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Abstract. The Philippines, located in a tectonically active region, is highly sus-
ceptible to seismic activity, making liquefaction a critical concern for infrastruc-
ture stability. Liquefaction, the process by which saturated, loose soils lose
strength and stiffness during earthquake-induced shaking, poses significant risks
to structures in such areas. This paper presents a detailed comparative analysis of
Cone Penetration Testing (CPT) and Standard Penetration Testing (SPT) specif-
ically for assessing liquefaction potential, based on field data gathered from four
study areas in the Philippines across diverse soil types and environmental condi-
tions. The study focuses on evaluating the effectiveness of each testing method
in identifying liquefaction susceptibility, which is crucial for ensuring the safety
and stability of infrastructure in seismic-prone areas. CPT provides continuous,
high-resolution data that facilitates the assessment of subsurface soil behavior
under cyclic loading conditions, with real-time pore pressure measurements en-
hancing the understanding of liquefaction potential. In contrast, SPT offers in-
sights into soil strength and composition through blow count measurements and
sample retrieval but requires supplementary laboratory testing to determine key
properties such as grain size and consistency. While SPT is instrumental for eval-
uating liquefaction potential, its intermittent nature and reliance on post-field
analysis limit its effectiveness compared to the continuous profiling offered by
CPT. Correlations were utilized for SPT data in deriving the engineering proper-
ties, while the CPeT-IT software was used to derive CPT parameters. Further-
more, the liquefaction potential for both CPT and SPT was assessed using spe-
cialized liquefaction analysis software, providing a comprehensive evaluation of
liquefaction risk. This comparison emphasizes the strengths and limitations of
both methods in the context of liquefaction potential, highlighting their roles in
foundation design and stability evaluations. By addressing these critical factors,
the study aims to guide geotechnical engineers in selecting the most appropriate
testing method for evaluating liquefaction potential, ultimately enhancing the ac-
curacy and effectiveness of geotechnical assessments and contributing to im-
proved engineering practices for local infrastructure projects in the Philippines.
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1 Introduction

Liquefaction, a process in which saturated, loose soils lose strength and stiffness due to
seismic shaking, poses a significant risk in earthquake-prone regions [1]. The Philip-
pines, situated along the Pacific Ring of Fire, is highly vulnerable to earthquakes, mak-
ing it essential to assess the liquefaction potential of sites to ensure the stability and
safety of infrastructure. Understanding and quantifying liquefaction potential is vital in
the geotechnical field, particularly for the design and construction of foundations for
critical structures such as bridges, roads, and buildings [2].

Geotechnical engineers often rely on methods such as Cone Penetration Testing
(CPT) and Standard Penetration Testing (SPT) to assess liquefaction risk in subsurface
soils [3]. Both tests provide valuable data on soil properties that are critical for evalu-
ating liquefaction potential, but they differ in their techniques, data resolution, and ap-
plication. While CPT offers continuous, high-resolution measurements of soil strength
and pore pressure, SPT is a widely used method that measures the resistance of soil to
penetration [4]. Despite their differences, both methods have been utilized extensively
in liquefaction studies, with numerous empirical correlations developed to estimate lig-
uefaction potential [5].

This study aims to provide a comparative analysis of CPT and SPT in the context of
liquefaction assessment, using data from various geotechnical sites across the Philip-
pines. By analyzing field data from sites in Luzon, Visayas, and Mindanao, the study
evaluates the effectiveness of both testing methods in determining liquefaction poten-
tial, considering the influence of soil type, seismic conditions, and groundwater levels.
Another objective is to highlight the strengths and limitations of each method and to
provide guidance for selecting the most appropriate testing technique for site-specific
liquefaction evaluation. Additionally, this study seeks to contribute to the advancement
of geotechnical engineering practices in the Philippines by improving the accuracy and
reliability of liquefaction risk assessments.

