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GENERAL CHARACTERISTICS OF THE WORK  

ACTUALITY OF TOPIC: there is world wide demand to make existence urban 

cities more efficient and feasibility to make best use of urban infrastructure as 

considerations for preserving surrounding buildings in case of destruction during 

constructing the new complex or in the future  as at some time the surrounding 

complex could be have a special concerns or historical virtue that require 

conservation even if the complex wasn't need Anchor but could require further 

concerns because of it. So Metropolis in general and rapid transit especially forced 

engineers towards underground and making establishments there , as it is known the 

problem is not in static force when calculated before construction and expecting 

future problem is less but while dealing with dynamic forces to face unexpected 

future risks Is higher especially when there is high amount of forces such vibrations 

due to train or tram movements so as long as the foundation stronger is but without 

special supporting systems as Anchorage the risks will still higher. At some points it 

could be depend on anchor when the span range of the foundation doesn't allow for 

high thickness of foundational retaining wall, and also cost of construction give 

opportunity to make use of it. The demand on anchorage is also When there would be 

unstable soil components in high range that withstanding of the complexes foundation 

is not fulfillable due to high water ratio that  accelerate soil corrosion in high range 

and make the foundation unstable and also high plasticity module of soil  that 

prevents soil compaction that exposes the foundation and make it unstable for 

standing because of fragile soil. All these and the essentiality to find a typical anchor 

length and soil to make anchor units used in all world for every soil types as the same 

is consider as a big problem. 

RELATIONSHIP WITH WORKING WITH SCIENTIFIC PROGRAMS, 

PLANS, TOPICS: The dissertation work was performed at the Department of Geo-

Construction and Mining Technologies of IEE NTUU "KPI them. Igor Sikorsky òin 

accordance with theñ National Program of Development of the Mineral Resources 

Base of Ukraine for the Period up to 2030 ò(Law of Ukraine of April 21, 2011 N 

3268-VI), as well as the plan of scientific researches of the Department of Geo-

Construction and Mining Technologies, and is an integral part of the GDR : 

"Scientific bases of resource-saving mining and geotechnical engineering" (No. DR 

0115U005398), in which the author of the dissertation was the executor. 

THE PURPOSE OF THE RESEARCH: is to optimize the geometric characteristics 

of the installation of the anchor systems in the soil 

arrayThe anchorage of the pits allows to significantly improve the technological for 

minimize the future risks on the construction compare to other construction systems 

and even for surrounding complexes and 



 

 

Significantly reduce the cost of the device underground part of  buildings also easy to 

make with saving time. 

THIS GOAL IS ACHIEVED BY SOLVING THE FOLLOWING PROBLEMS:  

1. application of modern technologies of urban construction requires the useof deep 

foundations, and Construction occurs on the territory of the dense city building, in 

the presence of existing structures in the surroundings so here we face problem of 

narrow spans and surrounding forces effect the foundation. 

2. construction is carried out in complex with uncomfortable hydro-geological 

sites plus areas with high vibration due to metros, trains and trams that effect 

negativly on the  foundation. 

3. Challenges in the presence of unstable, fragile soils especially with high plasticity 

module plus requirement of not efficient span for using Retaining Wall System for 

Urban Infrastructure Excavation. 

THE SUBJECT OF THE STUDY:  is the stress-strain state of the sides of the deep 

pits, process of stabilization in the deep pit of Urban construction with the role of 

supporting elements in the modern High-Tech  Construction. 

THE OBJECT OF STUDY: ground displacement of the array with a system of soil 

anchors thru control parameters and elements of technologies Anchors construction in 

deep pits as supporting Element. 

RESEARCH METHODS: For the first phase we try to give some introductions 

about underground urban construction from the techniques that used as excavation, 

diaphragm wall and anchor. Also defining the challenging concerning construction 

after that giving knowledge for each terms and components, second phase studying 

the ground and soil nature in our objects sites thru defining typology of soil layers to 

depth of them, third phase is computing and simulating the input data into the 

computer programme called PLAXIS so at the end evaluating the results and 

determining the best solution for our condition 

SCIENTIFIC NOVELTY OF THE OBTAINED RESULTS :  presented by the 

following scientific provisions in which for the first time:  

1. providing substantiations of parameters of ground anchors sysytem for 

controlling the deep excavation pit stability of the diaphragm retaining wall 

2. changing the angle of anchor compare to its length, after that evaluating it in 

instance to the changing number of the tendons, thus figuring pattern in the 

matter of artificial simulation to draw understanding for installation dicisions. 



