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For the design foundation, it is important to know not only the structure and load of the building,
but also soils properties in the subsoil. Ignoring soil properties may result in an incorrect design of
foundation, which may later cause a failure in building structure, because generally known foundations
function is to transfer load effects into the ground. In smaller buildings, an engineering-geological survey
is not usually carried out, but basic data on the territory is obtained from archive reports. Geologists
define recommended dispersion of values for single geology properties, which is reflected in bearing
capacity of foundation soil and the dimensions of foundation foot. Base soil monitoring due to varying
soil shear strength parameters under consistency changing and observation of changing bearing capacity
of soil confirmed the importance of conducting and evaluating engineering geological surveys for optimal
design of the foundation structure.
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Introduction

Problem of object's establishment can be divided into theoretical design and realization. Actual
realization of final object often differs from theoretical design. Reason for this is, for example, imperfect
geological-engineering backgrounds, which are based on archive reports in case of small buildings
(Harabinova, Panulinova and Kotrasova, 2017). Geologists determine recommended dispersion of values,
which cause inaccuracies in calculation and assessment of bearing capacity and dimensions of foundation
structures (Panulinova, Harabinova and Kormanikova, 2017). Situation in subsoil may also complicate
occurrence of extreme loads, for example by changing soil consistency in event of a sudden increase or
decrease in degree of water saturation. The aim of the paper is to observe the bearing capacity with respect
to changing parameters of the shear strength of the soil on undrained and drained conditions.

The strength of soil is a key design parameter in designing foundations and other earth structures
(Kumar and Vishwas 2011, Kumar and Chakraborty, 2015). In shallow foundation design, the capacity of
the foundation to support footing load is given by the soil’s bearing capacity, which is a function of its
strength parameters (Kuklik, 2011). Bearing capacity is the maximum pressure that the soil can support at
foundation level without failure (Kralik and Simonovic, 1994). It is an important design parameter for
foundation design (Hulla and Turcek, 1998, Ishibashi and Hazarika, 2010, Dixit and Patil, 2010). Proper
interpretation of shear strength parameters and the application to bearing capacity problems are presented
and reviewed in this paper.

Bearing Capacity of Soll

Bearing Capacity is a key design parameter for foundation design. The vertical bearing capacity of
the foundation soil is verified according to the theory of limit states using the following inequality (Powrie,
2004):

o < Ry (D)
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where o is the extreme design contact stress at the footing bottom, V is the extreme design vertical force
and Ry is the design bearing capacity of foundation soil.

Bearing capacity of soil can be calculated for drained conditions or for undrained conditions
particularly in fine-grained soils (Bhattacharya and Kumar, 2017).

For drained conditions, the design bearing capacity Rq, shall be calculated by using the effective
shear strength parameters cer and ger. Total shear strength parameters cu and ¢, must by use for calculate
the design bearing capacity on undrained conditions. The difference between effective and total shear
strength parameters shown in the following figure.

4  Total stress parameters of soil ¢y, @
Effective stress parameters of soil cu, o

=

—
—

Effective stress

>
- ~ '\ Tota stress

_ \

33 K3 \
. \ _
n L L

13 | u J’ |, u L <
— T
Gl 1 J;.
a3 ‘l
q1

Fig. 1. Difference between total and effective parameters of shear stress

Nevertheless, the total parameters are generally used for fine-grained soil (Atkinson, 2007, Erickson
and Drescher, 2002, Alemdag, Cinoglu and Gacener, 2016).

Bearing Capacity Design on Undrained Subsoil
For undrained conditions, the design bearing capacity of soil Rd, shall be calculated as follows (STN
731001, STN EN 1997-1):

Ry = [(T[ + 2)Cu,dsc i+ Qd]/VR: (3)
where yg is partial factor for a resistance (yr=1.4), cuq is the design value of undrained shear strength (total
cohesion).

s¢ is the shape of foundation factors:
B
se=1+024, 4

where B is width of foundation and L is the length. ic is the inclination factors of the load from the horizontal

load H:
i,=05 (1 + /1 - (A:cu>> for H<Acyugq, (5)

where Ae is the effective area of foundation (A« = B X L) and qq is the design overburden pressure at the
level of the foundation base.
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Bearing Capacity Design on Drained Subsoil

The design bearing capacity of the soil Rd [kPa] for drained conditions is determined according to
(STN 73 1001, STN EN 1997-1):

Rd = (Cz,iNcscdc icjc + q,Nqudqiqjq + V,gNysydyiyjy)/le (6)
where yr is the partial factor for a resistance, cq” is the design value of the effective cohesion, q'is
the design effective overburden pressure at the level of the foundation base (q" = g1 D), g1 is the
effective unit weight of soil above the base of footing level, D is the embedment depth, B is the
foundation width, L is the foundation length, y" is the design effective weight density of the soil
below the foundation level.

