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ABSTRACT 

The primary objective of the Load and Resistance Factor Design (LRFD) method used in the deep 
foundation geotechnical design industry is to differentiate uncertainties in loading from those existing in 
the resistance following a probability-based theory. The probability of occurrence associated with loads is 
reflected by a load factor, γ, and those uncertainties associated with the geotechnical resistance are reflected 
by the resistance factor, φ. The calibration process for deep foundations is completed to determine resistance 
factors, φ, using statistical data regarding loads and geotechnical resistances. One of the important factors 
used for the calibration process is the bias, λ, defined as the ratio of the nominal resistance determined from 
results of a full-scale load test, QM, to the nominal resistance determined using an agreed predictive model, 
QP. 
 
The bi-directional static load test (BDSLT) is widely used to test the deep foundation’s geotechnical 
resistance. After the load test is completed, the measured data are analyzed to determine required parameters 
for construction of the Equivalent Top-Loaded (ETL) curve. The ETL curve is used to evaluate the 
geotechnical capacity using defined approaches. However, the ETL curve does not always reach 100% or 
more of the required values for a defined geotechnical resistance determination method. Therefore, 
extrapolation methods are sometimes required to extend the ETL curve to load and displacement values 
necessary for a defined method. The extrapolation process will introduce uncertainties which will further 
impact the calibration process. 
 
This paper presents a qualitative assessment of the American Association of State Highway and 
Transportation Officials (AASHTO), and the Federal Highway Administration (FHWA) predictive models 
by comparing the predicted nominal resistance to measured nominal resistance using the Modified 
Davisson’s criteria, 5% relative settlement, and the 10% relative settlement approach with primary focus 
on drilled shafts. From the comparison analysis, with a coefficient of determination of 80%, the modified 
Davisson’s criterion was considered the method of analysis for this study. Furthermore, the extrapolation 
effect on resistance factors was explored by calibrating these factors using extrapolated and non-
extrapolated ETL curves. The calibration process included 30 drilled shaft cases where ETL curves reached 
displacements equivalent to those determined using the Davisson’s criteria.  
 
Key Words: LRFD, Resistance Factors, Bi-Directional Static Load Test, Davisson’s criteria, 
Extrapolation, Equivalent Top Loading
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INTRODUCTION 
 
Load and resistance factor design (“LRFD”) has gained wider application in recent years particular to 
highway industry, partly because projects funded by the Federal Highway Administration (“FHWA”) are 
mandated to be designed based on the LRFD approach (FHWA 2011). This regulation which was 
collaboratively endorsed by AASHTO has created grounds for all state Department of Transportations 
(“DOTs”) to transition from allowable stress design to the LRFD method. Geotechnical engineering 
designs that follow the LRFD method consider the ultimate limit state (“ULS”) and the serviceability limit 
state (“SLS”). Resistance factors have been developed for different design methods used by state DOTs 
where the resistance factors are usually calibrated against ULS criteria. One of the primary parameters 
used in the resistance factors, φ, calibration process is the bias factor, λ, which defines the relationship 
between the deep foundations measured and predicted nominal resistances, QM and QP, respectively.  
 
The measured nominal resistance, QM, is determined using defined methods applied to the load-
displacement relationship plot obtained from a full-scale load test. For the dataset compiled for this study, 
the foundation diameter ranged from 30 inches to 72 inches. Therefore, displacement-based criteria widely 
used in the foundation engineering practice including 5% relative displacement, modified Davisson’s 
criteria (originally developed for large diameter open-end pipe piles), and 10% relative displacement were 
considered for the analyses. 
 
The predicted nominal resistance, QP, is determined from defined predictive models using design 
parameters obtained from laboratory testing data, and correlations between the soil shear strength and in-
situ testing results such as the blowcounts (NSPT) from the Standard Penetration Test (“SPT”), or the cone 
tip resistance (qt) from the Cone Penetrometer Testing (“CPT”).  
 