 

 

3. the effectiveness of the norms that apply on making dicisions concerning 

(time,cost,quality) at the same time feasibility of these decision in calculating 

4. providing variaty of variations during both calculating and simulation process 

and seeking for validity of other substitutes in supporting structures than can 

make use of it and also may reticence of using anchor by editing the inputs of 

diaphragm wall or the foundation structures to the piles . 

THE PRACTICAL VALUE OF THE RESULTS OF THE WORK : 

1. creation of an equation and a software product that permit to simulate and 

perform engineering calculation of parameters of the process of formation of 

location site stresses in the angular zone, based on the angle of the clif -ledge; 

2. development of the method of rapid evaluating diagnostics of quantitative 

assessment of specific layers of soil during the flaw detection of stresses and 

lateral forces; 

3. recommendations urge on the parameters of anchors  from the array by 

changing the installation angle of the anchor, which helps to reduce the 

concentration of angular technological fracture and lateral forces on the 

retaining wall. 

TESTING THE RESULTS OF THE THESIS : The main provisions and individual 

results of the work were reported and discussed at:the second inter-departmental 

seminar of students of masters level of higher education of the Institute of Energy 

Saving and Energy Management (IEE) KPI them. Igor Sikorsky(Kyiv, March 6, 

2019); at ñsecond international scientific and technical conferenceò of the department 

of geo-construction and mining technologies of the National Technical University of 

Ukraine" KPI named after Igor Sikorsky  (Kyiv, 2019); the third inter-departmental 

seminar of students of masters level of higher education of the Institute of Energy 

Saving and Energy Management (IEE) KPI them. Igor Sikorsky(Kyiv, November 22, 

2019) 

PUBLICATIONS : The main content of the dissertation is presented in 19 scientific 

papers, including 6 articles in professional publications, among them - 4 articles in 

publications of Ukraine, which are included in the list of international scientometric 

databases, 4 abstracts in the proceedings of international conferences, 1 certificate for 

scientific work and 8 articles in other editions. 

STRUCTURE AND SCOPE OF THE THESIS: The dissertation consists of an 

introduction, four chapters, conclusions, appendices, a list of used literary sources, 

containing 55 titles. The main text is set out on 100 pages of printed text, contains 19 

figures, 30 table, 6 charts. 

MAIN CONTENT OF THE WORK  



 

 

IN THE INTRODUCTION : Metropolis nowadays and early form of Modern 

cities there is not doubt it depended on construction pattern to fulfill their construction 

, the emergence of new technologies and requirements of big constructions from the 

trains lines, Dams, skyscrapers , metro lines, Underground pipelines for electricity 

lines, water pipes and sewer ééetc, at the same time construction within preserved 

building surroundings all leads to seek for new forms and methodology of 

construction. Deep level underground is constructions 20 meters or more below 

ground without cut and cover method, especially train stations, air raid shelters and 

bunkers and some tunnels and mines. Cut-and-cover is a simple method of 

construction for shallow tunnels where a ground is excavated and covered over with 

an overhead support system strong enough to carry the load of what is to be built 

above the tunnel. That is why underground technology is basically concluded variety 

options and solutions and one of them is anchorage system. 

IN THE FIRST CHAPTER:  

 Urban Constructions Methodology Types: 

1. Ocean Projects 

a) Foundation (Revetment, Wharf, Bridge pier, Tank) 

b) Ground improvement (Man-made island, Solidification of sludge) 

2. Land Projects 

a) Foundation (Bridges/small buildings, Steel tower, Building, Tank, Road, 

Embankment, General structure) 

b) Ground improvement (Road, Embankment, Protection of underground 

facility from settlement) 

c) Others (Cutoff wall, Land-slide protection wall, Security of pile slide, 

Measure against uplift) 

 

Wall in soil technology application:  

1. Waterfront and marine applications (Quay walls, Wharf structures, 

breakwaters) 

2. Foundations for structures (Tanks & towers, Bridge abutments, Underground 

facilities, Embankment stabilization, Retainingwalls, Building foundations) 

3. Restraining earth pressure (Base heave, Excavation control, Landslide & slope 

failure, Supporting adjacent structures, Stabilization of open cuts) 

4. Seepage control (Dam rehabilitation, Stabilization of river banks) 

5. Liquefaction mitigation 

6. Environmental applications (PCB Immobilization, Remediation of VOCs) 

7. Innovative applications (Shield tunneling, Ground Anchorage, Wave 

impediment) 

 

https://en.wikipedia.org/wiki/Cut_and_cover


 

 

