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Annual Summary

Evidence in the geologic record, eg. buried liquefaction features, can be used to
determine the magnitude of earthquakes that occurred before the advent of seismic
recording devices. Margind liquefaction represents the threshold where the driving
forces caused by earthquake shaking are essentidly equd to the ressting strength of the
soil. If the ressting strength of the soil & a Ste of margind liquefaction is known, the
driving force and thus the maximum accel eration and magnitude of the earthquake can be
back-caculated. The main objectives of this study are to develop a procedure to back-
cdculate the magnitude and acceleration of an historic earthquake usng margind
paeoliquefaction festures and to use the procedure with margina paeoliquefaction
features found near Memphis, Tennessee to estimate the magnitude and accel eration of
the New Madrid earthquakes of 1811 —1812.

Evidence in the geologic record, e.g. buried liquefaction features, can be used to
determine the magnitude of earthquakes that occurred before the advent of seismic
recording devices. Margind liquefaction represents the threshold where the driving
forces caused by earthquake shaking are essentidly equal to the resisting strength of the
soil. If the resigting drength of the soil a a site of margind liquefaction is known, the
driving force and thus the maximum acce eration and magnitude of the earthqueke can be
back-caculated. Sites of no liquefaction and extensive liquefaction are not as useful in
this regard because the back- calculation only provides alower bound and upper bound,
respectively, of the earthquake magnitude and acceleration whereas amargind
liquefaction Ste provides a direct estimate of the earthquake shaking.

The main objectives of the sudy are to develop a procedure to back-caculate the
magnitude of the New Madrid earthquakes of 1811-1812 usng margind

pd eoliquefaction features found near Memphis, Tennessee and to use the procedure to
estimate the magnitude and acceleration of the 1811 —1812 earthquakes. To accomplish
the objectives, afield search headed by Dr. Stephen Obermeier was conducted to locate
gtes exhibiting features of margind liquefaction in the vicinity of Memphis. The

sdlected sites are dong the Wolf River, in the eastern suburbs of Memphis, between the
towns of Germantown and Collierville. The sites contain anumber of smdl dikes



extending upward into the overlying clay cap, such as the one shown in Figure 1, and
other small features that are deemed to be manifestations of margind liquefaction.
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Figure 1 Smdl sand dike cutting into clay cap is evidence of margind liquefaction

Field cone penetration testing was conducted at the sites of margina liquefaction features
to obtain information about the current strength of the sail. In particular, data from seven
continuous cone penetration tests (CPT) taken near the Site were obtained for this study.
A portable dynamic cone penetrometer (DCP) was used to obtain readings next to or in
the liquefaction features, which are located in the river banks and thus are inaccessble to
the truck-mounted CPT rig. In order to correlate the DCP test data to equivaent CPT
values, DCP testing was conducted adjacent to two of the CPT test Sites. A correlation
that converts DCP (blow count) vauesto equivaent CPT (qc) penetration res stance was
developed during this study that alows the portable and more cogt- effective DCP to be
used in the Memphisarea. The next phase of the research will focus on developing a
smilar corrdation for the New Madrid Seismic Zone (NMSZ) so the DCP can be used to
evauate liquefaction potentid and perform back-cal culations using paeoliquefaction
featuresin the NM SZ.

Samples of the sand in the liquefaction features and in the source beds for the features
were also collected during the DCP tests and were used to conduct grain Size analyses.
Therange of grain Sze distributions devel oped for the soil samplesfalls completely
within the boundaries for most liquefiable soils as defined by Ishiharaet d. (1989). This
supports the field observations and confirms that the chosen test Sites represent locations
of previous margind liquefaction.

In order to determine the driving force that would have caused liquefaction at agiven

Ste, it is necessary to make a determination of what the resisting strength of the soil was
just prior to the earthquake shaking. To relate the current penetration resistance vaues to
values of penetration resstance prior to the earthquake, it is necessary to account for the
processes that the soil has been subjected to since the earthquake. These processes
include aging of the soil over time, dengfication due to the liquefaction event, and
changesin the water table, e.g. due to drainage and/or flood control measures.



The phenomenon of soil aging results in soils gaining strength over time. This processis
well recognized but attempts to quantify this strength gain are preliminary and ongoing.
Three previous studies developed expressions to predict the increase in penetration
resstance for sands over time. These three expressions were applied for the 189-year
time period since the New Madrid earthquakes of 1811-1812 and yielded expected
increases in cone penetration resstance, i.e. soil strength, of 176% to 392%. It was
determined to use the expression by Mesri et d. (1990) for this sudy becauseit yiddsa
moderate increase in penetration res stance to account for aging effects.

The process of liquefaction aso leads to densfication of the soil and thusincreased
penetration values. Review and analysis of Standard Penetration Test (SPT) N vaues
measured before and immediately after the occurrence of liquefaction (so little if any
aging occurred) for three Japanese earthquakes shows that the N values increased by
about 25%. Reating a25% increase in N values to a corresponding decrease in void
ratio through the use of relaive dengty relationships shows an expected decrease in void
ratio of 4-10%, depending on theinitid value of N and the level of earthquake shaking.
To corroborate this 4-10% decrease in void ratio, the results of three studies that
measured the change in void ratio due to liquefaction were utilized. Laboratory testing as
well asfield testing conducted for these studies show a decrease in void ratio of 10-13%
after the occurrence of liquefaction. As aresult, thereis agreement between the field and
laboratory testing that shows dengfication by liquefaction causes a decrease in void ratio
of approximately 10%, which corresponds to a 25% decreaseinthe N value. This
decrease in N vaue has been related to a change in cone penetration resistance by an
empirica relationship presented by Stark and Olson (1995) and used asaguidein the
back-andyss usng the margind liquefaction festures.

