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1 INTRODUCTION 
 
The seismicity of South Africa has generally been 
considered moderate by world standards (e.g. Brandt 
2011) and is characterised by low to minor earth-
quakes (e.g. Alabi et al. 2013). However, in recent 
years there has been the introduction of several stand-
ards and guideline documents that require the seismic 
performance of many geotechnical structures to be as-
sessed for large recurrence interval events. In partic-
ular, the introduction of the Global Industry Standard 
on Tailings Management (GISTM) (Oberle 2020) in 
many cases requires that the performance of tailings 
dams be routinely evaluated against the shaking 
caused by earthquakes with recurrence intervals of 
5 000 and even 10 000 years. 

Although the seismic setting of South Africa is 
such that seismic events for short recurrence intervals 
are minor, these larger recurrence interval events can 
become moderate. For example, the 1969 Ceres earth-
quake was estimated to have a Moment Magnitude 
(Mw) of 6.2 (Midzi et al. 2013). More recently, the 
2006 Mozambique earthquake was estimated to have 
had a Mw=7.0 (Copley et al. 2012). Mw describes the 
size of an earthquake and is presented on a logarith-
mic scale. These are large earthquakes which have the 
potential to cause significant damage. 

To evaluate the performance of a geotechnical 
structure against the shaking caused by an earth-
quake, a seismic assessment is usually required. 

Seismic assessments of earth slopes vary signifi-
cantly in terms of scope and complexity. The simplest 
methods involve the use of indicator parameters to 
define the earthquake and slope characteristics and 
simple checks are then conducted, usually validated 
against a few known case histories. The most rigorous 
methods on the other hand, typically involve nonlin-
ear deformation analyses where complex soil consti-
tutive models are used to model the seismic soil re-
sponse (e.g. Fell et al. 2015). 

Although the more advanced methods typically 
yield more accurate results, they are generally far 
more costly and time-consuming to implement and 
the benefit of such improved accuracy is generally not 
worth the additional effort. This is especially true 
where loss of life or significant environmental or in-
frastructure damage is not of a concern. A pragmatic 
approach that is typically followed is to start with the 
simpler methods as they are quick to implement. 
Based on the outcome of these assessments, a deci-
sion can be made whether or not to pursue a more rig-
orous method (e.g.  Bray 2024). This paper focuses 
on simplified procedures to estimate deformations in-
duced by shaking caused by earthquakes.  
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2 SIMPLIFIED SEISMIC SLOPE 

DISPLACEMENT PROCEDURES 

2.1 Overview 

A key limitation to the use of simplified seismic slope 
displacement procedures is that they have tradition-
ally not been able to capture the effect of both volu-
metric-induced and deviatoric-induced displace-
ments. In addition, early simplified procedures were 
often criticised for being overly conservative (e.g. 
Tokimatsu & Seed 1984). 

However, recent procedures have been proposed 
which, when used in combination, are capable of cap-
turing both the volumetric and deviatoric components 
of earthquake-induced displacement. By leveraging 
the information available in large open-access seis-
mic databases, such as those collated by the Pacific 
Earthquake Engineering Research Centre (PEER), 
the accuracy of these methods has also been signifi-
cantly improved.  

In this section, two simplified seismic slope dis-
placement procedures are discussed. The first proce-
dure is used to estimate volumetric-induced displace-
ments and the second procedure is used to estimate 
deviatoric-induced displacements.  

It is important to distinguish between these two 
type of seismic displacement (deformation) as the 
slope movements resulting from deviatoric straining 
within the sliding mass (deviatoric-induced displace-
ments) are mechanistically different to the slope 
movements resulting from volumetric compression of 
the materials forming the slope (volumetric-induced 
displacements) (e.g. Bray 2007).  

