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EARTH CORE ROCKFILL DAM: INTERACTION OF WATER
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Abstract: Accuracy of results of numerical modeling of the structure stress-strain state (SSS) depends on ade-
quacy of design scheme. At elaboration of design scheme of an embankment dam the important aspect is selec-
tion of force loads from water. Water medium may create several types of force loads on the dam: hydrostatic
pressure, buoyancy and seepage volumetrically distributed forces, as well as arise internal pore pressure in soil.
Selection of design scheme of the earth core rockfill dam depends on permeability of the clayey soil of the seep-
age-control core and the speed of the seepage regime formation. Analysis of the field observations over the state
of constructed dams showed that this process may occur in different ways. In some dams after the reservoir im-
poundment the seepage regime is installed relatively quickly, in other dams there takes place a durable process
of pore pressure dissipation and soil consolidation.

For estimation of the effect of the form and method of loads application, the analysis of the stress-strain state of
high earth core rockfill dam for three design schemes was carried out. These are cases with conditionally imper-
meable, well permeable and scarcely permeable core soil. In the first case the core is subject to hydrostatic pres-
sure, in the second to the force from the steady regime of the seepage flow, in the third, inequality of pore pres-
sure and seepage forces takes place.

For analysis there was used the software package MIDAS, which permits conducting combined analysis of SSS and
seepage regime, solving tasks related to consolidation of soils. Coulomb-Mohr model was used for modeling of soil.
Analysis showed that the dam SSS in three design schemes varies greatly. The dam is subject to the highest pres-
sures and deformations in the case of the impermeable core at the action of hydrostatic pressure. The dam SSS at
well permeable core, where seepage flow quickly becomes steady, is more favorable. The case of scarcely per-
meable soil is unfavorable from the point of view of core crack resistance. Due to core pressure, buoyant and
seepage forces the stresses in soil skeleton are small. At that, horizontal displacements of the dam by value are
closer to displacements in case of water impervious soil. This frequent case may be the most dangerous for the
dam safety.

Keywords: earth core rockfill dam, stress-strain state, seepage, pore water pressure, loads, numerical analysis,
finite element method

KAMEHHO-3EMJISTHASA IIJIOTUHA: B3BAUMOJENUCTBUE
BOJIAbI UT'PYHTA

M.II. Caunos, A.A. boroun

HanmonaneHsIii ecnenoBatenbekiuil MOCKOBCKHIM roCYAapCTBEHHBIN CTPOUTENBHBIN yHUBEpCHUTET, I'. MockBa, POCCHS

AnHotammsi: TOYHOCTh Pe3yJbTATOB YHCICHHOTO MOJICIMPOBAHMS HAIPsHKEHHO-1eOPMHUPOBAHHOTO COCTOSTHHUS
(HAC) coopy»xeHust 3aBUCUT OT aJICKBATHOCTH €ro pacu&THON cxeMbl. [Ipn cocTaBineHNN pacuéTHOM CXEMbI TPYyH-
TOBO IJIOTUHBI Ba)XHEHIIMM acIeKTOM SIBIISICTCS BBIOOP CHIIOBBIX HAarpy30K OT BOJbL. BomHas cpema MOXeT co-
371aBaTh Ha IUIOTHHY HECKOJIBKO BHUIOB CUIIOBBIX HAIPY30K: IHAPOCTATHYECKOE JaBIICHHE, B3BEIIMBAIOLINC U (HHIIb-
TpanoOHHbIe 00BEMHO paclpe/IeNEHHbIE CHJIbL, 8 TAKXKE BBI3BIBATH B TPYHTE BHYTPEHHEE MOPOBOE JaBIICHHE.
Br16op pacuéTHOlN cXeMbl KaMEHHO-3¢MJISIHON IUIOTHHBI 3aBUCHT OT IPOHMIAEMOCTH TJIMHHCTOTO TPyHTa Hpo-
TUBO(QHIBTPAIIIOHHOTO AApa W CKOPOCTH (POPMHUPOBAHUS €ro (pUIBTPAIMOHHOTO PEXHMa. AHAIN3 HATYpPHBIX
HaOJIOJICHUI 332 COCTOSIHUEM MOCTPOSHHBIX IUIOTHH I0Ka3aj, 4TO ATOT IPOLECC MOXKET MPOMCXOIUTH MO-
pasHoMy. B ofHMX IUIOTHHAX IMOCIE HAMOIHEHHs BOJOXPAaHHJIMINA (DMIIbTPALMOHHBIN PEKUM yCTaHABIMBAJICS
OTHOCHUTCJIBHO 6])ICTpO, a B IPYTUX IMTPOUCXOONT Z[HHTCHLHblﬁ mpouecc pacCE€UBaHUs MMOPOBOT0 JaBJICHUA U KOH-
COJIMJIALIUK TPYHTA.