N¢, Ng, N, are the bearing capacity factors (dependent on the design value of effective angle ¢g):

N, = (N, —L)cotgpy  for ¢4 >0, @)
Ny = tan? (45 + £) entanva, ®)
N, = 1.5(Nq - 1)tan<pd N,=2+m for ¢4 =0 )
Sc, Sq, Sy are the shape of foundation factors:
B B B
sC=1+0.2Z sq=1+z sing, sy=1—0.3z, (10)

dc, dg, d, are the depth factors for deeper shallow foundations:

D D .
d. =1+ 0.1\/; d; =1+01 /Esm 294 d, =1, (1)

ic, I, I, are the inclination factors of the load (of the vertical load):

ic =ig =i, = (1 —tang)? (12)
where 6 is the angle of deflection of the resultant force from the vertical. For 8 > 30° is progressing
individually.

jo Ja» Jy — the inclination factors of the terrain surface:
o oo 1-j
Jq = Jy = (1 — tanB)? Je=1Jq— an‘)d’ (13)

where B is the inclination angle of the terrain from the horizontal.

The bearing capacity must be calculated based on correct shear parameters of soil, since there may
be a failure. The soil is assumed to fail along the potential failure surface. The following text discusses the
different shear strength parameters for low plasticity clay (CL), group F6 (STN 72 1001) and their effect
on the soil bearing capacity.

Experimental results

The bearing capacity was calculated for a square foundation (BxL =1x1 m) which based on the
cohesive soil (CL) on depth (D = 1.4 m). The values of the geotechnical characteristics for low plasticity
clay (CL), group F6 are given in the Table 1. In calculating Rd, the soil consistency soft to solid was
considered.
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Table 1
The geotechnical parameters of low plasticity clay (CL)
Properties Group F6 - CL
Poisson’s ratio o [-] 0.40
Unit weight g [kN.m%] 21.0
Total stress parameters — cohesion c, [kPa] 25-50
Total stress parameters — angle of friction ¢y [°] 0
Effective stress parameters — cohesion cer [kPa] 8-16
Effective stress parameters — angle of friction ger [°] 17-21

The design of the cohesion soils bearing capacity for undrained conditions was determined
according to relations (3)—(5). For this conditions the frictional angle is ou = 0° and the cohesion is
cu = (25, 30, 35, 40, 45, 50) kPa. The impact of shear strength parameters on bearing capacity for
undrained soil is shown in Fig. 2 and Table 2.

Table 2
The bearing capacity for undrained condition (total stress parameters of soil)
Total cohesion ¢, kPa The bearing capacity for undrained soil
25 131.18
30 153.21
35 175.25
40 197.28
45 219.32
50 241.35

The bearing capacity for undrained condition R, (kPa)
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Fig. 2. The bearing capacity for undrained condition (total stress parameters of soil)

It has been found:
Increasing cohesion causes an increase in bearing capacity of the subsoil.
The increase is linear, for a change of cu of 5 kPa the difference is 22.03 kPa (Fig. 2 and Table 2).
The design of the cohesion soils bearing capacity for drained conditions was determined according
to relations (6)—(13). Different values of cohesion cef = (8, 10, 12, 14 16) kPa and of frictional angle
@ef = (17-21)° in calculation of bearing capacity was used. The impact of shear strength parameters on
bearing capacity for drained soil is shown in Fig. 3 and Table 3.
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Table 3
The bearing capacity for drained condition (effective stress parameters of soil)
The bearing capacity for drained soil
Total cohesion cef, kPa

0e=17° 0e=18° 0e=19° 0e=20° Pe=21°
8 238.21 262.51 289.68 320.12 354.26
10 262.35 288.37 317.42 349.90 386.28
12 286.50 314.23 345.15 379.68 418.30
14 310.64 340.09 372.89 409.47 450.33
16 334.79 365.96 400.63 439.25 482.35

The bearing capacity for drained condition Rd (kPa)
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Fig. 3. The bearing capacity for drained condition (effective stress parameters of soil)

It has been found:

Increasing cohesion (as well as increasing the angle of internal friction) causes an increase in
bearing capacity of the subsoil. The impacts of shear strength parameters on bearing capacity for drained
cohesive soil are shown in Fig. 3.

When the angle of internal friction of soil is changing and cohesion is constant, the base soil
bearing capacity has increased by about 116 to 148 kPa. Increase in change of effective cohesion
(8-12 kPa) is the same for each value (Table 3).

The change in soil cohesion for the constant value of the angle of internal friction (Fig. 3)
causes a slower increase in the bearing capacity of subsoil, only about 100 to 130 kPa.