Due to these fundamental differences, it is recom-
mended that these two displacements are evaluated 
independently and that their individual calculated dis-
placements be summed. This  is in line with the recent 
recommendations of the Montana Department of Nat-
ural Resources and Conservation’s state guidelines on 
the simplified seismic analysis procedure for Mon-
tana dams (DNRC 2020). 

2.2 Procedures to estimate volumetric-induced 
displacements 

In earthquake engineering, volumetric-induced dis-
placements are sometimes referred to as seismic com-
pression which is defined as the accrual of contractive 
volumetric strains in an unsaturated soil during strong 
shaking from earthquakes (e.g. Stewart & Whang 
2003). 

A simplified procedure to estimate seismic com-
pression was initially proposed by Tokimatsu & Seed 
(1984). This procedure was developed strictly for 
clean sands under both saturated and unsaturated con-
ditions. 

The procedure proposed by Stewart & Whang 
(2003) offers an improvement on the Tokimatsu & 

Seed (1984) procedure. The updated procedure in-
cludes recent developments in the field of earthquake 
engineering, as well as specifically incorporates the 
behaviour of nonplastic silts and low plasticity clays. 
This method was validated against known case histo-
ries. 

2.3 Procedures to estimate deviatoric-induced 
displacements 

Deviatoric, shear deformations can either be rigid 
body slippages along a distinct failure plane or dis-
tributed deviatoric shearing within a deformable slid-
ing mass (e.g. Bray 2007). Most methods to estimate 
deviatoric-induced displacements are based on the 
sliding block model proposed by Newmark (1965). 
These analyses are typically referred to as “New-
mark-type” procedures in the literature. 

With the improvement of global seismograph net-
works in recent years, there have been several exten-
sive ground motion datasets developed around the 
world. For example, the PEER strong motion data-
base currently contains over 29 000 records from 81 
earthquake events and 1379 recording stations in 
Central and Northern America alone (UCB 2025).  

Despite its size, a key limitation to this dataset is 
that is does not include associated measured soil 
structure displacements. This limitation was ad-
dressed by Travasarou (2003), who created a database 
of estimated displacements for the associated ground 
motions. This displacement database was used by 
Bray & Travasarou (2007) to develop a simplified 
procedure to estimate the shear-induced displace-
ments.  

Bray & Macedo (2019) improved on the Bray & 
Travasarou (2007) procedure in a few key aspects. 
The first was the size of the ground motion database 
that was used to develop the procedure. While the 
Bray & Travasarou (2007) procedure considered 600 
ground motions, the Bray & Macedo (2019) proce-
dure considered over 6 000 ground motions.  
Although this dataset is larger, the authors’ wish to 
point out the significant scatter in the dataset.  

Figure 1 shows the relationship between the spec-
tral acceleration (Sa) at 1.3 times the initial fundamen-
tal period (Ts) and the seismic displacement, as used 
in the development of the Bray & Macedo (2019) 
simplified procedure. It is clear that the scatter in the 
data is significant. 

The second aspect involved the nonlinear coupled 
sliding block model, which was updated with a mod-
ification proposed by Bray et al. (2018). Finally, the 
period at which the spectral acceleration was selected 
was modified to better reflect the amount of site deg-
radation. 

The performance of the method was validated 
against a separate database to that used to develop the 
procedure. The validation database comprised both 
recorded ground motions and recorded soil structure 
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deformations for several case histories, including 
earth dams and solid waste landfills. 
 

 
Figure 1. Indication of scatter in the seismic displacement data-
base (after Bray & Macedo 2019) 

 
 

3 SEISMIC HAZARD MAPS 

3.1 Published datasets 

The Global Seismic Hazard Assessment Program 
(GSHAP) was designed to assist in global risk miti-
gation by providing a useful global seismic hazard 
framework (Shedlock et al. 2000). This framework 
has become known as the “Shedlock criteria” and re-
lies on the calculated Peak Ground Acceleration 
(PGA) for a return period of 475 years to classify the 
seismic hazard of an area as either low, moderate, 
high or very high. This recurrence period is equiva-
lent to a 10 percent probability of exceedance in 50 
years. Areas with high to very high hazard classifica-
tions are of most concern regardless of where they oc-
cur while areas with a moderate hazard are of a con-
cern when they are in areas of dense populations or 
old infrastructure. Areas with a low hazard are of a 
lesser concern. 

