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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

1. INTRODUCTION

This example illustrates New Mexico Department of Transportation (NMDOT) design
procedures for a three-span prestressed concrete girder bridge. Site location is assumed
to be near Socorro, New Mexico, with the bridge crossing a waterway on a normal
(perpendicular) alignment. The bridge consists of 43.75 ft., 88.0 ft. and 43.75 ft. spans,
with a 50 ft. wide bridge. The figures on pages 5 and 6 show the elevation and typical
section for the bridge.

The superstructure is supported by AASHTO Type III girders, which are continuous for
live load. The substructure consists of three-column piers and abutment bents supported
directly by drilled shafts. The abutment is of the semi-integral (floating) type.

The following design steps are included in this example:
Concrete deck design

AASHTO Type III girder design

Bearing pad design

Pier and abutment cap design

Pier column design

Drilled shaft design

Seismic design

Load and Resistance Factor Design (LRFD) methods are used throughout, except where a
suitable LRFD procedure does not exist. Note that acceptable design methods are not
limited to those shown here. Other methods that comply with NMDOT requirements are
also acceptable.

It is assumed that those using this example are familiar with general bridge design
procedures and the AASHTO LRFD Bridge Design Specifications, hereinafter referred to
as LRFD Specifications. References in parentheses refer to the applicable section or
equation from the above specifications.

Reference to and use of proprietary computer programs in this example does not
constitute an endorsement by the NMDOT.

The NMDOT makes no guarantee regarding the accuracy of example calculations. The
reader is cautioned to verify all calculations before duplicating.

Comments or suggestions — send to:

New Mexico Department of Transportation
Bridge Design Bureau, Room 214

P.O. Box 1149

Santa Fe, NM 87504
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2. DESIGN DATA

Specifications:

Design Method:

Design Live Load:

Dead Loads:

Seismic Design:

Waterway Data:

Bridge Barrier:

Construction Method:

Prestressed Girder Concrete:

Prestressing Steel:

Superstructure Concrete:

EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

AASHTO LRFD Bridge Design Specifications, Fifth
Edition, 2010 *

AASHTO Guide Specifications for LRFD Seismic
Bridge Design, First Edition, 2009

Load and Resistance Factor Design

The Design Live Load (HL93) consists of a design
truck or design tandem and a design lane load, and a
NM permit design live load P327-13

150 pcf is assumed for concrete unit weight.
15 psf is assumed for steel stay-in-place forms.
30 pstis assumed for a future wearing surface.

Seismic Zone: Socorro, NM
Consider bridge to be “Essential”**

100 -Year Flood: Vo= 10 ft./s (average velocity),
High water elevation is 1 ft. below the bottom of the
pier cap

500 -Year Flood: Vsgo= 12 ft./s (average velocity),
High water elevation is at the bottom of the pier cap

NMDOT 42 in. Single Slope Bridge Barrier Railing,
Volume = 3.83 ft.”/ ft.

Unshored Construction

Initial Compressive Strength: ¢ = 7.0 ksi
Final Compressive Strength: £ = 9.5 ksi
E. =5908.98 ksi

¥ 1n. Dia., 270 ksi, Low Relaxation, Seven-Wire
Strand

s =240.0 ksi

E, = 29,000 ksi

NMDOT Superstructure Concrete
. =4.0 ksi
E. =3834.25 ksi

Parsons Brinckerhoff
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Substructure Concrete: NMDOT Substructure Concrete Class A
¢ =3.0 ksi
Ec =3320.56 ksi

Reinforcing Steel: Grade 60
F, =60.0 ksi
Es =29,000 ksi

Drilled Shafts: NMDOT Class G Concrete
f’c =3.0 kst
Ec =3320.56 ksi

* Note: The LEAP Bridge computer program, version 9.00.03.02, used for this example
uses the Fourth Edition of the AASHTO LRFD Bridge Design Specifications.

** Note: Critical/essential bridges are not specifically addressed in the AASHTO Guide
Specifications for LRFD Seismic Bridge Design. NMDOT does not have any additional
requirements beyond these specifications for critical and essential bridges.

3. GENERAL

An outline for basic steps for concrete bridge design is given in Appendix AS of the
LRFD Specifications. This design example tries to follow this outline as closely as is
relevant.

Design Philosophy (1.3.1)

Bridges shall be designed for specified limit states to achieve the objectives of

constructability, safety, and serviceability, with due regard to issues of

inspectability, economy, and aesthetics, as specified in Article 2.5.

Regardless of the type of analysis used, the following equation shall be satisfied
for all specified force effects and combinations thereof.

2,7,Qi <R, =R,
Limit State (1.3.2)
Each component and connection shall satisfy the above equation for each limit
state, unless otherwise specified. All limit states shall be considered of equal
importance.

The Limit States are:

e Service Limit State

Parsons Brinckerhoff Page 3



EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

e Fatigue and Fracture Limit State
e Strength Limit State
e Extreme Event Limit State

4. SUPERSTRUCTURE DESIGN

The superstructure design includes the following elements: deck design, prestressed
girder design, and bearing pad design. Deck design follows the NMDOT standard deck
slab detail in Chapter 4 of the NMDOT Bridge Procedures and Design Guide, hereinafter
referred to as Design Guide. Girder analysis and design is performed using the computer
program CONSPAN, Version 09.00.03.01. Input data and design loads needed for the
computer analysis are developed and listed. From the resulting output, a final girder
design is developed and finally the NMDOT standard beam sheet is completed.
Reinforced elastomeric bearing pad design is also illustrated.

The LRFD design vehicular live load as specified in section 3.6.1.2 of the LRFD
Specifications is designated as a HL-93 and consists of a combination of the design truck
or design tandem and design lane load. The NMDOT also requires that new bridges be
designed for the NMP327-13 permit load. (Exceptions for the NMP327-13 permit load
will be provided for unique bridges.) The design engineer shall design the superstructure
with the specified live load, but shall also ensure that the design produces at least the
appropriate LFD inventory rating. All new bridges must have a Virtis/Opis inventory
rating of HS25 and operating rating of HS42. The designer shall revise the original
design if necessary to achieve the required bridge ratings. The Virtis/Opis rating shall be
shown on the bridge plans. Additionally, the Virtis/Opis file used for rating the bridge is
to be sent to the NMDOT Bridge Design Bureau.

The transverse section and profile views of the sample bridge follow.

Parsons Brinckerhoff Page 4



EXAMPLE NO.1: Concrete Bridge

LRFD Specifications

4.1 Develop General Section
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EXAMPLE NO.1: Concrete Bridge

LRFD Specifications

4.1.2 Span Arrangements
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4.2 Deck Design

EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

This example will use the standard deck slab design as explained in the Design Guide.
This design should always be used unless approval to use a thinner deck is obtained from

the State Bridge Engineer.

4.2.1 Standard Deck Slab Design

The NMDOT standard deck slab detail and slab design tables are shown below.

EFFECTIVE SPAN "S" TOP BARS:
COVER = 21/4"
1/2 BAR DIAMETER = 14"
MAIN REINFORCEMENT 212"
#5TTBARS @ 6"
&
#4TLBARS @ 6" N ;l
4 ) =8 ©6 o © — ‘
5 58 8 (8 © -
R ]

-
T

S o

‘ TFW

A

|

MAIN REINFORCEMENT

#5BT BARS @ 6"
x #4BL BARS @ 6"

= 5 I B 5 | ©
) o o o
N ’7

BEAM SPACING

A

* USE TABULATED SPACING FOR DISTRIBUTION BARS IN THE MIDDLE HALF
OF SPAN AND DOUBLE THE SPACING IN THE OUTER QUARTERS OF SPAN.

112"

T S
(in) (ft)
7% 57"

8" 6-7”
8 14" 77

9 8°-6”
9 157 957

10 10°-3”
10 %7 1°-17

11 11°-10”

T=Slab Thickness

S=Effective Span

From the figure above, the main top and bottom reinforcement is #5 bars, spaced at 6 in.
on center. Top longitudinal bars are #4TL bars, also spaced at 6 in. For each tabulated

Parsons Brinckerhoff
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

deck thickness T, the design table lists the maximum effective span S and the distribution
reinforcement spacing.

The following calculations illustrate how the slab thickness is derived for the bridge.

Determine Deck Thickness

S = Beam Spacing = 8’-9”
br= Top Flange Width = 1°-4”
Sesr = Effective Span Length

of
Sy =S——=8-2"
2

Evaluating and rounding up to the nearest effective span length listed in the table gives:
Serr=8’-6" — T=9in.
4.2.2 Deck Cantilever Design

According to Appendix A13 of the LRFD Specifications, a bridge deck overhang shall be
designed for the following design cases considered separately:

Design Case 1: the transverse and longitudinal forces specified in Article A13.2-
Extreme Event Load Combination II limit state

Design Case 2: the vertical forces specified in Article A13.2 — Extreme Event
Load Combination II limit state

Design Case 3: the loads, specified in Article 3.6.1, that occupy the overhang -
Load Combination Strength I limit state.

The Design Guide indicates that the slab overhang design will not follow the practice of
designing the deck slab overhang such that the railing system will fail before the deck
does. If this practice is followed, the deck slab overhang would contain an excessive
amount of reinforcing steel. As such, additional reinforcement will not be added to the
deck for an Extreme Event and the designer may ignore design cases 1 and 2 above. The
deck overhang will be designed for the dead load and live load that occupy the overhang.

For design case 3, application of design vehicular live load shall be in accordance with
provision 3.6.1.3.4 of the LRFD Specifications. However, the NMDOT doesn’t use
structurally continuous barriers, so 3.6.1.3.4 cannot be used. Instead, the 16 kip live load
will be placed 1 ft. from the face of the barrier rail.

Parsons Brinckerhoff Page 8



EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Effective Strip Width
The effective strip width for the deck slab overhang is calculated using the applicable

equation (based on deck type and direction of strip relative to traffic) from Table
4.6.2.1.3-1 of the LRFD Specifications:

Wer = 45+10 X

Where
X = distance from load to point of support (ft.)

Determine the overhang distance:

Wﬂange =147
Sexterior = 3°-1 27
W 1

_ flange A
Xoverhang ~ Sexterior - =2'-5—

2 2

n

Since the live load is located above the girder flange or off the deck slab overhang, the
live load will not be applied to the design and the maximum loading will be on the right
side of the bridge with the sidewalk loading.

Cross Section Area of the Overhang Members

9.75+16.5 1
—X

At = 42 % e 3.828 fi.%/ft.

Asgidewalk = Xoverhang X 7.5 1n.=1.536 ft.3/ft.
Aglab = Xoverhang X tslab = 1.844 ft.’/ft.

Parsons Brinckerhoff Page 9



EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Dead Load

Wiail = Apit X 0.150 kip/ ft.* = 0.574 kip / ft.
Waidewalk = Asidewalk X 0.150 kip/ ft.* = 0.230 kip / ft.
Watab = Aglab X 0.150 kip/ ft.> = 0.277 kip / ft.

Moment Forces

Maait = Weait X (29.5 in. — 8.5 in.) = 1.00 kip-ft. / ft.
Midewalk = Wsidewalk X 29.5 1in./2 = 0.283 kip-ft. / ft.
Mslab = Wglab X 29.51n./2 =0.340 klp-ft / ft.

Factored Moment Force
MnegU = 1-2S(Mrail+Msjdewalk+Mslab) =2.03 klp-ft / ft.

The negative moment resistance capacity of the deck slab overhang with the given
amount of steel is:

A =#5TT bars at 6 in. spacing = 0.62 in.”/ ft.
b=12in.
d=9in.-2.5in. = 6.5 in.

A xF .
a=———=0912in.
0.85xf, xb

M, =09xA, xF, x(d—%) =202.4 kip —in./ ft. = 16.86 kip — ft./ ft.

M =16.86 kip—ft./ft. > M, =2.03 kip— ft./ ft. OK

negU

4.3 Girder Design

It is expected that the interior girders will experience a larger share of the total live load
and dead load forces. Typically, this assumption needs to be verified. For this example,
only the interior design will be shown. In accordance with the LRFD Specifications
Section 2.5.2.7.1, the resulting design is used for the exterior girders as well, if the
loading assumption is correct.

The preliminary design uses six rows of 45 in. prestressed concrete girders, spaced at 8’-
9” (see Transverse Section). This configuration will be analyzed, and a prestressing
strand pattern designed using the CONSPAN computer program.

For program input, dead loads must be calculated and design data assembled. Once the
computer analysis is run, a final girder design is developed. In addition to the

Parsons Brinckerhoff Page 10



EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

prestressing strand pattern determined by the program, final design also involves
designing the transverse steel layout to satisfy vertical and horizontal shear and end
anchorage requirements, and determining negative moment reinforcing at interior
supports. The final step is to complete the NMDOT standard beam sheet, showing final
design configuration and design values necessary for fabrication and erection.

This section will show development of input data including dead load calculation and
live load selection, the computer analysis output file, final design using the computer
output, and finally the filled out NMDOT standard beam sheet based on the final design.

4.3.1 Loads

The CONSPAN program calculates the girder, deck and haunch loads internally, along
with live load distribution and impact factors, and all live load plus impact forces.
Additional non-composite dead loads (stay-in-place forms, diaphragms) and composite
dead loads must be calculated and input into the program.

Non-Composite Dead Loads
Diaphragms:
Use NMDOT standard drawing for intermediate steel diaphragm details.

Prestressed Concrete Beam Type = Type 45
S = Girder Spacing = 8’-9”

Ydiap = Diaphragm Unit Weight = 28 1bs./ft.
P.ip = Clip Angle Weight = 16 Ibs.

