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ABSTRACT: Groundwater conditions, and the mechanical behavior of soil layers. This study 

evaluates the complementary application of piezocone penetration testing (CPTu) and standard 

penetration testing (SPT) to characterize subsurface conditions at a site in Kampung Sawah, 

BSD–Tangerang, Indonesia. The investigation included two CPTu soundings, CPTu-01 and 

CPTu-02, reaching depths of 5.58 m and 5.28 m, respectively, and three boreholes, BH-01, 

BH-02, and BH-03, extending to depths of 29.50 m, 29.50 m, and 33.50 m, respectively. The 

borehole records revealed heterogeneous subsurface strata consisting of silty clay, clayey silt, 

sand, gravelly sand, weathered sandstone, and siltstone. Groundwater levels were recorded at 

depths of 3.50 m, 1.50 m, and 4.70 m below ground level in BH-01, BH-02, and BH-03, 

respectively. SPT values varied with depth and soil type, with relatively high values observed 

in several sandy and weathered rock intervals. A preliminary correlation between CPTu and 

SPT results was established using data from CPTu-01 and BH-02, yielding a coefficient of 

determination of R2 = 0.8075. However, the shallow CPTu penetration depths and the absence 

of a complete depth-matched dataset limit the reliability and broader applicability of this 

correlation. Consistent with limitations reported in previous CPT-based soil classification and 

correlation studies, these findings highlight the importance of integrating multiple geotechnical 

investigation methods while accounting for uncertainties associated with empirical correlations 

and spatial variability. Overall, this study provides site-specific insights into subsurface 

conditions and establishes a preliminary basis for further geotechnical investigations and 

foundation design assessments. 

KEYWORDS: CPTu; standard penetration test; soil stratigraphy; groundwater; geotechnical 

site characterization; Tangerang. 

1. Introduction 

Geotechnical site characterization is essential for evaluating subsurface conditions and 

determining appropriate design parameters for foundations and other civil engineering 

structures. Soil deposits often exhibit considerable horizontal and vertical variability due to 

differences in depositional environments, material composition, weathering processes, and 
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groundwater conditions. Such variability can influence bearing capacity, settlement, 

excavation stability, and overall construction performance. Inadequate characterization of 

these conditions may introduce uncertainties into geotechnical design and increase the risk of 

foundation-related problems. Therefore, reliable site investigations require the integration of 

field measurements with geological observations and geotechnical descriptions to establish a 

comprehensive understanding of subsurface conditions [1–3]. 

The cone penetration test (CPT) and piezocone penetration test (CPTu) provide 

continuous or near-continuous penetration profiles that facilitate the identification of changes 

in soil behavior and stratigraphic boundaries. CPTu additionally measures pore-water pressure, 

providing valuable information for interpreting the behavior of fine-grained and saturated soils. 

In contrast, the standard penetration test (SPT) is conducted at discrete depths within boreholes, 

providing penetration resistance measurements together with soil samples and visual 

descriptions. The testing procedures and measurement principles are specified in ASTM 

D5778-20 and ASTM D1586/D1586M-18, respectively [1, 2]. These methods offer 

complementary advantages, as CPTu provides detailed penetration responses, whereas 

borehole investigations and SPT measurements provide direct stratigraphic information and 

discrete assessments of soil resistance. Integrating these methods can improve subsurface 

interpretation, particularly in geological settings characterized by heterogeneous soil deposits 

[4–7]. 

CPTu interpretation commonly involves corrected cone resistance, sleeve friction, pore-

water pressure, normalized penetration parameters, and soil-behavior-type classification. 

Robertson [3, 5] developed widely adopted approaches for classifying soil behavior using cone 

penetration measurements and interpreting normalized CPT parameters. Subsequent studies 

have examined the effects of data variability, spatial cross-correlation, and measurement noise 

on soil classification and stratigraphic interpretation [8, 9]. These investigations demonstrate 

that the reliability of CPTu-based classification depends on appropriate parameter definitions, 

measurement quality, and geological conditions. Consequently, interpreting CPTu results 

without considering local stratigraphy and data limitations may lead to uncertainties in 

identifying soil boundaries and estimating geotechnical properties. 

The estimation of overconsolidation ratio (OCR) and undrained shear strength from 

CPTu measurements introduces additional uncertainties because these parameters are generally 

derived from empirical relationships rather than measured directly. Their interpretation 

requires assumptions regarding soil behavior, stress history, and the applicability of selected 

correlation factors. Previous investigations have evaluated CPTu-based methods for estimating 

OCR and undrained shear strength, emphasizing the importance of selecting appropriate 

empirical relationships and understanding their limitations [4, 7, 10]. Accordingly, reliable 

quantitative interpretation requires complete penetration measurements, clearly defined 

calculation procedures, and independent validation through laboratory or in situ testing 

whenever possible. 

CPTu–SPT correlations have also been widely investigated to facilitate comparisons 

between penetration testing methods and support preliminary geotechnical assessments. 

