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Abstract

Shallow strip footings are essential to carry loads from structures. Load bearing capacity factors can be calculated both by the field tests
(plate load test) and numerically. Bearing capacity factors are the main parameters that affect the bearing capacity of any foundations.
N,, one of these factors, have significant impact. Increase in internal frictional angle (¢), causes enhance the N, value. However, after ¢
value reaches 30°, dramatic increase is observed. This make the bearing capacity values complicated. In this study, strip foundation on
surface resting on sandy soils were designed with a Geostudio 2012 software. Various foundation width (1, 1.25, 1.5, 1.75 and 2 m) and
internal friction angle (29°, 31°, 33°, 35°,37°, 39°, and 41°) was selected. Bearing capacity values were calculated with both numerical
(software) and analytical methods. After, N, values of analytical methods were compared to results obtained from software. Results
indicate that, Biarez 1961 has the average N, values while Terzaghi (1943) and Michalowski (1997) have the maximum. N, value
obtained from numerical analysis (finite element method) increased with an increase in foundation width also. Values from finite element
method is average of other analytical methods when B = 1.25 m, while N, values of numerical methods are the biggest when B =2 m.
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Kumlu Zeminler icin Sonlu Elemanlar Yontemi ve Analitik
Yontemlerle Bulunan Tasima Gicu Faktoru N, Karsilastirilmasi

Oz

S1g serit temeller, yapidan gelen yiikleri tasimak i¢in 6nemlidir. Yiik tasima kapasitesi hem arazi testleri (plaka yiik testi) ile hem de
sayisal olarak hesaplanabilir. Tagima kapasitesi (giicii) faktorleri, herhangi bir temelin tagima giiciinii etkileyen ana parametrelerdir. Bu
faktorlerden biri olan N, énemli bir etkiye sahiptir. igsel siirtiinme agisindaki (¢) artis, N, degerinin artmasina neden olur. Ancak ¢
degeri 30°'ye ulagtiktan sonra dramatik bir artis gozlenmektedir. Bu, tagima kapasitesi degerlerini karmagik hale getirir. Bu ¢calismada,
Geostudio 2012 yazilimi ile kumlu zeminler tizerine oturan ylizeyde (derinliksiz) serit temel tasarlanmistir. Cesitli temel genisligi (1 m,
1.25m, 1.5 m, 1.75 m ve 2 m) ve igsel siirtiinme agis1 (29°, 31°, 33°,35°, 37°, 39° ve 41°) secilmistir. Tagima kapasitesi degerleri hem
sayisal (yazilim) hem de analitik yontemlerle hesaplanmistir. Daha sonra, analitik yontemlerin N, degerleri yazilimdan elde edilen
sonuglarla kargilastirilmigtir. Sonuglar, Biarez 1961'in ortalama N, degerlerine sahip oldugunu, Terzaghi (1943) ve Michalowski
(1997)'nin ise maksimum degerlere sahip oldugunu gostermektedir. Sayisal analizden (sonlu elemanlar yontemi) elde edilen N, degeri
de temel genisliginin artmasiyla artmistir. Sonlu elemanlar yonteminden elde edilen degerler, B = 1.25 m oldugunda diger analitik
yontemlerin ortalamasi olmustur. Ancak sayisal yontemlerden elde edilen N, degerleri B = 2 m oldugunda en biiyiktiir.

Anahtar Kelimeler: Tagima kapasitesi, Sayisal analiz, I¢sel siirtinme agis1, N, degeri, S1g serit temel
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1. Introduction

Foundations are designed to carry the structural loads. These
are the combination of dead, live and other loads (wind,
earthquake, etc.). Shallow or deep foundations are requested to
have sufficient bearing capacity for loads acting on them.

Bearing capacity values mainly depend on the bearing
capacity factors of N¢, Ng and N, which are the functions of
internal friction angle (¢). N¢, and Nq values give similar results
for the weightless soil [1]. However, N, gave different values
when compared to all equations created by the researches.

Numerous researchers [2-17] focused on the bearing capacity
factor N,. [10] and [17] used upper bound limit analysis were used
to evaluate the bearing capacity factor N,. [11] also used
numerical analysis and found the relationship between ¢—N,. [14],
researched the effect of dilatation angle to evaluate the N, for
rough strip ring footing. [15], proposed failure mechanism to
centrally loaded strip footings. [16], used method of
characteristics to find out bearing capacity factor of soils
containing both cohesion and friction angle.

