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Section 1 Design Criteria
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Legend: The following formats and color coding ave used to identify input variables, references, and
results & checks presented in this document.
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Description

This example illustrates the design of an abutment with shallow and deep (pile) foundations for an interstate
freeway bridge. The design is implemented in accordance with the Michigan Department of Transportation

(MDOT) policies published as of 09/30/2022. The requirements of the 9™ Edition of the AASHTO LRFD Bridge
Design Specification; as modified and supplemented by the Bridge Design Manual (BDM), Bridge Design Guides
(BDG), and 2020 Standard Specifications for Construction (SSFC); are followed. Certain material and design

parameters are selected to be in compliance with MDOT practice reflected in the Bridge Design System (BDS),
the MDOT legacy software.

This step provides the design criteria, the bridge information, material properties, soil types and properties, and
loads from the superstructure analysis.
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Bridge Information

This is a zero-skew, 200-ft long, two-span continuous, interstate freeway bridge. Each span consists of seven
steel plate girders spaced at9 ft- 8 3/ in. on center. The vertical profile and typical cross-section of the bridge

are shown below. The girders are designed for composite behavior with a 9-in. thick cast-in-place reinforced
concrete deck to resist superimposed dead, live, and impact loads. The superstructure design is presented in the
Two-Span Continuous Bridge Steel Plate Girder Design Example developed by Attanayake et al. (2021), which is

cited in this example as the Steel Plate Girder Design Example.

Vertical Profile

Span 1=100"-0" |

Span 2=100'-0"

Bridge barrier railing: |
T

—] [—— 33" Continuous @ girder

33" Continuous & girder H— p— 73

,,,,,

L
Abutment Pier

,,,,,

Abutment

Typical Cross-section

63-9" out-to-out deck fascia

173" - 60'-8" Clear roadway - 173"
12'-6" Shoulder t 12-0" Lane + 12-0" Lan + 12-0" Lane + 12-0" Shoulder
Bridge barrier Bridge barrier
railing Type 4 l, [ railing Type 4
i

1-3-@1 % "o Deck l

1"
!

®
I

33" Co t'® jird @
285" 6 Spa @ 983" =ia’-3} " - 28"
Bridge design span length Lspan := 100-ft
Number of beams N i & 0
Beam spacing BeamSpacing = 9ft + 8.625in = 9.72 ft

Out-to-out deck width

Roadway clear width

Number of design traffic lanes
per roadway

Deck slab thickness

Wdeck = 63.75ft

Rdwywidth = 60.5-ft

Rdwyyidth
Nlanes = ﬂoor(T =5 LRFD 3.6.1.1.1

tDeck = 9in BDM 7.02.08

Note: The type of barrier used in this example is for illustrative purposes only. Itis the section used in the Stzeel Plate
Girder Design Example to provide superstructure loads for this design. The BDG provides standard barrier

section details.




Height of bridge railing
Haunch thickness

Overall depth of the girder at
the abutment support

Material Properties
Reinforced concrete unit weight
Concrete 28-day compressive strength
Concrete density modification factor

for normal weight concrete

Concrete modulus of rupture

Yield strength of reinforcing steel

Concrete unit weight
Correction factor for the source of aggregate

Concrete modulus of elasticity

Steel modulus of elasticity

Nominal diameter and
cross-section area of reinforcing
steel bars

Dia(bar) :=

hRailing = 3ft + 4in = 3.33 ft

tHaunch = 1in

dGirder = 35in

Ib

W, = 150 —
3

ft
fC = 3ksi
A=1
fp = 0.24-X ”fc'kSii = 0.42-ksi
fy = 60ksi

Ib
Weon = 145—3
ft
KI = 1
2
Weon
E. = 120000-K-| ——— | -
Ib
1000—3
ft
E, = 3.63 x 107 ksi
Eg = 29000ksi
0.5in if bar= 4 Area(bar)

0.625in if bar=5
0.75in if bar= 6
0.875in if bar= 7
lin if bar = 8§

1.128in if bar= 9
1.27in if bar = 10
1.41in if bar= 11

BDM 7.02.19-C

Steel Plate Girder
Design Example

LRFD 5.4.2.8

LRFD 5.4.2.6

LRFD Tabk 3.5.1-1

LRFD Eq.

fc 0.33
— -ksi
54.2.4-1

ksi

— |02in® if bar=4
031in” if bar= 5
0.44in> if bar= 6
0.6in> if bar=7
0.79in> if bar = 8
1in® if bar=9

1.27in% if bar = 10

1.56in> if bar= 11




Reinforcing Steel Concrete Cover Requirements BDG 5.16.01,5.18.01,5.22.01

The minimum concrete cover: 4 in. for the top and bottom of footing
3 in. for walls against soil

Backwall back cover Coverbw = 3in
Abutment wall cover Coverwau = 3in
Footing top and bottom cover Coverg = 4in

Soil Types and Properties

Bridge designers must interact closely with the Geotechnical Service Section since site conditions may make
each substructure design unique.

Soil boring results showed the following soil profile. The Geotechnical Service Section uses this information to
determine applicable bearing capacity, settlement, sliding resistance, etc.

Depth (ft) Soil type Total unit weight, ys (pcf) | ¢', degree
0-25 Fine to coarse sands 120 30
25-75 Gravelly sands 125 36
75-90 Fine to coarse sands 120 30
90-130 Gravels 125 38

The groundwater table is not located within the vicinity of the foundation.
Unit weight of backfill soil Ng = 0.12kef Compacted Sand,

LRFD Tablk 3.5.1-1
The active lateral earth pressure coefficient k, =03

Loads from Superstructure

Dead Load

The superstructure dead load reactions at each girder end are taken from the Steel Plate Girder Design Example.

Dead load reactions at the exterior girder end supports Table 12 of the Steel Plate Girder Design Example
Weight of structural components and RpcEgx = 44.6kip
non-structural attachments (DC)
Weight of future wearing surface (DW) RpwEgx = 8.0kip

Dead load reactions at the interior girder end supports Table 13 of the Steel Plate Girder Design Example
Weight of structural components and Rpcip = 54.3kip

non-structural attachments (DC)
Weight of future wearing surface (DW) Rpwip = 8-1kip




Live Load

MDOT uses a modified version of the HL-93 loading specified in the LRFD Specifications. A single design truck
load, a single 60-kip load (axle load), a two design truck load for continuous spans, and a design lane load are
multiplied by a factor of 1.2 to make the design loading designated as HL-93 Mod.

Factor for HL-93 Mod fHL93Mod = 1:2 BDM 7.01.04-A
Dynamic load allowance IM = 0.33 LRFD Tabk 3.6.2.1-1

According to the calculation presented in the Steel Plate Girder Design Example, the truck + lane load combination
resulted in the maximum and minimum girder end reactions over the abutment. The unfactored girder support
reactions for a single lane loaded case are listed below.

Maximum and minimum girder reactions due to truck load:

VTruckMax = 63-9kip  VrruckMin = —3-9kip Table A4 of the Steel Plate Girder Design Example

Maximum and minimum girder reactions due to lane load:

VI aneMax = 28-1kip VI aneMin = —3-5kip Table A4 of the Steel Plate Girder Design Example




Section 2 Design of Abutment with a Spread Footing

Step 2.1 Preliminary Abutment Dimensions

Description

This step presents the selected preliminary abutment dimensions.
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The selection of an optimal abutment type depends on the site conditions, cost
considerations, superstructure geometry, and aesthetics. The common types include
cantilever, counterfort, curtain wall, integral or semi-integral, and spill-through abutments.

BDM 7.03.01

A concrete cantilever abutment is considered optimal for the selected site and the structure.

MDOT Bridge Design Manual lists the following minimum requirements:

e The minimum wall thickness for abutments is 2 ft. BDM 7.03.01C
e The minimum thickness of footings is normally 2 ft - 6 in. When the wall thickness at its BDM 7.03.02A
base becomes 3 ft or greater, the footing thickness is to be increased to 3 ft. Footing e

thickness is defined in 6 in. increments.

e  The minimum footing width for cantilever abutments is 6 ft. PG> 18

The designers select the preliminary dimensions based on state-specific standards and past experience. The
preliminary footing dimensions are selected such that the resultant of the vertical loads falls within the middle
one-third. Asneeded, the guidelines shown in the following figure can be used to establish the initial dimensions and
check with the minimum requirements in the BDM.

-t J../Q“P“\}:‘/f’.rq.//fi S

underdrain

pr—BB—

underdrair
s}

T = 4’4&
B=05100.7H H/12 to HIM0

[
footing should bear on suitablg/
soils as recommende

by geotechnical engineer

elow frost depth
and seasonal
volume change

Reference: Bowles, Foundation Analysis and Design. 5th Edition
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The following figure shows the selected abutment geometry and dimensional variables:
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The preliminary dimensions selected for this example are given below.

Abutment length Lobut = Wdeck = 63.75 ft

This abutment includes an independent cantilevered backwall, similar to the one shown in BDG 6.20.03A.

Backwall height hyackwall = 4-251t
Backwall thickness thackwall == 1-5ft
Abutment wall design height hyqp = 17.541t

The thickness of an abutment wall is controlled by several factors including the space required to fit bearings and
anchor bolts with an adequate edge distance. Since the bearing pad design is not included in this example, a

3fi-2in. thick abutment wall is selected by referring to a similar bridge to provide an adequate space to
accommodate bearings and edge distances.

Abutment wall thickness twall = 3ft + 2in = 3.17 ft
Distance from the toe to the front face ltoe = 4ft + 7in = 4.58 ft
of the abutment wall

12




Distance from the heel to the back face lheel = Oft + 3in = 9.25 ft
of the abutment wall

Distance from center of the bearing pad lprtowall = 2ft + 4in = 2.33 ft
to the back face of the abutment wall
Footing width By, oting = lioe T Iheel T twall = 171t
Footing length Lfooting = 65.75ft
Footing thickness tfooting = 3ft
Toe fill depth to the bottom of the footing htoeDepth = Tft
Note: Bot.toms of footings are normally set 4 ft below the existing or proposed ground line to BDM 7.03.02 D
avoid frost heave.
Passive earth pressure is excluded from the footing design. BDM 7.03.02 F

13




Step 2.2 Application of Dead Load

Description

This step describes the application of the dead load on the abutment.
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The common practice is to apply superstructure dead load as a uniformly distributed load over the length of the
abutment. This is accomplished by adding exterior and interior girder end dead load reactions and dividing this

quantity by the abutment length.

Dead load of superstructure

Weight of structural components and
non-structural attachments (DC)

Weight of future wearing surface (DW)

Backwall weight

Abutment wall weight

Footing weight

2:Rpcex * (Nbeams - 2)‘RDCIn

bC 5.66. 2P
Sup = = 5.66 —
P Labut ft
2:Rpwex + (Nbeams - 2)‘RDWIn kip
DWgyp = = 0.89.—
Labut fit
: kip
DCpackwall = Bbackwall tbackwall' We = 0'96'?
: kip
DCyall = hyalr twan We = 8'33.?
: kip
DCfooting = Bfooting'tfooting'wc =7.65 ?

15




Step 2.3 Application of Live Load

Description

This step describes the application of live load on the abutment.

Page Content
17 Live Load on the Backwall
17 Live Load on the Abutment Wall

18 Live Load on the Footing
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Live Load on the Backwall

The live load on the bridge has no impact on the backwall.
The live load on the approach slab is represented by a live load surcharge. The live load surcharge results in a
lateral load on the backwall. Please refer to Step 2.4 for further details.

Live Load on the Abutment Wall

Depending on the number of design lanes, a multiple presence factor is applied to the HL-93 truck and lane loads.

MPF (lanes) := | 1.2 if lanes = 1
1.0 if lanes = 2
0.85 if lanes =3

0.65 otherwise

LRFD Tabk 3.6.1.1.2-1

Live Load on Bridge Superstructure

The total live load girder end reactions is divided by the abutment length to calculate the load on a per foot basis.

Note: Even though the LRFD Specifications recommend including the dynamic impact in the design of
substructures that are not completely buried, the MDOT practice is to exclude it from the design of bridge

abutments.
lanes- (VTruckMax + VLaneMaX)' fHL93Mod MPF (lanes) kip
lanes =1 R = =2.08-—
LLWalll L ft
abut
lanes- (VTruckMax + VLaneMaX)' fHL93Mod MPF (lanes) kip
lanes = 2 R = = 3.46-—
LLWall2 L ft
abut
lanes- (VTruckMax + VLaneMaX)' fHL93Mod MPF (lanes) kip
lanes = 3 R = =4.42.-—
LLWall3 L ft
abut
lanes- (VTruckMax + VLaneMaX)' fHL93Mod MPF (lanes) kip
lanes := 4 R = =45 —
LLWall4 L ft
abut
lanes- (VTruckMax + VLaneMaX)' fHL93Mod MPF (lanes) kip
lanes = 5 R = =5.63-—
LLWall5 L ft
abut
The controlling live load on the abutment wall is
kip

RLLWallMax = Ma3%(RLLwail1» RLLWall2> RLLWall3» RLLWall4> RLLWalls) = 5-63- Y

Live Load on Bridge Approach

The live load on the approach is represented by a surcharge load. This surcharge results in a lateral load on the
abutment wall. Please refer to Step 2.4 for further details.

17




Live Load on the Footing
Live Load on Bridge Superstructure

The total live load girder reactions is divided by the footing length to calculate the load on a

per foot basis. The dynamic impact is not included in the design of foundations.

lanes

lanes :

lanes :

lanes :

lanes

=1

=5

RLLFootingl =

RLLFooting2 =

RLLFooting3 =

RLLFootings =

RLLFootings =

lanes- (VTruckMax + VLaneMaX)'fHL93M0d'MPF(laneS) —201- kip
Lfooting o f
1anes'(VTruckMax + VLaneMaX)'fHL93M0d'MPF(laneS) _3 36-@
Lfooting o f
lanes- (VTruckMaX + VLaneMaX)'fHL%Mo 4 MPF (lanes) _aog. kip
Lfooting o f
lanes- (VTruckMaX + VLaneMaX)'fHL%Mo 4 MPF (lanes) 437 kip
Lfooting o f
lanes- (VTruckMaX + VLaneMaX)'fHL%Mo 4 MPF (lanes) s kip
Lfooting o f

The controlling live load on the footing is

RL I FootingMax = rnaX(RLLFootingl » RLLFooting2 » RLLFooting3 > RLLFooting4 » RLLFootingS)

Live Load on Bridge Approach

Live load on the approach is accounted by a surcharge load. Please refer to Step 2.4 for further details.

LRFD 3.6.2.1

=5.46-—
t

18




Step 2.4 Application of Other Loads

Description

This step describes the application of braking force, wind load, earth load, and temperature load.

Page
20
20
20
21

Content
Braking Force
Wind Load
Earth Load

Temperature Load

19




Braking Force

Since the abutment in this example has expansion bearings, the horizontal component of the braking force is
resisted by the fixed bearings located at the pier. Therefore, a horizontal braking force is not applied at the
abutment. The braking force calculation is presented in Appendix 2.A and the pier design example.

Note: Although there is a possibility to develop a vertical force component at the bearings due to the braking force
applied at 6 ft above the bridge deck, MDOT practice is to exclude this load from substructure design.

Wind Load

Since the abutment has expansion bearings, the longitudinal component of the wind load on superstructure is
resisted by the fixed bearings at the pier. The relevant calculations are presented in the pier design example.