However, relationships developed for particular soil deposits or geological environments may 

not be directly transferable to other locations. Variations in soil composition, geological 

history, testing procedures, SPT energy corrections, groundwater conditions, and depth-

matching methods can influence the resulting correlations. Recent investigations of region-
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specific CPT–SPT relationships have highlighted the importance of incorporating geological 

variability and statistical uncertainty rather than applying universal empirical relationships 

[11–13]. Similarly, studies examining penetration resistance and soil properties have 

demonstrated that correlation performance depends on soil characteristics and the physical 

mechanisms governing penetration behavior [14–19]. 

Despite these developments, integrating shallow CPTu measurements with substantially 

deeper borehole and SPT records remains challenging, particularly in heterogeneous geological 

formations where investigation depths and measurement intervals differ considerably. Existing 

correlation approaches may provide useful preliminary relationships, but their application 

becomes uncertain when only a limited depth interval is shared between testing methods. 

Furthermore, incomplete depth-matched measurements and differences in soil stratigraphy can 

complicate the interpretation of penetration resistance and the estimation of geotechnical 

parameters. These limitations highlight a need for site-specific investigations that distinguish 

directly measured properties from empirical estimates while explicitly identifying the 

uncertainties associated with integrating different investigation methods [15–17]. 

The Kampung Sawah site in BSD–Tangerang, Indonesia, provides a relevant case for 

examining these challenges because its subsurface conditions comprise alternating layers of 

fine-grained soils, sand, gravelly sand, and weathered sedimentary materials. Variations in 

groundwater levels and stratigraphic sequences among the boreholes indicate considerable 

subsurface heterogeneity, suggesting that a single generalized soil profile may not adequately 

represent the entire investigation area. Moreover, the CPTu soundings extend to depths of 

approximately 5–6 m, whereas the boreholes reach approximately 30–34 m. This substantial 

difference in investigation depth creates difficulties in establishing direct CPTu–SPT 

relationships and evaluating soil behavior throughout the subsurface profile. An integrated 

interpretation is therefore necessary to identify the complementary contributions and 

limitations of these investigation methods [16–19]. 

The novelty of this study lies in its site-specific integration of shallow CPTu 

measurements with deeper borehole and SPT records in a heterogeneous subsurface 

environment, while explicitly distinguishing measured observations, empirical correlations, 

and interpretative uncertainties. Rather than assuming that penetration resistance relationships 

are universally applicable, the study evaluates the available CPTu–SPT correlation within the 

constraints of the investigation data and considers the implications of limited penetration depth, 

stratigraphic variability, and incomplete depth matching. This approach provides a more 

transparent basis for interpreting subsurface conditions and assessing the reliability of 

preliminary geotechnical estimates. 

Therefore, this study aims to evaluate the complementary application of CPTu and SPT 

investigations for characterizing subsurface conditions at the Kampung Sawah site in BSD–

Tangerang, Indonesia. Specifically, the study examines subsurface stratigraphy and 

groundwater conditions, evaluates variations in penetration resistance, investigates the 

preliminary relationship between CPTu and SPT measurements, and assesses the limitations of 

estimating OCR and undrained shear strength from the available data. The findings are 

expected to provide a site-specific geotechnical interpretation that supports preliminary 

foundation assessment, identifies uncertainties in the existing investigation records, and 

informs the planning of further subsurface investigations. 
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2. Materials and Methods 

2.1. Site and Investigation Layout. 

The investigation was conducted at Kampung Sawah, BSD–Tangerang, Indonesia. The 

investigation layout identifies three boreholes (BH-01, BH-02, and BH-03) and two CPTu 

soundings (CPTu-01 and CPTu-02). The layout provides the spatial context for comparing the 

field records; however, exact horizontal distances between individual investigation points were 

not calculated because a complete coordinate dataset and verified drawing scale were not 

available in the records used for this analysis. The locations of the five investigation points are 

presented in Figure 1. The layout provides the spatial context for the interpretation but does 

not establish a continuous subsurface section or prove that individual CPTu soundings are 

colocated with particular boreholes. 

 

 
Figure 1. Site Investigation Layout Showing BH-01, BH-02, BH-03, CPTu-01, and CPTu-02 at Kampung 

Sawah, BSD–Tangerang.  

2.2. Field Investigation Data. 

The field dataset consists of the recorded depths of CPTu soundings, borehole depths, 

groundwater levels, soil descriptions, sample intervals, and SPT values. The investigation 

points and their reported depths are summarized in Table 1. The CPTu soundings provide 

information only over their achieved penetration depths. The borehole records provide a deeper 

stratigraphic description and discrete SPT values. The recorded groundwater levels are treated 

as observations at the time of investigation and are not assumed to represent seasonal maximum 

or minimum groundwater conditions. The SPT values reproduced in this study are those listed 

in the supplied drilling logs. In accordance with the distinction between recorded test results 

and corrected penetration resistance, the values are referred to as recorded SPT N-values rather 

than corrected N60-values [1]. Because the available records do not establish all correction 

factors, the values have not been converted to N60. Corrections for hammer energy, borehole 
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diameter, rod length, and sampler configuration must be documented before the values are 

treated as standardized N60 data. 