I:)diap :(S_A)xj/diap +2xP

clip
10 Non-Composite DC Load
Piiap = (8.75 _E) x28+2x16 =253.67 Ibs.

Haunch:

During construction, the actual haunch dimensions will vary from the assumed 2 in.
dimension. To ensure the design of the prestressed beam is adequate for the possible
haunch dimensions, the prestressed beam will be designed for both a 0 in. and a 2 in.
haunch. If during construction, the actual haunch dimensions are outside of the 0 in. to 2
in. range, the designer would need to verify the design based on the actual haunch
dimensions before approving the haunch dimensions submitted by the contractor.

For this example, the two separate designs will be combined into one design. The design
will be based on a 0 in. haunch dimension, but the weight of the 2 in. haunch will be
manually added with the stay-in-place forms as a non-composite dead load. The
approach will be slightly conservative, but it will only require one design.

bt = Top Flange Width = 1°-4”
Nhaunch = Height of the Haunch = 2 in.

Parsons Brinckerhoff Page 11



EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Yeone = 150 Ibs. / ft.?

w =B X Ninen X Veone = 33-33 1bs./ ft.

Haunch
Stay-in-place Forms (and 2 in. haunch):

S = Beam Spacing = 8’-9”
bs = Top Flange Width = 1°-4”

Wy, = (S—b,)x15 Ibs./ft.> +33.33 Ibs./ ft.

16" Non — Composite DC Load
W = (8.75'—3) x15+33.33 =144.58 lbs./ft.

Composite Dead Loads

Composite dead loads (Superimposed Dead Load in CONSPAN) are input as a load per
length or area. The barrier wall, pedestrian fence, sidewalk and future wearing surface
weights are the only composite loads for this bridge. Other projects also may include
such items as utilities, pipe supports, and light pole pedestals.

Barrier & Pedestrian Screen Fence:

Viarier = Volume of the concrete barrier per unit length = 3.83 ft.> / ft.
Yeone = 150 Ibs. / ft.

Wbarrier :Vbarrier XY cone = 3.83x150=575 Ib%t

Increase barrier loading by 5% to account for Pedestrian Fence.

Wozrierarence = Wharrier X 1-05 = 603.75 Ib%' Composite DC Load

Future Wearing Surface:

— 130 lbs, .
FWS =30 /ft 2 Composite DW Load
Sidewalk:
. . . ;
Voo = (6in.+7.5In.) , 86in. 403 ft%
2x12 12 t.
Wsidewalk :Vsidewalk X YVeone = 605 Ibs, ft CompOSite DC Load

Parsons Brinckerhoff Page 12



EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

4.3.2 Preparation of Computer Input Data

Required input data are listed in this section. The data are taken from the Design Data
section and Loads section of this document. Refer to Section 5.5 of the Design Guide for
guidance in calculating girder haunches.

Although this example shows data required for the CONSPAN program, bear in mind
that other prestressed girder programs will require similar data.

# LEAP® CONSPAN® VBi (SELECTseries 1) - G:\Bridge On-Call\LRFD Design ExamplesiReportiD.... [= |[5]X]
{3 File Show Libraries LEAP Bridge Help = | &

Y o @ B 4 @ 0 @ @ T == [ e

Mew | Open Save Save s | Print | Image Model Resulks Diagram DF Contours | Beam Section Tendon Rebar  Live Load

& P'UiBCtl 4 Geometr_l,l1 Vi Materials] v Loads] = | Anal_l,.lsisl = Beam] o Deckl

— Praoject Infarmation

Froject Mame: LRFD Dresign Example, 3 Span PCI Girde

UserJob Mumber:  |CN1234

State: [NMDOT State.Job Mumber:  [CN1234

Date: | 1/ 5/2011 v| B |PE

Date Checked: | j Checked By: |

Dezcription: LRFD Design Example, 3 Span PCI Girder
[Design Code ~ Units ; Span Type
i St [ Flared Girder &

State Specification o+ Mulbi-Span [Continuous)

" Standard (LFD] ™ 51 Units [Metric) ane - ¢ Multi-Span (Non-Continuaus)

-Ji(Updates IES:Mat Connected | IBS:Manual Cc;de:ll_'['_

The main menu allows you to toggle between design procedure 1 (Multi-Span Non-
Continuous) and design procedure 2 (Multi-Span Continuous).

Bridge Layout

Overall width = 50 ft.
Number of lanes = 3

Lane width = 12 ft.

Left and Right Curbs = 1.5 ft.
Supplemental Layer = 0 in.
Deck Thickness =9 in.
Haunch Thickness = 0 in.
Haunch Width = 16 in.

Parsons Brinckerhoff Page 13



EXAMPLE NO.1: Concrete Bridge

LRFD Specifications
Span Data
Span# | Pierto Precast Bearing to Pier CL Release Skew
Pier, ft. Length, ft. | Bearing, ft. | Precast, ft. | Span, ft. | Angle, deg
1 43.75 43.92 42.92 -0.50 43.92 0
88.00 87.33 86.33 0.33 87.33 0
3 43.75 43.92 42.92 0.33 43.92 0

= Multi-Span

Pier-to-Pier Length Pier-io-Fier Length
Bearing-wv-Bearing Length

g
k.
3

Bearing-io-Beardng Length

CLBrz. Span 1 Span 2

o Precast Length o i Prerast Length
- 4
—» |‘,— Pier C'L To Precast, Spanl CLPier —: |‘.— Pier CL To Precast, Span 2
(Positive as sheywn, +) (Positive as shown, +)
. - - - = Graphics——
Span # Pier to Pier, ft Precast Eearing to Pier CL Release Skew Angle Skew Angle Paost-tensioned & ;
Length, ft Bearing, ft Precast, ft Span, ft Start, deg End. deg * Schematic
» 1 43.7500 439166 429166 -0.500000 439166 0.00 0.00 no - T Tre
2 88.0000 87.3333 86.3333 0333333 87.3333 0.00 0.00 no - Insert Row
3 43,7500 43.9166 429166 0333333 43.9166 0.00 0.00 no -

Beam Location Data

Beam No. Beam Type Beam ID Dist. From Last
Beam, ft.
| I-Girder AASHTO-III 3.125
2 I-Girder AASHTO-III 8.75
3 I-Girder AASHTO-III 8.75
4 I-Girder AASHTO-III 8.75
5 I-Girder AASHTO-III 8.75
6 I-Girder AASHTO-III 8.75
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

#: LEAP® CONSPANG VBi (SELECTseries 1) - G:\Bridge On-Call\lRFD Design Examples\Report\Design Example Rpt Januray 2011 - Superstr U... [2|[E]X]
@ File Show Libraries LEAP Bridge Help =,

Y o B B 4@ 0 &8 @ T =2 [ & | @& © MM 5% €

Mew | Open Save Save As | Print | Image Model Results Diagram DF Contours | Beam Section Tendon Rebar Liveload | Help Bentley Site  About E-mail User Manual T

g x

& Project Geometr}l1 of Materials] 4 Loads] 4 Analysis] 4 Beam] f Deck]
Bridge Layout Span Data

Oweral 'Width |50, ft

o el ]
Add/Edit Multi-Span..
Curb D ata
Left 1.5 ft
plzfy, s7sH TR 1. o275t TR 5 1. oI5t @izt
| O O | O O
Right 15 ft : .
= Wiew Options... |
Lane Diata Beam Type / Lacation
Number 3 Spar |01 - Beam T_l,lpe:i \-Girder -
widh 12 ft Beam o | Beam D | Dist. From Last Beam, ft
v 1| AASHTOAN - 31250
Tapping Data i 2| BASHTOAI - 8.7500
Deck Thick . — 10 _ Tl
el i ] 3| AASHTOI - £.7500
= 4 AASHTOAN v| 8.7500
Deck Thick . el £ A T
(sacrifcial] 1% o 5 AASHTOAI - 87500
I 6 AASHTOAI | 8.7500 |
Haunch l— - Y
Thickness 1% i ¥ | | |
Haunch ; i
Width 1E. in

I Awto Set Haunch width Total : 46575

Add Fow | Delete Row Copy Bow LCopy To All Generate...

Feady A Updates | IBS:Mot Connected | [ESManual |Code: LRFD TURA

Concrete Data

Girder Release Girder Final Deck
Unit Weight (pcf) 150 150 150
Strength (ksi) 7.0 9.5 4.0

The approved mix design that is typically used by prestressed girder fabricators in New
Mexico typically produces a final concrete strength of 9.5 ksi. The designer shall use 9.5
ksi strength concrete in the design even if a lower strength concrete could be used so that
the beam deflection and cambers are more accurately predicted.

Strand Data

Strand ID: % in. — 270K-LL
Depress: Draped, 0.40 Pt., 2.0 in. Increment
Elasticity of Prestressed Steel: 29000 ksi

Rebar Data

Grade 60 for tension rebar
Elasticity: 29000 ksi
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

# Main

o F'roiec:t1 4 Geometry < Materials l J Loads1 Analysis1 o Beami

Concrete i Prestressing Tendon
Girder Girder Deck
Release Firial Tendon 1D
R
Unit weight [150. - |[150. ~| 150 -] pof 1/2.250K-1 e
raigl

1/2-250K-LL-1

Strength P v ] - ]4. * | ksi 1/2-270K, % Draped/Straight

ik 1
K1 oI M 1. Depress PE0 4 i
| ] ] Fraction
Elasticit ki 1/2:270K-LLA i
ssticity  |R07224  [5908.98  [3834.25 ki 1/2.270KLLM = | e
: pai
Poizson's 102— 1/2-270K-5P et ]2.
| Ratio : 142-270K-5P-1
Tension Febar - 3."'18'250'('1
3/8-270K v
Elasticity 23000, ksi fy |50, ki T a
-~ Transformation of Steel- : Debonding Length Increment, in 24.
I Tranzfomn &1l Prestressing Tendons M axirurn Auto-Debonding Percentage

[~ Transform Feb.
ransform Febars Per Fow, % 140—
Fiebar frea in2 g in Total % o5,

Truck Data

Design Truck (HL93) and Lane Loading
Design Tandem and Lane Loading
P327-13 Permit Vehicle

# | EAP® CONSPAN® V8i (SELECTseries 1) - G:\Bridge On-CallM RFD Design Examples\Report\Design Example Rpt March 2011- Substr Updat

@ File Show Libraries LEAP Bridge Help
TV A i b - > wan 3 & ' =
Y e B N 9@ J 8 @ T @ () & @ ¢ W% =
Mew | Open Save Savefs  Print | Image Model Results Diagram DF Contours | Beam Section Tendon Rebar Liveload | Help Bentley Site About E-mail User Manual T
& Project 1 4 Geometry 1 4 Materials  « Loads 1 3 Analysis 1 ¥ Beam l o Deck]
i~ Permanent - using Wizard
= = 152 wizard..
Span#l | Beam # ‘ Components ‘ Types | Magl | oo Avidth, | Mag2 Loc2, ft Units Description ‘ =
» 1 1 Precast DC Line Load| 0.1450 0.0000 0.1450 429166 klf | Stay-in-Place Deck Forms m
| an -
1| Composite Composite DC Line Load | 0.6050 0.0000 06050 42.9166 EkIf| Right B arrier Weight D
= 1| Composite Campasits DT Lineload  D0.RO50) 0.0000] 06050 429166 KIf| Riight Sidewalk SR
il 1| 'Composile ; Camposita Diw Arzaload| 0.0300] 47,0000 0.0000 0.0000] ksf | F[Alt;lre'Weahng Surface )
W 1 2 PrecastDC Lineload 01450  0.0000) 01450, 42.9765| KIf| Stapin-Place Deck Forms py
] 1 2 PrecastDC Linelosd 07450 0.0000 01450 429166 KIF| Ghayir-Place Deck Forms
| 1| 4 Precast DC | Lineload]  0.1450] 0.0000] 01450 429166/ KIF "Stayrin—Placa'Deck Forms e X
i 1| B PrecastDC Lineload) 01450  0.0000] 01450, 42.9165| KIF| Stapin-Place Deck Forms
i 1 B Precast DC Lineload  0.1450) 0.0000] 01 45E| 42.9166| Kl Siay-ln-ljlacé Deck Forms e
1| Composite Composite OC Line Load | 0.6050 0.0000 0.60501 42,9166 EIf| Left Barrier W eight Delate &I
*
Diaphragm - using ‘Wizard 7 Design Live Load
W Include LL Deflection
Span# | Beam B | Looaton Load,kips T2 | 1 ode et Load  «
3 1 1 21.9583 01307
el 1 ) 21 9563 0.2613| Available Selected
] 1| 3 71 9583 0.2673|
=] F] 4 21,9583 02613 Design Tandem Design Tandem
T Design Truck »3 || Design Truck
1 5 21,9583 0.2613 i
! 1 Double Tandem b Double Tanderm - not incl.
L 1 | 8 21.9583 0'1307: = Double Truck. o 1 Double Truck
* PP P32713
Metric Design Lane
Delete Al oy Wizard I Metric Design Tandem o
Fieady AUpdates | IBS:Connected |ES:Manual Code: LEFD (CAF  MURM
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Note: NMDOT does not use live load deflection criteria; however, the live load
deflection output from CONSPAN will be used to calculate cyclic rotation for the bearing
design.