In terms of civil engineering design in South Af-
rica, the South African National Standard (SANS) 
10160 provides a national seismic hazard map for the 
horizontal PGA for a return period of 475 years 
(SABS 2017). This map provides contours of PGA 
overlain on a map of South Africa showing the pro-
vincial borders. These contours have increments of 
0.025g. 

This national seismic hazard map was recently up-
dated by Midzi et al. (2020) to include more reliable 
seismicity and geological data. A particular effort was 
made to incorporate seismic source zones in the haz-
ard map. This map also provides contours of horizon-
tal PGA on a map of South Africa showing provincial 
borders. In this case, the contours are shown in non-
linear increments ranging from 0.005g to 0.06g. 

An alternative seismic hazard map is that devel-
oped by the Global Earthquake Model (GEM) foun-
dation. This hazard map was created by collating 
maps computed using national and regional probabil-
istic seismic hazard models developed by various in-
stitutions in collaboration with GEM foundation sci-
entists and is accessible via a web-based application 
(https://maps.openquake.org/map/gshm-2023-
1/#3/32.00/-2.00) (Johnson et al. 2023). Using the 
map, the PGA for a return period of 475 years can be 
calculated for region of approximately 10 kmx10 km, 
almost anywhere in the world. 

3.2 Comparison of hazard maps 

To provide an example of how these datasets can be 
used, two sites in South Africa were selected. The 
first site is the conference venue (Protea Hotel Um-
hlanga) and the second site is the Merriespruit Tail-
ings Dam 4. The three previously mentioned datasets 
were used to estimate the PGA for a return period of 
475 years. In addition, the seismic hazard was deter-
mined using the Shedlock criteria (Shedlock et al., 
2000). These values are summarised in Table 1. It can 
be seen that although the PGA values do vary be-
tween the methods, the seismic hazard classification 
is consistent across all three sources. Based on the 
size of the dataset used to develop the model, the 
Johnson et al. (2023) seismic hazard map is suggested 
for use if no additional information is available. 
 
Table 1. Summary of PGA values and associated seismic hazard 
classifications after Shedlock et al. (2000)  

Location PGA for a return period of 475 years  

 SABS 
(2017) 

Midzi et al. 
(2020) 

Johnson et 
al. (2023) 

Protea Hotel 
Umhlanga 

0.050 
low hazard 

0.020 
low hazard 

0.025 
low hazard 

Merriespruit 
Tailings 
Dam 4 

0.175 
moderate 
hazard 

0.100 
moderate 
hazard 

0.175 
moderate 
hazard 

 
 
4 PROBABILISTIC SEISMIC HAZARD 

ASSESSMENTS 
 
Several key inputs in the simplified seismic displace-
ment methods are derived from Probabilistic Seismic 
Hazard Assessments (PSHAs). These are studies that 
investigate the seismic setting of the site under con-
sideration. The outcome of a PSHA is a series of haz-
ard curves which define the average PGA for various 
return periods. These hazard curves can then be used 
to generate other relevant seismic curves for the site. 
For example, damped elastic response spectra curves, 
which are used directly in some design applications 
such as Eurocode 8 (CEN 2004). 

Most modern PSHAs follow the “Cornell-
McGuire” procedure (Cornell 1968; McGuire 1976, 
1978). These studies are generally desktop studies 

https://maps.openquake.org/map/gshm-2023-1/%233/32.00/-2.00
https://maps.openquake.org/map/gshm-2023-1/%233/32.00/-2.00
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supplemented by some field work. In particular, the 
estimation of the average shear wave velocity in the 
first 30 m below ground level (Vs30) usually requires 
some field testing to determine. This parameter is re-
quired to perform a convolution analysis of the accel-
erations calculated at bedrock, transmitted to surface. 

