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ABSTRACT

This paper investigates the ultinrate bearing capacity of a

strip flooting 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 ciayey soil are analyzed

under verlicai and inclined loadings.

A neu, efficiency factors (ER) is proposed to be added to

the general bearing capacity equatior-r in order to take the effect

of ribs into consideration.

The results indicate that, tire ultimate bearing capacity of a

strip footing is improved via the addition of ribs.
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: ribbed depth (rl)

: footing rvidth (m)

: sorl cohesion (kN/ m2)
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: new efficiency factor for ribbed footing

: modulus of elasticity (kN/m2)

: bearing capacity factors

: ultimate bearing capacity

: footirrg thickness

: unit weight of soil (kN/m3)

: friction angle of soil (degree)

: Poisson's ratio

: Load inclination angle (degree)
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When tlvo or three ribs are added to the lower surface of

the strip footing, they may lead to changes in the behavior of soil

under thc footirlg, especially in the value of ultimate bearing

capacity. The rnain aim of this research is to investigate the

chauge in the ultimate bearing capacity when one or more ribs in

the lou,er surface of the strip footing are present. The footing is

subjected to vertical and inclined loads rvith diflerent inclination

arrgles. The finite elernent method in conjr:nctjot-r u,ith an elasto-

plastic constitutive n-rodel 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

(190311t1. The problem is ana\yzed as a plane strain one and a

trvo- dimensional eight -nodded isopararnetric quadratiral
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(1998)trr. The problem is

two- dimensional eight

element is selectecl" More

stress analysis problem can
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analyzed as a plane strain one arLd a

-nodded isoparametric quadratiral

details abor-rt the forrnr"rlation of such

be seen in Zienkiewiez (197 DLzr.

SOIL tsEARING CAPACITY

The ultimate soil bearing capacity under a strip footing is

generally calculated using equation (1), in u,hich the bearing

resistance is approximated by superposition of three basic

components, Bowles (1 9BB)t3l

Where

B : foundation width.

c : soil cohesion.

y: soil unit rveight.

N., Nq, Nr: bearing capacity factors : f(o)

qu : ultimate bearing capacity of soil

q : effective over burden pressure at foundation level.

o : soil angle of internal friction.
'l'he F-inite eiement method was utilized with piasticity

theory, to predict the ultimate bearing capacity for a footing

resting on (c-o) soil in conjunction with Terzaghi's equation. In

order to isolate the contribution of each colxponent, Griffiths

(10S2;iul adopted three cases to find the bearing capacity factors:
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cohesio.less soii r-rnder uniform surfb.ce surcharge; cohesionless

soil with seif-weight.

If the footing rests on the surface of the soil, equation (1)
reduces to;

qu: c.N" + 0.5yBN,

I
1
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(2)

if ihe soil Linder footiirg is a clayli,. soii

conditions, equation (2) could be rewritten as:

uiider undrainccl

Qu:c'N..

For ribbed strip footings, equation (3) takes the form

Qu: C.Ns..Elr..

(3)

(4)

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 1oads. The efficiency factor (ER) is
calculated by estirrating the urtimate beari,g capacity of the

ribbed strip footing using the finite element rnethod and

comparing that value with the bearing capacity of an ordir"rary

strip footing under the same conditions. so that:

ER : (qu).,on.o / (q,,) sh.ip .. .....(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 progralx used in the analysis process was drawn from

Sriritir and Giiffiihs (i998) aiid inodifed by Ai-JubairQ}Agt']. ft

ernploys a visco-plastic strain algorithm to predict the nonlinear

behavior of the problem and, the failure is assumed to be reached

rvhen the vector of the diff-erences between displacernents at trvo

successive iterations does not satisfy cerlain convergence

criterion.

The basic geotnetric configurations of the problern are

shorvn in Fig.1, whereas the finite eiement 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), u,hich

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

(alB:A.25) and dilfelent 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 cf embedment depth from that

of ribs, a burried strip footing, with embedment depth and

rhici<less equai to ribs' ciepth, was anal:tzed. 'fiie resuits are

compared in Fig.9. It can be realized that the increase ir-r bearing

capacity is attributed to the existence of ribs.

The effect of the location of one rib beneath t1-re footing is

also investigated. Fig.10 indicates that the rib location has no

effect on the results for the axially loaded footings. uhereas

Fig.1 1 suggests the location of the rib to be bel,ond the point oi'

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 inciinations

are shorvrr in Figs.(13 to 15) for different values of ribs depth. it

can be reaiized that the effects of ribs are rrrore pronounced lor

inclined loading. Number of ribs or ribs' depth does not affect the

general trends of curves.

CO]\CLUSIONS

The niain poirrts iliat can be drar.r,ir fiorn tiris stucllv are

summarized as follows:

1 . The ultimate bearin g capacity of a ribbed strip footing on a

clayey soil is grater than that of an ordinary strip footing

with similar properties.

I
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The recorded settlement at fairure is more than that for flat
strip lootings.

The iiici'ease ii. bca;:i;,g capacitl ii,ay be atti-ibiiie ,j to the

effects on the failure mechanism and siip 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 ir-rclined ioadings and it is proportional with
the angle of loading inclination.

6- If one rib is used, in a way sirnilar to the key that resist

sliding, its preferabre location is beyond the point of
application of the inclined loadins.
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Table Material rties

aterial
Clay Concrete

D*n^o**ioo-r r vHvr lrvD

cu (kN/ m2 1650 x 102

0.5 x 105 250x 105

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

1.082 1.125 1.184 1.23 1.27 4 1.34

t.t2 1.166 1.236 1.262 t.333 1.44

i. 168 1.195 1.22 1 f 111.J l -) t.362 t.42

1.208 1 141 1.278 t.37t 1.433 155

t.216 1.285 1.305 l.4tt 1.506 t.59

1.232 1.322 1.355 1.48 t.567 r.71

r

50

s (desree) 0.0 50

E (kN/ m2)

p 0.5 0. 1s

: I i. i f a-r....-i=r.:.lt::::

i::l;:.:qt lii ir, : :-.tr:r +a-j:..tit riil.:l+

0.0 10 15 2A 30

2-ribs

Effitiency flactors fui' (aiBi : 0.25
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Fig.(l) The geometric configurations of the footing used in
the
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Fig.(2) Typical finite element mesh used in this study
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Fig.(s) Bearing stress - displacement curve for footing
,and (a/B):0.25irnder inclined load with (cr):15
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Fig.(9) Bearing stress - displacement curves, for footings
under axial load and (alB1=9.25, to show effect of depth
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Fig.(l1) Bearing stress - displacement curves, for footings
.having one rib under inclined load with (u) :15

qu (kN/ sq.m)
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Fig.(13) Effect of load imelinatiom amgie (u) on the Eifieiemcy
factor (Ep) for footing having (a/B):0.075
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Fig.(15) Effect of load inelination angle (u) on the Efficiencv
factor (Ep) for footing having (a/B) :0.25
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