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Forecasting groundwater rise
in the historic downtown area of Irkutsk city
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3Irkutsk National Research Technical University, Irkutsk, Russia

Abstract. The purpose of this investigation is to develop an analytical model for predicting the groundwater level rise due
to the barrage effect. Processing of a significant volume of production decisions for multiple objects has resulted an ana-
Iytical model that allows predicting the dynamics of groundwater rise due to the barrage effect when building deep foun-
dation structures. The study has been conducted for the downtown areas of Irkutsk and other cities of Eastern Siberia.
Prediction schemes for the groundwater level formation have been made, and an assessment of the study areas by their
underflooding conditions has been carried out. Being adequately simple and multi-purpose. The analysis of the research
results shows that the hydraulic gradient of the underground water flow and the project structure width have the biggest
effect on the groundwater rise. Vertical planning of the territory and the use of pile foundations play a significant role in
the formation of the groundwater level. Besides, when evaluating the depth of the underground water formation level and
developing the prevention and protection measures, it is necessary to take into account the seasonal rise of the under-
ground waters. The developed model can be applied in the corresponding geological and hydrogeological conditions.
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rMAPOIEOCNONNA N UHXEHEPHAA TEONIOTNA

HayuHas ctatbs
YOK 556.3.06

MporHo3 noasLemMa ypoBHS FPYHTOBLIX BOA
B paioHe UCTOpPUYECKUX NocTpoek ropoaa Upkytcka

Napuca UsaHoBHa Ay3unHa?
3 Ipkymcekul HayuoHarnbHbIlU uccnedosamenbeKkuli mexHudeckul yHusepcumem, 2. ipkymek, Poccus

Pestome. Llenb paboTbl 3akntoyanace B pa3paboTke aHanMTUYeCKon MOAENW AN NPporHo3a nogbema ypOoBHS rPYHTOBbIX
B0 B yCrnoBusix 6appaxHoro apdekta. B pesynbtate 06paboTku 3HaUMTENBHOrO 06beMa NPOU3BOACTBEHHBIX PELLEHUI
pa3paboTaHa aHanuTuyeckas Moaerb, NMo3BOMAoLAs MPOrHO3MPOBATb W3MEHEHWE YPOBHS FPYHTOBLIX BOL, KOTOpPOE
MPOUCXOANT MPU CTPOUTENbCTBE WMHXEHEPHBLIX COOPYXEHUN C rMyboKUM 3anoxeHneM yHOAMEHTOB, CO3datoLmx -
thekT noagnopHon cTeHkn (bappaxa). Pabota npoBoaMnack Ha y4YacTkax, pacronoXeHHbIX B MCTOPUYECKWX LEHTpax ro-
popos BoctouHon Cubupu, B Tom uncne ropoaa Mpkytcka. PaspaboTaHbl NPOrHO3HbIE CXEMbI FNyOuH hopmMMpoBaHuMs
YPOBHS NOA3EMHbIX BOA NMEPBLIX OT NOBEPXHOCTU BOLOHOCHBLIX FOPU3OHTOB, MPOBEAEHA OLIEHKa TePPUTOPUIA NO YCNoBHK-
AIM NOATOMNNEHUSI B COOTBETCTBUM C CYLLECTBYIOLMMWN HOPMATUBHLIMW JOKYyMEHTamMu. AHanu3 pesynbTaToB 1ccrenosa-
HUI NOKa3blBaET, YTO HambonbLLiee BNUSHUE HA NOLBEM IPYHTOBLIX BOA, OKa3biBAOT rMApaBIUYECKU YKNOH NOTOKA NOA-
3eMHbIX BOA U LUMPUHA MPOEKTHOTO COOPYXEHMUS. 3HAYMTESbHYIO POfb B (hOPMUPOBAaHMM HOBOTO NOAMOPHOTO FOPM30OHTa
B npegenax uccnefyeMon Tepputopui UrpatT BepTuKanbHas nnaHnpoBKa 3acTpamBaeMon TeppuTopun 1 UCNonb3oBa-
HUe cBaunHbIX hyHAaMeHToB. Kpome Toro, npu pa3paboTtke npodhunakTMyeckmx 1 3alUTHbIX MEPONPUATAIA HEOOXOANMO
YYNTbIBATb MHOFOMETHME Ce30HHbIE KonebaHus ypoBHS rpyHTOBLIX BoA. [peacTaBneHHas aHanuThyeckas mogenb Lo-
CTaTOYHO NPOCTa, YHMBEPCasibHa U MOXET MPUMEHSATLCS B PA3IIMYHbLIX FE0NOro-rMaporeosiorniyecknx yCroBusx.

