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SURVEY OF METRODS OF PREVENTING
HEAYE DAMACGE

Moisture Control

In this method atlempt is made to prevent surface
water which mav scep into a building foundation by
providing moisture barriers alove and around the
foundation soil, and adequate surface and subsurface
drainage systems, Polythyline, concrete, asphalt and
fing-grained soil layes are the most commonly used
moisture barrier malends. The performance of this
method is found effective in fuel station buildings
where large area is covered with asphalt pavements. For
ordinary buildings, however, it is less effective and
requires high cost.

Soil Stabilization

In this method eflort is made to minimize the
swelling potential of expansive soil by one or more of
the following methods, namely: soil replacement,
prewetting, comp actiou control and chemical kreatment.

In soil replacement mcthod, some or all of the
swelling soil is removed and replaced with non-swelling
finegrained soil. This method is recommended for cases
where the thickness of expansive soil is small, less than
2.5m.

In prewctting method, the soil is flooded to achicve
swelling prior to commencement of construction. This,
however, has a disadvantage in reducing bearing capacity
of foundation soil and in inducing further swelling of
lower soils long after completion of building. The
performance of this method is found satisfaclory with
pavements and cand linings,

In compaction control method, the upper soil is
scarified and recompacted to low soil density. This
reduces the swelling property and heave of the ex-
pansive soil. The draw-back with this method is that the
low density compaction will result in low bearing
capacity ofsubgrade of foundation soil.

In the chemical reatment method, lime is injected
into the expansive soil. Lime will reduce plushicity and
hence the swelling potential of the soil. The perform-
ance of lime slahilization in highway and airport con-
struction is encouraging, although the depth of treat-
ment required and the results of treatment on a long
term basis h® not been evaluated. Use of lime stabiliz-
ation for foundation soils is not advised.
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STRUCTURAL MEASURES

This is the most effective and widely used method.
In this method onc of the following measures is em-
ployed, namely: designing the building as a rigid unit,
providing flexibility to Luildings, and providing deep
foundations.

A ngid building is one which is frec from uneven
displacement which might cawse structural damage.
Rigidity of a building can le achieved by providing
adequate reinforcement to foundation, beams. slabs and
walls in such a manner that all of these will result in a
monolithic form of building (see Fig. 1); for example,
stiffened hollow hlock wall construction on stiffened
glab foundation (see Fg. 2). This methed is rec-
ommended forlight and compact buildings,

A flexible building is one which allows differentid
movement bto vccur between its members without itself
being damaged. Hexibility can be achieved by dividing
the building into small rigid compartments with Bexible
joints. This method is recommended for long buildings.

Where deep foundations, such as, piles are used, the
pile should be placed in nonswelling stable zone (.e.,
greater than 3.5m depth); botlem of piies should be
enfarged  (under-reamed) to  increase  bearing and
anchoring capacitics of the piles (see Fig. 3): piles should
be pmotected from tension failure hy cither deereasing
pile diameter or increasing loading on the pile as high as
possible, or by reinforcing pile for tensile foree due to
soil heave, or by providing pile with sleeve {of weak
spongy matenal) (sce Mg. 4) in order to isolate pile
shafl from soil.

RECOMMENDED FOUNDATION DESIGN

The ty pes of measures that could be taken to avoid
damage to buildings in expansive soill areas have been
discussed. The measure found most suitable and econ-
omical varies [rom country to country. For instance,
in the United States and Anstralia, stiffened slab foun-
dation is found to be ecconomical for light residential
buildings. In South Alrica, the recom mended praciice is
to use flexible type of construction. In India, under-
rcamed pile foundations are found cheaper and rec-
ommended for both singde and multisiory buildings
(Fg. 3). In Tsrael, for one and two storey haildimgs, st
msult is obtained by wsing short piles (with rleeve
around the top two meters of the piles) and increasing

the fgidity of the building (Fig. 1).
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To give some idea to the reader the following design
values arc given hercunder,

Assumed.

