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ABSTRACT

Several superstructure design methodologies have been developed for low volume road bridges by
the lowa State University Bridge Engineering Center. However, to date no standard abutment designs have
been developed. Thus, there was a need to establish an easy to use design methodology in addition to
generating generic abutment standards and other design aids for the more common substructure systems
used in lowa.

The final report for this project consists of three volumes. The first volume summarizes the
research completed in this project. A survey of the lowa County Engineers was conducted from which it
was determined that while most counties use similar types of abutments, only 17 percent use some type of
standard abutment designs or plans. A literature review revealed several possible alternative abutment
systems for future use on low volume road bridges in addition to two separate substructure lateral load
analysis methods. These consisted of a linear and a non-linear method. The linear analysis method was
used for this project due to its relative simplicity and the relative accuracy of the maximum pile moment
when compared to values obtained from the more complex non-linear analysis method. The resulting
design methodology was developed for single span stub abutments supported on steel or timber piles with a
bridge span length ranging from 20 to 90 ft and roadway widths of 24 and 30 ft. However, other roadway
widths can be designed using the foundation design template provided. The backwall height is limited to a
range of 6 to 12 ft, and the soil type is classified as cohesive or cohesionless. The design methodology was
developed using the guidelines specified by the American Association of State Highway Transportation
Officials Standard Specifications, the lowa Department of Transportation Bridge Design Manual, and the
National Design Specifications for Wood Construction.

The second volume (this volume) introduces and outlines the use of the various design aids
developed for this project. Charts for determining dead and live gravity loads based on the roadway width,
span length, and superstructure type are provided. A foundation design template was developed in which
the engineer can check a substructure design by inputting basic bridge site information. Tables published
by the lowa Department of Transportation that provide values for estimating pile friction and end bearing
for different combinations of soils and pile types are also included. Generic standard abutment plans were
developed for which the engineer can provide necessary bridge site information in the spaces provided.
These tools enable engineers to design and detail county bridge substructures more efficiently.

The third volume provides two sets of calculations that demonstrate the application of the
substructure design methodology developed in this project. These calculations also verify the accuracy of
the foundation design template. The printouts from the foundation design template are provided at the end
of each example. Also several tables provide various foundation details for a pre-cast double tee

superstructure with different combinations of soil type, backwall height, and pile type.
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1. INTRODUCTION

Various superstructure design methodologies have been developed by the lowa State
University (ISU) Bridge Engineering Center (BEC). However, to date no standard abutment designs
or design methodologies have been developed. Obviously, with a design methodology and a set of
standard abutment plans for the various superstructures systems, a County Engineer could design a
complete bridge for a given site. Thus, there was a need to establish an easy-to-use design
methodology and standard abutment plans for the more common substructure systems used in lowa.
1.1. OBJECTIVE AND SCOPE OF ABUTMENT DESIGN AIDS

The objective of this project was to develop a simple design methodology, a series of
standard abutment plans, and a series of design aids for the more commonly used substructure
systems in lowa counties. The design aids include: 1.) graphs for estimating dead and live load
abutment reactions, 2.) a summary table of estimated allowable pile end and friction bearing values
based on the lowa Department of Transportation Foundation Soil Information Chart (lowa DOT
FSIC) [1], 3.) a generic foundation design template (FDT), and 4.) generic standard abutment plans.
When used correctly, these tools will assist the lowa County Engineers in the design and construction
of low-volume road (LVR) bridge abutments.

The assumptions incorporated in the developed design methodology and corresponding
design aids are similar to those made for a stub abutment system. The applicability of the design aids
are limited to span lengths ranging from 20 to 90 ft and are intended for roadway widths of 24 and
30 ft (however, abutments for other roadway widths can be designed with the FDT). Also, the soil
profile must be relatively uniform and mostly consist of a cohesive or cohesionless soil.
Superstructure systems other than the beam-in-slab bridge (BISB), railroad flat car (RRFC), pre-cast
double tee (PCDT), glued-laminated girders (glulam), prestressed concrete (PSC), quad-tee, and slab
bridge systems are not incorporated in the LVR bridge abutment design aids. However, the general
design methodology can, in theory, be applied to the design of substructures for a variety of other
superstructure systems.

1.2. REPORT SUMMARY

This volume is the second of three comprising this final report. VVolume 1: Development of
Design Methodology provides a summary of the tasks completed in the project. This includes a
survey of the lowa County Engineers, the collection of input from a Project Advisory Committee
(PAC), the development of a LVR bridge abutment design methodology, and a summary of research
required to increase the types of abutments that could be used on LVR bridges.



Volume 2: Design Manual provides instructions for using the previously mentioned design
aids. This includes a detailed description of all required input parameters for the FDT, a description
of the design requirements, and recommendations for optimizing the pile and anchor system to
effectively meet these requirements. Instructions for using the estimated gravity load charts,
estimated pile bearing tables, and standard abutment plans are also included in this volume.

Volume 3: Verification of Design Methodology provides two sets of calculations that
demonstrate the application of the substructure design methodology developed in this project. These
calculations also verify the accuracy of the FDT. The printouts from the FDT are provided at the end
of each example. Additionally, several tables present various foundation details for a pre-cast double

tee superstructure (PCDT) with different combinations of soil type, backwall height, and pile type.



2. DESIGN METHODOLOGY SUMMARY

A brief summary of the design methodology developed for LVR bridge abutments is
presented in this chapter. This includes the determination of the substructure loads, the structural
analysis, foundation capacity calculations, and checking design requirements for the pile and anchor
systems. Additional substructure elements such as the pile cap, abutment wale, and backwall also
need to be investigated; however, a design methodology for these elements was beyond the scope of
this project. A graphical flowchart of the design methodology summarized herein is presented in
Figure 2.1 (same as Figure 4.1 in Volume 1).

