Soil Structure Interaction
Prof. Kousik Deb
Department of Civil Engineering
Indian Institute of Technology- Kharagpur

Lecture 24
Beams on Elastic Foundation (Contd.,)
In my previous lecture I discussed about the response of an infinite beam subjected to triangular
loading. The point of interest was considered to be within the loaded region in that case already
discussed. In this class, | will first discuss how to calculate all the 4 quantities at two ends of the
loading and then the other two cases when the point of interest is outside the loaded region.
(Refer Slide Time: 00:59)
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The four equations for deflection, slope, bending movement and shear force when an infinite
beam is subjected to triangular loading were already discussed.
(Refer Slide Time: 01:31)
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Now let us determine all these four quantities at point A, which is one of the ends of the load.
For point A, ‘a’ will be zero because ‘a’ is the distance from A to the point of interest and here
A is the point of interest. Similarly ‘b’ will be equal to ‘I’ because ‘b’ is the distance from B to
the point of interest. Substituting these values (a = 0 & b = 1) in the general expressions of the

point of interest within the loaded region, we get expressions for all the quantities at point A:

W, =—2_(1-C, —24ID,,) {this is 2D, not 22.C;.}

471k

q
0, =—?‘L(—1+ D, +AlA,)

M, =— 8?0 (1A, —241B,)

QA = 4?;2 (B/u _/“C/u)

Similarly for PointB (b =0 &a=1),

(Refer Slide Time: 07:52)



-ty =AM P,
oy ARV s
4 (Ora- LD
PO N ke i Ao
ok B E 2 M, = -H(h--*»'
_6 pt )l A.)
Qoo -t
% g B L (G- Gt M D“)
[ YT A
(> + M Aw)
’ b b ¢ Daa~ LYY
L~ = " _ai( PN

(7Y}
e i | x(m-‘»"“ 2
¢ ’)\l

Q- }! -}:(ou-‘n- Nin)
)‘

Let us discuss about case 2 and case 3 now. In the case 2, the point of interest, C is to the left of

the loading ‘a’ units away from point A and ‘b’ units away from point B. The expressions for
this case would be:

We = 4?_;()1 (Cia - Clb -2 D,w)

ec = _(Dﬂa - Dﬁb _/“A/u))

Mc == % (A/la_A/lb_ZMBAb)

Q. = i(B/w —By +ﬂ“lcib)

Similarly, the expressions for case-3 when the point of interest it to the right of the loading and
outside the loaded region will be:

We =—"— (Cia - Clb +24 D/lb)

O = _i(Dza —Dy+ MA&b)

q
Mc == 8&3 (A;La - A,m + 2/“8,111)

Qc = %(Bm - sz _/“Czb)

Till now, four types of loading are discussed: concentrated load, concentrated movement, UDL

and triangular loading. The next loading condition is the case of multiple loading where
multiple concentrated loads are applied on an infinite beam.



(Refer Slide Time: 13:11)
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Consider an infinite beam subjected to three point loads, P, P2, P3. This is just an example to
show the process to solve when there are multiple loads acting on an infinite beam. So, any type
of multiple load can be considered like 2 concentrated loads or 2 UDLs + 1 concentrated load
or 1 UDL + 1 triangular load + one moment. The procedure to calculate deflection in case of
multiple loads will be explained and this can be applied to determine the other quantities also.
The usual expression for deflection due to a point load is:

Similarly, for a beam subjected to multiple point loads, the expression for deflection would be:

1@

=50 nYx,
2k = "

W

The distance X, is the absolute distance of the force P, from the point of interest where the
deflection should be determined. Since the interested quantity now is deflection, X, cannot have
negative value because the sign of deflection is not affected by whether the point of interest is
to the left or right of the load. But, this is not the case while determining slope and shear force.

These rules are already discussed.

Suppose the point of interest, C is to the left of all the loads and the distances between C and P;,
P,, P3 are X1, Xz, X3 respectively. If the point of interest is between P; & P, and close to Py, then
the distance between: C & P, will be x;, C & P; will be x; and C & P3 will be xs.



The loading condition considered is without any reaction. But if there is some rigid support,
there would be some support reaction. Suppose there are four supports offering a reaction of R,
Rz, Rs and R4. Deflection should be determined for this case of three point loads and four

support reactions.

W= i(i I:)nA}m _i RnAAx j
2k n=1 ) n=1 "

This way the deflection at any point considering the support reactions can be determined. But
the question is how to determine the support reaction. All the P values are known, but the R
values are unknown. To determine the deflection, both are necessary and so to calculate the R,
it is better to follow trial and error process. Let us say, that the deflection of the first support
(with Ry reaction) should be found out. Neglect the affect of all other support reactions other
than Ry and consider all the loads as the first trial. The equation for this condition would be:

/1 n
W, =— EPA -R
1 Zk[n—l nx, 1}

As the deflection is being determined at the same point where R is acting, the x, or x value for
R1 will be 0 and hence the A, coefficient will be unity. The support is rigid and hence there

will be no deflection at this support (w; = 0):

y) n
0=2-|>PA, -R
2k(n—1 n® Ix, lj

In the above expression, the only unknown is R; and hence that can be calculated. Basically, the
deformation due to P; at point 1, due to P, at point 1, due to P53 at point 1 are summed up from
which R; is subtracted. Remember that while determining Ry, all other support reactions are not
been considered. Similarly, all the support reactions can be determined by neglecting the other

support reactions when calculating one particular support reaction.

But these values are not correct because some existing forces are being neglected which is not
the actual case. In the next trail (trial-2), all the R values obtained from trial-1, though not

correct, should be used in the following formula:

W, :i(iPnAlx _mzilRmA},x _Rij
2k n=1 ! m=1 "

The summation of the load (P,) effects should be subtracted with all the support reactions
multiplied with the A,x coefficient except for the support reaction at which the deflection is

being calculated. If the deflection is to be calculated at 2" support, R, should be subtracted



separately because x, will be 0 and A,, will be 1. Using this method, the support reaction for

all other points can also be obtained.

After determining all the support reactions in a particular trial, compare those values with that
of the previous trial values. If the difference is considerable, repeat the procedure while
checking the difference between consecutive trial results. Unless the difference between the
present reaction values and the previous reaction values is very small, this process should be

(Rt = Rivear ) for which the

initial

final

repeated. The tolerance limit may be fixed using the ratio

value should ideally be between 10 and 10®. Unless this tolerance value is achieved, the trial
should be continued. This is the process to determine the support reaction values in case of a

multiple loading condition.

Till now | have discussed only about the infinite beam and in the next class | will start
discussing about the second type of beam that is semi-infinite beam under different boundary

conditions. Thank you.



