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Section 1 Types of Bents / Piers
8-101.00 Introduction

Intermediate supports between bridge spans have a mixed naming terminology. The most
common practice among engineers is to refer to these supports as bents unless they are located
within or near a water crossing. In this case, they are referred to as piers. For simplicity, the terms

“bent” and “pier” will be used interchangeably within this document.

Typical bents consist of three primary components: cap, column, and footing. Many variations
of each component are often used by TDOT based on geometric constraints, bridge geometry,
location, and aesthetics. The most common bents and piers used by TDOT are the following;:

e Hammerhead bents
e Multi-post bents

e Integral piers

e Wall piers

e Pile bents

All bents must resist vertical and lateral loads transferred from the superstructure to the
foundation(s). Like all other components of the bridge, bents shall be designed in accordance
with the latest edition of the AASHTO LRFD Bridge Design Specifications. Traditionally, TDOT
designs bents as ductile members to resist seismic forces. See SDG 14 for bent seismic design
guidelines. See SDG 10 for bent foundation design guidelines.

8-102.00 Hammerhead Bents

Hammerhead bents consist of one or more columns having a tapered cantilever-type cap as
shown in Figure 1. Many variations in geometry exist when designing hammerhead bents.
Columns can be circular, rectangular (filleted or chamfered), hexagonal, tapered, etc. This wide
variety of options often makes hammerhead bents the most aesthetically pleasing option among

bent types.

Most hammerhead bents only require one column to support the cap. For wider bridges, double
or triple (or more) hammerhead bents may be required. This is usually more economical than
multi-post bents, which would typically have more columns than a hammerhead bent for the

same length of cap.

BENTS AND PIERS SDG 8
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SECTION "A"-"A'
VARIATIONS

Figure 1 - Hammerhead Bent

8-103.00 Multi-Post Bents

A multi-post bent with a constant depth cap is shown in Figure 2. As in this example, the cap
cantilevers are often tapered to enhance aesthetics. Columns can be formed as any of the shapes

shown in Figure 1, but are commonly circular or rectangular.

BENTS AND PIERS SDG 8
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Figure 2 - Multi-Post Bent

Multi-post bents can be used with any bridge type and size but are typically used to support wider
bridges. They can be advantageous for bridges that must be constructed in phases. For bridge
replacements, construction phasing often determines the placement of columns and
foundations to avoid disturbing existing bridge foundations while they are still in service. Multi-
post bents offer such an array of geometric options that they can be used to support a partially
constructed bridge superstructure, avoid existing foundations, and still be constructed in a way
that is aesthetically pleasing.

8-104.00 Integral Bents

Integral bents are named based on their connection between the cap and the superstructure.
Instead of the girders bearing on top of the cap, the girders frame into the sides of the cap. A
steel box is typically used for the cap section in conjunction with steel girders, as shown in Figure
3.

BENTS AND PIERS SDG 8
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Figure 3 - Integral Box Cap at Centerline of Girder

Integral bents can consist of one or more columns. Figure 4 shows TDOT's typical method of cap-
to-column connection when a steel box cap is used.

Integral bents are typically only used at grade crossings where there is inadequate vertical
clearance for any other bent type. The use of integral bents shall be approved by the Design

Manager.
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Figure 4 - Steel Box Cap Connection

8-105.00 Wall Piers

Wall piers feature a continuous wall supporting the cap for nearly the entire cap length. A typical
wall pier is shown in Figure 5.
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Figure 5 - Wall Pier

Wall piers are most commonly used as short piers bearing on rock for hydraulic crossings. They
are also occasionally used for railroad crossings when piers of “heavy construction” are required
due to the railroad’s horizontal clearance requirements.

8-106.00 Pile Bents

In some situations, it is preferable to support the bridge solely on the foundation piles and a pile
cap as shown in Figure 6. This concept presents a simpler design procedure and reduced
construction times. Pile bents should be considered at stream crossings where environmental
impacts would be high if typical footings were used. Where analysis reveals the potential for
scour, the piles shall have a minimum embedment of 15 feet below the 500-year scour elevation.
See SDG 10 Section 8 for more information. For a deep scour line, footings could be very difficult

and expensive to construct. Therefore, it is preferable to use a pile bent.
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Figure 6 - Pile Bent

Piles for pile bents require a minimum pile embedment of 10 feet to establish sufficient soil
lateral resistance. If the piles for pile bents cannot be driven at least 10 feet, predrilling into the
rock layer shall be required. See SDG 10 Appendix B.

