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ABSTRACT
This paper deals with two major problems:

Determnation of the thickness of the 3oil 1o be
considered as compressed by the given load (') using
computer or grapho -analytical solution.

“Determination of foundation settlements using simple

Jormula without determining natural and additional
pressures for each elemental sail laoyer  When
computing foundation settlement a single influence
Jactor is used for the affected soil thickness. The
influence factor is a function of foundotion dimension
ratio ond accounts the thickness of the compressible
layer (z°). The factor is tabulated for practical use. In
addition, cases for a uniform and stratified soul
lavers are considered when determining foundation
seftlement

Hlusirative examples are given as comparison
between the 'Summation Method' and the Proposed
Formulae.

Finully, the proposed method is believed to be rapid,
proctical and more reliable since the cumulative
errars of pressure crement by the ‘Summation
Method 15 eliminated with

DETERMINATION OF FOUNDATION
SETTLEMENTS

Onc of the most widelv used methods for foundalion
setilernent computations, the ‘Summation Method' | s
too cumbersome for practical application as it requires
determination  of the compressive stress  and
corresponding settlement of each elemental layer as
steps tn the process of numencal summation or
ntegration.

In the following proposed method, the integration
process 1s pertormed with the aid of a single coefficient
for the whole allected sonl thickness.

In the nterest of sumplification of he ealculation the
plain siress model 1s adopted. The loaded material is
assumed 1o be clastic, homogeneous, and isolropic.

Furthermore, the influence of horizontal pressure
(soil's lateral comfinement under load) is considered
through only one empirical coefficient B = 0.8, for all

CASCS.

COMPRESSIVE STRESS AND THE
AFFECTED SOIL THICKNESS

All basic assumptions of the *Summation Melhod® are
taken into account

The vertical compressive stress g, at any point under
the centroid of a uruformaly luaded elastic rectangle at a
depth z can be cxpressed by the following
formmula (Love) |9].
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Where fand 5 —  dimensions of the uniformly loaded

rectangle,

the dJepth of the pomnt under

consideration for ¢ (depth from

looting base to elevation i sail,
where  increase
desired),

p —  external umtormily Jistributed load
OF  gross  pressure  iotensity  at
foundation level,
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If we denote the relative values b =mand 226 - m,
then Eq. (1) becomes
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Where 2= ffnm} = dimensionlcss influence

factor, used when ploting
graph for additional pressure
le = al'

Journal of EAEA, Vol 12, 1995



2 Getaneh Tereffe

After some simplifications in Eq. (2), we obtain

o = 22} Wizk? + 817
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Where K = p*+ P

With reference to some Standard Foundation Codes
such as the U.S.5.R. Standard Code of Practice for
foundations [2], the affected soil thickness by
foundation pressure (z) is determined from the
following conditions:

E > 50 kgffem? ;02 p,/ = p:

Wh
e E <50 kgflem® ;01 p,, = p,.s 4

Where p_’' = natral or the original overburden
pressure al a depth 7' below foundation
level,

E = dcfarmation modulus of the affected soil.

Using the shove relations Eq. (4), and considering that
P ™ (h+2) ¥ for & uniform soil, where ¥ - unit weight
of so1l mass or bulk density and A - foundation depth,
we obtain;

% 1 | Wl + &2
oyt 2t . a0 e i B
M
ol + it » ™

It is quite difficult to determine the thickness of the
stress influenced zone z' analytically from Eq. (5).
However, the thickness z' can be computed by using
any of the two methods given below:

(5)

+ mroHn

] =02 or 0.1

1. From & standerd computer program for the
retation:
G - — 2 [ @ -
wy(h + 2} kb’ + &N - W - D
b
@ -

+ prosm

(R
-020r0l =0
2. From the graph shown in (Fig. 1): The graph of

F3) can be plotted varsus x; ( values of p, .3,/ and
h ‘are conztant).
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The dimensionless influence factor a = fn=ih,
m=22/b} is given in Table 1.

After plotting the graph of the function Fyz), it is
necessary to find the point al which #z)=0.2 or 0.1 as
shown in Fig. 1. The value 7 = 2’ corresponds o Fyz)
=02or01.
Flz)
Flz=0) =

P
Yh

92
[ B

' (when E =50 kgfrem2)
Z (when E 50 kgfsemd)

Figwe 1 Typical Fzj) curve versus z

TOTAL FOUNDATION SETTLEMENT

According to the “Summation Metohd | \he total
foundation settlement is computed as:

" g
S =B -Zh
B2 EN (7
Where = (.8 - empirical coefficient for soil's lateral
confinement, (fimction of poisson's
ratio).

g, = compressive stress at a depth z for i—th
aoud layes.

h, = thickness of the i-th soil layer.

E, = modulua of deformation for i~th soil
layer.
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For a uniform soil condition the sbove settlement
expreasion is cpuvalent to: (ace Fig. 2).