Complete geotechnical information including site layout, borings and synthesized soil profiles were 
available for each load test project considered for this study. Therefore, detailed review of data for these 
load test projects was completed where site layout diagrams were generated to observe the distance 
between the tested drilled shaft and available borings. Geotechnical borings that were in close proximity 
to the tested drilled shaft were selected. After finalizing the boring selection process, the soil classification 
process began by identifying all available index and strength parameters reported in the boring logs. In 
cases where CPT borings were available, reported soil classification was used to generate the soil profile.  
 
There are instances where tested foundations are not loaded beyond values corresponding to those yielded 
by any of the displacement-based criteria; therefore, extrapolation methods are used to extend load-
displacement plots beyond required displacements in order to obtain the measure nominal resistance. 
Depending on the number of existing points and how far the plot is extrapolated, the measured nominal 
resistance could vary and impact the resistance factors calibration. This paper presents a qualitative 
assessment of the AASHTO and the FHWA predictive models by comparing the predicted nominal 
resistance, QP, to measured nominal resistance, QM, using the Modified Davisson’s criteria, 5% relative 
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settlement, and the 10% relative settlement approach. Furthermore, the extrapolation effect on resistance 
factors is explored by calibrating these factors using extrapolated and non-extrapolated ETL curves. 
 
COMPILED DATASET 
 
The dataset used for this study consisted of 30 drilled shafts with diameters ranging from 30 inches to 72 
inches. According to soil borings associated with each load test, the predominant soil providing shaft 
resistance consisted of mixed soil layers of fine-grained and coarse-grained material. The soil below the 
foundation base was classified as either fine-grained or coarse-grained material. Table 1 illustrates the 
dataset used for the study presented in this paper.  
 

Table 1. Compiled Dataset used for the study presented in this paper 

 
MDC: Modified Davisson 

Diam. (in) Length (ft)
TX 30 23 CL/CL/CL Coarse 914 920 1,000 357 283
TX 30 24 CL/CL/CL Coarse 1,052 1,120 1,200 373 292
TX 30 24 CL/CL/CL Coarse 977 1,050 1,100 408 337
NM 31 47 CL/ML/SM/CH Coarse 1,459 2,000 2,400 772 1,240
LA 48 99 CL/CH/CL/CH/CL Fine 2,511 2,600 3,000 1,972 1,972
NM 48 75 SM/SM/SP/SM/SP Coarse 1,855 1,900 2,100 2,117 2,386
TX 30 20 CL/SC Coarse 549 800 1,100 369 452
TX 30 23 CH/CL/CH Fine 260 275 280 217 214
NM 31 47 GW-GM/SM/SW-SM Coarse 1,748 3,000 3,200 772 1,229
LA 66 47 CL/ML/SM/CH Coarse 1,563 4,200 4,600 1,694 2,523
LA 48 40 CH/SM/CL/SM/CL Fine 844 840 860 1,118 1,118
TX 30 23 CH/CL/CH Fine 188 400 405 217 214
TX 30 45 CH/CL/CH Fine 607 610 625 414 414
TX 30 26 CL/CH/CL/CH/CL Fine 121 290 305 154 154
LA 72 82 CL/CH/CL/CH/CL/CL Fine 1,889 3,050 3,100 2,529 2,529
TX 30 23 CL/CH/CL/CH/CL Fine 110 220 220 99 98
TX 36 20 CL/SM Coarse 840 1,650 1,900 323 296
TX 36 60 CL/SM/CL/CL Fine 1,690 3,000 3,100 1,256 1,224
AR 48 86 CH/ML/SP Coarse 2,458 1,800 1,950 2,157 1,952
TX 36 50 CH/CH/SM Coarse 3,300 3,100 3,900 2,673 2,416
TX 48 51 SM/CL/SM/CH Coarse 2,142 2,200 2,300 1,495 1,992
AR 48 87 CH/ML/SP Coarse 2,701 2,200 2,350 2,308 2,107
TX 36 25 CH/CH/SM Fine 1,788 1,800 1,800 1,020 1,020
AR 72 66 CH/ML/SP Coarse 2,724 2,180 2,200 2,849 2,461
TX 30 45 CL/SM Coarse 1,201 1,310 1,500 752 834
TX 36 25 CH/CH/SM Coarse 638 620 620 920 920
TX 48 51 SM/CL/SM/CH Coarse 2,051 2,200 2,300 1,495 1,992
TX 48 51 SM/CL/SM/CH Coarse 2,051 2,122 2,350 1,495 1,992
TX 30 59 CL/SM Coarse 982 1,050 1,500 829 784
TX 30 77 CL/SM/CL Coarse 1,361 1,100 1,600 859 842