Interestingly, there has been significant work in 
the field of estimation of Vs30 values using satellite 
data (e.g. Wald & Allen 2007). These estimation tech-
niques relate the slope in the topography to the Vs30 
of the underlying soil. A particular method has been 
implemented in the open access United States Geo-
logical Survey (USGS) global Vs30 mosaic, which is 
an interactive web-based map where the Vs30 value 
can be estimated for almost any location in the world 
(https://usgs.maps.arcgis.com/apps/webappviewer/in
dex.html?id=8ac19bc334f747e486550f32837578e1) 
(USGS 2023). 

The authors and their colleagues have reported re-
markable correlation between field measured values 
and the values presented in this dataset where com-
parisons have been made. Therefore, a first estimate 
of the PSHA can almost completely be conducted as 
a desktop study. 

For an example of a typical PSHA study for a 
South African setting, the PSHA conducted for the 
proposed Thyspunt nuclear power plant is a good ref-
erence. This document is publicly available (Bommer 
et al. 2015). 

 
 

5 IMPLEMENTATION OF SIMPLIFIED 
SEISMIC SLOPE DISPLACEMENT 
PROCEDURES 

5.1 Parameters required 

Table 2 provides an overview of the parameters re-
quired to implement the simplified seismic displace-
ment procedures. For each parameter, a description of 
the parameter is provided, as well as some guidance 
on how the parameter can be obtained. 

5.2 Suggested workflow 

The following workflow is recommended where the 
displacements caused by shaking induced by the de-
sign earthquake is of interest: 
1. Determine the seismic hazard classification of the 

site. 
a. Determine the PGA for the 475-year return pe-

riod event. The web-based GEM model can be 
used (Johnson et al. 2023). 

b. Classify the site according to the Shedlock cri-
teria (Shedlock et al. 2000). 

2. Determine the volumetric-induced deformation. 
The Stewart & Whang (2003) procedure can easily 
be implemented in a spreadsheet. 

a. Determine the horizontal PGA at the base of the 
fill (PHAsurface). This value is obtained from the 
PSHA study. 

b. Select an amplification factor to calculate PGA 
at the surface of the fill. Observations by 
Stewart et al. (2002) indicate that this amplifi-
cation factor averages at around 2.0. 

c. Determine the average shear wave velocity of 
the fill material (Vs(fill)). 

d. Determine the density of the fill material (ρfill). 
e. Determine the height of the fill (H). 
f. Determine the Plasticity Index of the fill (PIfill). 
g. Determine the Mw of the design earthquake. 

This value is obtained from the PSHA study. 
h. Use Figure 4 and Figure 5 from Stewart & 

Whang (2003) to determine the volumetric 
strain at 15 equivalent cycles ((εv)N=15) and the 
volumetric strain ratio (CN). 

i. Follow the procedure described by Stewart & 
Whang (2003) to determine the volumetric-in-
duced strain due to earthquake shaking. 

3. Determine deviatoric-induced deformations. To 
implement the Bray & Macedo (2019) and 
Macedo et al. (2023) procedures, an open-access 
spreadsheet is available on Professor Bray’s 
webpage on the University of Berkeley website 
(https://ce.berkeley.edu/people/faculty/bray). 
a. When using the spreadsheet, the “case” needs 

to be selected. For South African conditions, 
the “Ordinary GM (EQ2&3)” option is the most 
appropriate. Pulse-like earthquakes are not 
common in South Africa. Subduction earth-
quakes, which are relevant in many countries in 
South America due to their proximity to known 
geological faults, are not relevant in South Af-
rica. 

b. Determine the seismic slope yield coefficient 
(ky). A limit equilibrium slope stability analysis 
is required. 

c. Determine the initial fundamental period (Ts). 
As recommended by Bray (2007), this can be 
calculated based on H and Vs(fill). 

d. Determine the spectral acceleration at 1.3 times 
the initial fundamental period (Sa(1.3Ts)). This 
can be obtained from the PSHA study. 

e. Determine the Mw of the design earthquake. 
This value is obtained from the PSHA study. 

f. Extract the calculated deviatoric-induced dis-
placement as calculated within the spreadsheet. 