Knioyeenlie cnoea: nognop, ypoBeHb rPYHTOBLIX BOA, aHanNMUTUYecKas MOAesb, NPOrHo3, nepesarnyGrneHHblin dyHaa-
MEHT
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Introduction

Underflooding caused by different reasons is
observed in many cities all over the world, in-
cluding the USA, Great Britain, France, Germa-
ny, India, Kazakhstan, China, Korea, etc. [1-11].
In Russia, underflooding takes place in many
built-up areas of the European part of the coun-
try, the Urals, the Far East, and Siberia [12, 13].

The built-up areas in the south of Eastern
Siberia are extremely subject to underflooding.
The reasons are diverse: disastrous snowmelt
floods, leaks from the old underground utilities,
failures of the storm sewage systems, and a
barrage effect of the deep foundations of civil
engineering structures with underground parking
lots [11, 14].

In 2002, The State Duma of the Russian
Federation passed the law “On the cultural her-
itage objects of the peoples of Russia” that had
an emphasis on the citizens’ constitutional obli-
gation to preserve the national historical and
cultural heritage. However, in the period 2000-
2010, over 2,500 historical and cultural monu-
ments were destroyed in Russia. The state of
half of the monuments protected by the govern-
ment is unsatisfactory, and most of them need
urgent protection measures. According to the
data from the Ministry of Culture, almost 65 % of
the cultural-and-historical heritage objects are
either in an emergency or pre-emergency condi-
tion. Most of the buildings that are over 100
years old are subject to the negative influence of
the ecological factors, including underflooding.
The historical cities, especially their downtown
areas, require reconstruction projects with an
indication of the boundaries of the protected
zones. This could make it possible to eliminate a
number of the city-planning problems connected
with parceling out for new construction in the
historic downtown areas. Besides, when building
deep foundation structures, it is necessary to
take into account the risk of the underflooding of
the historical buildings.

Research objective

The research aims to develop an operational
forecasting procedure for the changes in the
groundwater hydrodynamic regime due to the
barrage effect of deep foundation structures to
facilitate engineering decision-making on the
initial stages of architectural construction pro-
jects.

Research methods
and procedures

The construction of deep foundation build-
ings in areas with a small depth of the ground-
water level causes a “pbarrage” effect increasing
the risk of the underflooding of the adjacent
built-up plots.

The barrage effect is groundwater rise be-
fore the dam and its descent after the dam due
to the damming of the groundwater filtration
flow. Depending on the hydrogeological charac-
teristics of the dammed water-bearing layer and
the size of the engineering structure, the level of
the groundwater rise varies from a few centime-
ters to a few meters, causing the ground body
deformation, underflooding of the area and
nearby structures, and other adverse conse-
quences.

As it was mentioned above, the underflood-
ing due to the barrage effect is common in the
modern urban areas. The construction that
takes place not only in the urban fringe but also
in the historical and cultural zones causes dam-
age to the foundations of the old structures and
often leads to the destruction of the historical
buildings.

The study focuses on the main causes of the
changes in the urban hydrogeological conditions
and on the factors determining their hydrody-
namic regime [15].

The changes in the hydrogeological condi-
tions of the urban territories located in the Anga-
ra River Valley are determined by natural and
technogenic factors.

1 The 39 parlamentary forum “Historical and cultural heritage of Russia”. The Union of the towns of the Russian Federa-
tion. Available from: http://smgrf.ru/3-parlamentskij-forum-istoriko-kul-turnoe-nasledie-rossii/ [Accessed 09" March 2022].
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The natural factors are seasonal fluctuations
in the atmospheric precipitation. The technoge-
nic factors include the emergency evacuation of
water from the Angara cascade reservoirs and
the barrage due to the construction and mainte-
nance of deep foundation structures.