Pile bents are most commonly used in west Tennessee where bedrock is located far deeper than
a pile can be practicably driven. In this situation, friction piles are required to achieve vertical
resistance. Steel pipe piles shall be used for pile bents unless an alternate pile type is approved
by the Director.

Section 2 Design Practice of Bridge Bents

8-201.00 Materials
Concrete for bent components is typically TDOT Class “A” with a design strength of 3,000 psi. Use

of higher strength concrete is allowed with approval of the Design Manager. Higher strength
concrete increases shear capacity. This can be helpful when trying to limit bent cap and footing
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dimensions. When higher strength concrete is used (except in drilled shafts), it shall be
designated as Class “X” concrete. Concrete for drilled shafts is Class “SH-SCC” and is quantified
as “Drilled Shaft (SH-SCC) Concrete”.

Steel reinforcement shall be ASTM A615 Grade 60 with the following exceptions:

1. ASTM A706 Grade 60 is required for column longitudinal reinforcement for Seismic
Design Category (SDC) D or any time a pushover analysis is done to verify the
displacement capacity.

2. Higher grades of reinforcement may be used with the approval of the Design Manager.

See SDG 10 for material grades of pile foundations. For drilled shaft foundations, refer to TDOT
Special Provision 625 for material specifications.

8-202.00 Design of Bent Caps

The design software LEAP Bridge Concrete shall be used to design bent caps unless an alternate
program is approved by the Design Manager. LEAP Bridge Concrete can model any of the bent
caps listed in Section 1 with the exception of integral caps.

8-202.01 Integral Caps

Integral caps shall be designed using hand calculations, Visual Analysis, CSiBridge, or an alternate

program approved by the Design Manager.

For specific design examples of integral steel box caps, see Appendix A.

8-203.00 Design of Columns
8-203.01 Slenderness Effects

TDOT follows the approximate procedure specified in AASHTO 5.6.4.3 where the slenderness

ratio of the column (KTI”) is less than 100. The effective length factor, K, for both the longitudinal

and transverse directions shall be taken as 1.2 unless a special case warrants the use of a higher

K value at the discretion of the Design Manager.

The vast majority of TDOT bridges will be well below the slenderness ratio limit of 100. The
moment magnification method in AASHTO 4.5.3.2.2b shall be used to evaluate slenderness
effects, with the exception of the procedure given for seismic design in Section 14.302.00 of SDG
14.

8-203.02 Aesthetics
It is possible to design columns that meet all code requirements for strength but have an

appearance that is too slender. In order to avoid this problem, the ratio of the clear column
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height to the minimum column cross-sectional dimension shall not be greater than 12 without
the Director’s approval. The clear column height shall be measured from the top of ground or
datum elevation to the bottom of the cap elevation at the face of the column.

8-203.03 Struts

A strut between columns may be used as needed for strength and also to meet the aesthetic
requirements of Section 8-203.02. When a strut is used, the ratio of the clear column height to
minimum column cross-sectional dimension shall be checked separately above and below the
strut. The clear height below the strut shall be measured from the top of ground or datum
elevation to the bottom of the strut elevation at the face of the column. The clear height above
the strut shall be measured from the top of the strut to the bottom of the cap elevation at the
face of the column. Multiple struts in a single bent shall not be used without the Director’s
approval.

8-203.04 Additional Requirements

For transverse reinforcement in cast-in-place concrete columns, TDOT only permits the use of
circular hoops or rectangular stirrups. The use of spiral reinforcement is not allowed. For bridges
in SDC C and D, stirrup ends shall be 135 degree hooks with extension lengths equal to 15d
instead of 6d, where d is the bar diameter.

The minimum amount of longitudinal reinforcement in columns and drilled shafts shall be 1% of
the gross cross-sectional area with the exception given for Seismic Zone 1 (SDG A) in AASHTO
5.6.4.2. The use of straight No. 14 rebar shall be approved by the Design Manager. The use of
No. 14 rebar with hooks or bends is discouraged and shall only be permitted with the approval
of the Design Manager. The use of No. 18 rebar is not permitted.

For bridges in SDC B, C, and D, lap splices shall not be permitted within the plastic hinge regions.
For bridges in SDC A, bars may be spliced at the base of the column.

8-204.00 Design of Pile Bents

Pipe piles shall be fabricated in accordance with ASTM A 252, Grade 3, modified with a minimum
yield stress of 50 ksi. Base the Extreme Event limit state moment capacity of the pipe piles on a
stress of 80 ksi with no over-strength factor in determining the reinforcing requirements needed
to protect the cap. Base the pile capacity for Strength and Service limit states on the minimum
yield stress of 50 ksi.