Table 1. Summary of Field Investigation Points. 

Investigation point Investigation method Final depth (m) 
Recorded groundwater level  

(m below ground level) 

CPTu-01 CPTu 5.58 Not provided 

CPTu-02 CPTu 5.28 Not provided 

BH-01 Borehole and SPT 29.5 3.5 

BH-02 Borehole and SPT 29.5 1.5 

BH-03 Borehole and SPT 33.5 4.7 

2.3. Data Processing and Integrated Interpretation. 

The interpretation procedure comprised five stages: (1) review of the investigation layout and 

field records; (2) compilation of borehole soil descriptions and SPT values; (3) review of the 

available CPTu profiles; (4) comparison of soil descriptions and penetration responses within 

the overlapping depth interval; and (5) assessment of the preliminary CPTu–SPT relationship 

and its limitations. The stages of the integrated interpretation are summarized in Figure 2. The 

workflow is intended to distinguish direct field observations from classifications and empirical 

estimates, consistent with the need to account for uncertainty in CPT-based stratification [8, 

9]. 

 
Figure 2. Workflow for Integrating Cptu Soundings, Borehole Descriptions, Groundwater Levels, SPT Values, 

and Preliminary Correlation Analysis. 

The interpretation emphasizes agreement and disagreement among different data sources 

rather than assuming that each method identifies identical boundaries. Soil descriptions from 

boreholes are used to establish the documented stratigraphic framework. CPTu response is used 

to interpret shallow changes in soil behavior where the sounding depth permits. SPT values are 

used as discrete resistance indicators at their recorded sampling depths. 
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2.4. CPTu interpretation parameters. 

CPTu interpretation commonly involves correcting measured cone resistance for pore-water 

pressure effects, evaluating effective stress, and calculating normalized penetration parameters. 

The correction used to obtain cone resistance is expressed in Equation (1), following 

established CPTu interpretation practice [2, 5]: 

𝑞𝑡 = 𝑞𝑐 + (1 − 𝑎)𝑢2 (1) 

where 𝑞𝑡 is corrected cone resistance, 𝑞𝑐 is measured cone resistance, 𝑎 is the cone net-area 

ratio, and 𝑢2 is pore-water pressure measured behind the cone. Equation (1) requires the 

applicable cone calibration information and measured 𝑢2 values. It cannot be independently 

recalculated from the borehole logs alone. 

The effective vertical stress is expressed in Equation (2), which distinguishes total vertical 

stress from the equilibrium pore-water pressure: 

𝜎′𝑣0 = 𝜎𝑣0 − 𝑢0 (2) 

where 𝜎𝑣0 is total vertical stress and 𝑢0 is equilibrium pore-water pressure at the depth of 

interest. Calculation requires an appropriate unit-weight profile and groundwater 

interpretation. 

A normalized cone resistance may be expressed using the general form in Equation (3) [5]: 

𝑄𝑡𝑛 =
𝑞𝑡 − 𝜎𝑣0

𝑝𝑎
(

𝑝𝑎

𝜎′𝑣0
)

𝑛

 
(3) 

where 𝑝𝑎 is the reference atmospheric pressure and 𝑛 is the stress-normalization exponent 

selected according to the adopted CPTu interpretation procedure. The value of 𝑛 must be 

selected and documented consistently. Equation (3) should not be evaluated without the 

necessary cone and stress data. 

The normalized friction ratio is expressed in Equation (4): 

𝐹𝑟 =
𝑓𝑠

𝑞𝑡 − 𝜎𝑣0
𝑥100% 

(4) 

where 𝑓𝑠 is sleeve friction. A soil-behavior-type index can then be calculated using a 

compatible classification procedure. One commonly used expression for the index is shown in 

Equation (5) [3, 5]: 

𝐼𝑐 = √(3.47 − log10 𝑞𝑡𝑛)2 + (log10 𝑓𝑟 + 1.22)2 (5) 

The classification chart and parameter definitions used in actual processing must be identified. 

In particular, the normalization method, friction-ratio definition, and classification procedure 

must be mutually compatible. Recent research emphasizes that CPT-based classification can 

be affected by cross-correlation between normalized parameters and noise in the measured 

profiles [9, 17]. 
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Equations (1)–(5) document the interpretation framework; they do not imply that all parameters 

can be recalculated from the available drilling logs. Because the complete raw CPTu dataset 

was not available, no new numerical CPTu classification profile is claimed in this study. 

2.5. OCR and undrained shear strength. 

OCR is defined as the ratio between preconsolidation effective stress and current effective 

vertical stress, as shown in Equation (6): 

𝑂𝐶𝑅 =
𝜎′𝑝

𝑣𝑜
 (6) 

where 𝜎′𝑝 is the preconsolidation effective stress. A numerical OCR profile requires a 

documented method for estimating 𝜎′𝑝, together with the relevant CPTu measurements or 

independent consolidation data. CPTu-based methods for estimating OCR continue to be 

investigated, but their applicability depends on the selected method and the characteristics of 

the soil [4, 7, 10]. 