Just oneHkn BimsiHMA (OPMBI M CHOCO0a TPHIIOKEHHsS HArpy30K OBUI BBINOJHEH pacyéT HanpspKEHHO-
Jie(OpMHPOBAHHOTO COCTOSTHHSI BHICOKON KaMEHHO-3EMJIISTHOH IIOTHHBI ISl TPEX PACUETHBIX CXeM. DTO CIydau
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C YCJIOBHO BOJOHETIPOHHIIAEMBIM, XOPOIIIO MPOHUIAEMBIM M MaJOBOAOIPOHUIIAEMBIM IPYHTOM sifipa. B mepBom
cilydae Ha SIpO JIEHCTBYET THAPOCTATHUECKOE ABJICHHUE, BO BTOPOM — CHJIBI OT YCTaHOBHUBILIETOCS (DHIIBTpany-
OHHOTO ITOTOKA, B TPETHEM MPOMCXOANT ITOCTOSTHHOE U3MEHEHNE TTOPOBOTO JABICHHS U (DMIIBTPAIIMOHHBIX CHIL.
Jlis pacd€ToB MCTIONB30BaICA MpOorpaMMHBIA KoMiuiekc MIDAS, KoTopsIii TO3BOJISIET BECTH COBMECTHBIN pac-
yét H/IC 1 punpTpannoHHOro pexxuma, pemarsb 3aa4 0 KOHCOJIUIAINU TPyHTOB. [ MoageanpoBaHus TpyHTa
ncnosb3oBanack moaenb Kynona-Mopa.

Amnanuz nokasan, yto HJIC minoTuHsl B TpEX pacu€THBIX cXeMax CHIbHO paszinuyaercs. Haubomnbine Hampsxe-
HUA U )ZlC(bOpMaIII/II/I IUIOTHHA UCTIBITBIBACT B ClIy4a€ BOJOHCTIPOHHUIACMOTO sAJpa, Mpu ﬂeﬁCTBHH ruapocraTuiec-
ckoro nasieHuss. HIC miuoTuHsl B ciyyae XOpOIIO MPOHHUIIAEMOTro S1pa, B KOTOPOM OBICTPO yCTaHABIUBAETCS
(UIBTPALMOHHBIN TTOTOK, sIBIIsieTcst Oosee O6maronpusTHeIM. Citydail MaJIoBOIOIPOHUIIAEMOTO TPYHTA SIBIISIETCS
HeOJIaronpusITHBIM C TOYKH 3PEHUS] TPEIIMHOCTOWKOCTH sifpa. V3-3a MOpOBOro AaBieHUs, B3BEIIMBAIOUINX U
(bUITPTPAIMOHHBIX CHJI HANpPSDKEHUS B CKEJIETe TPyHTa Maibl. [Ipi 3TOM ropn3oHTaIbHBIE CMEIICHHS TUIOTHHEI
10 BEJIMYMHE OJIM)KE K CMELICHUSIM B CIIydae BOJOHENPOHHUIIAEMOI0 TPYyHTA. JTOT YaCTO BCTPEYAIOIIUICS CITy-
Yaii MOXKET SIBJIATHCSI HAaMOOJIee OIMacHbBIM ISl 0€30IIaCHOCTH TTIOTHHBI.

Ki1roueBble ¢j10Ba: KaMEHHO-3eMJISTHASI TUIOTHHA C SIAPOM, HANPSKEHHO-1e(OPMUPOBAHHOE COCTOSIHNE,
¢buIBTpaLys, HOPOBOE JABICHUE, HATPY3KH, YUCICHHOE MOJICTIPOBAHNE, METO KOHEYHBIX JJIEMEHTOB

INTRODUCTION

Analysis of stress-strain state (SSS) is an obliga-
tory element of design validation of embank-
ment dams, which refer to the first and the sec-
ond category hydraulic structures, such re-
quirement is stated in the code of practice
SP 39.13330.2012 «Embankment Damsy. These
calculations are required for assessment of the
dam safety.