For pipe pile bents, the appropriate limiting value on ductility demand shall be that for multi-
column bents in the AASHTO Guide Specifications for LRFD Seismic Bridge Design (Guide
Specification) 4.9, pp < 6.
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The D/t ratio shall be within the limits of Guide Specification 7.4.2. If the expected ductility
demand, o, is greater than 1, then the pile shall be filled with concrete. If the piles remain elastic,

then the Essentially Elastic A may be used.

Concrete-filled steel pipe piles shall be designed in accordance with Guide Specification 7.6. The

concrete shall be extended a minimum of 6 feet below the proposed groundline.

For calculating the fully plastic moment and other information regarding pipe pile bents, see SDG
10.

Due to the high redundancy of pile bents, TDOT allows all vertical loads to be distributed equally
to the piles. For the vehicular live load reaction, Equation 1 may be used.

(Reaction of one lane loaded)(No.of Design Lanes)(Multiple Presence Factor)

R = No.of Piles (1)

For pile bents located in a waterway, the ends of the pile cap shall be rounded if the proposed
flood elevation reaches the cap. Encasing collars at the ground line or other means of corrosion
protection shall be provided in accordance with STD-5-2.

The depth-to-fixity for moment and displacement shall be taken as 4D to 5D as recommended in
Seismic Design and Retrofit of Bridges (Priestley, Seible and Calvi 1996, p. 284) unless pile-soil
interaction analysis software is used to determine this depth. 'D'is the pile diameter. The use of
pile-soil interaction analysis software in lieu of depth-to-fixity estimations may be warranted on
critical bridges or where poor soil conditions exist. FBMultiPier or LPile can be used to perform
this analysis, as well as other programs approved by the Design Manager.

The following notes on seismic design for pile bent substructures shall be used as a general guide
in the seismic design of these structures.

1. For analyzing the scoured condition when scour is severe, it may be advisable to treat the
pile bent as being braced by diaphragm action of the deck carrying load to the abutments.
Consult with the Design Manager to determine if a K factor greater than 1.2 is required.

2. The minimum tip elevation shall be the lower of the following 2 elevations:

a. Atleast 15 feet below the 500-year scour-line.

b. The elevation required to obtain the required driving load (as determined per
Section 10.302.01 of SDG 10) with all material above the scour-line absent, using
the same resistance factors as for the non-scoured condition per LRFD Spec.
Article 10.7.3.6.

3. Perform seismic analyses on the structure for both the scoured and non-scoured

conditions. It may be difficult to perform a suitable conventional design for West
BENTS AND PIERS SDG 8
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Tennessee bridges with high scour potential due to the need for larger piles to meet
stability requirements in the scoured condition contrasted with the need for smaller piles
to meet displacement capacity limits in the non-scoured condition. In such cases, a non-
conventional strategy such as seismic isolation may need to be considered.

4. Liquefiable layers shall be handled similarly to scour.

8-205.00 Risers

Risers greater than 6" tall at the centerline of beam shall be reinforced.

Section 3 Leap Bridge Concrete

Use Leap Bridge Concrete for bent design unless approval to use an alternate program is given by
the Director. The screenshots shown in Figures 7 through 14 show the current Structures office
policy for the Analysis/Design Parameters input.

BENTS AND PIERS SDG 8
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Analysis/Design Pararneters LRFD

Column Slenderness
Resistance Factors

Resistance Factor, phi
(®)Phi as per 2006 dassification:

Tension Controlled:

Shear and torsion:
{normal weight)

Shear and torsion:

{lightweight)
Modulus of rupture
Cap e Mormal:
Lightweight

Met tensile strain
Steel yield stress

a0 ksi Comp -z -::- Transition -=
75 ksi Comp -= ::— Transition -=
80 ksi Comp -= ::— Transition -=
100 ksi Comp -= ::— Transition -=

Shear and Torsion Calculations
Impact and Reduction

Compression Controlled:

Compression Controlled: m

¥ lambda x sgri{f'c)
x lambda x sgri{fic)

Seismic A/D
Crack Control

Footing

Cover

() Phi as per dassic approach

(ties)
AASHTO 5.5.4.2
(spiral)

Compression in STM:

AASHTO 5.4.2.6

":'TEnsiDn
[0.0050]<-Tenson - AASHTO Table
[ 0.0056]<- Tension C5.6.2.1-1
":'TEnsiDn

