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Much of south-central Pennsylvania, as well as significant areas across the remainder of 
the state and the mid-Atlantic region, consist of what geologists and geotechnical 
engineers refer to as “Karst terrain”.  Karst terrain is land underlain by bedrock, primarily 
limestone and dolomite that dissolves when exposed to acidic water.  (Karst is the name 
of a province in what is now the Republic of Slovenia, where some of the earliest studies 
of limestone bedrock were performed.)  Water related dissolution of the bedrock forms 
open joints and cavities that accept soil migrating downward with percolating rainwater.  
In some cases soil loss into the underlying bedrock proceeds long enough that the void 
formed at the top of rock enlarges to the point where the ground surface above collapses, 
forming a sinkhole.  In many more cases, however, the loss of soil creates localized zones 
of disturbed and unstable soil near the top of rock; and even though this doesn’t result in 
an outright surface collapse, still presents an increased risk to overlying construction. 
 
The problems and costs associated with Karst terrain are well known to most residents, 
business owners, and facility administrators.  Excessive settlements of buildings, 
pavements and utility lines can result from underlying soil losses.  In some cases Karst-
related ground collapses have caused extensive damage to buildings, roads, bridges and 
related infrastructure.  Such cases are relatively infrequent; however they often generate 
extensive media coverage.  And in some cases Karst-related problems at a particular site 
have continued to recur despite multiple attempts to fix the problems.   
 
The potential for sinkhole-related problems in Karst terrain has long been a major 
consideration during the design and construction of new facilities.  In decades past, 
owners and their engineers were likely to opt for foundation systems that all but eliminated 
the potential for post-construction problems related to the underlying bedrock.  As 
recently as 20 years ago the foundation options available to owners seeking to preclude 
Karst-related problems were limited to conventional, and very costly, deep foundation 
systems such as driven piles and drilled caissons.  In the case of relatively lightly loaded 
buildings, foundation loads were not high enough to effectively utilize even the smallest 
capacity piles and caissons.  Consequently many owners paid a premium for 
incorporating protective foundation systems into their structures. 
 
The 1990’s saw the emergence of several new foundation technologies in the United 
States, including the use of small-diameter drilled-in-place pipe piles (popularly referred 
to as “micropiles”), and new grouting technologies such as low-mobility displacement 
grouting (typically referred to as “compaction grouting”).  The diameter and depth of 
micropiles is easily adjusted to carry relatively light foundation loads efficiently.  In 
addition, the methods used to install micropiles avoid some of the historic problems 
experienced by driven piles and drilled shafts in Karst terrain.  Compaction grouting 
entails the injection of very stiff concrete under controlled pressure and volume, and if 
performed properly the compaction grouting process fills Karst-related voids, and 
displaces and densifies disturbed soil.  Although not considered a deep foundation system 
per se, in many cases the irregular concrete columns formed by the compaction grouting 
process also serve to transmit a significant portion of the building loads to the underlying 
bedrock.  For lightly to moderately loaded structures, the development of micropiles and  
compaction grouting has provided engineers and owners with Karst-resistant foundation 
options considerably less costly than once available. 
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The 1990’s also saw the emergence of the Construction Management profession.  
Construction managers strive to minimize design and construction costs utilizing a variety 
of techniques, including consideration of cost-risk tradeoffs.  The practice of utilizing 
relatively costly foundation systems in Karst terrain, and the potential savings associated 
with relying on less Karst-resistant foundation systems, came under increasing scrutiny.  As 
more owners and engineers began to discuss the relative costs and benefits of different 
foundation systems offering differing degrees of resistance to Karst-related problems; 
more owners opted to decrease construction costs in exchange for accepting an increased 
risk of post-construction Karst-related problems.  A typical such scenario entails 
supporting a new building on conventional spread footings at minimal cost, but at the 
same time sizing and reinforcing the footings so that they could be utilized as grade 
beams in the event it was ever necessary to underpin the footings to mitigate Karst-related 
settlement or ground loss. 
 
Karst-related problems are almost always associated with surface water or groundwater, 
and therefore increased attention to stormwater management and water-bearing utility 
lines in Karst terrain is a critical component of the design and construction process.  
Within the last 10 years the practice of stormwater infiltration has become of major 
interest to the Pennsylvania Department of Environmental Protection, as well as to the 
local entities that review and approve plans for new construction.  While stormwater 
infiltration is beneficial in many respects, it unfortunately promotes soil loss and sinkhole 
development in Karst terrain.  And though many municipal stormwater regulations include 
provisions exempting Karst sites from stormwater infiltration, in practice project designers 
are often compelled to infiltrate in Karst terrain.  Consequently project designers must 
incorporate as many precautionary measures as practical to minimize the long term 
potential for Karst-related problems, particularly at sites where foundation systems 
susceptible to settlement and soil loss are being utilized. 
 
In summary, the precautionary practice of utilizing costly deep foundation systems at sites 
in Karst terrain has been the subject of increasing discussion in recent years.  The cost 
savings realized by utilizing less resistant foundation systems; in concert with designing 
enhanced shallow foundation systems that are amenable to remedial underpinning 
should the need ever arise; have proven increasingly attractive to owners.  In cases where 
enhanced foundation resistance is desirable, the development of micropiles and 
compaction grouting have provided designers with less costly options than more 
conventional deep foundation systems.  Regardless of the foundation system eventually 
selected, however, the most important part of the selection process is clear and frank 
communication between project stakeholders.              
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