= Permanent Load Wizard

Left Barrier Weight Right Barrier Weight |
ID'E'DS HE et curk Weight | Right Curb 'Weight |D'E"35 KF

/ I o. kIf | o. kIF \

] ( Fukure Wearing Surface B \

d | 0,03 ksf ;

Left Sidewalk [l
| 0. kIF

Stay-in-Place Deck Forms

Right Sideveall Bl
|E|.145 1 | IIZI.EﬂZIS KF

|+ Keep vYalues Cancel |

s

« Diaphragm Load Wizard

: . ABOT PRO1 PRO2 AB02
“iew Dptions... |
Span i Lacatiar, ft Magritude, plf Skew Angle, deg
1T« 21.9583 32.0000 0.00
2 - 43.6EE7 32.0000 0.00

el e o N

Irzert Fow Copy Row Delete Fow Delete all Cancel |
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Analysis Factors

EXAMPLE NO.1: Concrete Bridge

Distribute Dead Loads: Equally to all beams
Dead Load: Computed
Dynamic Load Factor: 0.33 (Truck), 0 (Lane), 0.33 (Strength II), 0.15 (Fatigue)
Live Load: Use Code Equations

Load Factors: per Design Specifications.

Modifier: Ductility = 1.0, Redundancy = 1.0, Importance = 1.05

Analysis Factors

- Dead Load

Span:

* Computed

Digtribution l Load Factors ] Modifier]
Diztribute Dead Load -
" Equally to all beams
" Based on Trbutary Fraction

[ Use Composite DT Distribution
az per FDOT

™ Manual

Beam:

jon -]

Comp. DC
Comp. D

Truck
Lane
Strength |:

Fatigue:

-

Apply to All Beams

— =

i Dynarmic Load Factor

o
i
i
o

Live Load - Girder-

Span: Beam:
m i 1 >
" tanual

* |se Code Equations
" Use Refined Method of Analysiz

Apply to All Beams

tament -ve

2+ Loaded Lane ]

1 Loaded Lane 7. 7
toment +ve

2+ Loaded Lane =

1 Loaded Lane 075714
Shear

2+ Loaded Lane l 414

1 Loaded Lane |
Pedestrian: J o6

Live Load LRFD params

v Uze Permit Wehicle side by side with
deszign loads for Strength |1

ADTT [spoo. ApplADTT | )

v Include Rigid Cross-section
Azzurnption [Art 4.6.2 2. 2d)

o]

Cancel |

LRFD Specifications
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Analysis Factors

Distribution Load Factors | podifer |

-Strength | Limit State
Maw Min.

el 1.25 039
D 15 065
Live 1.75

W Included

Service | Limit State
DL / Dw Live
s, 1

[+ Included

i~ Fatigue | Limit State

Live

W Included

EXAMPLE NO.1: Concrete Bridge

Strength |1 Limit State

Max. Min.
DC 1.25 039
D 15 0.65
Live 1.35
W Included

Service [ Limit State -

DC / D Live

1 08
W Included
Load Factors

0K | Cancel

Analysis Factors

Distribution | Load Factors  Modifier ]
Ciuctility: 11—‘
Redundancy: 1.

Importance:  [1.05

o]

Cancel

LRFD Specifications
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Project Parameters

EXAMPLE NO.1: Concrete Bridge

Limiting Stress: Use Factor to Calculate
Restraining Moments: Full Continuity, Disregard Restraining Moments
Multipliers: per Design Specifications
Resistance Factor/Losses: 0.9 Flexure, 1.0 Flexure Prestressed, 0.9 Shear
AASHTO Method to Compute Losses with 25% humidity.
Moment and Shear Provisions:
Moment Method: AASHTO equations
Negative M Reinforced Design: Exclude Non-Composite Moments in M,
Horizontal Shear Method: Exclude Beam and Slab Contribution in V,
Vertical Shear Method: Simplified (for consistency with Virtis/Opis LFR)

Project Parameters

Fesistance Factor/Lozzes

Limiting Stress ] Restraining Moments ] Multipliers

koment and Shear Provizions

Strength Reduction Factors, Phi

Reinforced: Prestrezzed:
Ehg: amp: Ehs: Comp: Shear:
|ng jo7s . |0.75 04

c/dt ratio

Compresszion-» (0.6 <--Tranzition--» |0.375 <--Tension

Frestiess Loszes

o AASHTO " Manual
& i
Fielative Hurnidity: 25, Feleaze: Ii
Drays 4
Releaze Time [ti): Final: li
o
Final Age [H]: [20000
Steel Relaxation
s [ 4 :
O . [F o

Compute Loszes using
{* Approsimate b ethod ™ Refined Methad

" Pre '2005 Interims' LRFD spec | Meglect Elastic Gains
[ Compute ES using Eq. C5.9.5.2.3a

X

|

o |

Cancel

LRFD Specifications

Parsons Brinckerhoff

Page 20



EXAMPLE NO.1: Concrete Bridge

Project Parameters

Limiting Stress Restraining Moments ] Mulbipliers ]
Resziztance Factor/Loszes kament and Shear Provizions
M oment kethod

f* A8SHTO equations
™ Strain Compatibility

Ultimate Concrete Strain:

Meqgative Moment Reinforced Design-

" Inchude Mon-Composite boments in bu
{* Exclude Non-Composite Moments fram Mu

Harizontal Shear Method

i Include Beamn and Slab Contribution in 4u
% Exclude Beam and Slab Contribution from % u

Wertical Shear Method

" General [LRFD 5.5.3.4.2] Beta Theta Tables
" General [LRFD 5.8.3.4.2) Beta Theta Equations
f* Simplified [LRFD 5.8.3.4.3)

Modulus of Rupture
f* A8SHTO equation

" User Defined f w eqrt [f'c)
0 | Cancel

LRFD Specifications
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

4.3.3 Computer Analysis results

The shear reinforcement and strand pattern are shown below for Spans 1 & 3 and Span 2.

LEAP® CONSPAN® VBi (SELECTseries 1) - G:\Bridge O

allLRFD Design Examples\Report\Design Example Rp - Superstr UpdatelSupporting Mati
D File Show Libraries LEAP Bridge Help

Vol A g@EOE B T =[]a@d v @3

i E
Mew | Open Save Save#s | Print | Image Model Results Diagram DF Contours | BeamSection Tendon Rebar Liveload | Help Bentley Ste About E-mail User Manual Tutorisls

(@ Project|  Geomety| o Matsrisks| o Loads| o Ansbsis ¢ Beam | o Dok |

Span |01 |
Beam: | 2 -

Data Modification: -

Span: 1 Bean 2

Edt. T |

e
Design: — . T
Shand Pattem. e L]
Rsbar Patterm 5
‘T i L-d2320 hy
I DdLp = 17.567 1
Resuls | Lp = 4332

CROSS SECTION at Lacation: 05 L

[ Gection Offset: —

_—
2186 ft

DESIGN SUMMARY

Straight Strands = 12
Draped Strands =2
Yog= 2.88in

Pull = 43375 kips

Per Location

Releases Stresses = OK
Final Stresses = OK
Uttirnate homent = Qi<
Debonded Strands =0
Per Beam

Releases Stresses = OK
Final Stresses = DK
Ultimate homent = QK

Rating

Parameters |
Rafing Resuls.. |

Feady W Updates | IES:Mot Connected | IBSManual || Cods: LAFD UM

= LLAPG CONSPANS VBI (SILICTseries 1) - G:\Dridge On-CallLRIT
D Fle Show Lbearies LESP Bridge el

Yy« 88 g @@ HE 3 T = () & | € 3% =
Mew | Open Save Sweeds | Prink | Image Model Resubs Dwgram OF Contours | Beam Section Tendon febar Livelosd | Help Bentley Ste About E-mal User Manual Tutorials
& Proisct| o Geomety| 4 Matensle| o Losdi| & Anpic o Besm | 4 Dack|

n Lxamples\Report\Design xample Rpt Januray 2011 - Superstr Update\Supporting MaterialLRIT [

spec TR - |
Bearc |2 =|
Dok Morkfcators Seo 2 Boam 2
Ed -
Design: TR ==l
Stisnd Panain. B et S "]
Heba Pamem.
F } L8638
t dlp=MITR:
Bosuls. I P T3
CROSS SECTION st Location: 0.5 L
Secton (ifsel DESIGN SUMMARY
4 Straight Strands = 30
Drapad Strands = &
219 Yeg= E00in
Pull = 1363.23 kips
- Per Location
Rafing Releases Stresses = OK
Final Stresses = OK
Uhenane Moment = Ok
e | Debonded Strands = 0
p
Ru oK
[ rwunes | ol Shesss
Uttenate Moment = Ok
P

B upions | ot Connmoned | EE M| Cooe LAFD e
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Strand Pattern:

EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Span 1, Beam 2

— Pattern
Type End Template End Height Middle Height 1 of Shrands
Straight 10 200 &
Straight 10 400 - = SYMMETRICAL DRAFPED
Draped 2 4200 « 4.0000 o
[ Initial Pull/CG Method
i kem Paints [in] | ~Yeqglin)————
L ower: 11,22 | Total Strands: | Epd 829
Upper 3132 14 Mid: 285
 Draping Design
Auto Design
i - Increment |
Add Row Delete Howl rw'lzald...l Copy bo... Debond /Pl |
— Strand Pattem Libram Decrement | Serarpaien |
I SavesLoad Stand Patterns
Design Status...l Ok | Cancel |

Strand Pattern: Span 2, Beam 2

- Pattern
Type End Template End Height Middle Height # of Strandz
» | Gtraight = 10 7200 & 5.
Straight = 10 400 - 70 » ||| SYMMETRICAL DRAPED
Straight - 10 EO0 + 10 - [ Iritial PUICE Method
Staght = 8 800 - 3= B
Straight - B 10.00 - G 4+ K.ern Paints [in] 'cq [in]
| Draped = 2 B0 8.0000 e (e e e S
Draped - 2 4000 10.0000 2; Hhjea 3 44 Mid  Eoo
Draped - 2 4200 « 12.0000 2 -
* Ciraping ~Design———
- | Auta Design |

Increment |
Decrement |

Design Status. . |

Add Row I Delete Fh:-wI

- Strand Pattern Library
™ Save/Load Strand Patterns

Twizard.. I

Copy o,

DebondPullZ |
Reset Pattemn |

ok |

Cancel |
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

4.3.4 Computer Output

The CONSPAN output file is shown in Appendix A. The output lists the following
items:

Input parameters

Composite dead and live load forces

Section properties

Design strand pattern and end and midspan sections
Service load forces

Flexural stresses

Vertical and horizontal shear required reinforcement
Ultimate capacity and minimum steel data

Camber and deflections

Detensioning data

Negative moment flexural stresses and forces

4.3.5 Final Girder Design

The computer output gives an optimum strand pattern developed to satisfy the input
loads. In addition, the computer program also develops a transverse steel arrangement
and negative moment reinforcement.

Hold Down Force

As noted in the input data, draped strands are used in this design. This is typical although
some design or fabrication circumstances may dictate use of debonded strand instead of,
or in conjunction with, draped strands.

As detailed in the program output, a total of 14 strands (spans 1 & 3) and 44 strands (span
2) are used, with 2 strands (spans 1 & 3) and 6 strands (span 2) draped beginning at the
0.4L point.

Based on experience with local fabricators, the maximum hold down force at the harped
point of the draped strands is limited to 40 kips. The hold down force reported in the
output is 10.993 kips (span 1 & 3) and 13.270 kips (span 2), which are both less than the
40 kips maximum. If the hold down force is greater than the allowed amount by the
fabricator, first try lowering the draped strands at the end; if this doesn’t work use
multiple hold down points as required.

Transverse Steel Layout

The placement of transverse reinforcing steel must satisty requirements for both vertical
and horizontal shear capacity. In addition, at the girder ends additional reinforcement is
generally required to resist tensile stresses in the vicinity of the end anchorage.
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Vertical Shear Reinforcement

The computer output calculates the required reinforcing area per foot length and is listed
as Av/s. The computer program also allows the engineer to develop the vertical shear
layout. The following shear envelopes have been developed with a pair of #4 bars for
stirrups.

Transwerse Reinforcerment Design

A% N2t Span 1, Beam 2 Legand:

2000 —— g proskkal
BN Nl STR
Ay I'Q'II|I|I'9‘(| TR

1.500

1,500
14080
1200
1000
J|ez 2z

0am

Qg0

020

oo
om L] 858 1287 17.17 2148 2303

Locatione (Tt

0400 —| Ii
J004 333

D

Transverse Reirforcerment Design

ANt Gpan 2, Beam 2 Lagend:

Znm

B provkkd
BT e Ired STR |
150 — AT g led TR I

1500

1.4

(R La] —| |
e &Q\_ {_ﬂ;ﬁJ
i i)
000 853 172 2590 353 [SA N S50 0.3 & 07 770 3533
Locatons (T

Horizontal Shear Reinforcement

The calculated reinforcement requirement (per foot of length) for horizontal shear is
listed in the program output. Since the same reinforcement (pairs of #4 bars) will be used
to satisfy both vertical and horizontal shear, the area provided is again A, =0.4 in.”.
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Note that two steel areas are listed in the output, Aypgm and Ayhr,. These two values
correspond to the top flange surface conditions listed in the LRFD Specification Section
5.8.4.2. The NMDOT requires that the top surface of girder flanges be intentionally
roughened to an amplitude of 0.25 in. Therefore, the values for Ay, are used. The
required spacing (in.) of horizontal reinforcing is then:

A,=2x0.2in*=0.41in>

S :AV><12

vd -
- Avh— rg

The table below lists the required reinforcing area and maximum spacing (based on
minimum steel requirements) for vertical and horizontal shear from the program output.
Also shown are the spacing requirements for pairs of #4 bars based on the above two
equations. Controlling spacing at each section is bolded.

