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Foundation repair/remediation contractors
usually provide some form of underpinning
as one of their services to repair a failed
Paundation. While underpinning is critical to
.= repair of foundations, it is also crucial that
customers, engineers, remodeling contractors
and the general public understand the
purpose of underpinning, or foundation
shoring, and the limitations of same.

DEFINITION OF UNDERPINNING

Underpinning is the process of modifying an
existing foundation system by extending it to
or into subsurface sirata thal is deeper and
more slable than the near surface soil thal sup-
ports the existing foundation system. This is
dome Lo provide vertical support that is not
presenl in the existing design. Methods of
underpinning include the construction of
footings, stem walls, driver piling or drilied
JAB.

PURFOSE OF UNDERPINNING

Many of the houses thar forensic engineers
and repair contractors are asked to evaluale
were constructed with foundations that are
inadequate for the conditions existing on site.
Because of the lack of suitable land, homes
are often built on marginal land that has
insufficient bearing capacity to suppart the
substantial weight of a structure. n addition,
there are many areas of the country where the
near surface soils consist predominantly of
expansive clavs that shrink and swell as their
moisture content chanpges. As a result,
underpinning is required to extend the
foundation support to depths that provide
greater bearing capacity and/or are less
affecled by climale, soil conditions andfor
homeowner's actions. This underpinning, if
properly  designed and installed,
provides the basis to lift the structure 1o 8 more
acceptable elevation and provides vertical
support to prevent the underpinned area
from seitling,



UNDERTINNING OF A LOW SEGMENT

SLAB-ON-GRADE FOUNDATIONS

In many arcas ol the country, house
foundations consist, whaolly or in parl, of
conercte slabs supported directly by the soil.
In some instances, the slab portion forms the
ground or basement floor, which is
structurally independent from the perimeter
foundation. In other cases, a similar soil
apported floor slab rests on lop of, and is
partially supported by, the perimeter
foundation. In Texas, slabs are penerally cast
monolithically with perimeter as well as

inlerior beams thal are designed to provids
sutficient support for the entire structurs as
well as o provide stiffness to resist
differential soil movement enough to limit
cracking in the foundation and Gnishes, Texas
slabs are t1ypically reinforced with
conventional reinforcing steel (re-bar) and/or
post-tensioned cables that are installed
throvghout both the slab and beam portions

of the foundation.



LIMITATIONS OF
SLAB-ON-GRADE FOUNDATIONS

« Settlement As A Result Of Poor
Pre-Construction Compaction.

Slab-on-grade foundations depend upon the
uppermost soil laver(s} to provide sufficient
bearirg capacity to support the structure and
to keep the foundation stable. T the bearing
soil was Insulficiently compacted prior to
construction, the foundalion is subject Lo
settlement as the supporting soil consolidates,
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Settlement As A Resuly Of Poor
Pre-Construction Compaction

Foundation Movement Resulling
From Seasonal Maisture Changes
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¢ Foundaton Movement Resulting From
Soil Moisture Changes

Shallower zoils are also penerally the most
allected by seasonal moisture changes, I
the bearing soils consist of expansive clays
that are subjected to changes in meisture
content, ditferential foundation movement
can oeeur if werting and drving of the clays
does not occur unilormly across the entire
glab. This differential movement can result
in *dishing” or "doming” of the foundation,
and can become quite pronounced, especially
in areas where the local climatic conditions
include extended seasonal periods of both hot,
drv weather and cooler, wetter weather.



In either case {consolidation or differential

rink/swell movement), inadequale desipn
and/or comstruction of the foundation can
result in unaceeplable performance of the
slah-on-grade.