4. Sum the calculated volumetric- and deviatoric-in-
duced displacements to determine a total estimated 
seismic displacement caused by the design earth-
quake. 

5. Compare the calculated displacement to the em-
bankment performance requirements (i.e. availa-
ble freeboard) and determine whether additional 
seismic assessments are required. 

 

https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=8ac19bc334f747e486550f32837578e1
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=8ac19bc334f747e486550f32837578e1
https://ce.berkeley.edu/people/faculty/bray
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Table 2. Common parameters required to implement the simplified seismic slope displacement procedures 
Parameter Description Typical source 

PHAfill
1 Peak Horizontal Acceleration (PHA) 

at the surface of the fill 
The PHA at the ground surface is generally determined from a PSHA 
study. This value is then amplified to determine the PHA at the surface 
of the fill. 

Vs(fill)
1,2 Average shear wave velocity of the 

fill material 
Field measurements such as the Seismic Cone Penetration Test with 
pore pressure measurements (SCPTu) or geophysical methods such as 
Multichannel Analysis of Surface Waves (MASW) techniques. 

ρ(fill)
1 Average bulk density of the fill mate-

rial 
Generally assumed, can also be estimated from field tests such as the 
SCPTu or sand replacement/nuclear density tests. 

Mw
1,2 Moment magnitude of the design 

earthquake 
PSHA study. 

H(fill)
1,2 Height of the fill Determined by surveys. 

PI(fill)
1 Plasticity Indec of the fill Determined by performing Atterberg limit tests on the soil. 

Case2  Choice of scenario to be assessed: or-
dinary, pulse-like or combined 

Relevant to the workbook downloadable from the UC Berkley website. 
Ordinary ground motions appear to be appropriate for most South Afri-
can cases. 

ky
2 Seismic slope coefficient, also  re-

ferred to as the yield coefficient 
Determined as the horizontal acceleration required to obtain a calculated 
FoS of 1.0 in a limit equilibrium analysis. 

Ts
2 Initial fundamental period Can be estimated using H(fill) and Vs(fill). For 1D structures Ts=4H/Vs  for 

2D structures, Ts=2.6H/Vs as suggested by Bray (2007). 
Sa(1.3Ts)2 Spectral acceleration, Sa at 1.3 times 

the initial fundamental period, Ts 
PSHA study. The 5% damped Uniform Hazard Response Spectra for the 
design earthquake is commonly used. 

1  Required to implement the Stewart & Whang (2003) procedure 
2   Required to implement the Bray & Macedo (2019) procedure 

 
 
6 CONCLUSIONS 
 

South Africa is generally considered a region of low 
seismicity. However, many recent international 
standard and guideline documents require that the 
seismic performance of earth structures be assessed, 
sometimes for large recurrence interval events. Alt-
hough rigorous nonlinear deformation analyses are 
considered to provide the most accurate results, these 

assessments require detailed knowledge of the 
seismicity of the area as well as the soils under con-
sideration, information which is not readily available 
for many sites in South Africa. In these cases, simpli-
fied seismic slope displacement procedures can be 
implemented as a screening tool.  

Simplified seismic slope displacement procedures 
have improved significantly over the years. Early 
simplified methods were often criticised as being 
overly conservative and unable to capture the influ-
ence of volumetric and deviatoric strains. In this pa-
per, two modern simplified seismic slope displace-
ment methods were discussed, specifically those 
proposed by Stewart & Whang (2003) and Bray & 
Macedo (2019). The following was concluded: 
• Modern simplified seismic slope displacement 

procedures are capable of capturing both the volu-
metric and deviatoric-induced displacements due 
to earthquake shaking. 

