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In this issue, we discuss recently developed features 
for FB-MultiPier v5.8.0

Engineers making use of software produced by the Bridge Software Institute 
(BSI) are encouraged to communicate suggestions for new features and 
program improvements to BSI. These suggestions may be general or very 
specific to project needs. We firmly believe that you are in the best position to 
contribute to program development directions. 

In this release of FB-MultiPier, the enhancements listed below were largely 
motivated by YOUR suggestions:

• Prestressed carbon fiber reinforced polymer (CFRP) piles.
• Confined concrete in rectangular sections.
• Accumulated soil axial resistance reporting for use in downdrag calculations.
• Monitoring of soil axial reactions for deep foundation member design.

Prestressed Carbon Fiber 
Reinforced Polymer (CFRP) Piles
Newly available cross-sections for square and cylinder piles have been implemented in 

FB MultiPier, based on Florida Department of Transportation (FDOT) standard drawings 

of prestressed carbon fiber reinforced polymer (CFRP) piles. Cross-sections containing 

prestressed CFRP strands can be incorporated into FB-MultiPier models by manually 

building up cross-section definitions, or more directly, by selecting from among the FB-

MultiPier database of standard cross-sections.
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An example database selection of the FDOT standard 12-in. prestressed CFRP pile cross-
section is shown in Fig. 1.

Figure 1. Database of standard FDOT cross-sections for prestressed CFRP piles 

The default stress-strain relationship implemented for CFRP strands in FB-MultiPier 
is schematically illustrated in Fig. 2. Considerations are given for both tensile and 
compressive strains, where the contribution of CFRP strands in compression is 
conservatively neglected. Under tensile strains, CFRP strands are assumed to behave in a 
linear manner up to rupture. For tensile strains that exceed rupture, the corresponding 
strand stresses abruptly reduce to (and remain at) zero. Further, for any load cases (or 
load combinations) that produce strains exceeding strand rupture in tension, a warning 
message is issued as part of the program output, which includes the model location 
where the rupture has occurred. 
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Figure 2. Stress-strain relationship for modeling prestressed CFRP strands

All built-in cross-sections for prestressed CFRP piles are defined with utilization of 7-wire 
0.6-in. diameter CFRP strands. Accordingly, the default modulus for CFRP strands is 
defined as 22,500 ksi. Further, the default rupture stress is defined as 369 ksi. These 
parameters correspond to a strand tensile rupture strain of 0.0164 in./in. 

In the event that other variants of prestressed CFRP strands are to be utilized in a given 
pile cross section, the engineer can specify associated values of elastic modulus and 
rupture stress. However, for such instances, compression contributions to cross-section 
stiffness and resistance remain neglected during analysis. Alternatively, a user-defined 
stress-strain relationship can be supplied, as illustrated in Fig. 3. When user-defined 
relationships are employed, the engineer can define constitutive behaviors under both 
tension and compression.

The state of current practice is such that a single-valued resistance factor (ϕ) is applicable 
to prestressed CFRP member cross-sections when forming load-moment strength 
interaction diagrams. A resistance factor of 0.75 is employed by default. However, the 
engineer may specify user-defined resistance factors with respect to axial and bending 
portions of load-moment interaction diagrams. These particular inputs can be specified 
on the Analysis Settings page, as shown in Fig 4. 

http://bsi.ce.ufl.edu/
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When forming load-moment interaction diagrams for prestressed CFRP cross-sections, 
an environmental factor is also applied (i.e., compounded on the resistance factors). In 
FB-MultiPier, the environmental factor is set at a value of 1.0 by default. When of interest 
though, the engineer can specify a custom value on the Analysis Settings page (Fig. 4).

http://bsi.ce.ufl.edu/
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Figure 4. Analysis Settings controls for defining custom factors in load-moment interaction 

diagrams of prestressed CFRP pile cross-sections

Nonlinear frame elements in FB-MultiPier are formulated based on a discrete fiber-
integrated beam-column. In this way, a wide range of nonlinear constitutive behaviors 
can be analyzed with respect to stiffness, force recovery, and section capacity 
calculations. When computing the 3D load-moment interaction capacities of cross-
sections containing prestressed CFRP strands, two forms of material failure are assessed. 
These include crushing of any concrete portions of the cross-section (i.e., numerical 
fibers that correspond to concrete in the physical section) and tensile rupture of any 
prestressed CFRP strands. For a given axial load level, whether tension or compression, a 
set of moments about various orientations on the cross-section are quantified.