Note: Although the transverse component of the wind load acts on the abutment, it is often small and does not
impact the design. The MDOT practice is to exclude this load from the abutment design.
The wind load calculation is described in the pier design example.

Earth Load

The earth load includes lateral earth pressure, live load surcharge, and vertical earth pressure on the footing. As
per the geotechnical engineer, the groundwater table is not located in the vicinity of the foundation. Therefore,
the effect of hydrostatic pressure is excluded. Hydrostatic pressure should be avoided if possible in all
abutment and retaining wall design cases through the design of an appropriate drainage system.

Lateral Load Due to Lateral Earth Pressure

The lateral pressure and the resultant load are calculated. This load acts at a distance of one third of the
height from the base of the components being investigated.

Backwall
Lateral earth pressure at the base Pbw = Ka' Vs Dpackwall = 0-15-ksf LRFD Eq.3.11.5.1-1
1 kip
Lateral load PEHBackwall = 5 Pbw’ Mpackwall = 0'33'?
Abutment Wall
Lateral earth pressure at the base Pwall = Ky 'Ys'(hbackwall + hwall) = 0.78-ksf
1 kip
Lateral load PEHWall = 3 Pwall (hbackwall + hwall) = 8.55-=~
Footing
Lateral earth pressure at the base P = Ky Vg (hbackwall + hyan + tfooting) = 0.89-ksf
1 kip
Lateral load PEHF ooting = E'Pft'(hbackwall + hyyan) + tfooting) = 11.06- T
Vertical Earth Load on the Footing
, kip
Back side (heel) EV arthBk = Vs theel' (tbackwall + Bwall) = 24.19-—~
, kip
Frontside (toe) EVearthFt = s 1toe'(htoeDepth - tfooting) =22 TR

20




Live Load Surcharge

Live load surcharge is applied to account for a vehicular load acting on the backfill LRFD 3.11.6.4
surface within a distance equal to one-half the wall height behind the back face of
the wall.

Height of the abutment hbackwall + hwall + thOtiIlg = 24.79 ft

Note: The equivalent height of soil for the surcharge load is defined as a function of the abutment height.

Equivalent height of soil for the W= 2ft LRFD Table 3.11.6.4-1
surcharge load eq
Lateral surcharge pressure Op = Ky Y heq = 0.07-ksf LRFD Eq. 3.11.6.4-1
Backwall
: kip
Lateral load P SBackwall = p Dpackwall = 0'31'?
Abutment Wall
kip
Lateral load PLSWall = Gp'(hbackwall + hwall) = 1.57'?
Footing
: kip
Lateral load PLSFooting = 0-p'(hbackwall + hya)r + tfooting) - 1'78'?
. _ kip
Vertical load VLSFooting =g 1heel‘heq = 2.22-?

Temperature Load

The forces transferred from the superstructure to the substructure due to temperature is influenced by the shear
stiffness of the bearing pads.

Thermal expansion coefficient of steel (/°F) o=6.510 6
Note: MDOT uses a 45° F drop and 35° F rise from the temperature at the time of BDM 7.01.07 cold climate
construction. temperature range

Contraction and expansion temperatures T eemimnetion = 49 Texpansion =35

Bridge superstructure contraction ATcContr = O Lspan' Tcontraction = 0-35-in

Bridge superstructure expansion ATExp = Lspan' Texpansion = 0.27-in

Sh dulus of the el G = b

ear modulus of the elastomer bearing = 00 — BDM 7.02.05C

in

Plan view area of the bearing pad Abearing := 22in-9in = 198- in2

Total elastomer thickness hy¢ == 2.75in

21




Since the pier bearings are fixed, the total superstructure deformation is imposed on the abutment bearings.

The force acting on a bearing due to
superstructure contraction

Total force acting on the abutment due
to superstructure contraction

The force acting on a bearing due to
superstructure expansion

Total force acting on the abutment due
to superstructure expansion

Gbearing' Abearing' ATContr

Hyucontr = e = 2.53-kip
r

TU . Npeams HbuContr _ 028 kip

Contr - Lobut : ft

) Gbearing' Abearing' ATExp )

HbuExp = b = 1.97-kip
TU _ Nbeams'HbuExp _ o kip

Exp = L T R

abut

LRFD Eq.

14.6.3.1-2

LRFD Eq.

14.6.3.1-2

22




Step 2.5 Combined Load Effects

Description

This step presents the procedure for combining all load effects and calculating total factored forces and
moments acting at the base of the backwall, abutment wall, and footing.

Page Contents

25 Forces and Moments at the Base of the Backwall
27 Forces and Moments at the Base of the Abutment Wall

31 Forces and Moments at the Base of the Footing

23




Strength I, Strength 111, Strength V, and Service I limit states are considered for the analysis and design of an
abutment.

LRFD 34.1
Strength [=1.25DC +1.5DW +1.75LL+1.75BR + 1.5EH + 1.35EV + 1.75LS +0.5TU
Strength [II=1.25DC +1.5DW + 1.5EH + 1.35EV +1.0WS+0.5TU
Strength V=1.25DC+1.5DW+1.35LL+1.35BR+ 1.0WS+1.0WL+1.5EH +1.35EV +1.35LS+0.5TU

Service [I=1.0DC +1.0DW + 1.0LL+ 1.0BR + 1.0WS+1.0WL+1.0EH + 1.0EV + 1.0LS+1.0TU

BR =vehicular braking force

DC = dead load of structural components and nonstructural attachments
DW  =dead load of future wearing surface and utilities

EH =horizontal earth pressure load

EV =vertical pressure from the earth fill

LL =vehicular live load

LS =live load surcharge

WL =wind on live load

WS =wind load on structure

TU = force effect due to uniform temperature

Limit states that are not shown either do not control or are not applicable. Generally, Strength III or Strength
V may control the design of abutments with fixed bearings when the wind load is considered.

Note: Since the MDOT practice is to exclude wind load from the abutments design, only Strength I and
Service I limit states are included in this section.

Four load cases are considered in the design of an abutment: BDM 7.03.01
Case I Construction state: abutment built and backfilled to grade.
Case Il Bridge open to traffic with traffic loading on the approach only.
Case III Bridge with traffic on it and no load on the approach.
Case IV Contraction: Loading forces of Case II plus the effects of temperature contraction in the deck
transmitted to the abutment.

Since Case IV always governs over Case Il for the bridge abutment selected for this example (independent
cantilever abutment), only Cases I, III, and IV are considered.

The temperature force in Load Case IV is due to contraction, therefore

) kip
TU = TUContr = 0.28~?

The base of the backwall, the base of the abutment wall, and the base of the footing are the three critical
locations where the force effects need to be combined and analyzed for the design of an abutment. Horizontal
loads parallel to the longitudinal axis of the abutment are not considered for backwall and abutment wall design
because of the high moment of inertia about the longitudinal axis of the bridge. However, such loads, even
though relatively small, are considered at the base of the footing.

24




Forces and Moments at the Base of the Backwall

!

DCBackwaII — DCBackwa\I
= PLSBackwaH — o
Pergackwal : PerBackwal : —
Ly - =
M at backwall centerline 2M at backwall centerline
LCIand Il LCIV
Strength 1
Strength [=1.25DC +1.5DW +1.75LL+1.75BR + 1.5EH + 1.35EV +1.75 LS + 0.5TU
Load Case |
. , kip
Factored vertical force FyvwLC1stI = 1-25-DCpackwall = 1.2-?
Factored shear force parallel to the v o 15.P _ 0.49. kip
transverse axis of the backwall uBwWLCIStrl = *-~""EHBackwall = %"
’ hpackwall Kip- ft
Factgred moment about the MuBwLC1StI = 1-5-PEHBackwall’ - = 0.69- o
longitudinal axis of the backwall
Load Case I1I Kip
Factored vertical force FvBwLesstr = 125 DChackwal = 1.2 i
Factored shear force parallel to the v o 15.P _ 0.49. kip
transverse axis of the backwall uBwWLC3Strl = *-2""EHBackwall = 7"
’ hpackwall Kip- ft
Factgreq moment about the MuBwLC3StI = -5 PEHBackwall — = = 0.69 o
longitudinal axis of the backwall
Load Case IV Kip
Factored vertical force FvBwLCastr = 125 DChackwal = 1.2 i

Factored shear force parallel to the
transverse axis of the backwall

Factored moment about the longitudinal axis of the backwall

hpackwall

MyuBwLC4strI = 1-3- PEHBackwall’ 3 + 1.75-P1 sBackwall b -

hpackwall kip- ft
= 183 —

kip

VuBwLC4StI = 15 PEHBackwall + 175 PLSBackwall = 1'02'?
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Service 1
Service=1.0DC+1.0DW +1.0LL+1.0BR+ 1.0WS+1.0WL+1.0EH+1.0EV+1.0LS+1.0TU

Load Case IV related calculations are shown below since it controls the Service I limit.

kip

Factored vertical force FyBackwaliSerl = PChackwall = 0.96-?

Factored shear force parallel to the
transverse axis of the backwall

ViuBackwallSerl ‘= PEHBackwall * PLSBackwall =

Factored moment about the longitudinal axis of the backwall

hbackwall hbackwall
MyBackwallSerl *= PEHBackwall + P SBackwall B
kip- ft
MyBackwallSert = 1-11- ft

Summary of Forces and Moments at the Base of the Backwall

Factored shear force parallel to the

Factored vertical force, Fyp,, (kip/ft)

transverse axis of the backwall, V g, (kip/ft)

Factored moment about the longitudinal axis of the backwall, M, ,, (kip-f/ft)

Strength I | Service | Strength I | Service |
LCI 1.20 - LCI 0.49 -
LC III 1.20 - LC III 0.49 -
LCIV 1.20 0.96 LCIV 1.02 0.63

Strength I | Service |
LCI 0.69 -
LC III 0.69 -
LCIV 1.83 1.11

y
0.63 -
i
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Forces and Moments at the Base of the Abutment Wall

Load Cases I, III, and IV are considered. The superstructure dead and live loads and the uniform temperature
induced loads are considered in addition to the backwall and abutment wall dead loads, lateral earth pressure, and

lateral surcharge pressure.

DCSU p’ DWSUp, RLI_WaI IMax

DCbackwaII
DCbackwaII
DCwa\I I:)Cwall
J— T— ¢
— P—
F)EHWaII H— I:)EHWaII —
— —
| |
= =
M at wall centerline ¥M at wall centerline
LCI LC III
DCSup’ DWSup
DCbackwa\I
R Jr
™ — TU
DCwaH
—
I:)LSWaII T—— v
—
Perwai —
-—4’

i
——— e

ZM at wall centerline

LCIV
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Strength 1

Strength [=1.25DC +1.5DW +1.75LL+1.75BR + 1.5EH + 1.35EV +1.75 LS+ 0.5TU

Load Case |
. , kip

Factored vertical force Fywanrciser = 125 (chackwall + Dcwall) = 11.61 -y

Factored shear force parallel to the v o 15.P _ 10.80. kip

transverse axis of the abutment wall uWallLCIStrl = *2""EHWall = 7%=
The backwall weight reduces the critical moment at the base of the abutment wall. This LRFD 34.1
requires using the minimum load factor of 0.9 for the dead load (DC) instead of the factor LFRD Tablke 3.4.1-2
1.25 in the Strength I combination.
Similar conditions are applied for the moments calculated about the longitudinal axis of the
abutment wall for all the load cases and all the limit states.

Factored moment about the longitudinal axis of the abutment wall

(tbackwall ~ twall) (hbackwall + Byall) kip- ft
MywaliLc 1St = 0-9-DChackwall 5 + L5 Ppgwalr 3 =92.4: i

Load Case 11

Factored vertical force

FywallLC3Strl = 1'25'(DCSup + DCpackwall + Dcwall) + 1.5 DWSup + L75RL 1 WallMax

kip
FywallLc3str = 29-86- =~
Factored shear force parallel to the v o 15.p _ 0.8, kip
transverse axis of the abutment wall uWallLC3Strl = 2" "EHWall = 24047

Factored moment about the longitudinal axis of the abutment wall

(tbackwall - tWall)
MywalLc3ast = 0-9-DChackwall’ 5

t
wall
+(1.25-DCgyp + 1.5-DWgyp + 1'75'RLLWallMax)'(1brtowall - T]

(hbackwall *+ hwall)

+ L5 PEHwalr 3
Kip- fi
MywallLc3stt = 106.09- ft
Load Case IV
: kip
Factored vertical force FywallLC4StI = 1.25-(DCSup + DCpackewall + Dcwall) + 1.5DWSup = 20.01 -y
Factored shear force parallel to the _ 3 kip
transverse axis of the abutment wall VuwallLC4strl = 13- PEHwall + 175 PLgway + 05TU = 15.7: ft

28




Factored moment about the longitudinal axis of the abutment wall

(tbackwall - tWall)
MywallLc4stt = 0-9-DChackwall’ 5

t
wall
+(1.25-DCgyp + 1.5-DWsp )| prtowall - -

(hbackwall + hwall) (hbackwall + hwall)

wall

kip- ft
ft

MywallLc4str1 = 131.04-

Service 1

Service [=1.0DC +1.0DW + 1.0LL+ 1.0BR + 1.0WS+1.0WL+1.0EH + 1.0EV + 1.0LS+1.0TU

Load Case ]
. kip
Factored vertical force FywanrciSerl = PCrackwall T PCwall = 9.29-?
Factored shear force parallel to the v —p _gss. kip
transverse axis of the abutment wall uWallLCl1Ser] -~ "EHWall = ®2°" 7

Factored moment about the longitudinal axis of the abutment wall

] (tbackwall - twall) (hbackwall + hwall)
MywaliLC1Serl = PChackwall’ 2 + PEHWall 3
kip- ft
MywallLC1Serl = 61-28: ft
Load Case I1I
Factored vertical force
kip

FywallLc3SerI = (DCSup + DCpackwall + Dcwall) + DWSup + RLL WallMax = 21'46'?
Factored shear force parallel to the v —p _gss. kip
transverse axis of the abutment wall uWallLC3Ser] -~ "EHWall = ®2°" 7

Factored moment about the longitudinal axis of the abutment wall

(tbackwall - twall)
MywallLc3serl = PCpackwall’ 5

twall
+ (DCSup + DWSup + RLLWallMax)' Yortowall — B

(hbackwall *+ hwall)
+ PEHWall 3

kip- ft
ft

MywallLc3sert = 7041
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Load Case IV

Factored vertical force FywallLc4Ser = (DCSup + DCpackwall + DCwall) + DWSup

kip
FywallLc4serl = 15-83‘7

Factored shear force parallel to the . kip
transverse axis of the abutment wall VuwallLC4Serl = PEHWall * PLsWall + TU = 10.39- ?

