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Factor space for construction
of pile foundations in permafrost soils

Factor space is a method for determining the relationship between internal and external factors affecting the con-
struction process. Internal factors are the processes controlled by the developer or investor during the realization
of a construction project. Internal factors include: planning, controlling, intensity, quality, cost and operational reli-
ability. External factors are conditions that cannot be influenced by the developer or investor during the realization
of a construction project. External factors include: natural conditions, permafrost degradation and infrastructure.
Analyzing the factor space in the construction of pile foundations on permafrost provides construction companies
with the opportunity to achieve the following objectives:

1. Identification of the main factors: factor space analysis allows to identify the main aspects that have the great-
est influence on the technological process. .

2. Interrelationships between factors: factor space analysis helps to explore the interrelationships between differ- |
ent factors and understand how they interact with each other.

3. Process Optimization: factor space analysis helps to identify opportunities for optimizing processes, materi-
als and resources. This helps in improving the efficiency and quality of pile foundation construction, achiev-
ing better results.

4. Risk Management: factor space analysis helps to identify potential risks associated with various factors and de-
velop strategies to mitigate or avoid them. This allows for better management of risks associated with unpre-
dictable permafrost characteristics and other factors affecting the foundation construction process.

Thus, factor space analysis in permafrost pile foundation construction is an important tool for developing optimal

strategies and making informed decisions that contribute to successful project implementation.
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INTRODUCTION

Factor space is a method that allows to deter-
mine the relationship between the factors affecting
the construction process [7].

The main purpose of this paper is to construct
a factor space, to determine the internal and exter-
nal factors affecting the construction of pile founda-
tions in permafrost soils.

Permafrost soil — soil that has been frozen con-
tinuously for three or more years'.

Finding nickel, tin and carbon deposits in the Arc-
tic zone, as well as using the Northern Sea Route to
transport cargo from Asia to Europe, opens up
prospects for the development of Russia's northern
regions.

In order to implement the tasks set in the RF Gov-
ernment Resolution No. 484 dated March 30, 2021,
active development of the Arctic zone and improve-
ment of construction technologies are required to in-
crease the efficiency of work production? [1].

Pile foundations for industrial tanks in perma-
frost soils are critical structures, the design and

INTERNAL FACTORS

Internal factors — processes controlled by
the developer or investor during the realization of
a construction project.

Internal factors affecting pile foundations for in-
dustrial tanks in permafrost soils:

® planning, controlling;

construction of which require special attention. Due e intensity;
to the ambiguous behaviour of the foundation struc- e quality;
tures during operation, it is necessary to continu- ® cost;

ously monitor and improve the technology to ensure
their reliability® [2, 3].
The construction of pile foundations for indus-

® operational reliability.
Planning during the construction period involves
defining objectives, project management techniques

trial tanks in permafrost soils is a reliable and cost-
effective solution that offers advantages over block
and strip foundations. They provide high reliability
and durability in operation, making them the pre-
ferred choice* [4-6].

and strategy development, and monitoring the reali-
zation of the objectives. This includes determining
the project's resources, schedule, budget, and re-
quirements, and developing programmes to achieve
them. Control involves continuous monitoring of

1 SP 25.13330.2020. Foundations and foundations on permafrost soils SNiP 2.02.04-88. Introduced on 12.30.2020. Moscow,

Standardinform Publ., 2021. (rus.).

2 Resolution of the Government of the Russian Federation No. 484 dated 03.30.2021. Approval of the State Programme of the Russian
Federation “Social and Economic Development of the Arctic Zone of the Russian Federation” (rus.).

3 Alexeev A.G. Geotechnical monitoring of permafrost soils : study guide. Moscow, ASV Publ., 2019; 112. URL: https://www.rosmedlib.ru/

book/ISBN9785432303318.html (rus.).

4 Manual on the organization of construction production in the conditions of the Northern Zone. Moscow, Stroyizdat Publ., 1978; 113. (rus.).
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Fig. 1. External factors in the construction of pile foundations on permafrost soils

the plans and taking corrective action when necessary to achieve
the objectives. All of this helps to manage the construction process
effectively, reduce the risks of delays and budget overruns and im-
prove the quality and efficiency of construction work [8].

Construction intensity is a key indicator of the effectiveness and
efficiency of the construction process. It is determined by the amount
of work performed at the construction site over a certain period of
time. Increasing the level of construction intensity allows to achieve
a reduction in the time of work, reduce costs and increase the profit-
ability of the project. Various methods and technologies are used to
achieve this goal. Important factors are the use of modern equip-
ment, careful planning and organization of work, optimization of lo-
gistics and other approaches.

The concept of quality in construction reflects the degree to which
the work performed meets the needs of the customer and complies
with the stated requirements, standards and regulations. High quality
in construction implies defect-free execution of work, compliance with
project deadlines and budget, as well as the use of quality materials
and technologies. Excellent quality in construction also includes meet-
ing the customer's expectations and ensuring the safety of the facility.

The concept of cost in construction refers to the total amount of
financial resources required to complete a project. This includes
the cost of materials, labour, equipment acquisition and use, and
other costs including permits and taxes. Costing in construction is
important for planning and controlling the project budget, as well as
for making financial management and cost optimization decisions.

Operational reliability is the property of an object to remain op-
erable for a certain period of time or operating time under specified
conditions of operation and maintenance [9, 10].

EXTERNAL FACTORS

External factors are conditions that cannot be influenced by
the developer or investor when implementing a construction project.

External factors affecting pile foundations for industrial tanks on
permafrost soils (Fig. 1):

¢ natural conditions;

e permafrost degradation;

e infrastructure.