The regime-forming factors are divided into
regional and local ones.

The regional factors include groundwater
rise connected with the filtration of water from
the canals, rivers, and other water pools, as well
as with the leaks from the underground industri-
al utilities, large intercepting sewers, etc.

The local factors include the groundwater
rise caused by the barrage effect of the under-
ground structures and infiltration of the leaks
from the water carrying utilities, as well as the
cones of depression due to different types of
drainage in the facilities under construction and
maintenance.

The present paper focuses on the local
technogenic factor associated with the construc-
tion of modern buildings with underground shop-
ping centers and parking lots, and other objects
with deep foundations that cause groundwater
rise due to the barrage effect.

The situation concerning groundwater rise in
Irkutsk, Cheremkhovo, Usolje-Sibirskoye, and
other cities of Eastern Siberia is complicated.
For example, a large part of the downtown area
of Irkutsk is represented by the buildings of the
late 18" — early 19" centuries, the groundwater
level is 1.2-5 m from the earth's surface [12]. A
minor part of the unbuilt areas is allotted for the
construction of large shopping centers or apart-
ment houses with deep foundations and under-
ground parking lots, which is followed by the re-
formation of the groundwater filtration flow struc-
ture.

The study area is located in a transition zone
between the platform flatland and the Baikal
mountainous region. The relief of the territory is
moderately rugged due to the river valleys and
creek valleys of the first and second orders. The
main rivers are the Angara River and its tributar-
ies Irkut, Olkha, Ushakovka, etc. The watershed
spaces have flat and rounded tops with an abso-
lute elevation 480-520 m and the maximal rug-
gedness depth 160 m.

Hayku o 3emne n Heppononb3oBanue / ISSN 2686-9993 (print), 2686-7931 (online)

In hydrogeological terms, the above areas
are associated with the Irkutsk basin, the largest
structure of the Angara-Lena artesian basin of
the first order.

The major water-bearing sediments are
Quarterly (gravel-shingle, sand-clay), Jurassic
(sandstone, argillite, and siltstone), and Cambri-
an sediments (dolomite, saliferous rocks). The
sediments have a block structure inherited from
the crystalline basement. The position of the
rock blocks within the study areas determines
the major geomorphological structures. In com-
bination with the joint fissures and erosion net-
work, it has a crucial influence on the engineer-
ing-hydrogeological conditions [16-18].

The type section of the central territory of Ir-
kutsk is a two-layer structure: the upper part is
represented with loose Quarterly sediments, and
the lower one, with Jurassic rock formations.
The Quarterly gravel-shingle and sandy-
sabulous sediments of the upper part significant-
ly differ by their structure and hydraulic conduc-
tivity. The sediments nearest to the surface are
sandy-sabulous with the hydraulic conductivity K
less than 5-6 m/day. It is the stratum where the
groundwater table is formed. The gravel-shingle
sediments have much higher hydraulic conduc-
tivity, 100-300 m/day. The groundwater level of
the Quarterly aquifer is at a depth of 1.2-5 m.
The layer's underlying formation is represented
by Jurassic sandstone, siltstone, and carbona-
ceous shale, the filtration in the disturbed zones
being 100 m/day (while the average value is
0.5-1.5 m/day). The aquifer of the Upper Quar-
terly sediments is shut off by the technogenic
ground with an average thickness of 1.5 m [11,
13, 16].

The modeling of such situations for several
cities of the Irkutsk region, along with the fore-
cast of the groundwater rise in the adjacent terri-
tories has been conducted a few times [11-13,
16]. Based on this, an empirical relationship has
been elicited.

The article presents the procedure and
methods of the work, using the cases of the
sites that were chosen due to their geological
structure and hydrogeological conditions typical
of the study territory (Fig. 1).
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Fig. 1. Location of key (stand

Site 1 is situated in the central zone of the
historic housing estate area of Irkutsk. It was
planned for the construction of a 5-10-storeyed
building with a three-level underground parking
lot and a foundation depth of 8-12 m. Based on
the initial data analysis [10-13, 16, 17, 19], a
database that included 13 attribute characteris-
tics by 96 points, was created.