• Modern simplified seismic slope displacement 
procedures are not overly conservative and can 
provide reasonably accurate estimates, as vali-
dated against known case histories. 
A typical workflow describing the process that 

could be followed to estimate the permanent displace-
ments caused by seismic events was then presented. 

The workflow results in a seismic hazard classifica-
tion of the site according to the Shedlock criteria 
(Shedlock et al. 2000), as well as an estimate of the 
total permanent displacement that would be caused by 
the shaking induced by the design earthquake. These 
parameters can then be used to inform whether addi-
tional analyses are necessary. 
 
 
REFERENCES 
 
Alabi, A.A., Akinyemi, O.D. & Adewale, A. 2013. Seismicity 

pattern in southern Africa from 1986 to 2009. Earth Science 
Research 2(2): 1-10. 

Bommer, J.J., Coppersmith, K.J., Coppersmith, R.T., Hanson, 
K.L., Mangongolo, A., Neveling, J. & Strasser, F.O. 2015. A 
SSHAC level 3 probabilistic seismic hazard analysis for a 
new-build nuclear site in South Africa. Earthquake Spectra, 
31(2): 661-698. 

Brandt, M. 2011. Seismic Hazard in South Africa, Council for 
Geoscience Report Number: 2011-0061. 

Bray, J.D. 2007. Chapter 14: Simplified seismic slope displace-
ment procedures. Geotechnical, Geological, and Earthquake 
Series 6: 327-353. Springer. 

Bray, J.D. 2024. 20th G. A. Leonard’s Honour Lecture: Seismic 
design considerations for tailings storage facilities. West 
Lafayette: Purdue Geotechnical Society. 

Bray, J.D. & Macedo, J. 2019. Procedure for estimating shear-
induced seismic slope displacement for shallow crustal 
earthquakes. Journal of Geotechnical and Geoenvironmen-
tal Engineering 145(12): 04019106. 

Bray, J.D., Macedo, J. & Travasarou, T. 2018. Simplified 
procedure for estimating seismic slope displacements for 
subduction zone earthquakes. Journal of Geotechnical and 
Geoenvironmental Engineering 144(3): 04017124. 

Bray, J.D. & Travasarou, T. 2007. Simplified procedure for es-
timating earthquake-induced deviatoric slope displacements. 
Journal of Geotechnical and Geoenvironmental Engineering 
133(4): 381-392.  



2nd Southern African Geotechnical Conference 

 138 

Commité Européen de Normalisation (CEN). 2004. Eurocode 8: 
Design of structures for earthquake resistance - part 1: 
general rules, seismic actions and rules for buildings. EN 
1998-1: 2004. Brussels. 

Copley, A., Hollingsworth, J. & Bergman, E. 2012. Constraints 
on fault and lithosphere rheology from the coseismic slip and 
postseismic afterslip of the 2006 Mw 7.0 Mozambique earth-
quake. Journal of Geophysical Research: Solid Earth 117: 
B03404. 

Cornell, C.A. 1968. Engineering seismic risk analysis. Bulletin 
of the Seismological Society of America 58(5): 1583-1606. 

Montana Department of Natural Resources and Conservation 
(DNRC). 2020. Technical Note 5 – Simplified seismic 
analysis procedure for Montana dams. 

Fell, R., MacGregor, P., Stapledon, D., Bell, G. & Foster, M. 
2015. Geotechnical engineering of dams (2nd ed.). London: 
CRC Press. 

Johnson, K., Villani, M., Bayliss, K., Brooks, C., Chandrasek-
har, S., Chartier, T. & Pagani, M. 2023. Global Earthquake 
Model (GEM) Seismic Hazard Map (version 2023.1 - June 
2023).  

