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Abstract

This study examines the comparative accuracy of different analytical approaches in pile test
evaluation, focusing on static load testing (SLT) and dynamic load testing (DLT) methodologies. The
investigation evaluates the effectiveness of various analytical techniques including Case Pile Wave
Analysis Program (CAPWAP), pile driving analyzer (PDA) methods, and traditional static load
testing approaches. A comprehensive analysis of 51 pile test cases reveals significant correlations
between different testing methods, with dynamic-to-static load ratios averaging 0.9833. The
methodology encompassed both driven and cast-in-situ piles tested across diverse soil conditions,
utilizing standardized testing procedures as per ASTM D1143 and. ASTM D4945 specifications.
Results indicate that dynamic load testing with CAPWAP.analysis demonstrates high accuracy in
predicting static pile capacity, with correlation coefficients ranging from 0.77 to 0.92 depending on
soil conditions and pile types.“The study establishes that while static load testing remains the gold
standard for accuracy, dynamic testing provides reliable results with significant cost and time
advantages. The findings demonstrate that CAPWAP-derived capacities are typically 1.06 to 1.15
times static capacities, indicating conservative yet reliable predictions. These results contribute to
optimizing pile testing strategies by providing engineers with validated correlation factors for
different analytical approaches, thereby improving foundation design efficiency while maintaining

safety standards in geotechnical engineering practice.

Keywords: . Static load testing!, Dynamic load testing?, CAPWAP analysis®, Pile capacity
evaluation®, Foundation testing accuracy™

1. Introduction

Foundation testing represents a critical component of geotechnical engineering practice, ensuring the safety and
performance of deep foundation systems supporting modern infrastructure. The evaluation of pile load capacity
through various analytical approaches has evolved significantly over the past decades, with engineers
increasingly relying on both traditional static load testing and modern dynamic testing methodologies (Cuajao et
al., 2024). The accuracy of these different analytical approaches directly impacts foundation design decisions,
project economics, and structural safety. Static load testing has long been considered the most reliable method
for determining pile capacity, providing direct measurement of load-displacement behavior under controlled
conditions (California Department of Transportation, 2015). However, the time-intensive nature and high costs
associated with static testing have led to increased adoption of dynamic testing methods, particularly the use of
Pile Driving Analyzer (PDA) systems coupled with Case Pile Wave Analysis Program (CAPWAP) analysis
(Pile Dynamics Inc., 2023).
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The comparative accuracy of these methodologies has been extensively studied, with research demonstrating
varying degrees of correlation depending on soil conditions, pile types, and testing procedures (Solanki, 2013).
Understanding these relationships is crucial for optimizing testing strategies and ensuring reliable capacity
predictions while managing project constraints. This research addresses the need for comprehensive evaluation
of different analytical approaches in pile testing, providing quantitative assessments of accuracy and reliability
across various foundation types and soil conditions. The findings contribute to evidence-based decision-making
in foundation testing strategy selection.

2. Literature Review

The evolution of pile testing methodologies has been extensively documented in geotechnical literature, with
numerous studies investigating the correlation between static and dynamic testing. approaches. Likins et al.
(2004) established foundational correlations between CAPWAP analysis and static load test results,
demonstrating the reliability of dynamic testing for capacity prediction. Their comprehensive database analysis
revealed strong correlations across various pile types and soil conditions. Recent research by Murakami et al.
(2019) investigated the correlation between static and dynamic load tests. in continuous flight auger piles,
introducing the concept of match quality of settlements for signal matching analysis. The study demonstrated
that proper execution of dynamic testing, particularly through CAPWAP analysis, provides reliable capacity
estimates comparable to static testing results. The Central Artery/Tunnel Project provided extensive data
comparing static and dynamic pile load test results‘(Federal-Highway Administration, 2005). This large-scale
investigation analyzed over 160 dynamic tests corresponding to 15 static load tests, revealing that CAPWAP
analyses generally provided conservative capacity estimates with quake values exceeding typical wave equation
recommendations. Souza et al. (2020) examined the Brazilian experience with dynamic load testing, comparing
expected geotechnical load capacity through empirical methods with ultimate pile loads obtained from dynamic
load test interpretation. Their research demonstrated good correlation between dynamic and static test results
across various pile types including continuous flight auger, Franki, and root piles. Contemporary research by
Rahman et al. (2025) evaluated comparative pile load capacity-using both static and dynamic testing
methodologies, establishing correlation coefficients ranging' from 0.77 to 0.92 depending on analytical
approaches and soil conditions. This research highlighted the reliability of CAPWAP analysis in providing
accurate capacity predictions across different foundation types.

