Simplified Seismic Design of Coal Refuse Disposal Facilities

INTRODUCTION: The updated MSHA Engineering and Design Manual for Coal Refuse

By Barry Thacker, P.E.

Disposal Facilities contains new seismic design standards. The first step in the evaluation
process is a three-page screening flow chart, which is used to assess if a facility can be
designed using conservative default values or if a detailed seismic analysis is required, as

shown below.
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A simplified alternative to MSHA's screening flow chart is offered, which is based on 20 years
of application at numerous facilities located throughout the Appalachian coal fields. | call it ...

Old Indian Trick No. 1: Screen the hinge. This simplified seismic screening approach is based
on the hinge ratio, defined as the elevation difference between a hinge and the crest (H)
divided by the minimum lateral distance to the outslope (L). For Figure 6.8 shown below
from the MSHA Manual, the Maximum Hinge Ratio (MHR) = 1.8.

MNote: Maximum Hinge Ratio (HIL)=1.8
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(Figure 6.8 from MSHA Design Manual)

Another important screening indicator is the minimum depth of cover at the hinge (D). A
thicker cover results in more consolidation of the underlying fine refuse, provided excess
construction pore water pressures have dissipated.



For the past 20 years, | have used a simplified design method with a default strength of
“residual phi = 4 degrees” for fine refuse and a minimum factor of safety = 1.0 in post-
earthquake static analysis. With such an approach, | found that facilities needed to maintain
MHR less than about 1.7; this was achieved by starting upstream construction sooner, rather
than later, using a modified upstream construction method. For the example shown below,
modified upstream construction would need to start after Stage Il rather than after Stage IlI.

Even the minor change in

the contact between coarse _
. Note: MHR = 1.8 as designed, whereas
refuse and fine refuse

% MHR = 1.5 for contact between coarse
. . . o refuse and fine refuse shown in red

provided using the modified #

upstream construction SRS ls
method (shown in the STAGEN

example at right) can have a
major impact on MHR and a
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designer’s chances of being T o R e
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able to use a simplified

seismic design method.

Sites with a higher hinge ratio and thinner cover are more susceptible to being impacted by
high pore water pressures at the hinge than sites with a lower hinge ratio and thicker cover.
High pore water pressures can be caused by rapid construction, lack of internal drains, and/or
from earthquake motions, so providing a lower MHR and thicker cover are beneficial for all
types of loading conditions.



The new MSHA Manual specifies a conservative default value for post-earthquake strength
equal to 20 psf. The minimum factor of safety for seismic design is 1.2. “At what MHR value
can a facility likely be designed by the simplified method based on a post-earthquake strength =
20 psf and a minimum factor of safety = 1.2?”

Case histories
will be
presented to
illustrate the
range of MHR
values where
stability can
likely be
verified in a
downstream
direction using
a post-
earthquake
strength of 20
psf.
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Furthermore, if a facility is appropriate for design using the simplified method in a
downstream direction, Old Indian Tricks (OITs) will be presented which might enable a
designer and operator to maintain stability in an upstream direction using the default
standards stipulated in the MSHA Manual.
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Even using multiple OITs, upstream stability is difficult to verify with a post-earthquake
strength = 20 psf unless a consistently thick coarse refuse zone can be maintained over
the fine refuse and the elevation of the fine refuse is kept relatively close to the
elevation of the crest at all stages of construction.
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If you can justify the slightly higher post-earthquake strength of 0.04 ‘v, your chances of using

a simplified design ....

- increase some for
verifying stability in
a downstream
direction,
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The manual allows a default post-earthquake strength as high as 0.04 ¢‘v to be justified using
residual vane shear and/or Standard Penetration Test (SPT) data as shown in the table below.
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- Frequently Asked Questions -

Question: So what is 0.04 o‘v?

Answer: The allowable post-
earthquake strength = 0.04 times
the effective overburden stress.

Question: What are my chances
of being able to justify a post-
earthquake strength of 0.04 ¢‘v
and use a simplified design?

Answer: If you started upstream
construction sooner rather than
later, loaded the fine refuse
deposit slowly, and have a
substantial coarse refuse zone
over the fine refuse (i.e.
according to the modified
upstream construction method),
your chances are excellent.



