value of Jk for the foundation of the dam, the appropriate
plotting should be done, using the method of an extended contour line [2, 4].
For this purpose we proceed in the following way (Fig. 6). We designate A
and B as the extreme points of the base of the dam. We carry these points
along the vertical respectively to the water level of the head- and tail-
waters, and thus obtain points A1 and B1 . From points A1 and B1 , respec-
tively to the left and the right we plot along the horizontal segments
0.44Tp,¢g long and obtain points A2 and B2. We connect these points with
a straight line, A2B2.

After this we outline the desired piezometric line for the base AB of the
dam in the form of a broken line AlabB1 .

TV ...::: N!:i:} :: .''... .. i '.

Figure 6. Dam Without a Cutoff on a Uniform Foundation

T^4,c--deepening of the estimated confining stratum (Tpst =0.5L);
AlabB1--piezometric line for the base of the dam AB (a-Jk).

The line ab obtained gives the desired value of Jk for nonsloping drainage,
which is equal to

L"+%Or, (9)

where L is the width of the embankment of the dan along the bottom; Test-

the deepening of the estimated confining stratum, the value of which may be
assumed equal to 0.5 L, i.e., (Fig. 6):



if T
(9?)

if L, then T. T

In the case of drainage different from the sloping, the length of the line
AB, shown in Figure 2, a,b and in Figure 3, should be taken as the value of
L in the formula (9).

2*. Uniform foundation; a dam with a partial cutoff. In this case (FIg. 7),
as in the preceding (paragraph 1*), the method of an elongated contour line
is used. Here, however, when plotting the elongated underground contour of
the dam, turned to a horizontal straight line HN', in addition to the
length of the horizontal sections of the contour L , the length of the
vertical sections of the underground contour of the dam embankment is also
tEken into consideration.

L/, 23. (10)

When there is a blanket the size of L2 increases to a value equal to the
length of the blanket--L nn

Taking into consideration thpee additions, Jk is determined from the formula
(9), where instead of L, the values L =L +L or L =L +L are substituted,
i.e. p2B p n

Jo Z
Z/ " m (11)

all . J

Figure 7. Dam With a Partial Cutoff on a Uniform Foundation

L --estimated horizontal length; S-depth of the cutoff;n

) -thickness of the cutoff.

Following from the above, to reduce the value of J in this case the depth of
the cutoff S may be increased, or two cutoffs may ge made, for example, from
almost impervious soil.



The value of (J) for the cutoff itself may be determined by using the indi-
cated method, ater determining the pressure at the left and right vertical
edges of the cutoff. The difference in the pressures at the left and right
edges of the cutoff should be divided into its actual width, &i.e., we

obtain ( (bearing in mind the lateral horizontal seepage of

the water through the cutoff).

3°. Uniform foundation; a dam with a core and almost impervious cutoff,
leading to the confinement stratum (Fig. 8). In this case, to determine the
value of J of the foundation, the soil of the cutoff should be brought to
the soil o the foundation.

-- --- I

1b

Figure 8. Dam With Core and Almost Impervious Cutoff, Leading to Confining
Stratum; Uniform Foundation

k --coefficient of seepage of the foundation soil; kI--
coefficient of seepage of the soil of the cutoff.

For this purpose the first virtual method is used, when the water seeps
across the layers [21.

In this case the virtual length (thickness) of the soil of the cutoff, with
a coefficient of seepage of k3 , is brought to the coefficient of seepage of
the soil of the foundation k0 , and may be determined from the condition:

L.0 Aw,-(12)

Therefore, the estimated length of the foundation of the dam will be equal
to (Fig. 8): Lp-Lo0 -Lvr +0.88Test

The value of Jk for the foundation of the dam will be equal to
~z

' "' 
(13)

From this data for the calculation, the value of (3k3 may be determined for
.' the soil forming the cutoff (paragraph 2, end).



4o. Uniform foundation; the dam has a blanket (Fig. 9). In this case the

pervious blanket Ik long is replaced by an absolutely impervious blanket
1A long.

•4 1

Figure 9. Dam With a Blanket on a Uniform Foundation

0
1,--length of the blanket; 1 --length of the shortened
equivalent (impervious) blanket; h' -loss of pressure
along the length of the entire foundation of the blanket

The value of i4 is determined according to the chart in Figure 10. The value
of Tg, indicated on the chart should be defined as the value of Tft€ -
-0.5 (].,+L,), where lr is the length of the actual blanket; LO is the width
along the bottom: this refers to the depth of the active seepage zone.

The given thickness of the designated blanket is determined from the rela-
tionship:

e % ,(14)

where X is the thickness of the designated blanket; ko and kX--the coeffici-
ents of seepage respectively of the foundation and the blanket.

Next, using the method of an extended contour line, we construct the piezo-
metric line for the base AB (Fig. 9). For this, we draw a vertical I-I from
point A for a distance of 0.44Tput to the intersection with the water line
of the headwater and at a distance of 0.44 Tcr from point B, the vertical
II-II to the intersection with the water line of the tailwater. We connect
points M and N obtained at the intersections to the "straight line of the
depression," which is the piezometric gradient controlling the random strength
of the soil of the foundation Jk"

Consequently, in this case the value of Jk will be (Fig. 9);

OT. 4 " T+ +er, (15)

The distance from the NPU level to the flxed point as on the vertical III-
III, passing adjacent to the blanket toward the structure, equal to h.,
accounts for a loss of pressure along the length of the entire foundation
of the blanket.
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Figure 10. Chart of R.R. Chugayev To Determine 1 0--the Length of the
Shortened Equivalent (Impervious) BlaRket

1 --length of the actual pervious blanket; T --actual
deepening of the confining stratum under thenblanket
base; Vpp--given thickness of the blanket.
A--impervious blanket; B--maximum length of impervious
blanket.

Knowing the value of ho, we find the maximum controlling pressure gradient
for the soil of the blanket:

J. (16)

where ; is the thickness of the actual blanket.

5*. Nonuniform foundation. When the foundation is nonuniform, formed by the
horizontal deposition of different soils, the seepage coefficients of which
are not greatly separated, it is recommended that the following means of
calculating be adhered to in evaluating the random strength of the foundation.

The value of the controlling pressure gradient Jk shculd be determined con-
ventionally, as for uniform soil.

* !' The value of [(Jk~d~nonuniform sol should, however, be reduced, assuming:
k" onnfrmsi



S(Jk)dnonuniform soil = [(Jk)d]uniform soil (17)

where 7is the coefficient of reduction (less than unity), the value of which
should be assumed depending on the degree of nonuniformity of the adjacent
fine and coarse soils and the danger of piping occurring.

Taking the above into consideration, the permissible controlling pressure
gradient I(Jk)d]uniform soil should be adopted in accordance with Table 1,
for the finest composition of the soil, forming the foundation with regard
to (3.3, paragraph 4, a,b and 3.4).

2.5 Seepage in the Embankment of the Dam to the Bypass of the Cutoff
(Not Finished on Top by a Core or Shielding Face)

If there is an extremely pervious underlying layer in the foundation of the
dam, the layer is as a rule intersected by a cutoff, made, for example, from
clayey material.

Ai

Figure 11. Dam With a Cutoff, not Completed at the Top by a Core or Shield

1--cutoff, intersecting the pervious underlying layer of the
soil of the foundation; S1--deepening in the embankmen- of the
dam; 2--curve of the depression.

In avoiding seepage to the bypass of the cutoff at the top (Fig. 11), this
cutoff almost always is augmented by a core or diaphragm, going as far as
the crest of the dam (Fig. 8, paragraph 3°).

In some cases the cutoff, obstructing the pervious foundation, does not reach
the creEt of the dam, and remains at a certain level in the dam embankment
(Fig. 11).

In this case the seepage strength of the joint and the amount (S size) of
the deepening of the cutoff in the dam embankment must be evaluaied.

The following procedure is used to solve the problems posed.

Disregarding losses of pressure in the layer of the foundation (resulting
from the great perviousness of this layer), we assume that there is a pressure

I



in area A which corresponds to the pressure of the headwater, and in area B
--a pressure corresponding to the pressure of the tailwater.

Next, at approximately the level of the depression curve (above the cutoff),
a horizontal I-I is made, considering that this horizontal is the lower sur-
face of the confining stratum conceived, above this line.

Then the dam should be turned 1800 downward at the crest (as shown in Fig. 11,
b). The result is that we have replaced the diagram of Fig. ll,a by an
analogous theoretical diagram, shown in Fig. llb.

The theoretical diagram presented in Fig. 11, b corresponds to the diagram of
the underground contour in the form of a pure sheet pile, cut quite deeply
into the soil.

In this case the maximal outer gradient Jo,, for the surface of the bottom of
the tailwater is a value characterizing the entire seepage flow in general,
i.e., the principal seepage area, which is of interest (excluding the sharp
sheet piles) when examining the random seepage strength of the foundation.

Taking the above facts into consideration, the value J8 ,9,may be taken as the

controlling gradient Jk for the pure sheet pile, i.e.

A =j., (18)

The value of Jg, (and consequently, also of Jk) is determined from the fol-
lowing formula [4]:

J, 0.3 (19)

If, calculated from the formula (19), Jk<(Jk)a for the given soil of the dam
embankment, this indicates that the size of the cutoff S1 is designatedcorrectly.

Otherwise, the value of S1 should be changed, and may be determined from the
equation (19). In this case, in equation (19), instead of Jk, the value

(k4 should be substituted for the given material of the dam, and it should
be solved relative to Sl.

The value of S2, shown in Fig. 11, a, may be determined by the above method.

-f SI.WI
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PART 3
CALCULATING THE NORMAL SEEPAGE STRENGTH OF THE SOIL
OF THE DAM EMBANKMENT AND THE SOIL OF THE FOUNDATION

3.1 General Conditions

The seepage-piping strength of the soil (or the earth structure) is the term
given to the capacity of the soil to withstand seepage deformations.

The seepage-piping strength of the soil, which may be disturbed in a number

of places, known to be the weakest, in the cross section of the structure
(dam), is called the local seepage strength.

The seepage deformations of the soil are also the term given to the deforma-
tions of its solid phase which arise chiefly by virtue of hydraulic action
and result from piping, silting, contact erosion, heaving, etc.

A distinction should be made between safe seepage deformations, which cease
in time and do not threaten the integral structure, and dangerous seepage
deformations, which may lead to the destruction of the structure.

Safe seepage deformations (in the form of safe piping and silting) are always
to a certain extent observed in a soil mass at the initial period of its
development.

An analysis of the seepage situation in earth and rockfilled dams and their
foundations (section 3.2) shows that if there is seepage, the seepage flow
will interact with various elements of the dam and may create, given the

appropriate hydrodynamic conditions, corresponding seepage-piping deformations,
mentioned in section 3.2.

The seepage-piping strength of any element of the dam (blanket, core, shoring,
drainage, etc.) depends mainly on the value of the acting pressure gradients

(Fig. 12) and on the seepage-piping properties (extent of piping, cohesive-

ness, granulometric composition, etc.) of the soil.

Consequently, in order to avoid disturbing the seepage-piping strength and
the stability of any element of the dam, and consequently the structure as a
whole, the following basic condition should be fulfilled:



4.. o(20)

where J is the pressure gradient in the area of the dam element un"r dis-
cussion or in its foundation (Fig. 12); Jj,,, is the permissible pressure
gradient for the given specific case:

A 5 (SpnuA
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Figure 12. Possible Seepage-Piping Deformations in Earth and Rockf ill Dams
and Their Foundations.

a--uniform dam on a stratified foundation; b--rockfill dam on a
rock fourdation; J.t1 --gradient of piping in the dam embankment,
in the soils of the foundation; Jk--heaving gradient of the con-
tact erosion (embankment of the dam-foundation; between the layers
of the foundation; rock-soil of the dam foundation, etc.); JI --

i heaving gradient of the soil; Je--input gradient of the seepage
Sflow to the drain; J-psaingradient in the seaepeaa
~tion (from the rise and fall of the wave); B--area of local soll

heaving if the depression curve emerges on the slope; A--junction
of the cohesive and noncohesive soils of the foundation; J --~
estimated (maxmu) outcrop gradient at the water level of the
tailwater; a--angle of incline of the lower slope of the core to
the horizon; 1--run-up of wave; 2--confining stratum; 3--drain
(vert.); 4--headwater level; 5--tailwater level.

* Here Jo0fshould be less than Jkp, in consideration of the safety factor, k ~
* i.e.

! (21)

4 i
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It follows from the above that a disturbance in the seepage-piping strength
may take place if the conditions (20) and (21) are not observed.

Guided by the above conditions, one should in each specific case:
S

a) Establish the principal forms of seepage-piping deformations, which may
occur in the process of seepage in the given structure and its structural
members under the given specific conditions;

h) Determine their quantitative values, which should be the initial data
and criteria in evaluating the soil material and in planning the designs
and dimensions of the antiseepage devices.

In general the following basic problems should be solved:

a) Determining the geophysical and theoretical characteristics of the soil
of the earth structure and its foundation being discussed;

b) Determining the piping tendency (lack of piping tendency) of the soils
under consideration;

c) Determining the critical (local) gradients of piping, contact erosion,
heaving, outcropping, etc.;

d) Determining the dimensions of the piping particles (dc) of the soil, and
the number of them, removed by the seepage flow, depending on the amount of
the active pressure gradients;

e) Establishing the permissible and theoretical pressure gradients and the
permissible percentage of removal from the soil under discussion of fine
piping particles, the removal of which does not disturb the strength and
stability of the members of the structure as a whole.

When the seepage-piping strength of the structure or its individual structural
elements is not ensured, appropriate efficient engineering-structural measures
should be outlined and carried out to strengthen the planned or existing
structure or its individual elements, so that its reliability and durability
are ensured both in the period when it is put into operation and in the pro-
cess of its further prolonged operation.

3.2 Basic Types of Seepage Deformations in Earth- and Rockfill Dams

Figure 12 shows the cross sections of earth- and rockfill dams, from which it
follows that, depending on the structure of the dam and its members, the
composition of the soil of the dam embankment, and on the soil of the founda-
tion and its construction, given the effect of seepage flow on the structure,
there may be (with certain hydrodynamic conditions) corresponding seepage-
piping deformations in both the embankment of the dam itself and in its
foundation, and in the individual structural members.



The following types of seepage deformations of the soil may occur in earthen
hydraulic engineering structures.

1) Piping of the soil of the embankment of the dam and the soil (soils) of

the foundation, Fig. 12, a--J .0 (see section 1.2-piping).

In the process of piping (interior) the soil of the dam embankment or the
soil of the foundation may also be silted, when the fine particles, moving

in the pores of the soil, are not carried through the mass of the soil, but

are deposited in some area of the soil mass.

Piping may occur at the contacts of coarse and fine soils--contact piping

(see Fig. 12, a, JI slanted arrow).

In this case both contiguous soils may also be nonpiping soils. Given cer-

tain relations between the granulometric compositions and the hydrodynamic
conditions, however, the contact between them may be characterized by great

seepage deformations.

To establish the presence and determine the amount of seepage-piping deforma-
tions:

a) The degree of piping of the soils of the embankment and foundation of the
dam should be established, i.e., it should be established whether the given

soils are piping or nonpiping soils (see 3.3, paragraph 2*);

b) If it turns out that the soils are piping soils, the value of the critical
piping gradients J,, should be determined and compared with those in the
given structure [tdking into consideration (20), (21) and 3.3, paragraph 30],
i.e., it should be established whether in the given case for the structure
the piping and seepage deformations are dangerous or safe;

c) The problem should be solved as to the need for taking appropriate
engineering measures to ensure the seepage strength of the structure.

2) The contact erosion of the soil of the dam embankment (core) and the

soil of the foundation, Fig. 12,a, b--Jk.

In hydraulic engineering structures and their foundations, contacts may be
encountered between the fine and coarse soils. For example, the soil of the
embankment of the dam and the soil of the foundation, between the layers of
the foundation soils (Fig. 12 ,a--Jik), the soil of the core of the dam and

the soil of the first layer of the filter of the transition zone (Fig. 12,
b--Jk)

The following types of contact erosion should be distinguished:

a) Fine soil--coarse soil;

b) Clayey (eohesive) soil--coarse soil;

i 7 SI
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c) Fine or clayey (cohesive) soil--fissured rock (Fig. 12,a,b, see area
A and B).

Due to the action of the seepage flow proceeding in the coarse soil or in the
fissured rock of the foundation (Fig. 12,b), with the appropriate hydrodynamic
conditions and coarseness of the granular compositions, the fine soil may
undergo contact erosion, as the result of which seepage deformations may
take place in the contact zone, and in some cases, significant, and dangerous
for the strength and stability of the structure.

In this case the intercontacting soils should be checked for the possibility
of contact erosion, taking into consideration the given hydrodynamic con-
ditions, so that the value and size of the possible deformations may be
established, and the appropriate measures may be outlined for their pre-
vention (or elimination), if there is need of this (see 3.3, paragraph 4*).

3) Local seepage heaving of the soil, when a certain amount of soil may
break away and shift due to seepage forces (Fig. 12,a--J& or at point a).

This type of seepage deformations may occur in the practical work of hydro-
engineering construction when the dam is situated on a relatively thin layer
of clayey or almost impervious soil, and under the layer of clayey or almost
impervious soil there is a sandy layer with relatively high perviousness,
Fig. 12,a: layer I--clayey, layer II--sandy.

If there is no drain at the downstream shell of the dam, or when the drain
of the downstream shell of the dam has silted up (or become clogged during
the runoff of water along the slope), the depression curve can be wedged
out at the lower slope (Fig. 12,a; point "a"). In this case local seepage
heaving may take place in the "B" zone due to the seepage forces.

In the first case, in accordance with the hydraulic engineering conditions
of the seepage flow at the foundation of the structure (taking into con-
sideration the acting pressure gradients), the possibility (impossibility)
of such deformations should be established and appropriate measures out-
lined to eliminate them, if necessary.

In the second case, either the declivity of the slope should be increased,
or the surface of the slope covered with a pervious overload (see section 3).

4) Deformations of the soil in the drain area, with the seepage flow enter-
ing the drain, Fig. 12, a--JBX (drain pipe shown by a dotted line).

In this case, when the triangle of the drain pipe and the thickness of the
sloping drain are not big enough, and there are concentrated gradients of
the seepage flow entering the drain, and in some cases due to incorrectly

(or carelessly) planned (chosen) first layer of the filter, the soil of the
dam embankment and of the foundation may be carried off into the drain tri-
angle, which may cause inadmissible settling and silting, and in some cases
a breakdown.



In this case the size of the prism of the (piped) drain, the thickness of
the layer (layers) of the sloping drain and the granulometric composition
of the first layer of the filter should be planned so as to eliminate these
deformations (see section 3.6).

5) Deformations of the soil of earth slopes due to the action of waves on
the slope (Fig. 12, a--J ). With the rise and fall of waves on the slope
of the structure with a stone or reinforced concrete cover, installed on the
filter preparation, pulse seepage occurs in the layer of the filter prepara-
tion, due to which the strength of the filter preparation may be disturbed,
and the stability, consequently, of the slope itself.

To avoid the undesirable consequences, the planned (chosen) filter prepara-
tion should be checked under working conditions with pulse seepage, taking
into consideration its granulometric composition of the soil and the slope
of the given structure (see section 3.7).

6) Deformations of the soil of the blanket, shielding face and core. When
planning impervious devices to prevent disturbance of the seepage strength
and inadmissible deformations of the soil of the blanket, shield, and core,
the following should be taken into consideration:

a) The thickness of the blanket, shielding face and core should correspond
to the hydrodynamic conditions and requirements imposed on the soil of the
impervious devices;

b) the soil of the foundation under the blanket should be of a granulo-
metric composition which will ensure the seepage strength of the blanket,
and for the shield and core of the dam on the lower side either run-of-bank
soil or filter with a granulometric composition ensuring the seepage strength
and stability of the face and the core should be selected and laid in place.

The above conditions should be taken into consideration in accordance with
section 3.8.

7) Deformations in the zone where the core (shield) of the dam comes into
contact with the foundation. In the area of contiguity of the material of
the core (shield) and the fissured rock of the foundation, the concrete base
or the concrete plug (laid in a river bed), deformations of the soil of the
core (shield) may occur, which will disturb its seepage strength: contact
seepage, erosion of the soil of the core along the existing cracks of the
rock of the foundation or the cracks formed in the foundation when the struc-
ture is being operated.

3.3 Methods of Calculation To Determine Seepage Deformations of the Soil

Seepage deformations of the soil, accompanied by a disturbance of its solid
phase, are caused mainly by the forces of hydraulic action, which also
result in disturbing its strength.



It is recommended that their quantitative (numerical) values, which should
be the initial data and criteria in evaluating the soil material and in
designating the dimensions and structural elements of the impervious devices,
be determined according to the method given below.

1

10. Determining the principal geophysical and estimated characteristics of
soils. To determine the seepage-piping properties of the soils of a planned
(or existing) structure, and its foundation, their geophysical and estimated
characteristics should be known, and they should include:

The granulometric composition of the soil, indicating the sizes of the follow-
ing, estimated fractions: dmi, d3, dl0, d17' d60, d100, mm;

The volumetric weight of the soil,? ck' g/3;

The specific gravity of the soil particles, A, g/cm 
;

The porosity, n;

The coefficient of variation in grain size,7 = dl0'

The coefficient of seepage k, cm/sec.

For cohesive soils (loams and clays), in addition:

The content of clayey particles, d(0.005 u, Z;

Moisture content (natural), W;

Flowability limit, WT;

Build-up limit, W ;

Plasticity number, W
f

The above characteristics of the soil of a structure or its foundation are
the theoretical parameters for each soil, when its seepage-piping properties
are determined (piping, critical piping gradients, contact erosion, etc.),
and should be summarized and best describe the composition of the given soil.

2*. Determining the piping capacity (nonpiping capacity) of soils and the
percent of removal of piping particles*. To solve the problem as to whether
the given soil is apt to pipe or not, the following method of calculation is
recommended.

Evaluation of the soil according to geometric criteria (without taking
into consideration the hydrodynamics of the seepage flow, which should1 be taken into consideration in each specific case of operating the
structure).



a) From the given parameters (section 3.3, 1*) of the soil being studied,
the diameter of the maximal seepage pores in the soil, do , is determined
from the following relationship of M.P. Pavchich [6]:

4mm. -,5 V(22)
where x is the coefficient of nonuniformity of the distribution of the parti-

cles in the soil or the coefficient of localization of the piping:

i - i +OA[ (23)

d60
- 0 - is the coefficient of variation in grain size of the soil; n--the

porosity (in proportions of a unit); d --the diameter of the particles
which are found as 172 in the soil and'less (by weight).

b) The maximal size of the particles which may be carried away by the seep-
age flow from the given soil (given the hydrodynamic conditions determined)
is determined by the following ratio:

d - 0.7f4-,. (24)

If it turns out that the maximal size of the piping particles, dma, deter-ClI

mined from equation (24), is less than the minimal size of the particles of
the soil, d m n , i.e.

(25)

this soil should be regarded as piping soil. All the particles with a
coarseness less or equal to dmax may be carried off from this soil if the
seepage rate (pressure gradieni) is greater than the critical Vkp(Jkp).

c) Practical experience shows that if the finest unattached particles of
the soil are carried off in an amount of not over 3-5% by weight, the soil
strength is not disturbed.

Consequently, if dmax< 3% (5%) by weight, this soil should be considered as
practically nonpip ng soil.

d) Cohesive (clayey) soils which have a molecular bond between individual
particles and their aggregates, with a plasticity number of W > 5. are non-
piping. n

e) The maximum possible percentage (%) of piping particle removal from
piping soil according to geometric criteria (disregarding the hydrodynamic
conditions) is determined in the following way.



We find the maximum size of the piping particles, d. , calculated from the
equation (24) on the chart of the curve of the granulometric composition of
the soil and the unknown maximum percent of removal (on the axis of the
ordinates).

f) If two nonpiping soils (section 3.2, l)--coarse and fine--come into con-
tact (Fig. 12,a; Ji --slanted arrow), in these cases there will be no
seepage deformatioRs if these two contiguous soils, with respect to granulo-
metric compositions, satisfy the following condition:

(27)

where D is the average size of the diameter of the seepage pores of the
coarse soil

D.-045= , (28)
the letter designations are the same as in equation (22); d3--the size of the

particles contained in the fine soil in an amount of 3% and less by weight.

If condition (27) is not satisfied, contact piping may take place.

To prevent contact piping--seepage deformations--the plan should stipulate
the appropriate measures (for example, placing a transitional layer of soil
on the contact), to ensure its seepage strength.

3O. Determining the critical piping gradients and rates. Mechanical piping

will develop in sand-gravel-pebble (or rubble) piping soils if the pressure
gradient or seepage rate in them are greater than the critical, i.e.,
J >Jkp orV>V,.

max

In such cases all the piping particles, d i(from d . and less), may be car-
ried off from the mass of the soil (not protected y a filter), given certain
hydrodynamic conditions.

It must be borne in mind, however, that in earth structures (dams, dikes,
etc.), made of piping soil and on a foundation made of piping soils, the
hydrodynamic conditions for seepage flow may occur, in which even the finest
of its piping particles will not be carried away from the given piping soils
because there are no pressure gradients (general and local) greater than the
crftical in value in the structure and its foundation to cause the removal.

In such cases it should be considered that even though these soils with
respect to geometric criteria are piping soils, for the given specific
hydrodynamic conditions they are practically piping-proof, and dangerous
piping processes and piping deformations will not develop in them.

Consequently, in order to determine the degree of seepage-piping strength of
a soil (the soil of a structure or of the foundation), one must know:



a) The hydrodynamic seepage flow which will affect the soil under discussion;

b) The critical rates or gradients of removal, the value of which chiefly
depends on the size (coarseness) of the piping particles removed, di (as well
as on the coefficient of soil seepage, porosity, the nature of the iocation
of the piping particles in the pores of the soil, etc.).

The hydrodynamics of the seepage flow are determined either by seepage calcu-
lations or by the EGDA [electrohydrodynamic analogy] method, and the critical
rates or critical pressure gradients for the piping soil analyzed are deter-
mined from the formulas given below.

The critical pressure gradient (J '), with respect to mechanical piping, in
which the piping&articles dc may e removed from the mass of the soil,
starting with d and less, 1s determined from the following ratio of A.N.
Patrashev [6]: c

- _ .(29)

where 0-- U - I
- ~ )f. o V+ IT, (30)

f e - 0 .82 l,m, + 0,0 2( ,,- );.31

d --the diameter of the piping particles, starting from d max and less, in
cm nr--the porosity of the soil (in groportions of a unitf g-accelerations
of the force of g5avity (g-9813cm/sec );y --the volumetric weight (frame) of
the soil, in g/cm ;Y B ---l g/cm --the volum etric weight of jhe water;V--
the coefficient of kinematic viscosity of the water, in cm /sec; 9-the
angle between the directions of the seepage rate and the forces of gravity;

7 r -- --the coefficient of variation in grain size of the soil; k0--the
oeffitent of soil seepage, in cm/sec.

If the coefficient of soil seepage, ks , is not known, it may be determined
by the experimental ratio of M.P. Pavchich:

A,*, - !L V (32)

wheretf, --the coefficient considering the shape and irregularities of the
soil particles; according to the data of G. Kh. Pravednyy, it is recomiended
that: 1 - 1 for sand-gravel-pebble soils; JP - 0.35 for rubble soils; d17
the diameter of the soil particles of which less than 17% by weight are
contained in the composition, in cm.

IL



Substituting in formula (29) variops values of d and other parameters of
the soil being analyzed, it becomes possible to fetermine the value of the
practical removal gradient (J for each given size of the piping parti-
cles with a diameter ofdci< ", as well as the value of the percent of
removal of these particles (3.5, paragraph 2, d) for which the value of

was determined, which makes it possible to evaluate the degree of piping
an seepage strength of the given soil.

In order to avoid mechanical piping and disturbance of the soil strength,
the condition (20) should be observed, i.e., the acting pressure gradient
in the soil, Jd' should be less than the critical piping gradient, Jkp' for
the given soil 0Jd<Jk)

The critical piping rate. To determine the critical piping rate, at which
the maximum equilibrium of the piping particles d in the soil is disturbed,
the formula of A.N. Patrashev should be used [6]:

, d. OI k. L (33)

where the letter designations are the same as in formula (23).

4*. Determining the critical gradients and rates of contact erosion of
noncohesive and cohesive (clayey) soils. As was shown in (3.2, paragraph
2), in hydraulic engineering structures, contacts may be encountered between
fine and coarse soils (Fig. 12,b).

Figure 13 shows the types of contacts which may occur in hydraulic engineer-
ing structures and their foundations.

The intercontacting soils should be checked under the condition of the pos-
sible erosion of fine (or cohesive) soil by the seepage flow taking place
in the coarse soil or the fissured rock of the foundation (k, k).

For this purpose the critical gradient of the contact erosion, J of fine
(or cohesive) soil should first be determined, and its value maihgy depends
on the ratio of the coarseness of the fractions of the grain compositions
of the soils coming into contact.

Then the value obtained, Jj, should be compared with the specific hydro-
dynamic conditions of the beepage flow in the given structure or its member
(for example, in the first layer of the transitional zone of the core of a
dam, or in the foundation of the structure), in order to establish whether
there is erosion of the contact zone and seepage deformations.

The determination of the value of Jum for noncohesive and cohesive (clayey)
soils, depending on the coarseness of their granular compositions, is given
below.
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Figure 13. Contact Erosion of the Soil

a--coarse soil--fine soil; b--coarse soil--clayey soil; c--
fissured rock--clayey or fine soil; 0-angle between the
directions of the rate of seepage and the force of gravity;
D 0--average diameter of the seepage pores of coarse soil;
d.--diameter of (piping) particles of fine soil which may
b iremoved by seepage flow upon contact erosion

(vhen J J ).

a) Determining the critical gradients (rates) of contact erosion of non-
cohesive soils.

If two different noncohesive soils (or soil and fissured rock) come into
contact with each other, the critical gradient of erosion of the fine soil
and the size of the particles carried awzy with a diameter of dcW)Z* are
determined by the experimental ratio of G.Kh. Pravednyy:

with the ratio of deo <0.7, Fig. 13,a; with the ratio dC- :0.7, the erosionDo Do

and removal of fractions of fine soil are impossible; 1 , d and #--the
designations are the same as in formulas (30) and (32). ci

The average diameter of the seepage pores of coarse soil, Do, is determined
by the ratio (28).

When fine, unbound particles, dcF 3Z are removed, the soil strength is not
disturbed; therefore, the value of the critical erosion gradient, 3 ,
should be determined with the removal of fine fractions, the size Of
which is dcW3Z, i.e., dci)d 32 .
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When the critical gradient of erosion of fine soil on contact with fissured
rock is determined (Fig. 13,b), the ratio (34) may be used; except, however,
that instead of D in the given ratio (34), the value (predominant size) of
the width of the cracks in the rock bkandt4=- 0.35-0.40 should be substituted.

Formula (34) is justified if the Reynolds number, Re, pertaining to the
average diameter of the seepage course in coarse soil, D 00

Re ac 4(35)

where ks--the coefficient of seepage of coarse soil, is determined from the
ratio (32), or k --the coefficient of the rock seepage; D --is determined
by the ratio (2859 V--the coefficient of kinematic viscosity of the water.

Note. When Re 20, the formula (34) can be used only for rough estimates, or
Jrw should be determined by experiment.

The critical erosion rate, Wp43, on contact: fine soil--coarse soil (or
fissured rock) may be determined according to the ratio:

uIP.k (36)

where . is the same as in the ratio (35); J 43--is assumed in accordance
with the ratio (34).

b) Determining the critical gradients of the contact erosion of cohesive
(clayey) soils.

When contacts may be encountered between cohesive (clayey) soil and coarse
material (Fig. 13, b,c), or with fissured rock, the cohesive soil may under-
go erosion.

The value of the critical gradient of erosion, Jxp , with contact seepage is:
cohrsive (clayey) soil with a plasticity number o; .45, coarse soil (or
fissured rock), may be determined from the experimenal ratio of G.Kh.
Pravednyy:

JOP 4 75- .f (3 7 )

where D 2= --in cm--is determined from the ratio (22) for coarse soil, with
0

D TCl.8 cm (when DeaXl.8 cm will cause the scaling of cohesive soil in the
0 0

pores of coarse material and contact erosion, when J>O).

This ratio (37) may be used to determine J/P on contaj cohesive soil--

fissured rock (Fig. 13,c). In this case, instead of D 0., in the ratio (37)
the maximm value of the width of the cracks in cm should be substituted.

• v



3.4. General Instructions for Calculating the Seepage-Piping Deformations
of Soils (from 3.3, paragraphs 2, 3, 4*).

On the basis of the calculations made (3.3, paragraphs 2, 3, 4*), for clear-
ness, the results of the calculations for each soil analyzed may be shown in
the form of Table 3, from which can be seen:

Table 3 Soil

dci, mm Jp (JP) Z removal Note

d ......... ................. .... . ..
dci . . . . . . . . . . . . . . .. . 3

The size of the diameters of the piping particles from dc x to dci4_c3%, the
critical gradients of removal (or erosion), corresponding to the given
coarseness of the piping particles and the percent of their removal.

It thus appears possible to establish the limits of the local critical gradi-
ents of tle pressure of the mechanical piping, Jkp, and the contact erosion,
Jpa3, at which the removal of the fine fractions should be dci<3Z, since,
depending on this value, the permissible piping or contact erosion gradients
(taking into consideration the safety factor) should be established for the
given soil, i.e., the conditions (20) and (21) should be fulfilled:

1
Jfa ffi k4o- Jkp

where J~zis the pressure gradient in the area of the element of the dam under
discussion, or its foundation, with which the seepage strength of the soil is
ensured; k;,p is the safety factor (which is established depending on the
category of the structure with respect to durability, danger of piping occur-
ring, and other conditions).

This method may be used in determining the permissible controlling pressure
gradient (Jk)k.zv- in the case of nonuniformity of the foundation of the struc-
ture formed by horizontal stratification of the individual soils (see 2.5,
paragraph 50).

As the result of calculations made according to the method shown in (3.3,
paragraphs 2, 3, 4*), JR01r is determined for each layer of soil forming
the foundation, and for the least value of Jk,u' as the most dangerous with
respect to piping (interior and at the contacts), taking into consideration

* Table 1, the corresponding value of (Jk), is assumed.



3.5 Determining the Destructive Heaving Gradients of the Soil and
Measures to Combat Local Seepage Heaving

10. Mathematical formulas to solve problems related to soil heaving.
a) In an upward seepage flow, seepage heaving of the soil (breaking away and
shifting of a certain amount of soil) may take place due to suspending and
seepage forces, i.e., if in any area the vertical components of the hydro-
dynamic forces exceed the critical values and are not balanced by the
forces preventing heaving, the soil may heave.

The forces preventing heaving are the weight of the foundation soil and the
weight of the overload (drainage).

Consequently, the principal measure to combat soil heaving is overloading
it with a layer of drainage material.*

= .. . ., . - -. _ _

.t

Figure 14. Diagram of Soil Heaving

T--thickrness of the overload layer; t--
thickness of the layer of soil which has
undergone heaving.

b) In work [3], R.R. Chugayev discusses in a general form the heaving of
the soil by an upward seepage flow, with an overload according to the dia-
gram shown in Figure 14, where the layer t is subject to the action of
seepage forces f# directed upward. In order to prevent heaving of the soil
abcg by seepage forces, this soil should be overloaded with a layer of
drainage soil, with a thickness of T.

In accordance with that indicated by Professor R.R. Chugayev, the following
equation [3] was proposed to solve the problems of soil heaving:

i h. L..t (38)

There may also be structural measures, as, for example: a relief drain,
diminishing the slope, in case the depression curve emerges to its sur-
face (see below).
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where IBZ- is the volumetric weight of the suspended soil; Vn --the volu-
metric we ght of the overloading material (in dry or suspendeR state);
kj --the safety factor; t--the thickness of the layer of soil which has
undergone heaving; f#--the relative seepage force exerted on a unit of volume
of soil, the value of which is (according to K. Tertsaga):

fo -7T.1, (39)

where 'B is the volumetric weight of the water; J--the piezometric gradient
(pressure gradient).

The volumetric weight of the soil, suspended in the water is BZB:

(40)

where yck is the volumetric weight of the frame of the (dry) soil; n--the

porosity in fractions of a unit.