SPAN1&3
Bearing | Transfer Critical ]0.1L/0.9L]0.2L/0.8L{0.3L/0.7L]0.4L/0.6L 0.5L
Location (ft.) 0.5 2.5 2.75/4.75 4.39 8.78 13.17 17.57 21.96
Vertical Shear
Av (sq.in./ft) 0.803 0.547 0.438 0.426 0.264 0.142 0.136 0.136
Smax (in.) 24 24 24 24 24 24 24 24
Sreq'd (in.) 6 9 11 11 18 24 24 24
Horizontal Shear
Avh-rg (sq.in/ft.) 0 0 0 0 0 0 0 0
Smax (in.) 24 24 24 24 24 24 24 24
Sreq'd (in.) 24 24 24 24 24 24 24 24
S provided (in.) | 3 | 6 [ 6 | 6 [ 12 | 24 | 24 | 24
SPAN 2
Bearing | Transfer Critical §0.1L/0.9L}0.2L/0.8L]0.3L/0.7L]0.4L /0.6L 0.5L
Location (ft.) 0.5 2.5 2.75/4.53 8.73 17.47 26.2 34.93 43.67
Vertical Shear
Av (sq.in./ft) 1.109 0.499 0.505 0.281 0.136 0.136 0.136 0.136
Smax (in.) 24 24 24 24 24 24 24 24
Sreq'd (in.) 4 10 10 17 24 24 24 24
Horizontal Shear
Avh-rg (sq.in/ft.)] 0.019 0.015 0.011 0.007 0 0 0 0
Smax (in.) 24 24 24 24 24 24 24 24
Sreq'd (in.) 24 24 24 24 24 24 24 24
S provided (in.) | 3 | 3 | 6 [ 12 | 24 | 24 | 24 | 24

End Anchorage Reinforcement

According to the LRFD Specification Section 5.10.10, vertical stirrups must be provided
within a distance h/4 from the girder end to resist a minimum force equal to 4% of the
total prestressing force. The reinforcement is assumed to act at a stress of 20 ksi.
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

The NMDOT standard bridge member detail sheet calls for the use of a single #7 vertical
bar at the end of the girder. This bar will contribute to the overall resistance and will be
accounted for in the calculations below. Additional resistance will be provided by
closely spaced pairs of #4 bars.

Using the initial pull force just before release provided in the program ouput, the
prestressing force P;, just before transfer is:

Pi=(0.75xf)) x Agxn

fou = Prestressing Strand Tensile Strength (270 ksi)
A, = Prestressing Stand Area

n = Number of Prestressing Stands

Span 1 & 3
Pi=(0.75 x 270) x 0.153 in.> x 14 = 433.8 kips
F=4% x Pi=17.35 kips

Span 2
Pi=(0.75 x 270) x 0.153 in.” x 44 = 1363.2 kips
F =4% x P; = 54.53 kips

Using a working stress of 20 ksi, the capacity of one #7 bar (A, = 0.60 in.?) is:
F,, = 20 ksi x 0.60 in.” = 12.0 kips

Subtracting this from the force F gives the force that must be resisted by additional
stirrups:

Span 1
AF =F - F,=17.35 kips — 12.0 kips = 5.35 kips

The capacity of a pair of #4 stirrups (As = 0.40 in.”) is:
F, =20 ksi x 0.40 in.” = 8.0 kips
(One pair of #4 stirrups added to the #7 bar is sufficient for End Anchorage

Reinforcement)

Span 2
AF =F - F, = 54.53 kips — 12.0 kips = 42.53 kips

The capacity of a pair of #5 stirrups (As = 0.62 in.”) is:

F, =20 ksi x 0.62 in.” = 12.4 kips
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EXAMPLE NO.1: Concrete Bridge

LRFD Specifications
The number of bar pairs required is then: I ! o
2 " 3 @3 "
AF_ 4253 5 43 T
F, 124
(Use 4 pairs of #5 bars. See figure to
the right.) #5 STIRRUPS —pmepioe
Using the effective height of the girder alone,
the distance h/4 is 11.25 in. SPAN 2

LRFD Specification Section 5.10.10.2 also requires that prestressing strands in the lower
flange be enclosed by steel reinforcing for the distance of 1.5d from the end of the beams
at a maximum spacing of 6 in. on center to confine the prestressing steel in the bottom
flange. On the NMDOT Type 45 standard beam sheets, transverse hoops (H bars) are
carried out a distance 1.5d or 5.625 ft. from the end of the beam. The transverse hoop
bars will be conservatively carried out a distance of 6.0 ft. from the ends of the beam for
this example.

Release Stress (Tension)

The prestressing forces at release produce temporary tensile stresses in the top of the
concrete member which need to be checked to make sure that they do not exceed the
tensile capacity of the concrete. LRFD Specification Section 5.9.4.1 specifies that the
temporary tensile stress shall not exceed 0.2 ksi without bonded reinforcement and
0.24x\f*. = 0.63 ksi with bonded reinforcement. The CONSPAN output reports that the
tensile release stress for Span 1 and 3 beams is 0.37 ksi and for Span 2 beams is 0.20 ksi.
A minimum two #4 bars are typically placed in the top flange of the prestressed bridge
member. If the tensile stresses had been larger, additional bonded reinforcement could
have been added in the top flange.

Negative Moment Reinforcement

Additional longitudinal reinforcement in the deck is generally required near piers to
provide adequate moment capacity for negative bending. Away from the piers, however,
the temperature and distribution longitudinal reinforcement is usually sufficient by itself.

The steel area provided by the temperature and distribution steel within the deck effective
width is:

Top mat (#4 bars at 6 in. spacing): A, =17x0.20 =3.4in.”
depth from the top of deck =2.25 in.+0.625 in.+0.25 in. = 3.125 in.

Bottom mat (12 #4 Bars): Ap=12x020in>=24in’
depth from the top of deck = 9.0 in.-1.25 in.-0.625 in.-0.25 in. = 6.875 in.
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

The following table, from the program output, lists the negative moment reinforcing
needed at tenth points along each span. The temperature and distribution steel by itself is
adequate for the majority of the length. Additional steel will be needed in the area of the
piers. The #4 bars could be replaced with a larger bar or additional bars could be placed
between the #4 bars.

x/L X Asb Ast Ast-p Ast-r Required
Area
0 0.0 2.4 3.4 5.8 0 0
0.1 3.9 2.4 3.4 5.8 0.648 0
0.2 8.3 2.4 3.4 5.8 1.427 0
0.3 12.7 2.4 3.4 5.8 2.256 0
0.4 171 2.4 3.4 5.8 3.136 0
0.5 215 2.4 3.4 5.8 4.032 0
0.6 25.9 2.4 3.4 5.8 4.576 0
0.7 30.2 2.4 3.4 5.8 5.631 0
0.8 34.6 2.4 3.4 5.8 6.67 0.87
0.9 39.0 2.4 3.4 5.8 7.981 2.181
1 43.75 2.4 3.4 5.8 10.613 4.813
11 52.8 2.4 3.4 5.8 4.137 0
1.2 62.6 2.4 3.4 5.8 3.529 0
13 70.3 2.4 3.4 5.8 3.529 0
1.4 79.0 2.4 3.4 5.8 3.529 0
1.5 87.8 2.4 3.4 5.8 0

Positive Restraint Moments

The NMDOT follows the recommendations of NCHRP Report 322, Design of Precast
Prestressed Bridge Girders Made Continuous, whereby positive restraint moments at
piers are ignored. However, the NMDOT still requires that bent prestressing strands be
used for connecting girders together at piers.

4.3.6 Standard Beam Plan Sheet

The NMDOT uses a standardized plan sheet to show prestressed girder details.
Information from the preceding analysis is used to fill out the prestressed beam plan
sheet, as shown in this section. Refer to the attached Type 45 standard beam sheet
template and the attached Type 45 beam sheet that has been completed for this example.

Required items for completing the sheet are listed below. Sheet references in parentheses
refer to the program output where the subject information is located. The details for
spans 1 and 3 are completed. For an actual design, details for span 2 would be completed
in a similar manner.

End View

e Revise the strand pattern to reflect the actual design,
e Add number of strand row spaces for top and bottom strands
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Section near CL of Beam

Revise the strand pattern to reflect the actual design,

Add top projection dimension for #4S1 bars. For a 9 in. deck thickness, subtract 2
1/4 in. for clearance to the top of deck and 5/8 in. to avoid interference with the
transverse deck bars. This yields 6 1/8 in., but to be conservative, set the
projection at 6 in. This will provide minimum clearance to the top of deck for a 0
haunch height.

Beam Data

Fill in girder weight, camber at release, camber at erection, and dead load
deflection.

Girder Weight = 583.3 lbs./ft. x 43.92 ft. = 25.62 kips (Span 1 & 3)
583.3 Ibs./ft. x 87.33 ft. = 50.94 kips (Span 2)

The camber at release is calculated using the prestress + self weight cambers
(deflections) at release.

Camber at Release = 0.367 in. — 0.077 in. = 0.290 in. (Span 1 & 3)
3.557 in. — 1.200 in. = 2.357 in. (Span 2)

In accordance with General Note 4 on the beam sheet, the camber at erection is
calculated using the prestress + self weight cambers (deflections), with an
allowance for camber to 90 days. Therefore, use the camber/deflection value
listed in the erection column of the beam output, which includes multipliers to
account for the above time period:

Camber at Erection = 0.660 in. — 0.142 in. = 0.518 in. (Span 1 & 3)
6.403 in. — 2.221 in. = 4.182 in. (Span 2)

In accordance with General Note 5, the dead load deflection is calculated using
the weight of deck (plus haunch), diaphragms, and superimposed dead load (SIP
forms, composite dead load, etc.). Again using the values in the erection column,

Dead Load Deflection = 0.124 in. (Span 1 & 3)
= 2.03in. (Span 2)
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Half Elevation Type 45 Beams

Add prestressing strand row profiles

Add S bar (web reinforcement) spacing

Add values for number of beams required, fs, and losses

Add girder bearing-to-bearing length, distance from centerline to hold down
Fill in blank for total number of strands, and number of draped and straight
strands

e Add length from girder CL to location for steel diaphragms

Reinforcing Bars Required for One Beam
e Add dimension X and Length for S1 bars, and length for T1 bars:
S1 Bars:
X =24.751n.
Length =2X + ™R =56.57 in. Use 4’-9”

T1 Bars: For Spans 1 and 3, one bar can span the girder length. Deducting for
a 2 in. clearance to the girder end, the length of one bar is:

Length =43°-7”
T1 Bars: For Span 2, use 2 bars. Deducting for a 2 in. clearance to the girder
end, and including provisions for a 1’-6” splice at midspan the length of one
bar is:
Length = 44°-3”
¢ Add number of bars required for S1, S2, H, T1, and T2 bars.

Delete both Note to Designers: notes in lower right corner of sheet.
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4.4 Bearing Pad Design

Elastomeric bearing pads, plain or reinforced, are typically used on bridges in New
Mexico. The LRFD Specifications give two design procedures for reinforced elastomeric
pads in Sections 14.7.5 (Method B) and 14.7.6 (Method A). The stress limits associated
with Method A usually result in a bearing with a lower capacity than a bearing designed
using Method B. This increased capacity resulting from the use of Method B requires
additional testing and quality control. The Department prefers to use Method A as itis a
conservative design and requires less testing (See Chapter 7 of the Design Guide).

Assume that transverse movement at all bearings will be prevented by concrete keeper
blocks or by other methods. In addition, the pier bearings are considered fixed in the
longitudinal direction. Longitudinal movements are unrestrained at the expansion
bearings. As discussed below, the Design Guide specifies temperature ranges to be used
in calculating structure movements in New Mexico.

The design method presented in the LRFD Specifications differentiates between locations
where shear deformations are permitted and where they are not. The fixed bearings are
prevented from deforming in shear by the dowels or by other methods. At the expansion
bearings, shear deformations will occur.

4.4.1 Abutment (Exp.) Bearing Pad Design
Loads

The (unfactored) forces can be obtained from the Service I shear and moment envelope in
the program output. These same forces can be obtained using the method shown for live
load on the following page. Bearing pad design is based on live load forces without the
addition of an impact allowance.

RpL seirwe. = 12.5 kips

RDL Deck. — 21.1 klpS

RpL Diaphragm. — 0.1 klpS

RpL prec. pc = 3.1 kips

RpL Comp DC = 2.9 klpS

RpL comppw= 2.5 kips

RpL Abut. Diaphragm & Wingwalls = 33.0 kips (Abutment diaphragm, approach slab,
backwall, and wingwall dead load value is not computed by the design
program. Engineer will need to compute.)

RDL Total — 75.2 klpS
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Live loads are given in the program output per lane with no distribution factor and no
impact. These loads can be found from the Analysis screen as shown below. To find live
loads at the abutment, select Load Case from the Type pull down. Next, in the Span pull
down, select span 01. Finally, from the Cases pull down, select the maximum shear live
load (lane, truck, double truck, or permit) shear.

| EAP® CONSPANG® VBi (SFLECTseries 1) - G:\Bridge On-Call\l RFD Design Examples\Repori\Design Example Rpt Januray 2011 - Supers... [2 |[8][5]
-‘3 File sShow Libraries LEAF Bridge Help - | & X

YoM w g 9FE O 8B @ T = () & | @ ¢ M # =

Mew | Open Save SaveAs | Print | Image Model Results Diagram DF Contours | Beam Section Tendon Rebar Live Load | Help Bentle.y Site  About  E-mail  User Manu.