2 Review of Related Literature

2.1  Liquefaction in the Philippines

A liquefaction database [6] developed by the Philippine Institute of Volcanology and
Seismology (PHIVOLCS) has identified 808 liquefaction occurrences in the Philip-
pines from 1619 to 2020. Metro Manila and parts of Mindanao are particularly vulner-
able due to high seismic activity and soil composition. The combination of loose, satu-
rated sands and frequent earthquakes significantly increases liquefaction risks in these
regions. The application of Cone Penetration Testing (CPT) and Standard Penetration
Testing (SPT) for liquefaction assessment in the Philippines remains in the
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development stage. While these methods are effective in identifying liquefiable zones,
there is a need for improved local empirical correlations and further evaluation of site-
specific conditions.

2.2 Liquefaction Assessment Techniques

Cone Penetration Testing (CPT) and Standard Penetration Testing (SPT) are the two
most widely used methods for evaluating liquefaction potential, each offering distinct
advantages. CPT provides continuous, high-resolution data on tip resistance (q.), sleeve
friction (f;), and pore pressure (u), making it particularly effective for detecting lique-
fiable layers and estimating cyclic resistance ratio (CRR) [7]. Its real-time pore pressure
measurements enhance liquefaction assessments, especially in deeper layers where SPT
may be less effective [8]. CPT is increasingly adopted in seismically active regions,
including the Philippines. SPT, a more traditional method, estimates soil strength using
blow counts (N-values) correlated with liquefaction resistance [2]. While widely used,
its intermittent data collection and reliance on laboratory testing present limitations ac-
cording to Das [9]. It is particularly effective in shallow soils but becomes less reliable
at greater depths due to variability in energy transfer and soil stiffness changes based
on a study done by Idriss and Boulanger in 2008 [10].

Studies comparing these methods highlight key differences in liquefaction risk as-
sessment. According to Robertson, et al. [11], CPT is superior for deeper layers, provid-
ing more precise liquefaction predictions due to continuous profiling. SPT, on the other
hand, is more effective in shallow soils, where sample retrieval is essential. Kokusho
[12] found that CPT data correlated better with actual liquefaction occurrences, partic-
ularly in deep layers where SPT values are influenced by overburden pressure. A study
by Hoque et al. [13] concluded that using both methods in combination improves as-
sessment reliability, particularly in complex site conditions.

2.3  Integration of Cyclic Resistance Ratio (CRR) in Liquefaction
Assessment

Cyclic Resistance Ratio (CRR) quantifies a soil’s ability to resist cyclic loading and is
essential in liquefaction analysis according to Seed and Idriss’ study [2]. Both CPT and
SPT-based approaches estimate CRR using empirical correlations. CPT-based CRR
uses normalized tip resistance (qcin) and pore pressure response, allowing for continu-
ous liquefaction profiling [3]. SPT-based CRR relies on corrected N-values (Ngo), re-
quiring additional laboratory testing to refine estimates [10]. CPT-based CRR methods
tend to provide more conservative and reliable liquefaction risk estimates than SPT,
particularly in variable soil conditions. When combined with factor of safety (FS) cal-
culations, CRR helps determine the depth and extent of liquefiable zones, guiding ge-
otechnical engineers in mitigation strategies for seismic-prone areas.
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3 Methodology

Field data for this study were gathered from four (4) geotechnical sites across the Phil-
ippines, representing diverse soil types and seismic conditions. Both Cone Penetration
Testing (CPT) and Standard Penetration Testing (SPT) were conducted at each site to
assess liquefaction potential. To ensure a valid comparative analysis, CPT and SPT test
points were positioned within the same test location, maintaining uniform topographic
conditions. The proximity of test locations minimizes variations due to site-specific
factors such as slope, elevation, and soil deposition patterns. Thus, any differences ob-
served in test results can be attributed to the inherent characteristics of CPT and SPT
rather than external site conditions. A total of 25 CPT and 33 SPT were conducted for
the study. The location and number of field tests conducted for each site are shown in
Table 1:

Table 1. Summary of field tests conducted for each site.

Site Name Site Location No. of CPT data No. of SPT data
Site A Luzon 4 6
Site B Luzon 6 11
Site C Visayas 4 6
Site D Mindanao 11 10

Site A has relatively flat topography and is located near a river. Site B also has predom-
inantly flat terrain, with some areas in close proximity to a lake. Meanwhile, Site C is
situated offshore along a channel positioned between two islands in Visayas. Lastly,
Site D is located near a gulf in Mindanao. The groundwater levels at each test location
were measured and are summarized in Table 2.