S = %L"o'dz

Oy

d T

Pox' = Jor'
( and 0.2 o7 DA Poy = Tagp

rrrwr Lol oo b o b av
Below this level sail
is assumed to be
practically Incompressible

Figure 2 Typical stress curve versus z

Where 0, is as expressed by Eq. (3},

Thus, we have
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(b7 + 4z + 4k ¢ A
and
2 . b
e BT+ a0 7 4

When solving Eqs. (9) and (10) we shall consider two
possible cases;

Case 1, If b # I, (case of rectangular footing}, then /,
and /, are as gaven in Eq. {9) and (10), respectively.

Case 2, il b = { =g, (case of squarc footing), then

- Ef.f k2 + By an
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and
2 ¢ . 02
. 4 _
I, nj:} [an:euna2 - 422} (12)

Afler lengthy operation Lhe finad solution of g (%)
becomes,

R
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If we denote the relative values 2z'h = m'and {6 = n,
and inserting hese terms n Eq. (13), we obtan

v nt I 1
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There 1s no closed form solution for g (10). Our aim
15 to obtain a dimensionless coeflicient as Rinction of
the ratios,

m' — 22"h and » [H and the coefiiceent o he
rultiplied by foundaton wadth b

Tao satisfy s, some substitulions are made and the
upper limmt of mteprution s changed w 2:°h = m'
frelative value of the compressad soil thickness). Thus;

h oo . "
I — =" farcsin — Llm 15)
Kf“ { \.'m'*(l1n))mz*n2] '
This integral can be solved numernically for different

values of ", Finally, total settlement for case 1, (/7 A)
will be
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Denoting that

1 i T
G,, - 1 In f]nf +m "-l.n f]»n n
in “'l wntem®en \I'l*nx +n

T a2 I_
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For a rectangular footing with sides / and 4, and resting
on a uniform soil, strictly for the case when n + {

._ bp .
875 Onnd (18)

Performing the integration and inserling himits for Egs
MM & (12

a
AR N C ln";E_l (193
T Y2 em? - V2ol
; 3 rmoeiza 1 d
- ;J’o arcsin — 'm (20)

Numerical values of Eq. (20} can be computed
analogous to Eq. (15).

Sumilarly as for Eq. (16), forcase 2 (b=1{ = a). we
obtain;

_Bpy gy Beplity2emiod
S = el Ea{“[ —
21

arcsin

Ydm

V2L, e
-In ¥ {
a
Denoting thai

G:_":l{h\/2+m” 1_h1?-1
N (LN 2+ 1
¥2 +m i 22)

7
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+ fu {arcsm ]dm}

1 »m?

1+m

The total settlement for a square footing,
(Strictly, b ={=a or n=1).

N EEE G:," a (23)

Similarly for round footings with diameter 4, total
seftlement;

s-Prg

d
£ mh (24)
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In this case, considering 1he area of a circular footing
and the rauos n=1 and m=2z"d — z''r

d LI
G - — {7 {25)

»m |”l 4 L
Where r = the radius of a circular footing.

d . _

a, .. G° and G are dimensionless intluence
mn mn

factors for the stress inflluenced sone. The intlucnce

factors are histed in Table 2 for vanous m’ and n.

TOTAL SETTLEMENT OF FOUNDATIONS
ON NON-UNIFORM SOILS

For stiraufied soils, the natural or the oniginal pressure
mtensity at a depth z below foundation level may be
expressed as,

pn: prr ' EYJ’ h: {26)
1=
Where p,= ¥R = nalural or the onginal over-burden

pressure inolensity at foundation
depth A, (the surcharge}

y = soul's unit weight or bulk density
within the foundation depth Linnt

¥, & h unit weight and the thickness of
i-th so1l laver within the Timit of the
total  compressed  tockiess,
respectively

T

For stratified soils we shall lake an average bulk
density within the limit of the compressed thickness.

L y,h,
Yo = = (27
Zh,
i=l
Then Eq. (6) simplifies 10
a
F(Z) - 7;) [28}

Yo+ 2

It can be concluded that the summation of the
elemental  layers setilemenis is Lhe sum of the
difference of influence factors G, related to i-th soil
modutus of deformation.

From (us fact and considering Fig. 3, the total
setilement of foundations resting on stratified soil
layers will be:
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noo(r G
- 1;
S ppp T —mmirh T mho (29)
o= }_‘.!
T ol ol | r -
P h
_*._.._.. L_.t—— - R
z 21‘
z,1 %2
7, h; —th o sgal layer

Figure 3 Setilements of foundations on non-uniforn
solls

Whae (i fin Lbom' 2z b}

and G0 fin dbom 2z, My

L

Obvieush, '+ -0, then (7 o,

mnlli

and S ﬁf’ G, b

SUPPLEMENTS TO SETTLEMENT
COMPUTATIONS BY THE
INTRODUCED FORMULA

| When computing settlemients the value of p s
tuken as p,, - p, = A, - YA e the net pressure
mtensuy or the difTerence 1o antensities of the
average pressure aller construction and  the
orgmal overburden pressure.