Due to complexity, SSS analyses may be carried
out only by numerical modeling; it permits solv-
ing the most complicated tasks. However, accu-
racy of numerical modeling depends on adequa-
cy of the structure design scheme: on boundary
conditions, construction sequence scheme, etc.
One of the important components of the design
scheme are combination and character of acting
loads; for the dam first of all these are loads
from water. Water medium may create several
types of loads: hydrostatic pressure, buoyant
force (Archimedes force), as well as seepage
forces. Hydrostatic pressure is distributed along
the surface area and buoyant and seepage forces
are distributed in volume. Seepage forces are
directed toward the side of going down head.

At conducting analyses, it is necessary to assign
loads properly in order to adequately simulate the
real conditions of the dam performance. For the
dams with a central seepage control element in
the form of a clay core (for example, earth core

150

rockfill dam) the issue of the design scheme se-
lection and the types of acting loads is not univo-
cal. The design scheme is determined by the fact
whether the clay core is pervious or not.

Like all the soils, the clayey soils are pervious,
however, their seepage factor is very small. Ac-
cording to Russian building codes, in seepage
control elements there should be used the soils
with seepage factor less than 0.1 m/day (1.2-10*
cm/s); in real dams it is even less (less than
0.005 m/day).

Evidently due to low permeability of the clayey
soil the process of water penetration into the
core should be durable, therefore, after the res-
ervoir impoundment the seepage regime is es-
tablished not at once. In this case the core may
be considered as impervious.

By the results of numerical modeling of the
non-steady regime conducted in 1, 2], penetra-
tion of water from the upstream side into the
core should take years. In [2] it is stated that
even after dozens of years the most part of the
core is still dry. However, this concept is not
right because initially the clayey soil is placed
into the core at optimal humidity, which corre-
sponds to actually full water saturation. Initial
water saturation will contribute to quicker ad-
vancement of the seepage area boundary.
However, it does not mean that seepage flow in
the core quickly becomes steady. The obstacle
will be pore pressure formed in the clayey soil
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at its compaction under the action of external
loads. With time the soil is consolidated: due to
seepage the pore pressure is gradually dissipated
to the level corresponding to the seepage flow
pressure, however, this process may be durable.
To estimate the duration of the consolidation
process we fulfilled analysis of data of field ob-
servations over the state of dams, published in
different sources. In [3, 4] there described the
results of field observations over pore pressure
in the dams constructed in the XX-th century.
Field measurements show that the rate of con-
solidation process may be variable. In Aswan
dam (Egypt, 1970, H=111 m) and Pachkamar
dam (Uzbekistan, 1968, H=71 m) the process of
the core soil consolidation was quick, but in the
core of Talbingo dam (Australia) the pore pres-
sure reached considerable values and dissipated
slowly [3]. In ultra-high Nurek HPP dam (Tajik-
istan, 1980, H=300 m) by the moment of com-
pletion of construction, which lasted about 9
years and was performed in parallel with the
reservoir impoundment, the most part of pore
pressure was dissipated by the moment of start
of operation [4].

Field measurements on the dams constructed in
the XXI-st century [5-10] also confirm that
there may be two possible cases.

In the first case the soil consolidation is quick
and is nearly fully completed during construction
period. Such case took place in ultra-high
Nuozhadu dam (China, 2012, H=261.5 m) [5, 6].
By the start of operation period the seepage flow
stabilized in the core of Eyvashan dam (Iran,
2015, H=71 m) [7, 8]. Such case is possible only
when the core soil is sufficiently pervious.

The second case refers to durable soil consolida-
tion, which is not completed during construction
period and lasts for a long time during operation
period. Such case took place in Karkhe dam
(Iran, 2001, H=127 m). In spite of the fact that
the reservoir impoundment was in parallel with
the dam construction, pore pressure was still
high for a long time [9]. Durable high pore pres-
sure is considered to be the cause of increased
deformations of Masjed-e-Soleyman dam (Iran,
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2002, H=177 m) [10]. This case occurs if the
core soil has low water permeability.