(@ Proiect|  Geomety|  Materiak|  Loads Analysisl{ Beam| « Deck|

Type: Spar: Cazes: Bun Analysiz... Frint.. |
| Load Caze j | ] j Desian Lancfid Analysis Factors... ‘ Froject Parameters... |
Node Locationift] | Fulkips] [ Matkr) Deflectioniin] |

[Support]l 0.00 1213 0.00 0.000

2 389 [106e |46.25 0,007

3 8.26 [819 |67.85 0,002

1 1267 8.29 5163 0003

5 17.07 [5.44 |-67.87 0003

6 21.46 [1na0 |-86.46 0,003

7 26,85 [1265 [112.08 0003

8 3024 [1467 [a51.07 -0.003

E] 3453 16.95 -203.35 0,002

10 .02 (1247 |27238 0001

{Support]Tl 43.75 [22.40 |367.43 0.000

pdates | [BSMot Connected | 1BS5:Manual || Code: LRFD FUR

As shown in the above figure, Fy at Support 1 is 13.13 kips for the lane load. Adding this
to the truck load of 54.36 kips at the same support, we get a total of 67.5 kips. This is the
load per lane. The shear distribution factor for the beam we are designing is 0.879,
giving us the design live load for bearings shown below.

RiL Totar = 67.5 kips/Lane x DFgpeor = 67.5 kips/Lane x 0.879 = 59.33 kips/Beam

Structure Movement

In the longitudinal direction, superstructure movement occurs due to the combined effects
of temperature changes plus creep and shrinkage of the prestressed girders.

Temperature:

Table 3.1B of the Design Guide specifies temperature ranges based on the values given in
the LRFD Specification Section 3.12.2. From Table 3.1B for “South of [-40”, structure
movement is to be based on a temperature range from 10° F to 90° F. The Design Guide
states, “The full temperature range is used in design of the superstructure because the
structure is anticipated to have these full movements during its life.” However, the

Design Guide also says, “The thermal movement used in the design of elastomeric
bearing pads shall be not less then 75% of the total anticipated movement due to
temperature.”
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AL = L x0.000072 x AT

where:
L = Length of the bridge that will move due to temperature changes (ft.)
Each abutment will receive half of the total bridge movement.
L =44 ft. + 43.75 ft. = 87.75 ft.
AT =80°F
AL = 87.751t.x0.000072 x 80°F x 75% = 0.381n.
Shrinkage and Creep:

Movement due to shrinkage and creep can be found from time dependent losses in the
program output. The values from the program output are consolidated in the following
table.

Symbol Description Span 1 Span 2
Ags Beam shortening (PL/AE) 0.077 in 0.455 in
AfsH Concrete shrinkage loss, final 10.88 ksi 10.87 kst
Afycr Concrete creep loss, final 7.02 ksi 22.06 ksi
Af s Initial total prestress loss 8.55 ksi 19.44 ksi

Because bearings at the piers are fixed, all of the movement from Span 1 and half of the
movement of Span 2 is assumed to be taken up by the bearings at Abutment 1. Also,
50% of the total creep and shrinkage is assumed to occur before beam erection. Steel
relaxation is neglected. Calculations for both spans are shown below. This approach is
derived from the NYSDOT Bridge Manual, 1* edition with Addendum, 2010.
Alternatively, LRFD Specification Section 5.4.2.3 could be used.

(AfPSH + AprR )(%SH+CR ) (10.88ksi + 7.02ksi)(0.5)
ASPANJ = (Ags) =

Af g 8.55ksi

(Af g + Af ) (Yogp1,cr) (10.87 ksi + 22.06 ksi)(0.5)

A = A =
SPAN_2 Af 4 (Aes) 19.44ksi

Acposy = 0.081in.+0.385in./2 = 0.27in.

(0.077in.) = 0.0811n.

(0.455in.) = 0.385in.

The total superstructure movement due to temperature, shrinkage, and creep is then:

As =0.38+0.27 = 0.65 in.
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Preliminary Bearing Configuration

Try a 10 in. x 22 in. bearing pad.

Rt =RpL 1ot + RLL Totat = 75.2 +59.33 =134.5 kipS
Assume a preliminary bearing configuration consisting of three /% in. internal elastomer
layers, with 5/16 in. exterior layers and four 1/8 in. metal shims. (For steel-reinforced
elastomeric bearings the internal layers shall be the same thickness, and the cover layers

shall be no more than 70 percent of the thickness of internal layers. (14.7.6.1))

Check Stresses and Deformations

Compressive Stress (14.7.6.3.2):

The following two equations limit compressive stress:

o, <1.25 ksi
o, <1.25GS;
Where:

O, = service average compressive stress due to total load (ksi)
G = shear modulus of the elastomer = 0.170 ksi
Si = shape factor of internal layer of an elastomeric bearing (14.7.5.1)

LW 10x22
Si = = =
2h(L+W) 2x0.5%x(10+22)
o, _Rp 1345 =0.61ksi
A 10x22
oy <1.25ksi OK

05=125x0.170x 6.88=1.46 ksi OK

Compressive Deflection (14.7.6.3.3):

Where bridge joints and seals are used above a bearing area, limiting instantaneous (live
load) deflections is necessary to prevent damage. For this example there are no joints on
the bridge. Therefore, this effect will not be checked.
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Shear Deformations (14.7.6.3.4):

To prevent rollover and fatigue problems, bearing pad deformation due to calculated
movement (Ag above) is limited to half of the total elastomer thickness, or

hrtEZAS
hy=2x03125+3x050=2.125 > 2x0.65=1.301n. OK

Rotation (14.7.6.3.5d)

Rotation about transverse axis:

L ’ 93 X
o, 20.5GS| — .
h n

ri

where:

L = length of the rectangular elastomeric bearing (parallel to longitudinal
bridge axis)(in.) =10 in.

hy; = thickness of the i"™ elastomer layer (in.) = 0.5

6sx = Maximum service rotation about transverse axis.
Rotations are calculated assuming the beam deflects in a parabolic
shape. As shown below, the final beam camber 1s 0.00472 rad.
Subtracting the rotation due to dead plus live load and adding an
allowance of 0.005 rad to account for uncertainties, the total design
rotation is 0.00725 rad. Since this rotation is less than 0.01 rad, a
tapered sole plate is not required. (See LRFD Specification Section

14.8.2)
2A 622"
g, = Bama  20.62291712) 16475 104
0.5L,,  0.5(43.917')
g = P _200659012) 000
0.5L,,  0.5(43.917"
g, = Mo _202590112) 0060
0.5L 0.5(43.917")

span

where : A =final beam camber at center span from CONSPAN

camber

A,, =liveload deflection at center span from CONSPAN

A, =deadload deflection at center span from CONSPAN

N = number of interior layers of elastomer = 3
H,; = total elastomer thickness = 3x0.5+2x0.25 =2.125 in.

=0.57ksi OK

2
o, =0.61ksi > 0.5%x0.170 6.88(%)  0-00725
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Stability (14.7.6.3.6)

The only requirements for stability are that the total pad thickness does not exceed 1/3 of
the pad length or width. By inspection, this requirement is satisfied.

Bearing Reinforcement (14.7.6.3.7)

Reinforcement thickness is subject to the following two conditions based on service
stresses and fatigue:

S 3.0h o0, 3.0x0.5x0.61

1)  h, =0.025 hy=0.125in. OK
F, 36
) o, > 2oy 20x0.5x0.27 61 b Zg125in. OK
AF,,, 24
where:
R . .
o, =—L= 59.33 =0.27ksi
A 10x22

AFty = Allowable fatigue stress range for over 2,000,000 cycles and
Category A details = 24 ksi (Table 6.6.1.2.5-3)

The Design Guide states that the Department requires that the thickness of the laminate
steel reinforcement layers (sheet metal shims) be specified as 1/8 in. and conform to
ASTM A1008 or A1011.

Bearing pad design at the pier is similar to the design above. However, longitudinal
movement does not occur at the fixed pier. This prevents shear deformations in the pads,
and, as a result, AASHTO allows a 10% increase in allowable stresses.

In certain situations, plain (unreinforced) elastomeric pads can be designed for the fixed
bearings. Plain pads are considerably cheaper than reinforced pads. However, the
thickness of plain pads is limited to % in. For this example, ¥ in. lacks sufficient rotation
capacity. Therefore, a reinforced design is used.

Based on the same design steps shown above for the abutment, the same bearing pad is
satisfactory for span 1 at the fixed pier bearing. For span 2, the fixed pier bearings will
need to be designed with the methods shown in this example using the span 2 reactions
and rotations.

Final details for the bearing pads are shown.
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LRFD Specifications
1/-10"
11" | 11"
=A== T DESIGN_LOAD
¢ BRG | | 01
| ' |
- —-——1—2 DL 75.2 k
/B” | 1 | :ﬂ
W."t“—v——i. _____ | LL | 59.33 k
lg" METAL é
SHIM BEAM
10”
BRG
> > ELASTOMERIC BEARING PAD
! 0.170 KSI SHEAR MODULUS BEARING
. | 1'=10" X 10" X 23"
s : y, (5) LAMINATIONS
™~ ! (5716 EXT..'s" INT.)

(4)\g" METAL SHIM

1°-10"
1M 11
r____+ _____ = DESIGN LOAD
o
¢ 5??4. ————— f‘“—“‘i\ o DL | 63.4 k
#’_‘"::"_.,__J:. _____ | LL | 71.48 k
"G"SHMIEJA'- & BeAw
- 10"
i q% BRG.

1'=10" X 10" X 234"
{5) LAMINATIONS

(5/16" EXT..ls" INT.)
(418" METAL SHIM

2 5 ’8”

ELASTOMERIC BEARING PAD

! /0.170 KSI SHEAR MODULUS BEARING
i

]

FIXED BEARING

ELASTOMERIC BEARING PAD DETAIL
(SPANS 1 AND 3)
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5. SUBSTRUCTURE AND FOUNDATION DESIGN

Substructure and foundation design includes design of the piers and abutments. For this
example the program RC-PIER, Version 09.00.03.01, will be used as the primary design
aide. Refer to the preliminary design sections of this document for details of the
preliminary pier and abutment configurations.

The pier is a three-column bent with circular columns that will frame directly into
supporting drilled shafts. Piers 1 and 2 bearings are fixed against longitudinal movement.

The abutment is a semi-integral, floating type that is also supported by three drilled
shafts. The superstructure is free to move longitudinally on the abutment cap.

Since all longitudinal loads will be resisted by Piers 1 and 2, Pier 1 will serve to illustrate
the design process for this example. Since the process of abutment design is quite similar
to that of a pier, an abutment design will not be completed. The design of an abutment,
however, will be discussed with an emphasis on the differences between it and a pier
design.

Substructure design is an iterative process that requires the designer to calculate initial
loads based on an assumed point of moment fixity for the column/shaft system. Design
moments found using fixed end moment can be excessive. Therefore, the loads resulting
from an assumed point of fixity are used by the foundation engineer to determine shaft
length and run a lateral load analysis. The structural engineer can then compare the
location of the point of maximum moment in the shaft obtained from the lateral load
analysis to the point of fixity he has assumed and, if they are substantially different,
adjust the design model accordingly. Steps in the process are as follows:

1) Discuss site conditions and requirements with the Foundation engineer, agree
upon a workable foundation type, and estimate foundation depth.

2) Calculate total factored loadings for each pier and abutment location based upon
an assumed point of shaft fixity. Submit the loads to the foundation engineer for
the final foundation report.

3) Obtain a final foundation report and recommendations including a capacity chart
for the foundation system and a lateral load analysis.

4) If necessary, adjust the structural model to more accurately determine forces
based on the point of maximum moment obtained from the lateral load analysis.

In addition to the preliminary and final foundation reports, stream flow data and the
foundation drill logs will be needed. The stream flow information is obtained from the
drainage report. For this bridge, stream flow data are as follows:
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V100= 10 ft./sec.
D100 = 18 ft.
Scour (100) = 10 ft.

V500 =12 ft./sec.
D500 = 15 ft.
Scour (500) = 15 ft.

A foundation investigation has not been completed for this bridge. Values will be
assumed for this design.

5.1 Preliminary Pier Design

This example will follow RC-PIER step-by-step through the design process. For each
step in the process the appropriate screen from RC-PIER will be presented followed by
any explanation necessary. In most cases, loads and designs are calculated automatically
by the program upon command. In those instances where outside calculation is needed
those calculations are presented.

To complete the design three separate runs of RC-PIER will be needed: one run to
evaluate all loads exclusive of extreme event load cases, a separate run to assist in the
seismic evaluation, and a final run to evaluate the 500 year flood extreme event case.

5.1.1 Design Run Excluding Extreme Events
The preliminary pier configuration is shown below.

CIL PIER

3-6"

! =g 11-gv
—® ! |
2.0# SLOPE | 2.0% SLOPE !
_ T \ qL BRG.
I I I [ =t
' -aick
) e 7] S
I : ] ah ¥
| 5 aiian
! Lo o | =il
| | | e
I : ! i % | &
a6 i i h Lo
T-o" ! B-a" ! 18-g" ! 7-o" i
1 " 3-8"
|
TYPICAL SECTION AT PIER \__/Q
SECTION A-A
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To start RC-PIER, open the previously run LEAP Bridge file containing the design for
the superstructure. Opening RC-PIER this way instead of creating a completely new file

will be advantageous as the autogenerate function will be enabled.

After opening LEAP Bridge, the following screen will appear.

= LEAP Bridge VBi (SELECTseries 1) - LRFD Example 3 Span PC Girder Final with LL Defl.xml

File ‘Wizard Yiew Library Components 2D Viewer 3D Viewer Options Help
h? o S i ’ =i ’ L
| 58 | D L W = 4 = B
| T Print: | Graphics | Help Bentley Sike  About  Send E-mail S (FTE | User Manual - Tutorials
Praject IE Geometl_l,ll s SuperStructure] T SubStructurel E=H Heports]
Project Mame: ILF! FD Design Example, 3 Span PCI Girder
Project Number: |CN1234
State: [NMDOT Job Number. |CN1234
Designed by: |PE Date: | 1/ 5/2011 -
Checked by: | Date: | j
Description: |LRFD Design Example, 3 Span PCI Girder
]
FCPier component started... -ﬁUpdates | EMGLISH

Ensure that the screen is filled out as shown above, and click the substructure tab. The
following screen will appear. When the screen is first opened, it will be blank until some
essential geometry data are entered in later screens.