From the equation given (38), it appears possible to determine:

a) The critical gradient of the soil heaving with no overload;

b) The outlet pressure gradient with an overload;

c) The thickness of the overload layer, depending on the amount of outlet
pressure J

c) The value of the critical heaving gradient Jk may be obtained from the
equation (38) if there is no overload, i.e., wheg T = 0 and k., = 1.

With the giIen conditions, instead of (38), we will haver - fo or

rBZB V Jk * Substituting the values 9 and rDZB from (W and (40), and
rk .after simple transformations, we oftaig the formula for deter-
*Mining the value of the critical heaving gradient J k in the layer of soil
undergoing heaving, with no overload where the seepale flow emerges:

-3). (41)

whered is the specific gravity of the soil particles; Y --the volumetric weight
Bof the water; n--the porosity of the soil in fractions of a unit.

This formula (41) is in accord with the formula of K. Tertsaga, as well as
that of Ye.A. Zmarin,* Jk =(A 1) (1 - n) + 0.5n, but without the last
member. Ye 3

Zamarin, Ye.A. "Dvizheniye gruntovykh vod pod gidrotekhnicheskimi
sooruzheniyami" [Movement of Ground Waters Under Hydraulic Engineering
Structures], Izd. VNIKhI, 1931, 112 pages with illustrations.
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When determining Jkp for fine sandy soils with an average particle size of
d50=O.07-0.20 mm, the correction coefficient, t, should be introduced in
formula (41), as experiments have shown:

where =0.90-0.95.

d) To determine the value of the outlet pressure gradient, Js , with an
overload with the thickness of the layer T, the mathematical relationship
may be obtained from equation (38).

Assuming k,.-l, and also considering that Y = JOp, and solving equation
(38) relative to J/ we obtain: e kp a

+ up, (42)

where the letter designations are the same as in equation (38).

From the given relationship (42), it follows that the need for an overload
of soil for the foundat on where the seepage flow emerges is brought about

h iwhen J&r> Jkp, where Jk is the critical gradient of the heaving for the
given soil of the foundation, the value of which is determined according to
the relationship (41) or (41').

e) The thickness of the layer of the overload, T, taking into consideration
the safety factor, k3Afl , may be determined from the relationship (42):

r =it (J.' -- ,) , (43)

where it is recommended that the safety factor be assumed as k3 4,=l.2-1.5.

The relationships (38)-(43) may be used to solve problems related to

a) Determining the length of the underground contour of the dam;

b) Determining the critical heaving gradients for the soils of the founda-
tion and embankment of the dam;

c) Determining the thickness of the overload (when Jgix> Jkp) for the area
of the soil subject to heaving, etc.

Methods are suggested below to solve these problems, as applied to hydraulic
engineering structures.

20. Measures to Combat Local Seepage Heaving

a) Heaving of the soil when the seepage flow emerges in the tailwater
(Figs. 15 and 16).



Heaving of the soil may appear beyond the limits of the underground contour

of the structure, when the seepage flow emerges in the tailwater, where a
drain should be placed, simultaneously fulfilling the role of an overload of
soil for the foundation (Fig. 15).

.. ~rp

Figure 15. To Determine the Thickness of the Overload T.

J--outlet fragment of the underground contour of the structure;

2--overload; h and h+Ah--lines of even pressures; y --estimated
vertical for constructing the curve of the gradients J-f(y);
Jo,;=f(x)--curve of the outlet gradients; Jk--critical gradient

of heaving for the soil of the foundation (wth no overload);
1 --length of the overload.
np

The testing of the soil for heaving in the tailwater area should be done on
condition that the maximum outlet pressure gradient in the tailwater is

J.o>0.60-0.70 [2].

With the maximum value of the outlet pressure gradient in the tailwater:

S&Jto (44)

where J is the critical heaving gradient for the given soil of the founda-
tion, t value of which is determined from the relationship (41) or (41'),
appropriate measures should be stipulated to prevent this undesirable

phenomenon.

When studying seepage (for example, by the EGDA method) in the embankment and
foundation of an earth or concrete dam, the curve of the outlet pressure
gradients is constructed, as was shown in Figures 15 and 16.
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In order to ascertain the maximum values of the outlet pressure gradients,
the curves of the outlet gradients should be plotted for the area of the soil
of the foundation which is as nearly as possible adjacent to the line of the
surface of the bottom of the tailwater,

The curves of the outlet gradients make it possible to evaluate the strength
and stability of the foundation of the structure.

3.t

-f ... , . . . . . .. .

Figure 16. To Determine Soil Heaving

a--downstream shell of earth dam with a drain triangle showing
the lines of equal pressures and the curves of the outlet gradi-
ents; b--same, with sloping drain and output drainage ditch.

1. Determining the thickness and length of the overload.

Figure 15 shows the outlet fragment of the underground contour of the struc-
ture with the lines of equal pressures and curve of outlet gradients,J a ,x =f(x).

* Figure 16 shows: a) the downstream shell of the earth dam with a drainage
triangle, lines of equal pressures and the curve of the outlet gradients;
b) the downstream shell of an earth dam with sloping drain and outlet

ditch.
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To solve the problem of the thickness of the overload in the outlet area of
the see age flow in the tailwater, where soil heaving is possible (when
JaV> JEp), there must be a flow net, with the outlet of the seepage flow in
the tailwater, and the curve of the outlet gradients JwX-f(x), as shown
in Figure 15.

An estimated "y" vertical is drawn in the outlet fragment of the underground
contour of the structure, through its end point (Fig. 15). On this estimated
vertical is plotted the curve of the distribution of the gradients at the
points of intersection of the estimated "y" vertical and the lines of equal
pressures (1, 2, 3...).

Figure 17 shows the curve Jv=f(y), obtained at the estimated "y" vertical,
where, along the vertical "y" axis are drawn the distances from the surface
of the tailwater (from point A), Yl, Y2 and Y3, corresponding to the deepen-
ing of points 1, 2 and 3 (Fig. 15, and along the axis Jy, the pressure gradi-
ents Jyl, Jy2 and Jy3, corresponding to these points 1, 2 and 3, obtained as
the ratios

J+ h
y

As a result we obtain, on the estimated "y" vertical, the curve for the dis-
tribution of the pressure gradients Jy=f(y).

Then from the relationship (41) or (41'), the value of the critical pressure
gradient J6p is determined for this specific soil of the foundation.

From the value of Jkp obtained and the curve of the gradients Jy=f(y),
Figure 17, the thickness of the layer, t, is determined, corresponding to the
critical depth of the heaving zone, ykp, where the pressure gradient is Jkp.

Knowing the value of t, the thickness of the layer of overload is determined
from formula (43)

m(J.- )ormula(43

where Yrp is the volume weight of the overload and may be in dry or suspended
state (in some cases, concrete slabs); k l. 2-1,5,

The length of the overload, lpp (Fig. 15), may be determined from the curve of
tie outlet pressure gradients, J 1kx-f(x),

Knowing the value of Jkp, the value of which, as was shown above, is determined
from the relationship (41) or (41'), for the given soil of the foundation, its
value is drawn on the curve J,,-f(x), and is determined on a scale of Xkp
along the "x" axis.
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Figure 17. Curve J -f(y) on the Estimated Vertical, "y" (to Determine the

Thickne~s of the Layer, t, Corresponding to the Depth of the
Heaving Zone)

1, 2, 3--points of intersection of the estimated "y" vertical
with the lines of equal pressures (Fig. 15); y1 , y , y --
corresponding deepenings of the points 1, 2, 3 from the surface
of the tailwater.

The length of the overload from the impervious part of the outlet fragment of
the structure in the direction of the "x" axis, taking into consideration the
safety factor (k 3),'will be:

(45)

It should be noted that, depending on the composition of the soil of the: founda-
tion, the granulometric composition of the overload in the zone of contact with
the soil of the foundation should be chosen according to the principal of the
reverse filter (Fig. 15):

a) For protected cohesive (clayey) soil of the foundation with a plasticity
number of W )3-5, the granulometric composition of the material of the over-
load (in the contact zone) should satisfy the following condition:

where Dm x is the maximum diameter of the pores of the overload, determined
from the relationship (22); J3,.,--the heaving gradient, with the outlet of the
seepage flow to the tailwater (Pig. 17).-
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b) For protected noncohesive (friable) soil of the foundation, the granulo-
metric composition of the overload material (in the contact zone) should
satisfy the condition of a nonfreeflowing quality [6],

2. Overload Drainage

In 3.2, paragraph 3, it was noted that in the practical work of hydraulic
engineering there may be a variant when the dam is placed on a relatively
thin layer of clayey or almost impervious soil, and under it lies a layer
of soil with relatively high perviousness, Fig. 12,a: layer 1--clayey,
layer II--sandy. In this case, due to the seepage flow, local seepage heav-
ing may take place at the surface of the bottom of the tailwater relative
to the thin almost impervious layer of soil--I, Fig. 12, a and 18.

The clayey layer of soil (2) in the tailwater (Fig. 18) will be subject to
heaving with a sufficiently high value of the pressure gradient.

44
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Figure 18. Soil Heaving Into the Tailwater

1--embankment of the dam; 2--thin layer of clay, thickness of
tcl; 3--overload drainage; 4--overload layer, thickness T;

Dmax --maximum size of seepage pores of overload material.
0

In reality, if one disregards the losses of pressure in the sandy layer II
at the width of the dam base (Fig. 12,a), the acting pressure on the struc-
ture is distributed on the layer of clayey soil: for the input--at the head-
water and the output--at the tailwater. Moreover, a pressure value of ap-
proximately 0.5Z will be lost at each of these sections.

Consequently, the clayey layer of soil with a thickness of tcl in the tail-
water will have a heaving gradient

S JSMU ____(47)

where Z is the pressure on the structure.

Jg&41 is assumed from the results of the seepage studies (calculations), and

for rough estimates, from formula (47).



In this case, to prevent inadmissible heaving, a vertical relief drain must
be installed in the tailwater area, as shown in Figure 18,*

With a drain of this type in the tailwater, the outlet pressure gradients
* are practically removed, thus eliminating the danger of soil heaving.

Note. The diameter and design of relief wells for vertical drainage and
their arrangement (spacing) are determined from the results of seepage
studies, taking into consideration the hydrogeological and other conditions.

41M

Figure 19. Soil Heaving With the Outlet of the Depression Curve on a Slope

a--point of emergence of the depression curve on the slope;
B--zone of local seepage heaving;tx--angle of incline of the
lower slope toward the horizon; mg=ctg A--coefficient of the
lower slope; DaX--maximum size of seepage pores of overload
material.

b) Soil Heaving When the Seepage Flow Emerges on the Slope

If there is no drain at the downstream shell of the dam, or when the drain
of the downstream shell of the dam is silted up (or obstructed during the
runoff of water along the slope), the depression curve may be wedged out to
tte surface of the lower slope of the dam, Figure 19. Here, in zone B, due
to the seepage forces, local seepage heaving of the soil may occur, as the
result of which the strength and stability of the lower slope will be dis-

turbed.

Constructing an overload in this case, with sizeable outlet pressure gradi-
ents, is not advisable, since its thickness may reach several meters.
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The soil in the B area should be considered stable if the following inequality
is satisfied [3]:

2
I >j. -'(48)

where fis the angle of internal friction of the soil.

If the inequality (48) is not satisfied, to ensure the stability of the slope
(soil in the B zone, Fig. 19), one must:

1) Either increase the declivity of the lower slope, i.e., reduce O--the
angle of incline of the lower slope toward the horizon;

2) Or cover the surface of the slope with a layer of pervious overload
(Fig. 19).

Dmax.

Here the granulometric composition of the overload (D or D ) should be
such as will satisfy the following condition: 0 0

S-W(49)

where J =sinAL--maximal estimated pressure gradient (Fig. 18); k -1.10-1.20
--safety factor; J --critical gradient of erosion of fine or cohesive soil
on contact with cogrse material, is determined: a) for noncohesive soils
according to the formula (34); b) for cohesive soils by the relationship (37)
see 3.3, paragraph 4*.

Condition (49) should be satisfied also, when designating the granulometric
composition of the first layer of the filter for a sloping drain of the
lower slope of the dam.

3.6 Normal (Local) Seepage Strength of Soil in Drainpipe Area

A pipe drain is installed mainly at the bottom sections of the dam when
there is no tailwater behind the drain. Depending on the location of the
pipe drain with respect to the axis of the dam, as well as its ability to
"divert" to itself the depression curve, sizeable input pressure gradients
may be concentrated in the drain area.

If the soil of the foundation or the embankment of the dam is piping soil,
due to the sizeable input pressure gradients, piping may occur in the drain
area, as a result of which piping fractions may be carried away from the
soil mass of the foundation and the embankment of the dam to the drain tri-
angle, which may cause inadmissible settling and silting of the drain.

If the filter is carelessly chosen, in the drain triangle area the soil may
silt, which may cause a disturbance in the work of the drain--a rise in the
depression curve and seepage of the flow to the slope.



In order to prevent these undesirable phenomena, in addition to the correctly
chosen composition of the filters [61, the appropriate dimensions should also
be planned for the drain triangle, for depending on its dimensions are the
amount of input pressure gradients in the drain, the normal work of the
drain and elimination of these undesirable deformations.

The value of the input pressure gradient to the drain triangle depends on the
seepage rate entering the drain, the coefficient of seepage of the soil of
the foundation or embankment ofi the dam and on the area of the active sec-
tion of the seepage flow, when it enters the drain triangle (Fig. 20).

Figure 20. Pipe Drain
1--depression curve; a--greatest depth of freezing; 2--drain
triangle; 11+1 +1+1+1 =L--wetted perimeter of the drain
triangle; k--coe~ficient of seepage of the foundation soil.

Assuming that in the drain area the seepage proceeds in a unilateral flow,
this relationship may be expressed according to the Darcy formula:

Q (50)

• 3
where Qis the seepage rate, in m /sec; k#--the coefficient of seepage of the
soil of the foundation or embankment of the dam, in m/sec;w--the area of
the active section of the seepage flow, entering the drain and relative to1 linear meter of the drain;+ lL71(11+12+1 +1 +1 ), where L-1 +1 +1_+1 +1

--the wetted perimeter of the drain triangli (Pig. 20), on the size of which
the amount of the input pressure gradient J., mainly depends.

In order to avoid the above deformations of the soil in the drain area, the
dimensions of the drain triangle should be such that the input pressure
gradient Jp will be less than or equal to the permissible, i.e., the basic
condition snould be satisfied (20):

4i
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where k a -1.10-1.20--the safety factor; J --the critical gradient of the
pressure for the given soil of the foundation, is determined from formula
(29), with dcfd 3 %.

Notes: 1. With nonpiping soils of the embankuant and foundation of the dam,
the value of the input pressure gradient to the drain triangle should be
J8si0.70-0.75.

2. The above recommendations may be used to calculate the drainage ditch,

the drain triangle, etc.

3.7. Deformation of the Upper Slopes Due to Wave Action

The most widespread types of slope coverings against wave actior at present
are coverings made by monolithic reinforced slabs with large planned dimen-
sions (1OX10 or 20X20 m) or coverings made of precast slabs (hinged together),
with the planned dimensions from 1.5X.5 to 5.0X5.0 m, placed on a solid
filter preparation.

In addition, coverings made of riprap are widely used. Riprap is also placed
on the layer of solid filter preparation (Fig. 21).

Z

Figure 21. The Problem of Deformation of the Upper Slopes Due to Wave Action

1--embankment of the dam; 2--upper covering of the slope (stone or
reinforced concrete slabs); 3--a layer of filter preparation;
4--wave run-up- 5--angle of incline of the upper slope toward
the horizon; JO -kJ --estimated gradient of the pressure with
pulsed seepage coditions.

With the rise and fall of the wave a pulsing seepage arises in the filter
preparation layer, due to which the strength of the soil of the dam slope and
the upper covering may be disturbed, and as a result, the stability of the
slope itself.
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To avoid undesirable consequences, the planned or selected filter preparation
made of run-of-bank or artificially obtained soils should be checked for con-
tact erosion of the upper slope of the dam, if there is a condition of pulsat-
ing longitudinal seepage (from the rise and fall of the wave) in the layer of
filter preparation.

The filter preparation will be a reliable protection against contact erosion
of the slopes of the dam with pulsating conditions of longitudinal seepage,
if the following condition is satisfied:

rAe 4 <0.75ir (51)

where Jr-the estimated pressure gradient with pulsating seepage conditions:

(52)

where k#--the coefficient taking into consideration the pulsating conditions
of longitudinal seepage (with respect to the eroding pressure gradient, with
uniform established longitudinal seepage); kffi. 1 3-1 .5 0 (for calculations it

is recommended that the average value of knal.35 be used); Jk--the gradient
in the layer of filter preparation on contact with the soil of the embank-
ment of the dam:

it 8INAp (53)

where 4 is the angle of incline of the upper slope toward the horizon
(Fig. 21).

The value of Jkp is determined:

a) For the noncohesive soil of the embankment of the dam, from the relation-
ship (34);

b) For cohesive soil of the embankment of the dam, from the relationship
(37).

If condition (51) is not satisfied, the granulometric composition of the
filter preparation should be changed (toward a reduction in its coarseness).

Note. The seepage-piping strength of the filter preparation itself may be
checked according to the method indicated in 3.3, paragraph 3',

3.8. Seepage Strength of Impervious Devices: Blanket, Facing, Core of the
Dam

* The impervious devices in the dam embankment are installed in order to:



a) Reduce the seepage rate of the water entering the tailwater;

b) Lower the depression curve in the lower part of the dam to increase the
stability of the lower slope of the dam;

c) Reduce the piezometric gradients of the seepage flow in the dam embank-
ment to increase its general (random) and local (normal) seepage strength.

Especially when the soil from which the dam is made is piping soil. In this
case it is compulsory to set up watertight devices.

Watertight devices (blanket, facing, core), however, will fulfill their
positive role if their seepage strength is ensured, i.e., in the process of
operation there will be no layering off of clumps of particles of cohesive
soil or the soil of the facing (core) to the pores of the soil of the dam
triangle or the first layer of the filter under given specific hydrodynamic
conditions and with the contact of coarse soils.

In this case the dimensions (thickness) of the watertight devices should be
designated (or verified) for the granulometric composition of the coarse soilsin contact (underlying blanket or soils coming into contact .with the facing,

the core of the triangle of the dam or the filters).

The seepage strength of cohesive soil with a plasticity number of W>5 of the
blanket, facing and core will be ensured if, with the dimensions (thickness)
adopted, the following conditions are satisfied:

a) For the blanket

in < J' (54)

where J* is the maximum controlling pressure gradient for the soil of the
blanket and is determined as indicated in 2.5, paragraph 4, Fig. 9; h*--
the loss of pressure along the length of the entire foundation of the blanket
(see 2.5, paragraph 40), Fig. 22; sn--the thickness of the actual blanket;
Jp--the permissible estimated pressure gradient of the underlying layer of
soil, under the blanket:

1 , 34 .
4 --[--,j. (55)

The value of the coefficient

oueej 062 063 064 0. 0 A

OAO 0, 04 OA 1 OAS 0



Dmax is the maximum size of the seepage pores of the soil underlyim xthe
bianket (Fig. 22), and is determined from the relationship (22); Do-4

0.583 cm.

Figure 22. Calculating the Seepage Strength of the Blanket, Face

h --loss of pressure along the length of the entire foundation of
t.e blanket; S1,--the thickness of the actual blanket; z--the
pressure exerted onthe dam; mSa--the thickness of the face
(below point "C) D --the underlying soil, with a maximal
pore size of D 0

If condition (54) is not satisfied, either the thickness of the blanket 3
should be increased, or an additional underlying layer of soil 0.3-0.5 m
thick with a lower value of D ma should be placed under the blanket, i.e.,

0
with a finer granulometric composition.

b) For the facing shield

(56)

where J, is the pressure gradient exerted on the face; Z--the pressure
exerted on the dam; $--the thickness of the face (below point "C" and
shown in Figure 22).

If there is no water in the tailwater (point "C" lies on the surface of the
foundation), the value of the pressure gradient exerted on the face is:

JS- . (57)

where h_ is the depth of the water in the headwater (Fig. -2); --the
thickness of the face along the bottom (normally for the axis of the face).
Dmax included in the formula (55), may be included in the soil of the
triangle of the dam, if there is no filter on the lower side of the face,
or in the soil of the first layer of the filter, if there is one.



c) For the core
Ju= 19 4-p,

(58)

where Jl is the maximal pressure gradient of the core of the dam on the
water level of the tailwater; A --the angle of incline of the lower edge of
the core to the horizon (see Fig. 12,b), J --is determined according to the
formula (55), where Dmax is the maximal site of the seepage pores of the
soil of the dam embankment (if there is no filter) or the soil of the first
layer of the filter.

Depending on the pressure on the structure, Zmay be determined the thick-
ness of the clay face (core) of the dam, required by the conditions for
seepage strength, according to the relationship:

4 = . (59)

where Z is the pressure exerted on the structure; J is determined accord-
ing to formula (55). p

The conclusive solution to the problem of the thickness of the clayey face
(core) should be made by comparative technical-economic calculations in each
specific case, taking into consideration all the requirements imposed on
the faces (cores).

3.9. Seepage Strength of the Soil of the Core (Face) in the Contact Zone
(With Contiguity) With the Rock of the Foundation

In practical hydraulic engineering, particular attention should be paid to
the contiguity of the material of the core (face) and the foundation, which
may be made in the form of a concrete base, a concrete plug (in a river bed),
and natural fissured rock (cemented or noncemented).

In the zone of contiguity, i.e., at the contact of the material of the core
(face) and the foundation, with unfavorable conditions [poor quality (un-
compacted) placing of the soil of the core or face, formation of cracks,
etc.], intensified contact seepage may take place (see Fig. 12,b; J ), as
the result of which there will be a disturbance in the strength of he
material of the core or the face, which may lead to undesirable consequences.

In order to ensure the seepage strength of the material of the core (face)
in the zone of contiguity with the rock of the foundation, concrete base
or concrete plug, a higher quality composition must be chosen from the same
material for the core (face). Therefore, in designating the "zone of
granulometric composition of the soil of the core (face) of the dam, suit-
able for placing adjacent to the foundation," (Fig. 23, "Zone /"), this
planned or chosen granulometric composition of the material of the core
(face) must satisfy two basic coneitions:

. ,



80

Figure 23. The Problem of Contiguity of Material of the Core (Face) and
the Foundation

a--Zone/'--the "zone of a granulometric composition of the soil
of the core (face) of the dam suitable for placing adjacent to

the foundation"; BJ7. --upper limit of the granulometric composi-
tion of the soil of Zone fl; N.7--lower limit of the granulometric
composition of the soil of Zone fI; - - - (dotted line)--the lower
limit of the granulometric composition of the soil placed in the
core of the dam (not in the zone of contact); d D17 --diameter
of the fractions of soil of the lower limit of one -and placed
in the core of the dam (away from contact with the foundation);
dgy --estimated size of the fractions of soil B.7. of ZoneJ7;
b--diagram of the crack in the rock (or concrete) foundation;
64 --width of the chink (crack).

1. The lower limit of the granulometric composition of the soil of Zone&
(Fig. 23, a; Nil), placed in an uncompacted state (which may occur in the
zone of contact under production conditions), with respect to perviousness,
should be less than the packed soil (away from the zone of contact) of the
embankment of the core or face of the dam. The lower limit of the soil of
Zone fl, in its granulometric composition, should be of a finer granular
composition than the soil of the lower limit of the core of the dam (Fig. 23,
a; dotted line), placed in its mass, i.e., with respect to perviousness, the
following condition should be satisfied:

2-, (60)

where kg.,--the coefficient of seepage of the soil of the lower limit of
Zone 1, with minimal volumetric weight (at a plasticity limit of W )

The minimal volumetric weight of the soil yck in the zone of contact should
be:
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r' , 3 (61)

whereA is the specific gravity of the particles of soil (g/cm3); CT--the
coefficient of porosity at the limit of flowability, WT:

AW,
IEN)* (62)

where yB is the volumetric weight of the waterzl 
g/cm3

For rough estimates the condition (60) may be presented in the following
form (Fig. 23,a):

D 17(m) s (6 3 )

where d 17, is the diameter of the soil fractions of the lower limit of
Zone /7. & --the diameter of the fractions of the lower limit of the soil
placed in 1$*4ass of the core of the dam.

2. The granulometric composition of the material of the core of the upper
limit of Zone /7(Fig. 23) should be designated by calculating so as to ensure
the impossibility of being washed away along the existing cracks or those
expected when the structure is being operated.

This condition is expressed by the following relationship:

g O(64)

hernce
bm < lWN. . 65)

where d is the diameter of the soil fractions of the upper limit of
Zone. 21, a and b), b --the prevailing size of the opening of the
cracks in the rock of the foundation and in the concrete base (plug).

Consequently, the upper limit of the granulometric composition of the soil of
Zone /7, designed for placement in the contact zone, should be designated on
the basis of the conditions of the tendency of the rock of the foundation to
crack (prevailing size of the existing cracks) or in consideration of the
possible crack formation during operation of the structure.

In addition, to obtain the best contiguity of the soil of the core and the
surface of the foundation, the soil of the core should be placed in the zone
of contact by the "method of pouring the soil into water."

The width of the contact layer at the junction with the foundation should be
3-4 m along the perpendicular to the surface.



When the soil of the core of the dam is laid "dry" in the zone of contact
it should be placed with 2-4% more moisture content , as opposed to the
optimal.

When the above conditions are fulfilled, reliable union is enEured between
the soil of the core of the dam and the foundation, i.e., the seepage strength
of the soil of the core (face) of the dam is ensured in the zone adjacent
to the cracked rock of the foundation, the concrete base and the concrete
plug.

Il.LI
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PART 4
EXAMPLES OF CALCULATING LOCAL SEEPAGE-PIPING STRENGTH

OF THE SOIL OF THE EMBANKMENT OF THE DAM
AND THE SOIL OF THE FOUNDATION

Example 1. A homogeneous dam is built up from the sand of the foundation--
layer 1. A sandy layer--i--lies in the foundation of the dam, and layer 2
is a sand-gravel layer; Fig. 21,a, area A.

To Be Determined Are:

a) The tendency for piping (lack of piping tendency) of the soil of the
embankment of the dam and the soils of the foundation;

b) The critical piping gradient, permissible;

c) The eroding pressure gradient in the zone of contact.

Composition of the Soils

a) Soil of the embankment of the dam and layer 1 of the foundation:
d min-0.01 mm; d3-0.02 mm; d1 0 -0.10 -; d1 7'0.14 mm; d6 0=l.0 um; d -3.0 mm;mm 3ma
volumetric weight Ick=1.7 7 g/cm ; coefficient of variation in granular size

dl0 = 10; porosity n-0.33; coefficient of seepage k -0.01 2 cm/sec.

b) The soil of layer 2 of the foundation:
Dmin; 10 ; DO.44 ; D 30um; D -20.0 mm; coefficient

Dn=0.20 a;D Dl0031~ r;D17-04 rD603. rDmax

of variation in granular size 1#=9.7; porosity 1.-0.33; coefficient of seep-
age k# -0.12 cm/sec.

1) We determine the piping tendency of the soil of the dam embankment and
of the soil of layer 1 of the foundation (embankment of the dam is built up
from the soil of layer 1 of the foundation).

- **4.* ii.



According to the relationship (22) we determine the diameter of the maximal
seepage pores in the soil

do"= 0.0%i _~ r 43

d., -.455 -=014 a 0607 am.

The coefficient of nonuniformity of the distribution of the particles in the
soil or the coefficient of localization of the piping, ,, is determined from
the formula (23)

x=l+0.05=1+0.05"10-l. 50

The maximum coarseness of the particles which may be carried away from the

soil is determined from formula (24):

dc.x-0.77d=ax-0.77.0.07=0.54 -

This soil contains 8% (>3%) particles smaller than 0.054 mi, and consequently
this soil should be considered as piping soil.

2) We will determine the value of the critical piping gradient at which the
pi partcles (d ) may be carried away from the soil, beginning with
dm and less (dc )

The value of the critical piping gradient is determined from the relationship
(29)

= IF (29)

where 0 is the coefficient of the critical rate, and is determined from
formula (30):

After substituting the values in (29), we obtain

J., 0,079d "" O 127;

(29')

By substituting the values of d in (29'), from dmax and less, we obtain
ci ci

the value of the critical piping gradient for each size of the piping parti-
cles (from which the % of removal may be determined).

max
a) If dc -0.054 mm -0.0054 cm is substituted in (29'), we obtain:

(o



Jkp= 127 •0.0054P0.70

i.e., for a particle removal dmcX=0.054 mm (8), a pressure gradient of
J 0.70 is required.

b) To determine the pressure gradient at which the strength of the soil will
not be disturbed, dci< 3% should be substituted in (29'), i.e., dci-d3-0.02 -
=0.002 cm.

After the substitution we obtain:

Jkp=127 •0.002=0.254

Consequently, in order to avoid dangerous mechanical piping occurring in the
given soil of the dam embankment and in layer 1 of the foundation, the per-
missible pressure gradient in it, taking into consideration the safety
factor (k3), should be:

1 1
J#oI -:-Jkp - 0.254=0.23

When the embankment of the dam and the foundation are checked for random
(general) seepage strength of the soil, the permissible controlling pressure
gradient (Jk), determined from Tables 1 and 2, should be greater than or
equal to the permissible, i.e.

(Jk),W0 - JA (a)

Let us determine the piping tendency of layer 2 of the foundation soil.

According to the relationship (22), we determine the diameter of the maximal

seepage pores in the soil

0.3

0_ 465.1.4iiIVO4 6/ q
+ =i+OJa- I :- 0.0.9.7 = 1.49.

The maximal coarseness of the particles which may be removed from the given
soil is determined from formula (24):

dX=0. 7 7 Dmax-0.77•0.22-0.17 mm

According to the relationship (25), if the maximum size of the piping parti-
cles, d~!x is less than the minimum size of the soil particles, Dmin, we have
in this case, i.e.

dcxDmin(O.l7 mu<0.20 umm)

the given soil (layer 2 of the foundation) is nonpiping soil. Even the
finest of its particles cannot be removed from its composition with any
pressure gradient value.

Consequently, the seepage strength for it, with respect to mechanical piping,

will be ensured under any hydrodynamic conditions.

J I
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4) Determining the erosive pressure gradients in the zone of contacts.
In this example it is assumed that the soil of the embankment of the dam
and layer 1 of the foundation soil are identical. Consequently, the contact
seepage will occur between layers 1 and 2 of the foundation (Fig. 12, a,
area A).

The critical gradient of contact erosion of noncohesive soils is determined
from the relationship (34):

J,. 3= 1(2.3 +s1 'sin (aom(r44

where f, - is the coefficient considering the shape and roughness of the
particles; d -d -0.02 mm--the size of the particles of fine soil of layer 1c i3%
of the foundation, contained in it in an amount of 3% and less, with the
strength of the contact zone not disturbed from their removal; D --the aver-
age diameter of the seepage pores of the coarse soil of layer 2 of the
foundation, determined from the relationship (28):

09u -0.45 ni 0.33
D" D 1 - 0.5 l,'TljY .44 %1I4 Ax~;

$--the angle between the directions of the seepage rate and the force of

gravity.

After substituting the values in (34), we obtain:

1 4(a--i )0.02 s g(a'i. -04

The permissible erosive pressure gradient, taking into consideration the
safety factor, will be:

(J )M 1 1 0.42-0.38? *3 k3., p 1. 10

From the calculations shown it follows that for the estimated permissible
controlling pressure gradient for the given case, the minimal piping gradient
should be assumed in accordance with the relationship (a), i.e.

(Jk) 4vrjJ,<w -0.23

Example 2. The dam has a pipe drain (Fig. 12, a and Fig. 20). For this
type of drain there must be a determination of the size of the drain tri-
angle, if the soil of the embankment and foundation of the dam has the
physical characteristics assumed in example 1.

Paragraph 3.6 states: in order to avoid deformations of the soil occurring
in the drain area, the dimensions of the drain triangle should be such that
the input pressure gradient J will be less than or equal to the permissible,
i.e.

jI < .J1 f.



From example 1 we have # = 0.23, and consequently, J..,' 0.23.

To determine the dimensions of the drain triangle, determination should be

made, from the formula (50), of W --the area of the active section of the

seepage flow, entering the drain triangle and related to 1 linear meter of
the drain (Fig. 20):

QV=. 7 (b)

Mathematical data:

Seepage rate to the drain, Q-0.093 l/sec=8.0 m
3/day.

Coefficient of seepage of the soil of the embankment (and the foundation) of

the dam, kt-0.012 cm/sec=10.4 m/day;

The input pressure gradient should be less than or equal to the permissible,
and we assume -L uJM -0. 2 3 .

After substituting the values in (b) we obtain (Fig. 20):

P=l.Lf_ _ 8.0 -3.35 m2
JAX 10.4-0.23

hence
L=11+12+13+1 4+15=3.35 m.

With the given size of the wetted perimeter of the drain triangle, the input

gradient JO will be equEl to the permissible, Jar"

Individual sizes of the drain triangle according to Fig. 20 may be designated:

11-0.10 m
12-1.20 m
13=1.00 m

14-1.20 m

15-0.10 m

L-3.60 m

Example 3. A concrete dam is placed on a sand foundation with the following

basic physical characteristics of the soil:

Volume weight of the dry soil Tck"l.77 g/cm3 ;

Porosity, n-0.33;

.4



Specific gravity of the material of the soil particlesA =2.65 g/cm3;

Pressure on the dam, Z=20 m.

Figure 15 shows the outlet fragment of the underground contour of the dam
with the lines of the equal pressures and the curve of the outlet
pressure gradients JX. f(x). The lines of the equal pressures are plotted
through 0.1 Z.

The maximal value of the output pressure gradient in the tailwater (according

to the seepage studies) corresponds to the value J ,1.58.

To Be Determined Are:

a) The critical gradient of heaving for the given soil of the foundation;

b) The thickness and length of the overload in the area where the seepage
flow emerges into the tailwater.

To solve the above problems, the instructions given in paragraph 3.5, 2* (1)
should be used.

1. Determining the critical heaving gradient, j B for the given scil of the
ktfoundation if there is no overload where the seepage flow emerges into the

tailwater.

The critical heaving gradient is determined from the relationship (41):

J:,=P .~ 1)(±~)(.-0.33) -1,0;

rie A = 2,65 a.'ex%.; ' 1.0 e. ew;n m .33.
where

The value of J,>J (1.58 1.10). In this case an overload should be in-
stalled in the area where the seepage flow emerges to the tailwater.

2. Determining the thickness and length of the overload. The thickness of
the layer of the overload T is determined from the formula (43):

T=t(J Jp)I

We will determine the values included in formula (43).

t is the thickness of the layer of soil of the foundation, corresponding to
the critical depth of the heaving zone, and is determined according to the
method given in paragraph 3.5, 2*(1).

-- -------



An estimated "y" vertical is drawn at the outlet fragment of the underground
contour of the structure, through its end point, as shown in Figure 15.

On this estimated vertical is constructed the distribution curve of the
gradients J-f(y) through the points of intersection of the "y" vertical
with the lengths of the equal pressures (points 1, 2, 3...).

For the example given for Figure 15, the distances along the vertical from
the surface of the tailwater (from point A), corresponding to the deepenings
of points 1, 2, 3..., the pressures and the gradients will be:

Yl-l. 6 m*.Ah yl=2 mpJy1l.25

Y2 - 4 .2 m--Ahy 2 =4 M4.J-Y2=O.96

Y3 =6 .8 m-b.hy2=6 m-PJy2.0.88

The curve J yff(y) is constructed according to the data obtained, as shown in
Figure 17.

T~e thickness of the layer, t=ykl, is determined from the value obtained for

Jkp =1.10, drawn along the axis Jy (Fig. 17).

In this case t=2.50 m; J, =1.58; Jkp=l.lO;Ys*l t/m3 ; Y,=1.80 t/m3

(volume weight of the material of the overload); k1or=l.50.

After substituting the values in (43), we obtain the thickness of the layer
of the overload

T=2.50(l.58-1.10), 1- 1.50l.0 m

The length of the overload, b 0P, is determined from the curve of the outlet
gradients J_ f(x).

Knowing Jkpl 10 , we find on line J,,ff=f(x) the point corresponding to Jkp=
-1.10, and on the scale we determine Xkp=3 m, taking into consideration that
kJr-l.5, we obtain

1, -k.U xkp=l.5"3-4.5 m

Note: 1. The material of the overload may be in dry or suspended state (if
there is water in the tailwater).