An ordinary residential building: size 8m by 12m,
consirucled with brick-walls, and cotrugated iron sheet
roofing,

Design values,

(a) Number of beams in long direction = 3
(b) Number of beams in short direction - 4
{¢) Sizes of beams in both direction.
width = 25c¢m
depth = 75em
(d) Reinforcement in long beams
top =4 ¢ 16
hottom = 4 ¢ 18
(¢} RBeinforcementin shortl beams
top =3¢ 16
hottom - 3 & 16
([) Thickness of slab = T0cm
() Reinforcement in slab = ¢ 8 center-towenter
20 ¢m in both direction; slab reinforcement
placed at 1/3 slab thickness from upper surface

of the slah.

APPENDIX A — DESIGN PROCEDURE FOR
STIFFENED MAT FOUNDATION ON
EXPANSIVE S50IL

Step 1
Estitnale the tolal average dead and live foad on the slab,
(a) EBstimate the persquarc-meter load (W) of the slub
itself from the empneal fomula:
W, = (32.5L + 145) in kp/m’ (A 1)
where,

L = the longside of the rectangular slab in meter.

() Compute the tolal supersiructure fvad (H')) allowing

for a live load of 130 kp/ m? of foor arca and
50 kp/m? of roof area and introducing all super-
structure load with their truc vatue,

(¢) Set average tolal load

(A-2)
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Step 2

Use support index € 0.6 for expansive soil. Support
index € depends on eritedon for sol sensitivity and
climalic cating. (The support indes ¢ may assume a value
up 1o D.8.)

Step 3

. . . Y
Ohtain the masimum adlowable deflection ralio = for

the conlemplated G pe of supersiruetore, The followmne
may be used:

1208 Lor wooden wall

% L300 for wnplastered or ey paum wall board
A . .
E = 11360 for stucco or plasteved wall,

Step 4

Divide the slah of irregular shape into overlapping rec-
tangles in such a f{ashion that the resulting boundary
provides complete congreence with the slab penmeter.

Step 5

Determine the effeetive Toad, (u_’) alony the long (L) and
short (L") dimensions of the slab. i.e..

forlony dimension IT"L - T - (A -3)

for short disension lrs = ol € (A1)

where @ s the reduetion factor and i< cqual to (1.5 or
1.4 O(LIL"Y, whichever is greater.

Step 6

Seleet a favoul for the stiffening heams.  The heamns
should be spaced equidistunt along each slab side not to
exceed & 4.5m clear spacing, and, prelembly a spacing
hetween corresponding beams of overlapping eectangles
of irrcgularly shaped slabs should coincide, rventhough
some variation in spacing may result. In any event, the
spacing of beams along any side should be kept us nearly
equal as possible,

Step 7

Select the basic dimensions. Tn cases where /L  exceeds
2, the beams along the short dimension can be designed
with smaller depth than in the iong dimension, provided
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there are definite cost or construction advantages and
design computations have been adjusted properfy. Sclect

a trid ratio (L/d) using the following rule-of-thumb values:

@) Lid > 20 for W < 120 kp/m?
@) L/d = 181020 for Wy = 120 to 240 kp/m’
(iii) L/d = 14 to 18 for W; = 240 to 720 kp/m?

Select tentative design values for beam widths:

B and B’ (for L and L', respectively)

B = Ngb, where Ny = number of beams in long direction
B o= Nsb, where Ns = number of beams im short direction

preferably b should not be less than 20 e¢m and more
than 35 em.

Step 8
Compute the load index

W (L/B)in kp/m?® in short direction.

Step 9

Calculate L/d ratio

L{d forlong beam
L' /d {or short beam.

Step 10

Delermine the steel ratio using the charts given in Figs.
Al, A2 und A3 and the values obtained from Steps 8
and 9,

Long beam :

Livs Wy (L'/By = p
Short beam : L'/d Vs W (L/B)= p'

Step 11
Caleulate reinforcement

Long beam (bottom) : As = pbd
{top) P A = A, -40 cm?

8
Short beam (bottom): A, = p'bd

. L ?
{topy A = A —40cm

. ¥ 5 - "
A, and A values may be reduced by using higher ailow-

able steel stress and using a correeting tactor of (.8.
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