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Liquefied soil also exerts higher pressure on retaining walls,which can cause

them to tilt or slide. This movement can cause settlement of the retained soil
and destruction of structures on the ground surface.
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m  Increased water pressure can also trigger landslides and cause the collapse
of dams. Lower San Fernando dam suffered an underwater slide during the
San Fernando earthquake, 1971.




Sand boils and ground fissures were observed at various sites in Nigata.




Lateral spreading caused the foundations of the Showa bridge in Nigata ,Japan to

move laterally so much that the simply supported spans became unseated and
collapsed.




m Liquefaction-induced soil movements can push foundations out of place to the
point where bridge spans loose support or are compressed to the point of

Alaskan earthquake, 1964




The strong ground motions that led to collapse of the Hanshin Express way
also caused severe liquefaction damage to port and wharf facilities as can be

1995 Kobe
earthquake, Japan




Lateral spreading caused 1.2-2 meter drop of paved surface and local flooding,
Kobe 1995.
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1957 Lake Merced slide




modest movements during liquefaction produce tension cracks such
as those on the banks of the Motagua River following the 1976
Guatemala Earthquake.




T —
Damaged quay walls and port facilities on Rokko Island. Quay walls

have been pushed outward by 2 to 3 meters with 3 to 4 meters deep
depressed areas called grabens forming behind the walls, Kobe 1995.
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(CRR) (31,519, o1 40 S Cuoglio cyuesi —Y
(Cyclic Resistance Ratio)
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3 59] Cowy (o1 g0

(Nj)gg =N-Cp -C-Cg-Cp - Cg Nz}ta‘—f
33,5 0 gl 45 & s o Cowy AloS 4> a5 SPT due
N = measured penetration resistance, blows per foot
C,, = correction for overburden pressure = (P_/c’ )%
P_ = atmospheric pressure in same units as ¢’ = 1 tsf,
100 kPa, 1 kg/cm?
C. = energy correction (see Table 2)
C; = borehole diameter correction (see Table 2)
C = correction for rod length (see Table 2)
C. = correction for sampling method (see Table 2)




Factor Test Variable Correction

Overburden Pressure! . {Puf'ﬁ\-.:.‘:lﬂj
C N 1.7

Energy Ratio Donut Hammer 0.5 to 1.0
Safety Hammer 0.7 to 1.2
Automatic-Trip 0.8 to 1.3
DonuiTvpe Hammer

LdS

Borehole Diameter 65 mm to 115 mm
150 mm
200 mm

s;
;

Rod Length? <3m
imtodm

iy

4mto 6 m
6mto 10 m
10 m to 30 m
=30 m

&P

Sampling Method Standard Sampler
Sampler without Liners 1.1 to 1.3
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oREMEDIATION

HOW CAN LIQUIFACTION HAZARDS B!

REDUCED?




m Avoid Liquefaction Susceptible Soils

® Build Liquefaction Resistant Structures

m Improve the Soil







® Soils that have liquefied in the past can liquefy
again in future earthquakes.

Saturated soil deposits that have been created
by sedimentation in rivers and lakes deposition of

debris or eroded material or deposits formed by
wind action can be very liquefaction susceptible.

= Man-made soil deposits, particulatly those
created by the process of hydraulic filling




m D10 sizes ranging from 0.05 to 1.0 mm AND a
coefficient of uniformity ranging from 2 to 10.

® Uniformly graded soil deposits
= Angularity of particles

Silty soils are susceptible to liquefaction if they
satisfy the criteria given below.

B Fraction finer than 0.005 mm< 15%
s Liquid Limit, LL < 35%

= Natural water content > 0.9 LL

s Liquidity Index < 0.75




= Relative density, D_

= Increasing confining pressure




HOW CAN LIQUIFACTION
HAZARDS BE REDUCED?
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m [t is important that all
foundation elements in
a shallow foundation
are tied together to
make the foundation
move or settle
uniformly, thus

decreasing the amount

of shear forces induced
in the structural
elements resting upon
the foundation.




= Buried utilities, such as
sewage and water pipes,
should have ductile
connections to the
structure to
accommodate the large

movements and
settlements that can
occur due to liguefaction.
The pipes in the photo
connected the two
buildings in a straight
line before the
earthquake
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HOW CAN LIQUIFACTION HAZARDS B!

REDUCED?
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® Generally, the stone column ground improvement
method is used to treat soils where fines content
exceeds that acceptable for vibrocompaction
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m Compaction grouting is a ground treatment
technique that involves injection of a thick-
consistency soil-cement grout under
pressure into the soil mass, consolidating,
and thereby densifying surrounding soils in-

place. The injected grout mass occupies
vold space created by pressure-
densification. Pump pressure, as
transmitted through low-mobility grout,
produces compaction by displacing soil at
depth until resisted by the weight of
ovetlying soils.













= A number of methods can be used to verify the
effectiveness of soil improvement. In-situ
techniques are popular because of the limitations

of many laboratory techniques. Usually, in-situ test
are performed to evaluate the liquefaction potential
of a soil deposit before the improvement was
attempted. With the knowledge of the existing
ground characteristics, one can then specify a
necessary level of improvement in terms of insitu
test parametets.
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Photo courtesy: T. Ihngmughl,
Zetas, Inc.




Jet Grouting for Liquefaction Mitigation

@ Primary grid - full length jet-grout columns (L =9 m)

() Secondary grid - truncated jet-grout columns
within the sand layer (L = 2.5 m)
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Excavated Jet-Grout Columns




Deep Soil Mixing
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