Factored moment about the longitudinal axis of the abutment wall

(tbackwall - twall)
MywallLc4sert = PCpackwall’ 5

tLyall

+ PEHWall

+ (DCSup + DWSup)' (1brtowall T

(hbackwall *+ hwall)

+PLswall

(hbackwall *+ hyall)

kip- ft

MywallLc4sert = 88.15- ft

Summary of Forces and Moments at the Base of the Abutment Wall

Factored vertical force, Fyyy,; (kip/ft)

Factored shear force parallel to the transverse axis
of the abutment wall, V yzy (kip/ft)

Strength I | Service | Strength I | Service |
LCI 11.61 9.29 LCI 12.82 8.55
LC III 29.86 21.46 LC III 12.82 8.55
LCIV 20.01 15.83 LCIV 15.70 10.39

Factored moment about the longitudinal axis of the abutment wall, M,y (kipf/ft)

Strength I | Service |
LCI 92.40 61.28
LC III 106.09 70.41
LC 1V 131.04 88.15
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Forces and Moments at the Base of the Footing

Load Cases I, III, and IV are considered. In addition to all the loads considered for the abutment
wall, weight of soil (i.e. the earth load on the footing toe and heel) and live load on the backwall are

considered.
The dynamic load allowance is excluded from the live load for foundation components that are LRFD 3.6.2.1
entirely below ground level.
DCbackwaH DCSup’ DWSup’ RLLFootingMax
777777 r777777
|r | DChackyval
| |
| |
| |
|
| DC all I DC all
— I =
| |
- L -— I
o EV
| P, ) | earthFt
PEHFootmg o I EVea,mBk EVearthrt EHFooting —::_ | EVeanth
| N L
| 7 |
— | -
- I — |
M at footing centerline i 2M at fOOting centerline *
DCfootmg Dcfooling
LCI LCII
VLSF oting
! oc. ow
——— Sup’ Sup
17 DCbacK all
|
| —m— TU
L -
|
| DCya
- -
LSFooting — ;! ‘
o -—
P . | EVearthFl
EHFooting ; I EVearlhB)-:
| +
- — |
ZM at footing centerline *
DCfooting
LCIV
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Strength 1

Strength [=1.25DC +1.5DW +1.75LL+1.75BR + 1.5EH + 1.35EV + 1.75LS +0.5TU

Load Case |
Factored vertical force
: kip
FyrLcisur = 125 (chackwall + DCya) + Dcfooting) +1.35 ‘(Eveartth + EVeartth) = 56.79- r
Factored shear force parallel to the v — 15.p 16 59.@
transverse axis of the footing uFtLC1Strl -~ 2" "EHFooting = "°-27"
The backfill soil weight reduces the critical moment at the base of the footing. This requires LRFD 34.1
using the minimum load factor of 1.0 for the vertical earth load (EV) instead of the factor LFRD Table 3.4.1-2

1.35 in the Strength I combination. Similar conditions are applied for the moments calculated
about the longitudinal axis of the footing for all the load cases.

Factored moment about the longitudinal axis of the footing

) thackwall Bfooting twall Bfooting
Myriciset = 125 DChackwall’| heel * P - P + 1.25DCy1'| Theel + ) P

(hbackwall + hyyar) + tfooting Bfooting ltoe
+ 1'5'PEHF00ting' 3 + 1'35Eveartth' T - T
theel Bfooting
+ I.O-EVeartth > - >
kip- ft
MyFtLC1st1 = 8792
Load Case II1
Factored vertical force FyFriLcssyr = 1.25 (DCSup + DChackwall + PCyall + Dcfooting) +1.5 DWSup
+1.75 RLLFootingMax + 1'35'(Eveartth + EVearthFt
kip
FVFLCsstn = 7475 ==
Factored shear force parallel to the v "~ 15.p 16 59.@
transverse axis of the footing uFtLC3Strl = *-2" " EHFooting >R

Factored moment about the longitudinal axis of the footing

] thackwall Bfooting twall Bfooting
MyrtLe3st = 125 DCpackwall'| heel + P - P + 1.25DCya11| Theel + ) P
Bfooting

+ (1'25'DCSup + 1'S'DWSup + 1'75'RLLFootingMax)' Iheel * lortowall — B

(hbackwall + hyyar) + tfooting)
+ ISPEHFOOtIHg 3

Theel Bfooting Bfooting loe
+ I.O'EVeartth- - + 1.35'EVeartth' —_— — —

2 2 2
kip- ft
MypLCasu = 143:27-—
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Load Case IV
Factored vertical force
FVFRLCasul = 1'25'(DCSup + DCpackwall + PCyall + Dcfooting) + 1'SDWSup
+ 1'35'(Eveartth + EVeartth) + 1'75VLSFooting
kip
FVFLCastn = 6908 ==

Factored shear force parallel to the . ip
transverse axis of the fooﬁng VuFtLC4StrI = L5 PEHFOOtlng + 175PLSF00t1ng +0.5TU = 19.85- ?

Factored moment about the longitudinal axis of the footing

) thackwall Bfooting twall Bfooting
MyrtLcastt = 1.25-DCyqckwall’ 1heelJr P - P + 1.25DC - 1heelJr 2 - B
Bfooting
+(1.25-DCgyp + 1.5-DWgyp )| Iheel + Ibriowall ~ — -

(hbackwall +hwall+tfooting) theel Bfooting
+ 1.5-PEHFooting 3 + L73VLSFooting | =5~ ~ 7

(hbackwall + My + tfooting) Iheel Bfooting

+ 1'75'PLSFooting' > + I.O'EVeartth' > - >
Bfooting loe

+ 135 EVearnpe | —— ~ | * O.S-TU-(hwau + tfooﬁng)

kip- ft
ft

MyrLcaser = 140.34-
Service 1

Service [=1.0DC+1.0DW +1.0LL+1.0BR+ 1.0WS+1.0WL+1.0EH+1.0EV+1.0LS+1.0TU
Load Case ]

Factored vertical force

kip
FyrtLciSerl = PCoackwall T PCwall + PCooting + EVearthBk + EVearthFt = 43'32.?
Factored shear force parallel to the v —p _11.06. kip
transverse axis of the footing uFtLC1Serl -~ " EHFooting = **- ft

Factored moment about the longitudinal axis of the footing

] thackwall Bfooting twall Bfooting
MyrtLC1Serl = PChackwall'| lheel + B - B + DCyall'| theel * L B
(hbackwall + hyyan + tfooting)
+ PEHFooting' 3
Iheel Bfooting Bfooting ltoe
+ EVeartth 2 - 2 + EVeartth 2 - T

kip- ft

MyFtLC1Sert = 3222
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Load Case III

Factored vertical force

FVFLC3Serl = DCSup + DCphackwall + DCyall + Dcfooting + DWSup + RLLFootingMax

+ (Eveartth + EVeartth)

kip
FVFILC3Sert = 333377
Factored shear force parallel to the v —p T 06-@
transverse axis of the footing uFtLC3Serl = “EHFooting = **-">" "

Factored moment about the longitudinal axis of the footing

] thackwall Bfooting twall Bfooting
MyrtLc3Serl = PDCpackwall'| lheel + B - B + DCyall'| theel * L B
Bfooting
+ (DCSup + DWSup + RLLFootingMax)’ Iheel * lbrtowall — B

(hbackwall + hygar + tfooting)
*+ PEHFooting 3

Iheel Bfooting Bfooting ltoe
+ EVearthBk - + EVearthFt: TS
2 2 2
kip- ft
MyFtLC3Serl = 09-22¢
Load Case IV
Factored vertical force FVEiLCc4Ser] = DCSup + DCpackwall T+ DCwall + Dcfooting + DWSup
+ EVearthFt * EVearthBk + VLSFooting
kip
FVFtLCaSert = 32:09- =7
Factored shear force parallel to the ) kip
transverse axis of the fooﬁng VuFtLC4SerI = PEHFOOtll’lg + PLSFOOtll’lg +TU = 13.12- ?
Factored moment about the longitudinal axis of the footing
. thackwall Bfooting twall Bfooting
MyrtLc4Serl = DChackwall'| Theel + B - B + DCyall'| theel * L B
Bfooting (hbackwall + hygar) tfooting)

+ (DCSup + DWSup)' Iheel * lbrtowall — B + PEHFooting' 3

Iheel Bfooting Bfooting ltoe
*EVearthBk |~ "5 ) T EVearthFr| T ~ 5|

Iheel Bfooting (hbackwall + hyyan) + tfooting)
+ VLSFooting' , 5 + PLSFooting' 5

+ TU'(hwall + tfooting)

kip- ft

MyFtLc4sert = 71.62
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Summary of Forces and Moments at the Base of the Footing

Factored vertical force, Fy (kip/ft)

Strength I | Service |
LCI 56.79 43.32
LCIII 74.75 55.33
LCIV 69.08 52.09

Factored moment about the longitudinal axis of the footing, M, p, (kip-f/ft)

Strength I | Service |
LCI 87.92 32.22
LCIII 143.27 69.22
LCIV 140.34 71.62

Factored shear force parallel to the transverse
axis of the footing, V , (kip/ft)

Strength I | Service |
LCI 16.59 11.06
LCIII 16.59 11.06
LCIV 19.85 13.12
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Step 2.6 Geotechnical Design of the Footing

Description

This step presents the geotechnical design of a spread footing considering the
following strength and serviceability limit states:

1. bearing resistance —strength limit state

2. settlement —service limit state

3. sliding resistance — strength limit state

4. load eccentricity (overturning) —strength limit state

Step 2.9 presents the evaluation of structural resistance of the footing (internal stability).

Page

37
41
41
43

Contents

Bearing Resistance Check

Settlement Check

Sliding Resistance Check

Eccentric Load Limitation (Overturning) Check

LRFD 10.6.1.1
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Forces and Moments at the Base of the Footing

Step 2.5 presents the load effects at the base of the footing under different load cases and limit states. A summary
is presented in the following tables:

Factored vertical force, Fy (kip/ft)

Strength I | Service |
LCI 56.79 43.32
LC III 74.75 55.33
LCIV 69.08 52.09

Factored shear force parallel to the transverse axis
of'the footing, V 5 (kip/ft)

Strength I | Service |
LCI 16.59 11.06
LC III 16.59 11.06
LCIV 19.85 13.12

Factored moment about the longitudinal axis of the footing, M, p, (kip-f/ft)

Strength I | Service |
LCI 87.92 32.22
LC III 143.27 69.22
LC 1V 140.34 71.62

Bearing Resistance Check

For eccentrically loaded footings, the use of a reduced effective area is allowed for bearing
resistance or settlement calculation. The point of load application shall be at the centroid of the

reduced area.

Note: As a practice, the average pressure and the values at the toe and heel under different load cases

and limit states are provided to the MDOT Geotechnical Service Section for verification.

This example presents the LRFD and MDOT methods.

Load Case I, Strength I

Factored vertical force

Factored moment about the longitudinal
axis of the footing

Eccentricity in the footing width direction

LRFD Method

kip

FVEtLClISul = 56-79'7

MyFtLcistr = 87.92-

(&

~ Mypicisul
B~ o
VFtLC1Stl

kip- ft

= 1.551t

A reduced effective footing width is used for bearing resistance and settlement design.

Effective footing width

Bearing pressure

Beff = Bfooting - 2-6B = 1391t

Abearing LC1 =

FVEtLC1Stl

Beff

LRFD 10.6.1.3

LRFD 10.6.1.3

LRFD Eq. 10.6.1.3-1

= 4.08-ksf
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MDOT Method

Average bearing pressure

Bearing pressure at the toe

Bearing pressure at the heel

Load Case I11, Strength I

Factored vertical force

Factored moment about the longitudinal
axis of the footing

Eccentricity in the footing width direction

LRFD Method
Effective footing width

Bearing pressure

MDOT Method

Average bearing pressure

Bearing pressure at the toe

Bearing pressure at the heel
Load Case 1V, Strength I
Factored vertical force

Factored moment about the longitudinal
axis of the footing

Eccentricity in the footing width direction

_ FvFicisul
angLCl = B— = 3.34-ksf
footing
_ FvFicisul 6-cg
footing footing

_ FvFiLcisul 6-cg
footing footing

kip
FVEtLC3sul = 74-75'7
kip- ft
ft

MyFtLc3str = 14327

MyFtLC3str

- - 1.92ft
FyFRtLC3stl

°B

Befr = Bfooting —2-eg = 13.17ft LRFD Egq. 10.6.1.3-1

~ Fvrcssul
Gbearing LC3 =~ 5 — 7 5.68-ksf
eff
~ FyFacssul
QavgLC3 = Be . 4.4-ksf
footing

_ FvFiLcssul 6-cg
doeLC3 = "5 . | TR

) = 7.37 ksf

Bfooting Bfooting

_ FvFiLcasul 6-cg
qheelLC3 = B— 1- B— = 1.42-ksf
footing footing

kip
FVFLCastn = 6908 ==

kip- ft
ft

MyFtLc4strr = 140.34-

MyFtLC4Str

B = = 2031t
F
VFtLC4Str]

(&
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LRFD Method
Effective footing width

Bearing pressure

MDOT Method

Average bearing pressure

Bearing pressure at the toe

Bearing pressure at the heel

Load Case I, Service I
Factored vertical force

Factored moment about the longitudinal
axis of the footing

Eccentricity in the footing width direction

LRFD Method
Effective footing width

Bearing pressure

MDOT Method

Average bearing pressure

Bearing pressure at the toe

Bearing pressure at the heel

Load Case I11, Service 1

Factored vertical force

Factored moment about the longitudinal
axis of the footing

Befr = Bfooting —2-eg = 12.94ft LRFD Egq. 10.6.1.3-1

~ Fvricasul
Gbearing LC4 =~ 5 — = 5.34-ksf
eff
~ FyFacasul
QavglLC4 = Br 4.06-ksf
footing

_ FvFiLcasul 6-cg
dtoeLC4 =5 |1 5.

) = 6.98-ksf

Bfooting Bfooting

~ FvFacasul 6-eg
dheelLC4 = —5 | | —5— | = L.I5-ksf

Bfooting Bfooting

kip
FVFLC1Sert = 43-32- ==

kip- ft
MyFtLC1Serl = 32-22¢

MyFtLC1Serl
eg:=——— = 0.74ft
F
VFtLC1Serl
Beff = BfOOtil’lg - 2-eB = 15511t LRFD Egq. 10.6.1.3-1
~ FyFaciser
9bearing LC1Serl = B 2.79-ksf
eff
_ FyFiciser
davgLC1Serl = B = 2.55-ksf
footing
_ FVFiLCiser 6-cg
AtoeLC1Serl = Be .. 1+ B = 3.22-ksf
footing footing
_ FVFLCiSer 6-cg
AheelLC18Serl = “Be .. 1- B . = 1.88-ksf
footing footing
kip

FVEtLC3Serl = 55-33‘?

kip- ft

MyFtLC3Sert = 0922
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Eccentricity in the footing width direction

LRFD Method

Effective footing width

Bearing pressure

MDOT Method

Average bearing pressure

Bearing pressure at the toe

Bearing pressure at the heel

Load Case 1V, Service I

Factored vertical force

Factored moment about the longitudinal
axis of the footing

Eccentricity in the footing width direction

LRFD Method

Effective footing width

Bearing pressure

MDOT Method

Average bearing pressure

Bearing pressure at the toe

Bearing pressure at the heel

MuFtLC3 Serl

B = = 1.25 ft
F
VFtLC3Serl

(&

Beff = BfOOtil’lg - 2-6B = 1451t LRFD Egq. 10.6.1.3-1

~ FyFacsser
Ibearing LC3Serl =~ 5~ —  ~ 3.82-ksf
eff
~ FyFic3ser
YavgLC3Serl = B— = 3.25-ksf
footing
~ FVFiLc3ser 6-ep
AtoeLC3Serl -~ Be . 1+ B = 4.69-ksf
footing footing
~ FVFRLC3Sert 6-ep
YheelLC3Serl = “Be .. 1- B . = 1.82-ksf
footing footing
kip
FVFtLC4Sert = 52:09- ==
kip- ft
MyFtLc4Sert = 71.62-
MyFtLC4Serl
eg=———— = 1371t
FVELC4Serl

Beff = BfOOtil’lg - 2-eB = 14251t LRFD Eq. 10.6.1.3-1

~ FyFacaser
9bearing LC4Serl = B—ff = 3.66-ksf
e
~ FyFacaser
YavgLC4Serl = B— = 3.06-ksf
footing
 FvFiLcaser 6-eg
AtoeLC4Serl = Be . 1+ B = 4.55-ksf
footing footing
FVFLC4Serl 6-eg
YheelLC4Serl = “Be .. 1- B . = 1.58 - ksf
footing footing
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Summary

LRFD Method

The controlling bearing pressure

e b = max(qbearing_LCI »Abearing LC3> qbearing_LC4) = 5.68-ksf
under strength limit states

The controlling bearing pressure needs to be checked with the factored bearing resistance of the soil provided by
the Geotechnical Service Section.