5% 10% AASHTO FHWA

Measured, kips Predicted, kips
State Drilled Shaft Predominant 

Soil (Shaft)

Soil 
Below 
Base MDC
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PREDICTED NOMINAL RESISTANCE  
 
Several defined and agreed predictive models are used for deep foundation nominal resistance predictions. 
Some of these models were developed based on empirical relationships, whereas, other models are based 
on theoretical and mathematical models. Although it has been long recognized that an excessive settlement 
suffered by any type of structure is the primary concern, deep foundations are primarily designed in terms 
of capacity when traditional design procedures are followed. In contrast, the LRFD method decouples 
traditional-based design approaches and requires the examination of strength, service, and extreme limit 
states independently. Therefore, the final design is primarily based on the most critical events which meet 
the project performance requirements.  
 
Although static analysis regarding drilled shaft design is frequently used and implemented, one of the 
major limitations impacting the agreed design methods is the influence of the construction tools and 
methods associated with the drilled shaft foundations. agreed design methods do not address the type of 
tools and means of construction methods implemented by the specialized contractors. Therefore, some 
degree of variability is introduced when a predictive model is compared to results of full-scale load test. 
Keeping these variabilities in mind, and for purposes of analysis, two design approaches presented by 
Brown et al. (2018), and the AASHTO (2014) were considered to determine the predicted nominal 
resistance. 
 
FHWA Design Method for Drilled Shafts. 
 
The FHWA manual (Brown et al. 2018) provides guidance for the design and construction of drilled shafts.  
Similar to API, the FHWA method also uses an α-method which is only a function of the undrained shear 
strength, su, for calculations of shaft resistance in clayey soils. Unit base resistance in cohesive soils is 
estimated as 6.5 to 9 times of su depending on the su value.  In cohesionless soils, the FHWA method uses 
a β-method for shaft resistance. This formulation directly incorporates energy-corrected Standard 
Penetration Test (SPT) N60 values, material type (loose sand, dense sand, and gravel), and effective 
overburden stress. The unit base resistance is a function of SPT N60 values alone with a limiting value of 
60 ksf (3000 kPa).  
 
AASHTO Design Method for Drilled Shafts. 
 
The AASHTO method for drilled shafts is very similar to the FHWA method. For shaft resistance in 
cohesionless soils, the β-method is a function of the depth to the midpoint of the stratum, the material type, 
and energy-corrected SPT blowcounts. The unit shaft resistance is limited to a value of 4 ksf (192 kPa). 
The base resistance in cohesionless soils is the same as the FHWA method when SPT N60 is less than 50 
blows/ft. For denser cohesionless materials, β is a function of the energy-corrected SPT N-value and the 
effective overburden pressure. In cohesive soils, the shaft resistance is predicted the same way as for the 
FHWA method. The unit base resistance in cohesive soils is a function of the shaft slenderness ratio and 
ranges from 6 to 9 times the su with a limiting value of 80 ksf (3800 kPa). 
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MEASURED NOMINAL RESISTANCE 
 
To select the preferred method to determine measured nominal resistance, QM, results from AASHTO and 
FHWA predictive models were compared to (1) Modified Davisson’s criteria, (2) 5% nominal diameter, 
and (3) 10% nominal diameter.  
 
The Davisson’s criterion consists of first constructing an elastic compression line followed by an offset line 
parallel to the elastic line. The load corresponding to the interception of the offset line with the load-
displacement curve represents the measured nominal resistance. The offset amount is in function of the 
foundation diameter. Although the Davisson’s criterion has been widely used for driven piles and it has 
been known a suitable method for the driven pile foundations, a modified Davisson’s criterion suitable for 
foundation diameters larger than 30 inches is a reasonable predictive model to be used for drilled shafts 
when assessment studies are performed. 
 