2.1. DESIGN LOADS

The first step in designing a foundation is the determination of loads. Gravity loads include
the bridge self-weight in addition to bridge live loads. Lateral loadings are imparted to the bridge
substructure by active and passive soil pressures in addition to lateral forces transmitted from the
superstructure to the substructure through the bridge bearings.

2.1.1. Gravity Loads

Conservative total dead load abutment reactions for various superstructure systems are given
in Figures A.1 and A.2 of Appendix A for 24 and 30 ft roadway widths, respectively. These
estimates are based on published standard bridge designs for the respective superstructure systems.
More accurate, and potentially smaller, dead load abutment reactions can be determined using site-
specific bridge information. The live load abutment reaction is computed using the American
Association of State Highway Transportation Officials (AASHTO) Standard Specifications for
Highway Bridges, Sixteenth Edition [2] HS20-44 design truck. The maximum simple span abutment
reaction occurs when the back axle is placed directly over the centerline of the piles with the front and
middle axles on the bridge. The live load abutment reactions for two, 10 ft wide design traffic lanes

without impact are provided in Figure A.3 of Appendix A.
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2.1.2. Lateral Loads

The substructure systems commonly used by lowa counties require the piles to resist lateral
loads in addition to gravity loads. The lowa Department of Transportation Bridge Designh Manual
(lowa DOT BDM) [3] specifies two different horizontal soil pressures for bridge substructures as
shown in Figure 2.2. The first pressure distribution (Figure 2.2a) represents the active soil pressure
attributed to the permanent loading of the backfill soil. The second pressure distribution (Figure 2.2b)
represents a gravity live load on the approach roadway. This live load is modeled as an equivalent
soil surcharge equal to two feet of soil above the approach roadway thus resulting in the pressure
distribution shown. Both lateral soil pressure distributions are included in the design methodology
for this project.

Other lateral bridge loadings such as longitudinal wind forces, transverse wind forces, and a
longitudinal braking force are also listed in the lowa DOT BDM [3]. Longitudinal wind forces were
investigated and found to be negligible for LVR bridge abutments and therefore were not included in
the design methodology for this project. The longitudinal braking force is equal to five percent of the
total gravity component for the AASHTO [2] lane loading multiplied by the number of 10 ft design
lanes and does not include the multilane reduction factor. One type of transverse wind load consists
of a 50 psf pressure that acts on the elevation surface area of the superstructure, roadway and barrier

rail. This transverse loading acts perpendicular to the flow of traffic. A second transverse wind load,

Roadway Roadway 250 psf i
\\ \\ oo
6-0"
h h
X X
p=vhKj, S 35.9 psf KKK
a) Active soil pressure distribution. b) Equivalent live load surcharge.

Figure 2.2. Lateral soil pressure distributions [adapted from the lowa DOT BDM, 2004; Figure 4.5
of Volume 1].



also perpendicular to the flow of traffic, consists of a 100 plf line load that represents wind acting on
the bridge live load. Both transverse wind loads and the longitudinal braking force were included in
the design methodology for this project. The load groups cited in Section 6.6 of the lowa DOT
BDM [3] are used to determine the maximum loading effects for the various combinations of gravity
and lateral loadings previously discussed.
2.2. STRUCTURAL ANALYSIS

Once the substructure loads have been determined, a structural analysis of the foundation
system can be performed to determine the internal forces. This includes the pile axial force and
bending moment, anchor rod axial force, and the internal anchor block shears and bending moments.
Sample calculations for the analysis methods summarized herein are provided in Volume 3 of this
final report.
2.2.1. Internal Pile Loads

The total abutment reaction, which is the sum of the dead and live load abutment reactions, is
used to determine the individual axial pile forces. The axial pile loads (i.e., the load each pile must
resist) are a function of the total number of piles and their spacing along with the superstructure
reaction applied at bearing locations. Different combinations of pile and superstructure bearings
point configurations will produce various maximum axial pile forces within a given pile group.
Therefore, a nominal axial pile factor was developed using structural analysis software for all
superstructure systems included in this design methodology to account for the different axial forces
that can develop. The design axial pile force is equal to the total abutment reaction divided by the
number of piles times the nominal axial pile factor provided in Table 2.1. As previously discussed,
the total abutment reaction is the sum of the dead and live load reactions which are used to determine

the individual axial pile load.

Table 2.1. Nominal axial pile factors for various superstructure systems [Table 4.1 of Volume 1].

Nominal Axial
Superstructure System Pile Factor

PCDT 1.40
BISB 1.35
RRFC (Type 1) 1.20
RRFC (Type 2) 1.40
Prestressed girder 1.30
Slab bridge 1.00
Quad-tee 1.50

Glulam girder 1.40




The lateral load analysis technique used in this design methodology is reported by
Broms [4, 5]. Specifically, the pile is considered fixed at a calculated depth below ground and is
analyzed as a cantilever structure. The depth to fixity is a function of different parameters such as the
pile width and the above ground lateral pile loads. The undrained shear strength and friction angle of
the soil are also required for cohesive and cohesionless soils, respectively.

A lateral restraint system can be used to reduce the lateral loading effects on the piles. The
lateral restraint systems incorporated into the design methodology were a buried reinforced concrete
anchor block connected to the substructure with tension rods, and a positive connection between the
superstructure and substructure.

If a lateral restraint system is not utilized, the system is statically determinate and the
maximum pile bending moment and deflection are easily determined using statics. Superposition can
be used to determine the combined effects of all the lateral pile loadings.

The incorporation of a lateral restraint system creates a statically indeterminate system. The
structural analysis methodology for this project uses an iterative, consistent deformation approach in
which the displacement of the lateral restraint system is equal to the displacement of the pile at the
connection point; elongation of the anchor rods is also included. An example of this analysis
procedure is provided in VVolume 3 of this final report.