Conclusions

The experimental results represented by bearing capacity of soil in terms of the change mechanical
properties of soil. The influence the shear strength parameters of soil on the bearing capacity are very
important, especially when changing the angle of internal friction. After determining the correct values of
soil friction angle you can calculate correct value of the bearing capacity of soil for the optimal design of
foundation without failure. Use incorrect shear parameters of soil, leading to local shear failure. The
reliability of the input data is the basic prerequisite for the optimal design of foundation without failure.
The most important input for correct design of the foundation is exactly determination of effective angle of
internal soil friction angle.
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C. Xapab6inoBa, E. IlanyainoBa, E. Kopmanikosa, K. Korpacosa
Texuiunuit yHiBepcurer B Kommrre,
Kadeapa MUBUTHHOT IHXKEHEpii

3HAYEHHSA MTAPAMETPIB MIIIHOCTI IPYHTIB J1JI1 IPOCKTYBAHHA
OIITUMAJBHOI KOHCTPYKIII ®YHIAMEHTIB BY/IIBEJIb

O Xapaé6inosa C., Ilanyninosa E., Kopmanixosa E., Kompacosa K., 2019

Ilig wac mpoekTyBaHHS BaXKJIIMBO 3HATH HE JIUIIC CTPYKTYPY 1 HaBaHTaXXCHHsA OYIIBII, alle TaKOX 1
BJIACTHUBOCTI IPYHTIB OCHOBM. ITHOpPYBaHHS BJIACTUBOCTEH IPYHTY MOXE IIPHU3BECTH A0 IPOEKTYBAHHSI
HEMpaBWIbHOI KOHCTPYKLIT (QyHIAaMEHTy, a 3roJOM CIPUYMHUTH PYHHYBaHHS Yy KOHCTPYKIsX OymiBii,
OCKUJIbKH 3arajbHoBifoMa (yHKIis (GyHAaMEHTY MOJiArae B MEPEHECEHHI BIUIMBY HAaBAaHTa)KCHHS HA IPYHT.
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Juis MeHImuX Oy[iBeNb 3a3BHYAil HE MPOBOAATH IHXKEHEPHO-TCONOTIYHUX JOCIIIKEHb, a OCHOBHI HaHi PO
TEPUTOPII0, A€ IUIAHYEThCA OYMIBHUIITBO, OTPHMYIOTh 3 apXiBHUX 3BITiB. A TEOJIOTH BH3HAYAIOTH PEKO-
MEHJIOBaHI 3HAYCHHS TUCTICPCiT U OJMHUYHHIX TeOJIOTIYHMX BIACTUBOCTEH, 10 BiOOpaXkaeThesl Ha HECYUii
3MATHOCTI KOHCTPYKIIi IPYHTY Ta po3Mipax MiIOMBH (QYHIAMEHTY.

Pe3ynpraTy npoBeIeHNX KCIIEPHUMEHTIB IIOAaHO OIIHKOIO HECYdoi 3aTHOCTI IPYHTY 3 MOTILIAY 3MIHU
MEXaHIYHUX BJIACTHUBOCTEH IPYHTY. BIUIMB mapamMeTpiB MIITHOCTI Ha 3CYB IPYHTY Ta Ha HECY4y 3/IaTHICTh JTyKe
BaKJIUBHH, 0COOIMBO B pa3i 3MiHM KyTa BHYTPILIIHHOTO TePTs. BH3HAYMBIIN IpaBIWIbHI 3HAUEHHS KyTa TepT,
MOYKHA PO3paxyBaTH TOUHE 3HAYCHHSI HECY4O0T 3AaTHOCTI I'PYHTY VISl IPOEKTYBaHHS ONITUMAJIbHOT KOHCTPYKIIiT
¢yHmameHTy 0e3 pyWHyBaHb, TOJII K BUKOPHUCTAHHS XMOHHUX MapaMeTpiB 3CYBY IPYHTY MOXeE IPU3BECTH 10
JOKIBHUX pyiHyBaHb. ToMy HallBaXIMBIIINM JJIs1 IPOEKTYBAHHS MPAaBWIBHOI KOHCTPYKLII QyHIaMeHTy €
caMe BH3HAUCHHS BEIMUYMHM BHYTPIIIHBOTO KyTa TEPTS IPYHTY.

KpimM Toro, 0a30BHWiA MOHITOPHHT IPYHTY 3a paXyHOK pi3HHX HapaMeTpiB MIIHOCTI y pa3i 3MiHH
KOHCHCTECHIIIT IPYHTY Ta CIIOCTEPEKECHHS 3a 3MIHOI0 HECy4ol 3MaTHOCTI IPYHTY TaKoX MiATBEpIAMIH
B)KJIMBICTD OIL[IHIOBAHHS 1HXCHEPHO-TCOJIOTIYHUX BHIIYKYBaHb JUIS ONTHMAaJIbHOTO NPOEKTYBaHHS (yHAa-
MEHTHUX KOHCTPYKIIiH.

KoaiouoBi ciioBa: IpyHT; TOHKHIi IPYHT; HANPY KeHHs 3CYBY; Hecy4a 31aTHICTh; OCYIIEHHIi CTaH;
HEOCYUIEHHWH CTaH.