As a result of the natural conditions schema-
tization that was conducted following the exist-
ing Russian standards? and the appendix rec-
ommendations®, a hydrogeological model was
developed.

The vertical structure of the watered stratum
of the terrace alluvial sediments is assumed
two-layered. The upper part of the section con-
sists of dense loam and clay sand with thin
sand interbeds with a total average thickness of
2.45 m and K = 1-5 m/day. The middle and low-
er parts of the section consist of Upper Quarterly

| 2022:45(2)172-183

ard) sites no. 1, 2, 3, 4 in Irkutsk
Puc. 1. PacnonoxeHue Knroveabix (munoebix) yyacmkoe Ne 1, 2, 3, 4, 2. Upkymck

gravel-shingle sediments 2 to 5.1 m thick, which
are the main collectors of the groundwater and
have a homogenous isotropic structure with K =
84.5 m/day. The re-formation of the groundwater
level takes place in the loam and clay sand sed-
iments of the upper part of the section.

The gravel-shingle sediments almost all over
the territory have much less penetrable underly-
ing eluvial Jurassic sediments with K being 0.5-
1.5 m/day.

The hydraulic regime of the alluvial aquifer
ground water is unconfined. The insignificant
groundwater pressure (0.05-0.4 m) in certain
wells drilled on the site in the period 1966-2008
is most probably connected with the influence of
the pressure water of the Jurassic aquifer and
the local waterproof rock lenses in the Upper
Quarterly sediments.

The hydrodynamic model of the territory is
represented in Fig. 2.

2 Building codes 104.13330.2016. Engineering protection of territories from flooding and underflooding. Updated edition
of the Building codes and regulations 2.06.15-85. Consortium code. Available from: http://docs.cntd.ru/document/

456054204 [Accessed 091 March 2022]. (In Russ.).

3 Underflooding prediction and drainage systems calculation for developed or built-over territories. Reference book for
the Building codes and regulations 2.06.15-85. Codes and standards library. Available from: https:/ffiles.stroyinf.ru/

Datal1/2/2697/ [Accessed 09 March 2022]. (In Russ.).
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Fig. 2. Hydrodynamical model 6f asite:

Mc — groundwater flow rate (average value is 5.02 m); y1 — water yield of the upper layer (0.92);
K1 — hydraulic conductivity of the upper layer (1-5 m/day); K2 — hydraulic conductivity of the lower
layer (84.5 m/day); M, — average flow rate of the lower layer (4.07 m)

The generalized hydrodynamical model uses averaged parameter values
Puc. 2. F'udpoduHamuyveckasi Modesib y4acmka ucciedosaHull:

Mc — MowHOCMb Momoka 2pyHmosbix 800 (cpedHee 3HaueHue — 5,02 M); 1 — KoaghghuyueHm 8000HaChILEHUS
sepxHeeo crnos (0,92); K1 — koaghgpuyuerm gunbmpayuu sepxHezo cnos (1-5 m/cym.); Ko — koaghcpuyueHm
¢hunbmpayuu HuxHezo cros (84,5 m/cym.); My — cpedHssi MOWHOCMb HUXHEe20 crios (4,07 m)

B 0606weHHoU 2udpoduHamuyeckol Modenu Ucnonb308aHbl 0CPEOHEHHbIE 3Ha4YeHUsT napamempos

The groundwater table incline varies de-
pending on the position of the main drain (in this
case, the Angara River) and a few dome-shaped
structures formed in the area due to the under-
ground facilities leakage. The direction of the
main flow is southeast to northwest, the flow in-
cline increasing from 0.016 to 0.027.

The bed is modeled as an unlimited calcula-
tion scheme. The infiltration is assumed homo-
geneous all over the area, and its effect on the
groundwater level change Ah is not taken into
account on this stage of modeling as it does not
influence the character of the groundwater sta-
tionary rise in the homogenous strata [20, 21]. In
this case, the problem is considered stationary
and determinate, i.e. within the defined stages of
the groundwater rise formation, the main ele-
ments of the groundwater flow stay constant.
The prediction of the stationary process consists
of plotting the depression curves on the conclud-
ing stage of the time interval meeting the
boundary conditions* [22)].