Parsons Brinckerhoff Page 43



EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

= LEAP Bridge V8i (SELECTseries 1) - LRFD Example 3 Span PC Girder Final with LL Defl.xml

File ‘izard Wiew Library Components 2D Wiewer 3D Viewer Options Help
: b | il | 2 i AT : -
$ 5 W D L W # = D
| Hew O Print | Graphics | Help Bentley Site  About  Send E-mail  Send to FTF | User Manual — Tutorials
Proiect] 5 Geometry] < SuperStucture T SubStructure l =

Feports ]

-

RCPIER 3

Abut/Pier List:

PROT hd

Design Spec: LRFD

Elewation

Top Left: 432698

| Top Right: |4,32B.98 ft

i Frort Vi

Side View

Section Wiew

Calumns: {C0L0 x £ (= - ‘
(s o [
¥ File

1~ Section Offzet 1
0+00.000 ft

st 2

|%

For Help, presz F1 -ﬁtUpdates il EMNGLISH | |

Click RC-PIER and the following screen will appear.
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¥ RCPier ¥Bi (SELECTseries 1) - G:\Bridge On-CallM RED Design Examples\Report\Design Example Rpt March 2011- Subsir UpdateM RED Example ..

O File Show Libraries LEAP Bridge Help
) 1 B k (i e = A ir e RE >
Mew | Open Save Save As Print | Image Model | Results Diagrams | Wehicle Lbrary Load Groups Footing Library File Groups | Help  Bentley Sike About  E-mal  Manual  Tutorials
(" Project lrﬂ Genmetry1 13 Loads ] @ Analysis] f‘ Cap 1 !. Eolumn] als Footingl
Project Information
Project Name ]LF!FD Design Example, 3 Span PCI Girder
User Job Humber:  [CN1234
State: [MMDOT State Job Number:  [CN1234
Date: |Jan/5/2011 By: |PB
Date Checked: ] Checked By I
D escription: LRFD Design Example, 3 Span PCI Girder
Structure type i Desian Specifications i Units
: State i
o Pier T AASHTO Standard Specifications @ 1.5 Units
. Abutmery &+ AASHTO LRFD 1None - 51 Units [Metric)
il Updates | IES: Connected IES: Manual | Pier YiewUpstation RIUM

Fill in the appropriate information if it is not already present, and click the Geometry tab.
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The Geometry screen is shown below. When it is first opened, the screen will not show
the columns. The program will build the pier details after the geometry information is
input.

¥ RCPier VBi (SELECTseries 1) - G:\Bridge On-CalllRFD Design Examples\Report\Design Example Rpt March 2011 - Substr UpdateM RFD Example ... E”Elgl
a File Show Libraries LEAP Bridge Help — | &1 X

YoM e JPE O B - £ B W D ¢ HzEe R

Mew | Open Save Save As Print | Image Model | Results _D_iag_ra_l_'q_s_ Yehicle Library  Load Groups  Footing Library  Pile Groups | Help  Bentley Site  About  E-mail  Manual — Tukorials

&
(& Project = Geomety ]ﬁ Loads ] =] Analysls] ¥ Cap l !.Lvl.‘am%?ﬁrﬁ.b Fnotmg]

Superstr.

9 s | ”

Cap

1
L] -
]

B
Calumn R
Strut

.&"3 BrngjGrdr

= Material [

Hammer
ST

i

3D View
20 View

Az alg I

Diagrams A Updates | IBS: Connected | IB5: Manual | Fier Yiew:Upstation MUK |

Click the Pier Config icon and the following screen will appear.
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Pier Configuration
Pier Type Column Shape

o puli Columns
" Hammer head Found _IJ

T |ntegral

Cap Shape Strut and Tie Model for LRFD
{* Straight

" Tapered |—

™ ariable

" Stepped
= |htegral

[~ 5TM faor lzolated File Cap

Fier wigm

7 Downstation * |lpztation

| k. | Cancel

Complete the screen as shown above. For our example we will have multi-column round
piers. The cap is straight and we want to look at the pier upstation. After the information
is input click OK.
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This will bring you back to the Geometry screen. Click on the Superstr. icon to bring up
the following screen.

Superstructure Parameters

Mumber of Lanes: 3

Beam Height: 145- in
Beam Sechon Area; IEED- in"2 Eatca)
Beam Inertia [|2=]: 125330 i

Beam Inertia [lyy]: 122168 in™

Beam C.G [v'ca): ]20.2.’-" o

B arier/F ailing Height: |42, it
Depth of Slab: IE'. in
Span Mumber Bearto |1

Current Pier ;

Curb ta Curb Diztanice: i#?. ft

W Auto compute geometny by girders

e Span Lengthft Bridge 'width ft
Span #: 43750 50,000
1 -'123:_7-"._|I:| Add
2 £8.000 A0.000
3 43750 A0.000 I adify
End Bridge |- A0.000

Delete

i

If you started RC-PIER from the LEAP Bridge file, this should already be filled out. If
not, complete the screen as shown. Click OK.
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This will bring you back to the Geometry screen. Click on the Cap icon, which brings up
the following screen.

Straight Cap Parameters

Cap Length [+]: a0. ft Start Elevation:  |4343.58 ft
Cap Height [v): 148. in End Elevation:  |424358 Rt

Cap Depth [£]: 142. i
Skew Angle [deq): 0

Factor of Beduced Maoment of [nertia: 41 I
coca_|

Information appropriate to our example has been entered. “Start” and “End” elevations
are at the left and right side at the top of the cap, respectively. In the CONSPAN model
for this bridge, the skew angle was input as zero. We will match that skew for the pier
design.

Click OK and return to the Geometry screen. Click on the Column icon to bring up the
Rounded Column screen.

Rounded Column

Loc. from left of cap: Bat Elew.:  Diameter:  Factor of Calumn
ft ft in Feduced MI: fisiky:
Nod |@ [4z2086 [4z [r [Fiee Spring 7
7 432052 Diilled Shatt |
2 25 4320.58 42 1 Fixed
3 43 4320.58 42 1 Fixed

Add
Delete

b ddify

Ok

Cancel

El Bl e B

Fill in the appropriate information for each column in the bent. The first column is
located 7 ft. from the left end of the cap. The cap is 4 ft. deep, and the column length is
19.0 ft. resulting in a bottom elevation of 4320.58 ft. The bottom of the column is rigidly
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fixed to the drilled shaft. After completing all the information for column 1, click the Add
button and fill in the appropriate information for each additional column.

After inputting all column information, click the Drilled Shaft button to bring up the
following screen.

Drilled Shaft

W Included Type

o Circular

" Rectangular

|/‘ FParameter

Diameter: |48 if
h 2 Depth [Z]: |1 in
h h [7): 46 ft

hl: 3l ft

| 2k | Cancel |

The drilled shaft diameter is 48 in. For preliminary design we have assumed a depth of 46
ft. The 100-year scour is 10 ft., and we have assumed a depth of fixity (location of
maximum moment) at 5 ft. below scour. This puts the point of fixity, h1, at 31 ft. After
input is complete, click OK. This will return you to the Column screen. Complete the
drilled shaft input for each column and click OK on the Column screen to return to the
Geometry screen.
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Click the Brng/Grdr icon to bring up the screen shown below.

Bearing I Girders

i Configuration
Bearing Line:; i Single f* Double

i~ Eccentricity fram CL of Cap

First Line: (083333 ft Second Line: 083333 f
i~ Line— - Distance Fraom
% First * Cap Left End

i Second ™ Last Paint 1'1 ft

Add

[

Left [11.87/11.87
Left | 20.62/20.62 Delete
Left |29.37/29.37 Hodiy
Left |38.12/38.12

Left | 46.87/46.87
Left |3.12/3.12 i ok,
Left [11.87/11.87
Left |20E2/20E2  + Cancel

L ¥ e e S A T ) ¥ =t

il

Since this RC-PIER run is linked to a CONSPAN run, the information on bearing
location is input automatically. Click OK to return to the Geometry screen.
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In the Geometry screen, click on the Material icon to bring up the Materials screen.

Materials

Concrete Strength
pzi

3000,
Colurnr: 13000,
Footing: 13|:||:||:|.

Cap:

- Steel Yield Strength
ki

Cap [ flex] |60,
Cap [ shear]: B0

Colurnn: EO.
Footing: B0

Concrete Denzity

picf

150,
Coaluran; IF
Footing: 11 B,

Cap:

Concrete Type

k3

— Concrete Modulus of Elazticity
ki

332056
Columm: [3320.56
Fooling:  |3320.56

Cap:

o]

Cap: | Harmal
Column: | Harmal
Footing: | Maormal

Lo | Lo Lo

Cancel

Input the appropriate concrete ultimate and steel yield strengths. Standard NMDOT
strengths are 3000 psi for concrete and 60 ksi for steel. Concrete modulus of elasticity is
calculated by the program. Click OK and return to the Geometry screen.

Parsons Brinckerhoff

Page 52



EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

In the Geometry screen, click on the Str. Model icon to bring up the Structure Model
screen. Ensure that the radio buttons under Cap design are selected as shown below and
click OK to return to the Geometry screen.

Structure Model

Objects: |Cap x Components: |11 =
b embier Mode Hinge
11 : a1z a1z
a 11 : a1z il
12 : f 5.45 233
3 12 : f 5.45
3 : 7.00 155
10 3 : 7.00 |
i Additional Check Faints i~ Hinge -
I™ Add defaul check pint Local Direction: | 2
1':'- fe From Left;
i~ Cap dezign -
Add i Flesure — i Shear

Delete v Centerline of ¢~ Centerline of

column column

b odify " Face of suppart | | ™ Face of support

[Dejctivate o~ Offset fram CL o~ Offset fram CL
aof the column aof the column

~ Reset to Baze Structure -
It ft
Rezet All [ LIl

- Plastic Hinge locations — -

d

Mear Column Top 1 Mear Column Bottom
f = )
€ At Cap Soffi

o Cap ] ft = .. 1:; ft
] | Cancel |

This completes the geometry input.
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To view node and member numbers, click on the Model icon in the top toolbar, and the
following screen will appear.

7 RCPier VBi (SELECTseries 1) - G:\Bridge On-CallLRFD Design Examples\Report\Design Example Rpt March 2011- Substr Update\LRFD Example ... [2|[E][5]
!,jj File Show Libraries LEAP Bridge Help & x

Yo @B m g PR O B8 wh . & W D v i s e B

Mew | ©pen Save Save As Print | Image Model | Results Diagrams | Mehicle Library  Load Groups Footing Library  Pile Groups | Help Eentle‘,‘y Sike  About  E-maill Manual Tutarials

E Rotate
4| Zoomin

ETS
3 B | Zoorrout

E Pan

E Reset
Q Print

¥ Mode Humber v Member Mumber [™ Check Points I M=

eI T - oR ci T R T 12 ST 13 TTR4E 1517 16 718 T RERSERRUE AR 22 743

L ] X .

7, b

Fieady ¥ Updates | IBS: Connected IE:5: Manual | Pler ViewUpstation U

Once in the screen, click the “Node Number” and “Member Number” check boxes to
display the numbers.

Return to the Geometry screen by closing the Model window. Once back in the
Geometry screen, click the Loads tab to bring up the Loads screen. The Loads screen is
shown below.
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) File Show Libraries LEAP Bridge Help = |
YwB w9 @ O d| @« & B W D 0 Hse B

Mew | Open Save SaveAs Print | Image Model | Results Diagrams | Vehicle Library Load Groups Footing Library File Groups | Help  Bentley Site About  E-mail  Manual  Tutorials

3 RCPier VBi (SELECTseries 1) - G:\Bridge On-Call\RFD Design Examples\ReportiDesign Example Rpt March 2011- Substr UpdateWntitled.rep - [... [=|[E][B%]

x

(;11’ Pro|ect] #* Geometry 34 Loads ] @ Ana\ysls] ﬂ Cap I !. Eolumn} aln Footmg]

Load Tppe: Selected Loads:

0 i s

lag
D wearing Surfaces and Utilities
EH: Horizontal Earth Pressure
EV: . Pressure from Dead Load of Earth Fill
ES: Earth Surcharge Load
LL: Wehicular Live Load + M
CE: Yehicular Centrifugal Forces
BR: Braking Force
FL: Pedestrian Loads
LS: Live Load Surcharge
i W ater and Stream Pressure
w5 Wind Load on Stucture
WL Wind Load on Live
FR: Fiiction Forces
TU: Unifarm temperature
CR: Creep
SH: Shrinkage
EL: Locked-in Effect
TG: Temperature Gradient

LEEERE

Available Groups:

STHENGTH GROUP|
STREMGTH GROUFR Il
STRENGTH GROUF NI
STREMGTH GROUR IV
STRENGTH GROUPY
EXTREME EVENT GROUF |
ExTREME EVENT GROUP Il
SERVICE GROUP |
SERVICE GROUFRII
SERVICE GROUFP 11l
SERVICE GROUP IV

Selected Groups:

FATIGLE
EXTREME EVENT SEISMIC GROUP |

i

Combinations

[ENE

Jlt Updates | IES: Mot Connected | IBS: Manual | Pier View:Downstation MUR

The upper left-hand box in this screen contains a list of all AASHTO LRFD loads.
Highlight the load and click the horizontal arrow to move it to the right into the Selected
Loads box. For Pier 1 in this example, applicable loads are DC, DW, LL, LLp, BR, PL,

WA, WS, WL, and TU. EQ will not be applied in this first run. Highlight and move
these loads into to the Selected Loads box.

