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REINFORCED EARTH AS MATERIAL
A NEW TYPE OF COMPOSITE DAM

WATK TER-MINASSIAN, C. E2

; . inforced Earth is a combination of fill and reinforcing strips
wuh?n\ll: 2hzsrifumnR: complex has cohesion and strength but remains highly defor-
mable. A reinforced fill can thus stand vertical or overhanging, even when the con-
ventional retaining wall would not be adequate because of foundation settlement.

If used In hydraulic construction, Reinforced Earth makes it possible to design
overflow dykes. It also offers other possibilities for the general layout of the works,
combinig the advantages of the stff concrete dam and the deformable earth dam. The
over-all cost generally makes this new type of dam quite competitive. The construction
and performance of the world's first prototype Is described.

- — —

REINFORCED EARTH, A NEW MATERIAL

In 1966, Mr Henri Vidal intuitively invented In France a new com-
posite material which he called Reinforced Earth (la ferre armée) and
which will probably prove to be just as impontant an innovation In build-
ing and engineening as reinforced concrete was before. It was not the
first time that the Idea had been considered of perfecting intrinsically the
properties of soil as a bullding material. The use of bamboo, straw fab-
rics, steel mesh and sheet piling for making gabions can be consiedered
as the first combination of tensile members with soil. A later develop-
ment was the ,Mur a Echelles* (ladder wall) which was put into prac-
tice fairly extensively, at least in France, as a substitute for retaining
walls. This was the work of André Coyne, who developed it in 1924
and qualified it at one time, with remarkable prescience, as ,reinforced
filne,

Reinforced Earth and the Mar a Echelles do indeed seem to resem-
ble each other at first sight, but closer examination reveals differences in
the practical applications of the two systems which are indicative of a
major divergence in the basic concepts involved. This André Coyne's
disciples would not wish to dispute. Although anchored back into the
same soll mass it is designed to support, the Mur a Echelles was con-
ceived basically to form, with the associated outer layer of fill, a cohesive

! Chief Engineer, Coyne & Belller, Consulting Engineers, Paris, France,
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Fig. 1 Typical section through Mur & Echelles; I—Cast-in-place wall; 2—Anchor
members with end anchor plates.
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whole which could be approached through structural analysis criteria.
This is why the reinforced proftle is wider at the base, as with gravity
walls (Fig. 1).

The guiding principle in the Reinforced Earth concept, on the other
‘hand, is to confer artificially on the soll mass the mechanical properties
of a homogeneous, orthotropic material. Reinforced Earth s therefore a
truly Intimate combination of fill which can resist only compressive and
shear loads, and reinforcing strips within it taking the tensile loads. Load
transier between the two relies on friction.

Reinforced Earth fills, very many of which are now used in place of
conventional embankments shored up with retaining walls, have three
components. ;

(i) The fill does not need to be heavily compacted, although the
ang le of frictlon is extremely important.

(i) The linear reinforcing members are usually metallic strips a
few millimetres thick and 5 cm to 12 cm wide laid at regular [ntervals
parallel to the direction of the major tensile stress. They are usually
horizontal and perpendicular to the free face, and there would be for
example a layer of reinforcement every 0.35 m in height, i. e. one for
each layer of fill. The horizontal spacing between the individual strips
would be from 0.75 m to 0.5 m depending upon the depth below the
crest. Precautions are-taken against corrosion either by choosing gal-
vanized steel, aluminium, stainless steel or some other corrosion resistant
material or by using thicker strip to allow for corrosion. The final choice
depends on the ultimate destination of the works.

(i1i) The ,skin* on the free face Is a minor practical requirement to
prevent the soil running out from between the strips. It is built up
of elliptical metal troughs or prefabricated concrete slabs (,scales®),
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Fig. 2. Coustruction of a Reinforced Earth fill. Precast skin, concrele scales,
reinforcing strips secured to scales. Fill placement under way. Note that bulldozer is
working at the edge of the fill.
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fagain placed with each lift. Because of th:ir shape and flexibilly
the metal troughs can accommodate the deformations of the fill without
secondary stresses; the same effect is obtained with the scales by leaving
the Joints open.

With the reinforcement, the resulting complex has cohesion and
strength but remains highly deformable. 1t is an uncomplicated mate-
rial, simple and quick to use (Fig. 2) and is probably highly resistant to
earthquake shocks. Its Jow unit cost makes it competitive with more con-
ventional materials. These advantages, taken fogether, explain the rapid
development of the process in engineering construction. Three hundred
Reinforced Earht fills have already been built to date with an aggregate
length of nearly €0 kilometres. The maximum height is 30 m (and In
this case, heavy plant circulates at the edge of the fill). ‘

Reinforced Earth also finds applications in engineering problems other
that of ensuring stability of vertical fill. It has been found an attractive
substitute for concrete for massive structures on settlement-prone  foun-
dations such as bridge abutments, atomic shelters and wharves. It could
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Fig. 3. Typical section through Reinforced Earth fill (3 =35°%); /—Reinforced zone

2--Precast concrete scales
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conceivably be extended to the stabilization of slide areas, with the rein-
forcing strips grouted into drilled holes in the unsafe slope.

DESIGNING REINFORCED EARTH STRUCTURES

Practical development of buiding with Reinforced Earth has proceed-
ed without waiting for any well-established design rules. The problems
of calculating the reinforcement cross sections and lengths can be ap-
proached in many ways, but theoretical analysis and model tests carried
out In the Laboratoire Central des Ponts et Chaussées, Paris and the
University of California, Berkeley, USA, clearly indicate that methods
currently adopted wisely leave ample safety margins to allow for uncer-
tainty. These will be progressively pared down.

This article is not intended as a discussion of these design criteria,
but merely to introduce engineers to the main conclusions towards which
current research is very probably leading.

The unit force applied to the reinforcing strips per square metre of
jree face Is proportional to the depth below crest. The total force applied
per linear metre of free face therefore iIncreases as the square of the
height & of the wall, and the total weight of reinforcement increases as
he cube of the height, as the reinforced zones remain geometrically
similar for all values of A.

Eace reinforced zone will theoretically have the shape of a curvili-
near trapezium with the shortests side af the base of the wall, although
in practice, the boundaries will be straight lines. As an example (Fig. 3),
a fill material with a friction angle of 35° and a design factor of safety
of 1.45 against failure by sliding at the base will require strips about
0.3% long at the base and 0.6k at the crest. If the foundation is liable to
local shear failure or may be involved in a generalized slide, strips will
have to start below ground level.

The loads on the skin at any given point depend on the height of
ftll above. The cost of the skin facing therefore increases only as the
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jimit currently forecast would be several dozen metres depending on the

es of the fill material. ;
PfOp;rl:s important to note that the limit could be raised even higher if

it were accepted fo abandon our present day design methods and analyse
stability under normal working stresses instead of at failure. In this
case, the thickness of the reinforcement could be tailed down towards the
ends instead of being constant, as it is known that, considering dead
weight of fill only. the most highly stressed section of the reinforcemetn
strip is the point lying about 0.3% in from the face.