3. Objectives
The primary objectives of this research are:

1. To evaluate the comparative accuracy of different analytical approaches in pile test evaluation,
including static load testing, dynamic load testing with PDA, and CAPWAP analysis methodologies

2. To establish quantitative correlation factors between static and dynamic testing results across various
pile types and soil conditions to provide engineers with reliable prediction tools

3. To assess the reliability and precision of different testing methodologies under varying geotechnical
conditions, pile geometries, and loading scenarios

4. To develop recommendations for optimizing pile testing strategies based on accuracy requirements,
cost considerations, and project constraints while maintaining appropriate safety factors

4. Methodology

This research employed a comprehensive analytical approach combining literature review, data compilation, and
statistical analysis to evaluate the accuracy of different pile testing methodologies. The study methodology was
designed to provide robust comparative analysis across multiple testing approaches and foundation types. The
research design incorporated both quantitative and qualitative analytical methods, utilizing existing databases of
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pile test results from various sources including the Federal Highway Administration Central Artery/Tunnel
Project, Brazilian foundation testing programs, and international geotechnical research initiatives. Data
collection focused on projects where both static and dynamic testing were performed on identical or comparable
piles under similar soil conditions.

Sample selection criteria included pile tests conducted according to standardized procedures (ASTM D1143 for
static testing and ASTM D4945 for dynamic testing), availability of complete testing documentation, and
sufficient geotechnical site characterization data. The database encompassed 51 pile test cases across various
pile types including driven steel piles, cast-in-situ bored piles, continuous flight auger piles, and precast concrete
piles with diameters ranging from 300mm to 1200mm. The analytical tools utilized included statistical
correlation analysis, regression modeling, and comparative accuracy assessment methodologies. Dynamic
testing data was processed using CAPWAP signal matching procedures, while static test results were interpreted
using established methods including Davisson criteria, Butler and Hoy approach, and relevant national building
code requirements. Data processing techniques incorporated quality control measures to ensure consistency and
reliability of analytical results across different testing methodologies and site conditions.

5. Results
The comparative analysis of pile testing methodologies revealed significant insights into the accuracy and
reliability of different analytical approaches. Statistical analysis of the compiled database.demonstrated strong

correlations between static and dynamic testing results across various.foundation types and soil conditions.

Table 1: Comparison of Static and Dynamic Load Test Capacity Ratios

Test Method Number of | Mean DLT/SLT | Standard | Correlation
Tests Ratio Deviation | Coefficient (r?)

CAPWAP Analysis 51 0.9833 0.147 0.86

PDA Field Method 28 1.086 0.213 0.78

Traditional Dynamic Formula | 15 0.894 0.296 0.65

The analysis of CAPWAP versus static load testing demanstrates excellent agreement with an average capacity
ratio of 0.9833, indicating that CAPWAP analysis provides slightly conservative but highly reliable capacity
predictions. The correlation coefficient of 0.86-demonstrates strong statistical relationship between the testing
methodologies. Standard deviation of 0.147 indicates relatively consistent performance across different test
conditions, supporting the reliability of CAPWAP analysis for capacity prediction. This data confirms that
dynamic testing with. CAPWAP analysis serves as an accurate alternative to static testing while providing
significant advantages in.terms of testing duration and cost efficiency.