The distribution of the levels in the one-
dimensional homogenous isotropic  stratum
when solving the stationary problem not taking
into account the infiltration feed is described with
the Laplace’s equation modification [20, 21]:

d2(Ah?/2) 0
oxz

(1)

Here, Ah is groundwater rise in section Xx.

In the first stage, a ‘nowcast’ model is built,
i.e. a model for the existing conditions; on the
second stage, a ‘forecast’ model is built, i.e. a
model for the conditions caused by groundwater
rise [13, 23].

The analysis of the nowcast model with the
use of the software complex Surfer 10 has made
it possible to represent a general picture of the
existing hydrodynamic conditions, specify the
direction of the flow, and define the hydraulic
incline of the underground water table on differ-
ent sites, as well as the average depth of the
groundwater level (which in this case is 2.5 m).

The predictive modeling has shown that the
maximal rise of the groundwater level on the
study site is 0.5 m, and the minimum depth of
the groundwater level after the construction has
been completed is 1.7 m (Fig. 3). Thus, by the
existing Russian standard-setting documents
(Building Codes 104.13330.2016), the territory
is, in the main, classified as moderately under-
flooded. The general direction of the under-
ground water flow movement has not changed,
and the local re-formation of the groundwater
level has taken place around the project struc-
ture (which is connected with the formation of
the groundwater rise) and has covered a signifi-
cant part of the historic area (Fig. 4).

4 Gavich I. K. Hydrogeodynamics. Moscow: Nedra; 1988. 349 p. (In Russ.).

176 I

WWW.Nznj.ru


http://www.nznj.ru/

Auzina L. |. Forecasting groundwater rise in the historic downtown area of Irkutsk city | 2022:45(2):172-183
Aysuna J1. U. MporHos nogbema ypoBHs IPYHTOBLIX BOA B pailoHe MCTOPUYECKUX MOCTPOeK... | ' ‘

Fig. 3. Isolines of the groundwater level rise Ah [24]:
1 - isolines of the groundwater level rise due to the groundwater logging (iteration is 0.05 m);
2 — underlay with the location diagram of historical and cultural heritage sites; 3 — designed structure
Puc. 3. U3onuHuu eenuvuHbl NodbemMa ypoeHs 2pyHmMoebix 800 Ah [24]:
1 — usonuHuUU 8enu4uHbl N0OBEMa YPOBHS 2pyHMO8BbIX 800 8 pe3yribmame nodnopa (waes — 0,05 m); 2 — nodnoxka
CO cxeMoli pacrnonoxeHuUsi 06bekmMoe UCMOPUKO-KyIbMypHO20 Hacneous; 3 — MPOEKmMUpPyeMoe COOpyXeHUe
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Fig. 4. Zoning diagram of the site no. 1 by the underflooding degree [24]:

1 — quarternary alluvial sediments; 2 — mine workings (wells, manholes, pits); 3 — elevation mark of the underground
water level after the groundwater rise (construction), m; 4 — formation depth of the underground water level after
the groundwater rise (construction), m; 5 — moderately underflooded territory; 6 — weakly underflooded territory;

7 — boundary of the moderately underflooded territory; 8 — project structure
Puc. 4. Cxema palioHupoeaHusi meppumopuu y4acmka Ne 1 no cmeneHu nodmonseHus [24):
1 — annsuarbHbie OMIIOXeHUs YemeepmuyHo20 8o3pacma; 2 — 20pHbIe 8bipabomKu (CK8aXUHbI, KO100Ubl, nodsarsl);
3 — abcomomHas ommemka ypoeHsi 0d3eMHbIx 800 nocse nodnopa (cmpoumesiocmea COOPYXEHUS), M;
4 — 2nybuHa hopMuposaHust ypoeHs Mo03eMHbix 800 rocsie nodnopa (Cmpoumesiscmea COOPYXeHUs), M;
5 — ymepeHHO nodmonneHHass meppumopusi; 6 — crrabo nodmoneHHas meppumopus;
7 — epaHuya ymepeHHo noOmonneHHoU meppumopuu; 8 — MPOEKMHOe COOPyXeHuUe
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The described algorithm was applied for oth-
er similar study sites classified as underflooded
with different percentages of strongly, moderate-
ly, and weakly underflooded subzones.