 

The approximate OCR values available in the preliminary graphical summary were not used 

as verified quantitative results because the calculation procedure and scale could not be 

established from the records supplied. 

 

For cohesive soils, an empirical CPTu estimate of undrained shear strength may be expressed 

as shown in Equation (7) [4, 5]: 

𝑆𝑢 =
𝑞𝑡 − 𝜎𝑣𝑜

𝑁𝑘𝑡
 (7) 

where 𝑁𝑘𝑡 is an empirical cone factor selected for the soil and adopted interpretation procedure. 

The cone factor is not universal and should be justified using local calibration, laboratory 

results, or a suitable published basis. Without the raw CPTu measurements and documented 

cone factor, a definitive numerical 𝑆𝑢 profile cannot be reproduced. 

 

Consequently, this study discusses the preliminary shear-strength estimates only as reported 

estimates and does not use them as independently validated design parameters. 

2.6. CPTu–SPT correlation. 

The preliminary relationship reported for CPTu-01 and BH-02 is given in Equation (8): 

𝑦 = −0.0555𝑥 + 2.6393 (8) 

The reported coefficient of determination is presented separately in Equation (9): 

𝑅2 = 0.8075 (9) 

The plotted variables were described in the supplied material as x=N60 and y=qc/pa)/N60. 

These definitions must be checked against the original plot and calculation sheet before the 

equation is used quantitatively, particularly because the supplied borehole values are recorded 

SPT N-values and are not confirmed as corrected N60-values. 
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The coefficient of determination indicates the proportion of the observed response 

variance explained by the fitted linear relationship for the data used in the regression. It does 

not by itself establish statistical significance, predictive accuracy outside the sampled interval, 

or a causal relationship. Recent research on region-specific CPT–SPT relationships likewise 

indicates that the suitability of such correlations depends on the data and geological context 

[11]. Because the complete paired dataset and number of observations were not available, the 

correlation is treated as preliminary and site-specific. No new regression was performed from 

unverified or incomplete observations. 

3. Results and Discussion 

3.1. Borehole Stratigraphy and Variation Among Investigation Points. 

The borehole logs indicate that the subsurface is heterogeneous and includes fine-grained soils, 

sandy materials, and weathered sedimentary layers. The major stratigraphic intervals and 

recorded SPT ranges are summarized in Table 2. The ranges summarize the values listed within 

each interval; they are not average values and do not represent corrected \(N_{60}\)-values 

unless independently confirmed. 

 

Table 2. Summary of Principal Borehole Strata and Recorded SPT Values. 

Borehole Depth interval (m) Principal description in drilling log 
Recorded SPT \(N\)-value 

range 

BH-01 0–5 Silty clay and clayey silt; stiff to very stiff 8–15 

BH-01 5–14 Weathered sandstone, sand, and gravelly sand 20–31 

BH-01 14–20 Clayey silt, siltstone, and sandy silt 11–31 

BH-01 20–29.5 Clayey silt; stiff to hard, with light-green clayey 

silt at the base 

12–34 

BH-02 0–5 Silty clay and clayey silt 8–16 

BH-02 5–14 Sand, gravelly sand, and weathered sandstone 18–31 

BH-02 14–21 Core-loss interval, clayey silt, weathered 

siltstone, and sand 

11–30 

BH-02 21–29.5 Clayey silt; stiff to hard, with light-green clayey 

silt at depth 

12–36 

BH-03 0–5 Silty clay and clayey silt 10–11 

BH-03 5–18.5 Weathered sandstone, sand, sandy silt, and 

weathered siltstone 

18–42 

BH-03 18.5–29 Clayey silt; very stiff to hard, then stiff 12–32 

BH-03 29–33.5 Light-green clayey silt; stiff to hard 41–42 

Note: SPT ranges are based on the supplied log entries. Intervals containing a change in lithology or consistency 

have been grouped for summary purposes; the original logs remain the authoritative source for exact layer 

boundaries. The core-loss interval at BH-02 is not assigned a specific soil type. 

The upper sections of the boreholes are predominantly composed of silty clay and clayey 

silt. Sand and weathered sedimentary materials occur at intermediate depths, while clayey silt 

reappears in several deeper intervals. This stratigraphic sequence indicates alternating fine-

grained, coarse-grained, and weathered materials rather than a homogeneous soil deposit. Such 

heterogeneity highlights the challenges associated with soil stratification based solely on 

penetration measurements, particularly in subsurface environments comprising multiple 

material types [8, 9, 20]. 

The borehole records reveal both similarities and differences in subsurface conditions. 