MDOT Method

A summary of bearing pressure values (in psf) are shown in the following table:

Toe Avg Heel Toe Avg Heel
(Service I) | (Serivce I) | (Service I) | (Strength I) | (Strength I) | (Strength 1)
LCI 3217 2549 1880 5166 3341 1516
LC I 4692 3254 1817 7371 4397 1422
LC IV 4551 3064 1577 6977 4064 1150

This table is provided to the Geotechnical Service Section for the verification of bearing resistance and settlement
limits. If the bearing pressure exceeds the bearing strength of the soil, the size of the footing needs to be increased.
See BDM 7.03.02.G for more information.

Settlement Check

The Geotechnical Service Section uses the controlling bearing pressure from the service limit
state to check if the foundation total settlement is less than 1.5 in., the allowable limit.

BDM 7.03.02G 2b

For LRFD method, the controlling bearing pressure for settlement analysis is

Ab_settlement = max(qbearing_LCISerI »Abearing LC3Serl> qbearing_LC4SerI) = 3.82-ksf

The Geotechnical Service Section uses this controlling bearing pressure to calculate the foundation total settlement.

For MDOT method, the bearing pressures under service limit state are provided to the Geotechnical Service Section
to calculate the settlement.

Note: Besides the total settlement, considerations should be given to prevent the differential settlement between the
abutments and pier from exceeding the tolerable differential settlement limit. Differential settlement limits are
given in the Steel Plate Girder Design Example.

Sliding Resistance Check

Spread footings must be designed to resist lateral loads without sliding. The sliding
resistance of a footing on cohesionless soil is a function of the normal force and the
interface friction between the foundation and the soil.

LRFD 10.6.3.4

The Geotechnical Service Section should provide a coefficient of sliding resistance () for a design. MDOT
typically uses a sliding resistance coefficient of 0.5 for cast-in-place concrete footings. Consult the Geotechnical
Service Section to identify the most suitable coefficient for a specific design.

Coefficient of sliding resistance p = 0.5
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The strength limit states are used for this check. Since the resistance is proportional to the vertical loads, the
following conditions are used:

e  Minimum load factors are used for all vertical loads.

e Maximum load factors are used for the loads that contribute to horizontal sliding forces.

e Since DW is the future wearing surface load, it is excluded from all load combinations.

Load Case |
Factored shear force parallel to the v _ 16.59- kip
transverse axis of the footing uFtLCIStT = 2527
. kip
Factored sliding force Vsliding = VyFtLC1St = 1659 Y
Minimum vertical load
: kip
FyFRtLc1striMin = 0-9- (chackwall + DCyan + Dcfooting) + L.0- (Eveartth + EVeartth) = 41'63'?
Resistance factor for sliding ¢, = 0.8 BDM 7.03.02.F, LRFD Table 10.5.5.5.2-1
. . , kip
Sliding resistance Vresistance = 1 M FVFRLC1StrIMin = 16'65‘?
Cheek if V,gance > Viiding Check := if (Vyesistance > Vsliding>"OK" > "Not OK" ) = "OK"
Load Case I1I
Factored shear force parallel to the v _ 16.59- kip
transverse axis of the footing uFtLC3StrT = 2527
. kip
Factored sliding force Vsliding = VyFtLC3st] = 1659 Y

When calculating the minimum vertical force for sliding and eccentric load limitation check, the live load on the
superstructure is excluded to develop a conservative design.

Xinlimulm \(flertical load without FyriLes StrIMin_noLL ‘= 0.9- (DCSup + DCpackwall + PCwall + Dcfooting)
e live loa
+ 1'O'(Eveartth + EVeartth)
kip
FVFILC3StrIMin_noLL = 46.72- 7~
Resistance factor for sliding ¢, = 0.8 BDM 7.03.02.F, LRFD Table 10.5.5.5.2-1
1 . . kip
Sliding resistance Vresistance = P u'FVF'[LC3StrIMin_n0LL = 18'69'?
Cheek if V,gance > Viiding Check := if (Vyesistance > Vsliding>"OK" > "Not OK" ) = "OK"

Load Case IV
There are two cases that need to be considered: without and with the live load surcharge.
Without the live load surcharge:

Factored shear force parallel to the v _ 19.85. kip
transverse axis of the footing uFtLC4StT = 7707 g
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Factored sliding force without the live ) kip
load surcharge vsliding = VuFtLC4Strl — 1'75pLSF00ting - 16'73‘?

Minimum vertical load without FyRLC4strIMin noLS = 0-9-(DCsyp + DCpackwall + DCywall + PCfooting) -~

the live load surcharge +10- (EVeartth 4 EVeartth)

kip

FVFtLC4StMin noLs = 4672 ==
. . | i
Sliing ressance Viesistance = u'FVF'[LC4StrIMin_n0LS - 18'69.?

Check if Vgnce > Viiding Check := if(V "OK" ,"Not OK" ) = "OK"

resistance ~ Vsliding ’

With the live load surcharge:

Factored shear force parallel to the v _ 19.85. kip
transverse axis of the footing uFtLC4StT = 7707 g
. . kip
Factored sliding force Vsliding = VUFtLC4StrI = 19.85-?
lgdmirnlilm Verltlical load with the FypcastriMin = 0-9-(DCsyp + DCpackwall + DCywall + DCooting)
ve load surcharge
g + 1'O'(Eveartth + EVeartth) + 1'75VLSFooting
kip
FVFLCastiMin = 061 ==
. . , kip
Sliding resistance Viesistance = ¢ W FYFILC4StrIMin = 20'24‘?
Cheek if V,gance > Viiding Check := if (Vyesistance > Vsliding>"OK" > "Not OK" ) = "OK"

Eccentric Load Limitation (Overturning) Check

The eccentricity of loading at the strength limit state, evaluated based on factored loads, shall LRFD 10.6.3.3
not exceed one-third of the corresponding dimension of footing on soils for stability.

The eccentricity in the abutment length direction is not a concem. The following calculations presents the
evaluation of'the eccentricity in the abutment width direction for Strength I limit state:

Load Case |
F _ 41.63.200
Minimum vertical force VFLCIStrIMin = #5227 7™
o . kip- ft
Momeqt about the longitudinal axis of MyriLcist = 87.92- i
the footing
M
C . . L FtLC1Strl
Eccentricity in the footing width direction eg = J L 2.11ft
measured from the centerline FVFtLC1StrIMin
. . B .
foot
1/6 of footing width ooting _ 283t
. . e Bfooting
Check if the eccentric load limitation is satisfied Check := if| eg < —— ,"OK" ,"Not OK" | = "OK"
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Load Case III

There are two cases that need to be considered: without and with the live load

Without the live load:
F _ 4672500
Minimum vertical force without the live load VFtLC3StrIMin_noLL = %7 7o~
o . kip- ft
Moment about the longitudinal axis of the MyFiLc3str = 143.27-
footing (with the live load) ft
Moment about the longitudinal axis of the footing (without the live load)
) Bfooting kip- ft
MyFtLcs3 Strl noLL -~ MyFtLc3sul — (1'75 'RLLFootingMaX)' theel * lbrtowall — = 113.82-
_ _MuFLC3Sulnoll
Eccentricity in the footing width direction ‘B~ FVRLC3SHIMin noLL = 2astt
. . e : Bfooting
Check if the eccentric load limitation is satisfied Check := if| eg < —— ,"OK" ,"Not OK" | = "OK"
With the live load:
Minimum vertical force with the live load FyRLC3stiMin = FVERLC3StriMin_noLL * I-73RLLFootingMax
kip
FVFILC3StriMin = 36277~
o . kip- ft
Moment about the longitudinal axis of the MyFiLc3strr = 143.27-
footing (with the live load) ft
M
. . . FtLC3StrI
Eccentricity in the footing width direction eg = J L 2.55ft
FVFtLC3StrIMin
. . . W : Bfooting
Check if the eccentric load limitation is satisfied Check := if| eg < —— ,"OK" ,"Not OK" | = "OK"
Load Case IV

There are two cases that need to be considered: without and with the live load surcharge.

Without the live load surcharge:

. . ki
Minimum vertical force FVFLC4StTMin noLs = 46.72- %
Moment about the longitudinal axis of M 14034 kip- ft
the footing (with the live load surcharge) uFtLC4Strl =~ ft
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Moment about the longitudinal axis of the footing (without the live load surcharge)

. Iheel Bfooting
MyFtLCastrl_noLs = MuFtLC4sut — 173 VLSFooting | =~~~ | =
(hbackwall + hyaly + tfooting)
+ _1'75'PLSF00ting' >
kip- ft

Eccentricity in the footing width direction

Check if the eccentric load limitation is satisfied

With the live load surcharge:

Minimum vertical force

Moment about the longitudinal axis
of'the footing

Eccentricity in the footing width direction

Check if the eccentric load limitation is satisfied

Myr tLC4Strl_noLS ~ 116.67-

_ MuFtLC4StrIﬁn0LS
FYFtLC4StrIMin noLS

eB =251t

Bfooting

Check = if(eB < ,"OK" ,"Not OK") = "OK"

kip
FVEtLC4striMin = 30-61- Y

kip- ft
ft

MyFtLc4strr = 140.34-

MyFtLc4strl

FVEtLC4StrIMin

°B

. Bfooting
Check := if| eg < T ,"OK" ,"Not OK" | = "OK"

45




Step 2.7 Backwall Design

Description

This step presents the design of the backwall.
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Forces and Moments at the Base of the Backwall

Step 2.5 presents the load effects at the base of the backwall under different load cases and limit states. A summary

is presented in the following tables:

Factored vertical force, Fyp,, (kip/ft)

Factored shear force parallel to the
transverse axis of the backwall, V g, (kip/ft)

Strength I | Service | Strength I | Service |
LCI 1.20 - LCI 0.49 -
LC III 1.20 - LC III 0.49 -
LCIV 1.20 0.96 LCIV 1.02 0.63

Factored moment about the longitudinal axis of the backwall, M, ,, (kip-f/ft)

Strength I | Service |
LCI 0.69 -
LC III 0.69 -
LCIV 1.83 1.11

Design for Flexure

According to the loads in the summary tables, Load Case IV under Strength I limit state is the governing load case
for the flexural design.

kip- ft
Moment demand at the base of the backwall MpemandBackwall = MuBwLC4StT = 1-83-
Flexural Resistance LRFD 5.6.3.2
The design procedure consists of calculating the reinforcing steel area required to satisfy the moment
demand and checking the selected steel area against the requirements and limitations for developing an
adequate moment capacity, controlling crack width, and managing shrinkage and temperature stresses.
As a trial, select No. 6 bars. bar := 6
Nominal diameter of a reinforcing steel bar dp,r = Dia(bar) = 0.75-in
Cross-section area of the bar Apyyp = Area(bar) = 0.44- in2
The spacing shall not exceed 3 times the component thickness for members at most 18 in. thick. LRFD 5.10.6

Backwall thickness thackwall = 18- in

Selected bar spacing Shar -= 18-in
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Area of reinforcing steel provided in
a 1-ft wide section

Effective depth

Resistance factor for flexure
A 1-ft wide strip is selected for the design.

Width of the compression face of the section

Stress block factor

Apyy 12in

.2
AgProvided = = 0.29-in

Shar
de = tbackwall - COVel‘bw = 15-in

dp =09 LRFD 5.5.4.2

b = 12in LRFD 5.6.2.2

f, — 4ksi
By = min| max| 0.85 — 0.05:| ———1,0.65|,085| = 0.85
S1

Solve the following equation of A, to calculate the required area of steel to satisfy the moment demand. Use an

assumed initial A value to solve the equation.

Initial assumption

Required area of steel

Check ifAsProvided >AsRequired

Moment capacity of the section
with the provided steel

Distance from the extreme compression
fiber to the neutral axis

Check the validity of assumption, fq = fy

Limits for Reinforcement

.2
AS = 0.31n

Given M fi= Aot |d - Ay
ven  MpemandBackwall It = @ Aglyde = -
y 2 { 0.85-f,b

. .2
Aq req = Find(Ag) = 0.03-in
Check := if (AsProvided > As.req’ "OK" , "Not OK") = "OK"
d 1 [ AsProvided' fy
© 20 085fb
MCapacityBackwall = Of Agprovided' fy‘ ft
kip- ft
MCapacityBackwall = 19.42. ft
AsProvided fy i
ci=—— =0.68-in

0.85-f,-B;-b

Check_fg := if(di < 0.6,"OK" ,"Not OK") = "OK"
e

LRFD 5.6.3.3

The tensile reinforcement provided must be adequate to develop a factored flexural resistance at least equal to the
lesser of the cracking moment or 1.33 times the factored moment from the applicable strength limit state load

combinations.
Flexural cracking variability factor

Ratio of specified minimum yield
strength to ultimate tensile strength of
the nonprestressed reinforcement

N1 = 1.6 For concrete structures that are not precast segmental

N3 = 0.67 ForASTM615 grade 60 reinforcement
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) 1
Section modulus S¢ = g'b'tbackwallz = 648-in3

. Y31 fr Se kip- ft
Cracking moment or = T = 24.06- o
. kip- ft
1.33 times the factored moment demand 1.33-MpemandBackwall = 2-43- f
t
Factored moment to satisfy the . B kip- ft
minimum reinforcement requirement Mfeq o mln(l'33MDemandBaCkW3H’ MCT) =243 ft

Check the adequacy of the section capacity Check := if (MCapacityBackwall > Mreq ,"OK" , "Not OK") = "OK"

Control of Cracking by Distribution of Reinforcement LRFD 5.6.7

Limiting the width of expected cracks under service conditions extends the service life. The width of potential cracks
can be minimized through proper placement of the reinforcement. The check for crack control requires that the actual
stress in the reinforcement should not exceed the service limit state stress.

The spacing requirement for the mild 700-~,

steel reinforcement in the layer closest s < - 2-d. LRFD Egq. 5.6.7-1
to the tension face Bs fss

Exposure factor for the Class 1 exposure e = 1.00

condition

Distance from extreme tension fiber to the d. := Coveryy, = 3-in

center of the closest flexural reinforcement

Ratio of flexural strain at the extreme d c

tension face to the strain at the centroid Bg=1+ =1.29

of'the reinforcement layer closest to the 0'7(tbackwall - dc)

tension face

The position of the cross-section's neutral axis is determined through an iterative process to calculate the actual
stress in the reinforcement. This process starts with an assumed position of the neutral axis as shown below.