Cancel

ot

Figure 7 - Resistance Factors
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Analysis/Design Parameters LRFD

Column Slenderness Shear and Torsion Calculations Seismic A/D Footing
Resistance Factors Impact and Reduction Crack Contral Cover

Dyrnamic Load Allowance, IM

Truck Lane Fatigue
Cap: l0.33 | looo | [o.15 |
Column: |0.33 | |00 | [0.15 | AASHTO Table 3.6.2.1-1
Foating: looo | [owo [ [o.00 |
Multiple Presence Factors

1lane: 2 Lanes: 1.00
3Lanes: 4Lanes: AASHTO Table 3.6.1.1.2-1
5 Lanes: o Lanes:

Cancel

Figure 8 - Impact and Reduction
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Analysis/Design Parameters LRFD *
Column Slenderness Shear and Torsion Calculations Seismic A/D Footing
Resistance Factors Impact and Reduction Crack Control Cover

Crack Control Criteria

(_JLRFD 2004

{®) Current LRFD

Crack Control Factor, z, kips/fin Exposure Factors

Zap: 170,00 Cap:
Calumn: 170.00 Column:
Fooking: 130.00 Footing:

AASHTO C5.6.7

Use an exposure factor of 0.88 for the cap, columns, and footings based on an
allowable crack width of 0.015 inches.

Cancel

Figure 9 - Crack Control
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Column Slenderness
Resistance Factors

Analysis/Design Parameters LRFD

Shear and Torsion Calculations
Impact and Reduction

Clear Concrete Caover, in

top bottom side
top bottom side

2,00

Seismic A/D

Crack Control

AASHTO Table 5.10.1-1

Footing
Caver

Cancel
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Analysis/Design Pararneters LRFD

Resistance Factors Impact and Reduction

Columnn Slenderness Shear and Tarsion Calculations

Column Slenderness Consideration
() P-delta Method

La

Mumber of iterations:

Mote: Recommended Mo, of iterations: 3 to 30, Program
execution time increases with the number of iterations,

Moment Magnification
(®) Moment Magnification;

Effective length factors, K
Degree of Fixity in Foundations for
Maoment Magnification

m Compute K for braced columns as per
Imterim 2006

() Monefignore slenderness)
Design cap/footing for magnified moments
[ ] Design cap for magnified moments

[ ] Design footing for magnified moments

Indude P-delta effect for footing design

Crack Contraol Cover

Seismic A/D Footing

AASHTO C4.6.2.5

3 = SPREAD FOOTING
ON ROCK

1 = PILE FOOTING

1.5 = DRILLED SHAFT
WITH ROCK SOCKET

QK Cancel
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BENTS AND PIERS

Meoment Magnification Pararneters

Effective Length Factar K

Colurmn tode Fo Type
p| Column 1| Manual | 1.200 1.20 nbraced -
Colurmin 2| Manual «| 1.200 1.20 nbraced -
Column 3| Manual | 1.200 1.20 Unbraced -
W

Special cases may require higher K values
Degree of Fixity in Foundation  at the discretion of the Design Manager.

[for all foatings] R: @

Varies based on foundation type

Figure 12 - Moment Magnification Parameters
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Column Slenderness

Component shear method

Component:  Lap  iv| (O smplfied
(5.7.3.4.1)
IUse torsion for shear design
{_JMCFT Table Method
] I;IIis g:sv}';:rent shear (Appendix B5)
n Shea.r force is Equally (@) MCFT Equation Method
distributed among stirrups (5.7.3.4.2)

Use these settings for the cap,

columns, and footings.

Cancel

Analysis/Design Pararneters LRFD *
Resistance Factors Impact and Reduction Crack Contraol Cover
Shear and Torsion Calculations Seismic A/D Footing

Figure 13 - Shear and Torsion Calculations
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Analysis/Design Pararneters LRFD *
Resistance Factors Impact and Reduction Crack Contraol Cover
Column Slenderness Shear and Torsion Calculations Seismic A/D Footing

Spread footing

Effective footing dimensions considered( Art, 10.6.1.3 and 10.6.1.4)

Cancel

Figure 14 - Footing
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Appendix A. Integral Steel Box Cap Examples

The drawings shown in Figures 15, 16, and 17 are examples of integral steel box caps. Other

drawings related to these examples can be provided upon request to the Design Manager.
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FIGURE 16. INTEGRAL STEEL BOX CAP EXAMPLE 2A
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FIGURE 17. INTEGRAL STEEL BOX CAP EXAMPLE 2B
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