Each moment quantified in this manner corresponds to the onset of either concrete 
crushing in compression or strand rupture under tension. The pairs of axial loads and 
moment values constitute the 3D failure surface (i.e., the load-moment interaction 
surface) for the cross-section. Here, crushing of the concrete is defined as a compressive 
strain equal to or exceeding 0.003 in./in. Rupture of the strands is taken as the ratio of 
the input values of strand rupture stress and elastic modulus (e.g., a rupture stress of 
369 ksi and modulus of 22,500 ksi corresponds to a rupture strain of 0.0164 in./in.). 

http://bsi.ce.ufl.edu/
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Figure 5. Comparison of interaction diagrams generated using algorithm presented in 

Consolazio et al. (2004) and computed using FB-MultiPier for a 12-in. standard FDOT 

prestressed CFRP pile cross-section

As a benefit of implementing the approach described above when forming load-moment 
interaction surfaces, capacities of prestressed CFRP cross-sections are quantified 
under both compression-controlled (i.e., crushing) and tension-controlled (i.e., strand 
rupture) conditions. Stated alternatively, the interaction diagrams for prestressed 
CFRP sections produced by FB MultiPier encompass: 1) concrete crushing under pure 
compression; 2) strand rupture under pure tension; and, 3) the full range of axial loads 
and corresponding moments that lie in between. Interaction diagrams formed in this 
manner have been verified against independently generated interaction diagrams for all 
FDOT standard prestressed CFRP pile cross-sections. For example, shown in Fig. 5 is a 
comparison of two sets of points along an interaction diagram for a 12-in. square cross-
section. The two sets of points were generated using FB-MultiPier and through use of the 
algorithm presented in Consolazio et al. (2004). Excellent agreement is observed under 
pure compression, near the peak moment (i.e., the “nose”) of the interaction diagram, 
and under pure tension.

http://bsi.ce.ufl.edu/
https://doi.org/10.14359/13004
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Figure 6. Stress-strain relationships for modeling of confined and unconfined concrete 

portions of cross-sections.
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Confined Concrete in Rectangular 
Sections
Hoops or ties placed in rectangular reinforced concrete cross-sections can act to 
establish and confine a concrete core, thus increasing the concrete compressive strength 
of the core. This increase in compressive strength is a function of the quantity of 
confinement reinforcement and geometry of the reinforced section. The phenomenon 
of concrete confinement is particularly important and useful when designing for seismic 
forces and other forms of extreme event loading, especially for scenarios where hinges 
may form in reinforced concrete structural members.

A widely adopted empirical model for analyzing confined concrete sections is based 
on the work of Mander et al. (1988), and is often referred to as the “Mander model”. 
Accordingly, the Mander model serves as the basis for modeling of confinement effects 
in FB-MultiPier. Based on the cross section geometry, longitudinal reinforcement 
layout, and transverse reinforcement properties, unique stress-strain relationships 
are generated for the confined and unconfined section portions (Fig. 6). The stress-
strain relationship for the confined section portions possesses a relatively larger peak 
compressive stress (f’cc), as compared to that of the unconfined section portions (f’c). 
Further, the stress-strain relationship associated with confined concrete degrades 
less rapidly to zero-valued stress as compared to that associated with the unconfined 
portions. Under tensile loads, both the confined and unconfined stress-strain 
relationships exhibit linear behavior up to the cracking stress (ft), and zero-valued stress 
beyond cracking.

For modeling of circular cross sections in FB-MultiPier, the ability to incorporate 
confinement effects into the analysis has been available and maintained for many years. 
Accompanying the release of FB-MultiPier v5.8.0, a complementary feature set has been 
implemented for rectangular concrete cross sections as well. 

http://bsi.ce.ufl.edu/
https://doi.org/10.1061/(ASCE)0733-9445(1988)114:8(1804)
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Figure 7. Rectangular Confined Concrete dialog

