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Abstract: Geotechnical investigation for a project is
highly subjective. The spacing of borehole and depth
of borehole depends on nature of project and loads
transferred on to substratum. However the criterion
of investigating a site to the depth where the increase
in vertical stress due to footing is equal to 10% of the
existing overburden pressure is well accepted among
the geotechnical investigators. As per the criteria the
minimum depth of bore hole for investigation varies
with footing and soil characteristics. This paper
examines and establishes the nature of relationship
between D, depth of bore hole and those
characteristics.

I. INTRODUCTION

Geotechnical investigation is the most crucial part of any
civil engineering project. The whole design of the
project, selection of construction methods, sequence of
construction execution pace and procedure largely
depends on the outcome of soil investigation. In spite of
this significance of the geotechnical investigation it is
rarely attributed with its due importance in any civil
engineering project. The reasons for this are mainly the
complexity involved with soil stratums and largely
uniform behavior of soils over small site covered by
large number of medium size civil engineering projects.

There are various rationale decisions a Geotechnical
investigator has to make, at the beginning and during the
course of site investigation, to make the outcome of
investigation:  truly representative of the soil
characteristics of the site, useful for rational design of
the project and substantive to rely upon. The extent of
geotechnical investigation, as widely acknowledged,
depends on both the nature & size of the project and
nature (type) of soil available at the site. As such a
geotechnical investigation cannot be planned fully
before actually carrying out some part of it, because
nature of soil is not known before starting the
investigation.

Normally a geotechnical investigator arrives at the site
for investigation at least with a spacing of borehole
and depth of borehole in mind. He can decide about
the spacing of boreholes and depth of borehole, both
however tentative, based on the nature of the project.
The literature available to decide about spacing of
borehole for project suggests the decision would be a
subjective one, as every recommendation is a range
rather than a discreet value. Our knowledge of
geotechnical engineering also suggests that it couldn’t
be otherwise. But about deciding the depth of borehole
there is unanimity about the criteria to be used.

Il. DEPTH OF INVESTIGATION BORE HOLE

There is concurrence among geotechnical engineers
about the criteria that the investigation boreholes
should be taken up to a minimum depth where the
increase in vertical stress due external load (footing,
traffic etc) is not greater than 10% of the overburden
pressure. This criterion is treated by the geotechnical
engineering community as even conservative.

Variation of 10%
overburden pressure
with depth R with depth

variation of vertical stress
due to footing load

<mmmmem>
O

Fig.No.1. Hlustration of concept of depth of
investigation borehole
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The pressure bulb which is the soil inside a bulb of
isobar of 0.2q for any footing transferring a pressure
intensity of g on to soil having a width of B extends up
to a depth of 3B. This depth is considered as significant
depth in the sense, the characteristics of soil with in this
bulb determines the performance, both from settlement
and shear failure criteria, of footing. It is identified that
the soil outside this bulb has no considerable influence
on the performance of footing. The bore hole depth
criteria normally gives depth of bore hole greater than
significant depth. Also by settlement calculations we
can see that including layers of soil beyond depth D,
borehole depth, will not increase total settlement by
appreciable magnitude. The above two justifications
have left the borehole depth criterion of “investigation
boreholes should be taken up to a minimum depth
where the increase in vertical stress due external load
(footing, traffic etc) is not greater than 10% of the
overburden pressure” unquestioned.

I11.BOREHOLE DEPTH, D
Again the criterion - investigation boreholes should be

taken up to a minimum depth where the increase in
vertical stress due external load (footing, traffic etc) is
not greater than 10% of the overburden pressure,
implies at minimum depth of investigation borehole
10% of overburden pressure (0.1yD) is equal to
increase in vertical pressure (Acy) due to footing
pressure.

10% of overburden pressure = (10/100) yD = 0.1yD
@)

Calculating increase in vertical pressure (Aoy) for a
square footing of width B and transferring a pressure
intensity of g units per unit area, using the approximate
(2V: 1H) stress distribution method,

Fig.No.2. Illustration of concept of 2V: 1H stress
distribution

Increase in vertical pressure (Acy) at a depth D below
the footing = total load on the footing/ area over which
load is distributed at a depth

D = (pressure intensity transferred*Area of footing)/
(B+D)(B+D)=qB?(B+D)? @)

{ for circular footing of diameter B and transferring a

pressure intensity of q units per unit area (doy) =

anZ
a _ _aB’
n(B+D)2 ~ (B+D)2
4

which is same as that for square

foundation as such depth of investigation bore hole
for square and circular footings is same if B,q and y
are same for both. In this investigation only square
and circular foundations are considered as they are
the predominant type of footing in majority of medium
scale projects.}

As per Criterion of depth of investigation bore hole (1)
and (2) are equal

Thereby
2 2
0.1yD = 22 D3 +2BD? + B2D - 2% = ¢
(B+D)?
3

Solving which we can arrive at the depth of
investigation borehole. We can notice here that the
depth of investigation borehole D depends on footing
characteristics (B and q) and soil characteristics (y and
g indirectly) as discussed earlier.

Solving of the above cubic equation is laborious and
nomograms for determining D have been developed,
which are cumbersome to use and as such are not
popular. This paper tries to ease that job by presenting
the depth of borehole in terms of a non dimensional
number, for precise determination in the form of charts
and for approximate conservative determination in the
form of an equation.

