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SOIL IMPROVEMENT TO MITIGATE SETTLEMENTS

UNDER EXISTING STRUCTURES
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ABSTRACT: Settlements of sites with existing structures are more
difficult to mitigate than those of sites without structures. Equipment
access, work area, noise, dust, vibrations, and cost are amplified and
become more critical.

Following are three case histories involving mitigation of
settlements under three different types of structures.

The first case, an office building in the San Francisco Bay Area,
involved soil densification under piles to mitigate further settlements.
The compaction grout densification process was extended beyond the
bottoms of the piles to treat fill materials under the footprint of the
building. Additional lense grout reinforcement was required to
reinforce the hillside soils to reduce downward movements. Five
years after completion of remediation work, the site showed no
detectable movement.

The second case concerned a maintenance facility at the June Lakes
Ski Resort in the Sierra Mountains, where a structure had been built
on top of a fill that was underlain by a layer of gravel and cobbles.
Within a year of construction, signs of structural distress were evident.
Geotechnical investigations revealed that settlements were caused by
at least two factors; the downward migration of the upper fill layer
into the large pores of the lower layer, and the
possible densification of the upper fill under its own weight. The
remedial work consisted of providing a barrier between the two
layers to allow for an effective compaction grout densification effort
of the upper fill layer and to prevent further migrations into the
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gravel and cobbles layer. No structural distress or any movement has 
been detected since the remedial work was completed six years ago. 

The third case presents the treatment of the old and new footings 
of the Rose Bowl Stadium in Southern California. A permeation 
grouting system was selected, designed, and implemented to solidify 
zones of the sand-gravel-cobbles mixture of the foundation soils to act 
as pedestals for underpinning the old footings and supporting the new 
ones. 

INTRODUCTION 
Settlement of structures can be caused by a number of factors. These factors 

include the settlement of the soil caused by its own weight, loads applied by and 
through the structure, vibrations, change in groundwater levels or other less known 
factors such as plant root moisture extraction, erosion of a soil layer into a coarser 
particle layer, chemical reactions, thermal exchange, mineral dissolution, 
underground erosion due to migration of smaller soil particles caused by groundwa-
ter gradients, and many others. 

Loads applied by and through a structure may include its own dead load, live 
loads, wind, seismic, impact and other functional loads. A frequently encountered 
settlement problem is the inadequacy of soil density/strength resulting in soils 
consolidating or compacting under their own weight. A soil improvement can be 
affected by simply densifying the soil mass in-situ without removing the soil or 
affecting the structure. 

Mitigation of soil settlement under existing structures by in-situ pseudo-static 
densification has been used for more than forty years in the U.S.A. These solutions 
are achieved by compaction grouting (further detailed in case history No. 1). Other 
lesser known methods include soil solidification, soil reinforcement, soil sealing, and 
other methods of soil treatment. Each one of these approaches has several critical 
details that demand the engineer's and contractor's full attention to achieve 
successful completion. The three cases presented in this paper represent soil 
improvements to mitigate settlements caused by several factors. Each case involves 
an existing structure where on-going settlements needed to be halted. 

CASE NO. 1 
A two-story office building, measuring 24.4 x 76.3 meters, exhibited 

continuous settlements within five years of construction completion. When the 
differential settlement reached 100 mm it became evident that a remedial work 
program was necessary. 

The site was resting on a two-stage graded fill (Fig. 1). Fill thicknesses 
(wedges) of less than 1.5 meters and up to 6.1 meters underlaid the footprint of the 
subject structure. Upon completion of construction the longest side of the building 
was parallel to a heavily vegetated slope of about 1:1, with a height of 4.8 to 6.1 
meters. The building was resting on drilled piles of varying depths from 2.8 to 4.9 
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