Equations created by some researchers are presented in Table
1. In this table, when compared to N, relationship of [6] and [7].
It is clearly seen that there is a significant difference.

Table 1. N, equations [18]
Relationship

N, = 0.5 tan¢ (Kyy tang —1)
Ny = 1.8(Ng—1)tan¢

Researchers
Terzaghi (1943)
Biarez (1961)

Meyerhof (1963) N, = (Ng—1)tanl.4¢
Booker (1969) N, = 0.1045¢%6¢
Hansen (1970) N, = 1.5(Ng—1)tand
Vesic (1973) N, = 2(Ng+1)tand

Michalowski (1997)
Hjiaj et al. (2005)
Martin (2005)

NY — e(0.66+5.1tan¢)tan¢
NY - e(l/6(n+3n21an¢ (tan¢)2n/5
N, = (Ng—1)tan1.32¢

In this study, shallow strip surface footing resting on sand
soils were modelled with Geostudio 2012 software by changing
internal friction angle (29°, 31°, 33°, 35°, 37°, 39° and 41°) were
and foundation width (1, 1.25, 1.5, 1.75 and 2 m). Since there is
no depth, no load inclination factor and no cohesion, bearing
capacity equations are simplified to 0.5yBNy. In this manner,
from displacement load curve from software, 0.5yBNy value is
calculated. Therefore, N, value is obtained and compared to
analytical methods.

2. Material and Method
2.1. Bearing Capacity Theories

There are numerous bearing capacity theories. Most widely
used are [2,4,7].

2.1.1. Terzaghi Bearing Capacity Theory

[2] bearing capacity is the main theory of all those theories
mentioned. According to this theory ultimate bearing capacity of
shallow strip footing (qu) can be calculated with the following
equation

qu = cNc + qNg + 0.5yBN, (1)

Ne, Ng, and N, : bearing capacity factors

e-ISSN: 2148-2683

B : foundation width

c : cohesion

Y : unit weight of soil

q : surcharge load (yDr)

2.1.2. Meyerhof Bearing Capacity Theory

[4] modifies the bearing capacity equation of [2] by adding shape,
depth and inclination factors and equation 2 is obtained.

qQu= CNchsF(zchi"'qNql:qsl:qdl:qi""o'SYBI\IYFYS':YC‘FYi (2)
2.1.3. Vesic Bearing Capacity Theory

[7] used the same capacity equation of [2] except by changing
load inclination factors with compressibility factor.

qu = CNchchchc+q NquSquFqC+0~5YBNYFYSFYdF‘{C (3)

In this study, since the cohesion (c) value is equal to zero and
foundation rest on the surface (g = 0), first two terms of equation
1 is neglected. Furthermore, strip footing were used (B/L = 0),
foundation depth (D = 0) and no inclination load conditions make
all shape (Fcs, Fgs and Fys), depth (Fcq, Fga and F,q), compressibility
(Fee, Foc and Fyc) and load inclination factors (Fei, Fqi, and F,i), are
equal to 1 for the equation 2. Therefore, there is only third term
(0.5yBN,) for all theories [2, 4, 7] remaining for the bearing
capacity value.

2.2. Finite Element Method

In Finite element models were created with [19] program as
shown in Figure 1. Problem boundaries depend on the width of
the foundation. Boundaries are selected as 5B x 5B for vertical
and horizontal sides. Half of the model were used since the
symmetry condition exists. 8-noded quadrilateral mesh elements
were used. Mesh densifications were applied areas close to
foundation. Displacements were restricted both horizontally and
vertically for the right and bottom side of the model while they
were restricted only horizontally for the left side of the model
Displacement velocity were used as 0.0025 mm per step.
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Fig. 1 Finite element model of the problem

Load—displacement of curve for the sample example (B=1m
and ¢ = 29°) obtained from the finite element analysis is shown in
Figure 2. This load values are transformed to stress values to
evaluate the bearing capacity value for the numerical method.
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Fig.2 Load-displacement curve for B = 1m and ¢ = 29°

Shallow strip footing resting on cohesionless sandy soils are used.
Geostudio 2012 program [19] were used for this purpose. Mohr-
Coulomb material model was used. Modulus of elasticity (E),
Poisson's ratio (v), unit weight of soil (y), internal friction angle
(¢) and dilatation angle () used in the analyses are given in Table
2.