2.2.2. Internal Anchor Block Forces

Once the anchor rod force per pile has been determined, the internal anchor block bending
moment and shear loads can be calculated. The anchor force per pile, in addition to other parameters
such as the elevation of the anchor, anchor rod properties, and pile spacing required for the structural
analysis of the pile system are also used in the structural analysis of the anchor block.

The anchor block is analyzed as a continuous beam with simple supports that correspond to
the locations of the anchor rods. The net soil reaction imparted on the anchor block to resist the
lateral substructure loads is represented by a uniformly distributed load equal to the anchor rod force
per pile, multiplied by the number of piles, and divided by the total length of the anchor block. The
internal anchor block shears and bending moments can be determined using a number of
indeterminate structural analysis techniques.

2.3. CAPACITY OF FOUNDATION ELEMENTS

The guidelines specified in the lowa DOT BDM [3], AASHTO [2], and the National Design

Specification Manual for Wood Construction (NDS Manual) [6] were used to determine the

capacities of the various foundation elements.



2.3.1. Pile Capacity

For this project, a foundation pile is classified as one of three different groups; end bearing
piles, friction bearing piles, or combined friction and end bearing piles. The bearing capacity of an
end bearing pile is attributed to the bearing of the pile tip on a relatively hard foundation material.
Estimated end bearing values for various H-pile sizes and foundation materials as cited by the lowa
DOT FSIC [1] are presented in Appendix B. The bearing capacity of friction piles is attributed to the
shear forces developed between the embedded pile surface and the surrounding soil. The magnitude
of this resistance varies significantly with both the pile and soil type. Appendix B also contains
estimated friction bearing values for various pile and soil type combinations. The bearing capacity of
a combined friction and end bearing pile is equal to the sum of the end bearing and friction bearing
resistances previously described.

The lowa DOT BDM [3] states that piles are to be designed using allowable stress design
methods. All equations used for the design methodology of steel piles in this section are taken from
Part C (Service Load Design Method) of AASHTO Section 10 [2]; these are also provided in
Appendix E. As previously noted, the piles for typical LVR bridge abutments used by lowa counties
are required to resist both axial and bending forces. Therefore, interaction equations for steel piles
subjected to combined loads are used.

The design capacity of timber piles are determined using the guidelines specified by
AASHTO [2] and the NDS Manual [6] as summarized in Appendix E. The timber material properties
vary significantly with the species type, member size and shape, loading conditions and surrounding
environmental conditions. Therefore, timber modification factors are used to account for these
variables. All modification factors used in the design methodology for timber piles are taken from
AAHSTO, Section 13 [2]. As recommended by AASHTO [2], the interaction equation defined by the
NDS Manual is used to verify the structural adequacy of timber piles subjected to combined axial and
bending forces.

2.3.2. Anchor Block Capacity

The structural capacity and passive resistance of the surrounding soil must also be
determined. The lateral capacity of the anchor system is related to the mobilized soil pressure that acts
on the vertical faces on the anchor block. The magnitude of the soil pressure is a function of the
surrounding soil properties and the depth of the anchor block with respect to the roadway surface.
The maximum lateral capacity of the anchor block (per pile) is determined by multiplying the passive
soil resistance per foot by the pile spacing. The information used to determine the lateral capacity of

the anchor system is cited in Bowles [7] and is provided in Appendix E. Bowles [7] also states that



the maximum anchor efficiency is achieved when the anchor block is positioned beyond the passive
and active soil failure planes behind the backwall face as shown in Figure 2.3.

Once the lateral capacity of the anchor system has been calculated, the structural capacity of
the anchor block must be determined. The anchor block capacity is determined using reinforced
concrete design specifications presented in Section 8 of AASHTO [2]. This includes the design of the
flexural and shear reinforcement in addition to checking the flexural reinforcement development
length, the ductility, and the minimum reinforcement requirements.

2.4. PILE AND ANCHOR SYSTEM DESIGN REQUIREMENTS

Once the internal forces and capacities have been determined, one must check the adequacy
of the foundation system. In general, this consists of verifying that the individual elements are
adequate to support the applied loads. For design bearing requirements, the capacity must be greater
than the axial pile load. Additional requirements are cited by AASHTO [2] and the lowa DOT BDM
[3]. Due to the presence of combined bending and axial loads, the structural capacity of the pile is not
directly determined. Rather, interaction requirements previously described are used to compare the
ratios of applied to allowable stresses for combined bending and axial loadings. If the interaction
equations yield a value less than 1.0, the pile is structurally adequate. However, if this requirement is
not satisfied, an alternative pile configuration and corresponding loads must be used.

The capacity of the anchor system must also be verified. The applied anchor rod stress must

be less than the allowable anchor rod stress defined by AASHTO [2]. The maximum lateral capacity

Passive soil Roadway Active soil
\ failure plane elevatlon failure plane

Y _ Q ) S
Zone of ~
maximum \
efficiency

i 1
D H 0=45-¢/2
e ™~
~ \

~ Anchor rod
~ \/’

Backwall

Stream or
scour
elevation

Figure 2.3. Location of anchor block for maximum efficiency [adapted from Bowles, 1996;
Figure 4.6 of Volume 1].
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of the soil surrounding the anchor block (per pile) must be greater than the required anchor force per
pile. In order to satisfy the structural design requirements, the internal anchor block shear forces and
bending moments determined using AASHTO [2] reinforced concrete design guidelines must be
greater than the effects of the internal loads.
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3. DESIGN AID INSTRUCTIONS

This chapter provides the instructions for using the various low-volume road (LVR) bridge
abutments design aids developed in this project. These design aids include: 1.) graphs for estimating
dead and live load abutment reactions 2.) estimated pile end bearing and friction bearing values,

3.) the FDT, and 4.) generic standard abutment plans.
3.1. ESTIMATED GRAVITY LOADS

The estimation of both dead and live load abutment reactions based on various superstructure
systems, span lengths, and roadway widths are presented in Appendix A. Conservative dead load
abutment reactions for PCDT, PSC, quad tee, glulam, and slab bridge systems are shown in
Figures A.1 and A.2 for 24 and 30 ft roadway widths, respectively. More accurate and potentially
smaller dead load abutment reactions can be determined using site-specific bridge information. The
live load abutment reactions without impact for two AASHTO [2] HS20-44 design trucks are shown
in Figure A.3. Data from Figure A.3 can be proportioned for a different number of design traffic
lanes as needed. However if more than two traffic lanes are considered, the lane reduction factor
specified in Section 3 of AASHTO [2] (i.e., 0.90 and 0.75 for three and four or more traffic lanes,
respectively) needs to be included.