Types of wall in soil excavation 

1. Material types 

a) Topsoil excavation 

b) Earth excavation 

c) Rock excavation 

d) Muck excavation 

e) Unclassified excavation 

2. Excavation purpose 

a) Cut and fill excavation 

i.   Cut & Cover Method 

ii.  Wall-Cover Construction Method (Cover & Cut) 

b) Trench excavation 

c) Basement excavation 

d) Road excavation 

e) Bridge excavation 

f) Dredging 

g) Over excavation 

Metro Tunnel Construction Methods 

1. Cut and Cover Method 

a) Exterior-protected structures. the kinds of support for choice embody steel 

sheet piles, board piles, ferroconcrete ready-made pile, column kind board pile, 

creating by removal pile, cement mixing pile, soil anchor, soil nail and 

underground continuous wall. 

b)  Supporting system. There area unit 2 main classes of support structures, 

particularly internal support and external pull anchor, and lots of new varieties 

can be used for every class. as an example, internal support currently includes 

steel braces, ferroconcrete braces, purlin and column braces. 

c) Groundwater management technology. once the cut and canopy technique is 

applied in areas with high groundwater level, voidance ways embody clear 

voidance, blind ditch technique and artificial tube dewatering. 

d) Technology of canopy excavation. it's excavated from the bottom to an explicit 

depth, and then closes the highest half and also the remainder of the lower half 

is built beneath the closed roof. The cover excavation technique is adopted to 

beat the shortage of moving the bottom traffic in Cut and Cover technique. 

2. New Austrian Tunneling Method 

3. Shield Method 

Construction within Deep pits (Excavation) using diaphragm wall (Retaining wall) for  

deep foundation complex and metro station as Object 1. & Object 2. which mainly 

depends on using supporting anchor so the technique is (cut & cover method).  

Cut And Cover Types of Pile Foundations Based on Construction Method 

https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Material_types
https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Topsoil_excavation
https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Earth_excavation
https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Rock_excavation
https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Muck_excavation
https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Unclassified_excavation
https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Excavation_purpose
https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Cut_and_fill_excavation
https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Trench_excavation
https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Basement_excavation
https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Road_excavation
https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Bridge_excavation
https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Dredging
https://www.designingbuildings.co.uk/wiki/Types_of_excavation#Over_excavation


 

 

1. Driven Pile ( driven piles prefabricated off site) 

2. Cast-in-situ Pile Foundations (bored piles) 

a) Permanent casting 

b) Temporary casting 

3. Driven and Cast-in-situ Piles (continuous fight augured (CFA) piles) 

In our situation the both condition of object 1. & 2. are using Cut and Cover 

construction with the method of (Cast-in-situ Pile Foundations (bored piles) 

Application of Ground anchor: Excavation , Slope stabilization, Dams, Quay walls , 
Underground, Anchoring structures, Foundations, Hydrostatic uplift loads) 

Typology of Anchor according to Method of uses: Earth Retaining, Stabilizing Slope, 

Preventing of Roll-Over of Retaining Wall, Preventing of Damage of Underground 

Structures, Stabilization of Bridge, Reinforcing ground for tunnel, Stabilization 

Tower-like Structures, Preventing Roll-Over of building 

 

classification of anchors  with Categorization by service period: 

1. Permanent  Anchors  

2. Temporary  Anchors 

a) Non-Removable Anchors 

b) Removable Anchor  

i. Human Removing Anchor 

ii.  Equipment Removing Anchor 

classification according to Categorization by Ground-Supporting Method 

1. Pressure Type Anchor 

2. Frictional Type Anchor  

a) Compression Type Anchor 

b) Tension Type Anchor 

i. Load-Concentrative Type Anchor 

ii.  Load-Distributing Type Anchor 

3. Complex Type Anchor (Frictional+ Pressure) 

The engineering properties and behavior of soil and rock material must be evaluated 

because these materials provide both loading and support for an anchored system, 

This procedures are include: 

1. Field reconnaissance 

2. Subsurface investigation (Soil and Rock Stratigraphy, Groundwater, Laboratory  

    testing of soil and rock) 

a) Laboratory testing of soil and rock 

i. Classification and Index Properties, Shear Strength, Consolidation,     

  Electrochemical Criteria, In situ testing techniques, éetc) 

 

IN THE SECOND CHAPTER: Determining the main properties of site 

underground soil: 

https://www.designingbuildings.co.uk/wiki/Driven_piles
https://www.designingbuildings.co.uk/wiki/Prefabricated
https://www.designingbuildings.co.uk/wiki/Off_site
https://www.designingbuildings.co.uk/wiki/Bored_piles
https://www.designingbuildings.co.uk/wiki/Piles
https://www.designingbuildings.co.uk/wiki/Bored_piles


 

 