Site 2 is located in the central part of Irkutsk,
in the Angara riverbed area. It is intended for the
construction of a residential complex with a
foundation depth of over 6 m. The underground
part of the structure is going to be used as a
parking lot. The pile foundation partially blocks
the groundwater stream both by area and in
section. The project specifies vertical planning of
the territory with landfilling of over two meters
thick. The use of pile foundations together with
vertical planning makes it possible to avoid aeri-
al underflooding of the territory despite the
groundwater rise to 0.3 m (Fig. 5).

Site 3 is also located in the center of Irkutsk,
in the Ushakovka riverbed part. The depth of the
strip foundation of the planned administrative
and business center is 4.5 m, with no vertical
planning included. Thus, with the underground
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water rise to 0.2.m only, a big part of the territory
is going to be underflooded (Fig. 6).

Site 4 is located on the right bank of the An-
gara River. The depth of the foundation of the
planned administrative building is 2.5 m without
taking into account the vertical layout. After the
predicted groundwater rise by 0.8 m, part of the
territory will be flooded (Fig. 7). The obtained
results show that the territory planned with tech-
nogenic ground landfilling and a pile foundation
has minimal underflooding risk.

Research results and analysis

As a result of the study aiming to forecast
the change of the hydrogeological conditions,
the main causes of the process of change and
regime-forming factors have been distinguished.

The present paper gives a detailed consid-
eration of the prediction of the local technogenic
factor connected with the construction of struc-
tures with deep foundations causing the
groundwater rise due to the barrage effect.

60 80 ™

Fig. 5. Zoning diagram of the site no. 2 by the underflooding degree [24]:
1, 2 — quarternary alluvial sediments; 3 — well: at the top — number, on the left — elevation mark of the earth surface, m,
on the right — elevation mark of the underground water level, m; 4 — underground water flow direction;
— formation depth of the underground water level after the groundwater rise (construction), m; 6 — elevation mark
of the underground water level after the groundwater rise (construction), m; 7 — moderately underflooded territory;
8 — weakly underflooded territory; 9 — project structure
Puc. 5. Cxema patlioHupoeaHusi meppumopuu y4yacmka Ne 2 no cmeneHu noomonneHusi [24]:

1, 2 — annosuarnbHble OMIIOXEHUS Yem8epmuU4YH020 8o3pacma; 3 — CKeaxuHa: 88epxy — Homep, creea — abcomomHas
omMmemka roeepxHOCMuU 3eMiu, M, crpasa — abcomomHas ommemka ypoeHs No03eMHbIX 800, M; 4 — HanpasneHue
0suxxeHus nomoka nod3emHbix 800; 5 — anybuHa chopmuposaHus ypoeHsi Nod3eMHbIx 800 nocse nodnopa
(cmpoumernibcmea coopyxeHusi), M; 6 — abcorromHas ommemka ypoeHs Mo03eMHbIx 800 r1oce nodnopa
(cmpoumenibcmea COOPYXeHUsI), M; T — yMEPEHHO MOOMONIEHHass MepPUMOpPUS;

8 — crabo nodmonneHHas meppumopusi; 9 — MPOEKMHOe COOPyXeHUe
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Fig. 6. Zoning diagram of the site no. 3 by the underflooding degree [24]
See the legend of Fig. 5
Puc. 6. Cxema palioHupoeaHusi meppumopuu y4yacmka Ne 3 no cmenesu nodmonneHusi [24]
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Fig. 7. Zoning diagram of the site no. 4 by the underflooding degree
See the legend of Fig. 5
Puc. 7. Cxema palioHupogaHust meppumopuu y4acmka Ne 4 no cmeneHu nodmonsneHust
YcnosHblie 0603HaqYeHuUs CM. Ha puc. 5

The modeling of the groundwater rise for-
mation for several sites of Irkutsk and other cit-
ies of the Irkutsk region, as well as the results of
the analytical solution of the Laplace’ equation
for the taken calculation scheme (Fig. 2), includ-
ing the solution of the equation system in partial

derivatives of a parabolic type with the given
initial and boundary conditions, have shown that
the hydraulic decline of the flow and the width of
the project structure has the biggest effect on
the groundwater rise. The conclusions allow set-
ting up and using the following analytical solu-
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tion to evaluate the upsurge of the groundwater
level Ah [24]:
ph =0 )
1,78
Here, | is the underground water table incline; B
is the width of the retaining wall (barrage), m;
1.78 is the coefficient obtained analytically.