The 5% and 10% relative settlement criteria determine the load corresponding to displacements equivalent 
to 5% or 10% of the deep foundation diameter. Depending on guidelines, different methods are used to 
determine the nominal resistance from results of a full-scale load test.  
 
For the comparison, scatterplots were generated and the statistical relationship between the predicted 
nominal resistance, QP, and those measured nominal resistance, QM, was determined, Figure 1. With a R2 
value of 80%, (Coefficient of Determination) the relationship between the AASHTO predictive model and 
the modified Davisson’s criteria is considered the strongest relationship among all the comparison models. 
Table 2 illustrates summary of R2 values for all models. For this paper, the method with highest coefficient 
of determination, R2, was selected for the calibration process. Therefore, the modified Davisson’s was 
selected for the resistance factor calibration process. For simplicity purposes, from this point forward in 
this paper, the term Davisson’s will be referring to the modified Davisson’s criteria. 

 
Table 2. Coefficient of determination R2, in percentage 

 
Predictive Model 

Measured Method 
Modified 

Davisson’s 
5% Relative 
Settlement 

10 % Relative 
Settlement 

AASHTO 80 50 48 
FHWA 75 66 64 
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Figure 1. Scatterplot and coefficient of determination for analyzed methods 
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EXTRAPOLATED AND NON-EXTRAPOLATED DATA 
 
In an effort to explore the impact of extrapolated ETL curves on the measured nominal resistance, QM, 
which consequently will be impacting the resistance factors, φ, each ETL curve used in the dataset 
compiled for this study was purposely shortened to not reach the Davisson’s criteria line to measure the 
nominal resistance. The remaining load-displacement data points was then used to extrapolate the ETL 
curve to reach modified Davisson’s line. For example, as shown in Figure 2, the original ETL curve 
reached maximum displacement of 6 inches (150 mm) and the measured nominal resistance, QM, was 
determined to be approximately 1925 kips (8560 kN). However, when the ETL curve was shortened to 
simulate a load test that did not reach displacements corresponding to the Davisson’s criteria, and the curve 
was extrapolate using Chin’s extrapolation approach, (Chin 1970), the extrapolated measured nominal 
resistance was measured to be approximately 2100 kips (9340 kN) using Davisson’s criteria. This approach 
was used for all 30 cases presented in this study and resistance factors were calibrated using extrapolated 
and non-extrapolated measured nominal resistances.   
 

 
 

Figure 2. Davisson’s nominal resistance for both Original and Extrapolated ETL Curve 
 
It is recognized that the number of data points selected for the extrapolation will directly impact the results 
of the extrapolation. Paikowsky and Tolosko (1999) investigated the effect of extrapolated load-
displacement curves on the measured nominal resistance and presented extrapolation procedures for 25%, 
33%, 50%, 75%, and 100% of the load-displacement data. However, for purposes of analysis the original 
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ETL curve was always shortened as such that the last point on the ETL curve was immediately before the 
Davisson’s line and the extrapolation was completed independent form the ETL data point percentage.  
 
LOAD AND RESISTANCE FACTOR DESIGN BACKGROUND 
 
The primary objective of the LRFD method is to differentiate uncertainties in loading from those existing 
in the resistance following a probability theory to assure a safety margin (Paikowsky 2004). The general 
form of a performance function, g, can be described as the difference between two probabilistic parameters 
such as resistance, R, and load, Q, Equation (1). 
 
g = R-Q                                                                                               (1) 
 
Each of the parameters constituting the performance function, g, (i.e. R and Q), has its own probability 
distribution. A performance function greater than or equal to zero is an indication of a satisfactory 
performance whereas a value less than zero is an indication of unsatisfactory performance (Allen et al. 
2005).  In the LRFD of deep foundations, resistance factors are applied to the calculated nominal capacity 
resulting in the nominal factored resistance. The deep foundation is considered functional when the nominal 
factored resistance is greater than the nominal factored design load. In current practice, deep foundation 
capacity is determined from the summation of the shaft and base resistances which are determined 
separately. In cases where instrumented data are not available the design inequality can be written for total 
capacity, Q, where the resistance factor for the total capacity, φ, is determined from Equation (2).  
 