Here we choose the non dimensional number gB/y as
D is directly related to g and B and is inversely related
to vy . Calculations of D accurate to second decimal
place is carried out using equation no (3) and the
results are presented in the Table and graphs below.
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1.k
N/ | - | 14 | 16 | 18 | 20 | 22 | 14 | 16 | 18 | 20 | 22 | 14 | 16 | 18 | 20 | 22 | 14 | 16 | 18 | 20 | 22
m3
B,m _ _ _ —
I =50 kPa =100 kPa =150 kPa g=200 kPa
1 | Dm| 266|252 |24 |23 |221|351 333|318 |305 294|411 |39 |373|358 345|458 436|417 |4 3.86
qu/ 357 | 313 | 278 | 25 | 227 | 7.14 | 625 | 556 | 5 455 | 107 | 938 | 833 | 7.5 | 682 | 143 | 125 | 11.1 | 10 | 9.09
15 | Dm | 338 | 319 | 3.04 | 2.9 | 279 | 449 | 425 | 405 | 3.88 | 3.73 | 527 | 5 477 | 457 | 44 | 589 | 559 | 534 | 513 | 4.94
qYB’ 536 | 469 | 417 | 3.75 | 341 | 107 | 938 | 833 | 75 | 682 | 161 | 141 | 125 | 11.3 | 10.2 | 21.4 | 188 | 167 | 15 | 136
2 | Dm | 399|376 | 357|341 |327 | 532|504 |48 |46 | 442|627 |594 |567 |543| 522|702 666|636 |61 |587
qu/ 7.14 | 6.25 | 556 | 5 455 | 143 | 125 | 111 | 10 | 909 | 214 | 188 | 167 | 15 | 13.6 | 286 | 25 | 222 | 20 | 182
25 | Dm | 452 | 427 | 405 | 386 | 3.7 | 6.07 | 575 | 547 | 523 | 502 | 7.17 | 6.79 | 6.47 | 62 | 596 | 8.04 | 7.62 | 7.27 | 6.97 | 6.71
qu/ 893 | 7.81 | 6.94 | 6.25 | 568 | 17.9 | 156 | 139 | 125 | 114 | 26.8 | 234 | 208 | 188 | 17 | 357 | 313 | 278 | 25 | 227
Unit weight of soil kN/cum
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Graph No.4 Relationship between D and y for
B=2.5mand q = 50, 100, 150 and 200 kPa
Graph No.2 Relationship between D and y for B=1.5m The above charts even though are of great help in
and g = 50, 100, 150 and 200 kPa understanding the relationship between Depth of
investigation borehole and various other parameters
14 Unlti/glght Offg)ﬂ (v) k%cum 99 mfluencmg. it, arriving at. depth of mvestlgatlon
, , , borehole using these charts is as cumbersome( in the
sense of number of charts, number of curves and
interpolation for intermediate values and so on). To
circumvent this difficulty we can plot the values of
depth of investigation bore hole versus non
dimensional number qB/y. The plot is given below.
Using of this graph is comparatively convenient and
still gives reasonably correct values, provided we are
5 ready to refer to four curves (for different values of
< M footing width) of the graph and interpolate for
£ 6.25 : .
2 )/ intermediate values. Also we can use the four
D675 equations fitted by regression analysis which gives
/ values of D accurate to +0.87% to -0.53% which is
725 very much within the tolerable limits. However, even
Graph 3 Relationship between D and y for B=1.5m and q '_{hfse edqu?tlonsl will fnoft ?_VOId I_r;tt(;rpolitlor_] f;)r
_ intermediate values of footing widths. Again to
=50, 100, 150 and 200 kPa overcome this last
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Graph No.5 Relationship between D and Non
Dimensional Number (qB/y) for different width square
and circular footing

hurdle against simplicity of solution we can plot D
versus non dimensional number qB/y irrespective of
footing width and fit an equation for the points.
However at this point we should choose practically
possible combinations of q, B and y to make the
solution more realistic. For example we can omit
combination y = 14 kN/m®and q = 200 kN/m?. The plot
of non dimensional number qB/y versus D for possible
realistic combinations of g, B and v is given below.

The best fit equation for these points is

D=142 [%]0'49

The equation (4) estimates D with + 10.81% and -
8.94% accuracy. While overestimation of D is not a
problem, underestimation may lead to detrimental
consequences. However if we consider the practicalities
and economics of borehole drilling, 10% extra
(maximum of 1m) drilling of borehole is a readily
acceptable option (we can recall here the relative
mobilization cost of equipment and drilling cost per
unit depth). In such a circumstance equation (4) is of
great help over other means available for determining
the depth of investigation borehole.

y = 1.4167x04904

R?=0.9652
; Pl

~ Depthuof Borehole (D),m

0 5 10 15 20 25 3
Non dimensional Number qB/y

Graph No.6 Relationship between D and Non
Dimensional Number (qB/y) for square and circular
footing

IV.CONCLUSIONS

. . qB 0.49
We can conveniently use equation D = 1.42 [7] for

evaluating depth of investigation borehole, however for
added safety always exploring to a depth 10% greater
than the depth given by the equation.

We can conservatively, confidently on a safer side, use

. qB10-43 .
equation D = 1.79 [7] for evaluating depth of

investigation borehole, which will be overestimating the
values of D for footing of 1m size by 20% ( Max
overestimation being ~1m), for footing of 1.5m by 10%
(Max overestimation being ~0.6m) and for footing of 2m
width by 5% (Max overestimation being ~0.35m). For
footing of 2.5m width the equation estimates D to an
accuracy of £1%. As such author recommends the

. qB1043 .
equation D = 1.79 [7] as a safe bet for solving the

problem under consideration.
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