Table 2. Average groundwater level measured per site.

Site Average Groundwater Level* (m)
Site A 2.35
Site B 3.27
Site C Offshore
Site D 2.09

*Measured below the existing ground level.

3.1 Cone Penetration Testing (CPT)

CPT was performed in accordance with ASTM D5778 [14]. CPT data were analyzed
using CPeT-IT software, which provides continuous soil profiling and estimates key
parameters.
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3.2 Standard Penetration Testing (SPT)

SPT was performed in accordance with ASTM D1586 [15]. Additional laboratory tests
were performed to the retrieved samples to analyze soil properties, which were then
used to assess liquefaction potential via established empirical correlations [2][3][10].

3.3  Liquefaction Analysis

Liquefaction potential was evaluated for all sites using the LiquefyPro software, which
is a specialized tool designed for liquefaction analysis based on established methodol-
ogies, incorporating both SPT and CPT results to assess soil susceptibility across dif-
ferent depths. Data were analyzed within the upper 20 meters of soil, where shallow,
loose, and saturated cohesionless soils are most vulnerable. Moment magnitude of
earthquake, maximum peak ground acceleration (PGA), and groundwater level were
also considered in the analysis.

Cyclic resistance ratio (CRR) values were calculated from the processed CPT and
SPT data. Equation 1 is the general formula for CPT-based CRR, while Equation 2 is
for SPT-based CRR.

CRR = f(qc, Fe, I, 0'v0, Ko, Mw) (1)
CRR = f(NﬁO, Fc, Dr, O_'un, (Nl)ﬁo, Kn', Mw) (2)
Where:
e (. = Corrected penetration resistance in MPa
e . = Soil behavior type index
e F.=Fines content (%)
e Ngo = Corrected standard penetration resistance
e D; = Relative density of the soil
e (N1)so= Overburden stress-corrected SPT blow count
e o'y = Effective vertical stress in kPa
e Ks= Overburden correction factor
e My = Magnitude scaling factor

The cyclic stress ratio (CSR) represents the cyclic loading imposed on the soil due
to earthquake-induced shear stresses. It is calculated using the simplified procedure
proposed by Seed & Idriss [2] shown in Equation 3.

CSR = 0.65 %:—ford (3)

Where:

® amay= peak horizontal ground acceleration (PGA)
e g=acceleration due to gravity (9.81 m/s2)

e 0y = total vertical overburden stress

e o= effective vertical overburden stress
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e 7, = stress reduction coefficient

The Factor of Safety (FS) against liquefaction is computed as the ratio of the soil’s
resistance (CRR) to the cyclic loading (CSR) as shown in Equation 4. An FS value
below 1.0 signifies a potential risk of liquefaction.

_ CRR
CSR

FS 4)

4 Results and Discussion

4.1 Liquefiable Depths and Factor of Safety

The analysis reveals that liquefiable soil layers are most prevalent in the upper 10 me-
ters, where factor of safety (FS) values are lowest, indicating higher susceptibility to
liquefaction. While liquefaction potential persists at greater depths, the increasing con-
fining pressure and soil density beyond 10 meters generally reduce the liquefaction risk.
The computed FS values indicate that CPT consistently detects more liquefiable layers
compared to SPT, likely due to CPT's continuous profiling capability, which provides
a more detailed assessment of soil behavior.

Table 2 provides a detailed summary of FS values for CPT and SPT at each depth
range per site, offering a clear overview of liquefaction risks.

Table 3. Summary of FS values for CPT and SPT at each depth range per site.

