~8& =W PrDH-Pro.com

Bridge Design - Shallow Foundations

Course Number: CE-02-411
PDH: 3

Approved for: AK, AL, AR, FL, GA, IA, IL, IN, KS, KY, LA,
MD, ME, MI, MN, MO, MS, MT, NC, ND, NE, NH, NJ, NM,
NV, NY, OH, OK, OR, PA, SC, SD, TN, TX, UT, VA, VT, WI,
WV, and WY

State Board Approvals

Florida Provider # 0009553 License #868

Indiana Continuing Education Provider #CE21800088

Maryland Approved Provider of Continuing Professional Competency
New Jersey Professional Competency Approval #24GP00025600
North Carolina Approved Sponsor #S-0695

NYSED Sponsor #274

Course Author: Mathew Holstrom

This document is the course text. You may review this material at your leisure
before or after you purchase the course.

After the course has been purchased, review the technical material and then
complete the quiz at your convenience.

A Certificate of Completion is available once you pass the exam (70% or greater).
If a passing grade is not obtained, you may take the quiz as many times as
necessary until a passing grade is obtained).

If you have any questions or technical difficulties, please call (508) 298-4787 or
email us at admin@PDH Pro.com.

396 Washington Street, Suite 159, Wellesley, MA 02481
Telephone — (508) 298-4787 www.PDH-Pro.com




Bridge Design - Shallow Foundations

TABLE OF CONTENTS
1.1 INTRODUCTION ...ttt ettt st ettt et b e sbt et e st est et e saeeseentenbesbeeneens 3
1.2 COMMON TYPES OF SPREAD FOOTINGS FORBRIDGES..........cccccoiiiirieieieeeceeee 3
1.3 PROPORTIONING AND EMBEDMENT OF FOOTINGS .......cooiiiiieieieeeeeeeee e 3
1.3.1  Sizing of SPread FOOtNES.......cccvieciieiieiieiierieesiee ettt ebe e be et e sseesene s 4
1.3.2 Embedment and Depth of FOOTNGS ........c.ccccviiiiiieciiieiiccieecee et 4
1.4 DESIGN LOADS . ...ttt et b e et e ettt e st e bt st e b ebe et eeeebeeaneneas 5
1.5 BEARING STRESS DISTRIBUTION.......ccuiitiiiiiititeiee ettt ettt eeees 5
1.6 GENERAL DESIGN REQUIREMENTS .......oiiiiiiiiiiiee ettt 7
1.6.1  Settlement Check.......cooii ittt 7
1.6.2  BeariNg CRECK .......coviiiiiiiieieeie ettt ettt s ssa e st e sebesebeesseensaensaesaens 7
1.6.3  EcCentriCity LAMILS ....cccveeieiiiiiiiieiiieeiieeiee et eeteeeteeeieeestae e veeesveeetaeessseesssaeennneesneas 8
1.6.4  SHAING CRECK ....ooviiiieiiiecieeeee ettt ettt s aeseaesebesebesaseesseenseensaensaens 8
1.7 STRUCTURAL DESIGN OF FOOTINGS ......ooouieiiiieieieieeteie sttt sttt see st seesneeneens 9
1.8 DESIGN EXAMPLE ......oiiiiiiiee ettt sttt sttt be et et neas 9
1.8.1  Bridge FOOtING Data..........ceeecuiiiiiieciieeiie ettt evte e sive e veesveeeereeseveessseesanaeeenes 9
1.8.2  Design REQUITEIMENLS .......ccueieiiiieiiiieeiieeieeeeieeeereeereeeteeeeaeesebeeesbeeebeeessaeessseessseeenseeenens 11
1.8.3  Footing Thickness Determination..............cccccvereereeriienienieniesreeieeieesseeseesseesseesseenes 12
1.8.4  Calculation of Factored Loads ..........cceereeriaiiinienieiieeie et 13
1.8.5 Footing Size Determination ..........c.cccveeuireiiesieerieeieesieeseesteesseesseesseeseeesseessnessnesssesssesnnes 16
1.8.6  FIeXUIal DESIGN.....ccuuiiieiieiiiieiie et eeieeeteeette ettt et e st e etae e ebeessbeessbaeesaeesaeeessaesnsneennns 23
L.8.7  SHEar DESIZN......cccuiiiieiieiieiieeiettete sttt e see e setestesebesbessseenseesseesseesseenseesseesseesaenses 27
F N o 21 N1 D ) TSRS 30
INOTATION.....c ettt b et b et e st s bt et et e e bt et e bt e he et e st e eat et e sbeestenbeebeentenseaneennen 32
REFERENCES ...ttt ettt et ettt et e e e st e st e tesseenteaeeseentanseeneensenseeneensensesseensans 33

Copyright 2023

Page 1



Bridge Design - Shallow Foundations

SHALLOW FOUNDATIONS

1.1 INTRODUCTION

Shallow foundations (spread footings) are advantageous to pile foundations
considering lower cost, easier construction, and fewer environmental constraints.
However, weak soil and seismic considerations may limit use of spread footings and
impact the foundation type selection.