Shear Strength (paf)

For facilities designed and built by the modified upstream construction method, | have yet
to find a post-earthquake strength in fine refuse less than 0.04 ¢‘v from residual vane
shear testing as shown below.
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Similarly, | have yet to find less than 0.04 ¢‘v based on SPT data even using the
conservative correlations included in the manual, regardless of whether the fine refuse

deposit was tested...

- immediately
after installation
of a pushout (i.e.
with 40 feet of
coarse refuse
cover,

- after completion of
the first upstream
stage (i.e. with 80
feet of coarse refuse
cover),
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- after loading with
multiple stages (i.e.
with 120 feet of coarse
refuse cover and
remaining idle for 15

Sus (PSF)
Thousands

Sus ws Effective Overburden Pressure
TS-15 Fine Refuse Zone 3

4 Neq (no fines correction)

- after multiple drilling
and testing events (i.e.
when the coarse refuse
cover was 40 feet, 80
feet, and then 120 feet
thick above the fine
refuse deposit),
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Sus vs Effective Overburden Pressure
KS-14 Fine Refuse (Borings |-3 and A)

2500 T T T 1

- and even after being gradually
loaded with 150 feet of coarse refuse .
cover over a period of 18 years... .

o Sus = 0.05 o'v ]
SPT data routinely justifies a post o : -
earthquake strength between 0.05 e "
o‘vand 0.1 ¢’vin fine refuse deposits w0 - ’ o
using the conservative correlations AT
included in the manual. : : i K &

Effective Overburden Pressure, PSF
Thousar ds

Sus, PSF
]

Wait just a dang minute - - - Will correlations using SPT data always yield seismic strength
only marginally larger than the maximum default value?

Probably. With the conservative protocol recommended in the manual of correcting for
overburden pressure and not fines content, it’s difficult to achieve corrected N values greater
than 15, which is the level where the manual allows peak strength to be used in a simplified
analysis.

So how can a strength higher than the maximum default value be used?

Unless you have clay-like or borderline fine refuse where residual vane shear methods can
be justified -- or N values corrected for overburden pressure and not fines content greater
than 15 in sand-like fine refuse --, a more detailed seismic study with data from other than
SPT sources will be needed.



Although not recognized in the manual, a supplementary testing method | have found useful is
the unconfined compression test.

The “worst-case” seismic condition is when earthquake shaking causes the pore water
pressure to increase to where the effective overburden pressure becomes zero (i.e. the
deposit liguefies). The condition of “no confining pressure” can be simulated in the laboratory
by an unconfined compression test, which is simple and highly standardized. Shear strength
during such a test is one-half of the measured unconfined compressive strength or qu/2. For
cohesionless sands, qu/2 = 0. For materials with some cohesion, qu/2 increases as a fine
refuse deposit consolidates under load from a coarse refuse embankment.

As shown below, the default seismic strength of 0.04 o‘v is also validated by qu/2 data.
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From what you will learn at the seminar, you will be able to recognize which of these two
design profiles will likely have adequate stability in the downstream direction based on the
minimum default parameters contained in the new MSHA Manual and which one will
require more extensive site-specific study.

Note: Maximum Hinge Ratio (HIL) =18

Advantages of using a
conservative, simplified
approach will become
apparent in terms of
assessing for both
seismic stability and
seismic deformation.
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(Figure 6.8 from MSHA Design Manual)

Maximum Hinge Ratio (H'L)=1.3

<SR ——— Note: Upstream
@  INTERNAL DRAN stability is being

T

STAGE VLS __ o maintained for
b TERNALthe facility at left
using Old Indian
T e s T e 171Ck (OIT) No. 2
comomonsos—? 5l ' ... bench it.

{Figure 6.9a from MSHA Design Manual)



Using the power of MHR, you
will be able to perform
preliminary seismic screening
for any facility, provided you
know the geometry and
contact locations between
coarse refuse and fine refuse.

“MHR is a
valuable tool
you can use
throughout
the planning,
design, and
construction
process.”
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Finally, If you are not completely satisfied
with what you learn at this seminar, your
registration fee will be refunded!