Assumed distance from the extreme X = 3-in
compression fiber to the neutral axis E
. 1 2_ 78
Given E -b-x" = E_ . ASPI’OVided. (de - X)
c
Position of the neutral axis Xpg = Find(x) = 2.234-in
M
. . . . BackwallSerl
Tensile force in the reinforcing steel due Tg:= S e -ft = 0.9-kip
to service limit state moment Xna
de — —
3
Stress in the reinforcing steel due to Tq .
service limit state moment fss1 = = 3.19-ksi
AsProvided
f, (not to exceed 0.6f) fgs = min(fgg1, 0.6fy) = 3.19-ksi
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y
700- g f

Required reinforcement spacing SbarRequired = B—f
s''ss

—2-d, = 164.79-in
Check if the spacing provided <the

required spacing

Shrinkage and Temperature Reinforcement

The following calculations check the adequacy of the flexural reinforcing steel to control
shrinkage and temperature stresses in the backwall:

For bars, the area of reinforcing steel per foot, on . 1.3bh
each face and in each direction, shall satisfy S=5H (b+hyf, LRFD 5.10.6
and 0.11in” < Ag < 0.6in”

— .2 -
in
(0.60 —j
ft

Check := if (spar < SharRequired> "OK" > "Not OK" ) = "OK"

— 5 -
in
Minimum area of shrinkage and Ashrink.temp = min [0'1 1 7} -ft = 0.14- in”
temperature reinforcement
max kip
1.3-hpackwall thackwall in-ft

2(hbackwall + tbackwall)' fy

Check if the provided area of steel >
the required area of shrinkage and Check := if (A

d > A
temperature steel

sProvide shrink.temp >

Design for Shear

According to the loads in the summary tables, Load Case IV under Strength I limit state is the governing load case
for the shear design.

K
The maximum factored shear force VuBwLC4Str] = 1-02- <P
at the base of the backwall ft
Effective width of the section bV =b=12-in
A UL

. Provided
Depth of the equivalent rectangular a:= _SOVieRe Y 0.58-in
stress block 0.85- fc' b
Effective shear depth dy = max(de — % ,0.9-dg, 0'72‘tbackwallj = 14.71-in

Note: Since there is no transverse reinforcement in the backwall and the overall depth of the backwall is greater than
16 in., the simplified procedure in LRFD 5.7.3.4.1 cannot be used. The general procedure outlined in LRFD
5.7.3.4.2 is used for the design of backwall shear capacity.

The factored N, V,and M, are calculated at the critical section for shear, which is located at a distance d,, from the
base of the backwall.

VIOK" s "Not OK") — HOKH

LRFD
5.7.2.8
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Factored axial force at the critical section

(use negative if compression)

Lateral earth load at the critical section

Load at the critical section due to live load

surcharge

Factored shear force (demand) at
the critical section

Factored moment at the critical section

Check M, since it cannot be
taken less than V d,

Net longitudinal tensile strain in the
section at the centroid of the
tension reinforcement

Crack spacing parameter

Maximum aggregate size (in.)

Crack spacing parameter as influenced
by the maximum aggregate size

NyBackwallShear = _[1'25'(chackwall —dy tbackwall'wc)]

kip
NuBackwallShear = —0-85- ?

1
PEHBackwallShear = E‘ka' s (hbackwall - dv)'(hbackwall - dv)

kip
PEHBackwallShear = 0-16- ?
kip

P SBackwallShear = Ka’ “{S'heq' (hbackwall - dV) = 0.22-?

VuBackwallShear = 1-3-PEHBackwallShear ™ 1-73-PLSBackwallShear

kip
VuBackwallShear = 0-63- ?

(hbackwall - dv)
MyBackwallShear ‘= !-3-PEHBackwallShear’

3
(hbackwatl — 4v)
+ 1'75'PLSBackwallShear' D
kip- ft
MyBackwallShear = 0-82- ft

MywallShear = 1max(1\/[uBalckwallShear’ VuBackwallShear dv)

kip- ft
MywallShear = 0-82 ft
MBackwallShear
d 0.5 ‘NuBackwallShear T YuBackwallShear
v
Eg = X .
sProvided
S ft

e =103x10 " LRFD Eq. 5.7.3.4.24

g = dV = 1231t

A =15 MDOT Standard Specifications

g for Construction Table 902-1
(80in)
(12in)
Sye i= Min =12-in LRFD Eq.
max| (138 5.73.4.2-7
X ag +0.63
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Factor indicating the ability of _ 4.8 . 51 _ade LRFD Ea.5.7.342.2
diagonally cracked concrete to B = (1 4 750-¢ ) S =4 q.3./.54.
transmit tension and shear S 139 4 .Le

m

Nominal shear resistance of concrete, V., is calculated as follows:

V.| = 0.0316-8- [f-ksi-b-d, = 43.9-kip LRFD Eq.5.7.33-3

Vg = 0.25f,b-d, = 135-kip LRFD Eq.5.7.3.3-2
Vp = min(Vg, Veo) = 43.9-kip
Resistance factor for shear by = 0.9 LRFD 5.5.4.2
Factored shear resistance (capacity) Vi = oy V= 39.51-kip

Check if the shear capacity is greater than
the demand

v
1 r n n " n _n "

Check = if (F > ViBackwallShear>  OK" , "Not OK j = "OK

Shrinkage and Temperature Reinforcement Design

The following calculations check the required amount of reinforcing steel in the secondary direction

to control shrinkage and temperature stresses in the backwall.

The reinforcement at the front face of the backwall and the horizontal reinforcement at the interior LRFD 5.10.6

should satisfy the shrinkage and temperature reinforcement requirements.

The spacing of reinforcement shall not exceed 3 times the component thickness for members at LRFD 5.10.6

most 18 in. thick.

Note: MDOT practice is to use No. 6 @ 18 in. maximum spacing. BDG 6.20.03A

Select No. 6 bars. bar := 6

Nominal diameter of a reinforcing steel bar dps := Dia(bar) = 0.75-in

Cross-section area of the bar AparsT = Area(bar) = 0.44~in2
Spacing of bars SharST = 18-in
A -12in
. . . . barST
Horizontal reinforcing steel area provided AProvidedST = L 0.29-in2

in the section SbarST

The required minimum shrinkage and temperature reinforcement area at the backwall was previously calculated
during the design of flexural reinforcement.

Required shrinkage and ~ 5
temperature steel area Ashrink.temp = 0-14+1n

Check if the provided steel area >
the required area of shrinkage and
temperature steel

Check := if(AsPrOVidedST > Ashrink.temp > OK" , "Not OK") = "OK"
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The backwall design presented in this step provides the following details:

No. 6 bars at 18.0 in. spacing (A,=0.29 in.>/f}) as the back face flexural reinforcement.
No. 6 bars at 18.0 in. spacing (A =0.29 in.?/f}) as the front face vertical shrinkage and temperature
reinforcement.

No. 6 bars at 18.0 in. spacing (A,=0.29 in.>/f}) as the front and back face horizontal shrinkage and
temperature reinforcement.
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Step 2.8 Abutment Wall Design

Description

This step presents the design of the abutment wall.
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Forces and Moments at the Base of the Abutment Wall

Step 2.5 presents the load effects at the base of the abutment wall under different load cases and limit states.
A summary is presented in the following tables:

Factored vertical force, Fy vy, (kip/ft)

Factored shear force parallel to the transverse axis of
the abutment wall, Vv (kip/ft)

Strength I | Service |
LCI 11.61 9.29
LC III 29.86 21.46
LC 1V 20.01 15.83

Strength I | Service |
LCI 12.82 8.55
LC III 12.82 8.55
LCIV 15.70 10.39

Factored moment about the longitudinal axis of the abutment wall, M,y (kipf/ft)

Strength I | Service |
LCI 92.40 61.28
LC III 106.09 70.41
LC 1V 131.04 88.15
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Design for Flexure

According to the loads in the summary tables, Load Case IV under Strength I limit state is the governing load
case for the flexural design.

kip- ft

Moment demand at the base of the wall MpemandWall = MuwaliLc4st = 131.04- 11;
Flexural Resistance LRFD 5.6.3.2

The design procedure consists of calculating the reinforcing steel area required to satisfy the moment

demand and checking the selected steel area against the requirements and limitations for developing an

adequate moment capacity, controlling crack width, and managing shrinkage and temperature stresses.
As a trial, select No. 9 bars. bar := 9

Nominal diameter of a reinforcing steel bar dp,r = Dia(bar) = 1.13-in

Cross-section area of the bar Apygp = Area(bar) = 1-in2
The spacing of reinforcement shall not exceed 12 in. when the thickness of walls is greater LRFD 5.10.6
than 18 in.

Wall thickness twall = 38-in

Initial assumption for the spacing of bars Shar -= 12-in

Apyp 12in

Area of reinforcing steel provided in a Agprovided = ——— = l'in

1-ft wide section Sbar

Effective depth dg = tyga) — Covery,ap) = 35-in

Resistance factor for flexure bp =09 LRFD 5.5.4.2
A 1-ft wide strip is selected for the design.

Width of the compression face of the section b := 12in

f. — 4ksi
LRFD
Stress block factor B := min| max| 0.85 - 0.05-| ——— |,0.65|,0.85| = 0.85
ksi 5.6.2.2

Solve the following equation of A, to calculate the required area of steel to satisfy the moment demand. Use an
assumed initial A value to solve the equation.

Initial assumption Ag = 1in2

AT
1 sy LRFD
Given M ft= dppALf|d, - —| ——2—
DemandWall f 3 e
Y{ ) [O.SS.fC.b]:| 5.6.3.2

Required area of steel AsRequired = Find(AS) = 0.85-in2

Check if A gyoyided > Asequired Check := if (Agprovided > AsRequired "OK" > "Not OK") = "OK"




d 1 [ AsProvided fy
© 20 085fb

Moment capacity of the section MCapacityWall = O Agprovided' fy~
with the provided steel ft
kip- ft
MCapacityWall = 153.09- ft

Distance from the extreme AsProvided fy .

. . ci=—— = =231-in
compression fiber to the neutral axis 0.85-f; B1-b
Check the validity of assumption, fq = fy Check := if (di < 0.6,"OK" ,"Not OK") = "OK"

e
Limits for Reinforcement LRFD 5.6.3.3

The tensile reinforcement provided must be adequate to develop a factored flexural resistance at least equal to the
lesser of the cracking moment or 1.33 times the factored moment from the applicable strength limit state load
combinations.

Flexural cracking variability factor Np = 1.6  For concrete structures that are not precast segmental
Ratio of specified minimum yield

strength to ultimate tensile strength of
the nonprestressed reinforcement

N3 = 0.67 ForASTM615 grade 60 reinforcement

. 1 2 3.3
Section modulus S¢ = g -b- twall = 2.839x 107-in
. Y31 fr Se kip- ft
Cracking moment M. = ——— = 107.25:
ft ft
) kip- ft
1.33 times the factored moment demand 1.33-Mpemandwall = 174.29- p
t
The factored moment to satisfy the . _ kip- ft
minimum reinforcement requirement Mfeq T mm( 1:33Mpemandwall MCf) = 107.25- ft
Check the adequacy of the section capacity Check := if (MCapacityWall > Mreq’ "OK" , "Not OK") = "OK"
Control of Cracking by Distribution of Reinforcement LRFD 5.6.7
Limiting the width of expected cracks under service conditions extends the service life. The width of potential
cracks can be minimized through proper placement of the reinforcement. The check for crack control requires
that the actual stress in the reinforcement should not exceed the service limit state stress.
Spacing requirement for the mild steel 700-~,
reinforcement in the layer closest to the s < - 2-d. LRFD Egq. 5.6.7-1
tension face Bs’ fss
Exposure factor for the Class 1 exposure e = 1.00
condition
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Distance from extreme tension fiber to dc = Covery,qp) = 3 in

center of the closest flexural reinforcement

Ratio of flexural strain at the extreme d c

tension face to the strain at the centroid Beo=1+ =1.12
- S 0.7(ty a1l =

of'the reinforcement layer closest to the “\wall ~ %

tension face

The position of the cross-section's neutral axis is determined through an iterative process to calculate the actual
stress in the reinforcement. This process starts with an assumed position of the neutral axis as shown below.

Assumed distance from the extreme

compression fiber to the neutral axis 2 5= (ot

E

. 1 2_ s
Given E -b-x" = E_ : ASPI’OVided. (de - X)
c
Position of the neutral axis Xpg = Find(x) = 6.197-in
. . o MywallLC4Serl

Tensile force in the reinforcing steel due Tg:= -ft = 32.1-kip
to service limit state moment Xna

de — —

3
T
Stress in the reinforcing steel due to fgq1 == — =32.12-ksi
service limit state moment AsProvided
f, (not to exceed 0.6f) fgs = min(fgg1 , 0.6fy) = 32.12-ksi
i
Required reinforcement spacing SbarRequred = B—fm —2-d, = 13.42-in
s''ss
Check if the spacing provided <the Check := if (Sbar < SparRequred * "OK" , "Not OK") = "OK"
required spacing
Shrinkage and Temperature Reinforcement Requirement LRFD 5.10.6

The following calculations check the adequacy of the flexural reinforcing steel to control shrinkage and temperature

stresses in the wall:
_ , _
in
[0.60 —j
ft

_ ) ~
Minimum area of shrinkage and . (().1 1 i] _ .2
temperature reinforcement Ashrmk.temp = min ft ft = 0.35-in
max kip
L3 hyair twalr in-ft
| 2(hwall + twall)'fy ]

Check if the provided area of steel >
the required area of shrinkage and Check := if (A
temperature steel

d > A VIOK" s "Not OK") — HOKH

sProvide shrink.temp >




Design for Shear

According to the loads in the summary tables, Load Case IV under Strength I limit state is the governing load case
for the shear design.