All three boreholes contain fine-grained materials near the ground surface, although the depths 
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and thicknesses of sandy and weathered rock intervals vary considerably. BH-03 exhibits 

relatively high SPT values in several sandy intervals, ranging from 18 to 42, whereas BH-01 

and BH-02 display different stratigraphic sequences and penetration resistance values. These 

variations may be associated with local differences in depositional environments, weathering 

processes, and material composition. However, the available borehole records are insufficient 

to identify the specific geological processes responsible for these differences, and the 

interpretations should therefore remain descriptive. Figure 3 presents the borehole logs for BH-

01, BH-02, and BH-03, illustrating variations in stratigraphic boundaries, sampling depths, and 

recorded SPT resistance. A comparison of these profiles highlights the spatial variability of 

subsurface conditions across the investigation site and emphasizes the importance of 

integrating stratigraphic observations with penetration resistance measurements for reliable 

geotechnical characterization. 

 
Figure 3. Borehole Logs For BH-01, BH-02, and BH-03 Showing Soil Descriptions, Sampling Depths, and 

Recorded SPT Values. 

3.2. SPT Resistance and Soil Descriptions. 

The recorded SPT values exhibit considerable variation with soil type and depth. Several sand 

and gravelly sand intervals display relatively high SPT values, indicating greater penetration 

resistance than typically observed in loose granular soils. In contrast, fine-grained layers 

exhibit a wider range of SPT values, suggesting variations in soil consistency and local 

stratigraphic conditions. However, these observations should not be interpreted as a universal 

relationship between soil type and penetration resistance, as SPT measurements are influenced 

by testing procedures, equipment characteristics, energy transfer efficiency, overburden 

pressure, and other site-specific factors. Although ASTM D1586/D1586M-18 establishes 

standardized testing procedures, reliable interpretation requires appropriate documentation of 

testing conditions and the application of relevant corrections [1]. Previous studies investigating 
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relationships between SPT resistance and soil properties have similarly emphasized the 

importance of considering material characteristics and the methods used to estimate 

geotechnical parameters [11, 16]. Furthermore, qualitative descriptions such as “stiff,” “dense,” 

and “hard” in borehole logs represent preliminary field assessments and should not be 

considered equivalent to standardized classifications derived from corrected SPT 

measurements.  

The presence of weathered sandstone and siltstone introduces additional complexity into 

the interpretation of penetration resistance. In weathered or partially cemented materials, 

elevated SPT values may result from cementation, embedded rock fragments, or the inherent 

structure of the material rather than solely from soil density or consistency. Consequently, 

direct comparisons between penetration resistance in these materials and that in unconsolidated 

soil deposits may lead to misleading interpretations. Previous research examining the effects 

of soil layering and penetrometer diameter has demonstrated that penetration resistance can be 

influenced by stratigraphic boundaries, material heterogeneity, and testing geometry rather 

than exclusively by the mechanical properties of individual homogeneous layers [19]. 

Additionally, the core-loss interval identified in BH-02 introduces uncertainty into the 

subsurface interpretation because the absence of recovered material prevents reliable 

lithological identification within that interval. These findings highlight the importance of 

combining SPT measurements with borehole descriptions and geological observations while 

explicitly acknowledging uncertainties associated with weathered materials, incomplete core 

recovery, and variations in subsurface conditions. 

3.3. Groundwater Conditions. 

The recorded groundwater levels are 3.50 m below ground level at BH-01, 1.50 m at BH-02, 

and 4.70 m at BH-03. These differences are relevant to the interpretation of effective stress, the 

behavior of shallow fine-grained soils, and construction planning. The shallower recorded 

groundwater level at BH-02 indicates that groundwater may be encountered at a relatively 

shallow depth at that investigation point under the conditions observed during drilling. 

Excavation and foundation works may therefore require site-specific consideration of seepage, 

temporary groundwater control, and changes in soil behavior associated with groundwater 

conditions. Groundwater observations are also important inputs for stress calculations used in 

CPTu interpretation, as illustrated by Equation (2). However, groundwater levels measured 

during individual investigations may be affected by the timing and method of measurement, 

recent rainfall, and local drainage conditions. The three observations should not be treated as a 

long-term groundwater contour map. Additional monitoring would be needed to establish 

seasonal variation and design groundwater levels. 

3.4. Integration of CPTu and Borehole Information. 

The CPTu soundings reached depths of 5.58 m and 5.28 m, whereas the boreholes reached 

depths of 29.50–33.50 m. Consequently, direct CPTu interpretation is limited to the upper 

approximately 5–6 m. The deeper stratigraphic sequence must be established from the borehole 

logs, SPT records, and any additional investigation data. Within the overlapping shallow 

interval, the methods can be integrated by comparing CPTu response changes with the soil 

descriptions and SPT measurements at nearby depths. A close match between a change in cone 

response and a documented soil boundary would support the interpretation of a local transition. 
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A mismatch would not necessarily indicate an error: the tests sample different volumes of soil, 

and the boreholes and soundings may not be colocated. CPT-based soil classification is useful 

for identifying changes in soil behavior, but the resulting boundaries can be affected by 

measurement noise, parameter correlation, and geological variability [3, 5, 9]. Accordingly, the 

interpretation should distinguish between observed borehole boundaries and CPTu-based 

behavioral classifications. Figure 4 should present the integrated shallow interpretation while 

distinguishing observed borehole boundaries from CPTu-based interpretations. Deeper 

borehole layers should not be extended into the CPTu profile as though they were directly 

measured by the cone. 

