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NUMERICAL MODEL VERIFICATION

173r.j. bathurst

Numerical study: FLAC Model

A slip and separation interface 
with friction angle of 15
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Numerical 

results -

Forces
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PARAMETRIC NUMERICAL STUDY
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• Variable amplitude sinusoidal acceleration record:

Model excitation

)2sin()( fttetu t b ga

time (s)

0 2 4 6 8 10 12 14 16 18

a
c
c
e
le

ra
ti
o

n
 (

g
)

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

f = 1.25 Hz

f / f11 = 0.5 for 6 m high wall

177r.j. bathurst

Parametric numerical study: 

Design and performance parameters

  3 E Elastic modulus of geofoam
Buffer stiffness  K (MN/m )  

t geofoam thickness

100%
 wall)(rigid force peak

buffer)(seismic  force peak wall)(rigid force peak
efficiency Isolation 
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K = E/t (MN/m3)
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Design charts: 
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• Experimental shaking table test results and numerical 
simulations demonstrated proof of concept for using EPS 
geofoam material as a seismic buffer to attenuate dynamic earth 
pressures against rigid retaining walls

• The practical quantity of interest to attenuate dynamic loads 
using a seismic buffer is the buffer stiffness defined as: 

K = E / t

• For the range of parameters investigated in this study, 

K < 50 MN/m3

was observed to be the practical range for the design of these 
systems to attenuate earthquake loads

Conclusions
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Queen Elizabeth Water Reservoir - Vancouver

Protected with Elasticized EPS Seismic Buffer 182r.j. bathurst
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Some useful references related to seismic analysis and design

• Bathurst, R.J., Hatami, K. and Alfaro, M.C. 2021. Geosynthetic-reinforced soil walls and 

slopes - seismic aspects, Chapter 19, Handbook of Geosynthetic Engineering, Third 

edition, Editor: S.K. Shukla, ICE Publishing, London, UK, 371-415.

• Bathurst, R.J. and Hatami, K. 1998. Seismic response analysis of a geosynthetic 

reinforced soil retaining wall. Geosynthetics International 5(1-2): 127-166.

• AASHTO. 2020. LRFD Bridge Design Specifications, 9th Ed., American Association of 

State Highway and Transportation Officials (AASHTO), Washington, DC, USA.

• Zarnani, S., El-Emam, M.M. and Bathurst, R.J. 2011. Comparison of numerical and 

analytical solutions for reinforced soil wall shaking table tests. Geomechanics and 

Engineering 3(4): 291-321.

• Bathurst, R.J. and Cai, Z. 1995. Pseudo-static seismic analysis of geosynthetic reinforced 

segmental retaining walls. Geosynthetics International 2(5): 789-832.

• Koseki, J., Bathurst, R.J., Güler, E., Kuwano, J. and Maugeri, M. Seismic stability of 

reinforced soil walls, Keynote paper, 8th International Conference on Geosynthetics, 

Yokohama, Japan, 18-22 September 2006.

http://www.geoeng.ca/members/Bathurst/Index.html#fndtn-publications

183r.j. bathurst

LRFD codes in North America

AASHTO 2020 CHBDC 2019              184r.j. bathurst

http://www.geoeng.ca/members/Bathurst/Index.html#fndtn-publications
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A useful reference

Example calculations 

can be found here 

https://www.fhwa.dot.gov/engineering/geotech/pubs/nhi10024/ 185r.j. bathurst

Design Software Aids

• NCMA Segmental Retaining Wall Program

• ADAMA Engineering

• Vendors

186r.j. bathurst
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ReSSA+: Reinforced

Slope Stability Analysis

• ReSSA+ (Reinforced Slope Stability Analysis) is a software package that analyzes:

• Internal stability (pullout, connection loading, rupture, compound stability)

• External Stability (sliding, overturning, bearing capacity, global failure, etc.)

• Details of method outlined in FHWA Document
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Numerical modeling

• Finite element modeling

• Finite difference modeling (FLAC)
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FLAC Numerical Simulation 

(Wall 5 - Segmental wall with polyester reinforcement)

Soil shear contours at end of construction

shear contours at 0.05%
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Thank you
Grazie

Richard J. Bathurst
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