To obtain the dead load abutment reaction, select the bridge superstructure being used in
either Figure A.1 or A.2 and the bridge span length. The live load abutment reaction is determined in
the same manner using Figure A.3.

3.2. FOUNDATION DESIGN TEMPLATE

The FDT is used to verify the design of a given foundation system. At most, there are two
worksheets that the engineer will be required to use. These include the Pile Design and Anchor
Design worksheets (PDW and ADW, respectively). The use of the ADW may not be necessary
depending on the bridge site. In the complete FDT, there are four different PDW, one for each
combination of pile type (steel or timber) and soil type (cohesive or cohesionless). The engineer is
automatically directed to the appropriate PDW by the clicking the associated appropriate button on
the Start worksheet of the FDT (see Figure 3.1). It should be noted that the BEC logo in Figure 3.1
and applicable subsequent figures can be replaced with the logo of a given county or consulting firm.

A numbering system is used to correlate the input values in the FDT with the descriptions
provided in this chapter. Many input values, such as the roadway width, number of piles and lateral
restraint details are required for both steel and timber piles. Therefore, the instructions for using the

FDT for steel and timber piles are separated into three sections: 1.) steel piles in a cohesive or
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County: . Computed by:

Project No: g = checked by:

Description: DD NCE NEIRERIRG date:
WERIRFOLCENTER

Please select the pile type and soil type for this analysis by clicking the corresponding button
below.

Steel Piles In A Steel Piles In A
Cohesive Soil Cohesionless Soil

Timber Piles In A ‘ Timber Piles In A
Cohesive Soill Cohesionless Sail

Figure 3.1. View of the Start worksheet for the FDT.

cohesionless soil, 2.) timber piles in a cohesive or cohesionless soil, and 3.) anchor block design. The
instructions for using the ADW are applicable to all combinations of piles and soil types. Printouts of
all worksheets produced by the FDT for each combination of pile and soil type are presented in
Appendix C. In the case where a subsurface bridge site investigation reveals a non-uniform soil
profile consisting of both cohesive and cohesionless soils, the properties of the upper level soil should
be used to determine which PDW should be used.
3.2.1. Steel Piles in a Cohesive or Cohesionless Soil
3.2.1.1. INSTRUCTION WORKSHEET

The Instruction Worksheet (IW) provides a brief description of the input quantities required
for the PDW. A portion of the IW for steel piles is shown in Figure 3.2. Also, the IW contains a
figure of an abutment cross section and roadway cross section near the abutment which is reproduced
in Figure 3.3. This figure provides a graphical representation of some of the required input values.
Each circled number in Figure 3.3 corresponds to an input cell number on the IW and PDW for steel
piles (Figures 3.2 and 3.4, respectively). Once the IW has been reviewed, the engineer may proceed
by clicking the ‘PDW’ button (in the upper left corner as shown in Figure 3.2).
3.2.1.2. REQUIRED INPUT

This section provides a detailed explanation of the input values required for the PDW for a
steel pile. As shown in Figure 3.4, each input cell is highlighted; quantities shown in the highlighted
input cells of Figure 3.4 are shown for demonstration purposes only. The only difference between the
PDW for steel piles in a cohesive or cohesionless soil is the required soil input parameter (undrained

shear strength and soil friction angle, respectively).
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County: computed by:
Project No: checked by:
Description: date:

The calculations performed in the Pile Design Worksheet are based on the guidelines of the AASHTO Standard
Specifications and the lowa DOT Bridge Design Manual (lowa DOT BDM).

Once the instructions in this worksheet have been reviewed, proceed to the Pile Design Worksheet or return to the pile and
soil selection worksheet by clicking the icons below.

Pile Design Return to Pile and Soll
Worksheet Selection Worksheet

Data required is to be entered in the highlighted cells of the Pile Design Worksheet.

The stream elevation is the datum for all elevations.

The following numbers and explanations correspond the highlighted cells on the Pile Design Worksheet; all circled
numbers are shown on the figure provided.

Cell No.|Description
Enter the span length between the centerline of the abutment bearings.

Enter the roadway width of the bridge.

Enter the distance between the centerline of the exterior pile and the edge of the roadway. This value is positive
for situations when the exterior pile is within the limits of the roadway width as shown above.

OINE

Enter the number of piles per abutment. This value must be within the range given in the cells directly above this
input cell.

Enter the vertical distance between the roadway grade and the stream elevation.

Enter the vertical distance from the stream elevation to the estimated depth of scour. This value is based on
stream hydraulics, geological information, and engineering judgment.

Use the pull-down menu provided to select the type of superstructure system for this analysis.

- <@ -

Enter the dead load abutment reaction for this analysis. A default value may be provided in the cell directly
above this input cell.

9 Enter the live load abutment reaction for this analysis. A default value is provided directly above this input cell.

10 |Enter the average standard penetration test (SPT) blow count (N-value) for the upper level soil.

Enter the undrained shear strength of the soil for this analysis. A default value based on the SPT N-value is

11 provided in the cell directly above this input cell.

12 Use the pull-down menu provided to select the type of pile bearing resistance for gravity loads. NOTE: End
bearing is only allowed in bed rock for this spreadsheet.

13 If applicable, enter the friction bearing resistance per foot of pile, for the soil within 30 ft of the natural ground
line. Appendix C of Volume | provides friction bearing values based on the SPT N-value.