 

 

Figure 4. Integrated Shallow Stratigraphic Interpretation Comparing Cptu Response with Nearby Borehole 

Descriptions and SPT Observations within the Common Investigation Depth. 

3.5. Preliminary OCR interpretation. 

The OCR provides information about the stress history of cohesive soils and is relevant to 

evaluating compressibility and settlement behavior. OCR is defined as the ratio of 

preconsolidation effective stress to the current vertical effective stress, as expressed in Equation 

(6). Its determination therefore depends on accurate stress calculations and the adopted method 

for estimating preconsolidation stress. Previous studies have investigated OCR interpretation 

in stiff clays using CPT and SPT measurements, while more recent research has examined 

CPTu-based approaches for estimating OCR and undrained shear strength [4, 7, 10]. These 

methods require appropriate input measurements, clearly defined empirical relationships, and 

documented calculation procedures to ensure reliable interpretation. 

Figure 5 presents the preliminary OCR profile obtained from the original investigation 

data, showing relatively low estimated OCR values at several depths. However, the calculation 

procedures, input parameters, and empirical relationships used to generate these values are not 

sufficiently documented. Consequently, the plotted values cannot be considered independently 
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verified estimates of soil stress history. In particular, OCR values substantially below unity 

require careful examination of parameter definitions, stress normalization, units, and the 

calculation methods employed. Although the preliminary profile illustrates variations in the 

reported OCR estimates with depth, these variations cannot be interpreted as a reliable 

quantitative trend without additional verification. Furthermore, the available borehole 

descriptions provide qualitative information about soil consistency but are insufficient to 

establish a validated numerical OCR profile. A more reliable assessment would require 

reprocessing the original CPTu measurements using an appropriate, documented estimation 

method and, where possible, validating the results against laboratory consolidation tests. 

Therefore, the OCR values presented in Figure 5 should be regarded as preliminary estimates 

rather than confirmed indicators of soil stress history. 

 

 
Figure 5. OCR Profile, if Retained from the Original Analysis, Should Identify the Adopted Estimation Method, 

Input Parameters, Units, and the Distinction Between Calculated Values and Independently Measured Values. 

3.6. Undrained Shear-Strength Interpretation. 

Undrained shear strength (su) is an important geotechnical parameter for evaluating the 

behavior of cohesive soils, particularly in short-term stability analyses, foundation design, and 

excavation assessments. Equation (7) presents an empirical approach for estimating undrained 

shear strength from CPTu measurements. The estimated values depend on corrected cone 

resistance, total vertical stress, and the selected empirical cone factor. Previous research has 

investigated CPTu-based estimation of undrained shear strength and overconsolidation ratio 

(OCR), emphasizing the importance of selecting appropriate estimation methods and 

accounting for assumptions associated with cone penetration measurements [4]. Similarly, 

numerical modeling and advanced CPT interpretation studies have demonstrated that deriving 

mechanical soil properties from penetration resistance requires a reliable relationship between 

measured responses and the geotechnical parameters being estimated [8, 15]. Consequently, 

the accuracy of CPTu-based shear-strength estimates depends on the quality of the input 

measurements, the suitability of the empirical correlations, and the geological characteristics 

of the investigated soils. 

Figure 6 illustrates the preliminary undrained shear-strength estimates derived from 

CPTu-01, CPTu-02, and SPT measurements at selected depths. The graphical comparison 

provides an initial indication of variations in estimated shear strength with depth and 

differences between the investigation methods. However, the calculation procedures, selected 
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cone factors, conversion methods, and depth correspondence between CPTu and SPT 

measurements are not sufficiently documented. These limitations prevent the development of 

a validated continuous shear-strength profile and restrict direct quantitative comparisons 

between the two methods. Furthermore, the original graphical presentation expresses shear 

strength in kg/cm², which should be clarified as kgf/cm² when referring to kilogram-force per 

unit area. For consistency with international geotechnical practice, the values should preferably 

be expressed in kilopascals (kPa), using the conversion factor of 1 kgf/cm² ≈ 98.07 kPa. The 

CPTu- and SPT-derived estimates presented in Figure 6 should also be clearly distinguished 

according to their respective calculation methods, as these values cannot be considered directly 

equivalent without appropriate calibration and validation. 

 
Figure 6. Preliminary Undrained Shear-Strength Estimates from Cptu and SPT. The Final Figure Should 

Identify the Estimation Method, Cone Factor Or SPT Correlation, Depth-Matching Procedure, and Units. 