The gradient values taken for the calcula-
tions correspond to the real values existing in
the ground flow of the upper aquifer in the study
territories. The calculated values of the structure
width are 15, 25, 50, 80, 110, 170, and 200 m
(Fig. 8), which well corresponds to the size of
the currently designed buildings with the founda-
tion depth up to 8 m.

It is necessary to mention the constraints on
the use of the given formula:

— Provisionally homogenous water-bearing
layer;

— Perpendicularity of the building and flow;

— Complete ‘cut-in’ of the foundation (when
the underground part of the foundation com-
pletely blocks the underground water flow);

— Constancy or absence of the infiltration.

The calculation of the groundwater rise due
to the incomplete cut-in of the project structures
can be realized by recalculating the empirical
coefficient 1.78 in Eq (2) as a percentage of the

Hayku o 3emne n Heppononb3oBanue / ISSN 2686-9993 (print), 2686-7931 (online)

Discussion

The groundwater level surface is a highly
dynamic index. For example, in the period
1984-1997, the average annual level by the da-
ta from several observation wells in the central
part of Irkutsk changed by 0.8—-1 m. Thus, when
developing technological schemes, it is neces-
sary to take into account that the predicted level
of underground water can reach 0.9-1.4 m from
the earth's surface. In this case, the major part
of the territory is classified as moderately under-
flooded [12]. The prediction is especially im-
portant for the downtown areas because the un-
derflooding affects not only the modern buildings
but also the architectural monuments most of
which, being the national endow objects, are in
an emergency condition because of the fast-
developing deformations of the underground
elements. Hydro isolation daub that is currently
used to protect the foundations of historical
buildings from the destructive effect of the un-
derground water is not effective. The more ap-
propriate prevention measures include engineer-
ing preparation of the territories and the use of
protection drainage systems that are common in
construction and maintenance processes. The
above also includes vertical planning, i.e. artifi-
cial increase of the planned elevation marks of

foundation cut-in depth as it was done for the the developed territory, hydraulicking, wall
objects 2, 3 and 4. drainage, etc. [23, 25, 26].

6 7

5 170 m
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<
3
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5
g 3 4 . 80m
2
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0 . 4

0 0,1 0,2 03 0,4 05 0,6
Hydraulic gradient |
Fig. 8. Groundwater rise value Ah for the different values of the groundwater
table incline | (hydraulic gradient) and the building width B
Puc. 8. Benu4yuHa nodnopa nod3emHbix 800 Ah npu pa3nuyHbIX 3HaYeHUsIX
eudpaenu4yeckoeo ykioHa | u wupuHe 30aHusi B
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The above aspects predetermine the neces-
sity of timely and correct prediction of the
groundwater level change for the construction
and further engineering preparation of the city
territory, as well as for the development of effec-
tive protection measures. The realization of this
extremely urgent and important task is neces-
sary for the preservation of the historical and
cultural heritage of the old Siberian cities.

Conclusion
The analysis of the research results shows
that the hydraulic gradient | of the underground
water flow and the project structure width B
have the biggest effect on the groundwater rise.

| 2022:45(2)172-183

The equation solutions for multiple objects have
made it possible to develop an analytical model
for the prediction of the groundwater rise. The
model is quite multi-purpose and can be used
for the groundwater rise forecasts in many his-
torical urban areas with similar geological and
hydrogeological conditions.

Vertical planning of the territory and the use
of pile foundations play a significant role in the
formation of the groundwater level. Besides,
when evaluating the depth of the underground
water formation level and developing the pre-
vention and protection measures, it is necessary
to take into account the seasonal rise of the un-
derground waters.
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