REINFORCED EARTH FOR DAMS

The possibility of artificially steepening embankment slopes was
successfully used by André Coyne for several water retaining structures.
In 1929, he applied the Mur a Echelles to the 20 m high upstream cof-
ferdam at Maréges dam site. He then went on to use it for parmanent
works, such as the Laurenti stone fill dam, 14 m in height with an up-
stream slope of | in 0.25 (1940), and Saint Cassien right bank saddle
dam, a 12 m high stone embankment also with an upstream slope of 1 in
0.25 (1956).

It is interesting to note that in all three cases, the deciding [actor
was lack of space at foundation level for a normal embankment dam,
which touches on one of the advantages to he dealt with subsequently.
But it is striking that the idea was always to steepen the upstiream face,
in the gravity dam tradition, although without going so far as to make
it absolutely vertical.

The slight batter considerably reduces the number of reinforcing ten-
sion members needed (In both Mur a Echelles and Reinforced Earth
designs), but prevents the engineer from making full use of the poten-
tial he might obtain by turning the whole dam back to front so that the
downstream face is vertical or even slightly overhanging (with a water-
tight facing or inclined core) (Fig. 4). This possibility was first mooted
simultaneously with the appearance of Reinforced Earth in dam building,
and an agreement was signed in 1973 between the Société d’Etudes de
la Terre Armée and Coyne & Bellier on hydraulic works.

The merits of this design are so evident and far-reaching that one
can imagine a whole new generation of dams which would not be so
allor-made as our present dams. Without going to extremes, it can be
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Fig. 4. Section of an overflow Reinforced Earth dam. I—Watertight facing; 2—Conc-
rete apron; 3—Tallwater level; #—Depth of maximum scour hole.
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sald that they would probably be more accessible to rule-of-thumb con-
struction and eminently suitable for extensive prefabrication.

A vertical or slightly overhanging downstream face gives a new
perspective to the idea of overspill earth dam, The problem of energy
dissipation would be the same as with an overspill arch dam for exam-
ple, and canbe conveniently overcome if tailwater is deep enough to act
effectively as a cushion. We can calculate (and check on scale models)
the maximum scour hole depth for different heights and spillway discharg-
es per linear metre of overspill. If necessary, the dam could be founded
in a deeper trench so that there is no danger of the toe resting on the
lip of the scour hole. Of course, the upstream head would throw the
nappe out from the foot of the dam without directly endangering it (the
point of impact moving farther downstream with dam height and discharge).
On the contrary, experience demonstrates the falling water would
tend to wash material back towards the dam.

Model tests have shown the advantages of this solution as compared
with the alternative of protecting the sloping downstream face by means
of anchored mesh or riprap, with the remaining energy still haviag to
be dissipated on large boulders at the toe or in hydraulic jumps in con-
crete stilling basins.

As mentioned above, steepening the embankment kalves the base
area, a valuable asset when the relief, geology or other works nearby
leave no room for the full section.

This also considerably shortens the diversion works when coffer-
dams are Reinforced Earth. They would be only half the length with a
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Fig. 5. Shortening the base length Reinforced fills.
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Fig. 6. Saving fill material with Reinforced earth crest,
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Reinforced Earth main dam. An added advantage of this is that that the
capacity of the diversion tunnel or channel could be smaller: the critical
flood during construction for which the diversion works are dimensioned
could be smaller than with a standard embankment dam, because an
unfinished dam in Reinforced Earth can be overtopped without serious
damage if a few simple precautions are taken.

A vertical downstream face offers other possibilities, even if the final
dam is not be to an overspill structure, It a surface channel spillway is
decided upon for any reason, passing round the abutment, fhere is no
need to provide long outlet channels or tunnels to a point downstream
of the dam toe. Flood discharge can return to the river near the axis of
the dam as with concrete dams.

The same applies if a surface or underground powerstation is to be
built with the dam. The water paths are so much shorter that - there
would be savings on the cost of the outlet works, and in addition on
he very expensive surge tanks and other control works, which could be
dispensed with altogether in most instances.

There is no doubt that the appearance of the ,half-dyke* introduces
a new types of dam into the usual catalogue which combines the advan-
tages of the stiff concrete dam and the deformable earth dam. One can
expect that it will come into widespread use, possibly at first In com-
bination with ordinary embankment profiles. For instance, one can trun-
cate the embankment slopes by reinforcing the fill at the bottom to cut
down the total base area (Fig. 5) or sit a free-standing Reinfonced
Earth crest on top of a conventional earth dam (Fig. 6). Such expedients
would not of course realise the full potential of this new material, but
there would nevertheless be appreciable economies: for example, the fill

\t:o:u:ﬁ:te saved in the second case above is proportional to final dam
eight.
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Fig. 7. The Vallon des Bimes prototype dam (1972).
Ul 7. hwnk np Phdh (1972) wipurmulh fiwfuwmhuyp:
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THE VALLON DES BIMES PROTOTYPE

The prototype Reinforced Earth dam already exists at Vallon des
4 Bimes in Southern France (Fig. 7). It was built on the principles des-
scribed by,the Direction Départementale de I'Agriculture du Var. It is a
1 modest dam (height 9 m, length 36 m) which impounds a standing sup-
q ply of 36,000 m* of water for fighting local forest fires. This means that
% all inflow must be permanently spilled once the lake is full. The maximum
1 flood is estimated at 20 m*fs, and there is no watchman.

The dam, which contains 2,500 m® of fill, was bullt in seven weeks
in November and December 1972 by a lozal contractor employing only
eight men using limited plant. It was completed just before a night of
heavy runoff in which the lake immediately filled and spilling began
with a 15 to 20 cm head on the sill. It has thus been in operation
since this date.

It is founded half on micaschist and half on scree material from the
. slope. A drainage blanket under the base protects the body of the dam
. from saturation through water coming from the foundation, in which there

are a few springs: no effort was made to control them with a grout cur-
tain or drilled drains.

The upstream slope of the dam is [ in 9. The crest width is 5 m
and the downstream face Is vertical. The watertight upstream facing con-
sisis of a layer of flocked polyester thread (Bidim) hot impregnated with

. 8—827

Lol . S,
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Fig. 8. Typical section and downstream elevation of Vallon des Bimes dam; ! —Rein
10:1:'!11g sl.rlps' 9_Concrete scales; 3—Drainage blankel; 4—-Watertight facing and lean
concrete protection; 5—Bottom outlet; 6—Overflow welr.
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bitumen road emulsion, laid over a 30 cm drainage layer and protected
at the surface by 7 cm of lean concrete. There is an 11.4 m overspill
section near the centre of the crest capable of discharging the design
flood with a 1 m head on the sill (Fig 8).