CAUSES AND MODES OF
FOUNDATION MOVEMENT

= Movemenl As A Besult Of Seasonal
 Muoisture Changes

As mentioned above, foundations that are
built directly on expansive soils that are sub-
jected to non-uniform changes in the soil
maisture content can sulfer rom differential
movement. During extended periods of dry
weather, the expansive supporting soil shrinks
causing foundation settlement. During

xtended periods of wet weather, the
expansive supporting soil swells causing
upward movement of the loundation
(upheaval). Localized site and environmen-
tal factors that promote or limit the flow of
water into and out of the supporting soil as
well as non-uniform distribution of the
expansive soil under the foundation affect the
magnitudes of the movement (either upward
or downward) at different locations of the
foundation. Tt is important to understand that
it is differential, not the toral mavement of
the foundation that causes damage to the
structure. [n other words, the performance of
a foundation that moves up and down
uniformly with the changing seasons is
superior to a foundation where the movement
is nol uniform.

s SlabToundation Movement Caused By
Plumbing 1eaks

A slab-on-grade foundation acls as a vapor
barrier by resisting soil moisture variations
due 1o evaporative moisture loss and by
shielding the under-slab s0il from rainfall.
Ulnder optimum conditions, the sail
maisture under the slab will achicve a degree
ol equilibrium. When a plumbing leak
occurs under a slab, the moisture equilibrivm
1= distorted. As moisture is added to the soil
from the leak, soil and foundation movement
often result. The type and degree of
movament depends upon soil ivpe and
expansiveness, soil density, soil moisture
content prior to the leak, the length of time
over which the leak has occurred, the
quantity of moisture being added to the
soil over a given period of time and a few
other factors.

UPHEAVAL TO A SLAB-ON-GRADE
CAUSED BY A PLUMBING LEAK



Typical examples:
1. ITthe soils are expansive and were dryer
Lthan aplimum prior to the leak and have
a high density, the foundation/slab will
heave {move upward) in the vicinity of
the leak and corresponding damages
will be apparent in the structure. 1n this
example, the soil will probably not
contract significantly afier the leak is
repaired, which will result in a
permanent dome in the slah.
. TIf the =oil is 2t oplimum density and
moisture prior to the leak, there is an
opportunity for the soil to contract, It
is possible, but not probable, that the
slab will regain its original elevation
profile because clay soil expansion/
cantraction generally does not follow
2 linear progression as moisture is
added and then reduced. The slab could
be permanently lett above or below its
initial elevation,
Shouvld a leak occur under the slab
where the soil is of very low density,
the additional moisture often lubricates
the selid clay particles and causes
consolidation of the support soil prier
Ly leak repair, After the leak is repaired
under this cxample, the slab will often
“dish™ or settle {move dowmaard) even
mare.
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MOTE: Cenecrets and steel will often develop
a“stress memory” after deformation that will
not allow the slab 1o refurn to its original
shape. This may be the result of soil or
concrete chips [lling cracks in the slak, which
arevents the slab from “coming back together”
~ompletely. In a post-tensioned slab, stress
. the post-lensioning cables may resist the
tendency [or the slab to move back into place.

UPHEAVAL TO A SLAB-ONGRADE
CAUSED BY NEGATIVE DRAINAGE

HOUSE

In a conventionally reinforced slah,
permunent deformation (yielding) of the steel
reinfurcing bars may prevent the slab from
returning to its original shape.

» Foundation Upheaval Caused by Poor
Drainage

Since additional moisture can cause expan-
sive soils to swell, areas of poor drainage
near the foundation can cause the soil under
the foundztion nearby to swell, resulting in
upward movemnent of the foundation.



LIMITATIONS OF PTER AND
BEAM FOUNDATIONS

« Foundation 1Ipheaval Caused by Poor
Dirainage

Although pier and heam foundation svsteins,
if properly designed and constructed, will
provide protection apainst settlement; the
potential for foundation upheaval dus to poor
drainage is sometimes present. Tf, for instance,
the perimeter andfor interior grade beams
were construcied upon expansive clay soil,
withoul providing a void under the beam for
soil expansion, swelling of the underlying soil
may push the beam upward. Swelling soil
can also push the supporting piles or piers
upward, if they are not designed and
constructed to adequately resist upliff. Asa

resull, the prade beam will 1ift causing
differential movement and subsequent
cosmetic, and potentially struciural, damape.
It is, therefore, a pood idea to maintain
adequate drainage away from any tvpe of
foundation, especially where expanzive soils
are present.

