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ABSTRACT: The Seismic Safety and Resilience of Schools (SAFER) project aimed to 
improve seismic hazard assessments in the Kathmandu Valley, Nepal. There remains scarce 
geotechnical data in this region. Therefore, the SAFER project team collected and sourced 
new geotechnical and geophysical data to allow for the development of improved maps show-
ing the distribution of shear wave velocity measurements in the study region. This paper sum-
marises geotechnical and geophysical investigations conducted in the valley and outlines the 
building of SAFER/GEO-591, which contains data from different sources such as previously 
drilled boreholes in the Kathmandu Valley. A methodology is proposed for geotechnical 
engineers and engineering geologists wishing to develop geodatabases in data-scarce regions.

1 INTRODUCTION

1.1  Background

In 2015, the Mw 7.8 Gorkha earthquake struck the Himalayan region affecting many com-
munities, including the highly populated Kathmandu Valley in Nepal (Goda et al. 2015). 
Significant ground motion and many instances of damage were observed (e.g. Ohsumi et al. 
2016). There was considerable investment in new seismic engineering research efforts from 
various agencies and organisations post-earthquake. This paper reports on some key out-
puts from the Engineering and Physical Sciences Research Council (EPSRC) funded project 
‘Seismic Safety and Resilience of Schools in Nepal’ (EP/P028926/1), hereafter referred to as 
the ‘SAFER project’ (https://www.safernepal.net/). This paper primarily focuses on outputs 
related to geotechnical earthquake engineering from the ‘New generation seismic hazard 
for Nepal’ work package, hereafter referred to as ‘WP1’.

1.2  Study aims

The SAFER project was comprised of five work packages (https://www.safernepal.net/) and 
ran from 2017 to 2021. A major focus of WP1 was on the compilation and curation of new 
geo-data sets for use in the development of new tools, such as new and updated maps for 
seismic hazard assessments in the Kathmandu Valley. This paper has two objectives: (i) it 
summarises the key deliverables from WP1 elaborating on how the outputs have contributed 
to improving seismic hazard assessments; and (ii) it offers a general methodology for geoda-
tabase building for geotechnical engineers and engineering geologists working in data-scarce 
regions.
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2 PROJECT OUTPUTS

This section focuses on the first objective of the paper. Sections 2.1 to 2.3 summarise the main 
deliverables from WP1 across three broad themes: (i) New geotechnical field testing in the 
Kathmandu Valley; (ii) Development of an open-source geodatabase for Kathmandu Valley 
soils and (iii) Updated maps for hazard assessments for the Kathmandu Valley.

2.1  New geotechnical field testing in the Kathmandu Valley

The field investigation included two new boreholes (progressed with rotary open hole drilling and 
sample recovery using the Standard Penetration Test (SPT) split spoon sampler), referred to as 
BH-1 and BH-2 (Gilder et al. 2019a). BH-1 was located at Dillibazar on the Padmakanya school 
premises at a ground elevation of 1309m. BH-2 was located on a site in Bijeshowari at a ground 
elevation of 1286m (see Gilder et al. 2019a for details on the testing). Seismic downhole testing 
was used to determine shear wave velocities at BH-1 (Gilder et al. 2019a), and Horizontal to Ver-
tical Spectral Ratio (HVSR) testing was used for the same purpose at BH-2 (Pokhrel et al. 2019).

On a separate trip, Cone Penetration Testing (CPT) (to the authors’ knowledge the first 
undertaken in the area) was carried out on seven sites to obtain measurements of shear wave 
velocity (Vs) using the seismic cone and also acquire continuous ground profile records with 
depth for the soils in the study region (see Gilder et al. 2021a and Gilder 2022 for further details 
on the CPT work). Figure 1 shows the locations of the new CPT readings (along with the loca-
tion of the SPT readings from the SAFER/GEO-591 database) in the Kathmandu Valley.

2.2  Development of an open-source geodatabase for Kathmandu Valley soils

The construction and data files of the SAFER/GEO-591 database is described in detail in Gilder 
et al. (2020) and the accompanying data record (Gilder et al. 2019b). SAFER/GEO-591 is avail-
able open-access from the University of Bristol Research Data Repository. While the database 

Figure 1.  Location of the CPT sites outlined in Gilder et al. (2021a) compared with SPT locations from 
SAFER/GEO-591 (data from Gilder et al. 2019b) (figure adapted from Gilder et al. 2021a under the 
terms of the CC BY 4.0 license).
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contains almost 600 borehole records collected by the project team from the literature, published 
reports and industry files, an extensive ‘data-cleaning’ process was necessary in order for the data 
to be sensibly put into the database structure (Gilder et al. 2021b gives an example of this pro-
cess). As explained in Section 3, adopting a standard format for a geodatabase is essential for 
effective data transfer but requires considerable time investment and prior geotechnical know-
ledge. Figure 2 shows an example borehole log from SAFER/GEO-591 (Gilder et al. 2019b, 
2020). The log shown in Figure 2 is for a site in the Gokarna formation.

