


PERFORMANCE EVALUATION OF DRIVEN PILES IN LAGOS, NIGERIA

ABSTRACT: Driven pile foundations are essential for supporting structures in regions with weak and compressible soils, particularly in rapidly developing coastal cities such as Lagos, Nigeria. The city’s rapid urbanization and growing infrastructure demand have made deep foundation systems indispensable in overcoming geotechnical challenges posed by high groundwater levels, thick compressible clay layers, and spatially variable subsoil profiles. This study presents a comprehensive performance evaluation of driven piles installed at Ilubirin, Lagos, using full-scale field testing. A total of 30 precast reinforced concrete piles, each with a 360 mm × 360 mm cross-section and driven to depths between 31.0 m and 36.5 m, were subjected to static axial load tests using the Kentledge method. The design safe working load was 700 kN; however, test loads were applied up to 3150 kN. Measured settlements under maximum test loads ranged from 8.00 mm to 19.00 mm, with rebound values between 0.00 mm and 0.13 mm. Results indicated that all tested piles maintained stable load–settlement behavior without plunging failure, confirming effective load transfer primarily through end-bearing resistance mobilized at dense sand strata. Comparative analyses of predictive methods revealed that the Chin–Kondner method achieved the highest average factor of safety (3.82), while the Danish dynamic formula showed the closest agreement with measured failure loads (relative accuracy: −35.17%). Static analysis using the Unified Pile Design (UPD) method overestimated capacity by about 100%, whereas the API method underestimated by approximately 30%. Overall, the study confirms that driven precast piles in Lagos can carry loads exceeding twice their safe working capacity without breaching settlement limits, indicating that current design practices are conservative. These findings provide quantitative guidance for geotechnical engineers working in coastal and estuarine regions with soft subsoils, promoting safer and more economical deep foundation design through informed method selection and validation by load testing.
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INTRODUCTION
Driven pile foundations have long been recognized as a fundamental solution for transmitting structural loads to deeper, more stable strata in areas with weak or problematic surface soils (Broms, 1964; Meyerhof, 1976). These piles, which are pre-manufactured and installed by mechanical driving, are widely utilized in both onshore and offshore projects due to their high load-bearing capacity, rapid installation, and effectiveness across diverse geotechnical conditions (Gavin & Lehane, 2003; Likins & Rausche, 2000). In the Nigerian context, particularly in coastal urban centres like Lagos, the use of driven piles has become increasingly prevalent (O’Neill & Reese, 1999). This trend is fuelled by rapid urban expansion, rising demand for high-rise developments, and the need to overcome the challenges posed by difficult subsoil conditions. Lagos, located in the southwestern part of Nigeria along the Atlantic coast, is characterized by complex subsurface geology, a high groundwater table, and highly compressible clayey deposits (Ni et al., 2011). Much of the city is built on young alluvial and lagoonal soils, which tend to be heterogeneous and often exhibit poor engineering properties. These include low bearing capacity, high moisture content, and considerable settlement potential (ASTM D5882-16, 2016; BS 8004, 1986). Such unfavourable conditions make shallow foundations unsuitable for most medium- to high-rise structures, increasing the reliance on deep foundations to ensure structural safety and serviceability (Atkinson, 2008).
Driven piles, when properly installed, provide a practical and efficient solution to these geotechnical challenges. They interact with the surrounding soil primarily through shaft friction and end-bearing resistance (Meyerhof, 1976; Almeida et al., 1996). The efficiency of these resistance mechanisms depends on several factors including pile geometry, installation energy, soil type, and depth of embedment (DiMaggio & Hussein, 2004). However, in coastal regions like Lagos where the subsurface is stratified and often includes soft clay layers interbedded with silty sands, the behavior of driven piles becomes more complex and site-specific (Lai et al., 2006; Liao et al., 2006). This study was undertaken to evaluate the real-world performance of driven piles installed in Ilubirin, Lagos, using full-scale static axial load testing (ASTM D6760-14, 2014). A total of 30 precast reinforced concrete piles were tested across three project sites within the area. The piles, each measuring 360 mm × 360 mm in cross-section and installed to depths between 31.0 m and 36.5 m, were subjected to axial loads using the Kentledge method (Reese & Van Impe, 2011). Measurements of load versus settlement were recorded, and the performance of each pile was assessed based on stability, settlement behavior, and overall structural adequacy under the applied loads.
The significance of this study lies in its contribution to understanding the in-situ behavior of driven piles in Lagos’s coastal soil environment (Ni et al., 2012). By focusing solely on the outcomes of field load tests, the research provides empirical evidence of how driven piles interact with layered and weak soils typical of the region (Paikowsky & Chernauskas, 2003). It also offers practical insights for construction engineers, geotechnical designers, and infrastructure developers tasked with selecting appropriate foundation systems in similar geologic conditions (Chai et al., 2011). The scope of the research is limited to the structural performance evaluation of driven piles using static load testing results obtained from Ilubirin. No predictive modeling or analytical estimations were performed. Instead, the study emphasizes load-settlement measurements, test pile responses, and field observations to draw conclusions about pile behavior (Massoudi & Teferra, 2004). The outcome is a localized performance-based assessment that reflects the realities of foundation construction in Lagos and similar tropical coastal environments (O’Neill & Reese, 1999).
LITERATURE REVIEW
Pile foundations are essential for the stability of structures constructed on weak or compressible soils. Driven piles, in particular, are extensively used where surface soils cannot safely support loads from superstructures. Their ability to transfer loads to deeper, more stable strata makes them invaluable in areas like Lagos, Nigeria, where soil conditions are highly variable and often problematic (Meyerhof, 1976; Gavin & Lehane, 2003).
Driven piles are prefabricated structural elements that are driven into the ground using mechanical equipment. Their effectiveness arises from the development of both skin friction along the shaft and end-bearing resistance at the tip (Almeida et al., 1996; Broms, 1964). Other pile types include bored piles and continuous flight auger (CFA) piles, which differ in installation technique and performance based on soil conditions (O’Neill & Reese, 1999). While bored piles minimize vibration and noise during installation and are ideal in urban areas, CFA piles reduce soil disturbance and are suited for saturated or soft soils.
In Lagos, driven piles are commonly used due to the compressible clay layers, high groundwater table, and the need for rapid construction schedules (Ni et al., 2011; ASTM D5882-16, 2016). These conditions demand pile foundations that can provide reliable support with minimal settlement (Chai et al., 2011). However, the performance of driven piles in such conditions depends on accurate design and appropriate construction methods (Paikowsky & Chernauskas, 2003; Reese & Van Impe, 2011).
2.1 Geological and Soil Properties in Lagos
Lagos is situated in a coastal region characterized by alluvial and marine deposits comprising silty clay, loose sand, and peat. The soils often exhibit high compressibility and low shear strength, particularly in the soft clay zones that dominate much of the subsurface profile (Gavin & Lehane, 2003; Almeida et al., 1996). These properties necessitate the use of pile foundations to ensure structural safety (Meyerhof, 1976).
The soil variability across Lagos presents a challenge to engineers. For instance, while lateritic soils provide good frictional resistance when dry, they become plastic and lose strength upon saturation (Broms, 1964). Conversely, sandy soils, though less compressible, are prone to liquefaction under dynamic loading (Paikowsky & Chernauskas, 2003). Such heterogeneity requires site-specific geotechnical investigations and tailored pile design strategies (O’Neill & Reese, 1999; ASTM D6760-14, 2014).
2.2 Performance Challenges and Soil-Pile Interaction
Driven piles derive capacity primarily from skin friction and end bearing. In soft clay, the skin friction is typically low, making end bearing the dominant mode of load transfer. In contrast, in sandy soils, friction contributes significantly to the load-bearing capacity (Almeida et al., 1996; Broms, 1964). However, improper pile installation in such soils can reduce the effectiveness of these mechanisms (Likins & Rausche, 2000).
Soil–pile interaction is influenced by several factors including pile material, soil density, installation method, and stress history (Meyerhof, 1976; Gavin & Lehane, 2003). Figure 1 in the thesis illustrates the load transfer mechanism in axially loaded piles, where the total capacity Qu​ is the sum of base resistance Qb and shaft resistance Qs​ (BS 8004, 1986). The importance of understanding this interaction is underlined by Reese and Van Impe (2011), who note that variability in skin resistance can lead to significant overestimation or underestimation of pile performance.
2.3 Empirical Methods Based on SPT and CPT Data
Empirical methods simplify the design process by correlating pile capacity directly to in-situ test results, particularly the Standard Penetration Test (SPT) and Cone Penetration Test (CPT). These methods are attractive due to their ease of application but must be used with caution in soils unlike those from which the methods were derived (Almeida et al., 1996; O’Neill & Reese, 1999).
Aoki and De’Alencar (1975) proposed equations for calculating shaft and base resistance using average SPT values near the pile base:

Where a and k are constants depending on soil type. For sands, a=14a = 14a=14, k=1k = 1k=1; for clays, a=60a = 60a=60, k=0.2k = 0.2k=0.2.
Meyerhof (1976) introduced another popular method using the average SPT value 10D above and 4D below the pile base. Similarly, Decourt (1995) proposed:

For CPT-based predictions, Aoki and De’Alencar (1975) and Penpile (1978) suggested equations such as:

Where qc is the cone resistance, s is sleeve friction, and fb​, Fs​ are empirical constants.
2.4 Load Testing: The Benchmark for Performance
Static pile load testing remains the most reliable method for determining pile performance. It involves the direct measurement of settlement under incremental loads, thus reflecting true field behavior. Though costly and time-consuming, load testing is critical for validating design assumptions and calibrating analytical or empirical methods (Meyerhof, 1976; Likins & Rausche, 2000).
According to Reese and Van Impe (2011), uncertainties in pile design stem from assumptions regarding loading conditions, pile behavior under load, and subsoil reaction. Load testing helps resolve these uncertainties by capturing the real-time interaction between the pile and surrounding soil (Gavin & Lehane, 2003).
2.5 Environmental and Sustainability Considerations
Driven piles, while structurally efficient, can cause environmental disturbances such as noise, vibration, and soil displacement. These effects are particularly relevant in densely populated urban settings like Lagos. Press-in piling methods and vibration monitoring have been suggested as strategies to mitigate environmental impact (Matsumoto et al., 1995).
Sustainable practices also include the use of recycled materials, optimization of pile length, and use of performance-based design rather than prescriptive methods. This shift supports both environmental goals and improved structural performance (Johnston, 2016).
MATERIALS AND METHOD
This study was designed to assess the performance of driven pile foundations under real-world geotechnical conditions in Ilubirin, Lagos, a typical coastal zone characterized by soft clay, silty sand, and high groundwater levels. The methodology integrates soil investigation, pile installation records, field load testing, laboratory analysis, and theoretical computations. The aim was to analyze pile capacity using both field measurements and analytical estimates, and to compare them in order to evaluate predictive accuracy and pile behavior.
3.1 Study Location and Geotechnical Context
The research was carried out at three construction sites in the Ilubirin area, located along the Lagos Lagoon front. The choice of these sites was based on their challenging soil profiles, existing construction activity, and availability of driven pile records. The sites are geologically characterized by alluvial sediments composed of soft clay, silty clay, and sand layers, typically found at depths ranging from 0 to 40 meters. The presence of a high water table and weak near-surface soils necessitated the use of deep foundations shown in Figure 1.
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Figure 1: Study Area Map
3.2 Field Investigation and Subsoil Characterization
At each site, three boreholes were drilled to depths ranging from 35 to 40 meters using rotary drilling equipment. Standard Penetration Tests (SPT) were performed at 1.5-meter intervals to determine in-situ soil resistance. The blow counts were recorded and corrected for overburden pressure and field procedures. Cone Penetration Tests (CPT) were also conducted to obtain continuous resistance profiles for comparative assessment with the SPT results.
Soil samples collected from the boreholes were preserved and transported to the laboratory for classification and strength testing. These included natural moisture content, Atterberg limits, grain size analysis, bulk density, and unconfined compressive strength (UCS) for cohesive soils. The data obtained helped to define the input parameters for pile capacity prediction and analysis. A generalized soil stratification for one of the study sites is presented in Table 3.
Table 1: Generalized Soil Profile at Site A
	Depth (m)
	Soil Description
	SPT (N-value)
	Moisture Content (%)
	Clay Content (%)

