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3. Sedimentation
4. Residual Soils
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1. Weathering
2. Erosion

SANYYEEYY - aled ol £ Jgtae odiaygs

(31.5) azan_davood@semnan.ac.ir «(sla> .&) ahadad@semnan.ac.ir gy u.;)aT


mailto:azan_davood@semnan.ac.ir
mailto:azan_davood@semnan.ac.ir

YYAY (OFAY L)) Foojlods FA ol o ) o g oyl s (oo 4y 3l | Olos . g (1310 \¥

Oiolejl s (gl 4 0gi o sadlive il o S Ges jo
i 55 wix S by o sl e 50 g e Soi
el ol lbaY ye )0 a5 Jhge 4 el oads il Galie
s Silled aline ol o co 3Lt |, ikisee gl b gy
bl anaY (oalad 5ye ot )0 pow e Slaganadl

50 plel 85 S 5o Sz 4 S plon] liidos p ogdle
bsgs i85 plowil asdllas )3 SeiSS955 oY onail ;5
Ghate b SB slo el 4 pledd T+ F) o Sas 5 Meidani
Oygo a S gla el il plial addllae )5 000 5 o) (550
pas (R85 Sl 50 Sy g Senlons § Bl (65l slaacgoe
S Slalyrmd §Hlnl () 30 SE slaw ;e Coalad
ouds blod Julow e calizre slo e 5l calizee b i
—aY glo) yo Cepmiga (5l o Ll glaclo jl gliges e
oaled (1) S8 5o Jins 0¥ an Jol aalad G (6l s
piolozel asli ol 4 asls Sy oliyl ool o0 osls
Bhie 5 s piydleiel pualin 5l g ooy L] Mondarens 556
Gl (Feal (SB laced (Sdens Jixl ole lp 658
coro 3l g Dige 4 ) 093 Guiod bl livl oS
53,8 &l by e (3las a0 b (liele]

C Tip Resista MP:
one Tip Resistance, iFa Boring Robertson Olsen

o o 5 10 15 Log (1983a&h) (1995)
|
Sdrcir | e Sand Wit ires
21 2
@
Friction Ratio o " =
4 44
sy ciay iy Clay to Clay Clay
. P
Sity Clay with
£ E St Pockets Clay Clay
£ £
g 2 s
Sandy it to
Clayey Sin Siit Mixtares
101 10
Clay with Silt
ety
12 124
ity Sand o
‘Sandy Sift ‘Sand Mizture.
1 141
Sanay Sitt 1o Sand Mixtures.
Clayey S
] 2 4 5

Cone Friction Ratio, %
=095 9 0udh yh> 4ileS Ly by y5ee 9i el g lis ) Y
51 Gladlaio jo bg o d4di &.Lo)‘.i by S gusy
(Y444) Tumay g Zhang !5

10. Linguistic variables

11. Resolution

12. Transition zones

13. Aggregated fuzzy reliability index
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5. Cone penetration test

6. Standard penetration test
7. Fuzzy theory

8. Rock mass excavability

9. Sharp boundaries
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19. Fuzzy Inference System
20. Fuzzy Rule Base

21. Crisp Number

22. Fuzzification

23. Defuzzification
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14. Fuzzy set

15. Normality

16. Convexity

17. Fuzzy number

18. Fuzzy rule-based systems
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24. Mamdani fuzzy inference system
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26. Uncertain depth ratio
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1. Introduction

The present paper utilizes Fuzzy Logic for generating a field of two-layered clay with considering fuzziness
in the layer boundaries. The bearing capacity of footings on this field is then calculated by using numerical finite
difference method. This will produce design guidelines for accounting fuzziness in the layer boundaries for
footings resting on two-layered clay.

2. Methodology
2.1. FDM modeling

For calculation of bearing capacity of foundation, finite difference code is developed. This code has the
advantage of considering spatial variation of soil properties. First the results of current study are verified by
classical equation for the bearing capacity of footings on two-layered soils (Bowles, 1988; Meyerhof and Hanna,
1978; Merifield et al., 1999; Michalowski, 2002; Zhu, 2004; Bandini and Pham, 2011) then variation in cohesion
parameter in depth is applied in the field and the bearing capacity of footing on this field is calculated using
finite difference method. Fig. 1. shows the flowchart for numerical modelling in this study. As is shown in this
figure, after grid generation and input of geotechnical soil properties for considering the fuzziness in layering
boundaries, the FDI was assigned to the model. Then the cohesion matrices, relevant to the problem in hand,
were constructed and assigned to the generated grid. After this stage, displacement vectors were applied to the
nodes under the footing. Displacement was applied by steps until failure occurred in soil. Failure of the soil
beneath the footing was recognized by plotting the graphs of average vertical stress versus vertical
displacement for the nodes under the footing.