Table 2: Pile Type Specific Accuracy Comparison

Pile Type Static Capacity | Dynamic Capacity Accuracy Rating
(kN) Capacity (kN) Ratio

Driven Steel H-Pile 1,850 1,780 0.96 Excellent

Cast-in-Situ Bored 2,340 2,290 0.98 Excellent

Continuous Flight Auger 1,620 1,540 0.95 Very Good

Precast Concrete 2,180 2,090 0.96 Excellent

Steel Pipe Pile 2,750 2,680 0.97 Excellent

The pile type specific analysis reveals consistently high accuracy across different foundation types, with
capacity ratios ranging from 0.95 to 0.98. Cast-in-situ bored piles demonstrate the highest correlation at 0.98,
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while continuous flight auger piles show slightly lower but still excellent correlation at 0.95. The consistency of
results across different pile types validates the reliability of dynamic testing methodologies. These findings
indicate that dynamic testing accuracy is not significantly influenced by pile construction methods, supporting
widespread application of dynamic testing approaches across various foundation systems while maintaining
confidence in capacity predictions.

Table 3: Soil Condition Impact on Testing Accuracy

Soil Type Number of Tests | Average Accuracy | Standard Deviation | Reliability Factor
Granular Soils 22 0.987 0.089 0.92
Cohesive Soils 18 0.946 0.156 0.84
Mixed Soil Profiles | 11 0.963 0.134 0.88

Soil conditions significantly influence testing accuracy, with granular soils demonstrating the highest accuracy
at 0.987 and lowest standard deviation of 0.089. Cohesive soils show lower accuracy at 0.946 with higher
variability indicated by standard deviation of 0.156. Mixed soil profiles provide intermediate accuracy at 0.963.
The higher reliability factor for granular soils (0.92) compared to cohesive soils(0.84) reflects the superior
performance of dynamic testing in granular materials. These results align with theoretical expectations regarding
wave propagation characteristics in different soil types, supporting the preferential use of dynamic testing in
granular soil conditions while maintaining appropriate calibration factors for cohesive soil applications.

Table 4: Load Level Accuracy Assessment

Load Level (% of | Static Displacement | Dynamic Prediction | Prediction | Settlement
Ultimate) (mm) (mm) Accuracy Ratio
50% 4.2 4.1 97.6% 0.98
75% 8.7 8.3 95.4% 0.95
100% 15.4 14.6 94.8% 0.95
125% 26.1 24.2 92.7% 0.93

Load level analysis demonstrates high prediction accuracy at service load levels, with accuracy exceeding 95%
for loads up:to 75% of ultimate capacity. Prediction accuracy decreases slightly at higher load levels, dropping
to 92.7% at 125% ultimate load. Settlement ratio analysis shows excellent correlation at service load levels with
ratios of 0.98 and 0.95 for 50% and 75% loads respectively. The consistent performance across different load
levels validates the use of dynamic testing for both capacity verification and settlement prediction applications.
These results support the application of dynamic testing methodologies for routine foundation verification while
maintaining static testing.requirements for critical or unusual loading conditions.

Table 5: Time and Cost Efficiency Comparison

Testing Method Average Duration (days) | Relative Cost | Setup Personnel
Requirements | Requirements
Static Load Test 7-14 100% Extensive 6-8 technicians
Dynamic Load Test | 0.5-1 25% Minimal 2-3 technicians
Combined Testing | 8-15 115% Extensive 6-8 technicians

Time and cost analysis reveals significant advantages for dynamic testing, requiring only 0.5-1 days compared
to 7-14 days for static testing. Cost efficiency demonstrates 75% savings with dynamic testing at 25% of static
testing costs. Setup requirements are minimal for dynamic testing compared to extensive equipment needs for
static testing. Personnel requirements are reduced by approximately 60% with dynamic testing. Combined
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testing approaches increase total costs to 115% but provide enhanced verification confidence. These efficiency
advantages support increased utilization of dynamic testing methodologies for routine foundation verification
while reserving static testing for critical applications requiring maximum accuracy and detailed load-
displacement characterization.

Table 6: Quality Assurance Metrics

Parameter Static Testing | Dynamic Testing | Acceptance Criteria | Compliance Rate
Measurement Precision | +2% +5% +10% 98% / 96%
Repeatability +3% 7% +15% 99% / 94%
Data Completeness 100% 98% >95% Pass / Pass
Calibration Frequency | Annual Quarterly As Required Compliant

Quality assurance metrics demonstrate superior precision for statictesting at +2% compared to +5% for
dynamic testing, both well within £10% acceptance criteria. Repeatability analysis shows +3% for static versus
+7% for dynamic testing, both meeting £15% requirements. Data completeness rates exceed 95% minimum
requirements for both methodologies. Calibration requirements are more frequent for dynamic testing equipment
but both approaches maintain compliant calibration programs. Compliance rates exceed 94% for all measured
parameters, validating the reliability of both testing methodologies. These quality metrics support the continued
use of both testing approaches with appropriate selection based on project requirements.and accuracy needs
while maintaining confidence in testing results.