The design scheme of loads action corresponds
to each of two considered cases. In the first case
(permeable soil, quick consolidation) the load
from water acts in the form of volumetrically
distributed seepage forces.

In the second case (low soil permeability, dura-
ble consolidation) the character of loads is more
complicated: it varies with time. At first, before
the reservoir impoundment, pore pressure ap-
pears in the placed soil. After some time, fol-
lowing the appearance of hydraulic connection
between the pores there will appear seepage
forces in soil corresponding to pore pressure.
Then, immediately after the reservoir im-
poundment the hydrostatic pressure appears on
the core upstream face. Then, it will gradually
disappear and will be replaced by seepage forc-
es directed inside the core. The seepage regime
will gradually change until it becomes steady.
Hydrostatic pressure on the core upstream face
may also appear if reservoirs are impounded
quickly after completion of the dam construc-
tion. Such case took place at construction of
Gavshan dam (Iran, 2004, H=123 m) [11], Lud-
ing (China, 2016, H=84 m) [12].

As we see, loads from water may not only ob-
tain different forms but may be transformed
from one form to another.

At conducting SSS analyses different authors
use various schemes of loads application. For
example, in calculations [12—-16] the core was
assumed impervious and was loaded by hydro-
static pressure. In calculations [7, 8] the core
was assumed fully permeable. And in calcula-
tions [5, 10] the soil was assumed scarcely per-
meable and SSS analyses were with considera-
tion of PWP.

The aim of this study is revealing real condi-
tions of formation of an earth core rockfill dam
SSS and selection of the most adequate design
scheme.

Similar study was fulfilled in [17]. At SSS anal-
ysis two cases were considered: 1) reservoir is
impounded only after the dam is constructed for
the full height; 2) reservoir is impounded gradu-
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ally with growth of the dam height. Calculations
showed that impoundment sequence has small
effect on the dam stress state, but its integral
displacement in case 1 is more than that in case
2. However, in calculations [17] the cases with
permeable and low permeable soils were not
taken into account. Calculations were carried
out for relatively high seepage factor of the core
soil (0.006 m/day), therefore, the effect of ap-
pearing increased pore pressure in the core was
not revealed.

METHODS

For reaching the targeted aim the results of SSS
analyses for several possible design schemes
were compared. Three schemes were consid-
ered.

Scheme Nel. The core is assumed to be fully
impervious. In this case the load from water acts
in the form of hydrostatic pressure on the core
upstream face, and the core clayey soil is as-
sumed to be water saturated (due to placement
at optimal humidity). This scheme corresponds
to the moment of time after quick reservoir im-
poundment.

Scheme Ne2. The core is well permeable and the
seepage flow in the core is steady. In this case
the load from water is realized in the form of
seepage forces distributed in the core body. At
that, the core soil is in suspended by water state,
the pore pressure in it corresponds to the seep-
age pressure. This scheme is also possible at soil
low permeability after the durable period of the
dam operation.

Scheme Ne3 corresponds to the case when the
core soil has low water permeability. In this
case the increased pore pressure occurs in soil.
As compared to scheme Ne2 in this design
scheme the seepage flow in the core is still not
stabilized, seepage forces are always variable in
time by value and direction.

Calculations by schemes Ne2 and Ne3 pose a
more complicated task than those by scheme
Nel. In scheme Ne2 consideration of seepage
forces requires preliminary analysis of steady
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seepage regime in the core. In scheme Ne3 solv-
ing the task on the dam SSS should be per-
formed jointly with solving the seepage task.
For solving the static-seepage task, a special
software is required.

Such possibility is provided by software pack-
age MIDAS, which uses the finite element
method (FEM).

Analyses were conducted on the example of the
ultra-high Earth Core Rockfill Dam (ECRD),
whose structural design is similar to that of Nu-
rek HPP dam (fig. 1). The dam is located on
rock foundation. The height of fill in the consid-
ered section is 292.5 m.

The dam central core is made of sandy loam, it
rests on bulk concrete. The shells are made of
gravel-pebble soil and are covered by a layer of
rock mass.

Figure 1. Scheme of rockfill dam structure
1 — core of sandy loam; 2 — shells of gravel-
pebble soil; 3 — protection from rockfill;
4 — transition zone, 5 — concrete mass

The dam finite element model consists of 6975
nodes and 6906 finite elements.