The Rectangular Confined Concrete dialog is shown in Fig. 7. Input controls contained 
within this dialog correspond to required parameters for modeling rectangular cross-
sections per the Mander model. These include the spiral (or tie) shear reinforcement yield 
stress, longitudinal (shear) spacing, and bar diameter. Further, the dimensions of the 
confined core (bc, dc) can be directly specified. For each overall core dimension (bc, dc), 
the number of confined “cells” created by the transverse reinforcement scheme (wi’, wi”), 
and the length of each cell dimension, are then supplied. As a convenience, only the wi’ 
spacings along one side of the confined core are required (likewise for the wi” spacings). 
Based on the values supplied for these parameters, stress-strain relationships for both 
the confined and unconfined portions of rectangular sections are formed and assigned to 
the appropriate cross-section portions during analysis.

http://bsi.ce.ufl.edu/
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Accumulated Soil Axial Resistance 
Reporting for use in Downdrag 
Calculations
For design of deep foundation members, particularly driven piles, the phenomenon of 
“downdrag” may play a significant role. Downdrag denotes negative skin friction, or the 
accumulated negative soil axial resistance along the pile length as the pile undergoes 
downward motions. The AASHTO LRFD Bridge Design Specifications contain an explicit 
approach for considering negative skin friction, but also allow for use of the neutral 
plane method. 

This latter method is conceptually illustrated in Fig. 8, where the neutral plane is the 
elevation at which the negative skin friction has dissipated. Here, the results of an 
analysis involving axial loading of a deep foundation member are utilized to build up two 
sets of through-depth soil force reaction curves. More specifically, a “top-down” curve is 
generated by accumulating soil axial resistance from top to bottom along the embedded 
pile length. The initial value of the top-down curve is assigned the sustained load (i.e., 
the axial force developed in the pile itself at the ground surface elevation). 

Figure 8. Conceptual illustration of accumulated soil resistance plotting used in downdrag 

calculations for design of deep foundation members

http://bsi.ce.ufl.edu/
https://trid.trb.org/view/1704698
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Either one or a family of bottom-up curves are also generated as part of the neutral 
plane method. Namely, some portion of the computed soil-pile tip reaction is used 
to initialize the bottommost curve value (e.g., 0%, 25%, 50%, 75%, or 100% of the soil 
reaction at the pile tip). Then, from bottom to top, the soil axial reaction is accumulated 
to produce this second type of through-depth curve. The intersections of the two types 
of curves are taken, with respect to a given profile of free-field settlement values, as 
candidates for establishing the neutral plane.

FB-MultiPier provides an aid for determining the position of the neutral plane by 
accumulating the positive soil resistance (top-down) and negative soil resistance 
(bottom-up), as could otherwise be obtained from a given set of analysis results. As a 
convenience to the engineer, accumulated soil force results are automatically computed 
for each pile and every substructure in a bridge model when the Soil Response Forces 
print option is enabled in the Print Control menu on the Analysis Settings page (Fig. 9). 

  Page 10

Figure 9. Analysis Settings print option for reporting accumulated soil axial reactions
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An illustrative set of output pertaining to accumulated soil-axial resistance is listed in 
Table 1. For each embedded pile node (e.g., 1 through 16 from top to bottom), five 
accumulated axial reactions are calculated. These include the cumulative top-down 
soil axial force (plus the sustained load at the top of the pile), and five variations on the 
cumulative bottom-up soil axial force. In particular, the five curves reflect (in turn), no 
contribution from the pile tip as well as 25%, 50%, 75%, and 100% contributions. Plotting 
of the values listed in Table 1 produces curves resembling those illustrated schematically 
in Fig. 8 above, and facilitates determination of the neutral plane.

Table 1. Example tabulated output of accumulated soil resistance (top-down, bottom-up) 

used in downdrag calculations for design of deep foundation members

http://bsi.ce.ufl.edu/
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Monitoring of Soil Axial Reactions 
for Deep Foundation Member 
Design
Nominal (unfactored) soil resistance parameters contained within FB-MultiPier models 
are utilized to generate and apply distributed non-linear soil springs, which mimic 
various forms of physical soil resistance. As the intention is to describe soil-pile stiffness 
as realistically as possible, the force-displacement (or moment-rotation) relationships 
generated in this manner are typically not intended to be modified beyond consideration 
of group effects (e.g., p-multipliers). Consequently, through use of the as-formed soil 
force-deformation relationships, equilibrium states can be converged upon that exceed 
design-level soil resistance limits, such as limiting axial forces that incorporate LRFD 
resistance (ϕ) factors. 