14 If applicable, enter the friction bearing resistance per foot of pile, for the soil not within 30 ft of the natural ground

line. Appendix C of Volume | provides friction bearing values based on the SPT N-value.

@ If applicable, enter the estimated depth to adequate end bearing foundation material.

16 |If applicable, use the pull-down menu provided to select the SPT N-value for the end bearing foundation material.

17  [Use the pull-down menu provided to select the pile yield stress.

Use the pull-down menu provided to select an H-pile shape. If a standard shape is selected, input values for cell

18 19 through 25 will not be required from the engineer.

19 |If applicable, enter the cross-sectional area of the pile.

20 |If applicable, enter the total depth of the pile.

Figure 3.2. Selected portion of the FDT IW for a steel pile.
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Figure 3.3. Graphical representation of selected input variables for steel piles.

1.

Span length (ft) — Enter the bridge span length as measured from the centerlines of the bridge

abutments. This input value is limited to a value between 20 and 90 ft.

2. Roadway width (ft) — Enter the bridge roadway width. This input value must be greater than

or equal to 24 ft.

3. Location of the exterior pile relative to the edge of the roadway (ft) — Enter the horizontal

distance,@, between the centerline of the exterior pile and the roadway edge as shown

in Figure 3.3b. This value, limited to plus or minus 5 ft, is positive if all piles are located

within the exterior limits of the roadway as shown in Figure 3.3b.

4. Number of piles (no units) — Enter the number of piles. This value must be a whole number
that falls within the ranged specified in the two cells located directly above this input cell.

The range of piles provided is based on the roadway width, location of the exterior pile

relative to the edge of the roadway (input Cells 2 and 3, respectively), and spacing
limitations cited in Section 6.2.4 of the lowa DOT BDM [3].

5. Backwall height (ft) — Enter the vertical distance,@, between the stream elevation and

roadway elevation as shown in Figure 3.3a.

6. Estimated scour depth (ft) — Enter the estimated depth of soil,@, that could potentially be

eroded away due to scour as shown in Figure 3.3a. This value should be based on

hydraulic and geological information as well as sound engineering judgment.
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[ Instructions ]

computed by:
checked by:
date:

[ Go to Pile and Sail }

Worksheet Selection Worksheet
General 1 |Span length 60.00 ft
Bridge Input| 2 |Roadway width 24.00 ft
3 |Location of exterior pile relative to the edge of the 0.75 ft
roadway ’
Maximum number of piles 10 pileson 2.50 ft centers
Minimum number of piles 4 piles on 7.50 ft centers
4 [Number of piles 6
5 |Backwall height 8.00 ft
6 |Estimated scour depth 2.00 ft
7 |Superstructure system PCDT
Estimated dead load abutment reaction 180.9 kip per abutment (default value)
8 |Dead load abutment reaction for this analysis 180.9 kip per abutment
Estimated live load abutment reaction 121.5 kip per abutment (default value)
9 |Live load abutment reaction for this analysis 121.5 kip per abutment
Foundation | 10|Soil SPT blow count (N) 10
Material Correlated soil un-drained shear strength (C, ) 1,270 psf
Input 11 [Soil undrained shear strength for this analysis 1,270 psf
12 [Type of vertical pile bearing resistance friction & end bearing
13|Estimated friction bearing values for depths < 30 ft 0.7 tons per ft
14 |Estimated friction bearing values for depths < 30 ft 0.8 tons per ft
15 Depth to adequate end bearing foundation material 40 ft
16 SPT blow count for end bearing foundation material 100 < N < 200
Pile Input | 17|Pile steel yield stress 36 ksi
18|Select pile type HP10x42
19(Pile cross sectional area 12.4 in"2
20|Pile depth 9.70 in.
21|Pile web thickness 0.415 in.
22 |Pile flange width 10.1 in.
23|Pile flange thickness 0.420 in.
24 |Pile moment of inertia (strong axis) 210 in™M4
25|Pile section modulus (strong axis) 43.4 in"3
26 |Pile section modulus (weak axis) 14.2 in"3
27 |Pile radius of gyration (strong axis) 4.13 in.
28|Pile radius of gyration (weak axis) 2.41 in.
Lateral 29 |Superstructure bearing elevation 5.00 ft
Restraint | 30| Type of lateral restraint system buried concrete anchor block
Input 31|Anchor rod steel yield stress 60 ksi
32|Total number of anchor rods per abutment 6 per abutment
33|Anchor rod diameter 0.88 in.
34 |Height of anchor block 2.50 ft
35|Bottom elevation of anchor block 3.00 ft
Anchor block lateral capacity 10.8 kip per pile
Computed anchor force per pile 9.7 kip per pile
Minimum anchor rod length 14.69 ft
36 |Anchor rod length 16.00 ft

Check Pile

Design

Figure 3.4. Input section of the FDT PDW for steel piles.
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7. Superstructure system (no units) — Use the provided pull-down menu to select the appropriate

superstructure being used.

8. Dead load abutment reaction for this analysis (kips per abutment) — Enter the dead load

abutment reaction for this analysis. If a 24 or 30 ft roadway width and a superstructure
system other than a BISB and RRFC are used, a conservative value will be shown in the cell
located directly above this input cell as shown in Figure 3.4. This default value is based on
span length, roadway width, and the superstructure used (input Cells 1, 2, and 7,
respectively).

9. Live load abutment reaction for this analysis (kips per abutment) — Enter the live load

abutment reaction for this analysis. A conservative value is provided in the cell directly
above this input cell as shown in Figure 3.4. This default value is based on the span length
and roadway width (input Cells 1 and 2, respectively).

10. _Soil SPT blow count (N) — Enter the SPT blow count for the soil in the immediate vicinity of

the foundation piles. If a non-uniform soil profile is present, use the average blow count for
the upper level soil. This input value must be a whole number between 1 and 50.