2. The material of the overload in the zone of contact with the soil of the

foundation should be placed according to the principle of the reverse filter.

Example 4. A relatively thin clayey (1) layer of soil, tc 4 m thick, lies
at the foundation of the dam (Fig. 12,a, area B; Fig. 18). The second layer

.* (2) is sand and gravel. The pressure exerted on the dam is Z-(vUVB-PUNB)=
=20m.



In this case it is required that:

a) The layer of clayey soil of the foundation in the tailwater area be
checked for local seepage heaving;

b) The appropriate measures be outlined to ensure the seepage strength of
the soil of the: foundation when the seepage flow emerges into the tailwater.

1. Let us determine the active heaving gradient in the tail water for the
layer of clayey soil tCA -4 m thick, in accordance with the approximate
relationship (47) j@,0.5Z 0.5"20 2.5

f'-tcl= 4

For the given clayey soil of the foundation, the critical heaving gradient
(if there is no overload) is:

jA_ 1-) 22 _)(I -- 0.3) = i.08.

where 42 72 g/cm 3--the specific gravity of the particles of the clayey soil;r =I g/cm --the volumetric weight of the water; n=0.37--the porosity of the

cyayey soil.

From a comparison of the gradients, we have:

J8,> J8p (2.5>1.08),

which indicates the need to protect the clayey soil from heaving in the tail-
water area.

2. Selection of the measures to ensure the seepage strength of the soil of
the foundation in the tailwater area.

To ensure the seepage strength of the clayey soil of the foundation in the
tailwater, two variants of the measures (Fig. 18) may be outlined:

1) Overload with a layer of coarser soil, of appropriate thickness and
length;

2) Installation of a vertical everload drain.

In this case, with a heaving gradient of J heav-2. , the thickness of the
layer of the overload required (when TAp =1.75 t, m and n-0.34), if there is
no water in the tail water, is:

" y - (2.5-1.08). -- 1..5-5 m:T-tcl (J&,,-kp) 4 1.75

When there is water in the tailwater, and when the overload material is sus-
pended, i.e., when

* Ji, Inck- (1-n)1- 1.75-(1-0.34).lI1.09 t/m3

'. .



The thickness of the overload is

T-4(2.50-1.08) 1 .1.5-7.8 m.

Obviously, in this case a vertical relief drain must be installed (Fig. 18).

The conclusive decision may be made as the result of a technical and economic
comparison of the variants.

Example 5. A rock-earthfill dam with a loamy core is installed in a narrow
canyon on a fissured rock foundation, Fig. 12, b.

In order to ensure the seepage strength of the material of the core in the
area adjacent to the fissured rock of the foundation, the highest quality
composition of the soil must be chosen from the material of the core to place
in the contact zone.

Figure 23 shows the "zone of granulometric composition of the material of the

core of the dam," outlined below by a dotted line and above by a solid line(2ff).

The content of clay particles, d<0.005 mm, varies from 5 to 15%.

The maximum fractions are:

a) The lower limit of the zone (dotted line)--100 mm;

b) The upper limit of the zone--6 mm.

The predominant size of the width of the cracks in the rock of the founda-
tion is b l.5 mm.

The recommendations given in section 3.9 should bE used as a guide to select,
from the same composition of core material, a higher quality of its composi-
tion, suitable for placing in the zone of contact with the fissured rock of
the fourdation.

1. Determining the lower limit of the granulometric composition of the soil
of Zone/f(Fig. 23, a//k?.

a) The minimal volume weight of the soil, Ttck, placed in the zone of con-
tact, should be:

> T+r71 (61)

In this case we have:

The specific gravity of the material of the particles of the soil of the core
A -2.70 g/cm3 ;

e%



The upper limit of plasticity W1=35.5%;

The volume weight of the water 1 g/cm3 .

The coefficient of porosity at the flowability limit WT is determined from
formula (62):

ST .1WT =2,70.35,5
0.96.

After substituting the values in (61), we obtain:
k' 2.70

1+0.96=138 g/cm3

b) The lower limit of the granulometric composition of the soil of Zone 17
should satisfy the condition (63):

" 2-5.

where D17(j)=0.05 -m is the diameter of the fractions of the lower limit of
the soil, placed in the mass of the core of the dam (away from the zone of
contact); D17(,,.)=0.02 mnm--the diameter of the soil fractions of the lower
limit of Zone

After substituting the values in (63), we obtain:

0.052
0.02 = 6.25

condition (63) is approximately satisfied.

2. Determining the upper limit of the granulometric composition of the soil
of Zone /7 (Fig. 23, b).

The upper limit of the granulometric composition of the soil of Zone 17 is
designated on the basis of the conditions of the degree of cracking of the
rock of the foundation (predominant size of the width of the cracks) or the
expected degree of cracking (concrete base, plug) when the structure is in
operation.

In this example the predominant size of the cracks is bW-l.5 mm.

The nonerosive nature of the soil of the core of the dam along the cracks will
be ensured if condition (65) is satisfied, i.e.

by l.Sd85(. r)

4$



In this case (Fig. 23, a), d8 5 0.90 n, and the size of the cracks may be:

b 4.1.8.0,90=1.62 m

i.e., condition (65) is satisfied.

Consequently, in order to ensure the seepage strength of the soil of the core
adjacent to the sides of the canyon, the granulometric composition of the
soil of Zone/7, Fig. 23, a, may be recommended for placement in the contact
zone.

.................
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flPEAflMCJOBHE

IlpH flpoeKTHpoBaHHH H CTP0HTejAbCTBe 3eMJIRHORl HJIH KameH-
HO-3emaRHoft nano'rH flPHX0)ArCH pew8Tm BoI1p0c o 4)KjbTpaitH..
OHHotA flp0HOCTH rpyHTa, o6paayiouaero TeA0 H OCHOBOHHe 11410-
THHIJI. OT peuleHlit sTorO Bonpoca cyWmeCTBeHHO 38BHCRT 0CH0BHbie
pa3mepbi coopy)KeHHSI, a cjieAOBaTerbIHo, H ero CTOKMOCTb.

(IHJ116TPaIHoHHlAi rOTOK, noJfyqa[OLLHRlC. B Teiie flOTHHbl H
ee OCHOBaHHH, O6yc!J~aBJIHBaeT B03HHKHoBeHme COOTBeTCTByIOWUXH
4)HJbTpalW0OHHbUX CHJI, npHJlo)KeHHbIX K ckmJIeTy (TmePAoI 4ja3e
rpyHTa). 3TH CHANb, C OAH0O1 CTOPOubl, moryT cIIoco6CTBOBaTh CHH-
)KeHHIO o6iiteik YCTOf1qHBOCTH OTKOCOB JOTHHbZ HAH o6yCJaaBH-
HaTb B03HHKHOBeHHe Tag Ha3blBaemoro meCTHoro 4)HAnLTpaUHLHOaa-
ro iBiflopa, C ApyrofI we CTOPOHbl, Y110MiHYTbie CHjibi moryT
Bbl3BaTb ljPHJbTpaUtHOHHhle Ae4)opm8IIHH CKejieT8 rpyHiT8 B BHAe
'raK Ha3bleaemhlx Cy 4)4)03H H H KOJI bmaTa.K a.

M3BeCTHo, 'ff0 JpIH 11p0KTHP0BaHHH TIJIOTHH 1IpHXOAHTCH pa3-
.'lHqaTb 6e 3o0n a C H be 4)HJbTpa8UH0HHLe Ae4)opmaUHH (HanpH-
Mep, 6e3onaCHYlO CY440b3HIO), IOTopbie He. moryT DBM3BaTb P83-
pyWernie coopy)KeHHSI; BmecTe C Tem T1pHXOAHTCSI pa3JIHqaTb
TaKxce H 0o a 8CH u e 4PHA1TpauuHuaue Ae4)opmaUHH, o6yc'aBDAM-
aaioutwe HapyweHue YflOMHMyTofk Bbwe ItHJIbTpILXHOHHOft npOq-
HOCTH rpyHTa; 9TH Ae4)opma8UHH moryT flpH~eCTH coopymKeHme
K fl0JH0MY pa3pywueHIO. t13yqeHHe H 8HaJIH3 a]BapHfk 3eMAIRHbIX
IIJIOTHH noKa3MlB810T, tlT0 OlfOJIO 8C% aBapHtR I1OH3OWJlO HmeHH0
BCJIeACTBme HapyuweHuI! 4JHJ~lbTpBIIHOHHOR U1~04HOCTH rpyHra Te~na
!IJIOTHHhl HAN OCHO8aHNSI.

IlpeJAaraeuoe noco6ne AAIR fpOeKTHPOBaHHR 3eUARHUlX 118-
n0pHhlX COOpyNKeNHH He 3aparImaeT Bonpoca o6 o6umef ycrolk-
'INDOCTH 3eMAhRHMlX OTKOCOB (no STOMY Dnpocy CM. ,YK8a8HR
no paCIey YCTOf'1HOCTH emimRbix OTKOCOB, BCH 04.71, cocTaa-

Ae~eP. P. LlyraenuM Ha OCHOBe ero HayqHM~X paSpa6oToK).
HHnKe PaCCMSTPHB8OTCS TOJlbKO Bonpocia tH~bTpaulHOHHOA nTpo'-
HOCTH rpyHra 9 noSIcHHOM Bh1we cmbicJie; AOnOaIHHTeJlbHo B He-
MOTOpoA mepe ocnuaaerc T81c)Ke paculeT meCTHoro l)mAb6TPBUH0H-
HUMr Bulnopa.

CornacHo KCOH1LenNUHH P. P. '-Iyraena, ApHHRTOA B CHI-fe III
H HOPMaX M9C CCCP 1141 H nOAPO6Ho OCBeumCHHOR a ero Tpy--
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AaX [2, 41, i8 o6jiaCTH Bnlpoca 0 4)HJMbTpaLNoHHofl HpO'IHOCTH
rpywra, cjieAyeT pa3.qwtaTb:

a) Ta Has3iBaemyio a 3 ya .abit y o (ceny'ia~ilylo) 411.nbTpa-
UlHOHHYJO flpOIHOCTb, lCOTOPYIO ineT B03M0)4IIOCTII paCCtlHTbiBaTb,
onHlpaflCb Ha annapaT mexaHHKH, H4

6)TaI 1183iWaOEYIO HopMaJI1,I1yIo (PHJ~bTPaUtHOIIhylo npoti-
HOCTb, KOTOP8SI motm{eT pacc'ii4TbIB8TbCfl Ha ocHoBaHHII 3aKoHoB
mexaHlIKH c HcflOJb3OBaHHem 3apaitee 113BeCTHbix rpaHti~buX H
HatliaihHbix YCJAoBMR.

Oco6eHHO Ba)KHblM B nlp8ITHtiecI0m OTHoUweHHHI $IBJIS~eTCSI
B0I1p0c 0 Ka3yBAbHOiI 4)IIJlTpaRLHOHHoA fl~04HOCTH 3eMJlgnoro co-
opyKeHHFI, Tag KaK HmeHllO HCXOASI H43 y'leT8 STOR npOIHOCT~i
AOCTaToqHo tlaCT0 I1pHXOAHTC5I Ha3HB43aTb rAaBHe~wHe pa3mepbi
3emllHbIX coopy)KeiiHA, HialpilMep, AAIHHbl HyTeR 4flJIwrpau4H,
flp0THBoflOCTaJ3JI)1embie AeACTByioumemV Ha coop)I*elifh Hnropy.

q-TO iKacaeTCsi Hopm8albH0A 4)HJIbTpaUHtOHH0LR fpO'tIHOCTlf. HCXO-
A1R H43 KOTOPOA t1SCTo npoeKTIIPYIOTCH, B tiaCTHOCTH, o6paTmue
4rnJIbTptA COOPY2KeHiHi (iBAIioutHecfl, KaK H3BeCTHO, OAHHM H13
HaH6oAee OTBeTCTBeHHL1X 3JmemeHTOB rHJAPOTeXHiecKoro coopy-
)KeHHII), TO B flpHBOAHMbIX HlOme MaTep~ana8X HCflb3yI0TC5I Ha-
YuIHbe p83pa~OTKH A. H. flaTpaweBa, MA 11. flaB4Hqa,
r. x. flpaBeAioro, B. H. )KHjieHKoBa 16, 7, 8, 9, 10, 11, 13].

OCHOBHoe Ha3Haqe~tie nPe~Aaraemoro noco0rna-AaTb B PYKH
HH)KeHepoB-IHpaKTHKOB CHCTemaT1HieckH H3JIoN~eHHbie H yAO6Hbie
.'tJiR npaxm'iecioro iip~menennsi coBpemeHHbie meTOAbI o1LeUH1
epi~lbTp1llHOHHoRl IpOtIHOCTH Hafl0pHbX 3eMJIaHb[X coopyKeHHAl.

H-aCToilulee PYKOBOACTBo no paCqe~am 4)H.116TpaUlHoHHOAl
flpO'HOCTH flJOTHH H43 rpyHTOBIAX MaTepHaIOB" COCTaBjieHO 13 Jla-
6opaTOPrni 3eMJISaHbx riflpocoopyxceHHA CT. Hayq. COTp., KaHA.
TeXH. HayK F. X. flpaaeAnbIM.
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Pa3zeA 1. oBD.IHEnfOAIO)EIHSI

M.. OJiaACTb [jPHMEHEHHA

HaCToMuLtee Py KOBOICTBO* PaCrlPOCTpaHCeTCfl Ha riIpoKTH p0-
BSHHe H CTPOHTelibCTBO [IJIOTHH H3 rpyHTOBL4X NiaTepHaio H ripeA-
H83HaqaeTClI aaRl ripoBeaIeHHSI I1poBeKH (flIbTpIllHOHHO01 ilpoC-
HOCTH nioriepeqHWX ce'IeHHA (rxpo4rnjaet) flJIOTlIbl.

flpoBepKa Ha ' ,-H.1bTpaUltoHI~yio nIpO4HOCTb nonepeqfib[X ceqe-
HHR UJIOTHHU a,.oA)IHa BblnO.AHNTbCII c ytiTONI nfllHHTOfI IXOHCT-
PYKUI4H Fl1OTH'sb1, r~eo.ior~i'ecKoro CTpoeHHH OCHOBaHHfl IfItH
'ie(-KHx xapa'.epHCTHK rp)'HTOB.

OKoHqaTI".1I,Hbje Pa:3%wepb11.40JTHHtA, a TaKwIe j)opmsb H pa3%ie-
p1i Ioa3Cmuoro KOHT)YPa r.1OTIMMb A~OD1XHbl 6biTb o6ocuoBaHbi
COOTseTCTBYKoLUH%411 paCqeTaMI4, B TO.N 'Iiicae it paC'IeTamif 4JiiAib-
Tp81UHOH1l1i0 IIPOIIHOCTit.

[IpH p.lCqeTaX 4iH.1rpa UIIOHHok flpoqHOCTII cACe~iyeT Vq'HTU BaTh,:
1) Ka3yaJtbHN K) cPH.1bTpaILHOHHYIO HlpOqHOCTb

rpyHT8 Teiia flAOTHHbl it rpyHiTa OCtIOBaHitH, KOTO~aH N1o)eT
6[Am HapyweHB B 3apalIee He H3BeCTHbL-X OTae.-ibubix %fecTax
flPa A 0 A bHO r 0 Hp0 c H a m I1AOTHIMb, BCAeJLCTHIle parna InpiqH:
n npoitecce UPOH3BOACTna pa6oT, Hey4iTelifoll HepaBI~omepHofl
oca2AKof nAJOTHHbl, HeyqTeHHOAl HeoAHopoaHOCTbio rpyHTa H A.
'iTO Eo)KeT rnpHBeCTH iK o~pa3oaHIO B Teae [IJIOTIHbI1 HAm ee
OCHOOSHIM flonepe*'Hb]X XOaB (Luea~efl) COCpeAOTO4ieHHOR 4)11lb-
Tpau H. Ha8 OCHOBaHHH. paC'ie~a tca3yaJIhII~ii 4)HJIbTpaLHOHHOfl
npOqHOCTH rpyHTa TeJaa rlJIOTIIHbI H ee ocHani3HH YCTaHaBAlHBaIOT-
ci r.IABHeAIIIIe pa3iMepul 3CMARHOR flJIOTIH6bI, INaK-TO: A.1HH8l, on-
pe~e;llloLagl xieCToOOceHHe apetmika H1130801-O KA"H nHAOTI4-
HUE, TOAILLHHa siApII HJim gKpaHa, IIOHypa H flp. 3rToT pac4QCT ALOA-
)KeH BinhIOJIHHTbCfl, HCXOAR 113 HaII6o~Ablero BO3Mo)KHoro iiariopa,
jAet~cnpyoume Ha coopy~eHHe, HiO MeTOAY (npeAjjo)eHHoN:y
P. P. LyraeBbim) KOHTPOAIHpyiouiero rpaAnHeHTa Haflo-
pa JI (Kaic HeKOTOporo XapaK~ep~oro rpaAHeHTa Hanopa AJiH
BCeA 06ASCTH 4PHAbrpawntH HAH ee IlaCTH). flpH BbinojiHeHH1H yKa-
3aHHb[X pacqeTOB cAeAyeT paCCMaTpI4BaTb OTAeJlbHO OCHOBaHHe H
TeIO flJOTHHbl:

2) HOpua~thHYIo c4)KAITpalltiOllHyK) 11POIH(JCTb
rpyHTa Teiia HIOTHHII it rpyin-a ocloonammll IfOTOpaH moNKeT

AY,



6biTb Hapyuzeia B pje H3ajeCTmuX, Ham6oJ~ee cAa6bix meCraX
nonepeqHoro flpo(jMag coopy)KeHiS, HanpHmep: Ha KOH-
TaKcTaX MejiIC03epHHCTbIX H KpyflHo3epHHCTUix rpytiTOB, cAaraiouwtx
OCHoBaH~e HAM CaMO TeJIO 3eM.IHHOII nAOTHHbl; B O6aCT BauXO~a
(JMAbTpaUH0HHoro nOoioca B HWICHWI 6be~b, r~xe moN(eT llpOHCXO-
AHTb HAIM (3MAbTp8IqHOHHbZRt BbIIIop rpywra H1AM B~eWnHRa CY44o-
3HSI, BHy~peHl~lig 'CY(pj)3HH B TeAe 3eNIJIHOA IIAOTH~bl HAll
B rpyM're OCHOeaHMA; I1PM Bb[XO~le ( IlbTpBIU40H0V0o riOTOica B cAji
4cHMbTpa ApeHa)K4 HAM nepeXOAtiiyio 30HY H IIp. PaCqeT Hop-
NfaJbHOt £4bMAbTpaILHlOHHOA IIO04HOCTH rpyHra 0CH0BaHl 3eMJI%-
HIX IIJIOTHH H MX 9AemeHTOB peKoImeHAyeTcR BblflOAHSITb no me-
TOAHKe, upH eAeHuOft HHKe.

EcAH 4fIbTpaUMOH~aR flpO'HOCTb coopy)KeHmfl lIJI ero OT-
AeAbHbIX KOlICTPY KTHBHbI qix JemeHTOB iie o6ecfleqHBaeTCSI, TO
B 3'rom cjiyqae AO I*Hba 6blam npeAycMOTPcEib COOTaeTCTByIOLLHe
iiie~ep~ue !HepoflpHOTHf no ynlpoqHeH~io COOpyKeHHH 11AM cro

oTAeibI~bix 3AemeM1'OB.

1.2. flPHHI~flE TEPMNHbI H OBO3HAEHH1

PexomeHAyercRi npRAep11cHaaTbCH cAeAyOUHX TepmH0Bo i
6yKBeHHb1X o6o3HatieHHA.

OCHOBHbIE TEPMHibi

4)MabTpaluiHnue Ae4)opmaUH rpyHTa-ie4opma-
11MM TBepAoft 4)a3bi rpyHTa, BbJ3blB3a11bie rAaB~bIM o~pa3oiM cHjia-
mM rHpB~e~r B03AeICTBHR.

0 fla cHhi e (flMJIbTpaUtHoHHbie a1e4)opmaIWHH - (jHJbTpatiLOHHbie
Ae43opmUa11M, B pe3yJlbrare KOTOPbIX coopy)KeH~e mo)KeT pa3py-

B e 3 0ola C H i ue 4wnJbTpaLHOHnbie Ae~popmaLHM -(ORAbTpaQ1H-
Hue AecIbopma1ltti, Karophie C Te'(eHHem BpeuetAi npeicpa11alOTCH
it He rpO3flT ReJAOCrH cOOPY)eHHII, CIO~la OTHOCsiTCH, HanpHmep,
Ma6amoaembie B HaqaJlbHbiA nePiHOA SKCUJAyaT8IkM 3eMa%1HbUX CO-
opy)KeMI4A He3HaqHTeALmbift BbAHOC H OTJAO)KeHHe meAKxHx nwAJe-
BaTbIX qaCTHII rpyHTa.

C y 4)( 40 3 Ht % - M3meHeHHe rpaHyJIo1eTpH,4ecKoro cocraaa it
CTPYKTypbi rpyH~a, nBcJieAcTBite flepehieueni ItM.?IbTp&BUMOHFblM
tIOTOKOM BHYTPH rpyNra ero oTteJ~bHblX 'lCTIHU HAM MX BbIHOCa,
HAMI PaCTBopeHHsi COe)au~ B rpyHre BOAOPaCTBOPHMbIX
coiefk, HAM HX BbIl1bBa, B pe3yAbTaTe qero B03M40XCHO HapywieH~e
IjpO'IMOCTM FpYHTa.

M e Xa8HH e c Ka ff C Y 4)p0 3 H 7OTpunB HAFM nepemeuteklle
OHYTpm rpyHTa HAM BbIMOC OTAeAbHbIX Il8CTIlt H13 ero TOJIuw,
BcaeACrBHe BO3JleACTBH5i 4MHlbTpaURHHoro rIOTOKa.

BHYTpeMHHRI mexattittecica Cycfr03HHi - iepeueie
IPH.bTpaLUMOILim nOTOKOM BHYTPM rpyiira meAK~x ero LIBCTHL(.



B H e in a x a nexaunqecian cy44oamx - nuoc *ilnlbTpaiumom-
HUM HOTOKOM OrAe~ibRhX qaCTHI 53rpyNra, Aiezannx ua nosepx-
HOCflI rPYrOBOro MaCCma.

0 a 8C. Ha 89mexaH~qecicaE cy4loin - orpun, nepeaeutemme
H Dunoc $HJmbrpaumomuaa ,noToKou meAiKHx ucTitu H -qac1H
cxeaer rpynra B Taxou xoaneqecrse, nu uoiopom napyinamsc
ero UpoqHocTb.

K oiib ma Ta8mx- obozenue a nopax rpyma ueAKNX qacruuI,
JICcoUix 4HJab~paitnoHbm nDoToKom (amyrpeunli KoxLmaTa2K)
uii NI orAoixenne na uonePXmocmu rpynronoro maccui~a (nomepx-
HOCTNEIR KORlLMarIMc).

IKOHraKTHMA PBsMbtB-pa3uuaB uezxoaepmmcioro mA.
CBW3Horo (rAmumcroro) tpyitia Ha KoH?8KTce c KpyDH03e~HCT.MU
rpyUTOM (man 4HmlbrpoM) UoA AeICTDHCM upoAtoIbmot brpsn-

B wa flop (40nahrpaunuomnut) - oipua m nepemeiaemme meaco-
Troporo, 06bCMa rpyHa, upionCXOamD1e floA AecITsmem cymmap-
.03 CRAM IuApaomtIcCKoro 303Reficra,,.

4ub~lpaUMHHa n fl~0IlOCTb rpyNTS-ClOC06uHOcm
rpyHTsa conpoTrmAsancii Do3unKnoseumi olacux 4pHAbTpaUH0H.
HUX Ae4tlopMawin ero CKejieia (CY404bo3., KOHTIKTHOMV pa3HMRy,
orcAauaanHNK CBns3HOrO rpyHnm, IHJI16TpaiIHORHOUy mUnopy).

-e CieaeTr pyHTU-COOKYHocYL. ero Ramiua nocapaun-
naionmi mi UepeAaiouitx Aeficrime BnelUmmX CRA, o6fteeqmmai-
uuWx llpoqHocTi R Hecyuiyo eDoco6Hocrb rpya.

3anoammr~eAb r p Y HTa - aCTIIM, pacnoiaraimzmnI
3 llOPfX CKCJaeTa rpynia.

C y (ppo3 uo H Hu A r pyUHT- pyT, B wcOrOPO oxeOZT mpG-
HCXGANTb N pa33N.aTh6CN meXamm'iecas cy4nos ftpH cxopocrux
oHabrplLHH, npeBUuaxnIUmX KPMM~eCKne.

H e cy #41o s 0H n iw r p YHT -rpyT, B icolopow mexamm-
'ICCKaZ Cy4lNl03Hh HeDO3mozUU.

KoHTaicHBan o6AcM6 rpymR03-o6lacri, BKwrnqai-
um rpanrniY ADYX cueXHnUX, P83.mH'IMX no CnOeuMy rpamyYiO-
melpN'iCCKOXy cocrany rpyHToi3, oupe~A'emas rAy6NnOfl 303-
MOMMOrO npoHNKHomeHuu S CFHiI OAHoro rpynta B Apyoft.

Paccia8nannme rpynra -rAeieume KPYflHUX -IacmaL
0? MeAKHI, upomiCXOAIIU1C UP. Tpaiicnoprmpomice Hi OTCbMUKe
rpyHTB.

0OTC a 88a maue rp YH Ta8- otpuuoT Toxnam arperaroB a-
cruit CDR3Horo (rANmmeroro) rpywra a 3one courrasra (B nopax)
Kpymio3epmHucoro rpyia uam rpyi7S o6pa~rto 4)%.mbl.

A1 p e u ax - ycrpolcTno, upeAia3ma'aemmoe A.iE nepexnasra m
uouwmsenmn 'ypoBhu mn Assmesms rpnTo~dx soA, a Tgxze Aim
opramnaommiioro oruoAa upo4Hij6bposasImeAcx a ApeHSN BOAM.

O 6paTbI r HH 3* 16Trp -C in ec'iano-rpamnlmo-raae.muo-
Dlix v iiUe6eBOqnux rpynTom ILIH ncicvccTmeHHMiX iiaMpHBaaOD,



npejroxpaH!I0[UIe HecIai bHbie rpy'HTbl COOPy>KeHH f1 OT mhexa~ii-
'iecKo~i Cyj"03VtH (a 13 Ovaeabibx cayiasgX Ta<kwe OT 4rn.7m:Tpa-
LtHOHHoro Bumrip).

U e pe x 02H aR~ 30 Ha -nepeXO,4Hblf CZ09 (C3UH) rpyHTOBO-
ro ma~epHaia me)K21y si1pom (rpyITOBblM 3IpaHoMf) H flPH3%faMti
ILIOTHHbI, o6ecnextBamwi 4lfJIbTpaawoiipyo IIpo4HOCTb siapa
(9gKpa~a), a Ta~we -HenpocLbIraemocm camoro ma~epiaaa nepexoA-
H0R 3OHbI B fl0pI ma~eptiaza flPH3M nJIOTHHbI.

B o A1 o vi n p --- HUPKTI4ecKH B0j0Heflp0HHaaembitAO$ aotpyH-
Ta, fl0ACTH.iaI0U4LHA B1on10poHlitaemoe OCHoBaHHe I1J[OTI4HbI.

6EYKBEHHbIE o5o3HAqEHM91

-o -b1eMHbr sec cyxoro rpYHTa;
A- yJeJlbHblfl aec mraTePH8.ia iaCTHl rpyHTa;

d -Aaae~p qacTHu rpyHTa;
dl,.. d17; .. d,- AHaHeTpb[ 4aCTnIu rpviITa. %feHbuile KOTOPblX 8 ero COCTaee co-

2xepWIcnTCH 10. .. 17. . .60% no Becy;
dc- namerp (CY"03oHoHnbaX) IaCTIl rpvHTa, KOTOpbme moryT 6blTb

BbiHecenbi 4m1.1bTpaIvoHHw[M nOTOKOSC

= -0o44NhnwIeHT pa3HO3epHHCTOCTH rpyHTa;

nl - r1OPHCTOCTb rpyH~a (B 2RO.JRx eaHHtubi);
s - Ko344HLuteHT nopHCTOCTHf;
k - KO343cjlfeHT 4)HJqbTpa~lH rpyHra;

Do, do - cpeAHHA pa3Mep (2uiwmeTp) 4)H.IbTpaU~HHoro xoaa (nopbl)
B KpynIHo3epHHCTOM H meJIKo3epHHCToMf FpyH~ax:

D%'aKc. dm,"c - nameTp maKCHmaJnbHoro 4)HAbTpaLXHoHHoro xoia (nopbi) B Kpyn-
H03epamHcTom ma meiH3epHHCTOM rpYHTaX;

W - BnaAHOCTb rpyFnra, %;
W,-rpaHHUa TeKytieCTH rpyHTa;

- ranapaCKaTbIBaHHsI rpyllTa:
-qnCjo naaCTnqHocTH rpyllTa:

(- Ko3x43IuteHT wooHacmmeHHR (8,1aWHOCTH) rpVHTa;
-yae;IbHblfi HeC BO.Ib1

- K0344HUHCHT K"HemIaTkjqeCKoir B5I3KOCTH Bo21bl;
g - yCKopeHite CH)IbI TSiAweCTH;

JKP. VKP - piiTliiqecmcie K03@4rnu~elfT Haniopa H CKO OCTb 4)14.IbTpaL~HK,
S-nplf icOTOPN' HaCrynaeT %tex&IiHqeCKaI CV43O3HSI;
./oy I.-oflyCTHIMble rpaivieHT Haflopa ti cKopocrb c)H.1b~p3UHH (paB-

Huie KpliTltqeCKtHM%, AejteIIHbim fia KO3(4,HUHeHT 3anaca);
6-yroai meway iianpaB.mHFitM CICOPOCTH 4)H.lbTpatluaH H CH~bI

TRw~eCTII;
7. K44mmUeHT Hepawfo~fepiocrit pacKaazKH IflCTHLt B F yl e

11.11 Ko3"~HatHeHT .lOKanflbHOCTH CV4)O3llf;
Re - 'nic.ao PeAIiO.,b~ta;
Z - Haflop Ha nAiOTHite (pa3HoCTb OTmeTOK ropH3oHToB Bojbi sepx-

uer H HHAwitero 6be4os; flPH OTCVTCTBHH llh)IHero 6be4a Z=h,);
hq. h,, - rjiy6HHbi BO~bl COoTaeTCTBeHtfo B BepxHem H ImFem 6be( ax;

T -3arjty6.ieHHe nuOepxF4OCTif Boxovnopa flO. flOBeI)XHOCTblO OCHO-
BaHHR CIoTHHLA;

hl. h, -. 3arJv6jeimie rtosepXHjoCTil soIOyfoIa COOTneTcrBeHHO "oa ro-
P1130HTOM Bo~bi aBRepxifem Hf HHWHeMf 6be~pax;

L - ropH3oflTa~lbHoe PaCCTOgHte MeWAY ype33IM Babi Bepx~ero
H Hmwiccro 6be4)OB;



~1j1Hia %IaioBo ion pomLaektok nperpaai (- 3Icpa~a.
;,- UiPa , - !loHypa ..)

,- AehcTByOIU.HII rpaiieHT Haliopa (nbe3omeTpllieCIIil yIK.101).
K0HiTPOAHUIOUHR Ka3ya.ibHyiO )HIbTpauitoiiifvKo fpOflWICTb

_paccmarpHisaemoro coopykeHimi;
- IonVCTHmaR Be.qH4IlHa Jv.

..ii.prHC (,yKBeHtibie o603Haqemn1IO5RCHRIOTCH B rerKCTe.

Pa3Aeai RI. PACqET KA3YAJIbHO~f '4ItJlbTPAUHIOHHOR
i1lPOqI1OCTH FPYHTA 3EMJISIHbix Ii4JPOTEXHHqECKHX

COOPY*IEHNA DlO METOIIY KOHTPOJtiHPYIOUErO
rPALIHEHTA IIA[OPA*

2.1. OSUJHE nojIO)(EHHq

PaCqemil K a3 y a.7 hH0 F (ciaflaiHofl) npo,41OCTII rpyuHa CO-
opy KeHHFI H4 ero OCHOBaHIIH 2t0.'aHb[ CBO-IHTbCq K olpe-ie.ieH11lO
maKCHMaIbHo AOflVCTHMOIA A.l H H Wi IIyTl (j li.1bTpallifl B~ 3tMAHU(M
Coopy)KeHH1, flpOTHI oro-
C Ta B .7 Re Mo!A Hanopy, AeA -
CTBYIOLI~eMy Ha coopyweilte,-
T. e. Kc oripe~enie~iio TaKok
A.MHibI IIyTl 4)H.1bTpatuLii, ripH _

iNOToOfl lcjioqaeTCHi B03MO)K-
IfOCTb PaCK~bTHR xoJJoB cocpe-

jLOTOtqeHHOA 4)H.?bTpaIH. PHc. 1. Cxema 3em.iRHoi! n.ioTHmiJ
H a ocHoBaHHHt pac,4e~a K3 I-reaio nJToTIiHU: 2 -OCHcl~oe Jr.1Oimf4i~

3yaJlbHoiA 4ll~lbTpaUHoHl4Oi .1peH2W$; A-S-co~i1 miugtohaK ~ e~v
LsRo6.aCTIf 4)iiLITP3U1.li em, oii .3m

nPO4HOCTH rpyHra YCTaiIaB.u;l nAoTiImu; 1-amima, orrj,eie1igouia3 e,',,)o
Ba[OTCsi r~qaBHet~wHe P83Mepbl weUle lpki

liafopor 3eMAIIHoro coopyweHuI, Kalc TO: a.liHa 1, unpeclc-
AOWuaum MeCTonoweHite IpeiiaKa H1430oBro bJAIM3 3eki.RHOII
nlAOTilHbl (pHC. 1); TO.Iu14a Raipa Haii1 a3patia, a TaK >iKe TloHylpi,
.LL.'lHa nionypa riepeAi 3em~lHio flAOT4HOA 11 T. fl.

2.2 OCKOBbI PACqETA ICA3YAJI6HOfi *NJlbTPAIAHOHHiOI
nPOqHOCl-H. AIOflYCKAEMb1E KOHTPOJIHPYIOUHE rPAIWHEHTbN

HArIOPA (J,.),
CorqaCiiO mero c KOHTpoA)lpyiou~ero rpa:llieHTa Hanoni cqit-

TaeTRs, Wno K a 3 ya .7 H a Ri fPO4HOCTh He 6%.,eT HapyWC.HI ilpit
ycaoBIIH (21:

JR- (J"). (
rae J., -HeICoTopblA CpCitHHi rpaaj~eHT Hianopa aim Bceii paCCMarpulaaemoit

-o&JacmI 4)tAbTpautHH ma"~ ec 4aCTII. KoIIYPO~lpyIll1il Ka3Va~lblf1I flp)-OCml

*,L1aimlwe pacqeml, Bbiflo.iHe~bi 11o MerOAY, npejaio~eIIHOMV P. PAV aeu iea
H13JoeHHoMIY B ero lHaY~iibX TpycuX 12. 3, 41.

.N
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aunwo 3ex1.~moro coopyneaw ji) - xonycmemoe 3ffaqeume KoMUKPv-
umemo rpazlueuta mnioIW.

flpn pacqere Ia3yammboR 4)HA16pIUHOHHOlE DpOqiMh no (pop-
my.ie (1) c~leayer paccmairpNub., oTAebumo ienO RAOTIIIII H e
ocnomarne (puc. 1). pacnooioenoe Huzae yCJioBHoft ropHf3OH-
Ta.11bHOA .IHHHHu A -4F pacqAensioiiied o6AacTH 4*Hm6Tpatf H a
Ame ynoM.IHTyme aaiuie iacm.

,aonvc.-erne icon~poinpyioute rpaAueuru uauopa (J.). cae-
AyeT npurnwMMS]: jAR OCUoBsaIIB 3emUaRHoa NAoTKIuE cor-aCHO-
Ta~i. 1, AmI TeAa SCm ARMOR UAOTHflI-coraacno Ta6A. 2.