The maximum factored shear force v _ 157 kip
at the base of the abutment wall uWallLC4Strl = -+
Effective width of the section b, :=b=12-in
Depth of the equivalent rectangular AsProvided fy .
a:=——=196-in
stress block 0.85-f; b
. a . LRFD
Effective shear depth dy = max(de — 5 ,0.9-dg, 0.72-twau) = 34.02-in 5728
Note: Since there is no transverse reinforcement in the wall and the overall depth of the wall is greater than 16 in.,
the simplified procedure in LRFD 5.7.3.4.1 cannot be used. The general procedure outlined in LRFD
5.7.3.4.2 is used for the calculation of abutment wall shear capacity.
The factored N, V,and M, are calculated at the critical section for shear, which is located at a distance d,, from
the base of the abutment wall.
Factored axial force at the critical section (use negative if compression)
kip
NuwallShear = _[1'25'(DCSup + DChackwall * PCywall ~ dV'twalll'wc> + 1'SDWSup] = _18'33'?
» 1
Latfiral carth load at the critical PEHWallShear = E'[ka"\{s‘ (hbackwall + hyall — dv)]' (hbackwall + hyall — dV)
section
kip
PEHWallShear = 047 R
Load at the critical section kip
due to live load surcharge Pl SwallShear = Ka' Vs’ heq' (hbackwall + hyar — dv) = 1.36: T
qutored shear force (demand) at the VuwallShear = 15 PEAWalIShear T 1-75 PL.SWallShear T 0-5TU
critical section
kip
VuwallShear = 12'23'?
Factored moment at the critical section
) (tbackwall - tWall) twall
MywaliShear = 0-9-DCpackwall’ B + (1'25'DCSup + 1'S'DWSup)' lortowall ~ b
(hbackwall + Bwall — dy)
+ 1.5-PEgwallShear’ 3
(hbackwall + hwall — dy)
+ 1.75-PL SwallShear’ 5 + 0'S'TU'(hwall - dv)
kip- ft

MywallShear = 91-35 ft

kip- ft

Check M, since it cannot be
; MywallShear = maX(MuWallShear’VuWallShear' dv) = 9155 i

taken less than V d,
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MywaliShear 05N LV
Net longitudinal tensile strain in the v = “uWallShear ™ *uWallShear 3
section at the centroid of the €g = =122x10
tension reinforcement AsProvided
By—F LRFD Eq.5.7.3.4.24
Crack spacing parameter sy = d,, = 2.83ft
Maximum aggregate size (in.) 15 MDOT Standard Specifications
XIMUM agereg ' g = & for Construction Table 902-1
(80in)
Crack spacing parameter as influenced by (12in)
the maximum aggregate size Sye i= Min =22.04-in LRFD Eq.
max| (138 573427
* ag +0.63
Factor indicating the ability of 5 4.8 _ 51 209
diagonally cracked concrete to T (1 +750-¢ ) s - LRFD Eq.5.7.34.2-2
) . S Xe
transmit tension and shear 39+ —
in

Nominal shear resistance of concrete, V., is calculated as follows:

V= 0.0316-B- [T ksi-b-d, = 48.2-kip LRFD Eq.5.7.3.3-3

Vg = 0.25f,b-d, = 315-kip LRFD Eq.5.7.3.3-2
Vp = min(Vg, Vep) = 48.16-kip
Resistance factor for shear by = 0.9 LRFD 5.5.4.2
Factored shear resistance (capacity) Vi = oy V,, = 43.34-kip

Check if the shear demand is greater than

7
1 r " " " " _n "
the demand Check := ﬁ{? > VuWallShear: 'OK" , "Not OK j = "OK

Development Length of Reinforcement

The flexural reinforcing steel must be developed on each side of the critical LRFD 5.10.8.1.2,
section for its full development length. 5.10.8.2.1
. fy
Basic development length lgp = 2'4'dbar’m = 7.82ft LRFD Eq. 5.10.8.2.12-2
Ve

Reinforcement location factor Ny =1 No more than 12 in. concrete below

Coating factor Af =15 Epoxy coated bars with less than 3d;, cover

Distance from center of the bar —C _ 3

to the nearest concrete surface b -= MOVehywall = >




dbar

Reinforcement confinement factor )\rc = =0.38
%
A .
. R d
Excess reinforcement factor >‘er = _STequired 0.85
AsProvided
Factor for normal weight concrete Ai=1

(>‘rl' Aef Are” >‘er)
N

Required development length lg = lgp: =3.76ft LRFD Eq.5.10.8.2.1a-1

Since the footing thickness is 3 ft, an adequate space is not available for straight bars. The common practice is
to use hooked bars which are set on the bottom reinforcing steel layer.

Shrinkage and Temperature Reinforcement

The following calculations check the required amount of reinforcing steel in the secondary direction
to control shrinkage and temperature stresses in the abutment wall.

The reinforcement at the front face of the abutment wall and the horizontal reinforcement at the LRFD 5.10.6
interior should satisfy the shrinkage and temperature reinforcement requirements.
The spacing of reinforcement shall not exceed 12 in. when the wall thickness is greater LRFD 5.10.6
than 18 in.
Note: MDOT practice is to use 18 in. as the maximum spacing. BDG 5.16.01
As a trial, select No. 6 bars. bar := 6

Nominal diameter of a reinforcing steel bar dpgT = Dia(bar) = 0.75-in

Cross-section area of the bar AparsT = Area(bar) = 0.44- in2

Spacing of bars SparST = 12-in

A -12in
. . . barST
Reinforcing steel area provided AProvidedST = L 0.44. in2
in the section SbarST

The required minimum shrinkage and temperature reinforcement area at the abutment wall was previously
calculated during the design of flexural reinforcement.

Required shrinkage and _ .2
temperature steel area Ashrink temp = 0-33-1n
Check if the provided steel area > Check := if (AsProvidedST > Ashrink.temp ,"OK" ,"Not OK") = "OK"

the required area of shrinkage and
temperature steel
The abutment wall design presented in this step provides the following details:
e No.9barsat 12.0 in. spacing (A, = 1.0 in.?/ft) as the back face flexural reinforcement.
e No.6barsat 12.0 in. spacing (A,=0.44 in.>/ft) as the front face vertical shrinkage and temperature
reinforcement.
e No. 6 barsat 12.0 in. spacing (A,=0.44 in.>/f}) as the front and back face horizontal shrinkage and
temperature reinforcement.
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Step 2.9 Structural Design of the Footing

Description

This step presents the structural design of the abutment footing.

Page
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Shrinkage and Temperature Reinforcement Design
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Forces and Moments at the Base of the Abutment Footing

Step 2.5 presents the load effects at the base of the footing under different load cases and limit states. A summary is
presented in the following tables:

Factored shear force parallel to the transverse axis

Factored vertical force, Fy (kip/ft) of the footing, V., (Kip/f)
> Yu

Factored moment about the longitudinal axis of the footing, M, p, (kip-f/ft)

Strength I | Service | Strength I | Service |
LCI 56.79 43.32 LCI 16.59 11.06
LC III 74.75 55.33 LC III 16.59 11.06
LCIV 69.08 52.09 LCIV 19.85 13.12

Strength I | Service |
LCI 87.92 32.22
LC III 143.27 69.22
LC 1V 140.34 71.62

Note: In this example, the length of the footing and the abutment wall are 65.75 ft and 63.75 fi, respectively.
Since the cantilevered length of the footing in the longitudinal direction is limited to 1 ft on each side, the

shear and moment acting on the footing in the longitudinal direction are small and do not require flexural and
shear designs.
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Toe Design

The necessary dimensions, loads, and the bearing pressure distribution are shown in the following figure:

47
dy=31.23" 23.77"

i
Gioe Ga Omax

For structural design of an eccentrically loaded foundation, a triangular or trapezoidal

bearing pressure distribution is used.

LRFD 10.6.5

According to the loads in the summary tables, Load Case Il under Strength I limit state is identified as the
governing load case for the design of flexure and shear at the toe.

kip
FVEtLC3sul = 74-75'7

Eccentricity in the footing width direction

Maximum and minimum bearing pressure

j = 7.37-ksf

kip- ft
MyFtLc3str = 14327 o
MyFLC3stl
egi= —————— = 1.92-ft
F
VFtLC3Strl
FyFRtLc3sul . 6-eg
dmax -~ :
Bfooting Bfooting
FyRiLC3sul | 6-eg
9min = 1T
Bfooting Bfooting

The critical section for flexural design is at the front face of the wall.

Bearing pressure at the critical section

dtoe -~ 9min * Be .
footing

(qmax - qmin)

] = 1.42-ksf

LRFD 5.12.8.4

'(Bfooting - 1toe) = 5.77 ksf

A simplified analysis method is used in this example to determine the maximum moments at the front face of the
wall by selecting load factors to produce the maximum bearing pressure and minimum resisting loads. This method
is conservative and eliminates the need for using multiple combinations.

As shown below, minimum load factors are used for the resisting forces such as the overburden and footing
self-weight to calculate the maximum moment at the front face of the wall.
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The moment demand at the critical section

Lo oo Lo Lo
) toe toe toe toe
M;Demand = dtoe’ 5 + (qmax - qtoe)' 3 0.9-We tfooting’ 5 1.0y (htoeDepth - tfooting)' 5

kip- ft

Mipemand = 6251

Flexural Resistance LRFD 5.6.3.2

The design procedure consists of calculating the reinforcing steel area required to satisfy the moment demand
and checking the selected steel area against the requirements and limitations for developing an adequate moment
capacity, controlling crack width, and managing shrinkage and temperature stresses.

As a trial, select No. 8 bars. bar := 8
Nominal diameter of a reinforcing steel bar dp,y = Dia(bar) = 1-in

Cross-section area of a bar on the

.2
flexural tension side Apygp = Area(bar) = 0.79-in

The spacing shall not exceed 12 in. when the footing thickness is greater than 18 in. LRFD 5.10.6
Footing thickness tfooting = 3ft
Selected spacing of reinforcing steel bars Shar -= 12-in
Apgyy 12in 5
Area of tension steel provided in a 1-ft Agprovided = ——— = 0.79-in
wide strip Sbar
Effective depth dg == tfooting ~ Coverg = 32-in

Resistance factor for flexure bp =09 LRFD 5.5.4.2

A 1-ft wide strip is selected for the design.

Width of the compression face of the section b := 12in
Stress block factor B1 =035

Solve the following equation of A, to calculate the required area of steel to satisfy the moment demand. Use an
assumed initial A value to solve the equation.

Initial assumption Ag = 1in2

. _ 1 Ag fy
Given  Mipemangd ft = ¢ Ag fy| de — 51085-fb
821

Required area of steel AsRequired = Find(AS) = 0.44-in2

Check if A proviged > Aoquired Check := if (Agprovided > AsRequired "OK" > "Not OK") = "OK"
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d 1 ( AsProvided' fy
Moment capacity of the section ¢ 2 0.85-f.'b

with the provided steel MPI‘OVided = (bf ASPI‘OVided' fy- f
kip- ft
Mprovided = 111.01- ft
Distance from the extreme compression AsProvided fy .
. ci=———=1.82'in

fiber to the neutral axis 0.85-f; B1-b
Check the validity of assumption, fq = fy Check_fg = if (di < 0.6,"OK" ,"Not OK") = "OK"

e

Limits for Reinforcement LRFD 5.6.3.3

The tensile reinforcement provided must be adequate to develop a factored flexural resistance at least equal to the
lesser of the cracking moment or 1.33 times the factored moment from the applicable strength limit state load
combinations.

Flexural cracking variability factor Np = 1.6  For concrete structures that are not precast segmental

Ratio of specified minimum yield
strength to ultimate tensile strength of
the nonprestressed reinforcement

N3 = 0.67 ForASTM615 grade 60 reinforcement

Section modulus S¢ = g'b'tfootingz =259 x 103-in3

. Y31 fr Se kip- ft
Cracking moment M, = ——— = 96.25:

ft ft

. kip-ft
1.33 times the factored moment demand 1.33-M;pemand = 83-14-
The factored moment to satisfy the . _ kip- ft
minimum reinforcement requirement Mfeq T mm( 1:33Mipemand: MCT) = 8314 ft
Check the adequacy of section capacity Check := if (MProvided > Mreq, "OK" , "Not OK") = "OK"

Control of Cracking by Distribution of Reinforcement LRFD 5.6.7

Limiting the width of expected cracks under service conditions extends the service life. The width of potential
cracks can be minimized through proper placement of the reinforcement. The check for crack control requires
that the actual stress in the reinforcement should not exceed the service limit state stress.

The spacing requirement for the mild 700-~,

steel reinforcement in the layer closest to s < - 2-d. LRFD Egq. 5.6.7-1
the tension face Bs fss

Exposure factor for the Class 1 exposure e = 1.00

condition

Distance from extreme tension fiber to the

center of the closest flexural reinforcement = Covergy = 4-In
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Ratio of flexural strain at the extreme tension d
face to the strain at the centroid of the
reinforcement layer closest to the tension face

c
=1
Ps ' 0'7(tfooting - dc)

The calculation of tensile stress in nonprestressed reinforcement at the service limit state, f, requires

=1.18

establishing the neutral axis location and the moment demand at the critical section.

The position of the cross-section's neutral axis is determined through an iterative process to calculate the actual
stress in the reinforcement. This process starts with an assumed position of the neutral axis as shown below.

Assumed distance from the extreme
compression fiber to the neutral axis

Position of the neutral axis

X = 5-in

1 2 _ Es
Sbx = _‘AsProvided'(de - X)
2 E,

Xpg = Find(x) = 5.303-in

Vertical force and moment atthebase of the footing from Load Case IllunderService I limt state are:

kip kip- ft
FVFILC3Sert = 333377 MyFiLC3sert = 69-22
Eccentricity in the footing width _ MyFtLC3Serl 195§
direction under Service I limit state “BSerl = FyFLC3Serl T
Maximum and minimum bearing FyVELC3Serl 6-eBSerl
pressure under Service I limit state dmaxSer] = 1+ = 4.69-ksf
Bfooting Bfooting
_ FVFiLC3Ser 6-eBSerl
dminSerl = B . 1= B = 1.82-ksf
footing footing

Soil pressure at the critical section

(qmaXSerI - qminSerI)

’ (Bfooting - 1toe)

under Service I limit state AtoeSerl = dminSerl * Bfooting
dtoeSer] = 3-92-ksf
The moment at the critical section under Service I limit state:
2 2 2 2

. loe
MiSerT = GtoeSerl 5

Tensile force in the reinforcing steel due

1toe 1toe 1toe

+ (qmaXSerI - qtoeSerI)‘ 3 We ttooting’ 5 s (htoeDepth - tfooting)' 5

kip- ft
M;gerg = 36.8: ft

B M‘rSerI

to the service limit state moment Ts: X1 ft = 14.6-kip
d.— —
¢ 3
Stress in the reinforcing steel due to T .
Lo fg1 = = 18.49-ksi
the service limit state moment ss A .
sProvided
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f, (not to exceed 0.6f) fgs = min(fgg1 , 0.6fy) = 18.49-ksi
.
- . 7007 —
equired remforcement spacing . m _ .
SbarRequired = —B T - Z'dC =24.13-in
S °SS

Check if the spacing provided <the

Check := if (Spar < SharRequired> "OK" > "Not OK" ) = "OK"
required spacing

Shrinkage and Temperature Reinforcement Requirement LRFD 5.10.6

The following calculations check the adequacy of the flexural reinforcing steel to control shrinkage and temperature
stresses in the footing:

Minimum area of shrinkage and

temperature reinforcement AShrink-temP = min
max kip

13- Bfooting' tfooting' in-ft

2(Bfooting + tfooting)' fy

Check if the provided area of steel >

the required area of shrinkage and Check := if (AsProvided > Ashrink.temp ,"OK" ,"Not OK") = "OK"
temperature steel
Design for Shear
Effective width of the section b=12-in
Depth of the equivalent rectangular AgProvided' fy
stress block a:=————"=1551in
0.85-fb

Effective shear depth a . LRFD

dy = max(de —5 0.9-d, 0-72‘tfooting) = 31.23-in 5728

The critical section for shear at the toe is located at a distance d,, from the front face of the wall.

Distance from the toe to the critical section dV =198 ft

Ishear = ltoe =

(qmax - qmin)

Bearing pressure at the critical section

dd = 9min * '(Bfooting - 1shear) = 6.68-ksf

Bfooting

Minimum load factors are used for the resisting forces such as the overburden and footing self-weight to calculate
the maximum shear at the critical section.

Factored shear force (demand) at the critical section

ft = 0.33-in”

(qmax + qd)
VuFtToe = 5

“Ishear — 0'9'Wc'tf00ting'1shear - L0~y (htoeDepth - tfooting)‘lshear = 12.16-—=

kip
ft
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The simplified procedure for nonprestressed sections can be used for the design of shear in LRFD 5.7.34.1
concrete footings when the distance from the point of zero shear to the face of the wall is
less than 3d,..