Uncertainties and probabilities of occurrence associated with the loads applied to a structure have to be 
accounted for design purposes and are reflected in a load factor (γ) greater than unity (Becker 1997 and 
Paikowsky 2004). Depending on the structure type, the AASHTO and the FHWA provide tables containing 
load and resistance factors. According to AASHTO (2014) for the design of foundations, load factors of 
1.25 for dead load and 1.75 for live load are recommended. For purposes of the LRFD methodology and 
the application of an approximation method for the resistance factor calibration the load and resistance 
distribution are assumed to be lognormal, Barker et al. (1991). 
 
φQ ≥ Σ (γLLQLL+ γDLQDL)                 (2) 
 
Resistance factors are determined through a calibration process using resistances and loads statistical data   
so that the number of cases that do not satisfy Equation (1) out of the total number of cases is equal to the 
target probability of occurrence. For the calibration process, the resistance bias, λ, is determined from the 
relationship between measured and predicted nominal resistances. An important consideration in the 
resistance factors calibration is understanding the statistical distribution of the resistance bias. For the 
calibration process, the inclusion of bias factor for both loads and resistances are necessary since predictive 
models tend to underpredict and/or overpredict the true geotechnical resistance or the loads. Therefore, the 
mean bias, λ, the bias coefficient or variation, COVβ, and the particular distribution of the bias, λ, are 
needed to be known. If the distribution is normal with a linear limit state equation, then exact formulas to 
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solve for the resistance factor can be given, even for multiple load and resistance sources (Allen et al., 
2005). If the distribution is lognormal with linear limit state equation, then an exact formula can be given 
for a single load and single resistance (Paikowsky et al. 2004), while an approximation method, First Order 
Second Moment (FOSM) can be given for multiple loads and single resistance (Paikowsky et al. 2004). If 
the distributions are non-normal or non-lognormal, or the limit state equation is nonlinear, then FOSM can 
be used to provide approximations. Alternatively, when exact equations do not exist, Monte Carlo 
simulation (MC) can be used to estimate the value of φ. 
 
CALIBRATION 
 
For the dataset compiled for this study, the ratio of measured nominal resistance (from BDSLT using 
modified Davisson’s criteria) to the predicted nominal resistance (via AASHTO and FHWA predictive 
models) was calculated which yielded a sample of biases. The weighted mean and variance for this sample 
of biases was estimated, and the form of the distribution was evaluated using histograms and probability 
plots to compare them to the normal and lognormal distributions. From the probability plots, with p-values 
greater than 0.05, the lognormal distribution “cannot” be rejected as the underlying distribution for the 
sample bias. In contrast, in the case of the normal distribution with p-values smaller than 0.05 the normal 
distribution was rejected as the underlying distribution of the biases. Figure 3 illustrates the bias histogram 
for predictive models based on AASHTO and FHWA including the smooth dashed curved corresponding 
to the best fitting lognormal distribution. 
 

 

 

 

 
a) AASHTO predicted nominal resistance-based 

Bias, λ 
b) FHWA predicted nominal resistance-based 

Bias, λ 
 

Figure 3. Resistance Bias distribution for a) AASHTO and b) FHWA 
 
After determining the underlying distribution of the bias, two sets of sample bias were obtained by using 
the measured nominal resistance from the original ETL curves, and the measured nominal resistance from 
extrapolated ETL curves. For each bias sample, the weighted mean and variance were estimated and the 
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First Order Second Moment (FOSM) and Monte Carlo simulation were used to calibrate resistance factors. 
The summary statistics for biases considered for the calibration process are presented in Table 3. 
 