	0 - 5
	Soft silty clay
	4
	62
	58

	5 - 12
	Very soft clayey silt
	6
	49
	41

	12 - 20
	Silty sand (medium)
	12
	32
	18

	20 - 36
	Dense sand with gravel
	28
	18
	10


3.2.1 Pile Details and Installation
Precast reinforced concrete piles of square cross-sections (350 mm × 350 mm and 400 mm × 400 mm) were used across the sites. The pile lengths ranged from 31 m to 36.5 m. Driving was executed using a hydraulic hammer, and the pile penetration rate, number of blows per meter, and set per blow were recorded to assess driving resistance. Pile records were reviewed to identify any anomalies during driving, such as sudden loss of resistance or soil plug formation. The driving resistance provided preliminary insights into soil stratification and potential changes in soil strength with depth.
3.2.2 Static Load Testing
Static load tests were conducted on selected piles at each site using the Kentledge method. A reaction system was constructed using precast concrete blocks to provide counterweight. A calibrated hydraulic jack was placed between the test pile and the reaction beam, and incremental axial loads were applied in accordance with load test standards. The load was applied in stages, typically in increments of 25% of the proposed working load, until the maximum test load (usually 200% of the working load) was reached. Each load increment was held for 30 minutes, and settlements were recorded at 5-minute intervals using dial gauges mounted on a reference beam supported independently of the test pile.
Table 2: Sample Load-Settlement Observation (Test Pile TP-1)
	Load Applied (kN)
	Settlement (mm)

	0
	0.00

	200
	1.14

	400
	2.73

	600
	4.35

	800
	6.88

	1000
	9.42

	1200
	13.11

	1400
	17.25


The resulting load-settlement curves were plotted to evaluate the load capacity, identify the point of failure or plunging, and determine the allowable load using criteria such as the 6 mm offset method or 10% of pile diameter rule.
3.3 Data Analysis and Comparison
The final phase of the study involved a systematic comparison between the pile capacities obtained through field load testing and those predicted using analytical and empirical methods. The objective was to evaluate the accuracy, consistency, and reliability of the theoretical approaches in predicting pile behavior under real geotechnical conditions in Ilubirin, Lagos.
Static load test results were considered the benchmark or “true” capacity of the piles since they represent actual performance under load. For each test pile, the ultimate capacity was derived from the load-settlement curve using both the Davisson offset method and the 10% diameter criterion. These measured values were then compared with the capacities estimated analytically using total and effective stress methods, as well as empirically through SPT-based correlations.
Graphical representations were developed to enhance interpretation. Bar charts were plotted to illustrate the predicted vs. measured capacities for all test piles. Scatter plots of predicted capacity against measured capacity helped visualize the degree of alignment between methods and actual performance. The closer the data points were to the 45-degree line (representing perfect prediction), the more accurate the method.
Through this comparative analysis, it was possible to identify which methods performed best under local soil conditions. It also allowed for the evaluation of method sensitivity to soil variability, pile length, and embedment depth. The findings informed conclusions on which design methods were most appropriate for predicting pile behavior in Lagos, and highlighted the importance of incorporating site-specific calibration into pile design practice.
RESULTS AND DISCUSSIONS
4.1 RESULTS
4.1.1 Assessment of Pile Load Tests Pile Capacity
Analysis of Pile load tests were carried out using six methods that are frequently used by engineers. The methods includes: Brinch Hansen, Tangent, Decourt, Shen, Chin-Kondner and Abd Elsamee. The predicted pile capacity of pile load tests based on these methods are as shown in Table 3 and 4. 
Table 3:  SITE A Ultimate Pile Capacity from Pile Load Test Predictive methods
	Pile ref.
	Brinch Hansen
	Shen
	Chin - Kondner
	Decourt
	Tangent
	Abd Elsamee

	
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)

	PLA1
	2041
	1250
	2817
	2836
	1200
	840

	PLA2
	1976
	1100
	2500
	2388
	1180
	781

	PLA3
	2282
	1150
	2381
	2365
	900
	682

	PLA4
	2440
	1200
	2803
	2710
	1360
	698

	PLA5
	2531
	1400
	2941
	2764
	1850
	599

	PLA6
	1757
	1050
	2439
	2471
	1080
	586

	PLA7
	3536
	1300
	3225
	3224
	1900
	635

	PLA8
	1725
	1150
	3333
	3607
	1130
	760

	PLA9
	2440
	1100
	2500
	2485
	1200
	630

	PLA10
	2384
	1050
	2337
	2336
	1300
	581



Table 4:  SITE B Ultimate Pile Capacity from Pile Load Test Predictive methods
	Pile ref.
	Brinch Hansen
	Shen
	Chin - Kondner
	Decourt
	Tangent
	Abd Elsamee

	
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)

	PLB1
	2795
	1250
	3115
	2997
	1490
	533

	PLB2
	1725
	950
	2273
	2297
	1200
	683

	PLB3
	2440
	1000
	2500
	2485
	1450
	574

	PLB4
	2214
	1050
	2500
	2385
	1550
	662

	PLB5
	3727
	950
	2500
	2552
	1200
	881

	PLB6
	2384
	1200
	2502
	2387
	1552
	816

	PLB7
	2357
	950
	3572
	2153
	2400
	698

	PLB8
	2565
	850
	3333
	2389
	1200
	857

	PLB9
	1813
	850
	2142
	2141
	1555
	1059

	PLB10
	2384
	850
	2337
	2344
	1380
	790



Table 5:  SITE C Ultimate Pile Capacity from Pile Load Test Predictive methods
	Pile ref.
	Brinch Hansen
	Shen
	Chin - Kondner
	Decourt
	Tangent
	Abd Elsamee

	
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)

	PLC1
	2282
	800
	2564
	2555
	1450
	1032

	PLC2
	2041
	900
	2500
	2387
	1600
	918

	PLC3
	2635
	850
	2564
	2510
	1300
	1173

	PLC4
	2635
	800
	2857
	2864
	1600
	875

	PLC5
	2887
	1050
	3226
	2754
	2200
	864

	PLC6
	1768
	900
	2045
	2054
	1400
	833

	PLC7
	2440
	870
	2347
	2353
	1150
	1190

	PLC8
	2887
	1150
	3125
	3176
	1550
	957

	PLC9
	2500
	950
	2500
	2486
	1500
	1043

	PLC10
	2282
	950
	2564
	2600
	1250
	770



4.2 Pile Load Tests Pile Capacity Comparison with the Average Capacity
In the analysis and design of piles, since there are many predictive methods and emperical relationships through which the ultimate capacity of piles can be determined, it will be misleading to make use of just one method. In view of this, getting the average value from all the methods will not only be safer and economical but will help the designer in making a good judgement on the method whose value is closest to the average value amongst all the methods considered. The ratio of individual ultimate capacity for each predictive method to that of the average ultimate capacity (QU/QUave) was determined with the methods having values of (QU/QUave) closest to 1 being the nearest to the average capacity as shown in Table 6.
Table 6: Ratio of individual ultimate capacity for each predictive method to that of the average ultimate capacity (QU/QUave)
	Pile ref.
	Brinch
	Shen
	Chin
	Decourt
	Tangent
	Abd Elsamee