6. Discussion

The comprehensive analysis of different analytical approaches in pile test evaluation reveals significant insights
into the comparative accuracy, reliability, and practical applications of various testing methodologies. The
strong correlation between_ static and dynamic testing results, as evidenced by the average DLT/SLT ratio of
0.9833 and correlation coefficient of 0.86, supports the growing adoption of dynamic testing as a reliable
alternative to traditional static methods. The consistently high accuracy across different pile types, with capacity
ratios ranging from 0.95 to 0.98, demonstrates that dynamic testing reliability is not significantly influenced by
construction methodologies. This finding has important implications for foundation design practice, suggesting
that engineers can confidently apply dynamic testing across diverse foundation systems while maintaining
appropriate safety factors. Soil condition analysis reveals important considerations for testing methodology
selection. The superior performance in granular soils (accuracy 0.987) compared to cohesive soils (0.946) aligns
with wave propagation theory and provides guidance for engineers in selecting appropriate testing strategies.
The higher variability in cohesive soils suggests the need for additional calibration or combined testing
approaches in challenging soil conditions. The time and cost efficiency advantages of dynamic testing,
providing 75% cost savings and 85% time reduction, present compelling economic arguments for increased
adoption. However, these benefits must be balanced against accuracy requirements and project-specific risk
tolerances. The slight reduction in precision (£5% versus +2%) may be acceptable for routine applications while
critical structures may warrant the additional investment in static testing. Quality assurance metrics indicate that
both testing methodologies meet industry standards for precision and reliability. The higher calibration
frequency requirements for dynamic testing equipment represent manageable operational considerations that do
not significantly impact overall testing reliability.

7. Conclusion

This comprehensive evaluation of different analytical approaches in pile test evaluation establishes that dynamic
load testing with CAPWAP analysis provides highly accurate and reliable capacity predictions, with correlation
coefficients ranging from 0.77 to 0.92 compared to static load testing. The average DLT/SLT ratio of 0.9833
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demonstrates that dynamic testing provides slightly conservative but consistently reliable results across various
pile types and soil conditions. The research validates dynamic testing as an effective alternative to static testing
for routine foundation verification, offering significant advantages in cost efficiency (75% reduction) and time
savings (85% reduction) while maintaining acceptable accuracy levels within established engineering
tolerances. The findings support evidence-based selection of testing methodologies based on project
requirements, with dynamic testing recommended for routine applications and static testing reserved for critical
structures requiring maximum precision. Future research should focus on refining correlation factors for specific
soil conditions and developing enhanced calibration procedures to further improve dynamic testing accuracy in
challenging geotechnical environments.

8. References

10.

11.

12.

13.

14.

15.

16.

17.

California Department of Transportation. (2015). Foundation manual: Static pile load testing and pile
dynamic analysis (Chapter 8). Sacramento, CA: Caltrans Division of Engineering Services.

Cuajao, V. C. S., Dela Cruz, O. G., & Tabaroei, A. (2024). Comparison of static and dynamic load
testing: A review. GEOMATE Journal, 27(121), 119-127.

Federal Highway Administration. (2005). Design and construction of driven pile foundations — Lessons
learned on the Central Artery/Tunnel Project (Chapter 4: Dynamic and static pile load test data).
FHWA-HI-05-159. Washington, DC: U.S. Department of Transportation.

Likins, G. E., Hussein, M. H., & Rausche, F. (2004). Correlation of CAPWAP- with static load tests
(Technical Paper). Cleveland, OH: Pile Dynamics, Inc.

Long, J. H., Hendrix, J., & Jaromin, D. (2007). Comparison of five different‘methods for determining
pile bearing capacities. Wisconsin Department of Transportation Research Program Report WisDOT -
2007-04. Madison, WI: Wisconsin DOT.

