__Technology

INDUCED PARTIAL

sanwns wus s

SATURATION, EXISTING
STRUCTURES

=msm=s mas=ne

EEs Es Sas Eas

|

Targeted zone IPS

New Method for Alleviating Soil

Liquefaction to Undergo Field Tests

enon of soil liquefaction has greatly compounded the

devastation associated with earthquakes. Although sci-
entists now understand the causes of soil liquefaction, com-
bating the problem has proved complicated, particularly in
developed areas. However, a new approach that shows prom-
ise as a means of preventing liquefaction in soils beneath ex-
isting and new structures is about to undergo field tests, rais-
ing hopes that a straightforward, inexpensive defense against
liquefaction may soon be available.

Liquefaction occurs when seismic shaking increases the
pore water pressure in loose, saturated sandy soils. The higher
water pressure causes the soils to lose their shearing strength,
resulting in ground and foundation failures that can have
devastating effects on engineered structures. Although mea-
sures for counteracting liquefaction exist, they are often ex-
pensive and at times impracticable, particularly in the case of
existing developments. For example, replacing or compact-
ing liquefiable soils beneath existing structures typically is
not possible, and installing dewatering systems can some-
times result in settlement and damage to existing structures.

For the past several years, two researchers in Northeast-
ern University’s civil and environmental engineering de-
partment—Mishac Yegian, Ph.D., PE., EASCE, the College
of Engineering Distinguished Professor, and Akram Alsha-
wabkeh, Ph.D., PE., EASCE, the George A. Snell Professor of
Engineering—have sought to develop a simpler, more practi-
cal, and less expensive way of mitigating the effects of lique-
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faction. Known as induced partial saturation (IPS),
the process generates minute gas bubbles within
the pore spaces of sandy soils susceptible to lique-
faction. In this way, the soils go from being fully
saturated to partially saturated. By decreasing the
extent to which pore water pressure increases, IPS
is expected to improve the resistance of soils to liquefaction.

The IPS process depends on several environmentally friend-
ly chemicals that dissolve in water and slowly generate bub-
bles containing oxygen gas. The process involves dissolving a
very low (less than 1 percent by weight) concentration of an
ecofriendly chemical in water, which can be taken from on-site
groundwater supplies. The resulting solution is then injected
belowground by means of a pump, and it passes through an
injection tube having multiple openings. The mixture perco-
lates and diffuses into the soil, releasing tiny oxygen bubbles
that “lock themselves” into the pores between sand particles
without disturbing the soil, Yegian says. “It’s a simple idea,”
he notes. However, because liquefaction is a serious concern in
many locations around the world, the market for IPS is poten-
tially “in the billions” of dollars, Yegian says. A patent for IPS
has been filed by Northeastern University.

Because of the permeable nature of sandy soils that are
prone to liquefaction, pumping the solution through such
soils is relatively easy. As a result, the effective region for treat-
ment by means of IPS is “quite large,” Yegian says. Within
a few hours of injection, the solution can travel up to several
meters, minimizing the number of injection points required
for treatment. Moreover, adding more injection points will
decrease the time required to treat a given area. On the basis
of their laboratory research, the investigators have concluded
that gas bubbles generated in sandy soils remain trapped even
under horizontal and vertical water flow gradients, as well as
during seismic shaking.
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Compared with conventional methods for addressing
liquefaction, IPS is expected to cost less than and lend itself
to treatments that are more targeted than is currently pos-
sible, Yegian says. To be effective, conventional measures
for counteracting liquefaction typically must be carried out
across an entire site or across an entire depth of a soil pro-
file, regardless of where the susceptible sands are actually
located. By contrast, the IPS technique could be used “ex-
actly where the liquefaction zone is,” he says. For example,
if such a zone were present only within a soil layer at a cer-
tain depth, the chemical mixture could be injected pre-
cisely at that location and to the required depth. Because
it offers a “very targeted, very effective treatment,” Yegian
says, IPS “would be extremely suitable and cost effective
for new sites but extremely valuable for existing sites with
existing buildings.”

Thus far the IPS process has undergone only small-scale
laboratory testing, but more advanced testing is about to
begin. In August 2011 Yegian and Alshawabkeh, together
with their colleagues, received a $1.2-million grant from the
National Science Foundation’s George E. Brown, Jr. Net-
work for Earthquake Engineering Simulation (NEES) to
field-test the process for three years. The colleagues are Sa-
banayagam Thevanayagam, Ph.D., PE., M.ASCE, a professor
in the civil engineering department at the State University
of New York at Buffalo; Arvin Farid, Ph.D., PE., M.ASCE,
an assistant professor in the civil engineering department at

Boise State University; and Kenneth Stokoe, Ph.D., PE.,
D.GE, M.ASCE, who holds the Jennie C. and Milton T.
Graves Chair in Engineering at the University of Texas at
Austin. In February the researchers completed work on a
computer model for simulating the generation, transport,
and distribution of gas bubbles in the IPS process. The results
from the model have been verified by means of small-scale
tests conducted in tanks, Yegian says.

The researchers will use the model to design the field tests.
Scheduled to begin in one to two months, the first such ex-
periments are intended to test equipment and gain experi-
ence with the IPS process. By the end of this summer, the re-
searchers plan to conduct large-scale laboratory tests on the
IPS process using a geotechnical laminar box located at the
State University of New York at Buffalo as part of the NEES
program. Ultimately, the process will be conducted on a large
scale in the field at the NEES's Wildlife Liquefaction Array, in
Southern California. Overseen by the University of California
at Santa Barbara, this research site contains liquefiable soils
and is located in a region prone to earthquakes. After being
treated by IPS, the site will be vibrated using the large NEES
shaker owned by the University of Texas at Austin. By imple-
menting the IPS process in this location, the researchers hope
that an earthquake will eventually enable them to test the per-
formance of the IPS process under actual seismic conditions,
Yegian says. Such an event would provide the “ultimate con-
firmation of the IPS system,” he notes. =~ —JAY LANDERS
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