2.3  Updated maps for hazard assessments for the Kathmandu Valley

Shrestha et al. (1998) produced a key engineering and environmental geological map for the 
Kathmandu Valley. During the SAFER project, data digitised from this map was often used 
as a base for the presentation of new analysis results and as a source of comparison for further 
findings. An important proxy for site amplification studies is the soil Vs averaged across the 
top 30m depth of ground (VS,30), (e.g. Stewart et al. 2003). Kriging analysis is often used to 
estimate VS,30 across geographical regions. De Risi et al. (2021) presented the results of 
a newly developed Bayesian-Kriging study making use of the Vs30 measurements available 
(not including the new CPT data from Gilder et al. 2021a). Then the new Vs30 measurements 
from the CPT work as well as those from the original database, were combined and analysed 
using the further enhanced multi-Gaussian Bayesian updating framework, showing how dif-
ferent kinds of Vs30 proxies can be used to supplement local data and capture key geological 
features of the basin (see Gilder 2022 and Gilder et al. 2022).

Figure 2.  Example SAFER/GEO-591 borehole log from the Gokarna formation: upper 15m of the log 
shown (data from Gilder et al. 2019b).
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3 DATA COLLECTION & CURATION IN DATA-SCARCE REGIONS

Geodatabases are vital for geotechnical engineers to benchmark results and make a-priori pre-
dictions of key design parameters. Thompson (2016) presented a case for public databases and 
described examples of such databases from various jurisdictions around the world. Open geo-
databases allow the technical community to add new data to existing datasets and avoid dupli-
cating digitisation and curation work. Phoon (2019, p.187) explained the ‘MUSIC’ concept 
i.e. that geotechnical data is often ‘Multivariate, Uncertain and Unique, Sparse, Incomplete, 
and potentially Corrupted (MUSIC)’.

While the case for open geodatabases can be easily made in the authors’ view, there are 
barriers to their creation and curation. Gilder et al. (2021c) presented a detailed review of 
the current barriers to geotechnical and geological data-sharing, with time and resources 
often cited as key constraints (as well as incentive) (see also the discussion in Thompson 
2016). Based on the learnings from the SAFER project, a general methodology is proposed 
for those professionals starting work in data-scarce regions (see also Shepheard et al. 
(2019), where similar efforts have been made to develop new databases using a similar 
methodology, as well as efforts to build a pile load test database for the UK (Vardanega 
et al. 2021) and Thompson (2016) who also articulated many pertinent issues with develop-
ing public geodatabases). Phoon (2018) outlines some key challenges and important 
aspects of ‘probablisitic site characterization’ an activity for which geodatabases are useful 
(cf. Phoon 2018).

3.1  Assess the geo-data landscape

As with desk studies during site investigation projects, historical soil maps, hazard maps, and 
other geo-resources should be sourced by the project team. These resources (if available) can 
serve as useful benchmarks against future analyses (see Section 3.5). During this phase, the 
literature should be consulted to see if other databases have been compiled for the region of 
study.

3.2  Local knowledge

Liaise with local practitioners to determine who the main ‘data owners’ are. If they easily iden-
tifiable, approach these individuals/entities to determine if contributions to the new database 
are possible. Discuss at the outset how data records may need to be anonymised, e.g. exact 
locations removed, project names redacted etc. During this phase, agree the license and terms 
of use for the compiled database and ensure that those donating data aware of these condi-
tions related to future data release.

3.3  Local practice

Unless the project team is familiar with site investigation practices in the area and, if budget 
permits, arrange to visit local projects or laboratories to determine which testing standards are 
used and which testing equipment is commonly utilised for laboratory and field studies con-
ducted in the study region.

3.4  Data harmonization and cleaning

If data from multiple laboratories or site investigation companies will comprise the data-
base, ensure that a ‘data harmonisation’ and ‘cleaning’ process is carried out by an experi-
enced project team member. During this time, determine the data format to be used (see 
the discussions in Thompson (2016) and Gilder et al. (2021c) regarding file formats and 
workflow) and prepare a database manual with the data sources and notes from the clean-
ing and harmonisation process.
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3.5  Benchmarking analysis

The new database should be checked against existing resources (if available), e.g. soil maps, 
local ‘transformation models’ (cf. Phoon & Kulhawy 1999a, b) or previously published par-
ameter distributions, to determine if the new database is sufficiently representative of the 
study area. Also ascertain if the database contains sufficient data for meaningful statistical 
analyses. Some engineering judgement will be needed to determine if this is the case and 
during this step, potential outliers may be identified and noted in the database manual. It may 
be that the database will need further expansion as new data becomes available after the initial 
data release. This stage is also where major gaps in the database can be identified (cf. Phoon 
2019: MUSIC) and these should be noted in the database manual.

3.6  Data release

While there are barriers to this stage (e.g. commercial interests), if possible, the database should be 
released open-access with appropriate disclaimers. Later corrections and clarifications may be 
needed as practitioners and researchers start using the database, which can be incorporated in 
future versions. ‘Living databases’ may, become a useful technical resource for the local and inter-
national geotechnical communities, allowing for improved design and model calibration efforts.

4 SUMMARY AND CONCLUSIONS

This paper has presented some of the key outputs from WP1 from the SAFER project. The out-
puts discussed covered three broad themes: (i) New geotechnical field testing in the Kathmandu 
Valley; (ii) Development of an open-source geodatabase for Kathmandu Valley soils and (iii) 
Updated maps for hazard assessments for the Kathmandu Valley. The focus of the SAFER pro-
ject was on improving the safety and resilience of school buildings in Nepal; however, many of 
the project findings should be useful for other infrastructure classes. The paper proposed a ‘step- 
by-step’ methodology for those developing open-access databases in data-scarce regions.

In conclusion, the lessons from WP1 of the SAFER project have revealed many challenges 
in building and releasing open-access geodatabases, however such resources are essential for 
regional statistical analyses (e.g. using Kriging-based methodologies), to produce new maps 
and information for improved hazard assessments.
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