The borehole descriptions indicate variations in the consistency of fine-grained soil 

layers, suggesting that undrained shear strength may vary with depth and local stratigraphic 

conditions. However, qualitative field descriptions alone cannot independently verify the 

numerical shear-strength estimates obtained from empirical relationships. In addition, 

variations in soil composition, stress history, groundwater conditions, and penetration 

resistance may introduce further uncertainty into the estimated strength parameters. 

Establishing a reliable quantitative shear-strength profile therefore requires access to the 

original CPTu measurements, clearly documented empirical cone factors, and independent 

strength measurements obtained through appropriate laboratory or in situ testing. These 

findings emphasize that the available shear-strength estimates should be regarded as 

preliminary indicators of cohesive soil behavior rather than validated design parameters. 

Further investigation and calibration are necessary before these estimates can be confidently 

applied to foundation design, excavation stability assessment, or other geotechnical 

engineering applications. 

3.7. CPTu–SPT Correlation. 

The preliminary relationship between CPTu-01 and BH-02 is expressed in Equation (8), with 

a reported coefficient of determination of R2 = 0.8075, as presented in Equation (9). This 

coefficient indicates that the fitted linear regression model explains a substantial proportion of 

the variation in the response variable within the original dataset. However, the strength, 

reliability, and generalizability of this relationship cannot be determined solely from the 

coefficient of determination. Additional statistical evaluation is necessary to establish whether 
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the observed relationship adequately represents the subsurface conditions and can be applied 

to predictive geotechnical assessments. 

Figure 7 presents the preliminary CPTu–SPT correlation for CPTu-01 and BH-02, 

illustrating the relationship between the reported penetration resistance parameters. The 

available summary includes three representative data points, with N60 values of approximately 

11, 15, and 36 and corresponding normalized response values of approximately 1.70, 2.20, and 

0.60, respectively. A regression recalculated using these three rounded data pairs produces a 

relationship that is similar to, but not identical to, the originally reported equation. This 

discrepancy may be attributed to numerical rounding or the inclusion of additional observations 

in the original regression analysis. However, because the complete dataset and number of 

observations are unavailable, the reported equation cannot be independently verified. 

Therefore, the relationship illustrated in Figure 7 should be regarded as a preliminary empirical 

correlation rather than a fully validated regression model. 

 
Figure 7. Preliminary CPTu–SPT correlation for CPTu-01 and BH-02. 

Before the proposed correlation can be applied to predictive geotechnical assessments, 

several methodological aspects require further clarification, including the number of paired 

observations, the allowable depth-matching tolerance, the precise definitions of the regression 

variables, the application of energy corrections to obtain \(N_{60}\), and the statistical 

independence of the observations. These factors are essential for evaluating the reliability and 

reproducibility of the regression model. Furthermore, statistical significance, confidence 

intervals, and prediction errors cannot be established from the reported coefficient of 

determination alone. Previous research on region-specific CPT–SPT correlations has 

demonstrated that geological heterogeneity, soil characteristics, and statistical uncertainty can 

substantially influence the performance and applicability of empirical relationships [11]. 

Consequently, the correlation presented in Figure 7 should not be directly extrapolated to other 

geological settings or soil types without appropriate calibration and independent validation. 

The selection of CPTu-01 and BH-02 as the strongest reported correlation may be 

associated with similarities in their spatial locations and stratigraphic characteristics. 

Nevertheless, the absence of verified investigation coordinates and complete depth-matched 

measurements prevents an objective assessment of whether this pairing provides a more 

reliable relationship than other possible CPTu–SPT combinations. Differences in soil layering, 

groundwater conditions, and penetration depths may also influence the observed correlation. 

Accordingly, the reported relationship should be interpreted as an exploratory, site-specific 

finding rather than a universally applicable predictive model. Further investigations involving 

additional CPTu soundings, borehole measurements, and statistically verified depth-matched 
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datasets are recommended to improve the reliability of the correlation and assess its potential 

application in geotechnical site characterization. 

3.8. Comparison with Previous Research. 

Previous CPTu research has examined the estimation of stress history and undrained shear 

strength from cone measurements [4, 7, 10]. Studies on CPT-based classification have 

investigated the influence of normalized parameters, data cross-correlation, and measurement 

noise on the identification of soil layers [8, 9, 17]. Other research has explored the use of soil-

behavior-type indices in applications involving layered deposits and foundation performance 

[12, 13]. Recent work on region-specific CPT–SPT correlations highlights the importance of 

accounting for regional variability and uncertainty when relating penetration measurements to 

soil properties [11]. Studies of dynamic penetration, friction-angle estimation, and the 

influence of soil layering further demonstrate that penetration resistance is affected by the test 

method and the characteristics of the material being penetrated [14, 16, 19]. The present site 

illustrates why this caution is necessary. The borehole logs show alternating fine-grained and 

granular materials, weathered sedimentary intervals, and variation in groundwater level. A 

correlation calibrated in a uniform deposit may not represent all these materials equally. In 

addition, the CPTu soundings cover only the shallow portion of the borehole profiles, 

restricting the range of depths over which a direct comparison can be made. Accordingly, the 

principal contribution is not a universal CPTu–SPT conversion equation. It is a site-specific 

assessment of the benefits and limits of combining shallow CPTu measurements with deeper 

borehole descriptions and SPT records. Future work should test the preliminary relationship 

using a larger set of paired observations and report uncertainty as well as goodness of fit. 