Analyzing the factor space in the construction of pile founda-
tions on permafrost allows construction companies to achieve
the following objectives [11]:

1. Identify the main factors that have the greatest contribution to
the technological process. This helps to identify the main aspects
to be considered in project planning and management.

2. Explore the interrelationships between different factors and
understand how they influence each other. This enables construc-
tion companies to more accurately predict possible impacts and
make informed decisions to optimize the foundation process.

3. Optimize factors to improve construction efficiency and qual-
ity. Factor space analysis helps to identify opportunities to optimize
processes, materials and resources to achieve better results.

4. Manage the risks associated with various factors. Factor
space analysis helps to identify potential risks and develop strate-
gies to mitigate or prevent them.

The factor space for the construction of pile foundations in per-
mafrost conditions is presented in Fig. 2.
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CONCLUSION

Creating a factor space for the construction of pile foundations
in the conditions of permafrost soils makes it possible to optimize
the design, ensure safety, increase reliability and improve durabili-
ty. By conducting a thorough analysis and study of the factor space
arising in the construction of pile foundations, it becomes possible
to effectively manage risks and successful implementation of
the construction project.
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daKTopHOE NPOCTPaHCTBO ANs
CTpOUTENbCTBA CBaliHbIX (PyHAAMEHTOB
Ha MHOroJIeTHEMEpP3JbIX FPyHTax

DaKTopHOE NPOCTPaAHCTBO — 3TO METOA ANA OfnpeaesneHns B3a-
MMOCBS31 MEXAY BHYTPEHHUMW U BHELLHMMW (haKTopamu, BAu-
ALLUMMMW Ha CTPOUTENbHbIN NpoLecc. BHyTpeHHWe dakTopbl —
NpOoLIeCChbl, KOHTPONNPYEMbIE 3ACTPOMLLIMKOM MU MHBECTOPOM
npv peanusauum CTPoMTeNbHOro npoekta. K BHyTpeHHUM hak-
TOpaMm OTHOCHITCA: MNaHUPOBaHWE, KOHTPOSUIMHT, UHTEHCUB-
HOCTb, Ka4eCTBO, CTOMMOCTb, 3KCM/yaTaumoHHas HaJeXHoCTb.
BHeLuHVe haKkTopbl — 3TO YCMOBMUSA, Ha KOTOpbIE MpU peannaa-
LN CTPOUTENIbHOIO NPOEKTa HE MOXET MOBMMUATL 3aCTPONLLMK
unu nHeectop. K BHELLHUM (hakTopam OTHOCATCS: NPUPOAHbIE
yCnoBus, Aerpagaums Mep3noThbl, MHppacTpykTypa.

AHanu3 akTopHOro NPOCTpaHCTBa Npu CTPOUTENLCTBE CBaW-
HbIX (DYHAAMEHTOB Ha BEYHOW Mep3oTe NpefocTaBnseT CTpo-
UTENIbHbIM KOMMAaHUAM BO3MOXHOCTb JOCTVXEHWUA CNneayoLmx
uenen:

1. UgeHTndumkauma oCHOBHbIX (DaKTOPOB: aHanu3 (PakTopHO-
ro MPOCTpPaHCTBa MO3BOJISET BbIABUTb OCHOBHbIE aCMeKTbl, KO-
TOpble 0Ka3bIBaOT HanbosbLLEe BINAHME HA TEXHONOMMHYECKNUI
npovecc.

2. Bzaumocssan Mexay dakropamu: aHanna gpakTopHOro npo-
CTpaHcTBa MOMOraeT U3y4YnTb B3aVMOCBA3N MexXAy pasnuy-
HbIMU PakTopaMu M MOHATb, KaK OHW B3anMOAENCTBYIOT ApYyr
C ApYrom.

3. OnTMM3aumsa NpoLeccoB: aHanu3 hakTOPHOro NPOCTPaHCT-
Ba MO3BOJIAET BbIABUTb BO3MOXHOCTW AN ONTUMU3aLUKU Npo-
LLeccoB, MaTtepuanoB U pecypcoB. OTO MOMOraeT MOBbICUTb
3(PPEKTUBHOCTb U KA4E€CTBO CTPOMTENBLCTBA CBaMHbIX PyHAA-
MEHTOB, OCTUraa NyyLUNX Pe3ynbTaToB.

4. YnpaBneHue puckamu: aHanu3 (pakTopHOro NpocTpaHcTBa
nomoraeT MAeHTUMULNPOBATb NOTEHLMATIBHBIE PUCKWU, CBA3aH-
Hble C pas3nuyHbIMU hakTopamu, U paspaboTaTb cTpaTerny ans
WX CHWXEHUS UNW NpefoTepaLleHus. 3To no3BonseT 6onee ad-
heKTUBHO ynpaBnsaTb pUcKamu, CBA3aHHbIMU C Hemnpeackasye-
MbIMU XapaKTepucTMkaMy BEYHOW Mep3noThbl U OpyruMn dak-
TOopamu, BAMSIOLLMMW Ha NPOLIECC CTPOUTENbLCTBA (hyHOAAMEHTA.

Takvum o6pa3om, aHann3 GakTOPHOro NPOCTpPaHCTBa B CTPOU-
TenbCTBE CBalHbIX (DyHAAMEHTOB Ha BEYHOW Mep3noTe ABMsAeT-
CSl BaXXHbIM MHCTPYMEHTOM A7t pa3padoTKn onTUMarbHbIX CTpa-
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YCMELLHON peann3aunm npoeKToB.
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