During analyses the sequence of dam construc-
tion and reservoir impoundment was taken into
account; they were realized in parallel. Duration
of construction is about 9 years.

Coulomb-Mohr model was used for description
of deformation and strength of soils. The fol-
lowing physical and mechanical properties of
materials were used during calculations: pd —
density in dry state, psat — density in water satu-
rated state; E — modulus of linear deformation; v
— Poisson's ratio, ¢ — angle of internal friction, ¢
— cohesion. Parameters of shear strength (¢ and
c) of soils were taken from analogs. They are
determined in [18] by processing of experi-
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mental results [19, 20]. Cohesion for macro-
fragmental soils simulates the effect of gearing.
The adopted in the analysis characteristics of
soils are presented below:

For core sandy loam:  p¢=2.10 t/m’,
psa=2.28 t/m>, E=40 MPa, v=0.32, ¢=33°,
c¢=100 kPa;

For  gravel-pebble  soil:  ps=2.16 t/m’,

psa=2.35 t/m*, E=150 MPa, v=0.27, ¢=37.9°,
c=112 kPa;

For rock mass: pd=1.96 t/m®, ps=2.22 t/m’,
E=150 MPa, v=0.27, ¢=39.3°, ¢=250 kPa;

For soil of transition zones: p¢=2.16 t/m’,
psa=2.35 t/m>, E=55MPa, v=0.30, ¢@=32°,
c=60 kPa.

Sandy loam seepage factor was taken equal
8.64-10° m/day, macro-fragmental soils were
taken more permeable by several orders.

RESULTS AND DISCUSSION

Results of SSS analyses of the considered
ECRD are presented for the moment of comple-
tion of construction and reservoir impoundment.
Fig.2-5 shows distribution of the dam dis-
placements and stresses for three considered de-
sign schemes. In the table there indicated the
maximum values of horizontal (Ux) and vertical
(Uy) displacements of the dam.

Table. Maximum values of displacements

Scheme 1 2 3
Ux [cm] 287 191 264
Uy [cm] 440 366 346

Analysis shows that the dam SSS in schemes 1,
2, 3 principally differs from each other.

SSS in scheme 1 (impervious core) is character-
ized by maximum by value stresses and defor-
mations. Several specific features may be
marked.

The first peculiarity refers to the fact that in the
impervious core the soil is not subject to buoy-
ant force of water and consequently, it has large
weight. Therefore, the dam has maximum set-
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tlements (440 cm, fig.2,a), and high vertical
stresses (4.5 MPa, fig.4,a) appear in the core.
The settlement comprises 1.5% of the dam
height. Distribution of vertical stresses evidenc-
es about presence of arch effect, when there oc-
curs deficit of compressive stresses in the core
and their surplus in the shells.

The second peculiarity is related to the fact that
at the boundary of the core with the upstream
shell there appears a jump in value of horizontal
stresses. It is caused by hydrostatic pressure on
the core upstream face. Concentrated action of
water causes increased horizontal displacements
of the core near the upstream face (fig.4,a). It is
scheme 1 where the dam is subject to maximum
by value horizontal displacements (287 cm).

In scheme 2 the core is subject to pore pressure
corresponding to the steady seepage regime
(fig.6.a). It was determined at each stage by the
seepage analysis.

In scheme 2 the dam SSS is characterized by
less level of compression in the core as com-
pared to scheme 1. Due to buoyant force of wa-
ter the vertical stresses in the core do not exceed
3.5 MPa (fig.4,b). the dam maximum settlement
amounts to 366 cm (fig.2,b), which is by 17%
less, than in scheme 1.

At analysis by scheme 2 the dam has minimal
horizontal displacements; they do not exceed
2 m (fig.3,b). They are less by one third that in
scheme 1. The characteristic feature of SSS is
low level of compression in the core near the
upstream face, but toward the downstream face
the horizontal compressive stresses gradually
increase (fig.4,b).

In scheme 3 SSS is not only of another character
than in schemes 1 and 2, but is not within the
limits between them. Specific features of SSS
refer to appearance of increased pore pressure in
the dam core due to external loads.

Maximum dam settlement in scheme 3 amounts
to 346 cm, which is even less than in scheme 2
(fig.2,c). This decrease is due to presence of
seepage gradient directed upward. The dam
maximum horizontal displacement amounts to
264 cm (fig.3,c); by value it is close to the dis-
placement in scheme 1.