In general, size of the spread footing is determined based on bearing resistance of
the supporting soil or rock and also permissible level of settlement. Design of spread
footings requires constant communication between the Structural Designer (SD) and
the Geotechnical Designer (GD) throughout the design process. Factored loads are
provided by the SD and factored resistance for the supporting soil and rock, that is
permissible net contact stress ¢, and factored gross nominal bearing resistance gz are
calculated and reported by the GD. The structural design is performed by the SD.
Consistency between the SD and the GD in the use of required gross or net stresses is
important. Caltrans Memo to Designers (MTD) 4-1 (Caltrans, 2014b) provides general
guidance on design process and also the minimum level of required communications
between the SD and the GD. The analysis and design of a spread footing based on the
6th Edition of the AASHTO LRFD Bridge Design Specifications (AASHTO, 2012) and
the California Amendments (Caltrans, 2014a), and Seismic Design Criteria (SDC)
Version 1.7 (Caltrans, 2013), will be illustrated through an example.

1.2 COMMON TYPES OF SPREAD FOOTINGS FOR BRIDGES

Spread footings can be used as isolated footings to support single columns or as
combined footings to support multi-columns when columns are closely spaced.
Elongated spread footings under abutments and pier walls act as strip footings where
moments act only in the short direction. Strip footings under abutments or piers can be
analyzed and designed similar to column footings, with moments acting in one
direction only.

1.3 PROPORTIONING AND EMBEDMENT OF FOOTINGS

The designer should consider several parameters such as axial force and biaxial
moment acting on the footing, right of way, existing structures, and also depth of
footing when selecting size and location of the footing. Although square footings are
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more common for footings supporting pinned columns, rectangular shapes may be
more efficient when column is fixed at the base, since moments acting on the footing
in two directions may be very different. Considering various load combinations
specified in AASHTO (2012) and Caltrans (2014a), and variation of geotechnical
resistances with eccentricities of loads acting on the footing any type of optimization
can be rigorous.

1.3.1 Sizing of Spread Footings

The trial minimum size of the spread footing can be selected based on footings of
similar conditions and past experience. Size of a spread footing is usually governed by
the column size, magnitude of loads acting on the footing, and resistances of the
substrate. The effective length to effective width (L'/B") ratio is commonly 1.0 ~ 2.0.
The GD should be consulted for selection of the ratios. The allowable settlement will
be assumed as 1| in. or 2 in. according to MTD 4-1 (Caltrans, 2014b) and based on
continuity of the superstructure. Larger limits can be used if structural analysis shows
that the superstructure can tolerate such settlement without adverse serviceability
impacts (Caltrans, 2014a).

The footing size is usually proportioned based on “permissible net contact stress”
at the service limit state and checked for “factored gross nominal bearing resistance”
at strength and extreme event limit states.

These stresses are functions of the effective width as well as the effective length to
effective width ratio, therefore they are presented by a family of curves and also a table
as shown in the design example. The SD needs to use double interpolation to extract
the information required for design under different load combinations using
corresponding effective dimensions. If necessary, the GD may be contacted to revise
the information and provide a new set of curves and tables to avoid extrapolation.

1.3.2 Embedment and Depth of Footings

The footing embedment shall be carefully determined for degradation and
contraction scour for the base (100 year) flood, as well as short term scour depth. The
embedment depth of the footing should be adequate to ensure the top of the footing is
not exposed when total scour has occurred, as shown in Figure 1.3-1. If the footing is
not in water and freezing is not of concern, a minimum cover of 2 to 3 ft is
recommended.

\(__/_/

Degradation, contraction,

and local pier scour depth
L]

Figure 1.3-1 - Minimum Embedment for Scour Protection
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The depth (thickness) of the footing is preliminary selected based on the required
development length of the column reinforcement and then designed for flexural and
shear strength.

1.4 DESIGN LOADS

The factored shear forces (V; and V), column axial force (P) and bending moments
(M and M,) resulting from structural analysis are usually reported at the base of the
column and must be transferred to the bottom of the footing in order to calculate contact
bearing stresses. Therefore, the resultant moment at the base of the columns must be
modified to include the additional moment caused by shear force transfer. The
modified moment in a generic format can be written as M + (Vxdjvoring), Where dporing 1S
the actual footing depth.

1.5 BEARING STRESS DISTRIBUTION

The sign convention shown in MTD 4-1 (Caltrans, 2014b) is to avoid mistakes in
communications between the SD and the GD. The footing local X axis is defined along
the longer dimension of the footing (L), and the Y axis along the short dimensions (B)
as shown in Figure 1.5-1. Forces and moments resulting from superstructure analysis
acting at the column base are resolved in the directions of local axes if local axes do
not coincide longitudinal and transverse directions of the bridge.

Bearing stress distribution depends on relative stiffness of the footing and
supporting soil and rock. For determination of the footing size based on the bearing
resistance and settlement requirements, the bearing stress is assumed to be uniformly
distributed for footings on soil and linearly distributed for footings on rock. For
structural design of the footing, bearing stress is assumed to be linearly distributed.

For eccentrically loaded footings on soil, the effective footing dimensions (B’
and L") specified in AASHTO Article 10.6.1.3 (AASHTO, 2012) shall be used for
design of settlement and bearing resistance. Bearing stress distribution over effective
footing area is assumed to be uniform. The effective dimensions for a rectangular
footing are shown in Figure 1.5.1 and shall be taken as follows:

B'= B -2e,
(AASHTO 10.6.1.3-1)
L' =L -2e,
where:
B, L = actual dimensions of the footing (ft)
ey, e; = eccentricities parallel to dimensions B and L, respectively (ft)
A = reduced effective area of the footing =B'x L' (ft?)
q = uniform bearing stress = P/4 " (ksf)
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