Another factor that has a marked influence on liquefaction susceptibility is the depth of
the water table. At the Wolf River study areajust east of Memphis, the depth of the
water table at the time of the 1811 — 1812 earthquakes was determined by field
observation to be about 3 m. This portion of the Wolf River has been recently downcut
due to a downstream channelization project. This downcutting has exposed the previous
depth of oxidation at about 2.5 m below the ground surface and exposed a layer of
organic debris about 3 m down that would have decomposed had it ever been above the
water table. Another indication of the depth of the water table prior to the 1811 — 1812
earthquakesis the minimum depths of the bases of the liquefaction dikes dong theriver.
The uppermost base of these dikes gives alower bound to the historic depth of the water
table. No dikes were observed to originate in sands less than about 3.5 m below the
current ground surface. Accounting for 0.5 m of deposition of sediment in the
intervening years, the maximum depth of the water table & the time of the 1811 — 1812
earthquakes is estimated to be about 3 m below the ground surface at the Wolf River test
dgtes. Thisisshdlower than the water table depth of 6 m measured during CPT testing in
the summer of 2000.

A methodology known as the Simplified Procedure has been a standard for 30 years for
evauating the liquefaction resstance of soils. The method compares two quantities, the
seismic demand on asoil layer, known as seismic stressratio (SSR), and the capacity of



the soil to resst liquefaction, expressed as the seismic resstance ratio (SRR), to
determineif liquefaction will occur a agiven location. A ste of previous margind
liquefaction represents a state where the SSR driving force of the earthquake is
gpproximately equa to the SRR resisting strength of the soil, i.e. the threshold for
liguefaction occurrence had just been reached. SSR isafunction of the maximum
acceleration, amax, and magnitude generated by the earthquake. |If the SRR resisting
grength of the soil just prior to the earthquake is known at a Site of margina liquefaction,
the SSR and thus amax and magnitude generated by the earthquake can be back-ca culated.

A spreadsheet was devel oped that makes use of current penetration resistance vaues and
the Simplified Procedure to back-caculate anax for an historic earthquake. Digitd
soundings from CPT testing can be imported directly to the spreadsheet. Penetration
resistance (qc) values and corresponding depths can aso be entered manualy. The user is
required to input the depth of the water table at the time of interest and trid values of ayax
and magnitude. The spreadsheet normdizes the g values and corrects for unequal pore
water pressures. The spreadsheet determines the soil classification from mesasured CPT
quantities using the procedure of Robertson (1990). The spreadsheet modifies the vaues
of penetration resstance to reflect the effects of aging since the time of the historic
earthquake. (Since the Simplified Procedure was developed primarily from case histories
of penetration res stance conducted AFTER earthquake/liquefaction events, acorrection
for dengfication due to liquefaction is not gpplicable with this methodology.) The
gpreadshect then cdculates afactor of safety againg liquefaction at each depth using the
Simplified Procedure and the relationships between SSR and CPT tip resistance
developed by Stark and Olson (1995). If necessary, another trial value of anax IS used
until the caculated factor of safety a aknown depth of margind liquefaction is
approximatdly equa to unity. The spreadsheet can dso be used with CPT soundings and
adesgn vaue of anax t0 evauate liquefaction potentia at agiven ste.

The remaining months of this sudy will focus on using Site response andyses and
attenuation relationships with the calculated vaues of anax and magnitude to make a
determination of the maximum bedrock (instead of near ground surface) acceleration and
magnitude of the New Madrid earthquakes of 1811 — 1812. A possible energy based
procedure for evauating liquefaction susceptibility will dso be studied.
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SUMMARY OF PROJECT FROM 12/15/00 to 10/14/01
Tasks Completed

1. Located stesof margind liquefaction features along Wolf River, east of
Memphis, TN

2. Obtained and interpreted data from seven cone penetrometer tests (CPT)
conducted by Georgia Tech at Site.

3. Obtained and interpreted data & margina liquefaction Stes inaccessible by CPT
rig using portable dynamic cone penetrometer (DCP).

4. Performed DCPtesting at sites of previous CPT teststo develop correlation
between DCP penetration resstance and standard CPT penetration resistance

5. Developed corrdations relating DCP resistance to CPT resistance

6. Collected soil samples during DCP testing at Sites of margind liquefaction for

andyss.

Developed grain-sze digributions for soils at Stes of margind liquefaction.

Developed methodology for estimating increase in CPT resistance sincel811 —

1812 dueto soil aging.

9. Developed methodology for estimating increase in penetration resstance, i.e. N
vaue, dueto liquefaction.

10. Developed methodology for estimating decrease in void ratio due to liquefaction
and verified by relaing to increase in penetration resistance, N vaue, caused by
liquefaction.

11. Located depth of water table at the Wolf River test dte at the time of the 1811 —
1812 earthquakes.

12. Developed spreadshest with the following festures:

a. Continuous CPT sounding data can be directly imported.

b. Sail iscdassfied based on quantities measured during CPT testing.

c. Correctionsfor soil aging are applied.

d. Factor of safety againg liquefaction is caculated using the Smplified
Procedure.
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