The Reinforced Earth skin consists of cruciform concrete elements
0.18 m and 0.20 m thick measuring 1.5 m by 1.5 m. Their
unit weight being very small (in the region of I ton), they were tran-
sported by road from the nearest prefabrication yard about 200 km away
and placed without difficulty with a small truck-mounted crane. The
reinforcement is galvanized steel strip on 0.75 m centres laterally and
vertically. :

A 30 cm cast iron pipe through the base fill with control valves at
its downstream end is used  as the botlom outlet and fire service supply.

The limited storage capacity and absence of risk downstream explains
why the dam could be built without the more elaborate techniques that
would have been required for a larger dam. Nevertheless, there were
hardly any modifications to normal fill placement in the reinforced zone
and work was so simple that it scarcely increased the unit costs over
that of ordinary fill.

The total cost was 180,000 Francs, made up as follows: fill—21¢,
parts and erection of downstream face—429%, upstream watertight facing—
149, stripping, cut-off trench, dewatering, river diversion—239%.
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The relative proportion of each item does not seem to bear out what
is said above as to the economy of the process, as in this specific case,
the cost of parts and erection Is far higher than the savings from elimi-
nating the downstream fill. But allowance must be made for the small
size of the dam and the fact that it is a prototype. The above costs are,
far from being truly representative of what can be expected on large
projects.

The jact remains that the Owner of the works was well rewarded
for his initlative in experimenting with this new type of dam, because
there was certainly a considerable saving in overall cost as compared to
a conventional embankment dam with lateral channel spillway capable
of discharging floods of 20 m?/s.
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whbguwdwuhpf liwjmhw_qd'wir Sudwp® wdpughbyng Sopumwligphbpnud  plp-
whpp, npnlip Snpunwd bl wililpus prike pulignuld's

Uafrwgud foguyhl llmnmgl[mbfﬁhr}l ﬁm]\:mq&mﬁg

Ui pugmd Snnhy Yusnnegfwdphhpp wpwlpnfily hppunnod wmwgwl b fu-
puh nplt o] dpwlfwd I fugddwl  fubnllibpl  wnmhgdoulp: Uneghe
Lnpfwdf buypuumwhl [ pudbihiphbphl gnygy g, duwidwhuwlywlfrg Shinwgo-
wmniflyniilihiph 4 frod Grnas lpans T hqpmf(m‘qmp‘fmm:bm_u

Uidpwgdwh phgSwhnp  fafinp whoul b Soqufdph b pupdpof jah
]'unrmﬁmr'll,l'lﬁ Suwd bl wmwlpub, puwlf np wlpugwd qumfilihpp Eplypu guriin -
phl Bdwl b fe~fpr poygnp u.rpdf:pf:ﬁpﬁfu

Bnepwpuibiygnip wlpuguwd g fr mbuwlpwbnphl noufe wil bl lpups fogdng
bpbuwlfy 4fofprol whgugpfud hnpogdu i uﬁq_m.f:fl Ale, liwsqud upprufyun fr-
hnpkt  wwSdwliihpp  moghy qdbp B Opplly, jgndf Tgmflp 35°  pefdwh
whlypaching kb Shdph o pugmf wwShgdwlh  Uhwmdwdp 1,45 G fuugdfwd
Yusgrihenofl gl wpmgupni] wpuSwhynd | opbpmbp® Spolpnul 0,3 h L humwapnot
0,6 h hplpwpmffyudp (. 3):  bFh Spdpp  uwSph duwdwinmly  biffulpu §
wnhgughly pwppwfml Jpud fpupng [ hpgpudddby phgfwbngg  ungodoocff pre-
bnud, phpuwbpp whup b oulufwd (fubl ghmbfe Tulpppgulfy Whppl:

Puquiiflp gubljpgwd hhnp phalofmdndmdp fpofudwd b ooflyf pupdp
qurlifnng hgel pwpdpofyniipyge Upg spunSunny  bpbousogundod Pl fr
wpdbpp winul b ophgudbup npuhu  phgSwhngp  pupdpofl ok funwlnihb.
wyu pugwmpnul  FFh flyne gpo Swpwpbpalwlh o wmpdhpp pupdp fiiphiph
Luwdwp gpunboud | wlbiyulh:

uﬁmﬁnlllm{ dymu qupdnbbhpp, Spmim[:mjnuf gryoeflymds niibigng qlbpf
b wyfpunmnmupdfe Jpw Spdbfmd mlnhuwlpnl judfiubifpp gngy Foagfiu, op
wihpuwgmd Sngp Swiwfy Swhpfuwhnul ¢ ophgp b Shlwmumy fuligpfi wmifn-



REINFORCED EARTH AS MATERIAL 117

prulpusls gredmud b bneglofruly, dptple plwlul Jhwyf whipymbp &dbnkmne  dfrofuw-
plilary, bfFh o frasgte G pupdpriffymbp df pulh dbmphy wifbph be Uwlpw il
wypuphu 3 qum  poupdp ywhghpp  Swdwp, npofSbule wyumby  gopénul £
wnd pus gl wle wldwl funpuloupy yuthife hwlinbpe  Uhplhuwgnule wwSidwhp lyplf
dfy puwhf wmwubpuly dhmp' lpofudwd thgel Uiniff Swulpniflindiibphy:

Udrwgué fingp widpwrnwmljiibrh hudwr

Uodd puspunlyfehp Twfumgdnqbbpp hnffile ljwpny b oguuwgnpdly wdpugud
Gonp' wunnpuwmnbpn] wdpwpewhh  (hgpp wmoppl bgpp nupuSu ey fad
bnghfruly df thnpp  lufurfwd (wftzpmpmlfxwf:g bpbummumnnulny  ljpwd fhp
dhgnilymy ddubigdwl ghil upugpupfe Suwluwp, L. 4): Uyu Sbwpunpnfyndip
plilaplyd il kgl wilpupmulpwyflncfl (pel fpnmgdwh dhy wilpugud Lnnf
Lot gt b 4lbin dpwdwdwhwly b 1973 f. Lfrgprnb fulifiljoljul  wyfuuinmbp-
Lhpfe ofbpuphpug Sudwdumbwgpp b wmopugpdby wolpugud Snnp nunullw-
ufpifwte  pllhpocfd juh (Société d'étude de la terre armée) ne Pugh b Pk
Pppduyl: (Coyne & Bellier) odpgh:

Uy Tows furaggdfs wpdwhfiphpl whpwh wlhifwm b b Ahnwilwpo-
e, np Gpphyh £ wumlphpwghby wdpwpmwlibpf df wdpngg finp ubpnihing,
npnlip wilpul by whqwipp Sho  fwepfwd phl gk, phpyhe  Ghplagnolu:
Uinwhy pupugubgrefd e fywpbip £ wuby, np qpuwhp, Awifwhwpwp, wifbf
Swpilwp by ffchl dnmusfnp Swpuplfibpny  pplpmpndd gl b of froes T epuanil o gl
plgnidihyfy g gunmpud Swfupndf huwnnigdwh Sundwp:

Ngyuwluwgumy fpd  Fhplulyfs fjufuywmé wurnphl bpuwmbpp wagfu b bnp
Lhnwhljuphhp  grpon wdpwpmwlibpf  gugadgiepfin Opphuwly, Fhbpgfugf
duwpdwl wypnpbdp hypbf wbughupl, phypupupl gpfog hwdwpmdl wdpwp-
wmulfp  Swdwp [l fpupnyg b Sbgmmfudp neddby, bRk wnnpfl pibdp
punfulpulim gy funpl b npuhy bpblmpy] pupd gqopdhyne Swdup: bpb wispw-
dbym £, wilpwpmwhp ljupny £ Sfdldby wilbip funp fepwdwmnd,  wghube
np Shybgmwp byppl  Shudwh ghupnad  wd pupmwlh wumnpnmfr o wgdwh
Jumbligp fnpghoud | fip byl lymefd prfopre Pouwplh, Jhppl pib$p  hngdhy
Shguugnidsp  Qpumpenf  gpughl gpfp wdpupmulf  wmnpmnfg, boowgofund,
YShawghp  nopfy fugdwh Juwwhgp  (Awpfwdp  hhop mbyuywpdnud £
wl pupmmlpy bpw pupdpocf Lk dwfuufr Shun me:u[rf:)x LTens wlpps
shnpdp gnegg bomughe, np fuddufng gnepp dgumnul mbf bymfp Shm phphy
byl wdl pospresnlpe

Ungbpuppte  thnpduplndihpp gy bl by Php wmnppl  bphuulf
gyl wl Sudwp wyg proddwl wnmibynefndihpp fumpupufwd guiigh
fpdd pumpunfigpf oglinifjudip wy phmpulpmle bywbwhfp Whwmlwilp, npinkng
dhmygwd Fabpgpuwl dwpfnul  § wwnponf dnn fungop quupwphpp pur fod
Shppusiply gumlbpny phmnkh wwquibhpno

lpgohl Thd Fhpmflmt muwyp  Yhuny yuh pafrmglnad § Gpdff dwlb-
I‘Lu[_l, npp gwur wpdhpuap £, hpp nbyfbipp, bpl{pmpmf:mpl;ntﬁg buwd  gnew
wpfummuhphbppy Swdwppn by b @oginud fy fpopwdpl fpugnpdduk
Suwdwp: Uyy  Goghyghy bpwhwlugpy  jwihny inppughnul L qbppyughnb
wyfummwlphbpp, bRb whypwfuguby wunbbyl wpfwd § wdpugmd Snnfiy:
bpuwbp ndihl Shugh hound yuf bhplpwpmfymd, bfh  gufuunp wlpupmmlp
wumpuumnud b owdpugmd Sngfg: lpwygneghy wnufbpnefndip fpwguiinal k
bpuitinid, np ghppdwgpoh frdibyp fod gpwhgpp fupny | ohuby wibf fmpp,
pwhfp np wirwqud fnnhg wjurmwd wdpwrnwlp jweny o ongopiby
wawhy nepy Jimubhpp, bk hhpwnfwd bi Jh pwhf weipy fwfuwiggnigmljulh
dhynglibp:

Mgnuwépy wnnpphe bfpmp Ghplugwghnul b owy Lhwpwifnpnof gmdiibp,
bngifuly bL fbpgliwlywh wdpwpmwhp yhlif gpowfud huinniguwdph: bh
aphfgh wwwmuany G fusmboefnol k duwlhpbom ht g o zpmbgé, mph
whgbpul b wdpwpmelf Swewmwpwhf gocpgp, woapw mftﬁ:‘mdlﬁzmmp_}ntﬁ Zl]ul.
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burnlh wdpwpmwlbbpp Swddm - .
Mm:” ?”niurﬁmfpinfarw; wyl gbuphl, bop wdpwpmwlfy Sbho  Jhuafl
¢ ey I'um r *;" Jbpghunt fuwsd wmnpghnbyu nedwlpu pud: enuphibep
‘clfm:':rltbg '.l::l‘? 1hliby. wibubu np wpdhph feliwapngnefigned £ wnuwgwhnul

bgny Swywwwpbghng  ebghp-
dphk L, yuwn [l wpdhy |
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inqufdpbpp qugnpydwdps Oppbwl, Jupbh b “""":f ";'gwbP'F rk2 wbor,
wil pughbyni Srnufdpf winnpnmp® Splph plinSwhmp dwlhbp ;;ﬁ shoppugdw
Swdwp (Wl 5) fyusif Gumbglby woquim b glimd wmegmob s as unyn-
puwhwl Sngh wilpwpmwhp  qugwfh dpe (¥h. 6): Uyu &lbpp, f.sm,.g:. ob
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Spuwhupugnd  Qugnl qp Ppdnul (Wl 7): dpwpmuly  fuangdby & lun
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pushuwlymfpuilp wwppufnpnols Ul wiwpndby § Shig wglh glpbpp, bpp midhy
Shnbqp (gpby b gpwdpwpp l whuby [ ogpfugualp phidf fpughy  15—20 wd
pupdpncflyudpe Uypg dudwhwhpy b ofbp wd pwpowlp gunlofnul b qwSwynpd-
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W d urh Lusd bl s, b warg forsus i1t ¥ pla wbpwh wupg kp, np wyl Lural g
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N pusprrealpfe Lhur Awdbd wiinid

APMUPOBAHHAS 3EMJIS KAK MATEPHAJI oJis
HOBOTIO THIA COCTABHBIX NJIOTHH'

HniKenep-CTPOHTEND BAMK TEP-MH HACHH?

FPeghepar. ApMupOBaHHAR 3CMJAA npeacTapifer cofoff KOMOMHANHIO HACHINH H ap-
IMHPYICULIX 10J0C B HHX. TMosayuaemblit KoMijexc oGaaxaer clernenHeM M TpPOYHOCTEIO, HO
—neraetch BHCOKO JIehopMHPYCMBIM. ApMupOBAHHAA HACHINb MOKET TakiM of6pasoMm CTOATH
SEPTHKAALIO WK HABHCATD faxe B Tex caydasx, Koraa ofpuHas TOANMOpHAs CTeHKa HE
/iGyfeT Aa1eKBATHOR BCJCACTBHE ocanky octopanns. [IpH nMpHMEHEHHH B THAPOTEXHHYECKHX
09eoopyKeHHX apMHpoBannas 3eMJs J1aeT BO3MOMKHOCTD TIpOEKTHPOBAHHS BOJIOCTHBHbIX nao-
prun, Oua TakxKe A4eT Apyrie BO3MOKHOCTH A reHepaJbLHOR MJIaHHPOBKH coopyHenui, co-
Spnjerast NPEHMYLLECTBA FKECTKHX GeToHHbLIX H AeopMHPYEMBIX gemasppx  naoThH, O6uasn
15 CTONMOCTE JTOF0 THA [OTHH 1eaet HX BIOJHE KOHKYPEHTOCTOCOGHBIMI. Onucado cOOPY-
* Jcenne iI npoHaBOACTBO PAGOT neppoft B MHpE IJIOTHILL STCTO THOA,

—  —

\ ApMuposannas 3eman Kak HOBbLIL MaTepual.