3.9. Engineering Implications. 

The findings have several practical implications for preliminary geotechnical planning. First, 

the observed stratigraphic variability suggests that a single generalized soil profile should not 

be assumed to represent the entire site. Foundation selection should be based on the expected 

foundation loads, settlement criteria, verified soil parameters, and the depth and continuity of 

competent layers. CPT-based soil-behavior-type interpretation may support the identification 

of relevant layers, but the results should be considered alongside borehole observations and 

other geotechnical evidence [5, 12]. The current records are useful for preliminary planning 

but do not, by themselves, establish a final foundation type or design capacity. Second, the 

variation in recorded groundwater levels indicates that groundwater conditions should be 

considered in excavation planning and temporary works. Where excavations extend below the 

recorded groundwater level, the potential need for groundwater monitoring, drainage, or 

temporary dewatering should be assessed by the geotechnical designer. Third, the shallow 

CPTu penetration depth limits the use of CPTu alone for evaluating deeper bearing layers or 

settlement-sensitive strata. If the design depends on deeper soil conditions, additional CPTu 

soundings or other suitable in-situ and laboratory investigations should be considered. Finally, 

the reported CPTu–SPT relationship should be used only as a preliminary site-specific 

comparison until the paired data, variable definitions, and correction procedures have been 

verified. It should not be used as a substitute for direct design parameter assessment. 
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3.10. Limitations. 

This study is subject to several limitations. The CPTu soundings terminate at depths of 5.58 m 

and 5.28 m, whereas the boreholes extend to 29.50–33.50 m. Consequently, direct CPTu–SPT 

comparison is limited to the shallow overlapping interval. Exact horizontal distances among 

investigation points could not be verified from the available records. The supplied borehole 

records contain SPT values, but complete correction information for deriving N60 is not 

available. The complete CPTu dataset, including raw cone resistance, sleeve friction, and pore-

pressure measurements, was also not available for independent recalculation. The preliminary 

OCR and shear-strength plots do not provide sufficient methodological detail to validate their 

numerical values. In addition, the complete paired dataset and number of observations 

underlying the reported regression were not available. These limitations are important because 

CPTu-based classification and parameter estimation depend on the quality of the input data, 

the selected interpretation method, and the geological context [4, 8, 9]. Likewise, CPT–SPT 

correlations may be sensitive to regional conditions and the definition and correction of the 

variables used [11]. Consequently, the stratigraphic observations and recorded SPT values can 

be described, while the numerical OCR profile, shear-strength profile, and regression statistics 

should be interpreted cautiously. Further investigation and data verification are necessary 

before these estimates are adopted as design parameters.. 

4. Conclusions 

This study evaluated the integration of CPTu and SPT measurements for geotechnical site 

characterization at Kampung Sawah, BSD–Tangerang, Indonesia. The results confirmed 

heterogeneous subsurface conditions comprising silty clay, clayey silt, sand, gravelly sand, 

weathered sandstone, and siltstone, with variations in layer thickness and stratigraphic 

sequences among the three boreholes. SPT measurements revealed relatively high penetration 

resistance in several sandy and weathered-material intervals, whereas fine-grained layers 

exhibited greater variability. Groundwater levels ranged from 1.50 to 4.70 m below ground 

level, indicating spatial differences that may influence preliminary geotechnical assessments. 

However, these measurements do not represent long-term groundwater fluctuations. CPTu 

soundings reached depths of approximately 5–6 m, limiting their application to shallow 

subsurface characterization, while deeper stratigraphic interpretation relied on borehole 

descriptions and SPT records. A preliminary CPTu–SPT correlation between CPTu-01 and 

BH-02 yielded a coefficient of determination of \(R^2 = 0.8075\), suggesting a potentially 

useful site-specific relationship. Nevertheless, its predictive reliability remains uncertain 

because the complete dataset, depth-matching procedures, and SPT correction factors have not 

been verified. Similarly, the available OCR and undrained shear-strength estimates cannot be 

considered validated quantitative profiles without documented calculation procedures and 

independent calibration. Overall, the findings demonstrate that integrating CPTu, SPT, 

borehole stratigraphy, and groundwater observations provides a more comprehensive 

characterization of heterogeneous subsurface conditions than relying on individual 

investigation methods. However, the available evidence is insufficient to establish a validated 

predictive CPTu–SPT relationship or definitive soil-strength parameters. Further investigations 

involving deeper CPTu soundings, standardized SPT corrections, verified depth-matched 
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measurements, and laboratory testing are recommended to improve the reliability of 

geotechnical assessments and support foundation design. 
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