« loundation Settlement Caused by

Inadequate Pier Depth

The picrs supporting many older pier and
beam foundations may not extend below the
zone of expansive soil that is affected by the
climatz. During periods of dry weathar, these
shallow piers may nol previde sullivient
support to portions of the foundation, which
may result in differential setlement.

MOVEMENT OUTSIDE UNDERFPINNED AREA

AFTER UNDERPINNING COMPLETION
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LIMITATIONS OF UNDERPINNING

» Movement Outside of the
Lnderpinned Area

If asingle area of a foundation is underpinned,
only that area will resist downward
movement, For example, if only one corner
af the foundation is supported by piers, only
that corner will resist settlement forces. The
rest of the structure will be subject to seasonal
sctilement az clay soils shrink during dry
periods, Therelore, an area that was originally
the low portion of the foundation may
noew become the hiph point of the house
during dry periods. It iz also possible
that cracking will accur at the last pier 1f the
unsupported area settles and 1s resisted at this
hinge point. It is, therefore, important to
varefully evaluate and balance site risk

J[Ctors against cost savings when electing
to partially underpin & foundation.

» Upheaval

When underpinning is installed (o & stratum
that is competent and capable of supporting
the strueture, it will stop downward
movement of the arca of the foundation that
is supported. Underpinning is generally not
designed lo keep the foundation from
moving upward if the original support clays
swell due lo an increase lo moisture.
Plumbing leaks, negative drainage and/or acts
of rean or nature, can increase the moismire
content of the bearing clays. Subsequent
upward movement will ofter accur, which
will result in a distorted foundation and
racking in the [inishes.

» Interior Floor Instability As A Result
Of Intertor Seflement and/or Perimeter
Upheawval

1t is possible that cracks may occur at daors
that are perpendicular to the perimeter walls
a5 the interior slab settles from shrinking of
clay soils, Where the wall iz ded in to the
ceiling and roof structure, a scparation can
oceur between wall and floor, When the foor
is secured to the slab, there may be
separations between wall and ceiling. [n the
case of & pler und beamn loundation, the wood
floor can appear "bouncy™ as a result of the
tloor beams being lifted off the interior piers
in response to perimeter upheaval.

« amape From Vegetation

Trees, bushes and other vegetation will draw
maisture from under the foundation during
times ol drought. [f the perimeter of a
slab-on-grade foundarion is underpinned and
trees withdraw moisture trom under the slab,
the intericr bearing soil will dry and shrink in
volume. As a result, the interior slab may setile
and eracking will likely occur in the interior
of the home. It is also possible that lree roots
under a slab will grow large enough to push
the slab upward.

s Point Of Contact

TInderpinming is only as good as the contact
or conneclion point between pierpile snd the
structure, If the grade beam, thickened slab,
or stezel beam support is faulcy, pier support
will not be fully transferred to the foundation
and downward movement may cccur,



INTERIOR SETTILEMENT AS A RESULT COF A DROUGHT
AFTER TINDERPINNING COMPLETTON

(¥ -
* .
l'; G ] ¥
(I e e e
FLAM WIEW

CHEBE SRCTION AL VIEW

SUMMARY

Successful underpinning requires proper
design and proper installation of piers/piles.,
Iowever, even the best design and
installation may notensure a “permanent fix”,
Generally, when the underlving soil moves,
the structure resting upon the soil will move
comrespondingly. Special attenlion must be
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given to maintaining a consistent soil
moisture level around and beneath the
foundation slab, especially in arcas with
highly expansive clay solls and/or
environmentally induced swings in moisture
availahilicy.
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