Aupn Bupaan B 1966 rogy Bo PpaHLIH HHTYMTHBHO NpHIUEN K CO3-
{ JlaHWio HOBOTO COCTABHOIO mMarepnaJjia, HasBaHHOTO «apMAPOBAHHOH 3€M-
. neit» (la terre armeée), KOTOpbii, BEPOATHO, Gymer TaKHM e BamHLIM HOB-
. JmecTBOM B COOpYXeHHsiX H B TexHHKe, KaK 3TO paHee Gusi0 ¢ XKejesobe-
' TOHOM.

PyKkoBojisiliil NPHHIAI B KOHLENIHH apMHPOBAHHOH 3eMJIE—HCKYCCT-
pennoe coobuienne rpyHTOBOIl Macce MeXaHHYeCKHX  CBOMCTB OHOPOAHOTO
.0pTOTPONHOZO MaTepHala. D70 AefCTBHTEIbHO TECHOE coueTanHe HAaCHIIH,
KoTOpast MOJKET COTPOTHBISATHCA TOJIBKO CHKHMAIONEM M CIBHralonuM Ha-
rpy3kam, H apMHpPYIOLHX nosioc B Heil, NPHHHMAIOIHKX Ha ce6si pacTarH-
salomme narpysku. Ilepenada HArpy3oK B Hel OCHOBBIBAETCA Ha TPEHHH.
Opuum M3 Oonee paHHHX pemenuil TOH ke 3apauH 6bl1a JIeCTHHIHAR

.crenka (puc. 1)

L [Tepeson € anrniickoro npod. T 11. Tep-CrenansHa.
2 [aapnuil nHKenep KoHCyabTATHBHOMN (GHPMB! Koftn 1 Beape, Tlapuix, dpauiusl.

5 Preynkn cx. na ctp. 1 7—114
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fi 3el 10rileé i3 KOTOPBHIX NPHMEHSIOTCH
i MIDOBAHHOM 3€MJIM, Mi '
ua?r?:itﬁ:e I;i)ei:pn sgzecro oObuHBIX 1aM0 ¢ NPHMBIKAHHEM B BHIC NOA-
B -
{ 1 ocoOeHHOCTH:
HHX CTEHOK, HMET TPE .
it 1) Hacoine HE Hymzaerca B CHJIBHOM YN
i {eH:
wea;uqam:gﬁuab?:‘ apsupyoujue 31eMeHTbl OOBIYHO NPEeACTABISIOT co&m}-
e b TOJUUMHON B HECKOAbKO MILLIHMETPOB H IIHPHHON

: e MoI0C
”erf"';:qu"lw vaoueHHble ¢ NPABILTBHBMI IATEPBATAMH  NAPALILTLHO
gzn:;an  eHmio MABHOrO PACTATHBAIOMEro Hanpskenns. OHN OGLINHO ropn-

v Goxunoit rpanu. Ilpunnmaiporcs Mepnt
soHTa.‘Iht;l;I no;:afﬁigill:;;e,;?}‘:ug:;a gmmmn%uuoﬁ cPra.'m. a:lm:mn?n.
gepg;:?aémgxﬂﬁ CTa/lH HIH HEeKOTOPhIX JAPYrHX au'nmoppoauu::xxgla'r;sp:lﬁ:
Jo0B, Wan npuMenennus Gojee TOJCTHIX N0J10C, PACCUHTAHHBIX PP .

3) x «¢o00.104Ke» HA cBo0oHOIl rpaHH npe}l‘bﬂ?ﬂﬂ&‘l‘tﬂ HeSHAUUTe b=
Hoe TpeGoBanne—IMpeaoTBpalleHie BLITEKAHNS TPyHTa M3 npocrpchTna
mexay noaocamu. OGoIOUKa AETaeTCH H3 SJTHNTHUECKHX a.:era_.?n:mecr\ux
#ea0008 wiH cOOpHBIX OETOHHBIX ILTHT («cTymeHeii»), Takxe yKJaaxbiBae-
MBIX C KakIbIM TOXHATHEM HAacChIN. Beaeacrsne croelt popmbl B ruékoc-
TH, MeTaJJHyecKHe KeaoGbl MOryT npucnocabanBaThes K AedopMainm
pacwnn Ge3 BTOPHYHBIX HANPSKeHHil; B cayyae cryneneil ToT e sddesr
JIOCTHr2eTCs NYTeM OCTaBJeHHS OTKPHITHIX IIBOB.

Baarogaps apMUpORaHHIO, NOAYHAIOWUACK 8 pe3yabTare KOMILICKC o~
aadaer cyenaeHues i NpPoYHOCTLIO, HO OCTAETCS BLICORO deghopaiupyesibia,
D10 HECJ0KHBI MATepHas, NPocToil i OwCTpHil B Henoabsosanun (puc. 2)
1, BepOSITHO, XOpOILIO CONPOTHBJSIOUHACH CeACMHUYCCKIM  TOJUKaM, Ero
HH3Kasg CTOHMOCTb JeJaeT ero KOHKYPEHTOCHOCOOHBIM IO OTHOWEHHIO K
Gosee OOBIUHBIM MaTepHataM. DTH NMPEHMYIECTBa, B3sATblC BMeCTe, OObsc-
Hsl0T OBICTPOE PACHPOCTPAHEHHe 3TOro - cnocoba B HHMKEHEPHOM CTPOH-
reaberse. K HacTosinieMy BPEMEHH YXKe NOCTPOEHO TPHCTA apMHPOBAHHLIX
seMIsHBIY Hackimeil ¢ oOmeil aanuol oxoao 60 kM. HanGonee Buicokasi ns
pux umeer 30 M, H B 3TOM c¢Jyuae Ha Kpaio Haceli AeilCTBYeT TsKeaas
yCTaHOBKA. A

[ToMuMO TOTO, YTO APMIpPOBAHHAS 3eMJs obecneynBacT YCTONUHBOCTD
BEPTHKA/ILHBIX HACHIIeil, OHA HAXOMUT NPHMEHEHHE TAKXKe H NPH PeUICHHI
APYIHX HIDKeHepHBIX npoGJeM. ApMUpOBaHHAs S€M/Sl NMPHBJIEKAET BHIMA-
Hie Kak 3aMeHHTeJ b GeToHa JJIsi MACCHBHBIX COOPYIKEHHIT B CKJIOHHBIX K
ocajpKe OCHOBAHNAX, KAK-TO: MOCTOBbIE YCTOH, ATOMHbIC YOEKHIIA H TIPH-
cranin. Ee MOXKHO ¢ YBEPeHHOCTBIO NPHMEHNTh H JJIf CTAOHMIH3AUMH 003~
HEBLIX YUYACTKOB, C 3aKPEINICHHEM apMIPYIOINX MOJ0C B CKBaXHHAX, 11pO-
GypeHHbIX B HEyCTOIMHBOM CKJOHE.