	
	Qu/Qu(ave)
	Qu/Qu(ave)
	Qu/Qu(ave)
	Qu/Qu(ave)
	Qu/Qu(ave)
	Qu/Qu(ave)

	PLA1
	1.11
	0.68
	1.54
	1.55
	0.66
	0.46

	PLA2
	1.19
	0.66
	1.51
	1.44
	0.71
	0.47

	PLA3
	1.40
	0.71
	1.46
	1.45
	0.55
	0.42

	PLA4
	1.31
	0.64
	1.50
	1.45
	0.73
	0.37

	PLA5
	1.26
	0.70
	1.46
	1.37
	0.92
	0.30

	PLA6
	1.12
	0.67
	1.56
	1.58
	0.69
	0.37

	PLA7
	1.54
	0.56
	1.40
	1.40
	0.82
	0.28

	PLA8
	0.88
	0.59
	1.71
	1.85
	0.58
	0.39

	PLA9
	1.41
	0.64
	1.45
	1.44
	0.70
	0.37

	PLA10
	1.43
	0.63
	1.40
	1.40
	0.78
	0.35

	Average
	1.27
	0.65
	1.50
	1.49
	0.71
	0.38

	PLB1
	1.38
	0.62
	1.53
	1.48
	0.73
	0.26

	PLB2
	1.13
	0.62
	1.49
	1.51
	0.79
	0.45

	PLB3
	1.40
	0.57
	1.44
	1.43
	0.83
	0.33

	PLB4
	1.28
	0.61
	1.45
	1.38
	0.90
	0.38

	PLB5
	1.89
	0.48
	1.27
	1.30
	0.61
	0.45

	PLB6
	1.32
	0.66
	1.38
	1.32
	0.86
	0.45

	PLB7
	1.17
	0.47
	1.77
	1.06
	1.19
	0.35

	PLB8
	1.37
	0.46
	1.79
	1.28
	0.64
	0.46

	PLB9
	1.14
	0.53
	1.34
	1.34
	0.98
	0.66

	PLB10
	1.42
	0.51
	1.39
	1.39
	0.82
	0.47

	Average
	1.35
	0.55
	1.49
	1.35
	0.83
	0.43

	PLC1
	1.28
	0.45
	1.44
	1.43
	0.81
	0.58

	PLC2
	1.18
	0.52
	1.45
	1.38
	0.93
	0.53

	PLC3
	1.43
	0.46
	1.39
	1.37
	0.71
	0.64

	PLC4
	1.36
	0.41
	1.47
	1.48
	0.83
	0.45

	PLC5
	1.33
	0.49
	1.49
	1.27
	1.02
	0.40

	PLC6
	1.18
	0.60
	1.36
	1.37
	0.93
	0.56

	PLC7
	1.41
	0.50
	1.36
	1.36
	0.67
	0.69

	PLC8
	1.35
	0.54
	1.46
	1.48
	0.72
	0.45

	PLC9
	1.37
	0.52
	1.37
	1.36
	0.82
	0.57

	PLC10
	1.31
	0.55
	1.48
	1.50
	0.72
	0.44

	Average
	1.32
	0.50
	1.43
	1.40
	0.82
	0.53


4.3 Pile Load Test Capacity Comparison with the Failure Load
The piles tested to failure were very few. However, the failure loads on the piles were taken as the load at a settlement of 10% of the pile diameter. Table 7 shows the various values of the predicted ultimate capacity of piles as well as the failure load at each location while Table 8 presents the average relative accuracies as quantified using the relative errors of all the predictive methods. The negative sign indicates that the predicted value is less than the measured failure load. The 100% line on the histogram shows a basis for comparing the predicted values and measured values of the pile capacity. In this case, the methods having Qp/Qm lower than the 100% threshold is an evidence of under prediction while those with values higher than the 100% line are associated with over prediction of the ultimate pile capacity. 
Table 7: Predicted Pile load tests results Comparison with Failure Loads
	Pile ref.
	Brinch Hansen
	Shen
	Chin - Kondner
	Decourt
	Tangent
	Abd Elsamee
	Failure Load

	
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)

	PLA1
	2041
	1250
	2817
	2836
	1200
	840
	1750

	PLA2
	1976
	1100
	2500
	2388
	1180
	781
	1500

	PLA3
	2282
	1150
	2381
	2365
	900
	682
	1250

	PLA4
	2440
	1200
	2803
	2710
	1360
	698
	1500

	PLA5
	2531
	1400
	2941
	2764
	1850
	599
	2450

	PLA6
	1757
	1050
	2439
	2471
	1080
	586
	1500

	PLA7
	3536
	1300
	3225
	3224
	1900
	635
	2450

	PLA8
	1725
	1150
	3333
	3607
	1130
	760
	1250

	PLA9
	2440
	1100
	2500
	2485
	1200
	630
	1500

	PLA10
	2384
	1050
	2337
	2336
	1300
	581
	1750

	PLB1
	2795
	1250
	3115
	2997
	1490
	533
	1750

	PLB2
	1725
	950
	2273
	2297
	1200
	683
	1250

	PLB3
	2440
	1000
	2500
	2485
	1450
	574
	1250

	PLB4
	2214
	1050
	2500
	2385
	1550
	662
	1750

	PLB5
	3727
	950
	2500
	2552
	1200
	881
	2450

	PLB6
	2384
	1200
	2502
	2387
	1552
	816
	1500

	PLB7
	2357
	950
	3572
	2153
	2400
	698
	2800

	PLB8
	2565
	850
	3333
	2389
	1200
	857
	2000

	PLB9
	1813
	850
	2142
	2141
	1555
	1059
	1250

	PLB10
	2384
	850
	2337
	2344
	1380
	790
	1500

	PLC1
	2282
	800
	2564
	2555
	1450
	1032
	1750

	PLC2
	2041
	900
	2500
	2387
	1600
	918
	1750

	PLC3
	2635
	850
	2564
	2510
	1300
	1173
	1500

	PLC4
	2635
	800
	2857
	2864
	1600
	875
	1750

	PLC5
	2887
	1050
	3226
	2754
	2200
	864
	2800

	PLC6
	1768
	900
	2045
	2054
	1400
	833
	1500

	PLC7
	2440
	870
	2347
	2353
	1150
	1190
	1250

	PLC8
	2887
	1150
	3125
	3176
	1550
	957
	2800

	PLC9
	2500
	950
	2500
	2486
	1500
	1043
	1500

	PLC10
	2282
	950
	2564
	2600
	1250
	770
	1200




4.4 Pile Load Test Capacity Comparison with the Failure Load
Design, execution of pile foundation is not a cheap venture, adequate efforts must be mobilized to ensure that the final decision made on the capacity of the piles for any structure to be executed is not only safe but coat effective. Table 8 shows the factor of safety obtained for all the predictive methods in all locations considered in the research, with the average for each method also stated. The factor of safety was obtained through the ratio of the ultimate capacity of all predictive methods to the design load. 
Table 8: Factor of safety from predictive pile load test methods
	Pile ref.
	Brinch Hansen
	Shen
	Chin - Kondner
	Decourt
	Tangent
	Abd  - Elsamee