Table 3. Biases Summary Statistics 
Predictive 

Model 
Sample 

No. 
Original ETL (Davisson’s) Extrapolated ETL (Davisson’s) 
Mean Bias COV Bias Mean Bias COV Bias 

AASHTO 30 1.4286 0.41 1.2224 0.42 
FHWA 30 1.4106 0.53 1.2073 0.55 

  
 
RESISTANCE FACTORS CALIBRATION 
 
First Order Second Moment (FOSM) approach. 
 
Since the load, Q, and resistance, R, were assumed to be lognormally distributed, the limit state function g 
in this case is defined as g = ln(R) – ln(Q) = ln (R/Q). From a mathematical derivation presented by Barker 
et al. (1991), the resistance factor, ϕ, can be determined from equation (3) when Q and R, are random 
variables and follow a lognormal distribution.  
 

ϕ =  

𝜆𝜆𝑅𝑅(𝛿𝛿𝐷𝐷𝐷𝐷
𝑄𝑄𝐷𝐷𝐷𝐷
𝑄𝑄𝐷𝐷𝐷𝐷

+ 𝛾𝛾𝐷𝐷𝐷𝐷)�
1 + 𝐶𝐶𝐶𝐶𝐶𝐶𝑄𝑄𝐷𝐷𝐷𝐷

2 + 𝐶𝐶𝐶𝐶𝐶𝐶𝑄𝑄𝐷𝐷𝐷𝐷
2

1 + 𝐶𝐶𝐶𝐶𝐶𝐶𝑅𝑅2

�𝜆𝜆𝐷𝐷𝐷𝐷
𝑄𝑄𝐷𝐷𝐷𝐷
𝑄𝑄𝐷𝐷𝐷𝐷

+ 𝜆𝜆𝐷𝐷𝐷𝐷�  exp [𝛽𝛽�ln [(1 + 𝐶𝐶𝐶𝐶𝐶𝐶𝑅𝑅2)�1 + 𝐶𝐶𝐶𝐶𝐶𝐶𝑄𝑄𝐷𝐷𝐷𝐷
2 + 𝐶𝐶𝐶𝐶𝐶𝐶𝑄𝑄𝐷𝐷𝐷𝐷

2 �]
                                                   (3) 

 
where λR is the bias of the resistance, λDL is the bias of the dead load, λLL is the bias of the live load, β is 
the target reliability index, COVR is the coefficient of variation of the resistance, COVQDL is the coefficient 
of variation of the dead load, COVQLL is the coefficient of variation of the live load, γDL is the load factor 
for dead load, γLL is the load factor for live load, QDL is the dead load, and QLL is the live load. 
 
Monte Carlo Simulation. 
 
Monte Carlo simulation (MC) is often taken to be a more “rigorous” method for the calculation of the 
resistance factors. The rigor is not in terms of mathematical rigor, but instead in terms of being able to 
provide an exact solution, to any degree of precision, given sufficient simulation size/time, for distributions 
that are neither normal nor lognormal or when the limit state equation is not linear. Although the bias 
distribution was known to be lognormally distributed, resistance factors were calibrated using the MC 
approach and further compare the result to those obtained from the FOSM. For this study the number of 
simulations, Nsim, was considered as 1,000,000. 
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Resistance Factors. 
 
From both analyses described above, resistance factors were calibrated using a target reliability index of 
2.33, a DL to LL ratio of 2, a COV of 0.2 and 0.1 as well as biases of 1.15 and 1.05 for LL and DL, 
respectively. Results from the calibration are summarized in Table 4. 
 

Table 4. Resistance factors determined using the FOSM and MCS 
Predictive 

Model 
Sample 

No. 
φ (FOSM) φ (MCS) 

ETL Extrapolated ETL ETL Extrapolated ETL 
AASHTO 30 0.69 0.56 0.68 0.45 
FHWA 30 0.55 0.45 0.50 0.33 

 
 
Resistance Factor Sensitivity 
 
Throughout the calibration process the results indicated that resistance factors are primarily dependent of 
mean bias, λ, and the bias coefficient of variation, COVλ. Based on the results obtained from this study, it 
was noted that the resistance factors are more sensitive to the COV than to the mean bias, Figure 4. To 
illustrate this sensitivity, resistance factors were calculated for various mean bias and COVs using the 
FOSM approach and Equation (3). The values for statistical information on load were taken from AASHTO 
recommendations with the dead-to-live load ratio of 2, as previously noted for the FOSM analysis as well 
as the Monte Carlo simulations. 
 