Table 2. Material parameters for the study (cohesion = ()

e | S| ¥ B (m) (kEa) Y
16 |20] o | b ﬁg 2> | 15000 | 0.20
1625 |31] 1 | b i%g 2> | 20000 | 0.24
165 [33] 3 | ﬁg 2> | 25000 | 0.28
1675 |35| 5 | b i%g 2> | 30000 | 032
17 |37 7 | b i%g 2> | 35000 | 036
1725 [39] 9 | b 1;2 2> | 40000 | 0.40
175 41| 11 | b i%g 2> | 45000 | 0.44

2.3. De Beer Method

Load-displacement curve from Fig 2 is transformed to stress-
displacement curve as seen in Fig 3 which describes the [20]
method. According to this method, linear portion of the elastic
region (2) and linear portion (1) of the plastic regions are extended
and intercepted as seen in Fig 3. The y-coodinate of this point is
defined as the bearing capacity.

e-ISSN: 2148-2683
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Fig. 3 De Beer method for bearing capacity [21]

3. Results and Discussion

3.1. Results

After applying finite element modelling, displacement
arrows are developed as shown in Fig 4.

Fin

=
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Fig. 4 Displacement arrows developed after analysis

i

After applying finite element modelling, displacement arro
Arrows in Fig 4, indicates the movement of displacement. Arrows
move from left to right since just half of the problem is
modelled.ws are developed as shown in Fig 4.

Internal friction angle (¢) and bearing capacity factor (N,)
relationships for B = 1, 1.25, 1.5, 1.75 and 2 are shown in Fig 5,
6, 7, 8 and 9 respectively. Values of bearing capacity factor (N,)
increase exponentially with an increase in internal friction angle
(¢). N, values of program were obtained by calculating the
"qu/0.5yB".
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Program
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Fig. 5 ¢-N, relationship for B=1m
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Fig. 6 ¢-N, relationship for B =1.25 m
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Fig. 7 ¢-N, relationship for B=1.5m
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Fig. 9 ¢-N, relationship for B =2 m

According to Fig 5, N, values obtained from program seem
to be the minimum compared to other theories. Maximum values
were obtained from [2] and [8]. In the Fig 6, N, values of
Geostudio program began to be somewhere in the middle of other
theories for this foundation width (1.25 m). Minimum values of
N, are obtained from [6] and [12]. In the Fig 7 and 8, N, values
keep increasing trend line compared to other values. Maximum
values of N, are the one obtained from the program as shown in
Fig 9. [3] seems to be the average value for all foundation width.

3.2. Discussion

Bearing capacity factor (N,) for several researchers found
different values since there are various equations created by them
as seen in Table 1. Movement of displacement arrows are similar
with the other studies [10,11,14,17,22]. N, values of [3] seems to
be average of all analytical methods [2,4-8,11,12] and program
for Fig 5, 6, 7, 8 and 9. N, values of finite element model
enhances with an increase in foundation width also.

Fig 10. consist of the all results obtained from researchers and
finite element model. Total of 98 values (7 different ¢ value * 9
researchers + 7 different ¢ x 5different foundation width). As a
result, after drawing trend line for these points following equation
is obtained.
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N, = 0.6882 — 40.376¢ + 608.7 3)

It should be noted that this equation is valid only for the rough
strip footings having no depth, inclination or shape factors and
internal friction angle between 29° and 41°.
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RZ

=0.9203

0
28

36 38 40 42

Fig. 10 ¢-N, relationship for all foundation widths and methods together

4. Conclusions and Recommendations

Analytical methods and numerical method were used to

evaluate N, value. Different foundation widths and friction angle
values were chosen for this analysis. Following results are
obtained.

1) [2] and [8] have maximum values of Ny for all

foundation widths except B = 2m.

2) N, values of software enhances with an increase in
foundation width.

3) Differences of N, values for the whole methods increase
sharply for higher internal friction angles.

4) Displacement arrows for the analyses are consistent with
the bearing capacity theory.

5) Equation obtained from these analyses can be used for
the soils having internal friction angle satisfies the 29° <
h<41°,
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