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2.1) INTRODUCTION

The design of footngs ( stip or isolated ) and beams resting on
the soil, based on the assumption that " the reacdion of the soil on the
foundation is unifom or varying linearly ", is only valid if the
foundations are very rigid.

ln pactice, the flexural rigidity of the soil-foundation interaction
must be taken into consideration and hence, any assumption conceming
the shape of te reaction of the soi might lead to very big eros.

ln this chapter the classical Winkler model is used. The soil is
considercd unifom with constant modulus of subgrade reaction in
every dircction under the foundation. The tem [L] or[ 1/a] which
is cual to :

(4E4/K, ""٥ ر
is the main parameter govemning the phenomena of the soil-foundation
intnactio, where:

E, is the Youngs modulus of the foundatio matenials .
.i the mentf itnerdia of the foundatio cross-Sectionا 

K, is te mdulus of subgrade reacDion .
Table No. ( 2-1 ) gives the values of K, proposed by
Teuaghi .

B is the breadth of the foundation .
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Table (2.1) : Values of K,( kg/cm?) for different soil fomations.

Kind of soil K, (kg/cmق )

Dense sand 9.61
Medium sand 4.96
Loose sand 1.04
Silty sand 3.60
Clayey sand 5.60
Sdiff clay 4.80
Medium clay 3.60
Soft clay 1.79

The equations giving the solution of the problem developed by
Hetenyi are plotted in curves to facilitate their use. The principal of
superposition can be used to deal with more than one load.

The values of soil reaction/m', deflection, bending moment and
shearing forces for a beam resting on elastic soil subjected to
concentrated load P Figure(2.1 ) may be obtained from the following
simple expresssions :

SOIL REACTTON
DEFLECTON

BENDING MOMENT

SHEARING FORCE

PaC,/B=م 
Y=P,/K,
M= PxC;/(2xa)
0=PxC

(2.1)

(2.2)

(2.3)

(2.4)

where:
P =Concentrated Load (t)
B = Foundation breadth (m)

a= Relatve rgidity (m-)=(K,B/4EI)"

K,= Ccefficient of subgrade reaction (tm3)
C, = Soi reaction coefficient (Dimensionless)
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6,, = Bending moent ccefficiet (Dimensionless)
C = Shearing force cceficient (Dirensionless)

E l = Fndation rigidity (um)

 ه
 ±إ ز

 ا

Fg. 2.1
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2.2) Hetenyi equations

1 .C = {2(cosh 0.Xcos0.X)(sinh 0LP sinh? aL - sin% aL

cos 0a cosh 0b- sin cL cosh 0 a cos ab)+(cosh 0x
sin 0x+ sinh cx cos 0x)[ sinh cL( sin oacosh cb
- cos 0a sinh ab)+ sin cL( sinh a cos o b- cosh 0.a
sin ab)]} (2.5)

{2(sinh a x sin ax)( sinh cL1.
 ج ي

sinh? aL- sin? cL

cos 0 a cosh o b- sin cL cosh a. a cos cb)+( cosh cx

cم 

sin ax - sinh o x cos 0x)[ sin cL( sin a a cosh o b­
cos 0 a sinh o b)+ sin aL( sinh c a cos cb- cosh 0a
sin ab)]) (2.6)

(cosh cx sin ax+sinh ax cos 0x=ث (}ط 
sinh' aL- sin? aL

( sinh aL cos 0 a cosh a b- sin cL cosh oa cos 0b)+
(sinh c x sin ox) [ sinh aL( sin 0a cosh cb-cos 0a
sinh ab) + sin oL (sinh aa cos a b- cosh o. a sin ob)]}

(2.7)

Where:
a,b, andL are distances shown in Figure. (2.1)

The values of coefficients C,,Cو , C are calculated and plotted
hereinafter .
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2.3) HOW TO USE THE CURVES TO GET C,,Cمر 
& c

(1) According to the kind of soi get K, from table (2.1)

(2) From( Kي ) and depth (d) get(a) from the expression

(KB/4E1)"or 6omn char(2.1)

(3) Accoring to ( aL) and load position (a/L) get C,, , يا
C, from the coresponding curves .

The curves are numbered in the fom (C,-cL), (C- oL)
and (C- .( مله

For example the notation (C-5) gives values of C for
aL= 5.00.

For intemmediate values of(aL),(a) and( b) the solution can
be obained by linear interpolation .

The values of C , C and,ر @ are also tablated in appendixA.

EXAMPE:
Find the soil reaction, the bending moment and shearing force at

section (S) due to the shown loads Figure(2.2).
The beam is 10ms long and 1.0 m in breadth and 1.0m in depth.