Tad.auqa I
Aouycuaeumm mbe3oueTuqecE~e yttaein (J), KoUmpO.Upywame
m3yalbaVa (C~a&"~uu) up09MOCn& rpyNT& OCuEgagu MiTOuu.

(ymepxaeno CHmn 11-H. 12-67)

rps-. z cno~in ~Kvacc0 333pA~ m 323313.lUBCTu

rp~p- awia_ I I_ I I -II I ut-v

Ilsorua. rmiua.. ... ......... 070 0.80 0.90 11.10Kpywmwfi necon. rpami .... .. . .35 0%40 0.45 0.54
CyraetmrL .. .. ..... ....... OL2 OAS5 0.40) 0.50

fle.Wu I cp Iue[PYNUOCTU .. .. ... 0,22 0.25 0.2 0.35
%UjKnn necost .. .. ... ....... 0.18 0"2 0.22 0.26'

Ta5.Auga 2
JAmycume mbe3oweirpulvecme yxa..u (13)A, Koufpeaupyastue

Ka3aaabVym .POIVMOCm Teaa 3eaumn oOTmu It 30UEUX
x*iT3OiIu16TpaOMxowU4x a3M xauemmo-aeusmau anymn

IYTfPmueuO THull 11-H. 4-73)

rpyum. c-!am lea inin. I ca p-i S ?3&T- I ~ I 1 ul* v-

IFamuo6eyou it rm . . ..a . . 1.5 1,65 1.8 1.95
Cyraufo..f ... . . 1.05 0.15 Ox2 1.35
neo. cpexue# xpynnocmn.. 0.70 0"8 ON9 1.41
CyneCb .. .. ...... ....... 0.55 0.85 0.75 0OA5
rDecoK ueamc'l.. .. ... ....... 0.45 0.55 0.65 0.75

Jiu FrpNOBudx 9icpano8, R~ep Ha rjHNo6eTo~a, F.IHU K
cyr1HHxa coF.1ScHo cmn i-H. 4-73 UlOTMHna u13 rpyMTBudx ma-
repna.B. Hopina -'OeKTHpOmHu11 'I~HCJeUH 3IuaqeUuls . tne-
.AyeT npHmaTh6:

a) .tIU 3ewslHmx HacIunmul n.'IOTH J 1=4 - 10;
6) x-im iiametmuo-3e11.anx J, = 2 -6;
8) A-19 a-H)p J. AOAzno 6umb He 6oxaee 10- 12.
Pacqenui ka3vaAinoU 4INfbpatIoRHoik upoWNocTn rpymi SEN-

JUHux UJ-lKIN no 4)opuyvie (1) 30CR? uponepoqmwi xaparrep.
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TipH sTom, Nmesi I1peABaitTejibHo HameqeHHbfln (1fiti cyz14eCTBYIO-
laMHA) flPO()HJ~b nqJOTHHb1, YCT/KHBBjiHBaeM% AA/R ee Te~ta H OCHOBa-
EH51 3uateH J,, H (J.), H 3aTem npo~epqe.% 4aHlHbA flPO4HAb
B COOTBeTCTBHH C 4)OpMYAOfl (1).

BeJqiitmiiy JI Ha4JIe)KHT '6npeAeqflTb HCIIOq63)y cjiAAyIOUkHe
dcnoco6bi 12:

1) cnoco6 oTAe~neHHsI TeJia IIAOTHHbL OT ei-o OCHOB8HH5I ropHi-
3oHTaJbHOtA AHHHet Toka; IIpH STOM., KaK OTmeqaAiocb, cjieAyeT
oTAeAbHO BblqHCJITbJ. AAR~ Teja RAlOTHHb It AA./R ee OCHiOBaHH9;

2) CnocO6 .nPSMOR AeflpecCHH*: STOT cIIoco6 B OCHOBHOM cjie-
.AyeT npHmeHsITb 4AAR onpeeeH JI, OTHocsuLerocfl K TeJKy
UJIOTH~ibl:

3) BHpTyanbHbie cnoco6bi H cnoco6 YAAlHHeHHOA KOHTYPHOlk
.JIHHH; I(BK npaBHAO, 3THM CflOC06OM cnie~yeT noJ~b3OBaTbCfl JIPH
onpe~4ezeHHH J., OTHOCJIIWCH IC OCHOBaHHlO IJAOTHHbI.

B JcazeCTBe pac4eTHbx ropH3OHTOB BO;XbI B 6be4)ax cnej~yeT
JnpililMamb: B BePXHeN4 fte(e HHlY (HopmaAbHutfk no~nepift
ypoBeHb) H B HH)KHem 6be4)e camb$ft HH3KHI ypoBeHb BObl1.

.i lp Nmle 'a H e. flPH CYXOM HH)KHCM 6be~pe rOPH3Ofir DO/KM HHHHeo
46be4)a CJiiA~eT CqHTaTb CGanaAalOllwM C flODePXHOCTbO M~a.

-.-1 OrIPEU.EJIEHHE J, JIU TEJIA IIJIOTHHbl

P~. 0dnopoamoe. me~o flAomMbs. PaccmaTPHBS1 OAHOPOAHoe
?rejio nAJOTHHbK (pifc. 2), OT~eJlsem ero OT OCHoBaHHR ropH3oliraAb-
HOAAIHHHeA4TOKa A-b'. floc-
ae sToro, He HHTepeCYHCb al 0,4Kg L.
4PHJbTpaUlHeft BOAbl B OCHO- flY M1
DaHHH, HcI1OJb3yem cJieAYIO-5
waHe cnoco6ha onpe~ejieaiu .0

J. AARI TeJia IIAOTHHbl.
a) B Cjlyqae ApellaaHH- L

3BoDro KAHHa nAJOThHbl B BH- L
Ae KameHHoro 6aHKeTa(pHC.6 0,4,h$ L
2, a) HAH B DHAe Tpy6tiaToro #fyN -
ApeHaxca (puiC. 2,6).----

B sTom c~nyqae [Ipe)KAe h I 4~Z< --
scero UPOBOAHM BepTHK8Jlb Ak..N ..'-IHa paCCTosiHHH, paniOM I -

OhoT ypeaa sepxaero L

6becpa, H BepTmK8aJb 11-Il Pmc. 2. Pacqeue CXexul uAOTHR
qepe3 camlo KpafiH1010 aeBy1o a-oaMeosoan semmu RuO"ua c eas--
rOqjy E ApeRaca (puc. 2, a,6). Gieo;6t ecy~SM pmmu
J1ajiee 4aHKcmpyerng ToqKa Mf nepeceqeHHs 3CPTHK8aH I-
c ropH3oHTom B0OLI BepxHero 6be4)a H T0111( N nepece'aemxi
BepTHKaA H Il-Il1 C ' AHHHe% 0-0, flpo~eAeHHOfi Ha YPOBHe 10-
PH30HT8 DOAN HaHcHero 6be~pa. Flocje gTor'o 1posoAHm nfpampIo



AenpeCCHH MIN, ICOHTPOJIHPYIOiLLYIO K8a3yaAbilYIO npoqffocrh.
rpyHTa WeAS nAomiwb.

BeAHMrnma A, 8 zAarniou cjiyqae 6yAeT paBda

J3 =Iga= =LO4h (20
rAe a - yroA HaKiolla 3pNHHR MNJ K roPH3Ot4Ty L. - pacqemas E3puH8 flZo-
TH1; h3 - rAy6uta anow 5 Depiues 6be4Ie; L - roi.T8Iu.ioo paccirojmme
mexxy )'peSomMr:oauBepXaero 6be4ta xf Aesofl apaHeA TOIKOR Apeiiama
(cu. pHC. 2).

6) B cxyqae HaCAOHHoro-
0 4h. L11  , t ApeHaBXB HJIH B cJ~y4Se oT-

/illy m 8 1 CYTCTBHR ApeHaXKa (pi~c. 3)..
h N 3AeCb, B OTJIHqHe 0T fipeAm-

A AYnero caiyqag, BepTHKaJAb
fil 11-Il UPOD0AHiCiI Ha pac-

-~ CTOHHH 0,4h. 0? ype38 BoAhE
HHXKHero 6e4)a.

Psic. 3. I1JIOTIH3 c HaCAOHHbM weHaxKeM BeAq~ J bqHciseT-
J3 -KOjffpDXmpy1O1U1H FpaUHOHT sa~ BeJIe HAa .4

moro ApenazKa; JK*- CAyMae O'rCYTCTB3H3 K2CAcUHo- CH nJo 4opiayjne
ro AptH33m0.

z z 3
- - Lyp + 0,4h. +0,4z 0  (3

rite Lyp~,- p8ccTOxHNC no rOPH3OHTSAH ue*iAy ype3amN DePXHero x ItmiEero,
6be4on; It. - Fty6HHa HH2KHero 6bel)a.

flpH h. = 0 nrPflmaHi AenpeccHli" noalyqaeT BHA npsmroft MN'
(pHc. 3).

B gTom c~iyqae BeJIHqHHa KOHTpOAHpyIOzUerO FPaAmeHTa 6YAer

JK (4)

rAe Lp' -paCCToRHC no rOPH 3OHT8aJH mC2KAy roqicamH M H Nf.
B) B cAyqae, ,cor~a ApeHaK pacnojioiceH OTHOCHTeJabHO 6AH3K 0

K sepXnemy Obe4)y; BOA8 B HH)KHem 6ibee OTCYrCTmyer (pHC. 4)._
B arori cAyqae ~AR onpe-

AeAeHHSI BeaHqHHa . nocrY- "Nm A I
naloT CJIeAyloliHM 06pa3oM: H3 ha 11
ToqKm A AeAC~T~eAbHorOi y pe- 44 E
38 BO~b1 B Bepxneu d6be4e cite- I Xt'
AyeT flpOBPCTII ABa .nyqa A -E, 4F
H A-E 2 . Jlyq A-H, COCTaBAJR-
eT c BeprrHiKAbIO yrox 450; Jiy' PNC. 4. MvJomm~ C BHyTpeHHNMt Ape-
A -E 2 c J!HHHefk OTKOC8 coma 9- Hameif

Her yroni 900 r: E-ueci pnacLo.gu Ape~ams
S1) ECJ1H To'nca E Ha'aAa ApeHaxK8 JIeKHT npasee TOq1CH E,,

TOrAa . cAei~yeT onpe~eaum~ no 4)opuyaie (2).
.12
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2) B cjtyqae, KorAa To'ica E Ha'jaAa ApeHaBIca AeICHT ideXAY
TOqKaMH Et Hi E,, BeAHqHHY . cAeiiyeT ofnpeAeASaTb no 4)opuyne:

-,

A= (5)

r~e 1- PaCCiOaw~e 0? TO'IKH A AeficTemTexbuoro yp~ DoitM 10o ?roqKH
maqaAa xpeumza.

3) B cjiyljae, ecaHl Toqja E naqaAO ApeH8)KS qexcHT itenee
TORKH E2, BeAHqHHY I. CAeAyeT oflpeAeART6 no 4)opuyAe:

A - 10(6)

rite 4o-A ManepeInemlHKyaxpa, onlymleNHOro U3 HmaAbalHoR TO'IKK E itpettama
Ha AUMHID Bepxosoro orxoca.

2". TeAo nAom#uj C OpoX
AU s ipaxoia. B vrom c~nyqae No)

cite~yeT oiipeAeAnTb Ala 3Ha- . 0,4 A.

ReuRni IN: a) AI RAPS (VN). HJIHi - z L W
gicpa~a (JN). H 6) AJIR OC'ra.41Hoin h5
4aCTH Teiia HJIOTHHEA (J.)T.

B pes3yjbTaTe cooTsercTByio- 6
UtHX 4PHJI~LT HOHHLIK pactieToB )M

12, rAa~a 111; 5) onpeAeqiaeTcslI H
BeJIH'HHa tiepellaAa cuo6oAHot
IIoBepxHOCTH 4)HJ~bTpSIIHOHiforo

nOO( a AE A Sp.eZ PHc. 5. HlAoTHH8 C HAP0M H SKpaHou

flocae 9Toro 3Haqeanie (JIN), Z'l"OflIAC36oroK S 05pfbl *mbpa
NAN (J,,). oilpeAnJIRTcf no c)op- sxpa~a (oepeitHemKe).

rAe ts x ts - mmOan SApA H sxpams (ocpeAHeHmbie).

floiytienase Be~Hb I,, OTHOCSITCH TOJIbKO K HHNKHeft '4CTH
RAPa HANH SKpaHa, T. e.-* ICaiCTH, pacflojio~ernHoilH2imce To'nam a,
yKSa3BHHOlR Ha PHC. 5; Dime gof TOqiKH 3Ha'IeHHR J. 6yAyT
meN ble.

flpH OTCYTCTBHH DOAM B HHNCHem 6~ed I e nJIOTHM, B 9TOM
chyxiae geAiH'IMHbl (J.). H (),C 38slac0m IIYAYT paBHW:

Be~lnqHHy (J.), fll YCTpoiACTBe R~pa HIH lKPSHa, caeAyer
YCTa8H8MHBOTb K8K YKa38HO B U. I", flPOBOAR Ha pHC. 5 (FIYrn-
THP MfN) fiPRMYlo AenpeccHH MN qepe3 To'ucy a H Bm6HpaR
TRotiY N mac, aa YK.S38140 ila psic. 2-4 (naBlICHMOCTli OT Tuna

Hmeioliterocg ApeHa)Ka).



2.4. oflPEJ1EJIEHHE A ALJISI OCHOBAHH451 IJIOTHI~bl

P . Odmopodoie ocnoeaimue 4AOmnuib; nAOmuma 6e3 3y6a.
imj~ n0AyqeHHR BeAlqHHbi J, OCHORaHH1 IIaOTHHbl c.~eAyeT

BbinIOAMHTb COOTaeTCTByiow.tHe nOcTpoeHHRn, HcfloAb3yS( cnoco6
YAJIM~eHHOf KOHTYPMHtA JHHMM

0.44r L N 0,44r 12,41. 1Am gToiA [LeJIH'nOCTyniaem
AZ ffJ IAYIOIIRHM o6pa30M (pHC. 6).

~ O6o3Haqaem A H B ipaRHHe ToL-
3z i no bo i n~Jma~. CHOCHM

A if STH TOqKH no BePTHKaJtH COOT-
8? BeTCTBeHHO Ha rOPH3OHT BOAbI

BepxHero H HH)KHero 6be4+OB,
npH'leM noay~aem TOqKH Al H
B1. OT TOqeK A, H B, COOTBeTCT-

Ptic. 6. flao-imj~a 6e3 3Y63 ma oAiio- BeHuo BAeBo H Bnpaeo OTKAa-
I3OIHOM ocHoBaH4N AbiBaem no roPH30HTaJIH oTpe3-

I- ,-3arAy6Aenue OSM4THoOM BOloyflOPa KM AAIHEO 0,44 Tp, H flOAI -
(?P,,,=OUL; A,a&B,-nbe3ouepHqecKcaI im. qaeM TOqKH A2 MB 2. CoeAHHiR-

HIM Ainm noAownUU n.IOTH~w AB (ab-JK,). em STH TOqKH npgmok A2B2.
flocAe 3TorO Hameqaem ucicompi nbe3OmeTpHqecKyio0 JIHHHIO

AAJR rlO,!OWBbi AB DjiOTHHbl B BHAe AiomB4OA AHHMM A 1abB1 .
HIoAyqeHHaz AHHHR ab JAaeT HcKomoe 3Ha'leH~e BeJiIHMHbl A~

A1AH CliVqac[ HaCJoIOorO JlpeHaxKa, KOropoe pasiio

L -d1.088 Tp,,, (9)
rAe L - W~upNia Tezia n.10TIHLI no HH3y; TpaCq-3ary6AueHHe paCqeT~oro BoAo-

ynapa, eJ]Hinna icoroporo moweT 6Wrb lpHHSITa paauiofl 0,5L, T.e. (pHc. 6):

T,= O.L. ('

ecAti fAe~e <O,5L, To Tpacq TifCO

B cqytiae AjpeHa)Ka, 0TAliHoro OT HaCJIOHHoro, 3a BeJ!MqHHY
L B 4PopMy~e (9) cwieJyeT nIHHMBTb AAIHHy AHHHH AB, noKa-
3aHHOR Ha PHc. 2, a, 6 H Ha ntic. 3.

2". Oduopodmoe ocnoeamue; nAomuma C SUCR'M 3y6O.
B 3Tom Cjjyqae (pHc. 7), TalKe KaK H B npeAbAYUJtem (n. V~),
HcI1OAb3yeTcfl cnoco6 YAAMHeHHOR K0HTYPH0fk AHHHH. [1PM 9TOM
TOJ~bKO, CTP0SI P3epHYThll 'B ropH3dHTajibHyio InpRmyio M'
YAAIHHeHHbift FlOA3eMHbltA IOHTyp nijIOTHHbl, rIoMHMO AaimHbi roPil-
30HTaJlbHbIX yqaCTNOB K0HTypa Lt, y'IMTbiBaeTCR euxe Hi AJIHH
BepTHKaJ~bHb[X yqa~cTTo nO2A3esmloro KOHTypa TeAa flJOTHHbl.

L, = 2S (10)

IlpH HaAH4IiH noHVpa pa~mep L2 yBewHi4BaeTcR Ha Beimilffy,
paBHYIO AJIHHe n0HypaLn.

14
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C y'aeToMd yIa(arniUX .o6am.enHR J. onpealealiercR no 4)op-
uyjie (9), rme ouec'ro L nOACT8.snOTCH 3HaqeHNR L = L 2 -1L,
NAN L= L, + L., T. e.

L;v+ 088TP.-s Iii

Kaic cjieAyeT 113 flpmBeAeHNOrO BLiwJe.V ,:Iin yIe~hweRHq Be-
JINqNNL J., 8 A8HHOM cjiyqae MO*IHO yse.HqNT]6 raiy6riV 3yOa S
HAN CAeJI8Th, HnBIPH-
mep, AXBa 3y6a. ShE- im MY

noJjHeNHbIX H13 MSAO1--- ---

rpyHra. .. ... .. .

BeQANqHHY (J.), At'D TIr
JIA camorO 3y6a 'S"' ,4T~~

MOXKNO Onlpe~eAHTb, 'I
HCnOJb3yg yKa~aH- L
RNA cnoco6, onpe- Ptc. 7. flaomui c aNc3aHmI 3v6om Ha OamOpOAflO,

AMN NflOhIHaocosamm6JaeBoA m npaaosk sep. L3i-p&CqTmKAO ropMfOffT*JbSa .ima; S-rafimn 3v6a
TNKaJI16NMX rpaHRnX ".- m 3y.
3y 6 a. Pa3HOCTb6 Na-
flopoB Ha jienoA m npaeofl rpaNOX 3y6a c-ie.3yeT pa3AeJINTb Na

ero AeiACTBHTejb~io NPHY 8py&, T. e. noauy'nu .K) =

(Naaex B BNAy nonepeq~yio ro10H3Ta8Jl6NYI 4*H.bTpaUNIO BOAMd
qepeS 3y6).

3*. Odiwpodmoe ocgoeaaaue; aAomuxa c mdpov u .va.*oeod-
npommiqaeAc u 3y60J5. doxo3Ru4ux do aodoynopa (pitc. 8).

i ~B IaNNHOM c.iyqae, aag
I~ NTh'onpeAe.NeHHH ,ejAqHNM

J. OCNOB8H, c.ieayeT
h;TM' 5m *. rpyNT 3Y63 npHBecTit

AL K rFyfNTy OCHOB8HRN.
'1.44Tp L /romg, JAR 9TOR Ue~Ai HC-

L~~p flIb3yeTcR nepuAh~ BN
prya.l6bwR ciioco6, Kor-
Aa Vona3 4)NJbTpyeT no-PHC. 8. flAcTOmi C MApoI N M8JI080AlO.H- npKcatoen 121.

uaeuuu 3Y6ou, AtOXOAaUUIIM 10o bAoyIIopa; npm
ocuoWaNse oAHopoaaoe B Aa"Hom c~nyqae
he *SuuUgt*~eu-ip.rr ouas. 33~*BHpTyaJIb~ax A.IHIS

*UUUU *-bPAW- rM-8~ 3)Oa. (TOALUIHNS) rpym~a 3y6a,
Nileloliero iKosoip4I NT 4IJJb~patunN k,, flpmBe~eHHBIR K K04-
NitLieNTy INAJ11Tp8INN rpyHTa ocmoD8NNHx k1, 11o)OeT 6mam6 onpe-

Aeale~a H3 ycJIOBHu:

A.)j

rig"



TaKrnM o6pa3oL4, paCqeTmaa AJIHHa OCHOBaHHR nAJOTHHi 6YJ~eT
paBna (pitc. 8): L, = L0o' + L..p + 0.88 PI11

Beiui'uiia J, AAi OCHOBaHHR IHAOTHHbl 6yAeT paBua

h L,3' + L., + O.8pacqj(3

rIO STHM 21BHHblif. pacqera MO)KHO onpei~eJ[Him BeAlHqHHY ()
4A51s rpywra, o6pa3giotuero 3y 6 (n. 2' B KoHIue).

40. Odsopodio ocsoaae* n.*OMUW~ umueetri flom (pic. .
B 9TOM Cqyqae c~ej~yeT BOAOtIPOHHLtaembif UOHYP AAHiOR 1,
3ameHHTb a6COAIIOTHO fl0A0HelpoHHaembi~t flOHYPOM AJIHHOR In'

IM ll ho

jj~ff ~ p N zf

PKo 9.rl'n lijpMu ~AUL
oC~o~aHIh.

Be PtHa 9. [npe0e~tierc~ noypau y pitc OA O. MBAM

= 0.5 (8 A L0), remoo UOY& W- ~ p manopa J~~T~e~Hr

LO - wHpHHa 1IAOTHHbI no HH3y: 3jAeCb HmeeTc11 B BHAy rAiy6Ha
aKTHBHolt 301Hbl 4h4AJbTpaW4H.

flpHBeAeHHaR TOALLLHHa 3ai~aHi~oro no~ypa orfpeAeAaercfl no
3aB~cHmocTH:

,p n. (14)

rAe B,-TOJ1W~Ha 3alam~oro flOHYP3, k,1 H kn - KO)44LKtreHTbi 41HAUTPaIIMU

COOT~eTCT~eHo OCHOUIHHX N noiiYPS.

JIaatee, flO~b3yICh CnOCO6ONI YAJ11HeHHoft KOHTYPHOA1 JNHNN,
CTPOHm nbe3omeTptiqeCKyIO JIHHHIO AqJR flOAOWBhl AB (pHc. 9).
RjiAa sToFo, OT TO'4KI A H~a PSCCT0RHHkH O.44Tp., tIPOBOAHM Bep-
THKaJIb 1- 10 O epeceIeHHI5 c ype3OM B021h Bepx~ero 6be~pa H
Ha P8CCTOHHii O,44Tp.,, OT Toquzci B BePTHKBaJIb 11-11 AO nepe-
cevieHHff c ype30M 8021h HHHUHero 6be(p)a. floniyteHrnde Ha nepe-
teqeHMH1X TOqKH Ml H N coeLWHHeM ,npmoft 2lefleCcM, KOTO-
PSl 51MIZeTCSI rbe3OmeTpHqecKHM% YK.JOHOM, KOHTpOA4PYlOtaIM
Ka3yaJbIbyO noi(qHocrb rpvwr~a OCHoBaHH5IJR

16%



G~qeAoBaTe~liHO, B JI3HHOM c~iyqae BeAHqHHa K6y~teT paBHa
<PHiC. 9):

J Z z (5
Ln 'I+In+O,88Tpcq 15

PSCCTO$HHHe OT ype~a HflY Ao 43HKctipoBaHHOft TOt(KH ao Ha
BepTHKa~kf 1ll-11, upoxo'u~utett B npHmbiKaHHH nloaypa K COO-
py)KeHHIO, paB~oe ho, COCTaBJIfleT n1orepia Haiiopa tia 2(.1HHe Bcero
40CHO:IflHHS noHypa.

0

TO

-, 2'o- 7

0 00

pi-, %eaW- ?,ai.

Pin. e o. Hrpami P.I FP.H nora pa:RO~~~HU n-A
y~pqHoo9BB JiHHr .B.A,no"~aeoo (16)

rz - OJIJH Aefem"TeJiboro rwoayOpa.UMr OYB;T-eCB"
5*Heo.*yfeopoOe ocia nAame B onyqae 4,Hf~eAew" o&-~oo

HOD8HMR,~~~~~~[m" On8O8H~ o~ oia nUMHaIacoaHe.

.AJ3HhI rpyiTO3y , O4jHuXOHK mHaxcTPI16U COTOI He CHRH

2PA~R maoaA IT~ Oya

J. (16
an,

rite6,' TOUJUS AACTH~ehmoo n~yp .-



pa3HSITbCR. .iSI ouenIxu Ka~lya1bIi0fo RpOt4HOCT4 OCHO~aHHR pei~o-
uetuyeTCH flpH.:ep)KH~aTbcSI c. eAYiowero IIyTH pactieTa.

Beaiify ROHiTpoaHpyioLero rpsAmeHTa Haniopa J. YCAioelic
cjieAyeT onpeAe1fITh, KaK If AAR1S OAH0POA~orO, rpyHT3.

Cj~waico, ae.1iifny I(J.jweo.01 op. [PYlTA flH 3TOM C.1AyeT
CIIN3HTb 12). niflaflia:

10Wexo.rpyu.a 2 (h)zlowpoi. I*9yoera, (17)
rae, - IK34jituieT CHeIIN (mIeobwe e.INHmum), seamHH XoToporo cni-
AyeT iupummuhl~~ 8 380h1CHM.OCm~ 0 cleleH~ meo~OAHIOCTII coflpuraIOzilfxcv
weAKO3epHHuCTbiX It KpynHO3epHHCTbIX rpyHTOn H oflaCHOCTH 5o3HHK~osernift
CY443HQHnulX Rf.1eHfIM.

S74HThIoafl Bbwenit.o,elffoe, AornycIaemluA KoHTpoAimpyioWumPL
rpa~zmefl Hauiopa I(KIo~~~ pwaC.'-ieyeT lnpHHNaTb 110 Ta6A. I
a.'rn Paj16oalee %ie.KO3epHHCT0 cocrasa rpyHra, casrawerok
octioB8iaIe c y'4eToM1 (3.3, n. 4--, a,.6 if 3.4).

2.5. OIJbTPALIH5I B TEJIE IOTH~hI 0 OBiXOA 3YSA
(lIE 3AIEEP1IJEHHoro CBEPXY RJIPOM NJHUI IPAHOM)

Ecani B OClioainit II.1OTHI HsieeTCSI CN~bHO 80oaonporniuae-
Mbll no0,cT1B.1aI1011u1l C.IOAl, TO rioc.ie.uuImA, icaK npallao, nepece-
KatTcSi 3~5%"0%. Bkflno.IHeHHM.M, Halipioep, 113 FAlHcToro %taTeplia-la.

2 C! fl

Z I.

Pac 1. f~irooa y~m.He3aoepwedlw Ceepxy IRApom
nl.I ,KpaHOMs

1-3iy6. nepecexsrmwo~t Pospmss~u nolcr.aout:tj c.IoiA rpykT& OCHAo-
Sa~i;1; S,-3ay6.ene s re.ae ILlolotld; 2-mcPuOeS AeflpeCCKHI.

OnacaliCb cjHJ~bTpaUtHH B 06XOAi 3y6a Ceepxy (piic. W1, ITH
Bceraia j~alillb1if 3y0 HapaULHBalOT uipom HiiH zwa4)parmotA, Aoxo-
Afftueh~ io rpe6HR fl.IOTHHlI (pitc. 8. if. 3fl. 1B HeiKOTOPWX C.iyqaflX 3y6, nperpalcAaioukwA BOAon1poHlusae-
moe OCHoBaHHe, me AC)BOAHTCR aio rpe6HR IVIO0THl, a OCTaBAReTCn
Ha HeKOTOPOM ypoB~e 8 Teale flAOTIIHbi (pNC. 11). 1B AxaHlo~m ctiae Tpe6yeTCii oixeHHTb 1oHIbTpaLjM0MHyio lpo'm-
NOCTb cornpRwe1R if BeAW14HY (pS3.Nfep S,) 3ar.iy6leHHR 3y 6 8)
B Te.io na.oTniibi.

;Jn pewCH1,1si 1OCraaenlbix BofIpocoB rioctynaioT cAe2LYI0I1U1
Q6pa3o.

flpeiie6pera~i rxoTepei fianopa B caioe ocHoBaH (BcAeAcTBHe
r6oabtw.ofi 130.tOIpOHLaeMwCTII 3Toro cjioI), npHH~fmaem, wIo
18
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B O6.a~m A HmeeTCq Halop, COOTBeTCT13VIouUlf Hanopy BePXaero
.6hec1,a, a B o611aCmt B - Hatlop, COOTBeTCTBYIOUIHR Hatiopy iuiW-
Hero 6be4a.

A1ajiee, iipHmepHo Ha YPOBHe IKpHBOil AeupeCCHH (HaA 3Y6o-M)
-UpOBOAICSI roPH3OHT8ajb 'f- -I, C'IHTBI, 'ITO 3Ta ropH3oHTajib
npeAcTsmSIeT C0601 HH)KHJOlO floBePXHOCTb Boo6paxcaemoro BoAo-
ynopa, HaxoAsiuterocgl obiwe wroft JIHUH.

3aTeA n1jioTH citeLyeT flooepHyTb Ha 1WO rpe6Hehl BIIH3
(KaK floica35io Ha p~c. 11,6). Tai~um 00pa30M rIoAylaeTco, WiO
cxemy pHc. ll,a LWf 3ameHHAH aHaAOrHtlHOAi pactieTHoil cxe~fofk,
ZnpHBeAeIoR Ha PHC. 11,6.

flpeAcTamenHaS3 pac'ima.9 cxeMa Ha PHC. 11,6 COOT~eTCTByeT
cxeme nOA3eMmoro KOHTYPS B BiiAe RKcToro urnYHra, AOCraToqHo
3arJny6.,ieHHoro B rpyHT.

B 3TONI cjiy'iae LMaKCHMaJ~bHbfi BbIXOAHOA rP3AHeHT 4
amx Ha

LIOBePXHOCTb A~a' HnKiiero, 6be4)a IIpear-TaBAS1T C060f Bea~'uiHY,
xapaKTepH3youLylo BeCt. 4)H~lbTpaiLHoHHbi IIoToK B ti.iom, T. e.
OCHOBHIi o oOaCT c)HJbTPaLLWH, KoTopafl flpeACTSBJIReT H wrepec
(HCKaio ' aRl OC'pHe LiliyHra) npHi paccmOTpeHKI Ka3yaAbHOft
4iHJbTpatHoaHHOR UpO'1HOCTH OCHOB8FUIH.

Yq"HTbZ88fl ii3Ao)KeHHoe Bbwe, B Ka'IeCT~e KoH~poAmp~iotuero
YKAOHa . A.151 IuIcToro, wnyHTa MO)KHo ri1pIHRTb BeAH4HHY J~b[,
T. e.

4 - 3k (18)
BemH'qm J. (a Cj~eAoiareqbHO H J,,) onpe.aiewns no cqe-

tayioiuea 4bopmy~ze 14)1,,1 z(9

EcAu Bbl4HicjjeHHbIR no 4)opmyae (19) .,< (J,), AAR A8HHoro
rpH~ TeAB IIAOTHHM, TO STO, yKaablaaeT, 'ITO pasmep 3y6a S,
1153H8'IeH npaBHAbIO.

B flpOTHBDHOM cJIy'Iae cjieAyeT H3meHMTb aeJItiIH~Y St, K0TO0
paR morneT 6bmTb onpeAejlelia H3 ypaBHeHHRl (19). B arou cjty'Iae
8 ypaSueHHe (19) BmecTo J. ciie~yeT IIOACTaBHTb 3H8'IeHHe (J.,
AAR AaHHoro marep~aiaa HIJIOTNHbW H peWHTb ero, OTHOCHTeJlbHtO St.

Be~iupnnia S2, nOKa3aHHaR Ha pmc. 11, a, moweT 6Wum oripe-
Aeaieua no u~jioreHHOMY saiwe MeTOAY.

Pa3Aeal III. PACUET HOPMAqbHOA 0NJIbTPAL1MHHlfIAt
npoqHOCTm rPYHTA TEJIA NJIOTH~bi H rPYHTA

OCHOBAHHR
Wt. ORLWHE I1OJIOXEHHU

K A b T Pa8L fMIt ou -Cy 04o3oHO1o nlpO4xocThiD rpyIITa
<mam 3eamoro coapy~ceH~f) H83MOaIOT cnOCO6HocTb rpymTa

209
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C011P0THBJIHThCg BO3HHKHoBeHHK) (PHdbTpa iIHOHHbdX Aie4upua~uLtA
VHIbTpaLLHOHHO-CY4W0HOHHasi ntIIHOCTb rpyHTa, ico~opair

moaweT 6bzTb Hapywe~a B PRiAe H3BeCTHIX HaH6ojiee ciia6uix
meCT noInepeqHoro flPO4HJIR COOPY)aeHHSI (nJIOTHHbl) Ha3bl-
BaeTCSI meCTHoA 4)HJ~bTpaUjHOHHofi flpOqHOcThIO.

4)HJbTpaLLHOHHbMH Ae4)opmaUH~ImH rpyH~a Ha3bIBa--
IOTCH TaKHe Ae4DOP?4aUHH ero TBePAOtR 4)a3bI, V.oTopble Bbr3bIsaioTc,,
roa~BHbM oOpa3oM,!CHJIaMH rH2APaBJ1iqecKoro Bo3JAeRCTBHg H B03-
HHK810T 8 pe3y~lbTATe Cy("o3;IH, K(oJ16maTa)Ka, KOHTaKTH0r0 Pa3-
UblB8, BblI10p8 H Upg.

CjieAyeT pa3AH~lBTb 6 e 3 0 ri a c H m e £4)H~qTpaUH0HHbie A~ecjop-
Ma1UHH, KOTopuie C TeMCeHHem BpemeHH flpeKpaLUaloTCH H He rpo-
3517 uleAOCTH coopyN~eHHR, m 0I1BcHbie 4IHJ~hTpaUHOHHbue
Ae4IopmauHH, B pe3yjibTaTe K0TO~bIX coopy)KeH~e moXCeT pa3py-
WHTbCR.

Be3ouaSCHbe 4lHJnbTpa[UH0HHbie ae4)opmatXHH (B Bl{JI. 6e3onac-
HbIX Cy4003HAl H KoJbMaTa)Ka) B 6OJqbweff HAHl B meHbweik mepe-
BcerAa Ha6.qioAaloTCH B rpyHTOBOM maccHBe B Haqa8J~bHbli rnepHo2t.
ero 3KcIIjiyaTauHH.

AH8BAH3 Kap'rHabl ( HjbTpaUnm 13 3emjIHUX H KameHHO-3emSiR-
HMbX nJ[OTH~aX H HX OCHOBaHHIIX (ni. 3.2) rIoga3biBaeT, tiTO I1pH
HBalH'HH 4U1.qTTp3LUHH, (PHJlbrpaLHOiHHIfl 17TO0K 6y~eT B3381MO-
JxeA1CTBOuaTb C pa3AqHHbMH BaiemeflTaMHi IIJIOTHHb H mo)KeT C03-
IWBaTb, IiPH COOTBeTCTBylOU.LHx rii2AP0.AHHaMH'IeCKHX YCAIOBHHX,
COOTBeTCTByoutHe 4 HbTpaL[HOHHO-CY4xo03HoHHbie je~pmau1H",.
y~a3aHHbje B rT. 3.2.

(1)H.'hTpalXHOHHO-Cy4(4O3HOHH8i Ilpo'HOCTb Ato6oro 3AeMeHTa
fl.IOTHI~bI (noHypa, Hanpa, cpeIIaeHHifl, Apena)Ka H rip.) 3aBliCHT,
rjiaBHbim o6pa3oM, 0T BeJIlHHbl JteCTBYIO.Hx rPaAHeHTOB Hanopa
(pHc. 12) H OT clHJIbTpaLtlHOHHO-CY44O3HiOiHbIX CBOACTB (Cy("O-
3HOHHOCTH, CBR311OCTH, rpaHyjiomeTpll'ieCKoro COCTaBa It up.)
maTepma.ga rpyllTa.