11. Soil undrained shear strength for this analysis, for steel piles in cohesive soil only (psf)

Enter the undrained shear strength (cy); a default value based on a commonly used correlation
of the SPT blow count and undrained shear strength as reported by Terzaghi and Peck [8] is
provided in the cell directly above this input cell as shown in Figure 3.4. This relationship is
provided as Equation 3.1. Since this correlation can be unreliable for some in-situ conditions,
it is recommended that, whenever possible, the undrained shear strength be determined by
testing soil samples from the bridge site. This input value is used to calculate the depth of

pile fixity for piles in cohesive soils, the equations for which are presented in Appendix E.

c, =0.06*N*P,, (3.1)
where:
cy = Soil undrained shear strength.

N = SPT blow count.

Parm = Atmospheric pressure.

11. Soil friction angle for this analysis, for steel piles in cohesionless soil only (degrees)

Enter the soil friction angle (¢); a default value based on a correlation of the SPT blow

count and the soil friction angle as reported by Peck [9] is provided in the cell directly
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above this input cell. This input value is not shown in Figure 3.4 in lieu of the undrained
shear strength. This relationship is provided as Equation 3.2. Due to uncertainties in
empirical relationships, it is recommended that the soil friction angle be verified from
laboratory tests (e.g., direct shear test) on soil samples from the bridge site. This input
value is used to calculate the depth of pile fixity for piles in cohesionless soils, the

equations for which are presented in Appendix E.

$=53.881— (27.6034 % 047N ) (3.2)

12.

13.

14.

15.

16.

17.

where:
N = SPT blow count.

¢ = Soil friction angle.

Type of vertical pile bearing resistance (no units) — Use the provided pull-down menu to

select an appropriate type of vertical bearing resistance.

Estimated friction bearing value for depths less than 30 ft (tons per ft) — If applicable, enter

an estimated friction bearing resistance for the soil within 30 ft of the natural ground line.
Estimated values for this input parameter can be obtained from Appendix B or the lowa
DOT FSIC [1]. This input value must be between 0.1 and 2.0 tons per foot.

Estimated friction bearing value for depths greater than 30 ft (tons per ft) — If applicable,

enter an estimated friction bearing resistance for soils not within 30 ft of the natural
ground line. Estimated values for this input parameter can be obtained from Appendix B

or the lowa DOT FSIC [1]. This input value must be between 0.1 and 2.0 tons per foot.

Depth to adequate end bearing foundation material (ft) — If applicable, enter the estimated
depth below stream elevation to adequate end bearing foundation material,@, as shown
in Figure 3.3a. This input value must be greater than 10 ft as cited by the lowa DOT
BDM [3].

SPT blow count for end bearing foundation material (N-value) — If applicable, use the

provided pull-down menu to select an estimated SPT blow count range for the end
bearing foundation material.

Pile steel yield stress (ksi) — Use the provided pull-down menu to select the yield stress of the

steel in the pile.
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20.
21.
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23.
24,

25.

26.
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28.

29.

30.

31.

32.

33.

34.
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Select pile type (no units) — Use the provided pull-down menu to either select a standard

H-Pile shape or the option to manually input the pile properties defined below for input
Cells 19 through 28.

Pile cross sectional area (in®) — If applicable, enter the cross sectional area of the pile.

Pile depth (in.) — If applicable, enter the total depth of the pile.

Pile web thickness (in.) — If applicable, enter the width of the pile web.

Pile flange width (in.) — If applicable, enter the pile width measured parallel to the backwall
face.

Pile flange thickness (in.) — If applicable, enter the thickness of the pile flange.

Pile moment of inertia (in®) — If applicable, enter the strong axis moment of inertia. For this

analysis, it is assumed that the strong pile axis is parallel to the backwall face.

Pile section modulus (in®) - If applicable, enter the strong axis section modulus. For this

analysis, it is assumed that the strong pile axis is parallel to the backwall face.

Pile section modulus (in®) — If applicable, enter the weak axis section modulus. For this

analysis, it is assumed that the weak pile axis is perpendicular to the backwall face.

Pile radius of gyration (in.) - If applicable, enter the strong axis radius of gyration. For this

analysis, it is assumed that the strong pile axis is parallel to the backwall face.

Pile radius of gyration (in.) - If applicable, enter the weak axis radius of gyration. For this

analysis, it is assumed that the weak pile axis is perpendicular to the backwall face.

Superstructure bearing elevation (ft) — Enter the vertical distance between the stream

elevation and superstructure bearings,, as shown in Figure 3.3a. This input value
must be between 0 ft and the backwall height (input Cell 5).

Type of lateral restraint system (no units) — Use the provided pull-down menu to select the

lateral restraint system for this analysis.

Anchor rod steel yield stress (ksi) — If applicable, use the pull down menu provided to select

the yield stress of the anchor rod steel.

Total number of anchor rods per abutment (no units) — If applicable, enter the total number of

anchor rods per abutment. This input value must be a whole number between 1 and 16.

Anchor rod diameter (in.) — If applicable, enter the anchor rod diameter,@, as shown in

Figure 3.3a.
Height of anchor block (ft) — If applicable, enter the height of the anchor block,, as shown
in Figure 3.3a.
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35. Bottom elevation of anchor block (ft) — If applicable, enter the vertical distance between the

stream elevation and bottom of the anchor block,@, as shown in Figure 3.3a. This input
value is limited such that the bottom and top anchor block faces must be between the
stream and roadway elevations, respectively.

36. Anchor rod length (ft) — If applicable, enter the anchor rod Iength,, as shown in

Figure 3.3a. This value must be greater than or equal to the minimum anchor rod length

provided in the cell directly above this input cell. This minimum value is determined by
the FDT and ensures that the buried concrete anchor block is beyond the passive and

active soil failure planes as shown in Figure 2.3.