The soil is loose sand.
From table (2.1) K,= 1.04 kg/cm?

From char (2.1) a= 0.002 1/cm
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R =sot
cL=2

P= sat

FooTىs tsهN wايL

R= ao4

 رmر عm ب mد

Fig. 2.2

4m  بعو

From Fig. (C,٠2),Fig. (C,,2) ndة Fig. (C,2)
we have:
FoP, : C= 0.94, C, = -025 and C=-0.17
ForP,: C,= 0.53 , Cy, = 0.15 and C= 027
ForP,: C=000, C0.14ه,=- and C= 0.18

P1: 0.94 x 50 x 10 x 0.002/ 100 = 0.94
P2: 0.53 x 50 x 1 w 0ث 0.002/ 100 = 0.53
P3: 0.00 w 50 x 10 x 0.002/ 100 = 0.00
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Deflection
(cm)

y= 1.4 cm

B.M.
( m.t)

M = -5.9 mt
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S.F.
(t)

0= 14.0t

٦٠%/١٠٩-٤٥1-42/a+3,%/%0-١٨00٣ /بو
P2: 0.5 /1.04 = 0.48 0.15x50/2x1= 3.83 0.27 x 50= 13.5
P3: 0.0 -0.14x50/2x1--3.5 0.18 x50= 9.0

If the foundation is very flexible, the problem can be considerably
simplified. If both ca and ab are> T , the foundation may be
considered of infinite length.

If a = Zero and ab>M the foundation may be considered of
semi infinite length. The solution of the problem in these cases are
obtained from the following equations :

2.4) FOUNDATIONS WITH INFINITE LENGTH
(ca , ab) >f

2.4.1) Infinite long beam subjected to single
concentrated load (P)

p =Pa/2 x F,

M = P/4ax F,
Q= -P/2 xF,

(2.8)

(2.9)

(2.10)

2.4.2) Infinite long beam subjected to single
concentrated couple ( M,)

p = M x ه2 F,
M = M,/2 x F,

0= M, a/2 xF,

(2.11)

(2.12)

(2.13)
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2.5)

FOOTBGS DESKN MANUAL

FOUNDATIONS WITH SEMI-INFINITE
LENGTH [ a = 0, (ab> m)]

2.5.1) Semi-infinite long beam subiected to a
concentrated load (P) at its end .

p = 2P cx F,

M = -P/cx R,
O= -Px F,

(2.14)

(2.15)

(216)

2.5.2) Semmi-infinite long beam swhiected to a
concentrated couple ( M,,) at its end.

,x F,2 هM=م 
M = -M ٣ F,

0=2M,0 x F,

(2.17)

(2.18)

(2.19)

ihe functions F, , F,,F,,and F4 are plotted in figure (2.3) and
can 'c obtaied fromthe following analytical expressions :

4 ا= له cos .ا) x)

(]cos(0x)+sin(0x[01= -م٣

F = -٣ sin( cx)

F,=e"[cos(ax)-sin(ax)]
For problems with more than one load acting on the foundation,

we may use the principle of superposition.
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Fدو٥ <»[cos(c x)+sin(c x)]

 [م٦٨""٠٠ ه/
3٤٧١١!'٦٢'5in-إ"٠-٨ c=ي'±٨ -  ل، بمإآج إا: ا٣ يديده ،أيدبب٠٠٠٠ ا ي< ، د- ا٠ ءوا٠ أد» ا و ن اًًسا- أز و

 ا-/ببببإ-ا--ة
------- سد.٣-- ب٢- ----ه--ج}٠--

٣ --"أ٢ م+ -م-٠ هسس-- ا{آ أ +{أ-+أ

 ددهه،٨٠ ؟سب] ه•• سن ء٠ --وداب٠٣-- هة إ بز٠

 م- أز.]ًًأ
 :=يتسلوا-- م١ -إ]-ا-; إ]ر إ [إ

Figure 2.3
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DIMENSIONLESS COEFFICIENTS For cL=1.00
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DIMENSIONLESS COEFFICIENTS For aL=1.50
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DIMENSIONLESS COEFFICIENTS For aL=2.00
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DIMENSIONLESS COEFFICIENTS For aL=3.00
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DMENSIONLESS COFFICIENTS For cL=4.00
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DIMENSIONLESS COEFFICIENTS For cL=4.50
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DIMENSIONLESS COEFFICIENTS For aL=5.00
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DIMENSIONLESS COEFFICIENTS For aL=6.00
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DIMENSIONLESS COEFFCIENTS For aL=6.50
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DIMENSIONLESS COEFFICIENTS For cL=7.00
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