Jiie~xoaaTeqbHO, WlONb He IIpOHCXO2AHJIO HapyweHHSI J)H~b~pa-
LLHOHHO-Cy(C)4)3HiOHOl IIpoqHOCTH H4 YCTO~lqHBOCTH Aio6oro m~e-
meHT8 UIJIOTHHbi, a CqAlo~aTe;[bHo H COOpy)KeHHl B aeaom, Ao-I)KHo.
6IbzTb BbiIIojiHeHO cqeayiowuee OCHOBHoe YCJIOBHe:

Jo < hon, (20),

rAe J4,- rpaAHeiiT Harlopa B o61taCTH paccM3lTPHsaemoro 9.qem.eHim BJOTHHbt
HAim 8 ee OCHosaHHH (pHc. 12); J~o, AonycTHmblik rpaAneHT Hariopa AJI AaHrnio
KoHKpeTHoro cAty'afl.

flpHa 3TOM J,~ AoAi)eii 616'6 me~bite J,,C Y'eTroi I{O443H-.
1LHeHTa 3aflaCa k,,.,, T. e.

-L (21)

113 InpHBe~ieHHorO Bbwwe CileAyeT, 'iTO HapyweHwe (4)HJbTpa-
ftHOHHO-CVc("03HOHHoIA IpO4HOCTH moxcer HMeTb meCTo B Toml
c~iy'iae, ecai He 6yayT co6AilO2eHbI YCqOBHfl (20) H (21).

.... .....
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PYIKOBOJCTBYIICb npii reaeHIIbMH [Bi wue noJIoweHIIMM ca'eayeT
B Ka){.~om KOHKpeTHOM C~lyqae:

a) ycTaHaBJJHaaTb OCHOBHbIC BII2JbI 4wJI bTpalUIoHHO-CY440~3H-
otitbix Ae4opmautf, KOTopbie moryT H-meTb meCTO B npoijecce
(j)HJlbTpa[XHH B uBHHOM cooM~'2ceHHH ii erm KOHCTPYKTHBHbIX aAe-
meHTaX B AaHHbIX [C0HKpeTHbIX YCAIOBHSIX;

yu J H

j .,. jj
Jar - L

Bodoynop - ~ u60f
A 6(emw

6) YB5

inJ~~E 4t5A G

Ptc. 12. Bo3MO.tible 4PfIb rpialwvHHO-C 'V4JMOWIe
Ae4pop!4awt B 3emmm~libx ii KameHHo-3e.%IsIIIIblX rulOIT1l-

max u ax octiosaHHRX
a-OAH p0~AM3 flJIOTHIIS Ha C11OHVTOM OCHO11aHHK11; er- KameHHO-3e)4.19-
Han IIaooHH& Ha CKaIbHOM OCHO11aHHB11; JCY4 ,-rpH.lieHr CY4t14 0311I
a Tea1e fl.OTIHUb, s rpyHTaX GrHOBAHHH; JM-rPaAHeHT XoHTaCT"oI-o

pa31,11MSa (Te.1o nAiomrni-C"HAHie; stew.:ty cAogmH ocHoBaHito;
CK&Aa-rPYliT OCHORSHHE ULJOTHH?,l H lip~.): Jow -FBIi binopa
rpyHTa; J,,-rpsieHyr BXO~a 4iHAbTp11UI4OH1Horo noToKs s ApeHL4(;
J. -rpulaeH IIyJbCaUHH B 4)WlbTPOBAo nOlloOBKe (OT HallaraH
Ciana BOAHU); B-OGnAUTI met~toro Buinopa rpyHra B Coy4ae auxo-Aak ecimofl AenpeccHH H3 ortoc; A-conpqAemte aCna3Horo it iech§a3-

Horo rpyHtOB9 jocHo;AHB p(a) -PaC4eTHbift (MakIaHNIIblug) rpa-
ARMCH BbMCa44HNH Ha4 ypogHH nobiM nHcHero 6be4a; x - yro Ha-

Maftins mH~sOoro orleoca MAPS It rOpH130"TY.

6)onpeAeAR3Tb HX KoAHqeCTBeHHbie (4ficaeHabie) 3H3'eHHsi,
t(OTOpbie AOJDKuI RBJISITbCR HCXOAHIMH JtaHHbIMH R KPHTepHsiMH
11pM oueHne maTepImaaa ['PyHTa H 11PH IIpoeKTHPOB8ihf if K0HCTjfK-
UHA Ht pa3mepoBn fP0TitBOdI3AbTp8IWHOHHbIX YCTpoRCTB.

B o6umem cjiyqae A.I)o.~ibi pewambCs cjieAYK)uki~e ()CHOBHbie
BOflPOCbI, KaK-TO:

a) onpeAejieHme reo(I3I44ecKHX H pactieTHbUX xapawepiCTRI
rpyHToB paccutarpiaaemorO 3eMJIRHOrO coopy)~emisi nt ero OCHO-
DaHHiI;

6) onpe~jeaeiiie CY00jb3HO11HOCTH (Hecy,"03HQHOTI) paC-
cmbaTpHBaembmx rpytTOB;
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B) onpe~eaeiie KpiITHtechHx (meCTmblX) rp8aHeHTOB CY440-
3HH, KOHTaKTHorO pa3MbIBa, BblrIopa, BbicaqHBaHHA H T. n.;

r) onpe~eaelltie paauepoB BbIHOCHMbIX t)H.'1bTpaLUH0HHMM n10-

TOKOM Cyc(Xj03HoHHbIX tiacuHI (dci) rPyH~a It HX KOAHqeCTBa,
B 3aBHCHMOCTH OT BeimlliHlbi AeACTByio0Wtux rpaAHeHTOB HanOpa;

A) YCTaHOBAeHHe AOI1YCTHMbZX H pacqeTubix rpaAtieHTOB Hnfo-
pa H A0UYCTHM0ioroyipoleHTa BblHoCa H3 pacecmaTpHea emoro rpyHra

meJiKHx Cytfrf03HOtIHbLX qaCTHa, OT BbLHOca KOTOpblX He napy-
w~aeTC51 flp04HC. It YCT0IlqHB0Crb s.AewieHTOB coopyweHIIfl
B eAiom.

B Tex caytiasix, Kor~a 4!HJ~bTpaUlHOHHO-CyXIO3HOHHatI npo'q-
HOCTb coopy)1{eHHa HAIH ero oTAeJlbHbIX KOHCTPYKTHSHbUX 3aiemeH-
TOB He o6ecne4HaaeTCSl, AOJDKHbI 0blTb Hameqenbl if ocytaeCTBAieHbl
COOTBeTCTByi0ULtHe paUH0HaJ~bHbie HH)IKe~epHo- KOHCTpyKTHBHbie
mepon1PH5THH no0 vnpo'4HeHmio 11p0eKTHpyemor0 HAH CyLiteCTBYIO-
Luero coopy1KeHHS HAim ero OTAejibHbIX 93AeNeHTOB C rem, 'n'o6b
6bifia o6ecne'leHa ero Ha.1Je*IHOCTb H AojirOBeq[HOCTb, KaK B ne-
PH0A BBo.La R 91<cnavaTBIll,11O, TBIC H B npoiiecce ero AaJ~bleefwell
AAHTeJ~bliH pa60Tbl.

3.2. OCHOBHbIE BH~ibl OHJ~bTPAIU4OHHbIX 2XE4OOPMALtHH
B 3EMJISHbIX 11 KAMEHHO-3EMJI5IHbIX IIJOTHHAX

Hia piic. 12 flpCACTaBaieHbI noiiepeqnbie pa3pe3bi 3emJIRlH01 If
KameHl10-3e.%MAfH0I r!JOTHH, H3 KOTOPbIX c.ueAyeT, EITO B 3aBHcit-
MOCTR OT KOHCTp\ Kitfll riAOTIIHblIti ee JiiemeHTOB, 0T COCTraa
rpyfl~a Teia 11.OTHHbi, a Taioie OT rpyiira OCHOBaHHR H ero
CTpoetllfH, Ul! B03JAei!CTBIIII 4)H.LTptLH0HH0or noTOfca Ha coopy-
>KeHHe, NioryT HmeTb meCTO (npH orlpeAefieiiibix rHApoAHHaMH'le-
CKHX YCJIOBiIIIX) COOT BeTCTBy-IOLkH e (PHJ~bTpBWI0HHO-CV44O3HOHHbie
Ae4)opI8LMIH KaK B caMOM Teae tlJiOTl:!IbI if ee OCHoBaHHII, TaK Ht
B OTae.1bHbIX KOHCTPYKTHBI~bIX g.ie.\eHTaX.4

B 3e.millbx rIulP0TexHiqecKmx coopywetiHsix morYT HmeTb
meCTO C.ieAyIOULHe BJiab1 tJIJIbTpalkHOHibIX ae4)opmalk~h rpy!Ira.

1) CY44o3tisi rpyHTa Te~na nqJOTiHN if rpyHra (rpyHrOB) OC-

B iipouecce Cc("wi3H (BH\ . peHnel) mo)KeT HmeTb NIeCT0 It
K 0.1b Na Taw4 rpyHTa Te.ia !I.lOTHHbI H.1If r-pyHra OCHOBaHH5H,
Kor~a Nme.wite tiaCTHIIFJ, ammy uiiecH a nopax rpyHra, 6YAY'r He
flp0HOCHTbC5I *'4epe3 TO.1Ulw rpyiITa, a O~iarahCHt R wKKot%-J1160
O6.laCrH rpyHTOBor() \IClBa.

M0.KeT isemh MeCTO M"fr031Ifl Hal RO3TaKTax KpynHo3epI4H-
MTAN 11 MCANT03epi1ICTbUX rp)yllTOB - KOHTaKTinaR Cy4I"o311$ (C.M.

B ' T0% c.i%'iae ot-a upimiaioiie ipyr K a~pyry rpyiITa
mor "T WbI, If I] Ci Cc V (P~ 03 11 011 H NI iI\1. 0 );tIaMo, 11li Halt.1i'IIit
onpe.aeiibi,. COoO01.eHl~vi fpaHla')\IeTpiec!~!x cocTBOB It
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rHAPAH~m~qeK~xYCAOBHRl, IKOHTaKT meacAy Hi4MM mo)KeT Xa-
paKTePH3OBaTbCR 6OJIbllH1MM 4)HJRhTpatlIAOHHbIMH Ae4opma ItH1MH.

JIJI YCTSHOBJIeHHS HaJIHqifl H 011peAeAeHHR aeJIHqHHbi 4rnJbT-
paIHoHHO-cy4x4)oBHoHHb[X Aec)opmaXHtA:

a) cjie~yer YCTaHOBHT6 i ~j4)O3HOHHOCTh rpyHTOB Tqa~ if oc-
HOB8HHRq nJIOTHMMl, T. e. YCi'aHoBHn, SIBJJSIOTCH JIM 2A8HMUl rpyHTbl
Cy4"O3HOHHblMH HAH HeCy443HOHHbMH (cm. 3.3, n. 20);

.6) eCAM oicamceTClI, lqTo rpyHTbl S1BJIHIOTCA1 Cy("0O3HHb'\IH,
TO B STOM cjiyqae cAeayeT oflpeAe.'IHTb BejiHqH KPWH~iqCKHX
rP8A~eHrOB Cy4)03HM J.1, H cpaBHMTh MX c AeflCTBHTeJqbHbIMH AJIB
AatfHorO coopy)KeHHR I c yqeTom (20), (21) H 3.3, 11. 3'j, T. e.
yCTBHOBHTb, IIBJIRIOTCII JH B AaHHOM cjiyqae AJiS coopy)4ceHH
KaI( Cy(j4O3Ha, Ta1 H (,MJ~bTpaLLHOHHble Aecf)opmaitH onaCHblMH
HARl 6e3onaCbIzMH;

B) peWHTb BoI1poc 0 xeo6xoAHMOCTH FibimloHeHHH, COOTBeTCT-
BYIOUJ.HX H)Hxc~Hb1X meponpMHITHfl no o6ecneqeHIuO 4)H.lbTpa-
ItHOHHofI npoqHOCTrH coopy)KeHHH.

2) KOHTaKTHblZI pa3kMhIB rpyHTa TeAa nAOrH~bw (svipa) H
rpyH~a OCHOBaHHA, PHC. 12, a, 6-j,.

B rHAp0TeXHMqeCKHX coopy2IKeHHIIX H MX OCHOBaMHHX moryT

BCrpeqambCH KOHT8KTbl Me2KAY MeJAK03epHHCTbINI H KpynHO3epHH-
CThMm rpyHTaMM. I-anpHMep, rpyHTa TeJaa IiJIOTHHbl c rjp)HTOM
OCHOBaHHSI, me)KAY CJIORMH I'pyHTOB OCHOBaHHR (pHC. 12, a-i.),
rPYHTa RJ1p8 IIJOTHW C rpyHTOM nepBoro CAOR 4)HAbTpa nepe-
XOAHOtl 3OHNI (ptC. 12,6-J.).

CjieAyeT pa3JIHqaTb cieAymuLie BHJ~bI KOHTBI(THOrO pa3\tbIBa:
a) mejiFKO3epHHCTMRI rpyHT-KpyH3epHHCTIR rpyliT;
6) rJIHHHCTbERt (cMflHuf) rpyHT-cp)rn{03epMCT~tR rpyHT;
B) meAIKO3epHHCTMR~ MAJH FJIMHHCTbIA (CB%3HbIA) rpyur - pe-

MuiHHBaTafl CKajia (pitc. 12, a, 6, cm. o6A~aCm A H U).
floA so3AxeRCTBHem (OHvlbTpallwoiuoro noToKa, lIAytiero,

B KpynlHO3epHHCTom rpyHTe HAM B TpeuLH~opaTOfl CKaJle OCHoBa-
HHK (plic. 12,6), I1PH COOTBeTCTByioutfx rHAPOJAHHamHqecKHX YC-
AOBHHX H KPYRHOCTH 3 PHOBbIX COCTaBOB, MeAK03epHHCTbltg rpyHT
mo2KceT noA~epraTbCSI KOIIThITHOMY pa3MbIBy, B pe3yAbT8Te KOTO-
poFO B KOHTaKTHolk 3OHe moI'y' HMeTb meCTO 4)HnbTpaUHLOHHbie
Ae4IopmaI&HH, a B HelKOTO~b1X cjiyq8IIX 3HaqHTeAbHbie, onacmbie
AARS JnpoqHOCTn H YCTOR4HBOCTH coopy)KeHHH.

B A8IIMOM calyqae KCoHnaKcnpyioaume ue)Ky co6ofl rpyHTb1

AOJDKHbI 6bl~m nposepe~bl Ha B03M0)KHOCTb KOHTaICTHoro .pa3%tbiBa

c y'leTOM AaHHbEX rHApoAHHaMHqecKHX YCAIOBHfi C TemI, tITO6bI
YCT8I4OBMTb BeAH'lHHY H pa3mejpbi Bo3mo)I(Hbx Ae4)op~vau)i4,
a TacKe HsmeTHTb COOTBeTCTByiouaHe meponp"lTIIA no itx npe-
Aynpe)KAeMMiO (H.111 YCrpaHeHHlO), ecJiH B 9TOMl HmeeTCRl Heo6xo-
AHMOCT16 (cm. 3.3, n. 40).

3) MeCTHbUA 4)HJIITp81lHOHHbfl Bbinop rpyHTa, KorAa
nbA Ae~cTBmem (DHJbTpaUXHOHHUX CHA moxceT flpOH3OftTH orpUaa

23



AD-AO89 032 ARMY ENGINEER WATERWAYS EXPERIMENT STATION VICKSBURG MS F/G 1 /13
mMNAL FOR CALCULATING THE SEEPAGE STRENGTH OF EARTHFTLL DAMS. (U)
JUL 76 M P PAVCHICH

UNLSSFED ML

2 lfll.llffff
flflfllfl~fflflfflN.D



1111.2

Lk

11111L 5_ 11111 "II1.6

MICROCOPY RESOLUION% TEST CHART



H nepebeteKe HeKoToporo oftema rpyHra (p~ic. 12, a J... mAm
B TO4Ke .a"),

.LtaHHbltk 13HA 4pHJ16TpaUtHOHHMIX Ae4)opmauut PAo)KeT HmeTrb
mecTo B IIpBKTHKe rHApoTeXHH'leCKoro CTPOHTeA6CTBa B TOM CJIY-
'iae, KorAa nJ.IOTHHa pacfloAo)ICHa Ha OTHOCHTeJ~bHo TOHICOM cnoe
rAHHHcToro H.iW MaJOBOAOnpOHHLtaemoro rpyHTa, a nGA cjioem
raHHH~Cro HA MOAODOAOnpOHKtxaemoro rpyuiTa 3aAeraeT nec'ia-.
HblA CA0IA C O-MOCHTeAbHo 6oJbweft BoAOnpOHItaeuocThIo,
pitc. 12,a: cjioft I4FAHHHCThlft, JAOf II-lecqabif.

B cjtyqae oTC)[,'TBHR ApeHa)Ka HO HH3OBOM ICANHe nAOTHbl,
HAM B cjiyqae, icorja Apeuaic HH30oroO KAHII8 nlJOTHHhI SKOJib-
MaTHP0BaACR (HAH 3BCOpKAICR npm cTeKaIHHK BOAbl nO OTKOCy),

* KPHB8S1 Aeripeccat mo)iKeT BbICJIHHHBaTbCH Ha HH30BOM OTKOCe
(pHc. 12, a; TOtIKa *a). flPH STOM B3 3OHe ,B* 11A AefkCTBmeu
4OH~bTpaL(HOHrIX CHJI LIoxeT IlpOH3O04TH e CT H LI 4() H A b Tpa-
ILHOHHbIft BbIflOp.

B flepBO.H cjiyqe, no0 rHAPOTeXHHieCHM YCAIODHMM 4IMJ~bTpa-
ItH0HH0r0 rNOTOKa* B OCHoBaHHH coopy)KeHHR (c yqeTom AelicTsylo-
UtHiX rpaA~eHTOB Hanopa)- cAeAyeT YCTSHOBHT6 B03M0CHOCTh
(HeBo3%fO)HOCmb) TaKHX AecJIop~aLI H HaNmeTHTb cOOTaeTCTByIO-
tame mepoflpMRTHR no MX ycrPaHeHnio, eCim B sTom eCmb Heol5-
XOAHI4OCTb.

Bo BTOPOM C~ytiae cjie~yer HAH ysea1I1HTb rIoAorOCTb OTKcoca
RH flOKpblTb r[OBePXHOCTh oTKOCa BOAonpOHHIaaemoft flpHI'py3KOil
(cm. n. 3).

4) a1epopMaUHm rpyHTa B o6AaCTH ApeHamca, flpH
BX0Ae 4HJbTpaUtHOHHorofloTOica ApeI~axc,pHC.2,a-

J (nymICTHpoM nOKa38H Tpy6qaTblfi ApeHa)K).
B 9TOM cjiyxae, flPH HeAOcTaTo4HbUX pa3mepax flPH3Mbl TPY6-

ma~orO APeHaKa H T0A1IAHHbl HacalOHHOrO ApeHaxa8, a T8K)Ke
cope.IOTOtembix rpazuienroB BXOAa 4)HAbrpaLHOHHoro floToKa
B ApeHa)K, a B -HeKOTopLEX CajyqaaX OT MHn8BHjibHo (HAH He
cosceM TUWiTeA LHO) 3aripQeKTHPOBaH~oro (rboAo6parnioro) nepeoro
CAIOR 4@HAbTpa, B03MOwKeH BblHoc 1-pyHTa Teita UIOTIIHbl K rpyHTa
OCHOBaHHfi B nPH3MY ApeHa)Ka, WT0 mo2KeT Bbl3BaTb HeAoInycrH-
MYIO flpOcaAKY H ero 3aHAjieH (KCoAbMaTaic), 8 B HeKOTOPhlX
CJyqaRX BblXOA H13 CTPOR.

B IA8HHOM cqiyqae pa3m~ep flPM3Mbl (Tpy6qaToro) Aipeiiaxa,
1'OAIUMHHa CAOII (cmoea) HaCAOHHoro Ape~axca H rp3HyAIOMeTpHqe-
CICHR COCTan nepsoro CAOR cj)HAL6Tpa AOA)KHbi 6b[Tb 38apoeXrupO-
B8Hbl Taiwt~ o6pa3oa, qTO6IA HCKJIIoRaA~cb yca3aaiiue Ae4opua-
liHH (CM. n1. 3.6). *

5) aepopmattHH rpyHTa 3emAIIHbix OTKOCOB OT
0O3 Ae AC T BH 9B DA H H a T KO0C (pHC. 12, a-J.).. flp HaiK8Te
H C[aAe BOAIHbl Ha OTICOC coopy)KeHHE,. HmeIOliLkt KmeHoe MAH

)4eje3O6eTOHHoe nOKphlTHe, YCTpoeHHoe Ha 4@HALTPOBOf1 noAro-
TOUKe, o caoe @IHbTpOBOR noArOTOBKCH q03HHKaeT flyAbCHpyioutax
dPHwniTpaltHR, OT AeRtCTBM5I coTropolk-mo1KT 6Urb Hapyweka 11jo'l
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U4iOCTh I@HJMTpOBoIA nOArOTOBKH, a CJ~eAoBaTeAbHo H YCTORqHBOCTb
4camoro OTKOCa.

BO H36e2KaHHe HeNCejiaTCJbHMx InocAeAcTBH%. 33npoeKTIHpo.
.SaHHaE (noAo6paiiHau) (OH.JbTPOM flOAroTo8I8 AOJI)KHa 6wm~
IpoepeHa Ha ycJIosHe pa667bl I1pK fyJlbCHpyioutelk (MiHbTPaUHH,
I1pHHHM8R BO DHHmaHHe ee rpaHyIome~pHqecKtmi COCT8B rpyH~a
Al 3aAo)KeHHe OTKcOCa AaHHoro coopy)KeHR (cu. n. 3.7).

6) Jte4)opuatHH rPyHTa noHypa, 9KjP8H8, RlAPS.
fiPH flp0eKTHP088HHH IIpOTHB04)HJb~paUH0NHLIX YCTpOflCTU B tie-
-JII IIpeAOTBpatU1eHHR HapyueHHR c4flt~bTpaLttioHHo% fPOqH0CTH H
UeAonyCTHMb1X A4OPMaLtfA r~yHTa noHypa,- 9KpaHa, Rupa, He-
06IOAMo YqHTblBaTb cJIeAylouLtHe:

a) TOAUtHHa noHypa, SICP8Ha H RA~PS AOJIEHS COOTBeTcT~oBaTb
rHAPO2AHHaMH~tecxtht YCJIBHRM Hf Tpe6OBaHHRM, InpeA'b$IBJIaeMbim
uC rpyHTY InpOTHBO(J)HJbTpa IHOHHbIX YCTpOfACTB;

6) rpyHT OCHOBaHHHfl fla OHYPOM AJOAKeH 6um~ Taxoro rpa-
Hyoep~e~r COM~BS, npH ICOTOPOM o6ecneqHeaJlaCb Obi
'4pw~bTpallHoHHasI flpO'lHOCTb n[ouypa, a AAR 9K~aHa H RAPSa lAo-
-THHMl C HH30BOA CTOPOHbI AoJI)KeH 6bITb noAo6paH it yAoxcey HAlt
icapbepltAf rpyHT HJIH 4i)v~bTp, rpaHyjiomeTpHqeciciif COCTaB ico-
rop&Ix Ao~A~eH o6ecneqNBaTb 4)HJbTpaltH0HHyI0 nPOqHOCTb H
yCT0~qHBOCTb 9Kp8H8 H IlApa.

Yica3aHlmie Bbiwle VCAOBHS1 A0J1)HbI yqHTbUBaTbCSI, corAaCHO
i.3.8.

7) RJepopmaLIHH B 3oiHe coflpSxeHHRl RAPS (qKpa-
aa) flJIOTHHbI C OCHOBaHHem. B 3oHe npHMhII(8HHR MaTe-
pua~za RAPS (SKpalia) AC TpewHoBaTOf cI~aAe OCHOBaHa 6eToH-
HOR nojAYwice HJIH 6eTOrniO$ npo6Ke (YCTpamaaemoRk B pyciie peCH)
m0FyT Hmerb MeCTo Ae4)opMaLtWH rpyHTa R~APS (gicpana) Dc~neA-
CTBIne uapywe~mH ero 4)HA16TpaUHOHHOR flpoqHOCTIh: KOHTaJCTHOft
cPHAbTpaILHH, Pa3MbABa FpyHTS RIAPS no cy11LeCTBYIOLItHM TpeILtHHam

,CKabiM OCHOBaHHII HAHl TpeUI.HHam, O6p83yIW.HMCR B OCHOBaHNII
8 flePHOA 9KCCUAyaTa8UHH COOPyxceHHR.

KOHT8CTHaSI 30Ha coflPR)eHHR maTepH8JI8 RApa C OCHosaHHem,
IIBJ~meTCSE cJI6bim mecTom, TaK xa{ tipH flPOH3BOACTBe pa6oT no
yicaA~ie H )'IAOTlHlo rpyHuTa, oco6eHHO 8 Y3H Ica~bO~aX, He
scer~a AOCTmraeTcR Tpe6yeman flAOTHOCTh, xaqecTseHHaR IIAO-
tSAaRa uxemeHrarn~ H np. nogTomy coHnR)KeHmio rpyHTa supa

J91cpaHa) IIJIOTHHEI C OCHOBaHem AoA2ECtHo yAeAXThCR oco6oe BHH-
maHme, a HameqaeMbie npaKTHqeCtCHe mepoupHR+HR LOA2KHm 6Umb
'944eTHHbMMH (cM. n. 3.9).

3..METOIIMb PACUETA HO OrNPEJIEJIHHIO OHJ~bTPAAHOH~HIX
A1E*OPMALUHA rpyHToB

4)NubTpaLtHOHHbie Ae4IopMaLHH rpyulTa, coOIOXKAIioWI~ecR
uapywiemmem ero TmepaOR 483bM, BM3IIDsaTcR, mamioi O6p83ow,
CmA8mH rxApaufanqeC~coro Bo3AP~cTsEE, - KoTOpUC H UPH3OAET
X HIPYUIeHHio ero npoqUocTH.
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OnpeAeJ~eHHe Hx KtoJImqecDeHmmx ('wcjvern.Ix) snaqejnA.
scoTopue AoA)KRM simTbcE HcxoAmmuIH AuH~umH H KpHTCpHawa
npH olteaKe uaTepuala rpyHTa H npH HasumauHH pasuepoe w.
KONCTPYKTNDNMX memCNTos npoTMwoHmbTpauIHHMix YCTpoRCTS,
peKomeHAyeTca onpe~eAXsm no MeTOANxe, NSJIo)eHNOR Maue.

P~. OnpedeAenue ocxowxbx teoouwuecxnx a pecmau.r
xapamrepacmuc ymmoa. AJi onpe~e~eH.n *KHAbTpaItHoIHO-
CYIO3HOHHblX C~d4CTs rpyHToB npoeicmpyeuoro (HAN ocyaeCT-
DJICNNOrO) coopywielim~ N ero OCNOBaHHE AOAXKHM 6Urb Ns~ecTUW
i reo4Kn'iCCe.e H paculeT~HmexapaKcTepHcTHflc, B COCTS3 KOTO-

PbMX AOJI)KHMl BXOAHrb:
-rpaHySoMe TpK'aecKI COCTas rpyHlTa. c ysaauew pa3WepoS c~e~myWDaie

paCiqeTHIX 4fpaKtuA: duy,, d3, d20, d1. , dim .am;
-oO,.exmiu sec rpyHTa ycK, slcA

3;
-yAJ~bHUR sec nuq rpymTa 6, alca3l;
- UOpHCTOCTb, n;

- x034*HU.NeN? paSNtoaepIncTOclU. 'q

- Io9*4wtHeHT HMbPaUNN At, C.91ceX.
Qt4R ceasiminx rpywron (tyr~AHH~os mt rA[HH) AOUO~A~rMJnbHO-
- co~ep~.avote rArnnecmrax qaCTita d <. 0,005 it.*, %;
- DjtaHOCTb (ecrecTeeas), W-;
- npeZieai TeKylteCTM, WT;
- lpese.' pacKa-ThIBSMI. W',:

- 'ncao njiacTuqnocmx, Wa.
flpIeeAeHnme BhIwll xapaicirepHIIcTKH rpyHTa coopyxceHHa Hi.111

ero OCHOBaHHHRBnlARIOTCR pacqeT~uuua UapameTpaMII AARt xawcloro
rpyHTa, flpH onpeAe~eHHH era 4)INAbTpa(I111HHO-CY4003H14HHX~
CBOACTB (Cyj"osuH, ICpIITHqeciKHx rPaAHeHT0 CytjX13HH; KcOH-
TaKcTHOro pa3UklBa H Up.), AOJI*Hbw 6Umb o606u4a~twHMH H H8H-

JIyqWHM o6pa30M xapaxcTePH30BaTb paccMaTpHBaemhfi cocTao

2'. OnpedeAenue cyootioncmu (secy~ooomocmu)
zpyicmos u npo~eitma MHWoc CY00053UONMX liacmaqt . fnA*
peweHHRn Bonpoca, SIBAsieTcg .111 AaHHblA rpyHT C Y 4) 4) 03 H 0OH H i At
nHnt H e cy (b 4)03 H0 H H NM, peicomeHAyeTcR cJIC otAIO l UeTOA
pacqera.

a) nlo 35A81111 napameTpaM (U. 3.3, 10) HccjieAyemoro rpyH-
Ta oflpeAeAneTCH AHameTp maKCKmSJ~bHbX 4nubTpatabOrnbX Unjp
o rpyH~e dac no cJ~eAyI0uxel 3aBHCHMOCTH M. fl. IlaBa11qa 16]:

dAC= 0,455- n/j-tc (n2
M~e 2 o3i4pH1eHT itpa.omompHOC1H PaCKA&AKE qacruat a rpytre uxm i041-
f*mtteHT AOKSaJbMocTH Cy4I0n3NM:

%=I + 0,0511, (23)

*Oaernca rpyHra no reomefpvqecvuu xpHrepIRm (6ea yqeTa rupoute-
UNK 4H~bpatu~oHor0 noroxa, .coTopyio CICAyeT YVNtbZB&Tb D K&2ICJI0 KOHK-

PeTHON CAyqae pa6oma coopyKeNHu).
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-=, - Ko*uwu piio3epuNCTOCTU rpyIITa; n - UOPHCTOCT16 (9 AOAUx

tNK KIW); d11 - aaelp Ramrw% KoTopux co~epa rect a rpyHTe 17% tt MeHb6-
mec (no mecy).

6) Maxa~aJbwA paausp 'lacTil6 1Kio~ophie moryT 6blTh 311-
iteceau 4OU16TPSUNOHH1UM noTrOKOU H3 AaIIKoro rpyHTa (npit on-
peAejieHRmx ruApoAnnaux'IcCKHX YCAoBHRsX), onpeAenlgelcw cjie-
Ayioue ft 3a HcHmoCTL~o: m49 -Oj d s ( )

aA *

Evin oxszeecn, iTo H&AtAeIHnMf n10 3aDHCHMOCTXI (24) MSKCH-
u&aJiul p83mep CY4(4 o3HOrnwid '8CTH1U d,'1"' meHbwe UHHHM8JI16-
moro pa3Uepa 'lacrmi rpyHTa dUNK, T. e.

,To Taxofl rpyHT cJ~eAyeT C'UfT8T~bHec Cy (03HOH~M 4 TaiKFO

.rpyHTa uoryT 6&dT6 b iecesuii ace qaCTHL~bl, KPYIIHOCT16 KOTOphIX
weHbiuI manl pam d.j . eCJIH CKOPOCmb(H1TWM rs~a
vanopa) 6yAeT 6oaubiue KPNTHUecICof v (rphlAe

3) flpaxrrna noKaaM~aeT, 'iTO CCAK M3 rpyHTS 6yJAyT BMIW
ceHuM C cau e exie HesauflemAeHNme ero 'acmuu B KOJIlqeCToeI
:He 6OAee 3-5% no secy, To IIpO'HocTb rpyHT8 He HapyuflTCE.

CAe~Aonreaibuo, ecii 4s < 3% (5%) no secy, To Tacofl
rpyHT CAyeT Cqnmab npaxm'iecxmu NCy 104O3HOHHMM.

r) Cusaiwe (rimucre) rpyHTM, o6aaoutHe monlexyAfp-I
11mbm cuen~leumemueMCAY OTAeJIMH R8CTNIaMH H ix arpera-
iaun, nuemiine wNcAo. nua8CTRx'OCm W,.>5, 339107CR e cy 4i-

A) OnpeAeJ~enue uaxCHUAJbHoro 003HOI1C1101 npoixeNTa )
IUNOCa CY4003HOHNMX qaCmuI M3 Cy4iXioafOHmoro rpyma& noI
ireomerpmqe~couy gpHTCpHio (6e3 y'iera rIIAPOAHHaMnqeCKHX
ycJoulk) npossUoAUTR cJitAYIoutum o6pi3ou.

Bui'wcienuut no S3K8CUUtOCTK (24) mSICC3uBJiAbu pa3mep
CY4lo3oIRuX RaCTz 0d14M HaXOANK no0 rpS*3KY, upimof rpa-
HYJIOMeTpH'ICCKOrO COcTISa. rpyNT8 HCKCOM ucmRKCRV6HmA upo-
IICHT 3110C8 (Ha OC6 oPA-DNHT).

e) ECuN ADR necy4i4)osNoHMx rpymTa (a. 3.2, 1)-
NCJAcosepmucrmA H KpfnoSepncKmR-oHTRatpy)TCN MCKAy
co~oR (pnc. 12,a; Ji. -aaoRIb crpeAxa), TO B TaKx Ca~yqa-
AX 4)UJ~bTPaUORDMBX AC4IOpMIILH NOXIThCE me 6yAer, ecau

* 2A
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9TH Asa npuwaioute Apyr X Apyry rpyHTA no rpa~y~ioweTpm-
qecKHN COCTaBam 6YAYT yAoBeruoparb c~e~yiouteuy YCAIOBHIO=

< IA. (27).
rite Do - CpeAHfI paawep Ai~suerpa 4*AubTPaulfRMI flop Kpynnoaeptuictor@.
fpyHTa

D.=0.5 D, (28),

6yxDCHHhue o6oauiaqemxx Te me, 'iTo II 6 asADCUMOCT (22); d3 - pa3Uep qacrUh.
coitepwanakcm a meAkoaepucToa rpynre 3% a ueHbine no secy.

EcAnH ycAoDHe (27) Hie yAom~emoopsercni, TO 8 Taicom c~Ayqat
mower RmeTh tiecro K0H T aKYTRSE C Y4) 03 H .

Jj~JI upeAOTBP8uteHMS ICOuraxTHoR CY4t403HH-lpAbTp8LHOH-
HUX Ae4,opm8iIHft-npoeKTom Aoj!iKHb 6Udm apeAYCMoTpeHIbl CO-
OTBeCT'BytouxHe mepoNpHITH2 (atanpiwep, YICJaAEC 8 i KOHTS8c~e
nepeXOAlHoro cios rpynra), o6ecueqHBaioiuue ee 4)HAbTpaitHOHfHylO

flpO'HOCT]6.
30. OnpedeAesue Kpuntu'ecKLx zpatuenoao U Cicopocmeft

CY0603UU. B Cy4X"o3HOHHMx neCqaHo-rpamifAo-raAeqHrncoahlX
(HAH ute6eHOqrnblX) rpytiTa 6yAeT P83BHB8T]6CR ueXatiqeCxat
Cy("0O3HH B TOM cnyqae, ecAn rpuatieHT tanops tinw CKOPOCTb6
4)HAbTp8UHH B Hem OyAyT 6oabw~te KpHiTHqecCHX, T. e. J >J.p
NABJI V > V'.

B TaKHX C.RyqnXX H3 TOJILaN rpyH~a (He3autiuernoro (Ubti?-
poti) morXT 6hiUTb BMuecerni, nPH Oiipe~ejieHiux rHApOAHHaMH-
'lecKHX YCJIOBHRX, ace ero Cy4X0O3HOHuhe RaCTIU d,, (OT d'il-
H meHbwe).