	
	
	
	
	
	
	

	PLA1
	2.92
	1.79
	4.02
	4.05
	1.71
	1.20

	PLA2
	2.82
	1.57
	3.57
	3.41
	1.69
	1.12

	PLA3
	3.26
	1.64
	3.40
	3.38
	1.29
	0.97

	PLA4
	3.49
	1.71
	4.00
	3.87
	1.94
	1.00

	PLA5
	3.62
	2.00
	4.20
	3.95
	2.64
	0.86

	PLA6
	2.51
	1.50
	3.48
	3.53
	1.54
	0.84

	PLA7
	5.05
	1.86
	4.61
	4.61
	2.71
	0.91

	PLA8
	2.46
	1.64
	4.76
	5.15
	1.61
	1.09

	PLA9
	3.49
	1.57
	3.57
	3.55
	1.71
	0.90

	PLA10
	3.41
	1.50
	3.34
	3.34
	1.86
	0.83

	PLB1
	3.73
	1.67
	4.15
	4.00
	1.99
	0.71

	PLB2
	2.46
	1.36
	3.25
	3.28
	1.71
	0.98

	PLB3
	3.49
	1.43
	3.57
	3.55
	2.07
	0.82

	PLB4
	3.16
	1.50
	3.57
	3.41
	2.21
	0.95

	PLB5
	5.32
	1.36
	3.57
	3.65
	1.71
	1.26

	PLB6
	3.41
	1.71
	3.57
	3.41
	2.22
	1.17

	PLB7
	3.37
	1.36
	5.10
	3.08
	3.43
	1.00

	PLB8
	3.66
	1.21
	4.76
	3.41
	1.71
	1.22

	PLB9
	2.59
	1.21
	3.06
	3.06
	2.22
	1.51

	PLB10
	3.41
	1.21
	3.34
	3.35
	1.97
	1.13

	PLC1
	3.26
	1.14
	3.66
	3.65
	2.07
	1.47

	PLC2
	2.92
	1.29
	3.57
	3.41
	2.29
	1.31

	PLC3
	3.76
	1.21
	3.66
	3.59
	1.86
	1.68

	PLC4
	3.76
	1.14
	4.08
	4.09
	2.29
	1.25

	PLC5
	4.12
	1.50
	4.61
	3.93
	3.14
	1.23

	PLC6
	2.53
	1.29
	2.92
	2.93
	2.00
	1.19

	PLC7
	3.49
	1.24
	3.35
	3.36
	1.64
	1.70

	PLC8
	4.12
	1.64
	4.46
	4.54
	2.21
	1.37

	PLC9
	3.57
	1.36
	3.57
	3.55
	2.14
	1.49

	PLC10
	3.26
	1.36
	3.66
	3.71
	1.79
	1.10

	Average
	3.41
	1.47
	3.82
	3.66
	2.05
	1.14


4.5 Assessment of Pile Capacity Based on Dynamic Formulae
Six methods that are widely used were considered in assessing the pile capacity using dynamic formula. The methods are : Janbu, Gates, Navy – Mckay, Danish. Eytelwein and Modified ENR. Table 9 reflects the ultimate pile capacity of the piles in the location considered for the research as gotten from the dynamic formulamethods mentioned earlier.
Table 9: Dynamic Formula Ultimate Capacity of Pile Foundation
	PILE REF
	GATES
	MODIFIED ENR
	DANISH
	NAVY - MCKAY
	EYTELWEIN
	JANBU

	
	
	
	
	
	
	

	 
	 Qu (kN)
	    Qu (kN)
	 Qu (kN)
	   Qu (kN)
	      Qu (kN)
	 Qu (kN)

	PLA1
	694
	751
	1026
	711
	354
	683

	PLA2
	771
	975
	1211
	979
	505
	735

	PLA3
	816
	1106
	1299
	1126
	574
	699

	PLA4
	836
	1201
	1370
	1263
	665
	730

	PLA5
	795
	1045
	1259
	1056
	542
	718

	PLA6
	822
	1124
	1308
	1142
	578
	686

	PLA7
	988
	1794
	1646
	2040
	1033
	511

	PLA8
	734
	861
	1120
	840
	425
	714

	PLA9
	792
	1036
	1253
	1046
	537
	719

	PLA10
	655
	682
	965
	659
	342
	711

	PLB1
	799
	1029
	1236
	1010
	497
	661

	PLB2
	747
	889
	1140
	864
	432
	698

	PLB3
	868
	1269
	1387
	1305
	650
	625

	PLB4
	759
	917
	1160
	891
	444
	689

	PLB5
	1088
	2279
	1793
	2813
	1400
	375

	PLB6
	884
	1332
	1425
	1390
	696
	618

	PLB7
	870
	1282
	1397
	1326
	664
	631

	PLB8
	1071
	2196
	1775
	2675
	1339
	399

	PLB9
	738
	860
	1116
	828
	412
	691

	PLB10
	833
	1136
	1304
	1134
	559
	640

	PLC1
	572
	513
	790
	473
	238
	600

	PLC2
	600
	559
	841
	516
	259
	624

	PLC3
	447
	342
	579
	311
	158
	457

	PLC4
	662
	698
	980
	675
	351
	716

	PLC5
	641
	657
	939
	634
	332
	707

	PLC6
	619
	603
	886
	571
	293
	666

	PLC7
	438
	328
	562
	293
	147
	435

	PLC8
	681
	726
	1005
	691
	348
	692

	PLC9
	630
	621
	904
	584
	296
	664

	PLC10
	412
	300
	523
	266
	132
	402


4.6 Dynamic Formulae Pile Capacity Comparison with Failure Load 
When compared with the failure load, the Danish method has the best performance with reference to the relative accuracy. Table 10 shows the ultimate pile capacity of the different methods alongside the failure load while table 11 is a reflection of the relative accuracy of all the methods. Comparison of the estimated pile capacity with the measured capacity is presented in Figure 2. The graph shows that all the dynamic formulae underestimated the measured pile capacity as indicated by the threshold line on the graph.  
Table 10 Dynamic Formula Ultimate Capacity of Pile Foundation
	PILE REF
	GATES
	MODIFIED ENR
	DANISH
	NAVY - MCKAY
	EYTELWEIN
	JANBU
	FAILURE LOAD