JIOTHeHHH, XOTS YIrov1 TpeHus

lIpocxtuposanue coopyrceHurl U3 apMUpPOSaHHON 3emau

CoopyzKennsi 13 apMHPOBAHHON 3€MJIH NMOJYYHIH NPaKTHYECKOE MpH-
MeHelnne 0 co3fanusi Kakux-im6o Xopouo paspaGoTaHHBIX NPaBi NPOEK-
THpopanns. Hacrosmas craThs HMeeT NeJbI0 NMOKa3aTh HHXKEHepaMm Te
rJaBHbIe BBIBOJABI, K KOTOPBIM, BeCbMa BepOsITHO, BEAYT COBpeMEHHbIe HC-
cJIeI0BaHus,

OG6muit Bec apMHPOBAHHS YBeJHYHBAETCS B Kybe BHICOTH A machimm,
TaK I;al( apMHPOBAHHLIE 30HBI TEOMETPHYOCKH MOJOGHEI /ISl BCEX 3Haye-
Huit A.

_ Kaxnas apmmnposannasi 3oma TeopeTHueckm umeer (OpPMY KpHBOJIII-
HEHHOI Tpaneuun ¢ HanGoJee KOPOTKOil CTOPOHOM, pacnosoxeHnoii »
OCROBAHUU TPAHH, XOTA NPAKTHYECKH rPaHHIBI—IpsiMble Jaunun. Hanpn-
MEp: HACHITHOI MaTepHasa ¢ yrJom Tpennst 35° W NMPOEKTHHIM 3amacoM yc-
ToituuBocTi 1,45 M0 OTHOMIEHHIO CKOJBKEHHS MO OCHOBANHIO norpebyer
noaocsl aanioii 0,34 8 ocnopanmn u 0,64 8 Bepmmne (puc. 3). Ecau ocio-
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. pane cnoco6HO K MecTHHM OGpYmIeHHAM IpH CABHTe HIH MOXKeT GHTb
popJeyero B oflLiee onoJzaHue, 10J0CH A0JA#HE HAaYHHATHCA HHZAKE YPOBHA
3EMJTH.

Harpysku Ha 060/04kH B Ji06O# TOYKE 3aBHCAT OT BHICOTH BhILIEpac-
nonomennoil Hacsnd. I103TOMy CTOMMOCT: OGAHIOBhIBaOmEHd 0GOIOYKH
YBEeIHUKBAETCHA JAlIL KaK £6adpar OGIIeH BEICOTH; 5TO 0O BACHALT, MOYEMY
fe OTHOCHTEALHAsi CTOMMOCTh AeJaeTcd npeHe6pe;KMMO MaJjoi IS BhICO-
KHX HAacChIIeH. - .

Eciu He YYHTHBATh OCTaJbHEIX (aKTOpOB, TO SKOHOMHYECKHA KpHTe-
pHil, OCHOBaHHLIi Ha CYIIECTBYIOLIMX BO ®pannud UeHax H 3apaGoTHOI
JaTe, N0Ka3LBaeT, 4TO APMHPOBAHHAA 3€MJs YaCTO SIBJSETCH BHIFOXHOIN
3aMeH0fl OOLIYHOrO PpEIeHHA <«HACHNb H NOANOpHAs CTEHKa» H nawe
BINOAUNUCARUA CKAOHG 00 yzaa eCTEeCTBeHH020 OTKOCQ, eCaAH TOJbKO ero
phicoTa GoJee HeCKOJbKHX METpPOB. DTO, OAHAKO, HE TaK AJs OYeHb BBICC-
KHX CKJIOHOB, NOTOMY 4TO 3Jech JeAcTByer KyOHueckoe NMPaBHIO YBETH:eE-
HHA ApMHpOBaHMA. B HacTosllee BpPEMs IPENETOM GyIET HecKOJIbKO [e-
CATKOB METPOB, B 3aBHCHMOCTH OT CBOWCTB MaTepHaja HacChilH.

Apauposannan seman 0as nAOTUR

[IpOEKTHPOBIMKA IIOTHH MOTYT MOJHOCTBIO HCHOJIb30BaTh apMHPO-
BaHHYi0 3eMJIO, JAeJass HH30BYIO rpaHb HACHIMH IJOTHHLI BEPTHKAJbHO#
wau jaxke cjaerka Hapucaoomed (c BOJOHENPOHHI@eMOil OGJHLOBKOA HJH
HAKJOHHBIM AAPOM Aaf Gopb6H C (HAbTpauke) (puc. 4). dTa BO3MOK-
nocth Oblja mocrapjeHa Ha oOCyKIAeHHe OZHOBPEMEHHO C MOsBJEHHWEM ap-
MHPOBAHHOI 3eMJH B NJOTHHOCTPOCHHH, H B 1973 rony mexnay OGmecTsom
N0 M3YYEHHI0 APMUPOBAHHON 3EMJIH (Societé d’étude de la terre armée)
u dupmoit Koiin u bease (Coyne & Bellier) Owl1 nmoanucan Jo0rosop Ha
THApOTEXHHUeCKiHe paGoThL.

[IpenMyIecTBa STOr0 NMPOEKTa HACTOAbLKO OYEBHIHB H HAYT Tak Have-
KO, UTO MOJXKHO NpeACTaBHTb ce0e men0e HOBOE NOKOJEHHE IJIOTHH, KOTO-
pule He GYAyT Tak NPHBsS3aHbl K MECTY, KaK B HACTOfIIee BPEM:. He Bna-
nas B KpaHHOCTH, MOXKHO CKa3aTh, YTO OHH, BEPOATHO. O6vayr noaxoas-
[MMA JJIS CTPOMTENLCTBA 1O NMPHOIMKEHHBIM TNOACYETaM H BIOJHE TPH-
- eMJeMbIMH JUJIfi IUHPOKOro CcOGOPHOro CTPOHTEJNbCTBA.