Object -1- Kyiv, Ukraine, deep excavation for bulding 

ɯɻɽ 1 (t IV), Bulk soil: Sand sandstone, black 

charred with Include construction debris up to 

10%(rocks, stick bricks,gravel, particles 

Asphalt);  

ɯɻɽ 2 (f;l PIɯ), sand shallow, yellowish-brown, 

yellowish-gray, drilling- It is gray, gray with 

thin layers of sand in the dust and lensesof 

loam, Small degree of water saturation;  

ɯɻɽ 3 (f,l PɯI), sandy sand, oil-gray, yellowish- 

Grey, yellowish-brown, hard; ɯɻɽ 3ʘ (f.l PɯI), 

Sandy sand, light gray, dark brown, yellow- 

Wato-brown, plastic;  

ɯɻɽ 4 (f.l PɯI), sandy loam, dark brown, with 

thin layers Sands  

ɯɻɽ 5 (f.l PɯI), loamy sandstone, dark brown, 

light;  

ɯɻɽ 6 (f.l PɯI), sand of average size, brown, middle 

level ofthe saturation;  

ɯɻɽ 7 (N1pl), sand sawn, white, chestnut, saturated with water 

The pit Depth is 12m and Underground soil waters lie on the depths of 20,85-22,85 m 
 

Object -2- Kyiv, Ukraine, deep excavation for metro  

ɯɻɽ 1 Sand of medium size, wet and saturated, 

medium density with strata of large 

ɯɻɽ 2 The sand is shallow, moist and saturated, 

medium density, less often dense 

ɯɻɽ 3 Sand cf. coarseness, moist and water 

saturated, medium density, less often dense 

The pit Depth is 15m and by taking into 

consideration the the types of the soil layers in 

which consists of 3 layers it appears that because of 

the (sandy nature) of the soil layers the 

underground water will penetrate these layers and 

there is not underground water in the construction 

depth. 

 
 

 

Figure (1) Object 1 Scheme 
 

Figure (2) Object 2 Scheme 
 

Figure (1) Object 1 Scheme 
 



 

 

 

 

 

Object 

No.1 

Layers No. Layers Properties Soil Type 

1st ɟ = 1.8 t / m3, ű = 28ę. ɟ = 1.9 t / m3, ű = 29ę 1 

2nd ɟ = 1.93 t / m3, ű = 30ę. ɟ = 1.95 t / m3, ű = 31ę 3 

3rd ɟ = 1.8 t / m3, ű = 30ę. ɟ = 1.93 t / m3, ű = 31ę 2 

4th ɟ = 1.95 t / m3, ű = 20ę. ɟ = 1.98 t / m3, ű = 21ę 5 

5th ɟ = 1.93 t / m3, ű = 30ę. ɟ = 1.95 t / m3, ű = 31ę 3 

6th ɟ = 1.98 t / m3, ű = 32ę. ɟ = 2.0 t / m3, ű = 32ę 7 

Object 

No.2 

1st ɟ = 1.93 t / m3, ű = 30ę. ɟ = 1.95 t / m3, ű = 31ę 3 

2nd ɟ = 1.93 t / m3, ű = 31ę. ɟ = 1.95 t / m3, ű = 32ę 6 

3rd ɟ = 1.98 t / m3, ű = 32ę. ɟ = 2.0 t / m3, ű = 32ę 7 

Talbe (1) soil layers Properties 

 
Pit Depth Retaining Wall  Distributed Load capacity 

Object -1- 12..5m 17.6 m A-A load B-B load 

-36 kn/m2 -54 kn/m2 

Object -2- 15.8 m  22.3 m A-A load B-B load 

-27 kn/m2 - 27 kn/m2 

Talbe (2)Pit Depth, Retaining Wall & Distributed load Properties 

 

 

 

 

 

 

Layers 

Depth in 

Meters 

Object -1- 

1st   =   - 1.5 

2nd  =   - 4.1 

3rd   =   - 17.1 

4th   =   - 18.6 * 

5th   =   - 19.9* 

6th  =   - X 
 

Object -2- 

1st    =   - 9.6 

2nd   =   -19.6 

3rd   =    - X *  

 

 

Talbe (3) Object soil layers Dimensions 

NOTE: mark (*) presents those layers that is not within excavation range 
 

IN THE THIRD CHAPTER:  

 calculating the result and simulation on computer  program to describe forecasting of 

engineering-geological conditions changes, starting with definition and explaining the 

work of this progrrame inwhich basically consists of this consequences (modelling, 



 

 

material models, calculations, results) here we are start to analysis the input data to 

wok on it in the plaxis which is Calculation perimeters: 