3. Results and discussion

The parametric study was carried out by considering the effect of fuzziness in layer boundaries. The
parameters considered for the parametric study were: Cohesion ratio (Rc), ratio of top-layer height to the
footing width (H:/B), and Fuzzy Depth Index (Rnf) which is the ratio of fuzzy depth to upper-layer width. The
analyses were carried out only for the case of Strong-over-Weak clay (Rc>1). The values of parameters used in
the analyses are summarized in Table 1. The range and numerical values of the parameters were chosen as to
cover all possible cases which would be encountered in the real problems.

* Corresponding Author
E-mail addresses: ahadad@semnan.ac.ir (Abdolhosein Haddad), azan_davood@semnan.ac.ir (Davood Azan).



Abdolhosein Haddad and Davood Azan and / J. Civ. Env. Eng. 48 (2019)

Input of gcometrical
coordinates of the model
and geotechnical

soil propertics

4

Grid gencration
and assigning boundary
conditions of the model

v
Generating inital
stress condition

¥

Assigninig FDI
R, =00.102, .1

{

Establishing
Cohesion matrices
by using FL.

Applying displament

on node under
the footing

No

Yes

Determination of
Bearing capacily

End

Fig. 1. Flowchart of numerical modeling

Table 1. Parameters and their numerical values for analyses

Parameter Values
Rc 2,3,..,10
Hi/B 0.2,0.3,04,05,0.75,1,15,2,25
Rnf 0,01,..,1

The results are presented by the Ryratio which is:

Ne(Rns) = Ne(Ryy = 0)
Ne(Rns = 0)

Ryp(%) = x 100 )
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In this equation, N, (Rhf) is the cohesion factor (N,) in Terzaghi bearing capacity equation (Bowles, 1988)
by applying the fuzzy depth between layers and with R for FDL. N, (Rhf = 0) is obtained when there is not
any fuzzy depth between layers. This case is like the classical bearing capacity analysis, assuming a hypothetical
boundary between layers (i.e. N, (Rhf = O) = N.) Ryf is an indication of variation of N.(Rs) with respect to N,
by assuming deterministic boundary conditions (i.e. NC(Rhf = 0)). Indeed, R, indicates the effect of fuzzy

depth on the bearing capacity with respect to classical analyses (with hypothetical boundary between layers)
for the footing located on two-layered clayey soil.

4., Conclusions

In this study, the bearing capacity of footings on two-layered clayey soils was investigated by applying fuzzy
boundary between the layers. Finite difference method was used for numerical calculation of the bearing
capacity. The fuzziness in boundary of layers is accounted by using fuzzy logic. The following conclusions can
be drawn from the numerical analyses:

1. In the case of Strong-over-Weak clay and for % < 1, the R4 values are positive for all curves and R;¢
have an increasing trend by Ry. For % = 1, the R, takes negative values for low R, ratios and this trend is
amplified by increasing the % ratio.

2.In Strong-over-Weak clay, by increasing the R, ratio, Ry, has higher effect on R¢ values.

3. Maximum and minimum values of R, for the case of Strong-over-Weak clay are approximately 10% and
-10%. Maximum value occurs in % = 0.75, R, = 10 and Ry¢ = 1 and minimum value occurs in % =2,R. =10
and Rpf = 1.

4. Generally, for the case of Strong-over-Weak clay, effect of fuzziness in layer boundaries for footing, and
% < 1, the classical design studies yield more economical results and for % = 1 the design of footings is safer.

5. For the case of Weak-over-Strong clay, R, values are all positive and have an ascending trend by
increasing Ry, values.

6. For the case of Weak-over-Strong clay, by decreasing R values, effect of R, values on R, increases and
by increasing % ratio, effect of Ry on R, ¢ decreases.

7. Maximum value of R, is 200% for the case of Weak-over-Strong clay. This value indicates that in this
case, by considering the effect of fuzziness in layer boundaries, the classical results can be increased as large as
three times. This results to a very economical design, relative to the classical design.

8. Generally, for Weak-over-Strong clay, by regarding the effect of fuzziness in layer boundaries, the classical
design studies yield results that are more economical.
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