Check if the distance 1, is less than 3d,, Check = if(l,[Oe < 3-dy,"Yes" ,"No") ="Yes"

Therefore, the simplified procedure is used.

Factor indicating the ability of diagonally B:=2
cracked concrete to transmit tension and shear

Nominal shear resistance of concrete, V., is calculated as follows:

V| = 0.0316-B- [ ksi-b-d, = 42-kip LRFD Eq.5.7.33-3

Vy = 0.25f,b-dg, = 288-kip LRFD Eq.5.733-2
Vp = min(Vg, Vep) = 42.03-kip
Resistance factor for shear by = 0.9 LRFD 5.5.4.2
Factored shear resistance (demand) Vi = oy V,, = 37.83-kip

v

Check if the shear capacity is greater than Check = if(?tr > VyFtToe "OK" , "Not OK") — "OK"

the demand

Development Length of Reinforcement

The flexural reinforcing steel must be developed on each side of the critical section for its LRFD 5.10.8.1.2
full development length.
Available length for rebar development 14 available = ltoe — Coverg = 4.25 1t
. f,
Basic development length lgp = 2.4-dp _y 6.93 ft LRFD Eq.5.10.8.2.1a-2
[fo-ksi
Reinforcement location factor Ny =1 No more than 12 in. concrete below
Coating factor Af =15 Epoxy coating bars with less than 3d,, cover
Reinforcement confinement factor Nc =04 For ¢,>2.5 in and No. 8 bars or smaller
Excess reinforcement factor AsRequired
Nop = ———— = 0.56 LRFD Eq.5.10.8.2.1c4
AgProvided
Factor for normal weight concrete Ai=1
Required development length (>‘rl Aot Arc >‘er) LRFD Eq.
ld.required = ldb N = 2321t 5.10.8.2.1a-1
Check il avaitable > ldrequired Check := if(ld.available > 14 required> "OK" , "Not OK" ) = "OK"
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Heel Design

The necessary dimensions, loads, and the bearing pressure distribution are shown in the following figure:

17518 1€
[T T[]
‘ ¢ Bearing :
‘ 3
e ]
. 135EV
|
‘ <
~3'-2" E
\
9-3" T
1.25DC &
] A
WL L L] e
Gheel I
| 170" |
HEEL

The self-weight of the footing, the weight of soil, live load surcharge and the bearing pressure act on the heel. The
critical load combination for the design selects the load factors to produce the minimum vertical loads and
maximum eccentricities resulting in the minimum bearing pressure.

The critical location for the design of flexure is located at the back face of the wall. LRFD 5.12.8.4
In the general case of a cantilever abutment wall, where the downward load on the heel is LRFD
larger than the upward reaction of the soil under the heel, the top of the heel is in tension. C5.12.8.6.1

Therefore, the critical section for shear is taken at the back face of the abutment wall.

Load cases I, III, and IV under Strength I limit state are used to calculate the maximum moment and shear at the
critical sections.

Load Case |
. . kip Step 2.6, sliding
Minimum vertical force FyFRiLC1StrIMin = 41-63- T resistance check
o . kip- ft
Factored moment about the longitudinal axis of MyriLc1st = 87.92- Step 2.6, summary table
the footing t
M
C . . o FtLC1Strl
Eccentricity in the footing width direction eg = J L 2.11-ft
FVFtLC1StrIMin
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Maximum and minimum bearing pressure

Bearing pressure at the critical section

Factored moment at the critical section

1heel

FVEtLC1StrIMin 6-eg
11+ = 427-ksf

2
MiLcisut = 125 Wetgooting: 5 + L.35SEVearthBk 5 Imin’ lheel 5 g(qheelLCIStrI - qmin) Theel

Factored shear force at the critical section

Amax =

Bfooting Bfooting

_ FyFacisuiMin 6-cg

Amin = Be .. |11- B = 0.62-ksf

footing footing

. Iheel
dheelLC1StrI = 9min (qmax - qmjn)r = 2.61-ksf

footing
Iheel heel 1
kip- ft

M sy = 120.08-—¢

1
VuHeelLC18trT = 125 Wettooting Theel + 1-35EVearthBk — dmin’ lheel ~ 5 (qheelLCIStrI - qmin)' Iheel

Load Case III

kip
ViuHeelLC1StrI = 22-9'?

There are two cases that need to be considered: without and with the live load.

Without the live load

Minimum vertical force
Factored moment about the longitudinal axis of
the footing

Eccentricity in the footing width direction

Maximum and minimum bearing pressure

Bearing pressure at the critical section

kip  Step 2.6, sliding
FVFILC3StIMin noLL = 467277 reictance check

Kip-ft Step 2.6, eccentric load
ft limitation check

MyFtLC3Strl noLL = 113-82:

MyFtLC3StI noLL

e = = 2.44-ft
FVFtLC3StrIMin_noLL
FYFLC3StrIMin noLL 6-eg
Amax = = 11+ = 5.11-ksf
B, B
footing footing
FYFLC3StIMin noLL 6-ep
Admin = = 1= = 0.39-ksf
B B,
footing footing

. Iheel
dheelLC3StrI = 9min (qmax - qmjn)— = 2.96-ksf

Bfooting
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Factored moment at the critical section

2
_ Iheel Iheel lheel 1 2
MiLc3strl noLL = 125 Wetgooting: 5 + L.35EV earthBk 5 9min’ Iheel 5 g(qheelLCZ%StrI - qmin) Iheel

kip- ft
ft

MiLc3Strl noLL = 12193

Factored shear force at the critical section

1
VuHeelLC3Strl noLL = 1:25-We tfooting theel + 1:35EVearthBk ~ dmin’ lheel = 5 (qheelLC3StrI - qmin)‘lheel

kip
VuHeelLCBStrI_noLL = 22'4'?
With the live load
Minimum vertical force F . _ 5607 kip Step 2.6, sliding
VFLC3StrIMin = =51 resistance check
o kip- ft
Factored moment about the longitudinal axis of MyFtLc3st = 14327 Step 2.6,
the footing ft summary table
M
C . . o FtLC3Strl
Eccentricity in the footing width direction eg = J L 2.55-ft
FVFtLC3StrIMin

FVELC3StrIMin 6-eg
= 41+ = 6.28-ksf

Maximum and minimum bearing pressure Admax = B B
footing footing
FVFtLC3StrIMin 6-eg
Admin = 4 1= = 0.34-ksf
Benti Benti
footing footing
. iy . Iheel
Bearing pressure at the critical section AheelLC3StrI = 9min T (qmax - qmin)ﬁ = 3.57-ksf
ooting
Factored moment at the critical section
Iy ool I I
) heel heel heel 1 2
MiLcastt = 125 Wetgooting: 5 + L.35EVearthBk 5 Imin’ lheel 5 g(qheelLC3StrI - qmin) Theel
kip- ft
M castn = 11456 —

Factored shear force at the critical section

1
VuHeelLC3StrT = 125 Wettooting Theel * 1-35EVearthBk ~ dmin’ lheel ~ E'(qheelLC_’)StrI - qmin)'lheel

kip
ViuHeelLC3StrI = 19-78'?
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Load Case IV

There are two cases that need to be considered: without and with the live load surcharge.

Without the live load surcharge

Minimum vertical force

Factored moment about the longitudinal axis of
the footing

Eccentricity in the footing width direction

Maximum and minimum bearing pressure

Bearing pressure at the critical section

Factored moment at the critical section

2
1heel

MrLC4StrI_n0LS = 1'25'\)"]c'tf00ting'T + 1'35EVeartth‘T - Qmin'lheel'T "%

Factored shear force at the critical section

1
VuHeelLC4Strl noLS = 125 Wetfooting Theel T 1-35EV earthBk ~ 9mintheel — E‘(qheelLC4StrI - qmin)‘lheel

With the live load surcharge

Minimum vertical force

Factored moment about the longitudinal axis of
the footing

Eccentricity in the footing width direction

kip -
FVFLC4StIMin_noLs = 46.72-—=  Step 2.6, sliding

resistance check

kip-ft  Step 2.6, eccentric load
ft limitation check

Myr tLC4Strl_noLS ~— 116.67-

MuFtLC4S‘[rIﬁnoLS

eg = =251t
FVFtLC4StrIMin noLS
FVFLC4StrIMin noLS 6-eg
dmax = = 1+ = 5.17-ksf
B, B«
footing footing
FVFtLC4StrIMin_noLS 6-ep
Admin = = 1= = 0.33-ksf
B« B«
footing footing

1
heel
)L — 2.96-ksf

dheelLC4StrI = 9min (qmax ~ dmin) footi
ooting

1heel 1heel 1

kip- ft
fit

M 481 noLs = 123:54:

kip
VuHeelLC4StrI_n0LS = 22.65- ?

kip
FVEtLC4StriMin = 50-61-—

Step 2.6, sliding
ft

resistance check

kip- ft Step 2.6, summary
ft table

MyFtLc4str1 = 140.34-

MyFtLc4strl

- - 2.77-ft
FVEtLC4StrIMin

°B

2
(qheelLC4StrI - qmin) Theel
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FVEtLC4StrIMin 6-eg
11+ = 5.89-ksf

Maximum and minimum bearing pressure 9max = Bfootin g By, oting
FVFLC4StIMin 6-eg
Admin = 41 - = 0.06-ksf
Bfooting Bfooting
. iy . Iheel
Bearing pressure at the critical section AheelLC4StrT = 9min (qmax - qmin)B— = 3.23-ksf
footing

Factored moment at the critical section

Iy oo I I

heel heel heel 1

2
MiLcasut = 125 Wetgooting: 5 + L.35SEVearthBk 5 Imin’ lheel 5 g(qheelLC4StrI - qmin) Theel

kip- ft
Mrpcasyn = 12715 —¢

Factored shear force at the critical section
1
VuHeelLC4StrT = 125 We ttooting Theel + 1-35EVearthBk ~ dmin’ lheel ~ 5 (qheelLC4StrI - qmin)' Iheel

kip

ViuHeelLC4StrI = 226 ft

Moment demand at the critical section
MHeelDemand = maX(MrLC 1Strl> MrLC3Strl noLL > MrLC3Strl > MrLC4Strl noLS> MrLC4StrI) = 127.15-

Shear demand at the critical section

VHeelDemand = max(queelLCIStrI’ VuHeelLC3Strl noLL > YuHeelLC3StrI> YuHeelLC4Strl noLS vuHeelLC4StrI)

kip

VHeelDemand = 22-9- ft

Flexural Resistance LRFD 5.6.3.2

The design procedure consists of calculating the reinforcing steel area required to satisfy the moment demand
and checking the selected steel area against the requirements and limitations for developing an adequate
moment capacity, controlling crack width, and managing shrinkage and temperature stresses.

As a trial, select No. 9 bars. bar := 9
Nominal diameter of a reinforcing steel bar dp,r = Dia(bar) = 1.13-in

Cross-section area of a bar on the flexural

.2
tension side Apgr = Area(bar) = 1-in

The spacing shall not exceed 12 in. when the footing thickness is greater than 18 in. LRFD 5.10.6
Footing thickness tfooting = 3ft
Selected spacing of reinforcing steel bars Spar -= 10-in

kip- ft
ft
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Apyy 12in

Area of tension steel provided in a 1-ft Agprovided = ——— = 1.2- in2
wide strip Sbar
Effective depth de = tfooting ~ Coverg = 32-in

Resistance factor for flexure bp =09 LRFD 5.5.4.2
A 1-ft wide strip is selected for the design.

Width of the compression face of the section b := 12in
Stress block factor B1 =035

Solve the following equation of A, to calculate the required area of steel to satisfy the moment demand. Use an
assumed initial A value to solve the equation.

Initial assumption Ag = 1in2

Given M fi= brAf|d - Ay
tven  MpeelDemand It = @f Agly|de = 5
y 2 { 0.85-f,b

Required area of steel AsRequired = Find(AS) = 0.91-in2
Check if Aproyided > ARequired Check = if (AsProvided > AsRequired’ "OK" ,"Not OK") = "OK"
{ d - l [ASPrOVided' fyﬂ
Momentcapgcityofthe section M o beA e 2 0.85-f b
with the provided steel Provided f"“sProvided 'y ft
kip- ft

Mpyoyided = 16645

A s aq- T
P
Distance from the extreme compression c:= sProvided y =2.77-in
fiber to the neutral axis 0.85-f,-B1-b
Check the validity of the assumption, fg = fy Check f := if (di < 0.6,"OK" ,"Not OK") = "OK"
e
Limits for Reinforcement LRFD 5.6.3.3

The tensile reinforcement provided must be adequate to develop a factored flexural resistance at least equal to the
lesser of the cracking moment or 1.33 times the factored moment from the applicable strength limit state load
combinations.

Flexural cracking variability factor Np = 1.6 For concrete structures that are not

Ratio of specified minimum yield precast segmental
strength to ultimate tepsﬂe strength of i &= ko7 For ASTM615 grade 60 reinforcement
the nonprestressed reinforcement

Section modulus S 2 = 2.59 x 103-in3

¢ g'b' footing
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Cracking moment

1.33 times the factored moment demand

The factored moment to satisfy the
minimum reinforcement requirement

Check the adequacy of section capacity

_ Y31 fr Se kip- ft

= —— = 96.25-
cr ft ft
kip- ft
133 MygelDemand = 16912 —

. kip- ft
Myeq = min(1.33MpeelDemand- Mer) = 96.25- .

Check := if (Mpyoyided > Mreq> "OK" , "Not OK") = "OK"

req’

Control of Cracking by Distribution of Reinforcement LRFD 5.6.7

Limiting the width of expected cracks under service conditions extends the service life. The width of potential
cracks can be minimized through proper placement of the reinforcement. The check for crack control requires
that the actual stress in the reinforcement should not exceed the service limit state stress.

The spacing requirement for the mild
steel reinforcement in the layer closest
to the tension face

Exposure factor for the Class 1 exposure
condition

Distance from extreme tension fiber to the
center of the closest flexural reinforcement

Ratio of flexural strain at the extreme tension
face to the strain at the centroid of the
reinforcement layer closest to the tension face

700'%

s < -2 dC LRFD Egq. 5.6.7-1
Bs’ fss

e = 1.00

d.:= Coverg = 4-in
dc

=1+ =1.18
0'7(tfooting - dc)

The calculation of tensile stress in nonprestressed reinforcement at the service limit state, f, requires establishing

the neutral axis location and the moment demand at the critical section.

The position of the cross-section's neutral axis is determined through an iterative process to calculate the actual
stress in the reinforcement. This process starts with an assumed position of the neutral axis as shown below.