1. Dimentional Anchor Parameters  

H = Depth of Ditch 

d = Penetration Depth 

l = Free Length 

l  = Root Length 

Z = Anchor Depth 

a = slope 

X = Anchor horizontal length 

Y = Anchor Vertical length 

i = Angle of  installation 

P = critical failure surface =   External Stability 

2. Non-Dimensional Anchor Parameters 

ɢ () = X/H 

ɚ (coefficient) = Y/H 

ɝ () = d/H  

After knowing the main ideas of construction with anchor and equations we start to 

analye the giving data to apply on PLAXIS  

 

Startup computer simulation: 

Object No.1 

After finishing inputting datum for the object we start the simulation to see wheather 

the construction requires for supporting structure or not at the first phase the 

simulation recorded displacement (88.5mm) that was bigger than 35mm according to 

ukrainian norms for construction here it required for anchor installation so we cosed 4 

different angles (15Á, 25Á, 35Á, 45Á) to defining less displacement , at the end the (15Á) 

recorded less displacement so we changed the length of this angle which were (18-13, 

15-10, 13-08, 08-03) then the simulation begin, at the same time we changed  the 

numbers of the tendons for each condition to (3,4,5) tendons, in the table No.4 you 

can see the anchor length, anchor angles, number of tendons, the force of anchor in 

each rows in ñkn/mò, General displacement estimated model, Horizontal displacement 

of retaining wall in ñȹmax, mò. 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Talbe (4) Simulation Models & Results 

 



 

 

 

Note: the Displacement in Model  No.1 & No.14 is >35 mm which means failure will 

happen 

Changing The Angle of the applied Anchors 

1. Anchors with the 15Ü Angle 

2. Anchors with the 25Ü Angle 

3. Anchors with the 35Ü Angle 

4. Anchors with the 45Ü Angle 

The typical Angle for the soils types and 

distributed load according to the simulations and 

results data are (15Ü) 

 

Changing The Length of the applied Anchors  

1. 15Ü Angle Anchors with the Length (15-10)m 

2. 15Ü Angle Anchors with the Length (12-7)m 

3. 15Ü Angle Anchors with the Length (8-3)m 

4. 15Ü Angle Anchors with the Length (18-13)m 

The typical Anchor Length for the soils types and 

distributed load according to the simulations and 

results data in (15Ü) Anchor  Angle is (15-10)m 

anchor length. 

 

Changing The Tendon of the applied Anchors to 

(3) tendons with stable Length of Anchors which is 

(15-10)m 

1. Anchors with the 15Ü Angle 

2. Anchors with the 25Ü Angle 

3. Anchors with the 35Ü Angle 

4. Anchors with the 45Ü Angle 
 

Chart (1) Total Displacement 

Chart (3) Total Displacement 

 

Chart (2) Total Displacement 



 

 

Changing The Tendon of the applied Anchors to (5) tendons with stable Length of 

Anchors which is (15-10)m 

1. Anchors with the 15Ü Angle 

2. Anchors with the 25Ü Angle 

3. Anchors with the 35Ü Angle 

4. Anchors with the 45Ü Angle 

The typical Angle for the soils types and distributed 

load according to the simulations and results data are 

(25Ü) 

 

Object No.2 

After finishing inputting datum for the object we start the simulation to see wheather 

the construction requires for supporting structure or not at the first phase the 

simulation recorded displacement (37.5mm) that was bigger than 35mm according to 

ukrainian norms for construction here it required for anchor installation so we cosed 4 

different angles (25Á-45Á,25Á) to defining less displacement , we changed the length 

of this angle which were (18-13, 15-10, 13-08, 08-03) then the simulation begin,withe 

the fixed number of tendons which was (4), in the table No.5 you can see the anchor 

length, anchor angles, number of tendons, the force of anchor in each rows in ñkn/mò, 

General displacement estimated model, Horizontal displacement of retaining wall in 

ñȹmax, mò. 

 

 

Chart (4) Total Displacement 

 



 

 

 

 

Note: the Displacement in Model  No.1 & No.14 is >35 mm which means failure will 

happen                                          

Changing The Length of the applied Anchors  

1. 25Ü- 45Ü Angle Anchors with the Length (15-10)m 

2. 25Ü- 45Ü  Angle Anchors with the Length (12-7)m 

3. 25Ü- 45Ü  Angle Anchors with the Length (8-3)m 

4. 25Ü- 45Ü  Angle Anchors with the Length (18-13)m 

The typical Angle for the soils types and distributed load 

according to the simulations and results data are (25Ü- 45Ü ) with 

the length of anchor (18-13)m 

  

  

Talbe (5) Simulation Models & Results 

 