	
	
	
	
	
	
	
	

	 
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)
	Qu (kN)

	PLA1
	694
	751
	1026
	711
	354
	683
	1750

	PLA2
	771
	975
	1211
	979
	505
	735
	1500

	PLA3
	816
	1106
	1299
	1126
	574
	699
	1250

	PLA4
	836
	1201
	1370
	1263
	665
	730
	1500

	PLA5
	795
	1045
	1259
	1056
	542
	718
	2450

	PLA6
	822
	1124
	1308
	1142
	578
	686
	1500

	PLA7
	988
	1794
	1646
	2040
	1033
	511
	2450

	PLA8
	734
	861
	1120
	840
	425
	714
	1250

	PLA9
	792
	1036
	1253
	1046
	537
	719
	1500

	PLA10
	655
	682
	965
	659
	342
	711
	1750

	PLB1
	799
	1029
	1236
	1010
	497
	661
	1750

	PLB2
	747
	889
	1140
	864
	432
	698
	1250

	PLB3
	868
	1269
	1387
	1305
	650
	625
	1250

	PLB4
	759
	917
	1160
	891
	444
	689
	1750

	PLB5
	1088
	2279
	1793
	2813
	1400
	375
	2450

	PLB6
	884
	1332
	1425
	1390
	696
	618
	1500

	PLB7
	870
	1282
	1397
	1326
	664
	631
	2800

	PLB8
	1071
	2196
	1775
	2675
	1339
	399
	2000

	PLB9
	738
	860
	1116
	828
	412
	691
	1250

	PLB10
	833
	1136
	1304
	1134
	559
	640
	1500

	PLC1
	572
	513
	790
	473
	238
	600
	1750

	PLC2
	600
	559
	841
	516
	259
	624
	1750

	PLC3
	447
	342
	579
	311
	158
	457
	1500

	PLC4
	662
	698
	980
	675
	351
	716
	1750

	PLC5
	641
	657
	939
	634
	332
	707
	2800

	PLC6
	619
	603
	886
	571
	293
	666
	1500

	PLC7
	438
	328
	562
	293
	147
	435
	1250

	PLC8
	681
	726
	1005
	691
	348
	692
	2800

	PLC9
	630
	621
	904
	584
	296
	664
	1500

	PLC10
	412
	300
	523
	266
	132
	402
	1200



Table 11 Dynamic Formula Relative Accuracy of Ultimate Capacity of Pile Foundation
	Methods
	Relative Accuracy (%)
	Rank

	Gates
	-57.80
	4

	Modified ENR
	-44.82
	3

	Danish
	-35.17
	1

	Navy - Mckay
	-42.91
	2

	Eytelwein
	-71.18
	6

	Janbu
	-64.18
	5



	Methods
	Mean
	Standard Deviation
	COV

	Gates
	0.42
	0.10
	0.23

	ENR Modified
	0.56
	0.24
	0.43

	Danish
	0.65
	0.19
	0.29

	Navy - McKay
	0.58
	0.28
	0.48

	Eytelwein
	0.29
	0.14
	0.47

	Janbu
	0.36
	0.04
	0.12


Table 12 Measure of dispersion of Dynamic Formula of Ultimate Capacity of Pile Foundation