OAnaICO HaAo HmeTb B DNA)', WIO 3 3eMJhEHMX coopy)iKettHEX
(nA(YrHHax, nepembliqxax H np.), DBMUOJ[HeHHhlX H3 CY4x*x3HoH~oro.
rpyHTia H Ha OCHOSUN HS Cy4N0t3NHHlix rpyHToo, moryTr HMeTh
MeCTO TSKHe rHiArniAHH8M'ecicue ycAosusi 4nJbrpaktioauoro
noToica, flPH ICOTOPhIIC H-3 AaHNUIX CY*03HOH~mx i'pyNTos He
6yAlyT BbIHOCHTbCR Aat~e cambe meAKme 'ero CY4x4=OxonH~me 'w- '
CTRIlbI, flOFOMy 'TO B coopy'2KHHH u ero OCHOB3HNH AAIR HX B3M-
HOCa HeT no aeJlHqrnie rpaA~eHTOB Hanopa (o6zUHX H meCTNIfX)'
6oAbwe KpHTH'IecKHx.

B TakHX CJly'Rxx C~ie~yeT C'NT8Tb, WIO ASHbi~e rpyHThI nO
reomeypuqeccomy .KpHTepNIo R3JIUIOTCU XOTS H Cy4jl)O3HOHHNMM,
OAH8KO AAER AaHHbMX KOHKpeTlIux rHAPOAHSMH'eCKHX YCaIOaUh
OH EIBARIOTCR npaKTHEeCH CY(I)4)3MOHHOrlpO'IIILMH, 8 KOTOPUX
He 6 YAYT pa3BHBaThCg Ofl8CHbie Cyt4P03NOHHme upottecctA H Cy4)-
4)03HOHHwle Ae4popmaLHH.

CjjeAonaTeAbio, AAR Toro, 'rro6. )'CTSHODH'th cTeneHI. (PHAbT-
pSILHOHHO-CYcI4o3HOHHolR fpO'IHOCTH rpyHTa (rpyHra colpyKCHHI
naHrn FyHT8 OCHOBaHHH) Heo6xOAHMO 3SaTh:

a) rHAPOAHH8MHKy 4rna~brpauHornioro noroica, KoTopMbif 6yAer
so3AeACTBODaTh H8 paCCM8TpHDaembid rpyHr;
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6) iCpITHtieCKHe CKOPOCTH HAHl rPaAHT BbIKOCa, BeAH'Nnla
icOTOPuX 3aDHCHT, rJaaBHIM o6paaom, OT pasmepa (KpynuHoc-T)

B161HOCH~hIX CY(~4403HOHHbIX qaCTHix del (a Tam~e 0T K03414HLIH-
emT (4)HJIbTPiIUIH rpyHTa, UopHCTOCTH, OT xapaicrepa pacnoAojie-
Mlii CY400)3HOHMIX qCTKLX 'li iTopax rpyHT8 H Up.).

rHApoAmfamKica 4iuabTpauxnoro noroa oflpeAeAgeTCx HAm
*bHJbTPaUMHOUHHEAH paCqeraNH HANI MeToAoM .3rJA, a onpeAevle-
HHe ICUTHqecKHx cKopoc~eR mHM KPHTHqecKHx rpaAueH~oy3HOXIopa
Aim auam~spyemoro Cy440~3HoHHoto rpyHTa IIpOH3BOAHircs no
4 opuyjiam, npHseAeHHWM HH)Ice.

KpHiTHqecXH1flrpaA~eHT Hanopa (J~p) no OTHOWeHHIO &eXarnse-
CKOt1 Cy4IOS0HH, npit KoT0pom moryT BbUHOCHTbCA CY44M03HoHHhme
'laCTlUbi dj1n3 TOAUiLm rpyliTa, H~qHHag oT4" H me~bwle, onpeAe-
jigeTCx no cAeAYiolieft 3aiBHCHMOCTH A. H-. flarpaweea 161:

JKP = )e Yf (29)

r~e

po=0,0-L - I ,sin (w0 + -);(30)
f, = 0,82 - 1,81tr + 0,0062 ('Ir - 5); (31)

dl- AnaMeTp Cy~b4o3HQHnnix qacmuIL, HaqHa or Hcim K MeHbU~e, CAG fir -
flGpMCTOCTb FpyHT3 (B Aoini eAHH#Uul); g - YCKopeHHIl Cuub TSNwecrN (g
=981 cA/ceIC'); yr - ofiteummw Dec (cxemera) rpyNTa, Z,;CXu; 7,21 t 'CAS3

-

oft~euih~~ Bec aonm; v - KoS4D4)nhlueHT KHHemaTmqecKoIk 9*3KocTH 3OAM, . cee;
S- yroii me2IClY HanpaDJxeHHAMH CKOPOCTH 4mitbpaamm H CHl TUNeciu;

11- - Ko94ltfllwleHT P&M3HO3itCTOCTH rpyHTa; k4, - .cos4rIOteHT *flib-

Tpagint rpyirra, cAtIcemc
Ecam KOiHUHeHT *HJIEOTpauHH rpyH~a kt HeH3BeCTeH, TO

a raicom c~iytae oai moxeT 6&ITb onpeAeaeH nTo sicnepHMeHTaJb-
HOfl 388HCMOCTH m. n. flaB4Hqa:

(lfl) 1r3d172 .

rie fp, - x0s4*4,uneH?. ywinmamagouti topuy KI UICOXOR&?OCTh RacTNn rpyHTa;
no AmmmbI r. X. flpameimoro, -PelcoemAYetcn I~= .1 usN neCvisio-ipDHHo-

naaewnuxos~~~~~~x rpuo;Y ,5 .0inueOHqHmx rpyHTon; d,17 UN
Uep IUCTNlL rpyNru. MeCbfC iKoTOPiia B emr COc8fae ApwnUTcn 17% no se-

FIoAcTass~ 6 4mopuyAy (29) pasawe 3naqemmR del H jApyrne
napamerphi suHHSpyemoro rpyliTa, npeAcTa3meTC DO3MO)KHbM
OfleAeAflUTb meANSINNy DPAKMieCI~oro rPSAmeiRTa iSmIoca (..~)
AAR KazAoro SOASHEOrO paauepa Cy4ftO8HOHHMX 'IaCTRIu AHImeT-
porn d <~ del' 8 aMae se.igxqKRy npotteitTa DHHtoca STIX qa-
c'run (3.3. n. 20, A). AAR icoropmx onpemaaeH lqemlie J.., 'To
noauoaueir OIICHITh cTeInemb cy44osaouBocm TH I'4)RnAbrpaunwilyio

Dpo'iEocTb-annoro rpyMTa.



4~o6w He BO3HHICBJO mexaKH~eccog Cy4I403HE it HapyueHuf
upo'UHocTm FpLyHTa AoJI2Ho 611Th co6AioAeHo yc.UoBHC (20), T. e.
AeflCT~yionulH FpaAHeHT Hauopa i rpyHTe J. AoJxeC 6uin MeHI6-
we KPHTHqeCKOrO rpAAHCRTa cy4mO3sHH Jp, ANx AaHUoro rpynTa

K p HT K qe c Kaa C K 0po0C T bCY43 H. XJaji ofpeAeJ~eHHE
KpNH'UCCKoR CKOP4CTH cy4xbosHK, Jnpm ICOTopoA Hpywhircs Wp-
AeAbHoe pamiBecite Cy4OIOHUX qaCTEIL dj B rpme cie-
AyeT floJb3OBaThb* 4)opuyAoft A. H. Harpauieua 161:

V = .ft4, he'rgk. (33)

r~e 6yacue o6o3HaaeuxE Te uce, RTO R 0 IPopuYie (29).
P.~ Onpeeexue icpuraw,cax zpaduaicmoo u cxopocraek

Icommmmot pa3&m~a Hece8a9uxM U caicaaXb (ZAUwwclNWX)
spykmgoo. Kam yxa3iiBaAociL B (3.2, n. 2) a rI1AporeXHuqecix
coopy)KeHHEX moryT 3CTp'aTbCS KOHTaICTM me*Ay UCAKo3epHH-
CTbIM H KpynHosepHHcrhIM rpyHTaMH (pHC. 12.6).

HeI pKc. 13 ilpeAcTaBAeHut BEAW ICOHT8ICOB, icoTopue MOryT
KMCTb meCTO B rHAPOTeXHHqCKHX coopy)KeHHRX RH X OCHOUHEJX.

;oss (w,.s) O,ISDO

Pc. 13 KOHTAxMid Pa3MB rpyHTa
a-xpyuoepwwclr -~xseucu rpywn7 6-upyminp.
nuemi rpymT-auIwhdU rpyuT; a-Tpnuuoan cmaa-rA.
CTulk RnH ueraeHmfyuT; S-yroa uway wanpauums
CuoPOCTu 6. :HbPUUU AN CHlImc; Dg-pxmd =@NO Iu $wr1 .b-
TpuiouMi mp Kpynuogepumcio rpym; acl-ARIMM ty*
SHOIINUZ) USCTIM MCAK03ONeICToo rpyma, Kovopum -~y! 6-i
*IInfeuu *uatpsijuonuM DoroNOm IK K~jrmsmm pssnulb

KOHT8icTHpyOlUHe MeKAY co~ofi rpyHTH AOJIKNM 6MT1 npO-
BCpeRH ycitoome 0OSRMO)KRH PalUMdSa MeA~cosepnmCToro (juif
CBRSHoFo) rpyHTa 4)HAiTpaitHoffvux nOTOKOM, HAYUXNM B KpynHo-
jepHHCTOM rpyHre HAN TpeuUitHOBUTOR c&aJe ocHoBamnHN(,h)

JI~a aofktteLCH c~aqajia CAeAyeT onpeCAITb IRPHTH'CCKHI
rPaA~eHT KOHT8ICTHoro pasuueva 4p. MCAKosepucroro (man CUEs-
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moro) rpyHTa, DAH1M~a KoToporo SBHCKT, rjiaBHSM O6pa3oM,
OT COOTHOueHI KpynH0CTH *)paxuidl sep~osux COCYBBOB KOH-
TaKTMPYIOLUHxcg rpyHTOB.

3arema nonyqesnioe 3Haqe~me (BeftAqrsy) Jpj, cJeAyeT cpan-
IIM~b C KoHKpeTHbEMH rMApOAPIHaM~qeCKMM YCA0DHMI 43KAbTPa-
UiHBoro lIoToKS B AaUnou COOpyCeHHM HAm ero sAemeHTe
(HanpKmep, 9 nepsom cAoe nepexoAHoft 80MM SlApS JIAOTHHU, MAR
a OCHOB8HHH coopy2Keums), qTo6ll YCTaH03HTb HaAm'Kue HAM 0?-
CYTCTD~e PaSUbIwa KOHTaRTHol SOHbI H 43IIAbTpaUHOH~HIX Ae4)op-
uaXHMR.

OnpeAeJ~eHHe BeAjjqHHW J.., AARM HecB23HhUX H CD33HX (rm-
HHCTux) rpyHToin, B 38BRCHMOCTH 0? iKpyflOCTM NX 3epH0Dhdx
COCTsB, npHBOAHTCR KNUce.

a) OapeAeaeue ICPHTHqeCHX .r p aA xHTo0B(CKopocrea)
KOMYSKTMoro pa3MblBS HeCBR3HUix rpyHTOB.

Ecaw mexKAy co6oil KoHTSICTHpyIoTCM Asa pSHOPOAKMIX He-
CBR3Hbix rpyHTS (isnH rpyHr C TpCUtHHoBsTolk cicajio§), [C pH TK-
qecKHtI rpaAHT pa3MbIDS.MCAIKO3epHMCToro rpyHTa H pa3-
uep BmHocHmUjx Cr0 '1CTHIt AHamerpoM d,,>3 %0 onpeAensiercx
no SICcnepHueHTSJ~bHOR sSBCKMOCTM r. X. Hlpa~eAtfoIo:

dl desds~e
npnqeu OTHoMOeRe < 0,7, pmc. 13, a; np.t oTHomeuIC, m 0,7 pamuma
v snuoca ipaxWit meAKo3epNHc~oro rpyHTa 6uM1 He momeT; y1 ,,, Ii 0-o6o-
3Naqeuua Te me, qro a O4pMy~ax (30) m (32).

CpeArflk AMaMeTp 4)IIJ~bTpSIltOHItx flop KpyIHO3epHmcToro
FrpIITS Do onpeAeAnercx no 32BHCHMOCTH (28).

UnpH onpeAeJCHMH KPHT~qeCKoro rpaAI~eHTa pa3muDS mCAKO-
3epNHCToFo rpyHTS MS KOHTaKTe C TpeCIUHNO~aTOA CicaAofi (pHC. 13,.),.
3 STOM C~iyqae, MO2ICHo noJ~b3ODSTbCSI 3aBHCHMOCTbIO (34); TOAbCO
DmcCTo D0 B ASHYO 3aBHCHM0CTb (34) caAAyeT IIOAcISBHTh sliS-
Reiwe (npeOjAsioutero p83uepa) IIHPHHU TpeuXHH 13 CKSAe b.
HMqt= 0,35 - 0,40.

4bopuyjia (34) cnpase~imea B TOM cAyqae, eCAzw RamC Peft-
HoAb6Aca Re, orueceifoe K cpeAweuY AKSMCTpy *Hitinipattim-
moFO xoAa S KpynlHo3epHHCTOm rpyHTe DO:

Re = tp.o<20, (35)
v

ne ko- IC344UHTf *IfJbTpa8zIII ipynosep~uucroro tpyNTS, oapeateiAeTCS
no 388KCHMocTR (32), man hcK-os~tQune l9'ubTpazan cKaAu; D,) - onpe~c-
A1?eCR 110 3aBHNCHflIT (28); v -Co14I4SIImRT twexbTlN'cKoff osKoCN soam.

d
17fpu BumIoce meNjffi mesamemAeRHw: .acmii d4i < 3% npoIHocmb rpyn-

?a Hie HapyffuaeTCA; nosTOMy BeU'tiitY KpKTII~eCKOrO rpa~uenTa p03UM~u J~
cAcAyeT onPeAeJAsTb up. smoce XeAiuX 49pAK4XNf, PaUMP ICOTOPUI 4dj

i.e. 4j P dm
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flp Nm e 4a H He. Jipm Re > 20 (Ibopm)yJIo1 (34) NOWHO lnojIb3oBaTI-Cli JIHWI.
AI opmeHrlfpOooHbIX pacqeTop NAN Jpas cjieAyeT onpeAeaith ORMHibig ilyten.

K p HTHi ec ia R P83 M USBaioULa x CICOPOCTb6 Vp. Ha
XOHTaKTe: mejiKO3epH14CTbhik rpyHT-IcpynH3epHHCTblfi rpyHT (iiAw
TpeUXIHHoBaTaSI CK3Aa) moMweT 6bATb onpeAejieHa nio 3aSHCHMOCTH:

Vpa. = k~jps (36)
r~e k4, - To me, %To mI B samucnumocin (35); 1pa3 - npimmmae-rca no aancmuo-
CTM (34).

6) OnpeAejieH~e KpHTHqectCHx rpaAmeHTOB
(OIITaKTHoro pa3ubIBa CBR3HLIX (rAHrnrCTbdx rpyHTOB)

B Tex cAy4Sixx, KorAa moryT B3CTpeqaTbCRl IOHT8KTbM me2Ay
C0113HbM14 (rAiniHnCmIM) I'pyHTOU 4 ICpyflH03epHHCThIM ua~epH8aqOM
(PHC. 13, 6,S) HAH1 c 1'peut.H~oBaG11 CHIRf, CBR3HUiA I'pyHT MaO-
XeT lloAsepraTbcR pa3MbI'Oy.

3Haqernie icpHTHqecKoro rp8AxeH~a pa3Iablsa Jp ripH kOHTaKT-
HO40E)HbTpaU1IH: CSJ13Hllft (rAHHCril1) rpyHT c 'wcaioi njiacTHq-

HOCTH W. .5 KpyflHo3eplNCThlt pyI4T (HJ.1wTpeUL1HOMaTaxIcicaaa),
m0)KeT 6bITb orapeAeJIeHo no0 SKcIepHmeHTaAbHoR 3aBHCHMOCTR

______ 0,75, (37)

rxe DOM a -oupe~eAsleTC* no 380HCHMOCTN (22) maI KpnoepM~

rpyN~a, npoqeu Do"KC < 1,8 c.* (npu Do""~ > 18 c.c 6YzeT flpOHCXOAHTb oT-
ClSamame cuasufOrO rpyHTi a nopax XpyffKOaepCOI'O asaTepnala mo paauuaa
.oNiaaya, fiPi J>O).

JAaHHa81 3aBHCHMOCTb (37) uomeT 6blm HCIIOJlb3OBaH8 JM On-
peAeAeHHS 4, H8 KO14TaKTe: CBX3HbR irpyilT-TpeLHHo~aTag c~a;

its (pitc. 13, e). -B wrom cAyqae amecro D;"'C B 3SCUUOCTb (37)
cAeAyeT UoAcTSDJIRTb maIcCHmSJbHoe 3H~kqeNIe tWHPHHM T13lU1U3
a Cit.

U,. 06100 yuaSammu ma PACReiau I0MA16Tp&KWMoK-oj*O3MNouuiX
Ae4Wip~hiiNI rpyNTO. (NO &&,. .,3,, )

Ha OC14OBS.HHH BbinOA[HeHHbIX p8CqeToB (3.3, ni. 2', 30, 40), AAR
HSFJINANOCTH, peSyflbBTM pacqe'roo AJIR lca2.AOro flpoaH8JH3NpO-

ICOTOPOR SHAKO: TaO&.uqa 3

________ pynt _____

-d .sa(J) *1mpem m

I -IF:



pasmePhl AII8UeTPOB CY4O3HOHX 'lacTmil 0? di,ao di<
KpHTHqeCK~e rPaAneHTLE SWIRoca (HANH paS~b[Ba), COOTBeTCTBYIO-'
lUte AaHHOR KpynHOCTH CY44O3HONHUbX 4aCTHUL H npoixeHT BbuHo-
ca MX.

TaKNM 06pa30Mu peAcTavuuerc B03MO)KHblM YCTaH0BHTb upe--
Aejili )decTubm K NT~qecKHx rpaA~eRToB Hnnpa ?dexaHHqe-
CKOR Cy4)$O3HH Jup N KOHTfiKTNoro pasaihiBa JV83 Ilj) KOTOPhlIX
lBbIOC MeJIKHX 4)j)BKUIl A0oAXceH 6Um dj<. 3%6, T81C ICK B 38-
BKCHMOCTH OT STOrO 3H84eH&ig AOJIMrn, 6hiTb ycTaHoBJJHm ~Ast
Aamnioro rpyHTa AonYCicaembie rPajuieHl CY4N003HH HAH KOHTaKT-
Horo pasuBa (c yqeTom XosqxHUHeHTa 3anaca), T. e. AOANKH~r
6UTb B~nfOAHeHLI YCnOBHR (20) H (21):

rxe J*,, - rpaAfleHT Hanopa B o6JaCT PaCCua~ptteaemoro salemewra nAOTHHnU
uix a ee OCHOnaitni, npH KoTopom obecneqH~aemc (pflbTpa~xoNI~asi npO'IHOCTI
rpyHTa; k3aU - lco394Rh1He 3anaca (CoTopulii YC~aiia8AjiaeTCJI 0 3aSHCHMocTh
OT icareropum coopy)Kewimi no KaUNaAbIHocTN. OflICROCTH So3NHHCHo~eHHRl CY4 .
4003Nfl II fp. ycJIOBHfl).

24aHHUM~ meT0Aom MO)IHO flOJiJb3OBaTbCg npHi onpeAejieHHH ;LO-
flycicaemoFOon OHPO rH py io iuero rPaA~eH~a 'Hanopa (J),,,
D cAiy ae.HeO1IHOPOAHoro OCHoBaHHSI COOPY)KeHHR, o6pa3o BaHHo'o,
rOPH30HT8AbHbIM HnaCToBaHHem OTAeJlbHbix I'pyHTOB (CU. 2.5.
n. 5)

B pe3y~lbTaTe BbinoJIHeHHbIX pacqeToB no %feTO~ty, YK83aHHOMY
B (3.3, n. 20, 30 4V), onpezenAeTCH J,, A.?"! Ka (2AOrO C.'Os rpyH-
Ta, caaraiomiero OCHOBaHHe, '1 no nHHmeHbwe~iy 3Ha'ieiiIO J.A,,-
KaK Ham6oaee oII8CHOMY B OTHoweHHH CY4Mt)O3HH (aiiyTpeHwelt K
Ha KOHTaKTax) c y'ieToM Ta65a. 1, nprnrnmaerca COOT~eTCTByioLee-
3HaqeHne (JKX,..

3.5. oflPEAEJIEHHE PA3PYWAIOW.tHx rPAIUIEHTOB BbIflOPA rPYHTA
H MEPbMW~~bb C MECTI~bIM OHJ~bTPAtIHOHHbIM BbItUOPOM

1'. Pam'emmue g~opAmymie. dAR peute/uR 3ada't, C6q3aumNx
c sunopom zpyowma. a) B BOCXOILRu~em 4PH~lbTpatkHOHHOM noTOKe,
noA AeilCTBHeM B3BewHBaiouiiHx H 4rn.?bTpallHorn~baX CH.' mioier
NPOHCXOAHTb 4,HJ~bTpaAHOH~bII Bb:II1Op I'pHTa1 (oTpue H flepeme-
mueH~e Heicol'oporo o6,ema rpyHTa), T. e. ecAHt B KaKoiA-.wl6o,
O6haCTH BepTHKaAbHhie COCTaMRioulue rt)APOAHHamtiqecKHX CHAI
npeabiC1T KPHTNqecKHe 3H8qeHHR 11 He 6yAyT ypaBHOBeweHhI
cHja8mH, npensiTcTByIOIUHMH BbflOpy, TO B STOM c~iyqae moaKeT
nflpl3ofkTH Bbinflp FpyHT8.

CHJaMH, flpelRTCTByIOLitHMH Bblflopy, HBAieTCR Bec rpyHTa OC-
H0B8HHH H Bee npHI'py3KR (Apenamca).

3.3.
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CAewATe.,ibno, ocsuoot mepoft 6 op6u c swoopom rpyHra
suse~ca upurpyaca ero cJIoeM ApeHaIKHoro uja~ep8a~a *.

6) B pa6ore [31 P. P. 'IyraeB~UM 3 ofutem HAue paccmaTpKt-
saeTcii sunop rpyHum BOCX0AIWXHM 4*HJbTpaUHOHawMi noFoxOM

nlPH H8JJHRHK UHF~rp3KH no cxe-
.ie, npHBeAeHHOfk H8 pHC. 14, r~e

__________________cJ!of t noABep2KeH AeACTSHJo H8-~ .J'd.*dj:.h. r npanBnernihv Bnepx c43HAbTpaIW0OH-
WHux CHl f*. t4T06M He AOIIYCTNTrb

It BbMI10a rpyHTs a6et (4)HJtbTP8-
IHOHRMK CHASMII, Aa~Hbift rPYHT

AoJIzeII 611Tb nparpy)lceH cAoem
APeHa3KHOro rpyHTa, roJ~tHHoA T.

Pwc. 14. Cxeua Baunopa rpytira B COOTBeTCTBHH C YKa3aHLM
T-ommoa eim npupH~ySKHu t-1oams npo4). P. P. '-Iyrae~hiu 6E1mb fpeA-

clog rpyrzra. U013Pae.HROV SUDOPY Ao)KeIIO AAR peiueHHR BOTIPOCOB

mu~nops rpyllTa cAeAYioutee ypaBHeIHe 131:
Ti.p + tym = ka. tf*, (38)

irAe 7.30-ofteaugaf nec Bmieuemoro-rpyuwa; up -06-beUMHblf sec MaTepmaa
npNrpy3KN (B C7XOU NAN 30 M3emeHNm OMcToyouef); km, - KOS44KaeINNT 3a-
niaca; t - roumia caox rpyHTa. no~sepxeUhoro Bmnopy; f* - ynexbnag 4*Nb.

aURoml. CHI&, npRmioxeHHas x eflNNNIte 06beva rtWVHTa, BeAnqffna KOTOpOI
4coracw~ K. Tep.garii) pasia:

ft =Tail (39)
rite Ta - o6ibeUrnli BeC nOiw; J - Ahe3omerpNqecKNI yKAGHO (rpaAveHT ,IanOPa).

O6bemubil Bec rpyaTa, B3BeweHHoro B Bel~e T..

ls lc(I fl)Ti. - (40)
ize 7c - o6-beauni sec cxe~ieTa (cyxoro) rpyHTa; n - flopHcTOCTb B 20131

143 npHseJ~eHHoro ypaBHeHlfR (38) IIpeACT89IReTCH B03M021C
14mbm ormpeAeAWTb: p

a) K P HT q e C K n A1 rpa~neiiT Buflopa rpynzira fH orcyrBam
.lpHrpy3KH;

6) DLIXOAHOA FpaAmeHT Hanopa npit HSJHqHH npmrpysKNH;
8) TOAUtHHY CJIOS npmrpySmcH B 3aBHCHMOCTH oT seJIHqH

UBMXOAHorO Hanopa J...
B) BeJIH'qHa KpHTHqecicoro rpaAmeHTa suriopa 4 iaoeT

6mar6 nonyqeua H13 paDneHHR (38) 13 cayqae, OTCyTCTDHU ApH-
rpy3mcH, T, e. nlJH T= 0 H ka. 1.

flpn saMHmwx yCAOBKEIX BmcCTo (38) 6yAeic Hmueb T..a
VWAR 1am l.4. IloACTaMEW Suatinitx f4, m I.. ms (39) m (40)
'is I. A (I1- ai), noc~iC HecnoZmx npeopabanMf, flOA~ti.
-4opmymy A)I3 onpeAejieHHNg DCAHitIHU KPHT~ti8CKoro rPsAHCR1U

MorJT neTh mecTo N E0'IcTpyKEE16 ueponpul?mx. KsK manpunep:
Vparpyaoauul Apeom ynoaoxemse otnoca, of caymae smioma zpKUA xflpec-
CNN uc era uosepsxc (cu. "use).

.34
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itunopa Jp B cjioe rpyliTa, noABepxeHHoro eiopy, flPH OTCYT-
CTBHH1 flpHrpy3H B iaecre BhlXOAa @HmAbTpaILHHoo noroKa:

rite A - yACmb~HIm SeC 'IaCTH'l rpyKTa; 7, 06beaHmAa sec so~m; n - o-
CIOCTh rpyHia 3 AOflX eflHHHUbI.

,taHHOR 4opmyjie (41) COOTBelrcTByWor4)OPMyj K. Teptiari,

a Tam2e E. A. 38MapHHa* Jp (--1 (1 - n) + 0,5n, HiO 6ea.

IIocJeAqUO qAeHa.

rIPli onpeAeaeHrn-.r AAIR meqK0c3epHHCTU~X necqaHbix rpyii-.
TOB, HmeioUAHx cpeAHHA pa3mep qaclrHU dso = 0,07 - 0,20 mm.
B 4popmyJ~y (41), icaK [IoKaSSAH aKcnep'weHrbA, cnejiyeT BBeCTIP
flofpaBOqHbIA Ko94lx)1iweHT a:

411(4')
rite a =0,90 - 0,95.

r) JARII onlpe~eJ~eHHsl BeJIHqtiHbi BL1XOAHoro rpSAHeHTa Hanope&
J..,, npif HBJ]H'IHH flpHrpy3KH TOAIIUIHOA cAox T, qacqeTHaR 3a-
BHCHMOCTb mo)KeT 6Eurb noAy4eHa H3 ypaBHeHHR (38).

flHH~uaRk9 = a TaK)Ke yqHTblBaR, WiO Law! J"' m pewa
yp8aeHeae (38) OTHOCHreALbHO Jp~ noay'lIIM: 8

T n ,, (42.
r~e 6yKneHrnwe o6ommamrIX Te wse, qTO B ypasneHU (38).

143 npHBeAeHHofk 33BHCHMOCTH (42) cAeAyeT, WiO HeoOXOAH-
MOCTb B npiirpy3ice rpyHTa OCHOBaHHa B mecTe BbIXOA8 t)Hqlbrpa-

1110HOro IOTOKa Tpe6yeTCH B TOM cJIyliae, KOrA J. > rJp, rAe-

8.p - XpHTHqieCKHA rpaAuieHT BbIrl~pa A~AR Aarnioro rpyH~a OCHO-
BaHHHI, 3Ha'ielfle Koroporo onpeAeIHeTCSI no 3aBHCIIMOCTH (41).
HAN 41)

A) TojnUrnia cJIoR IpHrpy3K T, c y'ieTOM KO44cIHijHeHTa 38-
naca k.,.., mo)KeT 6blTb onpe~e~e~a H13 3aBHCHMOCTH (42):

T =t(ism, - I).!.. -Inks (43).

r~e Kos9"HU1eHT 3anaca peKOmeHAyeTCR UIHHNmaTh kh,., = 1,2.- 1,5.
3aBHCHMOCTH (38)-(43) MOryT 61MmHCnIoqb3oeai'bl fAR peue--

HHR1 3aAa'i, CBSI3aHHIIIX
a) c onpe~eaeH~eM AJIHHLI nOAseMHOrO KOHTypa nAOTHH;

*3auap~lH E. A. flsHwueHife rpyHTornIX ow noA rHApoTexHHtqeCKHMH coopy.-
xceHliAMH, NSA. BI-IIXH, 1931, 112 c. c m.mJ.

3* 3&~

0. .



6) c oflpeAeJaeHHeL KPHTHqeCK11x rPaAweHTOB rbnbnpa Auisi

rpyHTO OCHO3BBIIHI H Tejia UIAOTHHka;

B).c onpeAejieHHeM TOAIUHHU flpHrpy3KH (npH J..z>J;)
.AARH o6JaCTH rpyHa, nOABepxceHHoro BbiIIopy H flp.

fi-Hxe IlpeAAaraioTca hieToAbl peweHRni 9TKX 3aAaq, rnpKmeHH-
TeAbHO K rHApoTeXHuIqecKHm coopy)KeHHflM.

2T. Mepbe 6opb6bi c Aemumw (fiUAbmpal4uoxubtx emnfopom

a) Bunop rpyHT4 npx nuzxoje 4)HAbrpawiHoHaoro noroica 8 HHmciiHA 6be~b
(pKc. 15 m 16)

Bbinop rpyliTa moxceT flOSBHTbCR 3a npeaejiaMH IlOA3eMHoro
I(OHTypa coopy~eHHHn, npH BbixoAe 4)HAbTpattHOHHoro IKOTOKa

B HHNKHHfk 6ibe4, rAe AoJI)KH
* pacnollaraTbCR ApeHauc, BblnOA-

Jf~j nsOuwXHA OAHOBpemeHHO H pOJlb
npHrpy3KH rpyH~a OCHoBaHIHR
(plfc. 15).

flpoeep~y rpyHTa 1Ha BLiHop
0 1 'AD IB o6AaCTH HHXKHero 6be4)a cjie-

AyeT BblfOAlHSTb flpH YCJIOBHH,
ecJli M8KCI48ab~Ahl Bb1XOAHOft-Tx A - paAHeHT HaITOpa B sflfKI~em 6be-
4)e J.,.>O0,60-O0.70 12 1.

flpH MaKCHwa~lbHO~t 3Htie-
11111 SbhXOAHoFo rpaAHeliTa Ha8-
flOP8 8 HHX(Hem 6be4)e:

Viec. 15. K onpexjieeurn Tojummumt J..,Kc > J-Bp (44)
npurpy3Kn T mi

~ZOUOI~p.~I~T DESSU~r S~n~yA e J'.- KpIITH'WcKul rPaji~eHT ew.
UUifmzafopos. .y-pammias asppu- nap& AAR JAaKHuoro rpywRa OCHo~aNHU.

KJlk AMN flaO~UM O3DPM rpOMOWFOS DeJI~qMKa KOt0~pOrO onpezenmeTCIu no
y~Ii) a~- x-up UOUI 3aSHCUMOCrH-(41)- Nit (41'), cAeAyeT

rpauenm; Jup-IPu?.ICKut rP"NONT npenyCKatpwM1am COOTseTCT~ly)iouitC
smop xam r*ST OCAOmaINK (mPH OTCYT- weponpHXTUR no npeAOTmpaUelwuo
cTamm apNrpysau); J, 9-AAWl NPVYM sToro me)KeJATeAbHoro AmBmeH.

FnpH mccJ~AOsaHH 4)HAbTP81HH (HanpHuep meTOom WAJA)
8 TeJ~e Hi OCHOBaHHH 3eNJINHol HAH 6eTornbOf [IJIOTHHhI CTPOHTCH
sn1OT8 BU[XOA~bIX rpaAHeHTO3 manopa, KaK 110Ka3aH0 Ha pHC. 15

B ttejgX BMRB~eNHKS MaKCHM8AJbHhIX 3HaqeHH% BUXOA~blx rpa-
AHeHToB UHliOpa, Eniophi BMXOAHmx rP8AHeHTO3 cAeAyeT CTPONHI~
AAR o6AaCTH rpyirra OCHoiaHHR, npHaermtu~etl BO3~wKHo 6,AHxe
K JIHHN flosepXHOCTi MaH HH2KHero 6beita.

3rnoph BUixoJHL1x rpAnMemToB A8IOT BOSMO)KNOCTb otteHHTb
11POqHOCTb H YCTOR'iHBOCTh6 OCHoDBHMR COOpy2IeHNN.



1. OnpeAeAeHI~e TOAIUIIL N AAHHLZ uptHFpy3KH

Ha pi~c. 15 flpHseAeH BbIXOAHOR 4)parmeHT nOA3eMHoro KOH1-
vypa coopymceHRR C JIHUSIMH PBBHbIX HaiiOpoB H 3tiOPOfi BhIXOA-
MLIx rpaAHeHT0B J.. = f(X).

Ha pitc. .16 npatmeAeAbi: Az
a) HH3oBoft f(aff 3euAifuoR ao-
THHbl C ApeHa)K H10* npH3Moft, flH f
HHRMH PaBHLIX Hn~fopon H 91110- 4
p0* DLIX AHblx rpaAHeHTOB; d~ JI.&-
46) HH130B0* KAHH 3eUJIHOfR UJO-
111KhZ C HaCJ1OHHII ApeI18)om
It OTBOAgmUeA KBHaBOR.

JAR peuieHHi B~flp0ca 0
7OAIUHHe npI~rpy3KH B o6JAaCTH
DMIX0Aa ()HbTpa3UH0H110F no. ~hj
-r0Ka B H111)1(141* b4, r~e 1403-
m02IKeH BblI1op rpyH~a (upt I
J.,,, 4~), Heo6xOAHMO Hme~b ~ * *%A

rH)XP0AHHamHqeCKY10 ceTKy
<PHJbTpa~UHH, flMI BLIXOAe 4(PHfb-
Tpa3tHOHHoFOro ToKa B HH)KHHft
46be4, H sfl10y BLIXOARLix rpa --.
,AIeHTOB 1

N =f(X), 1(8K no0K8
3aHo Ha PHC. 15. h-I

Ha BbIXOIIHONI 4)parieHTe
ROA3eMHoro K0HTypa coopyxe-
HH1H, 'Zepe3 ero KOHie'IIyio T0qKy PHC. 16. K onpAeAe im i unopa rpywra
fIpoBoAHTCSI paCqeTH~aa BepTH- 0-MM3ODOA -mJM -eAA,,01 ILIOTIIM Apeaxuc-
K(aab yo(HC. 15). Ha aroft 1401s mlHSO cup. egaaarnxe muwa mos. 6 -sY 'y. c HCtAommU -xpNao OTROZMaelk ApenavK.pacqeTH0A BePTHKSAH CTpOHTCR Ee" Molt awol.

rniopa pacnpe~ejieH fig rpaAffeH-
TOB B TOtlKaX riepeceqeHHv pacqeruOR BepTIIKaAH Y' C AHHHR-
141 aBthHUX.Haop0B (1, 2, 3... ).

I-ia pic. 17 npeAcraBneea asmopa J, =f(y), no~AyqeHnia B
paCqeTIHoR BePTHKJIH .y', r~e 1n0 BepTHKaAbHoR OCHt V' OTAO-
)KetHbI paCCT0EHH1 OT 1I0BepxK0cT IH*Hero 6beita (OT T0qKNf A)
Yl, Y2 H1 Y3. COOTBeTCTByiowkHe 3araty6JeHH1M TO'eK 1, 2 x 3
(pHC. 15), a nio OCH Jy, CoTeTCTByIonte STHM Toql~aM 1, 2 Hi -3
rpaAmeNrhi H8E10P8 4,, 4, H 4,, I10AyqeHHLue 1(8K COOTMoUweHHE

B pe3ynblaie floxy'aeM Ha8 pacqeTHOR BepTHKaJJI ,Y* 3flj0py
pacupe~ejieHHR rPaAHeHTOB Hniopa J, = f(y).