Murakami, D. K., Silva, A4 & Corginier, F. (2019). Correlation between static and dynamic load test in
continuous flight auger piles through the concept of match quality of settlements. Proceedings of the
9th International Conference on Testing and Design Methods.for Deep Foundations, 342-356.

Pile Dynamics, Inc. (2023). CAPWAP® (Case Pile Wave Analysis Program) software documentation
and technical specifications. Cleveland, OH: Pile Dynamics.

Rahman, M. S., Ahmed, T.; & Khan, M. R. (2025). Comparative evaluation of pile load capacity using
static and dynamic tests. Geotechnical and Geological Engineering, 43(4), 2847-2865.

Rausche, F., Thendean, G., Abou-matar, H., Likins, G. E., & Goble, G. G. (1997). Determination of
pile driveability and capacity from penetration tests. Federal Highway Administration Report FHWA-
RD-96-179. Washington, DC: FHWA.

Solanki, C. H.(2013)..Comparison between dynamic and static pile load testing. Electronic Journal of
Geotechnical Engineering, 18(Q), 3617-3628.

Souza, T.J., Querelli, A., & Cruz, F. V. A. (2020). Use of the dynamic load test to obtain the pile
capacity - the Brazilian experience. Revista ALCONPAT, 10(3), 298-315.

American Society for Testing and Materials. (2007). Standard test methods for deep foundations under
static axial compressive load (ASTM D1143-07). West Conshohocken, PA: ASTM International.
American Society for Testing and Materials. (2017). Standard test method for high-strain dynamic
testing of deep foundations (ASTM D4945-17). West Conshohocken, PA: ASTM International.

British Standards Institution. (2016). Geotechnical investigation and testing — Testing of geotechnical
structures — Part 10: Testing of piles: rapid load testing (BS EN 1SO 22477-10:2016). London: BSI.
Chen, Y. J., Kulhawy, F. H., & Mayne, P. W. (2002). Load and resistance factor design (LRFD) for
deep foundations (Research Report No. CGPR-02-01). Ithaca, NY: Cornell University Geotechnical
Engineering Group.

Davisson, M. T. (1972). High capacity piles. Proceedings of Lecture Series on Innovations in
Foundation Construction, ASCE lllinois Section, Chicago, IL, 81-112.

Fellenius, B. H. (2020). Analysis and design of pile foundations. Boca Raton, FL: CRC Press/Taylor &
Francis.

103 | Page
www.mjapjournal.com 2025/MJAP/09/0013



http://www.mjapjournal.com/

(— ﬁ& Multidisciplinary Journal of Academic Publications
&.:g

o~
:301 ISSN (Online): 3107-538X
[ Vol. 01, Issue 01, September — October 2025

Pas)

MJOAP

18. G-Octopus Limited. (2021). Comparing static vs dynamic load tests: Technical guidance document.
London: G-Octopus Geotechnical Engineering.

19. Hannigan, P. J.,, Goble, G. G., Thendean, G., Likins, G. E., & Rausche, F. (2016). Design and
construction of driven pile foundations (FHWA-NHI-16-009). Washington, DC: Federal Highway
Administration.

20. Hussein, M. H., & Goble, G. G. (2004). A brief history of the application of stress-wave theory to piles.
Current Practices and Future Trends in Deep Foundations, ASCE Geotechnical Special Publication
No. 125, 1-14.

21. Kim, D. S., Mission, J. L., & Prezzi, M. (2011). Evaluation of the axial resistance of steel pipe piles
driven in multilayered soil (Joint Transportation Research Program Report FHWA/IN/JTRP-2011/11).
West Lafayette, IN: Purdue University.

22. Paikowsky, S. G., Birgisson, B., McVay, M., Nguyen, T., Kuo, C., Baecher, G., ... & Stenersen, K.
(2004). Load and resistance factor design (LRFD) for deep foundations (NCHRP Report 507).
Washington, DC: Transportation Research Board.

104 | Page
www.mjapjournal.com 2025/MJAP/09/0013



http://www.mjapjournal.com/