Figure 2: Percentage of  Qp/Qm based on the Dynamic Formulae Methods
4.2 DISCUSSION 
4.2.1 Assessment of Pile Load Tests Pile Capacity
The assessment of pile capacity across Sites A, B, and C using six widely recognized interpretative methods reveals valuable insights into the overall performance of driven piles in Ilubirin. The use of Brinch Hansen, Tangent, Decourt, Shen, Chin–Kondner, and Abd Elsamee methods provided a broad analytical basis for evaluating ultimate pile capacity derived from static load tests, a practice consistent with recommendations by Meyerhof (1976) and O’Neill and Reese (1999) for ensuring reliability in pile performance evaluation.
From the results presented in Table 3 to Table 5, pile capacities for Site A ranged from 581 kN to 3607 kN, with an average capacity of 1824 kN and a coefficient of variation (COV) of 0.48. For Site B, capacities ranged from 533 kN to 3727 kN with a slightly lower COV of 0.46. Site C showed the most consistent dataset, with pile capacities ranging from 770 kN to 3326 kN and a COV of 0.42. Similar low COV values have been reported by Gavin and Lehane (2003) in driven piles installed in sand and clay mixtures, where consistent subsurface stratigraphy contributed to uniform performance. These coefficients of variation indicate a generally low dispersion across all sites, suggesting relatively uniform subsurface conditions and predictable pile behavior when installed to similar depths and specifications, aligning with observations by Fellenius (2001) on uniform soil–pile interaction in stratified coastal profiles.
Among the methods used, the Chin–Kondner and Decourt approaches consistently provided the highest pile capacity estimates, with average Qp/Qm ratios ranging from 1.43 to 1.53 and 1.47 to 1.50, respectively. Comparable trends have been documented by Eslami et al. (1997) and Almeida et al. (1996), who noted that methods sensitive to the non-linear portions of the load–settlement curve tend to extrapolate capacities beyond the measured failure load, particularly for piles with gradual post-yield deformation. In contrast, the Tangent method returned significantly lower capacity estimates, with Qp/Qm ratios averaging 0.88 to 0.94, similar to findings by Meyerhof (1976) where tangent-based interpretations often produced conservative capacity predictions in cohesive soils.
The Abd Elsamee method produced the most conservative predictions, with ratios as low as 0.40 at some sites and averaging 0.38 at Site A, 0.43 at Site B, and 0.53 at Site C. This aligns with the conservative bias reported by Chai et al. (2011) in low-strain pile integrity and capacity evaluations, where premature cut-offs in the load–settlement curve can underestimate the pile’s true capacity.
Overall, the consistency in results across sites, particularly the low variation in Site C, confirms the structural adequacy and reliability of driven piles in the coastal soils of Lagos. Similar performance has been observed in other tropical coastal environments, including studies by Ni et al. (2011) and Liao et al. (2006), who reported reliable end-bearing and shaft resistance contributions in layered sandy–clayey deposits. These findings support the effectiveness of driven pile systems and highlight the relevance of full-scale testing and multi-method interpretation for informed geotechnical decision-making, a view also endorsed by ASTM D5882-16 and BS 8004 (1986) for foundation verification.
4.2.2 Pile Load Tests Pile Capacity Comparison with the Average Capacity
Across all sites (A, B, and C) in Table 6, the Brinch Hansen method consistently produced ultimate pile capacity estimates that were closest to the overall average. The calculated Qu/Quave ratios for this method were 1.27 at Site A, 1.35 at Site B, and 1.32 at Site C. These values indicate that the method delivered stable predictions with only moderate deviation from the mean, a performance pattern also noted by Meyerhof (1976) and Gavin and Lehane (2003), who observed that Brinch Hansen-based evaluations often align well with field test results in mixed soil profiles. Such consistency is valuable in engineering practice, as it minimizes the risk of significant over- or under-design in varying ground conditions, a key consideration emphasized in BS 8004 (1986) for foundation safety and serviceability.
In contrast, the Chin–Kondner and Decourt methods tended to yield more optimistic predictions. Their average Qu/Quave ratios ranged from 1.43 to 1.50 across the sites, reflecting an overestimation of ultimate pile capacity by approximately 43% to 50% relative to the average. Similar trends were documented by Almeida et al. (1996) and Eslami et al. (1997), who noted that non-linear curve-fitting techniques like Chin–Kondner often extrapolate capacities beyond the physical failure load, particularly in soils with gradual post-yield deformation. While higher capacity predictions can sometimes suggest efficient load transfer mechanisms, as observed by Fellenius (2001), they also pose a risk of overdesign if the estimates are not backed by adequate safety margins and site-specific verification.
On the conservative side, the Abd Elsamee method produced the lowest capacity predictions, with Qu/Quave averages of 0.38 for Site A, 0.43 for Site B, and 0.53 for Site C. These results indicate underestimations ranging from 47% to 62% relative to the average. Comparable under-predictions have been reported by Chai et al. (2011) in low-strain capacity evaluations, where early termination of the load–settlement curve led to designs that, while inherently safe, were often uneconomical due to oversized piles or excessive pile numbers.
The observed spread in prediction accuracy highlights the importance of method selection in pile capacity interpretation. While methods like Brinch Hansen align more closely with observed average behavior, reliance on a single interpretative model can be risky in geologically variable environments like Lagos (Ni et al., 2011). Adopting a multiple-method approach and incorporating average-based evaluations, as recommended in ASTM D5882-16 and O’Neill and Reese (1999), can yield safer, more rational design decisions, ensuring both structural safety and cost efficiency.
4.2.3 Pile Load Test Capacity Comparison with the Failure Load
The comparison between predicted pile capacities and measured failure loads (Table 7) revealed notable variability in the performance of the different interpretative methods. Methods such as Brinch Hansen, Chin–Kondner, and Decourt consistently produced overestimations, with Qp/Qm ratios exceeding 1.0 across the sites. Similar trends have been reported by Almeida et al. (1996) and Eslami et al. (1997), who found that these methods, particularly those using non-linear curve fitting, often predict capacities beyond the measured failure load due to their sensitivity to the tail portion of the load–settlement curve. Among these, the Chin–Kondner method was the most optimistic, reaching Qp/Qm values as high as 1.53, corresponding to a 53% overestimation relative to measured failure loads. While such high predictions may suggest efficient load transfer mechanisms (Fellenius, 2001), they can present significant risks if used directly in design without adequate safety factors, especially in geologically variable subsoils like those in Lagos (Gavin & Lehane, 2003).
In contrast, the Tangent, Shen, and Abd Elsamee methods tended to under-predict ultimate pile capacities. Abd Elsamee produced the most conservative results, with Qp/Qm ratios ranging from 40.2% to 94.7% of the measured failure load. Similar conservative biases have been noted in low-strain assessment techniques, where early cut-off in load–settlement interpretation leads to safe but often uneconomical designs (Chai et al., 2011; ASTM D5882-16). The Shen method also displayed a generally conservative bias but was accompanied by higher scatter, which aligns with observations by O’Neill and Reese (1999) that methods with less robust curve-fitting frameworks tend to be more sensitive to minor fluctuations in load test data.
Relative accuracy analysis ranked the Tangent method highest, with a deviation of −20.99% from measured failure loads. This result reflects the method’s relatively low bias combined with moderate consistency, making it a potentially more dependable option for preliminary design checks, a point also supported by Meyerhof (1976), who emphasized the value of methods that balance conservatism with predictive stability.
4.2.4 Pile Load Test Capacity Comparison with the Failure Load
Table 8 presents the factor of safety (FOS) values computed for each predictive method relative to a consistent design load, highlighting considerable variation in the conservatism of the different approaches. Among the methods evaluated, Chin–Kondner returned the highest average FOS of 3.82, indicating a significant safety margin above the design requirement. Similar findings have been reported by Eslami et al. (1997) and Almeida et al. (1996), who observed that curve-fitting methods sensitive to the non-linear load–settlement tail tend to yield high capacity predictions and, consequently, elevated safety factors. Decourt followed closely with an average FOS of 3.66, while Brinch Hansen recorded 3.41, both aligning with trends noted by Meyerhof (1976) and Gavin and Lehane (2003) for methods that integrate both end-bearing and shaft resistance effects. These values suggest that such methods inherently lead to more conservative designs, which, while improving structural reliability, may also result in higher construction costs due to the potential overestimation of required pile length or number.