 
 

Figure 4. Resistance Factors versus COV for various Mean Bias Values 
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SUMMARY AND CONCLUSIONS 
 
This paper presented a qualitative assessment of the American Association of State Highway and 
Transportation Officials (AASHTO), and the Federal Highway Administration (FHWA) predictive models 
by comparing the predicted nominal resistance to measured nominal resistance using the Modified 
Davisson’s criteria, 5% relative settlement, and the 10% relative settlement approach with primary focus 
on drilled shafts. From the comparison analysis, the modified Davisson’s criterion was considered the 
method of analysis for this study due to a relative high coefficient of determination, 80%, compared to the 
other two methods. It should be noted that the modified Davisson’s approach has been largely used for large 
diameter driven piles instead of drilled shafts. However, the average diameter of drilled shafts used for this 
study was approximately 42 inches which is considered relatively small diameter drilled shafts. Therefore, 
in other type of dataset where larger diameter drilled shafts are considered, the coefficient of determination 
could be higher for methods other than the modified Davisson’s. 
 
Using the modified Davisson’s as the method to determine measured nominal resistance, resistance factors 
were calibrated using the FSOM and the MCS approach. For the measured nominal resistance non-
extrapolated and extrapolated ETL curves were used. Using non-extrapolated ETL curves and the 
AASHTO predictive model, resistance factors of 0.69 and 0.68 were determined using FOSM and MCS, 
respectively. In the case of extrapolated ETL curves, resistance factors of 0.56 and 0.45 were determined 
using FOSM and MCS, respectively. In regard to the FHWA predictive model and non-extrapolated ETL 
curves, the resistance factors were determined to be 0.55 and 0.50 using the FOSM and the MCS, 
respectively. For the extrapolated ETL curves the resistance factors were 0.45 and 0.33 using the FOSM 
and MCS, respectively. Overall for both AASHTO and FHWA predictive models the resistance factors 
were smaller when extrapolated ETL curves were used for the calibration. If it is rigorously considered the 
fact that for higher uncertainties lower resistance factors are determined, then the low resistance factors for 
extrapolated ETL curves are proving that the extrapolation is introducing certain level of uncertainties to 
the calibration process. 
 
To obtain more accurate and appropriate resistance factors, lowering the COV or increasing the bias, or 
both are required. The variability of both predicted and measured nominal resistance is reflected by the 
COV. The reduction of the COV is achieved by considering improved differentiation and interpretation of 
subsurface information and geomaterial strength parameters used for predicting nominal resistance. 
Furthermore, consideration of ground water, artesian conditions, and other soil hydraulic conditions that 
could potentially impact the predicted nominal resistance should be considered. Site characterization and 
geotechnical instrumentation that could potential aid to the predictive models for the nominal resistance 
predictions should be taken into account.  
 
In regard to measured nominal resistance, the variability can be reduced by improved load test repeatability 
and proper determination and differentiation of shaft and base resistance. Another important factor which 
is not considered by any of existing models to either predict or measure nominal resistance is the tools and 
methods of constructing the drilled shaft. The means and methods along with eh tools used by the specialty 
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contractors could impact the drilled shaft resistance which will further impact the results of a full-scale load 
test.  
 
Finally, in regard to extrapolation, results from this analysis revealed that the use of extrapolation methods 
are not the best approach for an ETL curve that does not reach far enough to be used for one of the agreed 
methods for determining measured nominal resistance. Understandably in some situations it will be the 
only tool to be used to get an answer but these scenarios could be avoided if a load testing program is 
properly designed by considering proper load increments, proper instrumentation, and properly carrying 
out a load test. Accordingly, engineers, researchers, and designers should be aware of the effect of these 
variabilities on the calibration of resistance factors.   
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