Assumed distance from the extreme
compression fiber to the neutral axis

Position of the neutral axis

Maximum and minimum bearing pressure
under Service I limit state

(from the toe design)

Bearing pressure at the critical section

X = 5-in

2 ES

bxT = E_'AsProvided'(de - X)
c

N | =

Xpg = Find(x) = 6.4-in

4.69-ksf 1.82-ksf

AmaxSerl = AminSer] =

(qmaXSerI - qminSerI)

dHeelSerl = 9minSer] * “Iheel = 3-38-ksf

Bfooting
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The moment at the critical section under Service I limit state

1heel

MheelSerT = We tooting’ 5 + EVearthBk 5

1heel

+ VLSFooting’ 5 dminSerl' ™ _(quelSerI_qminSerI)' 6

Tensile force in the reinforcing steel due
to the service limit state moment

Stress in the reinforcing steel due to the
service limit state moment

f (not to exceed 0.61))

Required reinforcement spacing

Check if the spacing provided <the
required spacing

1heel
2 2
1heel 1heel
kip- ft
Mpeelsert = 41-33- ft
M
heelSerl
Ty = ———"".f = 16.6-kip
Xna
Ry
Ty
fig] = ————— = 13.84-ksi
AsProvided

fgs = min(fgg1 , 0.6fy) = 13.84-ksi
.
700~ ﬁ
m

SharRequired = 7 & — 2dc = 34.92-in
By fss

Check := if (spar < SharRequired> "OK" > "Not OK" ) = "OK"

Shrinkage and Temperature Reinforcement Requirement LRFD 5.10.6

The required minimum shrinkage and temperature reinforcement area was calculated previously for the toe.

Required shrinkage and temperature steel area

Check if the provided area of steel >
the required area of shrinkage and
temperature steel

.2
Ashrink.temp = 0-33-1n

Check := if (Agprovided > Ashrink temp > "OK" » "Not OK") = "OK"

Design for Shear
The critical section for shear in the heel is located at the back face of the abutment wall. LRFD C5.12.8.6.1
K
Shear demand at the critical section VHeelDemand = 22-9- P
(max. from the load cases) ft
Effective width of the section b=12-in
. A o
Depth of the equivalent rectangular sProvided 'y )
a=—————==235in
stress block 0.85- fC. b
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Effective shear depth d, = max(de - % ,0.9-d, 0'72‘tfooting) = 30.82-in LRFD 5.7.2.8

The simplified procedure for nonprestressed sections can be used for the design of shear LRFD 5.7.3.4.1
in concrete footings when the distance from the point of zero shear to the face of the wall e

is less than 3d,,.
Check if the distance I, is less than 3d,,

Therefore, the simplified procedure is used.

Factor indicating the ability of diagonally
cracked concrete to transmit tension and shear

Check := if(lheel < 3-dy,"Yes", "No") = "No"

B:=2

Nominal shear resistance of concrete, V., is calculated as follows:

Resistance factor for shear

Factored shear resistance (capacity)

Check if the shear capacity is greater than
the demand

Development Length of Reinforcement

V| = 0.0316-B- [fksi-b-d, = 42-kip LRFD Eq.5.7.33-3

Vg = 0.25f,b-d, = 288-kip LRFD Eq.5.7.33-2
Vp = min(Vg, Vep) = 42.03-kip
by =09 LRFD 55.4.2

V, = by V,, = 37.83-kip

v
: r n n " " - n "
Check = 1f(€ > VHeelDemand:  OK" », "Not OK j = "OK

The flexural reinforcing steel must be developed on each side of the critical section for its LRFD 5.10.8.1.2

full development length.

Available length for rebar development
Basic development length
Reinforcement location factor

Coating factor

Reinforcement confinement factor
Excess reinforcement factor
Factor for normal weight concrete

Required development length

Check if 1d.available > ld,required

ld.available = Iheel = Coverg = 8.92ft

f
Y _ _782ft LRFDEq.5.10.82.1a-2

Iy, = 2.4-dy,,  ———
db bar\/Tksi

>‘rl =13 More than 12 in. concrete below

>\Cf =15

Nc =04
Ner = w =0.76 LRFD Eq.5.10.8.2.1c4
sProvided
Ai=1
(N1 Nt Are Ner) LRFD Egq.
ld.required = ldb N =461t 5 1082.1a-1

Check := if(ld.available = 1d.required> "OK" , "Not OK") = "OK"
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Shrinkage and Temperature Reinforcement Design

The following calculations check the required amount of reinforcing steel in the secondary direction to control
shrinkage and temperature stresses in the footing.

The reinforcement along the longitudinal direction of the footing at the top and bottom should LRFD 5.10.6
satisfy the shrinkage and temperature reinforcement requirements.
The spacing of reinforcement shall not exceed 12 in. when the footing thickness is greater LRFD 5.10.6
than 18 in.
Note: MDOT practice is to use 18 in. as the maximum spacing. BDG 5.16.01
As a trial, select No. 6 bars. bar := 6

Nominal diameter of a reinforcing steel bar dpgT = Dia(bar) = 0.75-in

Cross-section area of the bar AparsT = Area(bar) = 0.44- in2

Selected bar spacing SparST = 12-in

A -12in
. . S barST
Reinforcing steel area provided in AProvidedST = L 0.44. in2

the section SbarST

Required minimum area of A — 033-in2
shrinkage and temperature shrink.temp = ¥-22"11
reinforcement in the footing

Check if the provided steel area > Check := if (AsProvidedST > Ashrink.temp ,"OK" ,"Not OK") = "OK"
the required area for shrinkage and
temperature steel

The footing design presented in this step provides the following details:
e No.9barsat 10.0 in. spacing (A= 1.0 in.%/f}) as the transverse flexural reinforcement at the top of the footing.

e No. 8 barsat 12.0 in. spacing (A, =0.79 in.>/f) as the transverse flexural reinforcement at the bottom of the
footing.

e No. 6 barsat 12.0 in. spacing (A, =0.44 in.>/f) as the longitudinal shrinkage and temperature reinforcement at
the top and bottom of the footing.
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|_.._.._|/ EBOG BAR

_._3"
EAD6 @ 1-6" SPA ¢ Bearing 4'-3"
(FRONT & BACK) ‘
3"___ Ll i I 1
2'-4" ~—J 17.54
[T EAD6 BAR
t EAQ06 @ 1' SPA
EA09 BAR — R R (FRONT & BACK)
| 9!_3|| : 3r_2r'| : 4;_7” | * '
. . . : :4'"
™\ EAos BAR . T 3
,— EADS BAR [ EBO9BAR i4.. L
/!

| 17|_Du
|
4" —~||~———EA06 @ 1™-0" SPA (TOP & BOTT) —] |-— 4"

Note: Refer to MDOT Bridge Design Guides for additional bars, laps, embedment, and keyway

dimensions. They are not shown in this drawing for clarity of main reinforcement.
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Appendix 2.A Braking Force and Wind Load Calculation

Description

This appendix presents the braking force and wind load calculation procedures for illustrative purposes.
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Braking Force

Since the abutments have expansion bearings, the braking force along the longitudinal direction of the bridge is
resisted by the fixed bearings at the pier.

The braking force (BR) shall be taken as the greater of: LRFD 3.6 4
e 25% ofthe axle weight of the design truck / tandem
® 5% ofthe design truck / tandem weight plus lane load

The braking force is applied on all design lanes assuming that the bridge carries traffic in one direction.
Braking force per lane due to 25% of the axle weight of the design truck / tandem
BR := 25%:(32kip + 32kip + 8kip) = 18-kip
Braking force per lane due to 5% of the design truck / tandem weight plus plus lane load
BR, := 5%- (72kip + 0.64 @-2LS ) = 10-kip
ft pan
Note: The MDOT practice, as reflected in the BDS, is to take only 5% of the design truck plus lane load as the

breaking force. In addition, the HL-93 modification factor is not included in the braking force calculation.
This example describes the MDOT practice.

Braking force selected for the design BRK := BR, = 10-kip

The braking force transmitted to the bearings based on the number of lanes with the live load.

Braking force due to 1 loaded lane BRK 1 = BRK-MPF(1) = 12-kip
Braking force due to 2 loaded lanes BRK» = 2BRK-MPF(2) = 20-kip
Braking force due to 3 loaded lanes BRK31 = 3BRK-MPF(3) = 25.5-kip
Braking force due to 4 loaded lanes BRKy; = 4BRK-MPF(4) = 26-kip
Braking force due to 5 loaded lanes BRK 5y = SBRK-MPF(5) = 32.5-kip

The braking force is assumed to be equally shared by the bearings at the pier.

Wind Load

Since the expansion bearings are located over the abutments, the longitudinal component of the superstructure
wind load is resisted by the fixed bearings at the bent.

Wind Load on Superstructure LRFD 3.8.1.1,3.8.1.2

To calculate the wind load acting on the superstructure, the total depth from the top of the barrier to the
bottom of the girder is required. Once the total depth is known, the wind exposure area is calculated. The
wind pressure and the exposure area are used to calculate the wind load.

Total depth of the superstructure Diota] = hRailing + tpeck + tHaunch T 9Girder = 7-08 ft
Span length for the superstructure Ly pan

wind load on the abutment Lwind == —=— = 50ft

Effective wind area for the superstructure . _ 2

wind load on the abutment AWindSuper = Dyotal Lwing = 33417t

Basic wind speed (mph) Vg = 115 LRFD 3.8.1.1

Gust effect factor Gust .= 1 LRFD Table 3.8.1.2.1-1, no sound barrier

82




Drag coefficient, superstructure CDSup = 1.1 LRFD Tabk 3.8.1.2.1-2

Superstructure height (ft), 7 = 33

assuming that the structure =

height is less than 33 ft B

Wind exposure category

Pressure exposure and elevation 551 Z 6.7 2

: S5-In + 6.
;oefﬁmeIr\l; forgt{‘engg} IIIiand ; 3 0.9832 o LRFD Eq.
ervice IV load combinations ZSup = 3456 = 0. 38.1.2.12

Wind pressure on superstructure, . -6 2 _

Strength 111, Service IV (ksf) PZSup.StrHI.SerVIV = 2.56-10 'KZSup' Vy -Gust CDSup =0.03

Wind pressure on superstructure, a -6 2 _ LRFD Egq.

Strength V, Service I (ksf) PZSup.strv.Servl = 2:36-10 7V - Gust Cpgyp = 004 3845 14
The wind load from the superstructure transmitted to the abutment depends on the attack LRFD 3.8.1.2.2
angle of the wind. The attack angle is measured from a line perpendicular to the girder e
longitudinal axis.
Since the span length and height of this girder bridge are less than 150 ftand 33 ft
respectively, the following wind load components are used: LRFD 3.8.1.2.3a
e Transverse: 100 percent of the wind load calculated based on wind direction

perpendicular to the longitudinal axis of the bridge.
e Longitudinal: 25 percent of the transverse load.
The transverse component of the wind load acting on the abutment
WSS Tran.StrilL.ServIV = PZSup.StrilL.ServIv kst AwindSuper = 9-35-kip
WSS Tran.Strv.Serv = PZSup.Strv.Servi KT AwindSuper = 13-19-kip

Wind Load on Substructure
The wind pressure on the abutment wall is ignored since the wall is usually shielded from wind by wingwalls or
an embankment fill.
Wind Load on Live Load
Since the span length and height of this girder bridge are less than 150 ftand 33 ft LRFD 3.8.1.3

respectively, the following wind load components are used:
e (.10 KIf, transverse
e (.04 KkIf, longitudinal

The transverse and longitudinal components of the wind load acting on the live load and transmitted to the abutment
kip .
WLTI‘aIl = 0.1 ?’LWind = 5~k1p

kip .
WLLOIlg = O‘O4TILWind = 2-klp
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Appendix 2.B Sliding Resistance Check for Spread Footings on Clay

Description

This appendix presents the calculation procedure for checking the sliding resistance of spread footings
located on a clay layer.
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Undrained shear strength (provided by the Sy = 1.5ksf
Geotechnical Service Section)

For footings that rest on clay, where footings are supported on at least 6.0 in. of
. - ) LRFD 10.6.3.4
compacted granular material, the sliding resistance may be taken as the lesser of
e the cohesion of the clay, or
e one-half the normal stress on the interface between the footing and soil.

/’;’/7 ////%////

sy Basa of Wall /;/ 4
/’//”/':///f/,/// /// / 2

R:

r T
|

0.50,

Figure 10.6.3.4-1—Procedure for Estimating Nominal
Sliding Resistance for Walls on Clay

The strength limit states are used for this check. Since the resistance is proportional to the vertical loads, the
following conditions are used.

e Live load on the bridge is excluded.

e  Minimum load factors are used for all vertical loads.

e Maximum load factors are used for the loads that contribute to the horizontal sliding forces.

e Since DW is the future wearing surface load, it is excluded from all load combinations.

Resistance factor for sliding b= 0.85 LRFD Table10.5.5.5.2-1

According to the loads in the summary tables provided at the end of Step 2.5, LC I or IV could control the
design. Therefore, both load cases are checked.

Load Case |
Factored shear force parallel to the v 16.59- kip
transverse axis of the footing uFtLC1Strl = ft
s ki
Factored sliding force (demand) Vsliding = VyFtLC1St1 = 1659 ?p
.. . kip From Section 2.6,
Minimum vertical load FyFRiLC1StrIMin = 41-63- ry shiding resistance check
M
C . . o FtLC1Strl
Eccentricity in the footing width direction eg = J L 2.11-ft
FVFtLC1StrIMin
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Maximum and minimum bearing pressure

Width of the footing with a normal stress
greater than 2S

Sliding resistance (capacity)

Check ifvresistance > Vs]jding

FVFLC1StrIMin 6-eg
dmax = |1+ = 4.27-ksf
Bfooting Bfooting
FVFLC1StrIMin 6-eg
i = f1- = 0.62-ksf
Bfooting Bfooting
. dmax ~ 2 Sy
BSu = Bfooting’ . 0 = 5931t
max ~ 9min

1 1
Viesistance = ¢T'|:BSu' Sy + E'(Bfooting B BSH)[Eqmin + Suﬂ

kip
Vresistance = 16'09'?
Check := if (Vyesistance > Vsliding> "OK" > "Not OK") = "Not OK"

The sliding resistance is inadequate. Since MDOT typically does not use keyways, consider widening the footing to
enhance the sliding resistance. When the footing width is too excessive and uneconomical, consider using EPS as a

backfill material.

Load Case IV

Factored shear force parallel to the
transverse axis of the footing
Factored sliding force (demand)

Minimum vertical load

Eccentricity in the footing width direction

Maximum and minimum bearing pressure

Width of the footing with a normal stress
greater than 2S

Sliding resistance (capacity)

Check ieresiStanCe > Vs]jding

Check := if (V

kip
VurtLcastl = 1985 ==
: kip
Vsliding = VuFtLC4Strl ~ 1-75PLSFooting = 16'73.?
KID From Section 2.6
FVE{LC4StrIMin noLs = 46.72- == From Section 2.6,

sliding resistance check

MuFtLC4StrI nolLS
eg = — =251t

FYFtLC4StrIMin noLS

FVEtLC4StrIMin noLS 6-eg
= = 41+ = 5.17-ksf

Amax =
Bfooting Bfooting
FYFLC4StrIMin noLS | 6-ep 033 kst
L= 41 = = 0.33-ks
Amin Be . Be ..
footing footing
. dmax ~ 2'Su
BSu = Bfooting’ . 0 =7.62ft
max ~ 9min

1 1
Viesistance = ¢T'|:BSu' Sy + E'(Bfooting B BSH)[Eqmin + Suﬂ

y
16.34. P

Voo =
resistance ft

resistance > Vsliding> OK" » "Not OK") = "Not OK"




The sliding resistance is inadequate. Since MDOT typically does not use keyways, consider widening the footing to
enhance the sliding resistance. When the footing width is too excessive and uneconomical, consider using EPS as a
backfill material.
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