Once the required input values have been entered in the highlighted cells, and if no red text
warning messages appear, the adequacy of the pile system can be verified. This is accomplished by
clicking the ‘Check Pile Design’ button located below the last input cell as shown in Figure 3.4. The
engineer must click this button each time changes are made to any of the input values previously
designated.
3.2.1.3. DESIGN CHECKS

The next section of the PDW displays the various design requirements for steel piles in a

cohesive or cohesionless soil. A brief explanation of the various strength and serviceability
requirements is also presented. Additionally, suggestions for adjusting the previously described input
values to satisfy these design requirements are also included in this section. As shown in Figure 3.5,
each design requirement is assigned a number that corresponds to the description provided in this

section.

1. Axial pile stress (ksi) — The total axial pile stress must be less than the allowable stress limits
cited in Section 6.2.6.1 of the lowa DOT BDM [3]. If this requirement is not satisfied,

the engineer could:

= Increase the number of piles (input Cell 4).

= Use a pile with a larger cross sectional area (input Cell 18 or 19).

= Use a less conservative (i.e., calculate a more accurate value) dead load and/or live

load abutment reaction (input Cells 8 and 9, respectively).
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Design o .
P
Checks 1 |Axial pile stress /A <o 5.83 ksi OK
2 |Pile bgarlng Axial Pile Load < Capacity| 727.6 kip OK
capacity
3 |Interaction equation 1
= >10 1.04 OK
validation (1-f./F,)
4 |Combined loading interaction requirement # 1
C, f
'f:—a+ C"‘; L% + WY <10 0.70 OK
a f )
1— ‘a ) Fb [l— .a ] Fb
( F ex F ey
5 |Combined loading interaction requirement # 2
fo o Ty g 0.75 OK
0.472F, F, Fy
6 |Buried anc.hor Anchor rod length > minimum | 16.00 ft OK
block location
7 |Anchor rod stress 16.1 ksi OK
8 Anchqr block Total Anchor ForcesCapacity| 10.8 kip per pile OK
capacity
9 [Maximum displacement 0.21 in. OK
Anchor Design
Worksheet
Foundation | 1 |Roadway width 24.00 ft
Summary | 2 |Span length 60.00 ft
3 |Distance between superstructure bearings and
3.00 ft
roadway grade
4 |Backwall height 8.00 ft
5 |Dead load abutment reaction 180.9 kip per abutment
6 |Live load abutment reaction 121.5 kip per abutment
7 |Number of piles 6
8 |Total axial pile load 36.1 tons
9 |Pile spacing 450 ft
10|Pile size HP10x42
11 [Pile steel yield stress 36 ksi
12 [Minimum total pile length 47 ft

Figure 3.5. Design Checks and Foundation Summary section of the FDT PDW for steel piles.

2. Pile bearing capacity (kips) — The total axial pile load must be less than the bearing capacity.

The bearing capacity of a friction pile will be sufficient if the embedded length is greater
than or equal to the minimum length specified in the Foundation Summary section

(Cell 13) of the PDW (discussed later in this chapter). If this requirement is not satisfied
for end bearing and combination end and friction bearing piles, the engineer could:

= Increase the number of piles (input Cell 4).

= |f applicable, use an alternative pile size that provides a larger friction bearing

resistance per foot (input Cells 13, 14, and 18 through 28).
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If applicable, use an alternative pile size with a larger end bearing area
(input Cell 18 or 19).
Use a less conservative (i.e., calculate a more accurate value) dead load and/or live

load abutment reaction (input Cells 8 and 9, respectively).

3. Interaction equation validation (non-dimensional) — The secondary pile moment factor must

be greater than or equal to one. If this requirement is not satisfied, the engineer could:

Increase the number of piles (input Cell 4).

Use an alternative pile size with a larger axial capacity (input Cell 18 or 19
through 28).

Use an alternative lateral restraint system or configuration (input Cells 30

through 36).

Use a pile with a higher steel yield stress (input Cell 17).

Use a less conservative (i.e., calculate a more accurate value) dead load and/or live

load abutment reaction (input Cells 8 and 9, respectively).

4. Combined loading interaction requirement # 1 (non-dimensional) — This is the first of two

AASHTO [2] interaction equations. This equation (Equation E.1 of Appendix E) must

yield a value less than or equal to one. If this requirement is not satisfied, the engineer

could:

Increase the number of piles (input Cell 4).

Use an alternative pile size with a larger axial and flexural capacity

(input Cell 18 or 19 through 28).

Use an alternative lateral restraint system or configuration (input Cells 30

through 36).

Use a pile with a higher steel yield stress (input Cell 17).

Use a less conservative (i.e., calculate a more accurate value) dead load and/or live

load abutment reaction (input Cells 8 and 9, respectively).

5. Combined loading interaction requirement # 2 (non-dimensional) — This is the second of two

AASTHO [2] interaction equations (Equation E.6 of Appendix E). This interaction

equation must yield a value less than or equal to one. If this requirement is not satisfied,

the engineer could use the recommendations provided for the previous pile interaction

requirement (design check Cell 4).
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6. Buried anchor block location (ft) — The length of the anchor rod must be long enough to

ensure the failure planes of the anchor block and backwall do not intersect as shown in

Figure 2.3. If this requirement is not satisfied, the engineer could:

Increase the anchor rod length (input Cell 36).
Adjust the distance between the bottom face of the anchor block and the stream

elevation (input Cell 35).

7. Anchor rod stress (ksi) — The applied anchor rod stress must be less than or equal to

55 percent the yield stress as specified by AASHTO [2]. If this requirement is not

satisfied, the engineer could:

Increase the number of anchor rods per abutment (input Cell 32).

Increase the anchor rod diameter (input Cell 33).

Use an anchor rod with a higher steel yield stress (input Cell 31).

Increase the number of piles to reduce the required anchor rod force (input Cell 4).
Use an alternative pile size with an increased flexural capacity to reduce the required

anchor rod force (input cell 18 or 19 through 28).