BepTHKaJbHbIEe HJIH CJIErkKa HaBHCAIOIIHe HH3OBBIE IPaHH JaloT HOBLIE
fepenekTHBE s uiaeli 800ocausHbix maoTHH. Tak nHanpuMep, npobaema
ramenust sHepran GyAeT TOH Ke caMOi, YTO M J7Is BOAOCJHMBHBIX apOMHBIX
IUIOTHH, ¥ MOJKeT OBITh JIErKO pemieHa, ecid HuxHui Gbed Oyner mocra-
touno rayG6ok, uTobsl s(dexTHBHO JeficTBOBaTh B KayecTse NOAYymKH. Ecian
HeOGXOANMO, TWIOTHHA MOXKET HMeTh OCHOBaHHeM Goiee TiyGOKYIO TpaH-
mIel0, TAK YTO OTHajaeT ONacHOCTb PasMBIBa €€ NOAOWBHI NPH ONMHpaHHH
na GpoBky npomonnsl. KomeyHo, Hamop CO CTOPOHBI BEPXHEr0 oneda or-
GPOCHT BOJASHYIO CTPYIO OT NMOJAOWIBBI INIOTHHEL H TAKHM o6pa3oM yCTpaufT
OndcHOCTb TNpPAMOro TOAMBIBA (TOYKA yAapa OTOABHraercs OT IIOTHHEI
pMecTe c ee BbicoTol u pacxosom). HaoGopor, ONBIT TIOKa3biBaer, "TO
najaomas BoJa NMeeT TeHAEeHIHI0 HAMBIBATH MarepHaia B oGpaTHoM Ha-
npasJeHHd K IJIOTHHE.

-MojeabHEIE MCNBITAHHS TOKAa3aJH NPEHMYIIECTBA STOrO pEeUIeHHs 110
CpaBHEHHIO C aJbTePHATHBHOMN 3aIIUTON HAKJOHHON HHM30BOH TpaHH C NO-
MOIBIO B8aaHKEPeNHOH CeTKH WK KamMeHHO HaGpOCKH, rie OCTaBliasics
SHeprusi A0JUKHA GBITh MOramera Ha KPYMHBLIX BadyHaX Y TNOJOMIBH HJH
B THAPABJIHUECKHX TPBIKKAX B GeTOHHLIX Gaccefinax.

[Ipuaanne naceiny GOJABIIOH KPYTH3HBI YyMEHbuULAeT HANOAOBUHY NAO-
wads OCHOBAHUA, YTO OYEHbL 1IEHHO, KOrAa pejbed, reoJOorHYeCcKHe ycIonus
WIH Apyrie paGoThl MOUTH He OCTaBJAAIOT MECTa s OCYIIECTEJIEHHS Mn0JHO-
ro couenis, ATO TAakKe IHAUHTEALHO yMeHobwaer 0epusayuoHHoie paboTbl,



122 WAIK TER-MINASSIAN
epeMbuKa AC1ACTCH U3 apMIpOBAHHON 3eMAN.
AiiHY, ecaH TIaBHas NAOTHHA AeJaeTCH H3
apHOe NPEHMYUIECTBO COCTOHT B TOM, 4TO

i X seT ObITH MCHBINE, TAK KAK He3asep-
Aepi VHHEb HJAH KaHAd MOKC J b K
Jep‘maqu!i??ou:;liar'uz QpAUPOSAHHONL 3EMAU xMoxcer 6biTe daXe 3QronaexHa
gl:;i“i-el)bé3f;hl‘( nospexaeniil, eCan NPHHATD HECKOABKO NPOCTHIX npe-

Joxpgg;;;i::ﬁ:aauiglaonaa rpanb NPeACTaBAseT JApyrie BOSMD!RI-.IDCTH,

ecu Aake OKOHuaTelbHasi NIOTHHA HE AOIKHA ‘GHTI: no.ulo?mmuoﬁ r?onc‘r-

pykuuei. Ecan no KaKoii-1100 NPHYNHE TNPEAYCMaTPHBACTCH NOBEPXHOCT-

Heifi BOLOCIHBHOI KaHal, npoxoAsuHil rfoxpylj NPUMBIKAHHSA, TO HET He-

06X00UMOCTU YCTPAUBaTs OAUHHbIE BbINYCKHOIE KAHAAbL UAU TYHHEAU K HUX-

Hesmy Goegy. [T1aponKOBbIll pacXxol MOMeET ObiTh BO3Bpallen B peky BOAM3N
; > eTc A5 GeTOHHBIX MJIOTHH.

CH MJOTHHbI, KaK 3TO Jenaa
X oTo se OTHOCHTCS K C/ydalo, Koraa BMmecre C NJOTHHON A0/KHa GhiTh
focrpoeHa noAaseMHas H.JH wasemuasi cuiosasi cranuus. Boanele nmytin mo-

ryT OHTb CYIIECTBEHHO KOpOde, TaK HTO ofpasyercsi 3KOHOMHS 3a cuer
CTOHMOCTH BHIYCKHBIX COOPYXKEHHil H OueHb JOPOTHX YPABHHTEILHEIX pe-
3epByapoB M JPYrHX PeryJHPYIOMHX YCTPOHCTS, 6e3 KOTOpPHIX B 60.b-

IMHHCTBE CJY4aeB MOXHO OGOHTHCD.
Hecomuguuo. urto nospaenne <noaynaotun»  (hali-dyke) ssoaur B

oGBuHBIl TepeYeHb HOBBI THI NJOTHH, KOTOPBIl coueTaeT NpeHMyluecTBo
SKECTKHX GeTOHHBIX TJIOTHH M Ae(GOPMHPYEMBIX 3eMJSIHBLIX IVIOTHH. Moxuo
OKNAATh, YTO OH MOJYUHT HIHPOKOE PacnpoCTpaHEeHHe, BOIMONKHO, npexne
BCero B COYETAHHH C HacHMAMH o6biuabIX npoduaeii. Hanpumep, moxno
oTceub OTKOCH HACHIN, apMHpPYSl BHH3Y HAChib JJIS YMeHbINeHHs oGmeil
naomaan ochosanust (puc. 5) HJIH NMOCAAHTDH cBOGOHO CTOSLUIT aApMIpO-
panublil rpeGens Ha BEPXYIIKY OOLMHOIN emasinoit  naotnun  (puc. 6).
S7ti mpueMbl, KOHEUHO, He HCMOAB3YIOT BCEX NOTEHUHAIBHBIX BOIMONKHOC-
Teit HOBOrO MaTepHana, HO GYAYT TeM He MeHee SKOHOMHUHLI: Hanpumep,
ofEeM HACHIH, CIKOHOMJEHHEHII BO BTOPOM ciaydae, B Bepxmeill wacrn Oy-
AeT NponopuHOHATEeH OKOHYATeBHOIl BBICOTE IJIOTHHBI.

ecayl BOIOHenpoHuI@eMas o
ORH HMEIOT Alllib NOJIOBHHHYI A7
apMipCEaKHOIl 3eMaH. HonoaHure

