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ABSTRACT

This paper investigates the ultimate bearing capacity of a
strip footing stiffened with ribs connected to its lower surface.
The effect of number and depth of ribs on the bearing capacity
are investigated numerically using the finite element method.

Different footings resting on a clayey soil are analyzed
under vertical and inclined loadings.

A new efficiency factors (ER) is proposed to be added to
the general bearing capacity equation in order to take the effect
of ribs into consideration.

The results indicate that, the ultimate bearing capacity of a

strip footing is improved via the addition of ribs.
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NOTATIONS
a : ribbed depth (m)
B : footing width (m)

. . 2
c : soil cohesion (kKN/ m”)
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ER : new efficiency factor for ribbed footing

E : modulus of elasticity (kN/m?)

Ne, Ny, N, : bearing capacity factors

0 : ultimate bearing capacity

t : footing thickness

Y : unit weight of soil (kN/m”)

%) : friction angle of soil (degree)

u : Poisson’s ratio

o : Load inclination angle (degree)
INTRODUCTION

When two or three ribs are added to the lower surface of
the strip footing, they may lead to changes in the behavior of soil
under the footing, especially in the value of ultimate bearing
capacity. The méin aim of this research is to investigate the
change in the ultimate bearing capacity when one or more ribs in
the lower surface of the strip footing are present. The footing is
subjected to vertical and inclined loads with different inclination
angles. The finite element method in conjunction with an elasto-
plastic constitutive model are used to simulate the non —linear
behavior of clayey soil under ribbed strip footings. For clayey
soil, Von-Mises yield criterion is adopted Smith and Griffiths
(1998)!"). The problem is analyzed as a plane strain one and a

two- dimensional eight -nodded isoparametric quadratiral
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(1998)!"). The problem is analyzed as a plane strain one and a
two- dimensional eight —nodded isoparametric quadratiral
element is selected. More details about the formulation of such

stress analysis problem can be seen in Zienkiewiez (1971)%.

SOIL BEARING CAPACITY

The ultimate soil bearing capacity under a strip footing is
generally calculated using equation (1), in which the bearing
resistance is approximated by superposition of three basic

components, Bowles (1988)"!
& =0 Nt AN T 0SYBING. o os svs s sdmsodsmmmmosampsmen (1)

Where

B = foundation width.

¢ = soil cohesion.

v = soil unit weight.

N, Ny, N, = bearing capacity factors = f(o)

. = ultimate bearing capacity of soil

q = effective over burden pressure at foundation level.
o = soil angle of internal friction.

The Finite element method was utilized with plasticity
theory, to predict the ultimate bearing capacity for a footing
resting on (c-@) soil in conjunction with Terzaghi's equation. In
order to isolate the contribution of each component, Griffiths

(1982)"" adopted three cases to find the bearing capacity factors:
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cohesionless soil under uniform surface surcharge; cohesionless
soil with self-weight.
If the footing rests. on the surface of the soil, equation (1)

reduces to;

Qu=CNe+ 05BNy oo (2)

If the soil under footing is a clayly soil under undrained

conditions, equation (2) could be rewritten as:

In which (ER) is a new efficiency factor proposed in this study to
calculate the ultimate bearing capacity of ribbed strip footings
under vertical and inclined loads. The efficiency factor (ER) is
calculated by estimating the ultimate bearing capacity of the
ribbed strip footing using the finite element method and
comparing that value with the bearing capacity of an ordinary

strip footing under the same conditions, so that:

B = o i o amirsticnn s iy S (5)
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PARAMETRIC STUDY

An extensive parametric study was conducted regarding
number, depth. location of ribs and load inclination angle. The
computer program used in the analysis process was drawn from
Smith and Griffiths (1998) and modified by Al-Jubair(2004)™. It
employs a visco-plastic strain algorithm to predict the nonlinear
behavior of the problem and, the failure is assumed to be reached
when the vector of the differences between displacements at two
successive iterations does not satisfy certain convergence

criterion.

The basic geometric configurations of the problem are
shown in Fig.1, whereas the finite element mesh is shown in

Fig.2. The properties of soil and footing material (concrete) are

listed in Table (1).

The results of analyses are presented in Table (2), which
indicate considerable increase in bearing capacity due to the

presence of ribs.

The load- settlement curves for footings with two and three
ribs are compared to that of strip footings for a certain ribs depth
(a/B =0.25) and different load inclination angles in Figs. (3 to 8).
It is clear that the ribbed footing can withstand higher load with
more settlement (in general) at failure. The increase in number of

ribs has a little effect on the results.
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In order to isolate, the effect of embedment depth from that
of ribs, a burried strip footing, with embedment depth and
thickness equal to ribs' depth, was analyzed. The resuits are
compared in Fig.9. It can be realized that the increase in bearing

capacity is attributed to the existence of ribs.