Site Depth CPT SPT Liquefaction Status
Name Range Thickness of FS Thickness of FS CPT SPT
(m) Liquefiable Liquefiable
Layers (m) Layers (m)
Site A 0-5 4.17 0.35 0.00 - Liquefiable Not Liquefiable
5-10 5.00 0.35 2.00 0.67 Liquefiable Liquefiable
10-15 2.97 0.34 2.02 0.55 Liquefiable Liquefiable
15-20 3.26 0.34 0.00 - Liquefiable Not Liquefiable
Site B 0-5 1.27 0.33 3.98 0.43 Liquefiable Liquefiable
5-10 4.84 0.31 5.00 0.43 Liquefiable Liquefiable
10-15 0.55 0.29 4.00 0.43 Liquefiable Liquefiable
15-20 0.00 - 2.03 0.44 Not Liquefiable Liquefiable
Site C 0-5 0.81 0.21 1.97 0.15 Liquefiable Liquefiable
5-10 0.00 - 0.00 - Not Liquefiable Not Liquefiable
10-15 0.37 0.38 3.00 0.72 Liquefiable Liquefiable
15-20 0.63 0.26 0.20 0.99 Liquefiable Liquefiable
Site D 0-5 491 0.22 1.00 0.52 Liquefiable Liquefiable
5-10 3.69 0.29 3.00 0.45 Liquefiable Liquefiable
10-15 3.76 0.04 5.00 0.42 Liquefiable Liquefiable

15-20 0.12 0.04 4.00 0.47 Liquefiable Liquefiable
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4.2  Liquefiable Depth Distribution Across Sites
Analysis of liquefiable depths across different sites shows distinct regional trends:

e Luzon (Sites A and B): Liquefaction-prone layers are mostly concentrated within
the 5—15 m depth range, with FS values as low as 0.29 (CPT) and 0.43 (SPT).

e Visayas (Site C, Offshore): Liquefaction occurs at deeper layers (beyond 10 m) due
to the fully submerged conditions, which increase pore water pressure but also pro-
vide higher confinement near the seabed, reducing shallow liquefaction susceptibil-
ity.

e Mindanao (Site D): Liquefiable depths are similar to those in Luzon, with layers
extending from 5-15 m and FS values below 0.52, indicating moderate to high lig-
uefaction risk.
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Fig. 1. Liquefaction potential by depth range per site.

4.3  Factor of Safety Trends

CPT consistently identifies liquefaction at shallower depths, typically within the 0—5
meter range, whereas SPT generally indicates an increasing liquefaction potential from
5-15 meters. Additionally, the factor of safety (FS) values derived from CPT are gen-
erally lower than those from SPT, highlighting that CPT offers a more conservative
assessment of liquefaction risk. In offshore conditions, such as at Site C in Visayas,
liquefiable layers extend beyond a depth of 10 meters. This observation underscores
the impact of continuous water saturation, which helps sustain liquefaction susceptibil-
ity even at greater depths.
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Figure 2 presents the comparison of the average FS values for CPT and SPT at dif-
ferent depths across all sites.
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Fig. 2. Comparison of FS values for CPT and SPT across all sites.

4.4  Cyclic Resistance Ratio (CRR) and Factor of Safety (FS) Trends

The comparison of CRR and FS between CPT and SPT across the sites reveals distinct
trends in liquefaction resistance assessment. Generally, CPT-based CRR values tend to
be higher than those derived from SPT, particularly at Sites B and D, suggesting that
CPT may overpredict liquefaction resistance in these areas. However, at Sites A and C,
SPT-based CRR values exceed those from CPT at certain depths, which may be at-
tributed to variations in soil conditions, groundwater influence, and differences in the
test methodologies. Site C, an offshore location, displays unique trends where varia-
tions in CRR and FS between CPT and SPT could be influenced by factors such as soil
saturation, pore pressure response, and potential sampling disturbance during SPT.
These factors, including potential soil disturbance, could lead to a relative overestima-
tion of CRR from SPT compared to CPT at this site.

Results indicate a direct relationship between CRR and FS, where higher CRR cor-
responds to higher FS. In most cases, SPT-based CRR values are lower, particularly at
Sites B and D, which may be influenced by energy losses, rod length effects, and ham-
mer efficiency. In contrast, CPT provides a more detailed assessment of soil resistance,
often resulting in slightly higher CRR estimates. At Sites A and C, however, these fac-
tors do not significantly affect the SPT results, possibly due to the more controlled
sampling environment or less energy loss during testing. At Site C, the offshore



Comparative Analysis of Cone Penetration Testing (CPT) and ... 619

conditions and the potential for disturbance during SPT sampling may have contributed
to relatively higher SPT-based CRR values compared to CPT.