153



Maximum difference of SSS is revealed in the
core stress state, because increased pore water
pressure (PWP) acts in it. By the results of anal-
ysis, the growth of PWP occurs during the
whole construction period. By its completion
the maximum PWP reaches 3 MPa (fig.6.b).
This is relatively small due to long duration of
construction and other factors [21].

Due to increased PWP for the dam SSS in
scheme 3 the minimum level of compression in
the core is a characteristic feature. Horizontal
stresses are noticeably low than in scheme 2.
The field of low compressive horizontal stresses
is located in the core lower part (up to 0.5 MPa,
fig.5,c). Considerable decrease of compression
also refers to vertical stresses. No tensile stress-
es are formed in the core, but in the upper part
of the core the vertical stresses are small
(fig.5,c). The low level of effective compressive

a) scheme 1 with waterproof core
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stresses creates threat for the core hydraulic
break and development of fractures in it.

One might say that out of the three considered
design schemes it is scheme 3 that turned to be
the most unfavorable. This is confirmed by the
experience in operation of Masjed-e-Soleyman
dam [10], where the durable process of soil con-
solidation became a possible cause of the core
seal failure.

Besides, attention should be paid to one more
characteristic feature of the dam SSS in scheme
3. It refers to increased level of compression in
the part of the downstream shell adjoining to the
core. Increase of compression is observed both in
vertical (fig.4,c), and horizontal (fig.5,c) stresses.
It is explained by the fact that due to presence of
pore pressure the most part of load is transferred
from the core to the downstream shell.

Stress state of the upstream shell in all the
schemes is actually the same.

b) scheme 2 with a permeable core

c¢) scheme taking into account pore water pressure

settlement scale |m

36 33 30 27 24 21

1,8

L5 12 09 06 03 0

Figure 2. Dam settlements at the end of the construction period
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a) scheme 1 with waterproof core

b) scheme 2 with a permeable core

¢) scheme taking into account pore water pressure

horizontal disElacement scale |m|

0 0,25 0,50 0,75 1,0 1,25 1,50 1,75 2,0 225 25 2775 3,0

Figure 3. Horizontal displacements of the dam during the construction period

a) scheme 1 with waterproof core

effective vertical stress scale |MPa! 4

-6,0 55 50 45 40 -35 30 -25 20 -L,5 -1,0 -0, 0

Figure 4. Vertical stresses in the dam soil
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a) scheme 1 with waterproof core

ffective horizontal stress scale |MP!

-4,0 3,67 -3,33 3,0 -2,67 2,33 -2,0 -1,67 -1,33 -1,0 -0,67 -0,33 O

Figure 5. Horizontal stresses in the dam soil

a) b)

Eore ﬁressure scale [MPa]

0 0,25 0,50 0,75 1,0 1,25 1,5 1,75 20 225 25 2775 3

Figure 6. Pore water pressure in the dam core:
a — filtration pore pressure at steady state filtration conditions, b — pore pressure at the time of
completion of construction in soil consolidation mode
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CONCLUSION

1. The method of application of loads from wa-
ter greatly affects the displacements of an earth
core rockfill dam and stress state of its seepage
control core. Therefore, accuracy of numerical
modeling of stress-strain state of such dam is
greatly dependent on adequacy of its design
scheme and, first of all, on the scheme of appli-
cation of loads from water.

2. Field investigations of stress-strain state of
earth core rockfill dams show that different
forms of loading by water forces on the struc-
ture may take place. They are determined by
core soil permeability. The design scheme
should be chosen depending on this factor.

3. Stress-strain state of an earth core rockfill
dam obtained in each of the considered schemes
of loads application is characterized by their
own unfavorable effects. At the impervious core
the dam is subject to maximum displacements
and stresses. At rather permeable core, steady
seepage flow, the dam SSS is the most favora-
ble. The case with low permeable soil is charac-
terized by low level of compression in the core
due to appearance of pore pressure in soil. The
dam SSS in this case may present danger from
the point of view of the core crack resistance.

4. The dam seepage regime varies with time,
and loads from water transfer from one type to
another: from hydrostatic pressure to the forces
from steady seepage flow. At that, the dam
stress-strain state also transforms. For the con-
sidered dam the intermediate state at unsteady
seepage regime turned to be dangerous.
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