3aTem no 3aSBHCHMOCTH (41) HAN (4!') oapeAeaRercR SeAuqHjH
KpHtm4eC1(0r0 rPaAHeIITa Bbnp J.p AARH ABIH~oro KOHKpeTHoro
rpyHTS OCHOBSHHR.
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nio nojiyqeHHoMy 3ilaqeuHmo m sampe rPaA~eHTon Jy=f(y),
pHc. 17, onpejiaeTcx roanuHa cvnou t, cooTercrnyioutax RcpH-
TMqeCcof raiydrne 30MM uOPS y,", rAe rPaAxeHT Hnopa pa-
Be H J.'p.

3a Bejtit'wuy t, no 4)opmyjie (48) onpeAejilercg TOAIUXHH&
caoR npmrpysica

T = f JJol ) 7 kM

rite 7.p - oftemmulI sec npIurpy3KH Nome? 6uTh 3 cyxox MAN no D3nememmolt
coCTOHum (m mexoTopxx csyqaux 6eroHue OANThi); k,,, = 1.2 - 1,5.

JA AH Ha n pHr py s K H I~ (PHC. 15) upxceT 6UT6 onpeAeaema
no SUiipe BWXOAHbiX rPaA~eHTOB axopa f~ =(x).

1./ 'i

T

Puc. 17. 9ampa 4v=1(y) ma pacqeTnot nepmaa.
.y* (iAn OnpeACeern ToAIuImN cos t, cooTe?-

ctmymugero ray6nne 3a un wopa)

3nas eamIN'HY Jp, 3maqMHe KOTOpOrO. K&K y98SMBlAOCI*
3UlWe, oalpeAeAmeC no 3aNcumUomT (41) Hmi (41') Arn AaH-
MorO rpyirra OCHOBIMME, HS arnope J., -f (x) OTKJI8AM~aeTC

ero sMSqeHme N onpeAeAhelcs B macwra~e X., no oCHt X*.
DAMH8 npmpHFy3KM OT * oAoenpommitemoR q8CTM BixoAmoro,

+parmeuTa coopy2KeHMN B HanpaBAeumM 0cm * c yqe~ou Kco4-
uwinewr, 3anaca (*..) GyAeT*:

lop = n. xw(45)
CAeAyeT oTmeTMTb, WiO B 3IDUCHMOCTU 0?T COCTasa rpyw~a oc-

mossums, rpaffyAomepg'IcCKuR COCTSD npurpyax.
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B 3OHCe i<HTaKTa c rpyHTOI ocHoBaHHRU AOJI)KeH 6hlTb noAo6paH
no np1i1141ny o6parnforo (Ptflibrpa (psic. 15):

a) J"tifl 3a[Iw~ukaemoro C893HoI'o (rj]HH~cToro) rpylia ocHosa-
Hill c qitcaom nJiaCTItIqHOCTH W> 3- '5, rpanyjiomeTpHqeCKcHR
(COCT88 M8TepH84I8 flplrpy3hH (B So~e KOHTaKTa) AoAxceH yAoBste-
-rBOpsITb czeAyIoutemy yCAOBhio:

D mac D = u*4 _ 0,82
o O757.BMZ - r c-u. (48)

rj~e Do""'c - Ma(CCHMafibHh A.aterp flop Inp~rpy3KH, oflpeAe~civ 110 3113N*
CHMocTR (22); Jbm - rpaiemr Bbinopa, upu ouxO4e 4*hlabTpaabomiforo florova
8 1HHtfl 6be4) (puc. 17).

6) AAjR 3aiifutemoro HeCBR3Horo (ciinyqero) rpyHra OCiiO-
BaHHRi rpaHvyAomeTpHqecKHtt COMBa MaTep~ajia np$IIpy3KlI (B 308e
KOiiraKra) AoA)KeH y2~oBieTBO~11Tb YC41OBHIO H e o C hi nae MO-
CT H 16J.

2. Pa3rp)soliiiH ApeHamc

B 3.2 H. 3 OTmet~aJIOCb, WIO B Rp8ICTHKe riApQTeXHHqeICuoro
CTPOHTeqbCTBa NioNKer HmeTh MeCTO TaKIcof BapHailT, icorAa n1-
THHa paciiojiaraeeRc Ha OTHOCHTeJ~bHO ToHICou CJoe FJIHHmCToro
HJIH xtaJiOBozonpoHIlluaemoro rpyHra, a nOA HHM 3aJieraeT CAOR
rpyHTa C OTIIOCIITeJlbHO 6OAb~uet BOAOflpOHH1xaeMocTbIO, pHic. 12.a:
cjiog I - rAIIHHCTMI, CAok 11 -- flec'aHbifi. B 3TOM~ cjiy'ae, noit
letkCTBeilm cjHJ~bTpaIUwOHHoro noroKa MO)KeT flpO13ORTH uecTHhafk

*pHJbTpaIWOHHwtk bifInop Ha no-
BePXHOCTH Alia HHXCHero 6becja
OTHOCHTeAbHo TOHICoro maaoBo- H hvt.

AOnIpOHhfuaemoro CJIon rpyHTa-
1, pHC. 12,a 11 18. j

rAIHHHCTbIRk cAioft FjpIHTa (2) -
B HHICHem 6be4e (pilc. 18) 6yAei'-T~-
nH p)CCH Bbiflopy C AOCTaTOq- s
HO 6OJbnIHi 3HaqeHHem rpaAH-
eHTa manopa. Putc 18. K nunopy rpymm~ B uirnawiH

JAeACTBalre~iHO, ecFiH npe- 6be*i
He6peqb rIOrepali iiaaopa B riec- I -?ealo n1lroUi;M 2-TONKaA cjoRA Fr1UMM, YOS

'l8OM ~io I HaWH~HC o- A14HOA fc1 3-p&rpyaoqmn Ape~am; 4-caioftqaHO, c~io 11 Ia WH3Ke no Tomtok T; bmKc-M1*CcWM&Ab-
AOWbZ fIiOTHlib i ~pHC. 12. a). TO HUR p33Mep 4)H.IbTPIrtHMX flOe MhTepH)MI

AeIRCTB)IOwIHf HaflOp Ha coopv- flpIIpy3KH.

KeHiHe porpaaIC Ila CAOfl
rAHHHCToro rpyi4Ta: Ha BXOA-II BepXHem 6be4)e u sbixoa-B HKNxc-
H~il 6he4). 11pim'em, Ha ixae aom H3 9TAIX y'18CTKOB 6yAe'r repgrh-
Cli sewmlllll~ HaflOpa, paeiiaR npii~IepHO O,5Z.
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C~aeAonaTe~vbuo, rAjlt{&4cThILI CAOft rpyHra ToiaW.MHot t,. B HKxC-
Hem 6be4,e 6yAeT HmeTh rPaAiteHT rnbinopa

rAe Z - Hanop Ha coopywceHie.

B JIBHHOM cjiy'iae, AAJR npeAoTBpaumeHHR HeAoflyCTHmoro SlDae-
HM BhUnopa, Heo 6 XOAHMbO B o6 AaCTH HH)K&Iero 6be4)a YCTPOHTb
DeprHKajibHblft pa3rpy3otlHbIA Ap~ac KaC nO~a3aHo HSa
PHC. 18*0.

[IpH HaJIH'IHH TaKorO ApeHaxca B HH)KHem 6be4pe npairi.'ecicH
CHUBIOTCH BbIXOAlie rPaLAHeHTul Hanopa, reM COMbIM HCKJJioqaeT- j
cR ornacHoCnb Bbnopa rpy4Ta.

nl p H u e q a H iile. 2lxameTp H KOHCTPYIOSI pa3rpy3oq"b[X CKBaXiHH BeptH-
K3abHoro APCHaWca, HX pm3.elueIIme (wiar) onpeAefjlOTaRc no pekyalbraTau 42Hlb-
TpaUHMOH~bIX MCCJieitODSHHIA, C yqeToii rHAporeoxorHqeCKHX H apyrHx YVAOBHiA.

6l) Bunop rpyH~a flpH aLXOjie 4*HAbTpaUHOHHoro nOTOKa Ha OTKOC

B Cjiyqae OTCYTCTBHSi 2ApeHa)Ka HS HH30BOM KJIH flaOTHHbl,
HJWH B C.Ivqae, IcorAa Apeiiaw HH3orO KAIHHa HAJOTHHbZ 38KOJIb-
MaTHpoBaAicf (HAH 3aCOPHJICSI flH c~eI~aHHH BOAbl no OTKOCy),
KPHBaR AeflpeccHH mo~eT BbIKI(HHHBaTbCn Ha noBepXHOCTh HH3O-
BorO OTKOCa flAOTHHbI, pHC. 19. flpH 9T0&! la 3oHe B' nOA AeIICT-
BHem 4I1HAbTpautHOHHItX CHJI mo)eT RljOH3O0lTH meCTHbItl 4JTpa-

Mua,#

Puc. 19. Duanop rpyHT8 flPH DalxoAe KPH5OA i AUpeCCHH ill OTKOC

4--TO4Ka SUXOAS UPHROO AelptCaIII4 118 OTKOC; .8-3us mecmuoro tbusbrpaumoHnor
SU09aE G- Y!A KOVAOHN& NESOS0rO acc aK IE COUMY ct -as 'A' .-
30ooro enlacI; DpaeMKCHblif :Py:KH. PMNAbTPMUNo"nlX ROP MaTepNaiA nlpN-

ILHOHHWR Dhlnop rpyHTa, B pe3yJlbT8Te ICOTOporo 6YAeT Hapywue-
na npoIHOCTb6 n YCTOARKSOCT6 BlisoBorO wYwca.

rpyHT B o6aacTrH 5Bu cieAyeT CqHTaTI, YCTOkqHBbim, ecatt
YAOBjteTSopReTCH c~jteAYioLuee Hepa~eHCTBO [31:

Jam '3M flHmusTCX nO peayJ~bTalVE *IllbTpalaHOHffl~d NCC~seAosanA (pac-
qeToo). a AM OpNeMTHpo9o4Ho-npN6JIKzeHHMdX pacqeTom no IOPMY~Ae (47).

"Ycipolcmso Inpurpy3EH 8 ASHHOM cAyqae. nplt HaAN4NH 3HaqNTeAbHUX
210 DejiNe ahhxoAHux rpaA~eHTOD Hanopa, geAselcm HeljeAeCQo6paaKhaM, TAx

KUK ee TORnHMa ,aoueT nOCTuraTh tieCXO~bXH% ueTPOD.
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2
m, > 7-7(48).

rie f - yrOA BNYTPeH&eO TpeHmn rpyHTa.

Ecali lepaBeHcTBo (48) He YAOBJ~eTBOpReTCHl, TO 8 9TOM CAY-
qae Aa o6ecneeHH9 YCTORqHBOCTN OTKOCa (rpyHTa B 06 aCTli
,Bl, pHc. 19) Heo6XOAlluo:

1) HN yseJIHqBTb NOJIOFOCTb HH3oBoroOoTicoca, '. e. y~deHb-
UIHTh ct- yrOji H8KJIONa HH3OBOro or~oca K rOpH3OHTY;

2) HAN flOKPIiTb noaepXHOCm TKO cca coem BoAonpOHHILae-
mn I1pBFPYS3K (pHC. 19).

r1pu sTom rpaHyJ0meTpNqecKHR COMTB npHrpy3KH (Do H.111
Jia ) Ao~fl)eH 6bl~b TaIKHM, 4To6U)b yAOoBIeTBOPSIAOCb cAe2Lyio-

wee YCAOB~e:

Jp~ < ipa3. (49)

rme J - sin cc maicHmaJ~bHmbi pac'lembik rpa~meHT Hanopa (pic. 18); k3sn
= I,1t - 1,20 -Kioq44HeHT 3anaca; Jpa3 - KpHTH'IeciKN rp82~IIeIT P3MMS&
meAxo3epJHcTo0 MNi Dsm3IIoro FpyHTa Ha KOIITaXTe C KPYnHO3epHHCTbIM maie-
pma~iom. onpe~eJ~neTCJR: a) AR HecnR13Hbix rpyHT0B no 4*opmyjie (34); 6) m.a
CDRi3fflX rpyffToB no 3aDNCNM0cTN (37). CU. 33 n. 4'.

YCJIosHe (49) .Zoji*Ho yAoBAieBOPRTbCS H flpH Ha3HalieHNH
rp~~m~~e~r cocTaBa nepsoro cvio% ()HAbTpa XIR Ha
cAoHHoro jxpenazKa HH30s0r0 OTKOCa flOTIMb.

3.6. HOPMAJ~bHASI (MECTHAR) *HJ~bTPAtHOHHAR IIPO'IHOCTb
rpYHTA 8 OBJIACTK TPy5qATOrO JAPEHANCA

Tpy64amilft JpeHa*K YCTpaHBaeTCS1, rAaBHh1M o~pa3oM, Ha iiol-
$ meHHLWX yqaCIcax IIAOTHHM, KOrAa 38 Ape~a~ce- OTCYTCTByer

B0218 HHHKHeFo 6be4)a. B 3aBHCHMOCTH OT meCTonox)eH4R Tpy6-

La~oro ApeH8*a no OTHOweBBIo K OCH fl.OTHHLJ, a TaK)Ke ero I
cIIOCO6HOCTH ~oT1mrHBaTb* na cedH I(PHB~IO AeflpeccHH, B o6AaCTH
Ape~Ia)a moryT 6uirb cocpeAo'roqeHbI 3HaqHTeAbHh1e no Be~nHqitHe
BXOAHbie rpaANeHTbl HanOpa.

ECAH rpyHr ocHoBaBHMN HJIN Te~a BJIOTH~bI gBJIeTcK cy4oo-
3HOHHbIM, TO 6Jlaroizapg 3IHaqHTeAbHhim no oeAHqH BXOANIK
rp8AHeHTaM Hanopa, R o6.naCT ApeH82KB morVT B03HHKHYTb CY4)-
IPO3HOHNNe RlBJeHHM, B pe3yATU~ae KOTO~bMX 'mo)KT 6um~ aaImOC
HS TOJIuLN rpyHra OCHODSHH H Te~a flAOThHHl CY44b03HOHHIx
4OpaiauiR 8 ApeB8)KHYIO npH3My, 'iTO mo)KeT BUl3BaTb HeltonyCrH-
mbie flpocaAKH H KOAbmaT3)K apeHS)ca.

InpH He TuzaTeJ~bHo noAo6ppHHOM ipHAbTpe a o6JIBCTH ApeHa)K-
NOR flpB3Mhi npoH3OAAeT KoAbmaTa)K rpyHTa, ITO mo)KeT BhI3BaTb
Hapyweiiue P86OTM ApeHa)Ka-noA'bem KPHBOA AeflpcCCHN H Bbl-
CaqFiBaH~e 4OHJIbTpa8UBOHIIoro nOTOKa H8 OTFKOC.

B ujeji~x npATPueH yica3aHHbX abiwe He)KeAaTeJlbHlX,
NB~eHHR, xpoue flpSBHJLHo floAo6paHHoro COMM8B 4)HAbTPOB 161..
AOA)KHlbl 6bMm H flp83HfbHO IHame'eHbi COOTseTCTByiQUAme paaue--
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Phi APeH~OR FlpH3IMbl, OT Pa3lMCpa FcorOp)oi Yl'BUCHT ae.1HqIHIa
UXOAHbix rPiimeHIToB MaOPS 8 A~~aK iiopmIa.basIf paOra Ape-
mawa mI HcKAio'(SioTCs ymambie sbiwe HexceAaTeAbrnbie Ae4)op*

UHH.
BeanHH8w BJCOAHoI'o rpaAmHTa Haffopa B ApeHa*HYIO nPH3MY

38911CHT 0T 4JbTpaBUU0HHor PSCXOAa, nocryniou~tero B ApeHaXc.
KWO343HeHma 4)HAbTPBUH rpyHTa OCFIOBaH HAN TeAa fljioTHHbi
it OT nlAOLIAR mcwforo ceqelHx ()H~bTpaUHOHHoro noroim, nJif
UxoAe ero 8 ApeHa)KHYIO NlPN3My (p~c. 20).

Pitc. 20. TpyOq4Taat Ape~iaxa
I-oa xenpeccmu. a HaalaoIbwas r 3~m"& flpaoepatims 2-apeffawic
Hs npaslaa. 1,+ls+ 1,+I,+ ti=L-coqefffHiA ntpNmep.7ipeiaSwmodk nmm-Aha;

4mqnnn lubripaumn rpysilI ocuosSNIE.

rfoialrax, qro B o6AScvt Apea)aa 4j).IbTpau~mR nPOHCXOAitT
UPH OAHOmepHoM TeqemHH, Tor~a sTa 3aBliHaocTb MoX~eT 6hna,
sDipa~eHa HTO 3aKOHY .TapcH: QIJ-I -- 4Q (50)
rite Q - *N.IbrpaUOHohIut paciit, *M cex; k4, - K034a4OHuiieRT *0H~iT.paMI
rpyHTS OCatOMaten HJI TeAa nAOTHIMh, Xv CO; to- nAoiaab mInoro ceqernms
*IujbTpItmoniqoro UOTOKS. axoi~nutero It APeaA K oviecerniaf t 1 iiO2. a xpe-
Na~a; % =I L = 1(11 2- -* 1 - 1, -I, rae L = 11+1 2 +1 3 ±+14 +4--cto-
weH"bII nepmuerP ApeaWHcaOR npn3uld (puc. 20). Or paaatepa KoToporo. rAss-

imu o6paaom, 3aamcnr meiw'nina BXOAHoro FpaaTHTa naUopa Jo.
L-ho6bi He JIpomcxOAHJIO yJCI3aIIHh[X oDiw~e Ae4)opuNaui rpyN-

TI 0 06ASCTH Ap~IeCBx, pa~mepbi ApemawIHog flPH3MUA AOANCHbM
6UMm T8IXHUK, qTo6bi DxoAHoA rP8AHT HIITopa Jg 6bi. 6m menb-
we KINK p88eH AODVCTUMOMY, T. e. AOJIXHO YAOoAerBOPRTbCX OC.-

INooCo ycAosNC (21):I

rxekhwn= 1,10 - 120- aoq44dpttuemT 3auace; Jmp- KputiieCKmmd rp3ANemr
uu~p Ai uorO rpymara OC~ossmWI. oupeAeaselc to no pmyxe (29). upams.
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fl pH mme -i a is H a: 1. lpH HecyV)o311oHlbII rpyilTaX TeJ8 s voctiolamsao-
THHUb, De.1'IHa oxoimoro rpaAmeHTa Hanopa B apevamHyeo flpi3y "Acwma
Ohib J,, < 0.70 -- 0.75.

2. rlp.mneaewase Bume pe~oeamaumn moryT 6mb MCflOl30SIMh LIE paC-
NeTa .apemsa*ecbw 93Ha., A1pe"aHUX npff3M H Ap.

W.. )IEOOPMAtH51 SEPXO~bI* C MOWSI OT EOSAEACTBHN BOAiN

HaH~5ojiee paCflpOCTpaHeHHMNI THnamI4 IIOKPWTHR OTiCO.
0OTBOJIHOBOfO Bo3AeflCTBHX o m8cToUUmee Bpeusi asasorc noi~pu-
THU. O~p83oBannbae MOHOJIHTHblMH apuPoMNaH~bluu nJITaMH 6OJIh-
woro pa~iaepa B nAaHe (10X 10 MAN11%X20 At) HAN noKpblT4S,
HS C6OPHu.x fl.HT (coe.aH~eHHhUX mCeAY co6oR WaSpfpHO), paa-
mepaarn B n~ame OT 1.5v 1.5
Ao 5,O'x5,OM, yAo)KeHHMMH Ha A
Cn.1OWHOA 4(fAbTp0OR floAro-
Tomle.

Kpom.e Toro, uiupoimo pac-
npoMrpaHeHhl noxpUlTHR H13 Kf8-
ueHHotk Ha6pocKH. Kamernsaff
Ha6poCKa Taim)e pacnloJaraeTei
Ha cirie Cfl.10WHOR (pHAbTp0oBOA
UoAroroBKH (p'4C. 21). . 0i

[ipi; HaK8Te H *criaie BOIHb~l
Ha OTKOC B tjiOe (P)11JbTPOSOR
noAroToBKH B03HHKaeT flYAbCH- Piic. 21. K monpocy ite~opmaIAHH Rep-
ppotua (PHJUTp8LXHR, Or aeACT- X0BhIX OTKOCOS OT 8O3JtePICTSKIN 30.1
SH15 KOTOPOA %to)KeT 6hZTb HS8- I-mTo mm; 2-mepsoe nftopwme o
pywe~a npo'nsocm rpyHTa 0T- c. fdOibTpOSO nexrm... 4-UHim EO.IHlI.
ICoca nA4OTHHbl1 BepXOnoro no- ln m"JONS Deposoro Gnata it ropasoa.
KpbTHSU H, KaK CJIeACTsHe, yc- TY; 4plt-JJpacTuA rpainewuTmanop. a"

TO~qHBOCTb Caiioro oTmoca. flYahcuPYUmil peaHme 0mab~peOUUU.

BO H30e2KaHe Hexce.Ia6bihx IIOCAeACTRMft, saflpoescnspo-
BH8R HAM11 fOAO6parniaa 13 KaphepnldX HJIH HCKYCCT~eHHo no~iy-
qae.uJNx rpyHTOB 4)HJIbTpOB81B UOArOToBDK8 AOJIAIHA 6UT1 npose-
pe~a Ha KOHT8KTHhll pa3Uld8 Depxoioro omioca nAioTmHu, npH
yc.1oqHH ny~icnpysomaero pe)KHua npoAoawbofl (4)Nb~pauum
(0T H8aicai H Cna..ia BOJIHu) 13 caoe (bHAbrposofl IIoAroToBKH.

(J)H.'bTpoBSRf noAroToBKa 6yne'r NaAeNCHo 38 WUkSTb 0T KCOH-
TaKTHoro PS3MblB8 oTICoc fjiOTHHM, flpN flyJ~cHupouxem pewrnie
flpOAOAbHOR 4)HAbTPSRHH B TOM C.~yqae, ecasi 6yAeT vAoM~eTO-
PllTbCR cueAYioumee ycam~ie:

rAe J'P 075JK, 51
rAe JP- paCqeTHhwfl rpa3iUeHT Harlopa npmH nyJ~bcIpymulei peucHme *msf.brp&

JfP= knJr, (52)
rae k,, - KoS44IIlUHeHT. yqHTbmnaiouRnAfyJahcHpypo~mA pew~mi flp0aAjbtHO
*11.lbTpaIHm, (no olHomem x pa3IMaiotuey rpamiteIIy Hanopa. npm pasmo-
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wepaort YCTaHoBklauedcI fpoAOAbHOLI 4)finrpaiIHit): k 1 ,1-IZO(1,15I pacqe-
Troo peKovethAyeTChI CPejuee 3HaqeuNe kn=1,35); J - rpaiwemnif curie IFHJlb-
rpomol noAroToSK Ha KOHTaKCTe c FpyHTOM Teuia flJOTHHbl:

-, sinpo (53)
rAe 0 - yron faKcAoHa aepxosoro oTaCOca K roPHf3OHTy (pac. 21).

3Haqernie J~p onpeAeJIneTCsI:

a) AARS HeCBR3HOro rpyHra Teia nAOTHHbl n1 3aBHCHkaocTH (34);
6) AAIR CBH3Horo rpyHra Tenia nIOTH1i41 n10 380HCHMOCTH (37).

HHMm rpBHYA0OMepH4ecKHil COCTaB ()HAbTpoBoA rIOAFoToBKH (B CTO-
j_011Y ymeH .bweHHR ero IKpyflHOCTH).

11 p H m e q a H mHe. 0HabTpattmoH~o-CY4433HoHHan npoqHocmb camoll *HJ~b.
-'TpomoA noinroTornca uoaceT 6bu npoaepetia no meTOAY, yKa3aHHoMy a 3.3, n. 30

3.8 *HJIbTPAWIPqHHA5I flpoHOCTb rIPoTHBoOHbTPALtHoHHbIX
YCTPONCTB: rIOHYPA, 9KPAHA, SIflPA nJIOTHHbI

[1P0THs0~H16TpalkoHl~me yCTpo~cTBa B TeAe nlAOTKIb YCTpaR-
BaioTcR c utejibio:

a) ymeHbWUHTb cj)HJbTpa8UMOH~b1IR P8CXOA BOAbM, flOCTynaiou~tel
8 HH)KHM 6be4);

6) CHH3HTb KPHBYIO AealpeCCHH B HH30BOtl qaCTx flJOTHHb AARM
yBe~flveHHfl YCT0$1qHMOCTM H3BorO OTKoca n~loTimbi;

B) yUeHbWMHTi nibe3omeTpHqecKHe YKAIOHM 4)MAbTpaLtHOHHoro
1l0TOI~a 8 reiie IIAOTH~b A~i floBbiweHM ee o6utef (Ka3ya.Ilb-

.Riof) H meCTHOR (HOpMabH$) (PHJIbrpaUXHOHHol npOq-
N OCT H.

Oco6ernio B Tex cAyqasix, Kwrz~a rpyHT, N13 ICOTOpor0 oTCLi-I
'naeTcsl najOTHHa, gIBAaeTCflcy443HOHHMIM. B BrToi caiae C03A~a-
vHe npOTHBO4HJbTpaUHoHHElX YCTPORCTB sinnseTcsi o693arenb-

QA~aKo tnpoTHBO4)HJIbTpaUMHOHHbie YCTPORCT~a (nosiyp, SKpaH9
su~po) 6YAYT BblI1I0HMTb CBOIO UooKuTe~lbHYIo POAL B TOM CAIY-
,qae, eCANf 6yAe'r 06ecfleqeHa HX *HJAbTpaULHOHffE n1Po9OCrbt -
7. e. B upoixecCe 9ICnjflaYTaBHH Hie 6YAeT nPDKCXOAHTb OTC~lalBa-
11MWR arperaToB 'laCTHIL CBR3Horo rpywRa MHAH rpyHTa 9Kpaiia
(RAipa) B n0pbi rpyHra !IPH3MuI nAJOTHU HAM nepsoro Cqog
IOHAbTpa 11PM AaHblIX ICOHKpeTnbix rHAP0AHMHMCKHX YCAIOBHIIX
H KOHTatcT~pyemhlX KPYnIHo3epHMcTux rpyHTaX.

B A8MHOM caiyqae cJ~eAyeT no rp8Hyj~omeTpmqe'CKOMY COCTasy
ICOHT8JCTHfpemL1x Kpy1THo3epHmcTwx rpyuToB (noAcuitoawa no0-
Ulyp HAM rpyITOB, KOHTgkKTHmpyMmbx C SIKp8MOM. IIAPOm lpH3m
UJAOTMMMl KHl ()MRlhTpOD) Ha3liaqaTb (HIHi npoBepffTb) pa~mepbl
(Tornujny) npoTH4HDO@M6Tp8IllOHHbMX YCTpORCT1D.

40MIIrpaU~onsaxn fpOqMOCT]6 CsR3Horo rpyHra C 'IMCIom n~la-
'CTM'IHOCTHI W, >5 noHypa, SKpaua, niipa 6yVAeT o6ecueqeHa
B TOM CAyqae, ecAm nPH IIpMMETUX p83ilepax ( TOAuXKe) 6YAYT
yAOBfieT8oPTbCSI npmae~eH'e Hug~e ycAoomu:
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a) ,LLig ao~ypa

J n '4 Jo (54)

rAe J~-MaKCHuaabHbIlt KOHTpoJIHpyiouxiR rPaA~eHT inanoPa AM rpynna tiOHypa,
onpeAe~igeTCa icai ysca3aHO B 2f.5 nt4*, pitc. 9; ho - flOTeps Hanopa Ha Ama~e
scero ocuoBlKHRa noitypa (cu. 2.5, a. 4*),. pHC. 22; 8n - TOzgu~sea AeflcraureAb-
moro Uoaypa-; 4p- A0UyCTKfMWA pacteTnul rpaiteaT Hanopa no~cruAmmero
eJIox rpynra flO2 floHypou

JPT[(DaK&c)2 i] (55)

3flateHife Kos4)4)~iteHra

DMK c -vI>0, 0,2 0.3 .04 0,5 055 0,583

1 050 0,46 1 042 1 .32 0,18 1 008 1 0

D,""aKCHflc~aJbHubl~A pa3mep ibHxb~paioHlkbi flop nOACTHJIlbOUAero floHyp
FpyHTa (pac. 22), anpexeJageTCSI no 3aBUCHMOCTa (22); npmqem D:"<,583 C.

ECAH1 ycAoane (54) He yAOBAeTBOpS~eTcsi, TO 8 TaKoM cjiyae
HAH AOJI)KHa 6bITb yneiinqeiaa TJmA tH Ha no i y pa HA H IOA

Puc. nI.K paCqe~y 4lJpfl.TpaXNOHHOfi InpOqH0CTN noHypa -Kpa;-
ho-notepm masopsa tiaaue Ncero ocuosaams nowfypa; & 0 oAmhianiefictBeReau-
MaOM nOnypt,' Z-KII~p, zeACTByiouzuf NAI aAOHRne; 89 -TOIUMMS sicpall (mHN

io'nCa .Cl),,DMAKC-noxcTmaawmmAi rpylIT. *mmeioRHIf MMKCRMa~hHwB P&3tep

nop flOKC*

nOHyp .AoAiKeH 6blzm yjio)KeH AOnOJIHHTeJIbHblf rOACTHiialOULHA
caoft rpyHTa TOJIUtHHOA 0,3 - 0,5 ai c ueabwHM Saaernte Dr"',,
T. e. no KpyTIH0CTH 6ouee Mejilcoro rpaffyAomeTpHlqecicoro COCraBH.

6) AAR, arcpBaa
z

Js J <4 (56)
rue Js,- rPaAHeHT Hanopa, JAeACTBylotAHN H8 S*KPaI; Z - iianop, AeACTmyiocUKA
Nna rJoHie; 6,- TOAUJIM8 9KpaHa (KN~C TOURH C yaiK wfl Ha pmc. 22)
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B cnyqae OTCYTCTBHR BOAbl, B HtiHe~m 6beje (To'na ,C6 .ae-
IkH? Ha floBepXHOCTH OCHOBaHHH), BeAlH4iiHa rPSA~ieH~a Haflopa,
AeRCTBypoiaeO Ha 31CpaH, rnpHHHIfaeTcfi:

(57)

r~e h5 - rAy6ua soam B nepxie. 6beljk (plic. 22); Z,' - O.IDWHHa 9KPaH& *O

HN3 (nIopuaXbiio K OCH SKpflHa). Do'" si~ac a 4K*pmy.iy (55), mgoxey
46biTb OTecemo K rp~r flpN3MUl nJIOTIHHM. npm ocvYTFHm 4HJ~b~pa c Hw30-
BOA CT0POI SKpaH3. H.1H iK rpyHTy nepeoro caioa OHm.h?pa. nPH HR.1HmH

T&KOBOrO.
B) aa R a a ~p aI

rue J, - MaKcHmajbiiMR rpau2MeNfT aanopa iRtpi fAOTUNb ma yposuie so&Am
uitwiero 6be4a; 2- yroJI HaNjEOHa EtH3omoil rparni sApa K r~p1130HTy (CM.

puc. 12,6d). J - onpee.iseTe no 4*opuyxe (55). r~e Do"'K - maiccHmasqhlil
pa3Mep *HbTpWIOHHbIX flop rpylIra Te~la nAO9TNHbi ("PH OCYTCTBlHH *Hf.bTP8
SIM rpyHra nepsoro cao2 *ONh~rPa.

B 3aDHCHMoCTH Or Hangpa Ha. coopy)KeHHe Z %to)KeT 6IUT1b
onpe~enieua rpe6yemaii no YCAoarnuM (OHAtbTpaUHOHHOft TpOqHOCTI4
TOJIUqHHa rFAHHHCTOrO 9Kp8HS (slAPa) ITAOTHbl 4.17o 388HCHIMOCTH:

Jp (59)
rje Z - anop, ACeiCTByIOIUHN ma coopy2KeHne; ip -onpeueaseuv no *iop-
my.ie (55).
. OicoqareunbHoe pewieilue aon poc o ToJIu.He r.IHHuIcToro
SKPBHa (SlApa) AojixcHo peiuSTb~cI ny~em CpaBHHTe.IbHbUX TeXHHKO-
SKoHOLIH'ieCKHx pacqerOB B Ka2KAOM KOHKpeTHOM C~iyqae, Cye
Tom Bcex TpefoBaHHRl, flpeAb%iEMICMMx K s3cpatiaM (nApam).

&%. OHJbTPAWOHHA1 NpOqHOCTb FPYNTA jlAPL (BKPAHA)
B 30f1E KOIITAKTA (flPM COI1PJ1)KEHHH),CO CJCAAOR OCHODAHfII

Bfl(KTHK rwApoTexHHqeciKoro CTPOHTeJ~bCTBa oco6oe mint- I
IlaHHe AOA*HO 6tAm odpauteliO Ha cofnpRwetWHe maTepHaiia sAPa
(3Kpaua) C OCHOBaHHem, icoTopoe mo)KeT 6blnb BunoiOHeHO B BiH;Ae

6erOiniofl fo.tywKcm, 6eToHnofl nIp06KH (s pyciie peKH), H eCTecT-
BeHHNOR TpeIUtHOBSToR CKaAoAl (3autemeHTmpoBarniol HJIM HesaLae-
ueNTHPOmaHHOft).

H 3OHe DPHMLIKaHHSJ, T. e. Ha XoHTaICTe MaTepH8a8i RApa
(supaRa) C OCHOROHmeu, IipH He6.iarOnPHRHUX YCJIonHRX [He-
KaqeCTaCHHOR (HeAOynloTMeintOA) yacinaAice rpyHTa HAp. MAN
aKpaHa, o6pasomaHwuf TpeINH H Rp.I mo2Ke? ueTb atecTO YCK-
JIeHHSU KOH1AICTH8JI 4)HAhTp8UtHII (cMu. p~c. 12,6; J.), a pe3V.'tb-
Tare xoTopoft CyAeT flpOHCXOAtHTb Hapyawe~me npoIHOCTH 3iare-
puSAa itApa HAH SKpaHa, '4T0 m~ozeT lpH~eCTH x me~Ke~lTe~lbHM

nociieACTBHU.
B uejisx o6ecfeqeHH! 4)IfJlbTpaUtlOHHOfl npOqHCCTH siaTepfla

HApa (9KpaSia) a 3o~e nflItMUKaHifR co cKaJioll OCHORIHI!R, 6erom-
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NOR nOAYWiKOA, 6eToHHOR npo6KoA Heo6XOAHK40 H3 Toro xce ma-

Tepnaiay RAPa (9KpaHa) nO0.4O6PSrb 6oAee icaqeCTBefHiHl COCTaB.nlo ron, flPH HSS~a'IeHHH .30Hbi rpaHyjiomeTpHxiecKoro cocrama
rpyilTa RApa (SNKpaia) nAOTHMw, npmrOAHoro iasI yK-a~AKH B flpH-
MMKalHH C OCHODaHHem' (PHC. 23, .30HbI /70), Heo6xoAIWo. qTo6w

% dee ds

Putc. 23. K nonpocy conpareHHN ma~ep~aAa upa (wapama) C ocE~osa-

a-.3oH& nl - .3wia rphlyAohmerpuqecxoro codeine rpyfl asp (s*ai)ZO~H.fp
rOxeoro Ian YiuazaulK a upumuKCHIIU c OCuOeeuu U. 0.eprn RPeaea rpAeRy.1-
menpu'Aeckcoro cocigina rpyH"Ta .3orni 17% H. [1.-mNEBMA upexeA rpamyaoueTpmqecmoro
COCTana rpyRarO 3Mb I/;.. (IUYMKTP)-M2ICMM* ApelA~ Ipaum~yOerpm-eCKoro co-
CUA rpyMT& , yxiiahanaemoro a NAPO IUOTUMW (me a gone coIIT&Kra); dy. D,,-HameTp

r Itpawo~i rpynTa HI42K~ero npexeia .3omi f7l M VKAIAMBeeuOrO It SAPe U.1THhM ise
KORTaeTA C OCHOSaSIeM): d&,-PaC40TMUiA M3MeP 4PaUHA r.T B. nl. .3omw 171;6-ceema TpeuxImm a CKAbIUOM (MAN 6eTOmiOW) OCnoinAMN; CTW-apKmms iues (rpe-

IHU).