All AASHTO load cases are shown in the lower left-hand box. Referring to Article 3.4.1
of the LRFD Specifications, it is determined that load cases applicable to this pier are
Strength I, Strength II, Strength III, Strength V, and Service I. Extreme Event I for the
500-year flood and Extreme Event Seismic Group I will not be used for this first run.
Those cases will be checked in the next two runs. Highlight the applicable cases and
move them to the Selected Groups box. The completed screen is shown below.

Note that it is not necessary to combine the 100-year local and contraction scour with the
Strength II (permit) load case, since the 100-year storm is a rare, short-duration event.

For convenience in this example, the 100-year scour is assumed to be concurrent with the
Strength II loading, which is conservative.
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¥ RCPier ¥Bi (SELECTseries 1) - G:\Bridge On-CallM RED Design Examples\Re portiDesign Example Rpt March 2011 - Substr UpdateM RFED Example ...
‘_'.J File Show Libraries LEAP Bridge Help -8 x

YoM m 4 @ O E | O w & @ WO C Hse B

Mew | Open Save Save As Print | Image Model | Results Diagrams | Wehicle Library  Load Groups  Footing Library  Pile Groups | Help  Bentley Site  About  E-mail  Manual  Tutorials

(" Froject | e Geometyy 3 Loads ] 3 bnsbysis | #9 Cap | W Column | 4b Footing |

Load Type: Selected Loads:
C 0 O 1 [z Edi...
DD: Downdrag [ Composite D' -——J
D "wearing Surfaces and Utiities PL1 : Pedestrian Live
EH: Harizontal E arth Pressure WA T Water %
EV: Y. Pressure from Dead Load of Earth Fill WSl : Angle: 0
ES: Earth Surcharge Load W1 © Angle: 0 %J
LL: Wehicular Live Load + IM T : Temperature
CE: Vehicular Centiifugal Forces LLpT  : Pemi Live Delete Al
EBR: Braking Force Lp2
PL: Pedestrian Loads LLp3 EQ detai
L5: Live Load Surcharge LLpd
Wi Water and Stream Pressure LLp5 etails
'S5 Wind Load on Stiucture = LLpE
wL: Wind Load on Live LLp7
FR: Friction Forces LLp8
TU: Uritarm temperature: LLp3
CR: Creep LLp1D
SH: Shrinkage LLp11
EL: Locked-in Effect LLp12
TG: Temperature Gradient v 13 »
Available Groups: Selected Groups:
5 STRENGTH GROUP
STREMGTH GROUFR I STRENGTH GROUFR I
STRENGTH GROUP I STRENGTH GROUP |11
STREMGTH GROUR v STREMNGTH GROUPY
STREMGTH GROUP SERVICE GROUP|
EXTREME EWENT GROUF |
EXTREME EWENT GROUP Il
SERYVICE GROUP|
SERVICE GROUP I
SERYVICE GROUP I
SERVICE GROUP IV
ATIGUE
EXTREME EWENT SEISMIC GROUP |
Egrnh\nalinnsl

4 Updates | IES: Connected | IE:5: Manual | Pier View-Upstation HUM

To enter loads or to have RC-PIER calculate loads, highlight the desired load in the
Selected Loads box, and click the Edit button on the right side of the screen. For
example, highlight DC1 and click on Edit and bring up the following screen.
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Loads: Load data

 Column Loads / Settlement
w2/l Units

Col Mr Load Type Loir

Mag2

Magl wi/L

~ Bearing / Girder loadz
Load

Bearing | Eearing i
Line Paint# [kipz]

Delete &l

Inzert I Copy I Delete I

nedl Units

Magl #1/L Mag2

~ Cap Load
Load Type | Dir Arm
il

Insert | Copy | Delete DeleteAIII
|

~Skainload ————

unt o

+ Expansion - Conbraction Inzert | Capy | Delate | DeleteAIII

Factors Auto Generation Import Loads———————

M arne: IEIE1

s I ultiplier for Loads: |1- ’V Generate | Import |

Mote; Yertically downward loads be 0K | Cancel |

added az negative loads in Y direction.

To have RC-PIER automatically generate the DC1 loads, click the Generate button
located in the lower right hand corner of the screen to bring up the following screen.
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Auto | oad Generation:Structure DC

- Superstructure
= Urit Weight pef
B yirde Ulnit Weight: pcf

~
¥ inr I Taotal Load per fook: ple
P ot ] Load per foat: plf
i latgitudinal dir
-

" |nput composite dead load reaction

Compozite dead load reaction; kipz

* |nput composite dead load reaction from Conspan
Selected
Imipart Fier:

Reaction diztribution amaong bearing lines:

Bearing Line 1 [.F Bearing Line 2 |

Since this model is connected to our CONSPAN run through LEAP Bridge, we can
import our superstructure dead loads. Select Input composite dead load reaction from
CONSPAN and click the Import button. (If your model is not connected to your
CONSPAN run, you can export your superstructure loads to a .txt file from the File menu
in CONSPAN and then navigate to that file from the screen that appears when you click
the Import button.)

Clicking the Generate button yields these loads from CONSPAN. However, these loads
do not include pier or midspan diaphragms. These can be calculated by hand and then
added to the automatically generated loads shown on the Loads screen.
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EXAMPLE NO.1: Concrete Bridge

LRFD Specifications
Loads: Load data
~ Bearing / Girder loads ~ Colummn Loads / Settlement
Bearing | Bearing | Dir Load || z 7
i ottt e e Col Mr Load Type Dvir Magl plAL Mag2 p2iL Unitz
1« 1 | ¥ | -51.4340
1 - 2w Y+ 555440
B 3wl ¥ 4| -B55440
1 - 4 w| Y | 955440
T+ B+ 7| 559440
1+ B ~| ¥V | -51.4340
- T+ ¥+ 885511 Inzert I Copy I Delete I Delete Al
2 - 2 »| YW +| -36.0532
||l Cap Load |
2 3 Y HE.0538 |
il - Load Type | Dir A bag1 #1/L Mag2 w2/l Urits
2~ 4 | ¥ | -96.0638 )
> 2L EL ¥ o -95.0535 _ﬁ] »
Inzert | Copy | Delete DeleteAIII
— Strain Load
Unit ID.
+ Expanszion - Contraction Insert | Copy | Delete | Delete Al I |
Factors Auto Generation Import Loads
M arne: |DE1 Precast DC
Degcription: IEomposite and Mon-compogite DC Haltiplieionloads, Feperls st
MNote: Wertically downward loads be | |
added as negative loads iy direction. oL Eatice)

Click OK to apply the loads.
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

In a like manner, input DW1 loads. The Auto Load Generation screen for DW1 is shown
below.

Auto Load Generation:Structure DW

Superstructure

b Uit /eight: 1t pef
[ Jd 3 Idnit W eight: & pit

[ Include Bariers Total Load per foot: ; plf
[ Inih ‘eanng Surface Load per foot; : ot
' fin longitudinal di]
~

" |nput composite dead load reaction

Compozite dead load reaction: kips

* |pput composite dead load reaction from Conspan
Selected |
[ rmpart P

Reaction diztributian amaong bearing lines:

Beanng Line 1: 0F Bearing Line 2:

As with the DC loads, import the wearing surface load from CONSPAN.
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Moving on to Live Load, the Auto Load Generation screen for Live Load is shown

below.

Auto Load generation: Live Load

Longitudinal Reaction

" Compute Simple Span Reaction

Available: Selected:
Design Truck ~ Add - Design Truck + Lane Load
Design Truck + Lane Loa Tiag [il.e:s:igrr Trucks + Lane Lo
Design Tandem + Lane L <- Remove
Two Design Trucks + Lar
Twio Design Tandem + Le <= Remave &l
Fatigue Truck
[FY]P-5 Truck P Wig
maAam 7 Ta.al. =

&+ Compute Continuous Beam Beaction

Trangverze Pozitioning

Eaedlares All combinations L]

Live Load Positions
&+ “ariable spacing

Minimum spacing between
positions

,1_7 ft
" Constant spacing

Minimum distance from curb |- ft
1d ft

Center to center spacing

Mormnal pier Laritudingl F
. l
~ Input Already Coarmputed W aw Truck Load: ips flocahiia
Reaction o
Max Lane Load: kips
" Import Comspan Reaction Mormal pier Thuck Load: L gz
Max Truck Load: kips Lanhe Load: kips
Maw Lane Load: kips

i~ Integral pier

Max Load.  Moment, k-ft Load, kips  Max. Moment, Centrifugal Force-
Truck: | | Truck: | | [ Generate Centrifugal Load Cazes al:o
Late: | | Late: | | = At = fan i
Truck Load: kips
Reaction dighribution among Bearing Line 1 Bearing Line 2 Fadiuz of curve: ‘ f
bearing lines Design spesd: li ftis
Truck Case A: 05 0E
Lane Caze &
i s 05 Direction of centrifugal force . & ] =
Truck Case B: 1 0
Lane Case B:
Sl 05 0 Generate | Cancel
r

In accordance with the LRFD Specification Article 3.6.1.3.1, applicable live loads are
Design Truck + Lane, Design Tandem + Lane, and Design Two Trucks + Lane.
Experience has shown that the design tandem will not govern for spans over about 30 ft.,
so that load was not included. Again, clicking Generate on the Auto Load Generation
screen and OK on the Load screen applies the loads.
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Permit Live Load must be entered separately. The Auto Load Generation screen for
Permit Live Load is shown below.

Auto Load generation: Live Load
Langitudinal Reaction

Tranzverse Positioning

(" Compute Simple Span Reaction All combinations ﬂ

Loaded Lanes:
Aovailable; Selected:

Live Load Pogiti

[PYIF-5 Truck ~ Add - Ive D.a 0zl |0.ns

4 &+ “ariahle spacing
[PYIP-7 Truck
[PHP-3 Truck e E e Minimum spacing between 1. ft

i
[F¥IP-11 Truck postions
[PYIP-13 Truck <- Remove &l " Constant spacing
[F4P-15 Truck Minimum distance from curb ft
Wiew -
Center to center spacing ft

{+ Compute Continuouz Beam Reaction
Mormal pier

~ Input .s?«lread_l,l Cormputed e )
Reaction

di

Longitudinal Force-

[ Gemerate Longitudinal Load Cazes alzo
2% Lane Load:
[y It «

" Import Conzpan Reaction [~ Normal pier . e i kipz
Max Truck Load: kipz gt et ’—‘ 1

T Max Lane Load:

kipz
Integral pier
Max Load,  Mament, k-ft Load, kips  Max. Moment, Centrifugal Force -
T | | Ttk | | [ Generate Centrifugal Load Cases also
Lanhe: | | Lare: | | 2 £ IF
Truck Load: kips
R eaction diztribution amang Bearing Line 1 Bearing Line 2 Radiuz of curve: J I
bearing lines Design speed: fils
Truck Case &: 05 05
Lane Casze &
Sl 0s us Direction of centrifugal force : 1% =
Truck Case B: 1 i
Lane Case B:
ki 0.5 o Generate | Cancel
B

If you do not already have the P327-13 permit load defined in RC-PIER, you will have to
add it to the library by clicking the Vehicle Library icon in the top toolbar. A diagram of
the P327-13 permit load is provided in the Design Guide.
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Braking loads can also be automatically generated. The Auto Load Generation screen for
braking loads is shown below.

Auto Load Generation: Braking Force (BR)

—Live Load
* Select Live Load

Bvailable: Selected:

Design Truck + Lane Load Design Truck + Lane Load
Design Tandem + Lane Load
Two Design Trucks + Lane Load

Two Design Tandem + Lane Loz

add -

=- Remove

<- Remove Al

Lk

Yiew

" Manual input: Tokal Live Load

Truck load: kips
Lane Load: kips

Contributing Lengthi: | = 7> ft

Mumber of Lanes Loaded: | £ i

The braking load should be calculated in accordance with LRFD Specification Section
3.6.4 as a percentage of the truck or truck + lane load and shall be applied in all loaded
design lanes carrying traffic in the same direction. The bridge currently carries one lane
in each direction, but it was assumed that it could be restriped in the future to carry an
additional lane in one direction. Thus, the option of Truck + Lane Load was selected and
applied to two lanes. Contributing length was taken as the length of Span 1 and the
portion of Span 2 tributary to Pier 1:

Contributing Length = 43.75 ft. + (88 ft./2) = 87.75 ft.

It should also be noted here that, when generating braking loads, RC-PIER considers all
axles of a truck in computing the load even if the span is shorter than the truck.
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The generated braking loads are shown below.

Loads: Load data

EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Mame: IBFH Braking

Description: IBraking Load

tultiplier for Loads: |1-

i Bearing / Girder loads ——————————— [~ Column Loads / Settlement
Bearing | Eearing Doir Load || : i
e ot ki | Col Mr Load Tupe Lyir Magl wi/L Mag2 w2/l Unitz
> 1 - 1 »| 2 | -30000
1 - 2 w| Z | -30000
1 - 3 4| 2 | -30000
1« 4 | Z | -30000)
1 - 9 | Z | -30000
1~ E »| 2 | -30000
E 1| £ | 20000 Inzert I Copy I Delete I Delete Al
EEmEEr | |
2 Mk Load Type | Dir A Mag €1/l Mag2 w2/l Urits
2 - 4 »| Z | -3.0000 ]
2L EL ZL -3.0000 ,i] b | Moment «| X + 0.0000)  -378.0000 0.5000 0.0000 0.0000 ke-ft
Insert | Copy | Delete DeleteAIII *
— Strain Load
Uit ID.
+ Expansion - Conbraction Ingert | Copy | Delete | Delete Al I |
Factors Auto Generation Import Loads

Generate |

Impaort |

Mote: Wertically downward loads be
added az negative loads in Y direction.

o]

Caneel |

Parsons Brinckerhoff
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

RC-PIER does not auto generate pedestrian loads. The reaction from this load was
calculated in accordance with LRFD Specification Section 3.6.1.6 as 0.075 ksf acting
over the sidewalk width of 5.67 ft. and a tributary length of 65.875 ft. The calculated
value is equal to 27.9 kips. This was equally divided among all 12 bearing points as 2.5
kips per bearing, rounding up to the next 0.5 kips. The completed load screen is shown
below.