Depth-wise, a general trend is observed where CRR and FS decrease with increasing
depth, suggesting reduced soil resistance in deeper layers. This decrease is commonly
expected, as deeper soil layers often exhibit weaker or more compressible properties.
However, the rate of decrease varies across sites, with Site D showing a more signifi-
cant decline in CRR and FS at greater depths, likely due to weaker soil strata or different
soil characteristics at those depths.
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Fig. 3. Variation of CRR values across all sites.

4.5  Influence of Soil Type and Groundwater Conditions

Liquefiable layers are primarily found in loose sands and silty sands. The results indi-
cate that Sites A, B, and D (Luzon and Mindanao) contain thicker liquefiable layers,
suggesting more extensive deposits of loose sands. In contrast, Site C (Visayas, off-
shore) exhibits thinner liquefiable layers, which may be attributed to a mix of coarse
and finer sediments, typical of underwater depositional environments.

The measured groundwater levels influence liquefaction susceptibility, with Sites A,
B, and D exhibiting shallow water tables that contribute to higher liquefaction risk in
the upper 10—15 meters. Site C, being offshore, remains fully submerged, leading to
deeper liquefiable layers and greater susceptibility beyond 10 meters due to constant
saturation.

CPT identified more liquefiable layers than SPT, likely due to its continuous profil-
ing capability. SPT results showed fewer liquefiable layers, potentially due to localized
denser soil inclusions affecting blow count measurements. Despite differences in
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detection, both methods indicate the highest liquefaction risk in the upper 20 meters,
where soils are loose and influenced by groundwater fluctuations.

FS trends closely follow CRR values, with CPT generally yielding lower FS esti-
mates, suggesting a more conservative liquefaction risk assessment. However, occa-
sional higher SPT-derived CRR values at Sites A and C may be attributed to variations
in soil structure, energy losses, or pore pressure dissipation.

5 Conclusion

The comparative analysis of Cone Penetration Testing (CPT) and Standard Penetration
Testing (SPT) for liquefaction assessment across the four sites highlights significant
variations in detected liquefiable layers and computed liquefaction resistance. The re-
sults confirm that liquefiable soil layers are most prevalent in the upper 10—15 meters,
where the factor of safety (FS) and cyclic resistance ratio (CRR) values are lowest,
indicating increased susceptibility to liquefaction. CPT generally identified more lig-
uefiable layers than SPT, owing to its continuous profiling capability. However, at Sites
A and C, SPT-based CRR values exceeded CPT-based values at certain depths, sug-
gesting that site-specific factors, such as soil structure, pore pressure effects, and dif-
ferences in test methodologies, influence liquefaction resistance estimates.

Groundwater conditions play a critical role in liquefaction susceptibility, as demon-
strated at Site C, where fully submerged conditions led to deeper liquefiable layers de-
spite increased confining pressure. Across all sites, CRR and FS show a direct relation-
ship, reinforcing the positive correlation between these two parameters in terms of liq-
uefaction risk assessment. The study also demonstrates that while CPT generally pro-
vides more conservative liquefaction estimates, SPT remains a valuable tool, particu-
larly in soil conditions that require sample retrieval for laboratory analysis.

This study provides geotechnical engineers with a well-founded basis for selecting
the most appropriate testing method for liquefaction potential evaluation. CPT is ideal
for projects requiring high-resolution continuous profiling and pore pressure measure-
ments, making it particularly suited for fine-grained and offshore soils. In contrast, SPT
remains essential for projects that require soil sampling for laboratory analysis, espe-
cially in mixed soil profiles and gravelly conditions where CPT application may be
limited.

Integrating both CPT and SPT methods can provide a more comprehensive under-
standing of subsurface conditions, leading to better-informed foundation design and
risk mitigation strategies. This integrated approach not only improves the accuracy and
reliability of geotechnical assessments but also supports the development of resilient
infrastructure, particularly in seismic-prone regions. The insights gained from this re-
search contribute to enhancing geotechnical engineering practices and infrastructure
planning, ensuring long-term stability and safety.
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