8. Anchor block capacity (kip per pile) — The lateral anchor force per pile must be less than the

maximum passive resistance of the soil surrounding the anchor block. The maximum

lateral capacity per pile and computed anchor force per pile are provided directly below

input Cell 35 as shown in Figure 3.4. The anchor capacity per pile is based on the soil

pressure distribution of Figure E.1 and Equation E.15 in Appendix E. The computed

anchor force per pile is determined by the FDT using indeterminate structural analysis as

described in Chapter 2. If this requirement is not satisfied, the engineer could:

Increase the height of the anchor block (input Cell 34).

Decrease the distance between the bottom face of the anchor block and the stream
elevation (input Cell 35).

Use an alternative pile size with a larger flexural capacity to reduce the required

anchor force per pile (input Cell 18 or 19 through 28).

9. Maximum displacement (in.) — AASHTO, Section 4 [2] defines the maximum allowable

longitudinal substructure displacement as 1.5 in. If this requirement is not satisfied, the

engineer could:

Increase the number of piles (input Cell 4).
Use an alternative pile size with a larger flexural rigidity (input Cell 18 or 19
through 28).
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= Use an alternative lateral restraint system or configuration (input Cells 30
through 36).

3.2.1.4. INFORMATION SUMMARY
As shown in Figure 3.5 the PDW also contains a Foundation Summary section. Each
summary cell is assigned a humber that corresponds to the description provided in this section.

Items 1, 2, 4 through 7, 10, and 11 are provided by the engineer.

1. Roadway width (ft)
2. Span length (ft)

Distance between superstructure bearings and roadway grade (ft) — This cell contains the

w

combined depth of the superstructure plus roadway as determined by the FDT.
Backwall height (ft)

Dead load abutment reaction (kips per abutment)

Live load abutment reaction (kips per abutment)

Number of piles (no units)

© N o g &

Total axial pile load (tons) — This cell contains the total axial pile load as determined by the

FDT. This value includes the sum of the dead and live load axial pile loads (both
multiplied by the nominal axial pile factor as described in Chapter 2) and the pile
self-weight.

9. Pile spacing (ft) — This cell contains the pile spacing as determined by the FDT.

10. Pile size (no units) — This cell contains the standard pile shape for this analysis as indicated

by the engineer. If a non-standard pile shape size was used, this summary cell indicates a
reference to the pile property input cells.

11. Pile steel yield stress (ksi)

12. Minimum total pile length (ft) — This cell contains the minimum total pile length as

determined by the FDT. For end bearing and combination bearing piles, the minimum
total pile length is equal the vertical distance between the superstructure bearings and the
location of adequate end bearing material. For friction bearing piles, the minimum
required pile length is equal to the vertical distance between the stream elevation and the
superstructure bearings plus the depth required for adequate bearing capacity.

13. Minimum embedded pile length (ft) — If the pile is designed as a friction pile, this cell

contains the minimum required embedded pile length for friction pile as determined by
the FDT.
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3.2.2. Timber Piles in a Cohesive or Cohesionless Soil
3.2.2.1. INSTRUCTION WORKSHEET

The IW provides a brief description of the input quantities required for the PDW. A portion
of the IW for timber piles is shown in Figure 3.6. Also, the IW contains a figure of an abutment cross
section and roadway cross section near the abutment which is reproduced in Figure 3.7. This figure
provides a graphical representation of some of the required input parameters. Each circled number in
Figure 3.7 corresponds to an input cell number on the IW and PDW for timber piles (Figures 3.6 and
3.8, respectively). Once the IW has been reviewed, the engineer may proceed by clicking the “Pile
Design Worksheet” button (in the upper left corner as shown in Figure 3.6).
3.2.2.2. REQUIRED INPUT

This section provides a detailed explanation of the input values required for the PDW for a
timber pile. As shown in Figure 3.8, each input cell is highlighted. The quantities shown in the
highlighted input cells of Figure 3.8 are not applicable for all bridge sites and are shown for
demonstration purposes only. The only difference between the PDW for timber piles in a cohesive or
cohesionless soil is the required soil input parameter (undrained shear strength and soil friction angle,

respectively).

1. Span length (ft) — Enter the bridge span length as measured from the centerlines of the bridge

abutments. This input value is limited to a value between 20 and 90 ft.

2. Roadway width (ft) — Enter the bridge roadway width. This input value must be greater than
or equal to 24 ft.

3. Location of the exterior pile relative to the edge of the roadway (ft) — Enter the horizontal

distance,@, between the centerline of the exterior pile and the roadway edge as shown
in Figure 3.7b. This value, limited to plus or minus 5 ft, is positive if all piles are located
within the exterior limits of the roadway as shown in Figure 3.7b.

4. Number of piles (no units) — Enter the number of piles. This value must be a whole number

that falls within the range specified in the two cells located directly above this input cell.
The range of piles provided is based on the roadway width, location of the exterior pile
relative to the edge of the roadway (input Cells 2 and 3, respectively), and spacing
limitations cited in section 6.2.4 of the lowa DOT BDM [3].

5. Backwall height (ft) — Enter the vertical distance,@, between the stream elevation and

roadway elevation as shown in Figure 3.7a.
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County: computed by:
Project No: checked by:
Description: date:

The calculations performed in the Pile Design Worksheet are based on the guidelines of the AASHTO Standard
Specifications, the lowa DOT Bridge Design Manual (lowa DOT BDM), and the National Design Specifications Manual for
Wood Construction (NDS Manual).

Once the instructions on this worksheet have been reviewed, proceed to the Pile Design Worksheet or return to the pile
and soil selection worksheet by clicking the icons below.

E Pile Design } E Return to Pile and Soil }

Worksheet

Selection Worksheet

Data required is to be entered in the highlighted cells of the Pile Design Worksheet.

The following humbers and explanations correspond the highligh