STOT 38aIpoeKTIIPOB8 HHBIA HAH fOAo6paHHbdk rpaHyjiomeTpHqecKHFI
cocTaB m~arepia su~pa (Bupa~a) YAOBJ~eTBOPRAJ 6hd ABYM OCHOB-
HUbM N'CJIOBHRM:

I. H- H) H11 H4 l npe~eA rpHJ~e~~e~r cocrana rpyHra
,3omu 17" (pHC. 23, a: H17), yAoxKeHHorO B HeAoynJAoTHeHHOM

COCTOUHHH (WO owe)KT HmeTb meCTo B 3oHe KOHTaKTa B rnpOH3-
BOACTBeHHULX YCAOBHSIX), HO BOA0I1POHHLL8eMOCTH AoJAxceS
6brrb ueHbwe, 'iem yIOTHeHHbIAR rpyHT (Bile 3OHbI KOHTSICTa)
Ten s npa HAN sxpaua nhOTHHm. HH)KHHfl npe~ea rpyH~a .3oHt 17'
no caoemy rpaHyAomeTpHqecKomby COCTaBY AOJDKeH 6Eum 6Owee
meAicorO 3epHOBoro COCiraBa, '(em rpyHT IHH)KHero npe~ejia su~pa
)IAOT1HMb (putc. 23, a; nyHKTHp). ymcaAbw~ehubiA B ero TDA wty,
T. e. nIo BOAOnPOHHItaeMOCTH.AOA)KHO yAoBjieT]opwRbCR cJ~eaylo-
wgee YCA'OBie:

A t25 (60)
kII. aI

r~e kM. , -Ko3""LxueHT 4YHbTpatlHH rpywra HHWHero npeaeaia .3ObI 174
uipu UHIRMaAbHOM oftitu mece (ita npeAeale nuiactm4HOCTut y)
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flpjqe*! mHfHmmaabJwI o6iemmaif Bec rpyflTB 1j,., B Some
icoHraKTa AOJIIKeH 6blTb6:

rute A - y~e~b~Ha neK 4ACTHU rpynTa (z/cOv); t7 - Koa4*mnixenT fl0pucT0CTK
H& rpaanie exy'iec m W : A ,( 2

rAe Tm - o6heunbail sc soAm 1 I zCU.
AIAR OpHeHThPO~HMdX pacqeToB YCJJOBI4e (60) Uo2KeT 6bm.

npe~c~aBAiemo B c~e~yioutem BAne (pHC k 23, a):
17 - 2-5, (63)

rAe dj7(,. £) aaerp 41paKUZNFY~ rp nm)uxero upeAexa *3oHm 171. -1(s

juamerp 4)paxm# Hummero npeAela rpyura,. ymaaaumaemoro 5 TOAmy Na
nAoT Hbi.

uI. rp8HyjiomeTpHqecicHR COM~B ma'repuaJla RmPS a e p X H e r o
npena .3oHa 17' (pHC. 23) Ao~uceH H8asma~hAm C T8KMM pac-
qeTOM, 'iro6ui o6ecneqHaanacb6 ero Hepa3Mblaaemoch 'no cyluecT-
BYJOlIHM TpeUqHM8M HAH 0)KHAae1mbM B npoluecce SKcIUymTSU
coopy2KeHHSu.

3To yc~iosie euapamcaercsi cieAyiomuef 3aa3HCHMocTbIo:

n)R, 0,56b., (64)
OTKyAa

rAe d&Xn) - .waueTp iopaKEil rpyirra mepinero npeueAa .30m 11
(puc. 23, a m6); bju- npeO6Z8AAiolUzu PA3VeCPBpCKphITiNq Tpelam" a Cxaie
ocHoBaNHIIN s 6eTorniOA noatymxe (npofte).

CaeAoaaTejikHo, B;TXrnmft npeAen rpanyAomaerpuneCxoro co-
c1SD8a FjyHTa .30HbM nIfpeANS3NaqaeMOrO AAR yxAaAKH a KOH-
T8ICTHYIO 3oHy, AOAIJEeH Hasamaq8mCS .CXOAu KS ycaoannt Tpe-
UtHMOBaTOCTM CKaJIM OCHnOaNmu (npeo6aAnioutero pasuepa cy-
DmeCTyioumH TpeUtHM) xax c yqe~om mo3Mmuoxtro TpeUAHH06pa--
3OUSMUR 8 I1epHoA SKcnJIysTauWI coopyace~mR.

Kpome Toro, AAR no~iyqeHma Hamuyqwero coflsmeKHR rpyHTa
s~pa c flo3ePXHOCTbI0 OCHO~aHURI, U 3ORe KOHT8KT8 cae~yeT YK-
'JISAMDSTb rpyif sAnpa WmeroAom oTCinKm rpym~ 3 soAy*

Wuprna iKoHTaKTOfior cAox y I1pmmK8NRRM KC OCHOBaNNIO
AoJixINa 6UMm no HOpMSA K no3ePXHOCTH 3-4.m.

flpu YKAKC Hacyxo* rpyHT RAPS nAOTHKMM B 3oHe icowram?
AoaY'eH YKASAMDSTh6CR c no3MtueMMtOf DJIUHocTbio, fPOTHS onl-
TH.MSJIbHOA ma 2-4%.

Ilpm DMIIOJHeHRH yKa38MHMX Butwe ycAoBHR, o6ecIneqHDeeTcs
HSAC2IHOe conpR)Kca &IN FyHT8 SlAP8 nJIOTNHiI c ocMoBsHNeU, T. e.
o6ecneqmaaerca (OmAbpaumoHHas flp0qNOCTb rpyHTS Rnpa (s9cpaHa)
I7JIOINHM B aoue flpNMMKSHOR C TpeUtHHODSTOk MAS~O OCHOBa-
HHR, c 6eroinioft loI~ywKoA Hs c 6eToHHolk np06Koft.
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PA3AEJI IV. flPHMEPI PACqETA MECTHOR
*HJ~bTPAUkHOHHO-CY**o3HOHHOfi flPOtHOCTH
rPYHTA TEJIA NJIOTHHbI H rPYHTA OCHOBAHHSI

1~1 p H m e p 1. OAwopoAiias nAoTnu8 H8aiu~a H3 iieca ocHoBa-
HHR - CAnOR 1. B OCH0o38HHH flaohirim 3Saierae'r iietqaulk riolk-[
H flecqamo-rpaBeHCTh~lk Cnoft-1; pHc. 12, a, 06AaCTE A.

Tpe6yeTcR OnpeAeAHlTb:

a) Cyt4IO3UHNHOCT]6 (Hecyjxjosmoiwocmj) rpyium iTe.'a nJ~o-
THblI m rpyHT03 OCHOBSHE;

6KPHT~qecKHR rPSAHeHT CY4403HH, AOIlyCNMIU1R
a) aUialoiiwe rPa~meHTH Hanopa 8 30He ICOHTaic~on.

CocTaB rpyHTOB

a) 'pyHT Teala nAoTIHnI K1 I CAOR OCHO*BaHHH:
d= 0.0 " d = 0,02 mm d10 = 0.10 "v.; d17 = 0,14 mm~.; dw = 1,0 .wxu

dml 30m~,o61,euublf Bec 1,77 z/cxv3 ; Ico3944KHeNT pa3HO3pmmCT-
CmH 1,= 10; flopmCToClrb n=0,33; 'KO9~DHUHCI4T t4)Nt~bTpBI4III kip=

=0,012el/.

6) rpyiT I1 CAOII OCIIOBaHHX:

Dm =0,20 aum; D10 =0,31 .vmv; D11=0,44 Am..; DG=30 .uea; Duscc =20,0 mV*
Kos**KiixuHT pa3Ho3epHH~CTOCTni -q,7; nOpMCTOCTb n11 0,33; KOS44Humetr?
*HJ~bTpaw11n k4, = 0,12 eciceec.

1) OnpeAejsleu Cy(44O3HOHlIOCTb rpyH~a TeAa I1AOTHIIldIt,
rpyHra I CAiOs OCHOBaHHSI (Tejio nflOTHHLI H8MhETO 113 rpyH~a OC-
H08HHZ I cAosI).

rlo3aBCHMCTR(22 one~egemAmamerp M8KCI4USAbHMZ
(PHAhTpaUIIOHNL1X flop B rpyHTe

04&a =0,4557, 1 iLd1- =0455.i,50 VI-0 ,14 --0,07 x.*

Ko344OHU~eHT Hea~mpOT paciKAaAKH 4SCTHI.I B rpyHTe-
MAN K0s4,iPH1ueHT AIOICB~bHOCTH Cy4)4O3HH1 onpeAeAneTcR no.
4*opmie (23): *

x = I + 0,05-r =1+ 0,05-.10 =1,50.

MaICCHmanbaHyio KpylHIOCTb q8CT1LI, icoT0pL1e moryT 6blam Btl-
uece~m m3 rpyHTa, onpeAesinem no 4)opmyne (24):

dj"= 0,77o"" 0,77.0,07 = 0,054 amm

B AaHHom rpyHre '4SCTHU, )eHbWHX 0,0,% A, COAep14CHTCH
8% (> 3%), cjieAoB8Te,bHo AaHunuR rpyHT ciieAyeT C'1HTaT6..
C Y 4) 4) 03 NO 1 H N .

2) OupeAeAHM 3Jfaqeiie KprH'aecuoro rP8A~eHra cy44po~rn,.
'1ACHU (dr,),M ma'Hya ObTb d"~ ceb M pH~ '"0HC~
fia CT00Jk HaM0H OT~r m meeHiHerpyHhcy4))3CI.
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3HatieHHe IcpHTiiqeCKoro rpa~xeHra Cyxj)031M onpe~jeAReTcSI
110 3aBHCHMOCTH (29)

1 (29)
rj~e Ifo - K09O3(j)wIT ICpHTHqeCKOA CKOPOCTH, .onpejxejixeTCR no 4)opuyAe (30):

'o=0,60 .0 9. i / 2E )=0,79;

CK1,77 zlc*i3; 7a I 1 /caa; 0 UL 900;
=0,82 - ,8n + 0,0062 (r, - 5) = 0,82 - 1,8 -0,33 + 0.0062 (10 -5) =0.6

Ilocae nOACTaHOBKII 3Ha'IeHniff B (29), flOJI~qHM

Jkp =~ 0,07d V601.0012= 2d;

Jp= 127d~l. (29')

floIcTaBAaa 3iiaqernn dc, B (29'), OT dccH meHbWe, fl0AY-
'IHM 3IHaqeHme KPHTHqeCKoro rpaA~eH~a CY440O3HH iAA KaXKAOo
pa~mepa CYc4O03HOHHbIX 'laCTHI (no1 K0T0pbM moxKeT 6Umb onpe-
AeAeH % BIAHoca).

a) ECAH IIOACTaBHT]6 B (29') d,"aKc 0,054 xx = 0,0054 Cig, To
nOAtyqHM:

JKp = 127.0,0054 0,70,
T. e. AARi BUdHOCa qaCTHnX dc--K = 0,054 xx (8%) noTpe6yerca
rpe~aHeHT Hanopa .J>0,70.

6) AARJ1 onpe~ejieH rniaA~4HTa Hanopa, flpH KOTOPOM He Ha-
pywaercsi npOqHt)CTb rpyHTa, B (29') caieiyeT floAcTaDHTb dcia<3 %, 1
T. e. dc, = d = 0,02 Aim=0,002 cA9.

Iocie nOACTaHoBKH nfly'IHM:j

J~ = 127.0,002 =0,254.

CAeAosaTenbkO, AARS Toro, qTo6u B3 AH~oU rpywre TeAa nmo-
TH~hE H B3 1 cjioe OCKOBaHIIE He BOBHnKan~a 6i onac~aRm exaun-
iqecKag CY4N41O3HN, AoUYCTMUAl rp8amRT Hanopa 8 Hem, c ye
TOM K034NOHLeHTa 3anaca (ka, Ao'iuceu 6um~:

lipH nposep~e reita IAoTHHu IN 0CHODSHHX He K83yaiJLyjD
(o6MYio) (PHJbTp8ttpOHHYIO I~PO'IOCTb rpymTa, AoUycThmmmf KCOIT-'
POpypoIH rPBA~eRT H81nopa (J.),, oupe~euxemug no Ta6A. I
if 2 Aoxz)eH 6iimb 6ojibzul RAu pasex AOUYCTHMOMy, T. e.

3) OnpeAeaixem cy414o3RoINoCm IIcAox rpyn~a OCNOBAHNI.



no 38SBUCUOCTU (22) oiipeaeaeuiam Ih maKcMMI.v6Hwx4
*NALpaLHouuwhx fop a rpymne

D-0455 -1.49 1"-7 0,33 0.4=O A.L

Malkesuaiwas cpynUIocm Racru, KoTopile idoryT 6wim Bwe--
ceinu U3 Asnoro rpyra. onpeemm no iopmyAe (24):

d~i = k?7IJ = 77 -0.22 017 u.

Corjtacuo 3auucuiuocru (25), eCvin MaKcHMAbHtI pasiaep cy*t--
4~o3moH3Ix qacTuu d,-"' mensme unmmuW&bnoro paepa laCTHU
rpyrNa Duma, qiro mueem B Aarfou cayqae, T. e.

Tro tai~mfw rpyHT (11 CJAO3 OCHo~aHKA) ntusewsi Hecy4 4)0 3 H-
ORBD U M. H43 ero cociasa me morYT6b 5ha sueceum Aase caiaue
meaKme ero qacttwa RPM A1060M 3HaqeHum rPaAlfeHTa Haflopa.

CAeAosareAbuHo. *UJ#AbTP8tlMOHRR IlPo'lHocTb ero, a oTmotue-
mum mexanulqecxofl Cyljo3H, 6yAeT o6ecneqeua npH aio6.ax
rEAPOAJIH8MIHqeCKHX VCJIOBUSIX.

4) Onpeaellene P83NMSaSUtUX rPaAKeHTos tianopa B 3OHe
KORacrou B Aannou npumepe npHUTo-rPYHT TeASa AOTRHU X
I cAoI rpyxTs ocuoBamKx omusaico. ClreAosaexlmo, KOMTaxIC-
man *mAi6TpaINN 6YAeT rnem ,aec~o me2KAy I m 11 cjioxmfl oc-
xn03N33 (p~uc. 12. a, o6Aiacmb A).

KpnTxqcCKUR rpa~meHTi oRTaKYNorb aus HeCB33HWXI
rpyHIos onpeAeAxeicsi no 3813RCUMOCTH (34):

rit V,1 Koe44uxni#Ta, yqumbiaimu 41opaiy s uuepoxomaTOCmb qacTima;
4( =(t 0.02 sur - puwmep vacruu meaIxwepumcwroo rpyw~a I cuox ocno-

nme,. coAepuaujcs a item 3% % meume, oT BUdiOc KOTOPtiK flPOIOCTb
MINUaKTUMf 3anu me hapymaeTCO; A) - cpeam iaaeTp Ut~lb~pSIIUOIIKl
map Kpyuhto3epUncroro rpyuTa ff dson OcEIOmaau, oiipe~eaxe~ca no aaucu-
mocym (28):

Do 0,455'fIrj n D7-'0.455o",T- 0,33044 = 0,14 u

S-yrGi Megly UanPABJeNuaWu CK0POCTR 4nIubTpatHM N CRAMt TtzeMTL
flocite noAcraHo3II 3HaqeHH% B (34), UOjlyqHM:

1 0 -02 0.02 ) wsinao- 0)= .42.

a~ODycTUMMA pa3UMsiouuil rpaAmeHT Hanopa, C yqleToM KO-
auuera 3anaca, 6yAeT:
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113 npHBe.ieHHbIX pacqieToB cae-iyeT, TITO 3a paCqeT.ifli~ .1O-
.fVCTi4MIblig KOHTPOJ1HpyioL~tdi rpa1HeHT H31iOPa JAR1 Ia1HHoro
caytiaR caie~yeT nTHHRTb mHHHma.16HbA- rpaAIHeHT CYC"0P31H no
3aBHCHMOCTH (a), T. e,

(J.A0 -- Jo.= 0,23.
rI pHmHe p 2. fljioTHa m~teeT Tpy6qa3TbH AzpeHa~t (pHC. 12,a it

p~c. 20). Tpe6yeTcsI onpeLeJHTb AIq AaHHorO Tna Ape~axca
pa~mepbi AxpeHa)KHoft flPl3Mbi, eCAIH rl)VHT TeJxa li OCHoBamisi nanr-
THHU limeeT @H3HqeCKHe X8paKTePHCTHCH, flpHHSITbie B nptimepe 1.

B n. 3.6 cKa3aHO: qTO6bI He IIpOHCXOAtHJIO 2ae@pmaIfft rpyiiraI
B o6JiaCTH ApeHa)Ka, pa3mePbI ApeHa)K~ioi TIPH3MbI AJDAKHb 6IlTb
TaKH.MH, qlTo6b BXOAHOA rpaaileHT Hanopa J., 6w~n 6iz meHbtue
IIJIK pallel JAoIyCTHMOMY, T. e.

H43 npmiepa I I4meem J,,, -J,,= 0,23, cjie.oBaTe~lbHO
k3an

J, 0,23.
,jAm oflpeaeAeHHR pa~mepos ,ztpeHaHOik flpll3MbI, 113 (j)OpMy-

.qw (50) cajx~yeT onpeAeJIHTb w - njoaU KHBOFO ceqeiunj
(PHJbTpaUwornioro ROTOKa, BXOAaero B Ap~)Hl JIpB3MY H
OTHeceHHVIO IC I noZ. A Apeaaa (p~c. 20);

w=.L k. (6

PacqeTie AaHHbie:
-4)RUbTpaAHoHHbll pacxoA B ixpetia)KQ = 0,093 Al CeK= 8,0 .v:cym,

-KO3104HueHT 4*HftbTpaURnI rPYHla Teaia (K OCHomaiisi) nAlOTHHbi
-= 0,012 c.U/cefc = 10,4 .vlcym;

BxoANoil rpa~tneHT Hanopa AOjtxceH 6blTb MeHbUme HANH paseeH JonycTKM,y,
.UpfHH~aed J., = J011 = 0,23.

flociie noA:CTaHoBnCH 3110teffifi B (6) floAy'nf (piic. 20):
w=I.L=-Q 8,0 -35A

kV. 10,4-0,23

10TKYAa
L L= It41 2 +1 3 -1, + 1=3,355

flpH AaHHOM pa~mepe cmo,4eHloro tlepHtmeTpa ApeHa)KHOil
IUpfSMbib, BXOAHOA rpaA~eHT J, 65yzeT paneH AZOnyCTHMOMV4 J,,11.

OTueji[aHe pa3mephI ApeHaXCHoA I1pH3MI no0 )HC. 20 mOrTT
6ASTb Ha3HaqeHm:

1, = 0,10 .it
1= 1,20 m

l3 =1,00 ~
1 =1,20
4=0%10 At
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Flpum~ep 3. BeTOmafi~ t1OTHHa pacriOooweHl Hia flecqaHoM
UICHONaH"I1, iimmemo~ cae.ayiotuite OCHOBmibe 9)[MFqecimHe xapaK-
TePHSCT(KI rpyHTa:

-- eNbHf ieec cyxoro rpyiiTa -,,,1,77 Z cMv;
- nOPllCTOCm n = 0,33-,

-yae1LHbzil Bec %la~ep~aaa qacmuL rpyira A=2,65 Z CMW3 ;
- HaflOp Ha f!AOT&HY Z =20 .w.

Ha piic. 15 IIpHBeAeH Bb[XOAHOOk *parMeHT nOtl3ekIHoro KOH-
Typa n.IOTIt~bi C AHHHAiAf 11P.-OH:;-'X HaflopoB H MrOPOft RUXA.1HtUX
rpa2itteHTOB Hanopa J., f f(X). .TIHFIHH pannHiX HB110pB rIOCTpoeHb(
xepes O,lZ.

IMaKCe~daAbHoe 3HaqeHHe RBIXOAHoro rpaAeHa Hanopa BHAC
uHHt 6be4)(coraacHo 4jHJwrpaHOHb[M HcaeAoBaFIKHM) COOTBeT-
CTByeT 3HaqIeHHIO Js 1,;I5.

Tpe6yeTcm oInpe~eiHTb:

a) KpHTHqecKHRi rpaAee Bbiflopa AARS JA8Heoro rpyHTa OCHO-
BaHI%;

6) 'rOAiUttHy H AAHHy flperpy3KH a o6JnaCTH BUXOAa 4)H.1bTpa-
LIHOHiioro llOTOKa B HHKHHfi 6be4P.

AaHI1 peuieHH yica3aH~IX bix ue eOnpocoB eAeAyer nloqb3O-
BarbC5K YKa3aHHflMt, npHseAeHIHbMH B n. 3.5, 2'(1).

1. Q7npeAeee KpHTHqecKoro rpaAeHa sBunopa J.8 AAR
AaHHoro rpyH~a OCHOBaHuH TnPH OTCYrCTBHII rip11rpyUk B MeCTe
Bblxoaa 4lIU7bTPauuolHoro noToica 9 HHAKHOI 6be@).

KpHwreqecKH A rpaAxeHT Bbiflopa oflpeAeJIHeTCH n10 3aBHcHmo-
CTH (41):

J!,p=(-I(-)V -033) = 1,10,
j r,je .1 = 2,65 z.col~; 1.0 z.cvg3; nz 0,33.

3HaqeHeie J...X> J." (1,58 > 1, 10). B TaK0~l cayqae AO.IWHa
6biTb YCTPOeHa nperpyalKa B o6JAaCTb BblXOAa 4fllJbTpau.HOHIIoro
11oToKa B HHACHHIA 66e4P.

2. OnpeAeite TOALL(Hbl If AJIHHbZ ffHPy3KH. ToAUAHHa
c fiR nHFpy3C T onpea..ieReTca no 4)opuyate (43):

Top

OnpeAeaHIM 3HaqeHHRn, BXOARnutee B 4)opmyjiy (43).
t-TOJALtHHa caoR rpyii~a OCHosaHHiR, COOT13etCTBY1OLka5( ICpn-

rTjqeci~oA rayftee 30HUb i~mnopa. onpe2aeAgeTcR no flpHgeaeHuHol
Ba1. 3.5, 20(1) meTo.AHKe.

Ha BbIXOJLHOM 4)parmeHTe rloAaeMuoro KOHTypa COOPYeHuHR,
~epe3 ero K0HeqHYIO T0qjCV flPOB0AHTCR pacte~uaR BepTmKaAb ,
KaK flO~<38H0 Ha pitc. 15.

44A



Ha sToA pacqeTHO' BePT&IKaM cipowrcs sumopa papem.I-
Run I'peAmeNTOB J f~y) no Towaml nepeceqenxs pec~e~meA
sePmUAHai Y* C JIIHHR*tH P4BiblX naUopos (ro'irn 1, 2, 3.

JASi DpH~eterNmoro npmuepa no puc. 15, paccrosumn no Rnep-
?K8MI 0T BOSePXIIOCTR HHlKIero 6ibe48 (0T T0~ICI A), cooruev-
crnylioutme 3arJIv6a~e'IHvm rovieK 1, 2, 3 . ... manopu wi rpeAa-
eNru 6YAyr: Y = 1.6 x- Akh, = 2 m- Jy = 12

y=42x .k =4x-y = &.96

flo sojiy'iemuuM AaIHNUM CPOHTCII nMOpa J3 f (Y), ICa.
floKa3aHo ma pic. 17.

nlo noay~eHHOMIY 3maqeHHOO P 1,10, oTJI0xceIH0MY 0o OCRI
(pmc. 17) onpe.AqeTcU TOAULHMa CaJos t =yu

B ASHHOM c~iyqae t = 2,50.x; J.,,, = 1,58; J, l1O10-- = m xw
1.80 m x3 (ofteurnaf sec ma~epua~sa npurpysicii); ku.. ,

flocie BOACTaHosKNI 3Haqexma B (43) noayuymn Toanuy cJ~om
npnrPy3KH

JJ.AHs npurpysicit bap onpeAejaemc n o 9Bnvpe 3&1XOAIIMZ
rpsAmaenTos J,.. = f W).

3Hax J,. = 1,10, H8X10MM H8 AIII~Ig J.~ = f (X) TOqicy, COOT-

3em isyI0utyio Jup 1, 10, IN 8 MaCWTa6e oupeAeAvem x,, 3 ag,
C yqeom k.. 1,5, no~sy'au

Ip =h,.,xxp = 1,5-3 = 4. a.
fl PmNM 04 NNAl: 1. MarePuaa UParPy3KN MOXOT 6UT, u CYSou MU 1

3m3eUemsom cocTommum (np. najuqxU 305.M 8 KS).
2. MArepu8A n)*urPyu3 9 3one Wuraera C rpymOK ocROUaIgMs jOAZem

yuxazuuancm no npauiwny opnweoo #msbrpg.

lp mume p 4. B 0Coemosiim n~oam (pmc. 12 a, o6.aam 6;-
pmc. 18) saaeraeT ormochITeAhfo ToNENI FJINRucTuA (1) CAol -
rpywra Toaiuuol t, 4 mv. BropoA c.sofl (11) necqsno-rpoAnea-
cruit. iAeic3yiouoft ma8 IIAoTmy uanop Z= V YBB- V -H)

-20 x.
B AmNNoM c~y'iae ?pe6yercx:
a) npouepnm caiol r.Jmm~ro rpyrna ocaouanH a o6miacr

nnzmmero 6ieam Ha jaeCnflk 4*IIJbTpattHoHnIMR Bnunop;
0) 918nuTh cootreCT~yUiUmie mepoflpysrnU, 06ecelinesm-

DlA INAbTPAlIUOHNYIO npoqmocmh rpynTst ocuoDUNUN npm 31,tloAe
*UJ~hTpgItNuoiFor norolca 8 UNWIHmf 6be4,.

1. OnpeAe~usea. Ae~crlyiomHA rp@AUeur Kidnap. a KNaemC
6be4.e s caol FAmnmrNCo rpTP T OAuuinOl t, =4 ano up.-
6uuzemmon 3osUNCNMocTN (47).

0.5Z 0.5.-20
ju t- 4 - -.

5IN
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AiAR A8HHoro rJIHHHCToro rpyHTa OCHOBHMS K(pHTHecIHt
rPa~ifeHT ainopa (npH OTCYTCTBHH flplFpy3K$Ji) 6YAeT:

( - )(,-0 7)
1)I-n)( 1(I- X =1,8

rAe A =2,72 zlca 3 
- yJJeAbitugR see qacNIZ riinN~cToro rpyHTa; 7, 1Z,ICA 3 

-
o61.eMNMA mnc 3oAbi; n = 0,37 - ROPHCToCirb rINHmcTOro rpyHTa.

143 conocTaBAeHHg rpaimHiTOs Hmeem:

qTO y9Kab3Id9eT Ha Heo6XOAHIdOCTh 38UMHTM rAHHHcToro rpyH~a
OT BbiT1opa B o6JIBCTH HXiOi(ero 6be4)a.

2. Bbi6op mepoipHRTlhA AAR o6ecneqeHtrn (PHJbTpallHOHHOA
flpOqH0CTH rpyHTa OCI4OBaHNNB 06.1aCTH HNHiFero 6be4a.

IL jif o6ecleteHI 4JJ4AbTpauXHOfHOfl flpOqHOCTH FAHHiHcroro
rpyH~a OCHOBaHH9 B HHHNHem Obe4e moryT 6hlTb HameqeHUb Asa
BapHaHTa mepoURTpHH (pHC. 18):

1) l~rpy3Ka caoem 6onee IKpynii3epnhcmro TpyHTa, COOT-
aeTCTBYIOLJteA TOALILHHbi H AJIIfHbl;

2) ycTpoAcl'Bo BePTHKaAbH0rO pa3rpy304HOrO Azpeiuawa.
B jA8HHOM caiyqae, IIpH rPaAneiie inopa J,... !: 2,5, noTpe-

OyeTcsi TOALltHHa c~ion flpHrpy3KH (nplu -T.=1,75mvX' Hi n=0,34).
tipH OTCYTCTBHH BOJIbl B HnHiCHem 6be4)e:

t=4.,(.~ J.') N *,.=4(, ,8 1,=5

flpH HaAInqHH BOAM 8 HH(Hm 6be4)e, KorAa maTep~aJI tpH-
rpy3scu B3BeweH, T. e. npHi

7a 83D= cK - (I -n) 1. = 1,75 - (I-0,34)-l 1,09 m!At3
~1 TDJILLfl npnrpy3KH

T = 4(2,50 -I108) pUP .1IS= 7,8 .

OqeBHAHO, B AaHHOM4 cjiy'iae noTpe6yerca YCTpOACTBO Bep-
THKabHoro pa3Fpy3O4HorO APeHa)KB (pHC. 1)

Owcoqarenbsioe petueHwe m02KeT 6hrrb IIPHHRTO B pe3yJib'raTe
TeXHHKO-3KoHOMHtieCKoro cpaBueHHsi BapHaHTOB.

lip Hmuep 5. KarieHHO-3em.nAaHR IlIOTHua c cyrHiIlCThMM
SAPOMI YCTpaHBaeTcg B y3KOM KaHboHe Ha TpewXHHoBaT0A CKBate
OCHOBaRHIH, PHC. 12,6.

Tpe6yercsi, B itean~x o~ecneqeHHH IbHJ[bTp8LHOH4Of flpoqHocTt
MaTePHSAJa RAP8 B 3oiie flpH~hIKBHHSR C TpeUXHHOBaTOR CKaAOA
OCHOBaHHH, noA1o6paTb Ha ma~epHAaa NApa 6o~tee KaqeCTaeHHMUl
cocTaB rpyHT8 AAR YKA8AKn ero B KOHT8KTHYIO 3OHY.

Ha pitc. 23 npeAcranBleaa ,3oHa rpaHyJ~omeTpHqeCKoro co-
CTB marepitaiia Rllpa nAOTHHMt, oqepqeii~am CH13y flyHKYHPOM
H cBepxy cnAiowiiofl AiwrneA (f).
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CoAeplcaHHe rJIHHHcThWX 'aCTHu d <0,005 .vu Ioe6Aelca
B npe~ejiax 07 5 AO 15%.

M8KCHMSaIJHwe 4)paKUHN
8) HH)KHHA iipe~eil 30Hbl (flyHicmp)-100 J-MA;
6) BepXiH1A upe~eA 3OHbI-6 *#.,

Jlpeo6ASIouwA Pa3mep WHPHH1 TpeIHH CIKaJIbI OcHoBanigs

COCTauxeT b. 1,5 AM.
JJAn flA60pa H3 T-ror we COMBSn Ma'repuaaa HApa 6iee

KOHTaKTa C TpewRHHOBaTOAl CKM OoCHo~aHH5I, CJIQAyeT PYICOBOA-
cTBonaTbcal peKoveHAaUtHMH. rjpmBeAeHifbMH 0 pa~~eae 3.9.

I1. Onpe~ieajerne H H X(He ro ripe~e~a rpaeyqoMeTpHqeclcoro
COCTana rpyH~a .3owH, 17 (pnic. 23, a, 1)7).

a) MHHH~ia~lbHUR O-beMfbIR sec rpyH~a 'CPyKinaAblmaeoro

Ii 30HY KOHTaIKTS AioJI~H 6bITb:

TO"c > f7 (i

B AaHHO.%f Cjjytae Ilmeem:
-yJaejibHhlia Bec mareprnuAa 'l8CTHIL rpyHTa siapa~ A-=2,70 z a.'
-uepXHHR IlpeAeJI HjlaCTHqHOCTIf W, =35,5%;
- 6beMHblA Dec BOAkI 1. 'I= 1 CM3.

KoqO3jiiUHeHT UOOPOCTOCTO Ha ripe~ejie -Teicy4eCTI W1, onpe-
AeaneTCH noJ 4jopmie (62):

.1 W, 2,"70.35.5
107k = 700 0,96.

flocae nOICTSHOBI(H .3HaeHHA B (61), noJlyiHm:

2,70 1,8zcu.

6) fl * H H Af npe~eji rpa~iyao~meTpwqecKoro COCTana r-pyHra
.3oama 17* JAoAqeH YAOeAeTOOPSITb ycaomro (63):

rze D17(,, = 005 AMv - Ajwastetp 4ppaKu"Af HHamerCo npCIWJI3 rpyHiT.. YK~aA[J-
maeuoro 3 ToJtiII niupa nAOTHnsu (Bile 30"W1 KoslTaKTa); D17(,, 0) = 0,02 m.* -

AS~aMerp *)paKusil rpyHTa HmfX(Hero npsee'a .3migb 17,.
flocaie ftOAcraHoUKH 3HBqeHftA B (63), noayuam:

0106,
=o 6,25,

ycJ~oBNe (63) IUpH6JIH3HTeJ~bHo YiAon~eTOopueTRc.
2. OnpeAeiemwe B e p x m e r o npeleA~a rpa~yjioveTp1N'ec~coro

COCTasa rpynra 3omw 17* (pHC. 23,6).
BepxHimA upe~eA rpauyqomerpnqecjolo cocrama rpylira .3o-

mal HO' wldrlalaemg, I4CXOAR 113 YCJIoeBtA TpetwIoBToCtU cKJAm



OCH098UHR (npeoftBAnaICuuero pa~repa UImpun~ 'rpeuIHH) HAH
o)ifHseuoft TpeLHnOBSaOCTr (6eToNuoR IJoAywuI, npo6iKn) B ne-
PHOA sxcflAyaTaUHH coopy)iKeHHR.

B AaHom flp~epe npeo6AisA8oukHR pa3mep TpeUtHH CO-
cT8M~neT b. - 1,5 vv.

HepasuMhaaemocTb rpyHTa gApS flJIOTHbil no TpewtHaM 6YneT
o~ecnewiHa 13 TOM CJ~yqae, eCJIH yAoBACTeopilTCR ycOimiC (65),
T. e.

bu <" 8do8(un).

B ABMIIOM Cjjyqae (puc. 23, a) d.,,=0,90 Am., "P~H STOM P83-
aaep TpeUtrna momeT ONT16:

bi _ . 8-0.90 = 1,62 AM

T. e. YC.ROeIBe (65) yAommeTopmeTCR.
CimAoijamembo, Bii enx o6ecneqeHnij 4pHKlbTpaL(HOfHOfl npoq-

HOCYN rpyHTa SLEII) B flpHMUKaHHH IC 6opTaM KanbLaH MOXKeT
meTpHqeCKcsfA cocras rpynra .3oNbi 17", pnc. 23, a.
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20. Determining the Piping Capacity (Nonpiping Capacity)
of Soils and the Percent of Removal of Piping Particles

30 . Determining the Critical Piping Gradients and Rates
4. Determining the Critical Gradients and Rates of Contact

r •Erosion of Noncohesive and Cohesive (Clayey) Soils.
3.4. General Instructions for Calculating the Seepage-Piping

Deformations of Soils (from 3.3, pp. 2, 30, 40).

3.5. Determining the Destructive Heaving Gradients of the Soil
and Measures to Combat Local Seepage Heaving

V. Mathematical Formulas To Solve Problems Related to
Soil Heaving

2*. Measures to Combat Local Seepage Heaving
a) Heaving of the Soil When the Seepage Flow Emerges

in the Tailwater
1. Determining the Thickness and Length of the Overload
2. Overload Drain

b) Soil Heaving When the Seepage Flow Emerges on the Slope
3.6. Normal (Local) Seepage Strength of the Soil in the Pipe

Drain Area
3.7. Deformation of the Upper Slopes Due To Wave Action
3.8. Seqpage Strength of Impervious Devices: Blanket, Face Shield,

Core of the Dam
3.9. Seepage Strength of the Soil of the Core (Face) in the Contact

Zone (With Contiguity) With a Rock Foundation

PART 4. EXAMPLES OF CALCULATING LOCAL SEEPAGE-PIPING STRENGTH
OF THE SOIL OF THE FMBANKMENT OF THE DAM

AND THE SOIL OF THE FOUNDATION

Example 1.
Example 2.
Example 3.
Example 4.
Example 5.
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