Macedo, J., Bray, J.D. & Liu, C. 2023. Seismic slope displace-
ment procedure for interface and intraslab subduction zone 
earthquakes. Journal of Geotechnical and Geoenvironmen-
tal Engineering 149(11).  

McGuire, R.K. 1976. FORTRAN computer program for seismic 
risk analysis. US Geological Survey 76(67). 

McGuire, R.K. 1978. FRISK: computer program for seismic risk 
analysis using faults as earthquake sources. US Geological 
Survey 78(1007). 

Midzi, V., Bommer, J.J., Strasser, F.O., Albini, P., Zulu, B.S., 
Prasad, K. & Flint, N.S. 2013. An intensity database for 
earthquakes in South Africa from 1912 to 2011. Journal of 
Seismology 17(4): 1183-1205. 

Midzi, V., Manzunzu, B., Mulabisana, T., Zulu, B. S., Pule, T., 
& Myendeki, S. 2020. Probabilistic seismic hazard maps for 
South Africa. Journal of African Earth Sciences, 162: 
103689. 

Newmark, N. M. 1965. Effects of earthquakes on dams and 
embankments. Geotechnique, 15(2): 139-160. 

Oberle, B. 2020. Global industry standard on tailings manage-
ment (GISTM). 

Shedlock, K.M., Giardini, D., Grunthal, G. & Zhang, P. 2000. 
The GSHAP Global Seismic Hazard Map. Seismological Re-
search Letters 71(6): 679-686. 

South African Bureau of Standards (SABS) 2017. SANS 10160-
4: Basis of structural design and actions for buildings and 
industrial structures. Part 4: Seismic actions and general re-
quirements for buildings. 

Stewart, J.P., Smith, P.M., Whang, D.H. & Bray, J.D. 2002. 
Documentation and analysis of field case histories and seis-
mic compression during the 1994 Northridge, California 
earthquake. Berkeley. 

Stewart, J.P. & Whang, D.H. 2003. Simplified procedure to es-
timate ground settlement from seismic compression in com-
pacted soils. Proceedings from the Pacific Conference on 
Earthquake Engineering. Christchurch. 

Tokimatsu, K. & Seed, H.B. 1984. Simplified procedures for the 
evaluation of settlements in clean sands. Berkeley. 

Travasarou, T. 2003. Optimal ground motion intensity measures 
for probabilistic assessment of seismic slope displacement. 
PhD Thesis, University of California, Berkeley. 

University of California Berkeley (UCB). 2025. PEER strong 
ground motion databases. From Pacific Earthquake 
Engineering Research Center website: 
https://peer.berkeley.edu/peer-strong-ground-motion-
databases [Retrieved February 15, 2025]. 

 

United States Geological Survey. (USGS). 2023. Global Vs30 
mosaic. 
https://usgs.maps.arcgis.com/apps/webappviewer/index.htm
l?id=8ac19bc334f747e486550f32837578e1 [Retrieved 
September 9, 2024]. 

Wald, D.J. & Allen, T.I. 2007. Topographic slope as a proxy for 
seismic site conditions and amplification. Bulletin of the 
Seismological Society of America 97(5): 1379-1395. 

 

https://peer.berkeley.edu/peer-strong-ground-motion-databases
https://peer.berkeley.edu/peer-strong-ground-motion-databases
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=8ac19bc334f747e486550f32837578e1
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=8ac19bc334f747e486550f32837578e1


INTERNATIONAL SOCIETY FOR 
SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE. 

The paper was published in the proceedings of the 2nd 
Southern African Geotechnical Conference (SAGC2025) 
and was edited by SW Jacobsz. The conference was held 
from May 28th to May 30th 2025 in Durban, South Africa.

https://www.issmge.org/publications/online-library
https://issmge.org/files/ECPMG2024-Prologue.pdf