A new feature in FB-MultiPier facilitates monitoring for exceedance of code-prescribed 
soil resistance forces. Namely, the Engineer can now input limiting compression 
(bearing) and tension (uplift) axial forces and associated LRFD resistance factors (Fig. 10). 

Figure 10. Deep foundation member Axial Design dialog

http://bsi.ce.ufl.edu/
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Figure 11. Example output for soil-axial design of piles and drilled shafts

These input values of limiting axial force are then compared against summed soil-axial 
resistance forces obtained from the equilibrium solution. Comparisons are made on a 
per-pile basis and across each load case (or load combination). For any instances where 
equilibrium forces attributed to axial soil resistance exceed the respective limiting 
forces, a notification is subsequently issued and included among the analysis output so 
as to alert the Engineer of the offending pile and associated load case (Fig. 11). 

This form of accumulated soil reaction monitoring can be carried out for any unique 
pile(s) within a pile group and across any number of pier/bent substructures contained 
within a bridge model. Typically, the Engineer will supply previously computed nominal 
pile/shaft axial bearing (combined skin and tip resistance) and uplift (skin only) forces 
obtained from other software, such as FB-Deep. When AASHTO load combinations are 
analyzed, the Engineer may additionally input LRFD resistance (ϕ) factors specific to 
Service, Strength, and Extreme limit states (e.g., those indicated in Fig. 10) as applicable 
to downward (skin and tip resistance) or upward (skin resistance only) motions. FB-
MultiPier will then monitor the analysis results obtained from the equilibrium solution 
and make the appropriate comparison to a limiting force depending on the limit state 
associated with a given load combination. Overall, this new feature is provided to 
assist the Engineer in locating the controlling load case or combination, particularly for 
foundations containing a relatively large number of deep foundation members.

  Page 12   Page 13
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FB-MultiPier v5.8.0     Download a FREE demo today!
Released Jan 2021 - Continuing Development - Technical Support Available

FB-MultiPier allows for the modeling of bridges, bridge piers, pile 
bents, and other foundation structures. In addition to allowing for 
multiple load cases and AASHTO load combinations, FB-MultiPier is 
also capable of performing dynamic analysis (time-history and RSA). 
For more information about FB-MultiPier, click here.

BSI Program Status

FB-Deep v3.0.0    Download a FREE demo today!
Released Feb 2020 - Continuing Development - Technical Support Available

Atlas v7.1
Released June 2019 - Limited Web Support Available

FB-Deep is used to estimate the static axial capacity of drilled shafts 
and driven piles. The methodology is based upon Federal Highway 
Administration (FHWA) reports. FB-Deep guides the user through 
pile and shaft materials data, shape and dimensional inputs, soil 
properties, and boring log info. For more information about FB-Deep, 
click here. 

Atlas is a finite element analysis program that is used for the design/
analysis of cable supported traffic signal systems. The Atlas program 
models dual cable supported systems including single-point, and two-
point attachments systems. For more information about Atlas, click 
here. 
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GeoStat v1.1.0
Released Dec 2020 - Continuing Development - Technical Support Available

GeoStat allows engineers to leverage statistical methods when 
estimating pile/shaft axial resistance quantities, variability, and 
uncertainty. GeoStat accepts collections of borings/corings, performs 
both spatial variability analysis and method error estimation, and 
then generates through-depth profiles of both factored resistance and 
associated variability. For more information about GeoStat, click here. 

http://bsi.ce.ufl.edu/
http://bsi.ce.ufl.edu/products/overview.aspx?software=7
http://bsi.ce.ufl.edu/products/overview.aspx?software=7
http://bsi.ce.ufl.edu/products/overview.aspx?software=6
http://bsi.ce.ufl.edu/products/overview.aspx?software=2
http://bsi.ce.ufl.edu/products/overview.aspx?software=6
http://bsi.ce.ufl.edu/products/overview.aspx?software=2
http://bsi.ce.ufl.edu/products/overview.aspx?software=9
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Contact BSI
If you need to contact BSI for any reason you can use any of the methods below: 
Online: bsi.ce.ufl.edu
Email: bsi@ce.ufl.edu

Mailing Address: 
Bridge Software Institute
University of Florida
PO Box 116580
Gainesville, FL 32611
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