[

As discussed  before,  to determine the
compressed thickness z', the graph of /4z; given
by IZg. (6} should be plotted versus z THowever,
11s lenglhy o caleulate Fyzj untii attaining the
value f7z) =02 or 01 [tis, therefore, advised
to determune 2" within the limits o Fraf-0.2 or
0.1 .-F¢b} with calculation interval lm on the
chord betweenz=wandz =56 (see Fig 4

Then Flul Fik} Floay 102 ar 1]
' hoa -

If the calculation interval 13 1m, obviously
bh-a=I1m

Thus, the compressed Lthickness

) Flay 02 o0r 01
z a +

30
Ha)y  F) G0
Stinctly  Fa) - 0.2 or 0.1 - F(b}
Fiz}
AP,
P Fiz} - e
FlIZU}:% / ¥Yiheg!
Fla)
02 or 04 _3_?:;%_
Ff.boﬁ ] z
L a2 im
E b - —+'
Frpure 4 #4z) curve versus 2, the contpressed

thickness o

Further, we shall compare settiement values computed
using the “Summation Method™ and the proposed
formulac

Example 1

Compute (otal settlement of & square Tootimg on
umtorm sol grven the fllowing data

b—1-2m

P = hgtian’

F — 100 kptfem?®

A= 13mand y - 2 um/m’

Soloution
a) ‘Summation Method”

Po— YH=2N 15 -3 lon/m’ - 03 kptiem®

Po— P o= 203 =1 T kptfenr

3 da 0 d s 2 = Rm thickiess ab the
elemiental Javer)

wo—tb-l m-2zu-202-s u—frn-1.m z

Po— G—aip, -p)—ap, — | Ta kpticm?

Pu:™ Yth o z) ketiom?
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Solution
Example 2.

a) * Summation Method’
Compute otal settlement of & square fooling on

stratified soil layers given the following data - p.= vh=21x15=1315o0/m’
P.= P, - p.=51.15-3.15 = 48.0 ton/m’
b=1/=2x2m = 4.8 kgffem?
Pr =51.15tw00/m* h, =04b=04x2=08m, n=1m= 2z
h =15m —22xzr- s

a = fm={,m=2), p,=ap,=48a
Seil parameters
The total settlement from the accompanying table

{13 Firm clay: 1, =06, y,=2 | ton/m’ (Table 4)
E, 120 hetlen? T
hy —30m Son TR (R0 3222988 116950601052
ol i 20
DR ) LI TARTE T IR TR SRR TR PP
(2) Sulf Clay I —0.26, y,= 229 lon'm 210 ' 210 '
S—= cotiem?
#; ~ 210 kgtlem 2% 66 - 0368 568 - ST em
h. =30tm 210
£330 Nand v, 223 1owm’
Jooo o kpriem®

Table 4 Accompanyving Table for Settiement Compulations

. 2y, m oz 1 o 4 Ma
Puints, m m bl om? kel v’ kel vm?

1 t 15 0315 (IR 4] 1 000 ERIH

| R 23 1 4m3 T 0§ (HKIKE LR B

2 It EN | uesl U130 lo 11449 P

1 645
i 14 3d REi9 164 24 11257 1 234

4 Iy 45 ISR [ Ta 1 1%1 U AbY

(H2Ls 12 U 16l 1768
(282 41 oy HRTE
s 4N ¥Tx 13T
0314 546 IRIGI U 292
113219 -2 .
by By the Formula Introduced o — 20 tonm
- v < 72
Let = - 5m 1 17 1. m 1 e
The average bulk density within the assumed
depth using bg 127, g G 4w
At - R N334 03
¢ tho T M SIS B T
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m:=6m,7-=L‘“9‘3=2.2mm‘
a=fn=1, m=6)=0.051
H;):M - (.148 < 0.2
22(1.5 + 6)
The compressed thickness
g, 02402 o
0244 - 0148

From Table 2

z-0 G, 0

-3
2,=3m G, ,-fin 1. m 22'— RFRNTR #11]

AR I 1
5n=546m G fn 1w — = '2'46 46
0.947 (interpolated)
The total setilement
f;m |

g
5 by mmelt -
Bp, 2 =

0820 0 0947 0R20
120 210

0.8-4%-200

37 om

CONCLUSION

From the comparative analysis of tolal scettlement no
discrepancy obtained between the two methods

Tt can be concluded that the proposed method 1s
quick, accurate and easier for practical applications.

The formulas derived assume wuform  contact
pressure distribution at tfoundation level, and  the
vajues of settlement oblained are at the center of
eiastic footings.

Elastic settlements should not be caleuluted
thicknesses (z') greater than -1h

Journal of EAEA. Vol. 12, 1995

In the case of a ngid foundation, the settlement should
be reduced by a ngdity factor. The center settlement of
a rigid footing is commonly taken as 0.75 that of an
elastic footing.

The calculated settelment should be corrected by an

sppropriate ‘depth factor’ to allow for the depth of
foundation.

It is alse to be noted that modulus of deformation £
mcreases with depth for most natural seil and rock
formations. Calculabons based on constant modulus of
deformation give exaggerated amount of scttlement.
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