The effect of the location of one rib beneath the footing is
also investigated. Fig.10 indicates that the rib location has no
effect on the results for the axially loaded footings, whereas
Fig.11 suggests the location of the rib to be beyond the point of
application of the inclined load. Fig.12 shows the effect of ribs
depth on the results. It is apparent that more improvement in

bearing capacity can be gained by increasing the depth.

The variations of efficiency factors with load inclinations
are shown in Figs.(13 to 15) for different values of ribs depth. It
can be realized that the effects of ribs are more pronounced for
inclined loading. Number of ribs or ribs' depth does not affect the

general trends of curves.
CONCLUSIONS

The main points that can be drawn from this study are

summarized as follows:

1. The ultimate bearing capacity of a ribbed strip footing on a
clayey soil is grater than that of an ordinary strip footing

with similar properties.

(6-18)



(7-18)

LJ

[2]-Zienkiewicz,0.C.(1971),"The Finite Element Method"
McGraw- Hill, UK.,
[3]- Bowles, J.E.( 1988),"Foundation Analysis and Design",

Tikrit Journal of Eng. Sciences/Vol.13/No.1/March 2006

The recorded settlement at failure is more than that for flat

strip footings.

effects on the failure mechanism and slip surfaces.

Increasing the number and depth of ribs, increase the
improvement in soil bearing capacity. The number of ribs

has less effect on the results.

The improvement is more pronounced in footings
subjected to inclined loadings and it is proportional with

the angle of loading inclination.

[f one rib is used, in a way similar to the key that resist
sliding, its preferable location is beyond the point of

application of the inclined loading.
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Table (1) Material properties
aterial
: Clay Concrete
Prpnaptice
cu (kN/ m?) 50 1650 x 107
o (degree) 0.0 50
E (kN/ m?) 0.5 x 10° 250 10°
1 0.5 0.15

Table (2) Efficiency factors(ER) for ribbed footings

Efficiency factors for (a/B) =0.075

. odee) 00t 10 15 20 25, | 30
2-ribs | 1.082 | 1.125 | 1.184 | 123 | 1274 | 134
3-ribs 1.12 | 1.166 | 1.236 | 1262 | 1333 | 1.44

Efficiency factors for (a/B) = 0.1
2ribs | 1.168 | 1.195 | 122 | 1313 | 1362 | 1.42
3-ribs | 1.208 | 1.242 | 1278 | 1371 | 1.433 | 155
~ Efficiency factors for (a/B)=0.25 =
2ribs. | 1.216 | 1.285 | 1305 | 1411 | 1.506 | 1.59
3ribs | 1.232 | 1.322 | 1355 | 148 | 1567 | 1.71
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Fig.(1) The geometric configurations of the footing used in
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Fig.(2) Typical finite element mesh used in this study
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Fig.(5) Bearing stress — displacement curve for footing
,and (a/B)=0.25under inclined load with (a) =15
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Fig.(6) Bearing stress — displacement curve for footing
under inclined load with () =20 ,and (a/B)=0.25°
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Fig.(9) Bearing stress — displacement curves, for footings
under axial load and (a/B)=0.25, to show effect of depth
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Fig.(10) Bearing stress — displacement curves, for footings

having one rib under axial load and (a/B)=0.25,
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Efficiency Factors (ER)
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Fig.(13) Effect of load inclination angle () on the Efficiency
factor (Eg) for footing having (a/B) =0.075
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Fig.(14)Effect of load inclination angle(a)on the Efficiency
factor(Eg)for footing having(a/B) =0.15
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Fig.(15) Effect of load inclination angle (a) on the Efficiency
~ factor (Eg) for footing having (a/B) =0.25



Tikrit Journal of Eng. Sciences/Vol.13/Na.1/March 2606

Ailing £ My 59 Jall duday 3] (uedld 5 guall) Jaadll 4113
Aila g 403 gas 8 38 palia JlaaY 4l pall g

b ABBlS Ciaga L0

-

Cu S Adla—duaigh) Aos-Aad) Laaigh aud

-

aabal)

il sl () (5 pual Janll A s 5 ol 138 3

8 A Lé_.qc-_g il t;l_;.a‘}“ e _):ﬁt\ e Ladil F Ls_‘_":x. Bl _).-.al_ud]

Ll dle dess gasee 5550 dan () Gl (g 20 0 LS

o gl 8 Al A g Ll e sl Ay e Jaledl 5 diBae (Sl
3

Gload Akl dlaleadl I lay &1 (ER)aias 5668 Jalas ol

055 Lo "Wl gl g 580 Gl Qe 6 o ) s sl
sV g 580 (D) LeDle e e

AN clalsy
G-L‘JJ**‘ LFLJ;&MMBJM\ aliall (4 gl Jaas 4alild

(18-18)