Conversely, the Tangent method produced a much lower average FOS of 2.05, while Shen returned 1.47 and Abd Elsamee yielded the lowest at 1.14. This tendency toward under-prediction of ultimate pile capacity is consistent with conservative bias trends noted in ASTM D5882-16 and Chai et al. (2011), where early termination points in interpretation reduced safety margins. In particular, an FOS close to 1.0, as seen with Abd Elsamee, suggests that design loads approach the estimated ultimate capacity, leaving little tolerance for uncertainties related to soil variability, construction imperfections, or long-term settlement effects (O’Neill & Reese, 1999).
The implications of these findings are critical for foundation design in the Lagos coastal environment, where subsoil conditions are often heterogeneous, with interlayered sands, clays, and silty deposits (Adeleye et al., 2014). Methods with higher FOS values, such as Chin–Kondner and Decourt, provide robust safety margins, making them suitable for high-risk or critical infrastructure. However, as Randolph et al. (1979) note, their conservative bias must be weighed against potential cost implications, especially for large-scale projects where over-design could lead to significant material and labor expenditures. Therefore, the selection of an interpretation method should not be based solely on maximized safety or minimized cost but on an optimal balance between the two. Incorporating site-specific calibration of predictive methods using full-scale pile load test data (Likins & Rausche, 2000; Gavin & Lehane, 2003) offers a more rational basis for achieving safe, efficient, and economically viable foundation designs.
4.2.5 Assessment of Pile Capacity Based on Dynamic Formulae
Results reveal notable variability in ultimate pile capacity estimates across the dynamic formula methods considered. The Danish method consistently yielded the highest pile capacities, followed closely by Navy–Mckay and Modified ENR, while Gates, Eytelwein, and Janbu methods returned comparatively conservative estimates. Similar disparities between dynamic methods have been documented by Meyerhof (1976) and Fellenius (2001), who noted that empirical calibration factors and differing assumptions about soil resistance and hammer efficiency play a significant role in capacity prediction. For example, at pile location PLA7, the Danish method produced an ultimate capacity of 1646 kN, Navy–Mckay yielded 2040 kN, and Modified ENR returned 1794 kN, whereas Gates, Eytelwein, and Janbu gave 988 kN, 1033 kN, and 511 kN, respectively. This disparity—amounting to differences of over 60% between the most and least conservative approaches—underscores the strong influence of method-specific empirical adjustments, as also highlighted by Likins and Rausche (2000), on computed capacities.
The higher capacities predicted by the Danish and Navy–Mckay methods can be advantageous in scenarios where maximizing foundation efficiency is a priority (Randolph et al., 1979). However, these methods may overestimate capacity if site-specific factors such as energy losses during pile driving, soil damping effects, and set-up phenomena are not adequately represented in the analysis (Broms, 1964; Gavin & Lehane, 2003). Overestimation poses potential risks by narrowing the margin between applied loads and actual ultimate capacity, particularly in the variable subsoil profiles characteristic of Lagos’s coastal zone (Adeleye et al., 2014).
Conversely, Gates, Eytelwein, and Janbu methods, while yielding lower capacity values, offer more conservative results. Such conservatism can enhance structural reliability, a point emphasized in ASTM D5882-16 for high-risk projects, but may also lead to over-design, increasing material quantities and construction costs. In practical terms, this could mean unnecessary pile length, larger cross-sections, or increased pile numbers, which—while safe—reduce economic efficiency (O’Neill & Reese, 1999).
4.2.6 Dynamic Formulae Pile Capacity Comparison with Failure Load 
The comparison between dynamic formula–based pile capacities and the measured failure loads revealed a consistent trend of underestimation across all six methods evaluated. As presented in Table 10, the capacities predicted by Gates, Modified ENR, Danish, Navy–McKay, Eytelwein, and Janbu methods were generally below the measured failure loads from static load testing, a trend also noted in earlier studies comparing dynamic and static evaluations (Fellenius, 2001; Likins & Rausche, 2000). This conservative bias is illustrated in Figure 2, where all Qp/Qm ratios plot below the 100% threshold line, confirming that none of the methods reached or exceeded the measured capacities.
Among the evaluated approaches, the Danish method demonstrated the best predictive alignment with a relative accuracy of −35.17% (Table 11), ranking first in performance. It was followed by Navy–McKay (−42.91%) and Modified ENR (−44.82%), both of which provided relatively closer approximations to actual field measurements. In contrast, the Eytelwein and Janbu methods yielded the least accurate predictions, with relative accuracies of −71.18% and −64.18%, respectively, reflecting substantial underestimation of capacity. Similar discrepancies between methods have been reported in comparative assessments of pile driving formulae, where differences in assumed soil damping, set-up effects, and hammer efficiency significantly influenced capacity estimates (Broms, 1964; Hannigan et al., 2016).
From a statistical reliability standpoint, the Janbu method exhibited the lowest coefficient of variation (COV = 0.12, Table 12), indicating high consistency in its predictions despite their conservative nature. Conversely, Navy–McKay (COV = 0.48) and Eytelwein (COV = 0.47) displayed the highest dispersion, highlighting significant variability in their application across the test dataset. Such variability can complicate the adoption of these methods in design without further calibration (O’Neill & Reese, 1999). While conservative capacity estimates may be advantageous for ensuring geotechnical safety, excessive deviation from actual failure loads can result in overly cautious designs, leading to increased pile lengths, larger cross-sections, or a greater number of piles than necessary—ultimately driving up construction costs. The findings align with previous recommendations that dynamic formulas, although valuable for rapid field assessments, should be supplemented with full-scale static load tests or site-specific calibration to enhance prediction accuracy (Likins & Rausche, 2000; Fellenius, 2001), especially in complex coastal soil environments such as Lagos.
CONCLUSION 
This study was conducted to assess the in-situ performance of driven precast concrete piles installed in the Ilubirin area of Lagos, Nigeria. The objectives were to evaluate ultimate pile capacities using static load tests, compare these with outcomes from commonly used predictive methods, analyze pile-soil interaction behavior, and identify the most reliable approaches for pile design in the region. From full-scale static load testing on 30 piles, the ultimate pile capacities ranged from 533 kN to 3727 kN, with measured settlements between 8 mm and 19 mm, and minimal rebound (0.00 to 0.13 mm), indicating stable performance under high loading conditions. This confirmed the effectiveness of driven piles in transferring load into competent bearing strata. In evaluating predictive methods, the Brinch Hansen method produced values closest to the average across all sites with a Qu/Quₐᵥₑ of 1.27, while Chin-Kondner and Decourt overestimated capacities (Qu/Quₐᵥₑ ≈ 1.50). The Tangent, Shen, and Abd Elsamee methods underpredicted capacity, with Abd Elsamee having the lowest average ratio of 0.38. Relative accuracy analysis ranked Tangent highest (−20.99% error) and Decourt lowest (69.51% error).
Among dynamic methods, the Danish method gave the best performance with a relative accuracy of −35.17%, while Eytelwein performed worst (−71.18%). All dynamic methods underestimated failure loads. Static analysis using API and UPD methods showed that API underpredicted by 30% (FOS ≈ 1.8), while UPD overpredicted by 100% (FOS ≈ 4.4). The API method, despite being conservative, aligns more closely with actual field behavior. Driven piles performed excellently in Lagos subsoils, particularly when tip embedment reached dense sand layers. The study recommends the Brinch Hansen and API methods—with appropriate safety factors—for preliminary designs, while full-scale load testing remains essential for verifying actual pile behavior in variable tropical soil conditions.
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