M pororun Baaaox de Bux

[TpoTOTHN NJOTHHB H3 APMHPOBAHHON 3eMJH cymecrsyer B Baaion
ne bum B I0xnoit ®panuun (puc. 7). ITnoruna Guijia coopyKena 1o npmu-
winan, ommcanusidM CeabCKOXO3ANCTBEHHBIM  YIpaBJenHeM Jenapramenta
Bap. Jto neGoabuas miotnHa (Bmcora 9 m, aamsa 36 M), Koropasi 3a-
npy’uBaeT BoAy AJs oGecnedenHs NOCTOSHHOro sanaca soxaw (36000 m?)
A5 GopbObl € MECTHHIMH JIECHBIMH ToXapamiu. JTO 03HAYAeT, UTO BECh
NPHTOK JOJCH TNOCTOAHHO COPAchBATLCH, KAK TOJLKO BOJOEM OKasbiBaeT-
¢l 3anoJHeHHbIM. MakcHMAaJbHBIT MAaBOAOK YCTAHOBJEH B pasmepe
20 wm3/cex; mMpH BOJOEME HET CTOPOIKA.

[Taoruna ¢ o6bemom Hackimi 2500 M® Gblla MOCTpPOEHA B TeucHHe CeMM
Heneab B HosGpe-nekaGpe 1972 r. MECTHBIM MOAPSANYHKOM, Y KOTOPOro pa-
GoTano TOJBKO BOCEMDb YeJ0BEK, NMPHMEHSBIIHX OrpaHHyentioe oGopyaona-
nne. Ona Guila 3aKoHYena Kak pa3 mepej Toil HOUbIO, KOrja CHJABHBIIT Ji-
BeHb 3aMOJIHII BOJAOEM H HawaJcsi BomocGpoc ¢ Beicotoil or 15 mo 20 cm
Hag noporom. Haynnas ¢ 3TOro BpeMeHH IJIOTHHA HAXOANTCH B SKCHAya-
TaIHH.

Ona Obl1a OCcHOBAHA HANOJOBHHY Ha CJIOMHCTBIX CIAHIAX W HANOJ0-
By Ha KaMEHHCTONl OCHIMH, CNYCTHBUIGNiCS €O cKJAOHA aodaimbl. Jlpen-
pylomuii ¢J0fi MO OCHORAHHEM 3alHIIAeT TeJO NJOTHHAl OT HACHIICHHS
BO/IOi, NPOHHKAIOMIE W3 OCHOBAHHS, T/leé HMEETCs HEeCKOJLKO POJNHKOB;
He OBIIO CAeJaN0 HHKAKIX NONBITOK OPraHu3oBaTh GopsOy ¢ HHMH C 1O-
MOLILIO BOJOHENpPOHHIaeMOil 3aBechl HJIH GYpPOBHLIX ApeH.
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Bepxosoit ckiod naotussl uMeer ykaou 1:2. Illupuna rpeGus 5 M, a

i1 HH3oBaA TpaHb BepTHKadpHas. BepxoBoe BOJOHENPOHHNAEMOe NOKPHITHE
O9.COCTOMT W3 CJ0f NYMHKCTOH NoJu3CcTepoBoil TKaHH (BHauM), nmponHTaHHOM
o1 ropayeil AOPOAKHOA GHTYMHOH SMYJIbCHEN, YIOKEHHOH Ha JpeHHpYIOMMit
5 caoit Toamunoi 30 M M 3aUIMINEHHOR C NOBEPXHOCTH cJoeM Tomero Gero-
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— e

wa ToamuHoN 7 cM. B cepeaune rpeGHA HMeeTCA BOAOCAHBHAA CEKLHSA

u gannoi 11,4 M, cioco6nasi nponyckaTh pacyeTHbIA PacXof € BEICOTOR 1 M

naa noporom (puc. 8).
0Of0J04Ka apMUPOBAHHOM 3eMJH COCTOMT H3 KpecTooOpasHbix Ge-

ronnsix saementos Toamuuoi 0,18 u 0,20 M u pasmepamu 1,5X1,5 m. Hx

eAMHMYHLI Bec oYeHb MaJ (rmopsAaka 1 T); OHH TPaHCMOPTHPOBAJIHCE MO

apTofiopore OT GauKaiuero saBofa cGOPHBIX KOHCTPYKUMH Ha paccros-
nue okoao 200 km u Ges Tpyda VKIaAbBAJHCh C NMOMOMbI HEGOJIbLIOrO
aBTOKpaHa, ApMHpOBaHHe NpEACTaBJIA10 COGOH MOJOCH H3 OUHHKOBAHHO-
ro seJjesa, pasMellennsie B GOKOBOM H BEPTHKAJbHOM HanpaBJeHHsX Ha

paccrosnun 0,75 M MeKAY UEHTPAMH.
Uepes HHKHIOI YaCTh HACHIIH ICIOTHHBl NPONYIleHa YYTYHHas Tpy6a

guamerpoy 30 cM, cHaGkKeHHas KOHTPOJbHBIMH 3aJIBHXKKaMH Yy HH30BOr0

KOHILA: OHA CAYKHT B KayecTBe JIOHHOMO BLIIYCKA H 1Js NOXapHOro BOMO-
cHabAKeCHHA.

HeGoabiof; 06LeM BOAOXpAaHHJHINA H OTCYTCTBHE pPHCKAa B OTHOLICHHH
pacnonoKenHblx HHKe Hee coopy/KeHHii OOBACHAIOT TPHYHHBI, MO KOTO-
phiM mJoTHHA Morja GwiTh mocTpoeHa Ge3 npHMeHeHHs GoJiee JeTa.IbHO
pa3paGoTauHOii TEXHHKH, KOTOpas MorJa 6w moTpeGoBaTthCs A4 GOJbUIOH
miotuHbl,  Tem He MeHee, B ApDMHPOBAaHHOR 30He He OLIJIO TPOH3BENEHO
MOUTH HHKAKHX M3MEHEeHMi IO CPaBHEHHIO C HOPMAJbHON YKJIAAKOH Hachl-
n4, ¥ paGora Gbila TAaKOH MPOCTOll, YTO 3TO NOYTH HE OTPA3HU/IOCH HA €lH-
HHYHOM CTOMMOCTH IO OTHOIIEHHIO K OBLIYHON HACKIIMH.

HoBhblii THN NJIOTHH NMOKa3ad 3HAYHTEJALHYIO SKOHOMHIO B o6uleil CTOH-
MOCTH 10 CPaBHEHHIO C OGBIYHOi HACHIMHOIN IVIOTHHOH C GOKOBBIM BOJO-
CJAUBHBIM KaHAJOM, CHOCOGHBIM MPOMyCTHTH NaBoXoK Ao 20 m®/cek.
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