Loads: Load data |§|
- Bearing / Girderloads ———————————— - Column Loads / Settlement
Bearing | Bearing Lrir Load "'I i i
e ot kips) | Col Mr Load Type Dvir M agl widL Mag2 y2il Units
» 1 - 1 »| % »| -25000
1 - 2 »| W -] -25000
1 - 3| Y | -25000
B — 4| Y | 250000
1+ 5 .| ¥ 4| 25000
1 - B w| ' | -25000
R T +] ¥+ -25000 Insert I Copy I Delete I Delete &l
2 ¥ 2wl VW -2.5000. By ey
2. 3.l W 4| -25000— - -
Load Type | Dir Arm kdagl w1/l Mag2 w2dl Lnitz
2 - 4 4| W | -25000 i)
2 - 9 w| Y | -25000|4
Inzert I Copy | Delete DeleteAIII
~ Strain Load
Unit |D.
+ Expansion - Conbraction |nsert | Copy | Delete | Drelete &l I
Factars i~ Auta Generation Import Loads ——————
I ame: IPL1 Pedestrian Live
ety IPedestrian loading tultiplier for Loads: Gererate Import
Mote: Wertically downward loads be 0K | Cancel |

added as negative loads in'Y' direction,
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Stream flow pressure is calculated in accordance with LRFD Specification Section
3.7.3.1. For the 100-year flood, V=10 ft./sec. Using this velocity and a Cd of 0.7, the
stream flow pressure turns out to be 0.07 ksf. This is input as a column load acting from
the top of the column to the scour depth. Y1 and Y2 are measured from the point of fixity
on the drilled shaft. Looking back to our column and shaft design, the shaft extends 15 ft.
above the point of fixity, the scour depth is 5 ft. above the point of fixity, and the column
is 19 ft. long. Therefore,

L= (15 ft. + 19 ft.) = 34 ft.
Y1 = (scour depth - point of fixity) = 5 ft.
Y2 = (top of column — point of fixity) = 34 ft.

The input screen for stream flow loads is shown below.

Loads: Load data |z|

~ Bearing / Girder loads — Colurmn Loads / Settlernent

Bearing | Bearing Dir Load - F
s Pointh [lia) Cal Mr Load Type Doir Magl w1 tag2 w2/l Units ”l
1+5haft o]  Pressue »| % » -0.0700 0.1500 0.0000 0.5700 ksf |

-

Inzert | Copy Delete I DeleteAIII

- Cap Load

|
Load Type | Dir Am Magl <11 Mag2 w2/ Urits H|
[ft]

Inizert I Copy | Delete Delete.-’-‘«lll‘

~ Strain Load
uet o
+ Expanzion - Contraction Inzert | Copy I Delete | Drelete Al |
Factar i Auto Generation
I arme: I\u'\-f.t’-‘ﬂ W ater

Multiplier for Loads: I1-

Import Loads
Generate | Impart |

Description: |1 00-yr flaod

Mote: Verticallp downward loads be | |
added az negative loads in*y direction. s (el
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

The next load on the Load screen is wind. Bringing up the Auto Load Generation screen
for Wind on Struc brings up the screen shown below. Once the screen comes up, input a
wind angle of zero, toggle on “Open Country” under Bridge Location, enter a value of
zero for “Elevation above which wind load acting,” and click Generate.

Auto Load Generation: Wind on Struc

Wind Angle, deq: l_ i

Generate for mulbiple angles r
™ LengthofLL: [0
Elgvatil:un al:u:uv_e which ID— i Bridge location ;
YWind Load acting: ' Dpercounty
[for calumm) kb an
Diefault Wind Pressure v " City
Wind Prezzure for superstiucture Wwind Prezsure for substructure

ift wind direction

Trans: RE.9 paf Cap: 438474 pzf
Longit: I pzf Coalurnn: 43 8474 pzf
o

Overturning: |- pzf
Generate | Cancel

The Auto Load Generation screen for Wind Load on Live Load is shown below. In that

screen, input zero for the wind angle and 65.875 for the tributary length. Again, click
Generate to have RC-PIER calculate the loads.

Auto Load Generation: Wind Load on LL E|

YWind &nogle; a il }
Generate for multiple angles B

Length of Live Load: B5.875 ft
enerate | Cancel ‘
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Temperature, creep, and shrinkage are the final loads that need to be entered. RC-PIER
contains individual load screens for each of these. However, for this example, we have
chosen to include the creep and shrinkage movement with the temperature by calculating
a contributing length that results in the same structural movement as the sum of the three.

Pier 1 & 2 bearings are fixed and each takes half the thermal, creep, and shrinkage
movement from Span 2. (Span 1 movement is taken up by the expansion bearing at the
abutment.) Change in temperature is specified as 80°F for concrete bridges in the Design
Guide.

AL e = L(0.000072)AT = 44 1t.(0.00072)(80°F) = 0.25341n.

AL cpags = @ ~0.1925in.

AL ~0.2534in.+0.19251n.

L= = =77.41ft.
(0.000072)AT ~ (0.000072)80°F

The Auto Load Generation screen for Temperature Load is shown below. Once all
these values are entered, click Generate.

Auto Load generation: Temperature load

Bearing data-
Stifness elastomer
* Fixed bearings i | 1

" Ewpansion bearings

drea of bearing, A; in"2

J Shear moduluz of Elastomer: ks
Total elaztomer thickness: in
Superstructure data Pier data

& Ayt compute
Contributing length: 7. ft

7 Uszer input;

: .iBEI F

Change in temperature: Kook [0 kit
Coeff Thermal

Expanzion, alpha: E.e-006 ZF
[aenerate | Cancel |

Direction of thermal force [£] 1  +[2) |
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

This completes the load data for the first preliminary run. The next step is to generate the
load combinations. To do this, click Combinations in the lower right corner of the Loads
screen. This will bring up the Load Combinations Screen. This screen may be blank if
you have not yet generated the combinations.

M | oad Combinations

Print LOAD COMEIMATIONS - AASHTO LEFD »~
Comb # 1 (S3TE GP 1 Y = 1.00 ¢ 1.25 DC1 4 1.50 DW1 + 1.75 LL1 + 1.7
Cloge + 1.75 PL1 + 1.00 Wal + 0_50 Tl + 0.5
Comb # 2 {E3TE GP 1 Yy = 1.00 ¢ 1.25 DC1 4 1.50 DW1 + 1.75 LLE + 1.7
Add + 1.75 PL1 + 1.00 WAL + 0.50 TUL + 0.5
Comb # 2 (8TR GP 1 ) = 1.00 { L1.Z65 DCl + 1.50 DW1 + 1.75 LLZ + 1.7
+ 1.75 PL1 + 1.00 WAl + 0.50 TUL + 0.5
Edit Comb  # 4 (STR GP 1 y = 1.00 { 1.28 DCl 4+ 1.50 DW1 + 1.75 LL4 + 1.7
+ 1.75 PL1 4+ 1.00 WAL + 0.50 TUL + 0.5
Del Comb # 5 (STER GP 1 'y = 1.00 ¢ 1.2Z5 DC1 4 1.50 DW1 + 1.75 LLS + 1.7
SRR + 1.75 PL1 + 1.00 W&l + 0.50 TUL + 0.5
Comb # & (S3TE GP 1 Y = 1.00 ¢ 1.25 DC1 4 1.50 DW1 + 1.75 LLE + 1.7
Delete &l + 1.75 PL1 4+ 1.00 WAL + 0.50 TUL + 0.5
Comb # 7 {STER GP 1 Yy =1.00 { 1.Z25DC1 4+ 1.50 DWL + 1.75 LL7 + 1.7
+ 1.75 PL1 + 1.00 WAl + 0.50 TUL + 0.5
Default Comb| | oopy 8 (STR GP 1 » = 1.00 ¢ 1.25 DCLl 4+ 1.50 DW1 + 1.75 LLE + 1.7
+ 1.75 PL1 4+ 1.00 WAl + 0.50 TUL + 0.5
Eaata Comb # 9 (STR GP 1 'y = 1.00 ¢ 1.25 DC1 4+ 1.50 DW1 + 1.75 LLS + 1.7
+ 1.75 PL1 4 1.00 WAL + 0.50 TUL + 0.5
Comb # 10 (ETR GP 1 ' = 1.00 ¢ 1.2Z5 DC1 4+ 1.50 DW1 + 1.75 LL1O + 1.
+ 1.75 PL1 4+ 1.00 WAl + 0.50 TUL + 0.5
Comb # 11 (8TR GP 1 Yy = 1.00 ¢ 1.25 DC1 4+ 1.50 DWL + 1.75 LL11 + 1.
+ 1.75 PL1 4+ 1.00 WAL + 0.50 TUL + 0.5
Comb # 12  (8TR GP 1 'y =1.00 { 1.25DC1 + 1.50 DW1 + 1.75 LL1Z + 1.
+ 1.75 PL1 + 1.00 WAl + 0.50 TUL + 0.5

Comb # 12 (STR GP 1 ) = 1.00 { 1.Z65 DC1l + 1.50 DW1 + 1.75 LL1Z + 1. ¥
L4 | >

Once in the Load Combinations screen, click Parameters.

Combination parameters

Load Combinations

~ Dependent Load Case
Combinations : i ]

{* Cross combinations

K, | Zancel |

Select Cross Combinations. If this is not done, the analysis will not run due to a
difference in the number of live load and braking load cases. Click OK to return to the
Load Combinations Screen. At this point, if your load combinations screen is blank,
click Default Comb to generate the load combinations. Click Close to return to the Loads
Screen.
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EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

The next step is to run the analysis. Bring up the Analysis screen by clicking on the
Analysis tab. Once in the Analysis screen, click the A/D Parameters button to bring up
the screen shown below.

Analysis/Design Parameters (LRFD)

Fiesistance Factor, phi Diynamic Load Allowance, 1M [k Bart ol Bt 1 Clear Conerete Cover, in-

*+ Phiaz per 2008 clazsification Truck  Lane  Fatigue Cap
< " LAFD 2004 top/bottom: 2
" Phi as per classic aproach Cap: 033 0. 015 & LRED 2005 |ntefims
Tension Controlled: na Column: 0.3 N U= Fatigue |2—
s Cap zide: -
Faeting: 0. o. 0. fF berm: |24.
Shear and tarsion: ; W
[narmal weight] tultiple Prezence Factars | Cortrol | : E=pozure Factars l—
Colurnn: 2
Shear and tarsion: :
ov : 1.2 Cap: 1.
llightweiaht ek £
: : Lakelt 2: it Foating
Compreszion Controlled: -
fties] 075 Eolumei |1 topAbottom: 3
Lanett 3 0.85
Compreszion Controlled: :
P ; 075 [arettid: 0.E5 Footing: 1. R |3—
[zpiral] Footing side: :
Cormpression in STH: 07 mordizchngliic Seizmic Design
Mormal: 037 x aqrffe]
Seismic Design Parameters ...
Shear and Torsion Calculations SancHightweight; ID.2 Fee]
Cap method — — Footing method All-ightweight: 017 = 2q1fc) Column Slendermess Consideration -
& Simplfied || Simplfied effective length
(B.E341) (5.8.2.4.1) Design cap/footing far magnified maments I P-delta Method factors. k.
" General  General I Design eap for magrified moments Mumnber of iterations: v 21
[5.8.3.4.2) [5.8.34.2] I Design faoting for magnified moments Beaise e Eminy i FnasAne e
{ i s i
delVew o en Moment Magnification 0.4
[5.8.3.4.3) [B8343) AT - e
" Beta-Theta | Beta-Theta S e el e
(58342 5.8342] Comp > |OE <-Transition > {0375 ¢- Tension Interin 2008
Ok | Cancel |

For Shear and Torsion Calculations, select the Simplified radio button for both the Cap
method and the Footing method to keep our LEAP Bridge run consistent with load
ratings done in Virtis/Opis. Under Column Slenderness Consideration, set the Degree of
Fixity in Foundations for Moment Magnification to 0.4, since the continuous shaft
provides a stiff end condition for the column. The remainder of the data on the screen
can stay on the default setting. Click OK to return to the Analysis screen. Once in that
screen, click the Run Analysis button. The completed Analysis screen is shown below.
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EXAMPLE NO.1: Concrete Bridge

LRFD Specifications
3 RCPier VBi (SELECTseries 1) - G:\Bridge On-Call\LRFD Design Examples\Repori\Wesign Example Rpt March 2011- Substr Update\LRFD Example ... [2 (B[]
{) File Show Libraries LEAP Bridge Help - | X
) Lo h| ) B = ; I _— L ~ i | -
Vo @y g @@ O & wh s & w Y % hls e B
Mew Open Save SavefAs Print | Image Model | Results Diagrams | Yehicle Library Load Groups Footing Library  Pile Groups | Help  Bentley Sike  About  E-mall Manual  Tutorials
Q’ Project ] e Geometry | 18 Loads 8 Aralysis I ﬂ Cap ] ., Calurnn ] abe Footing ]
2 - Units:
Run Analysis... Type:  |Envelope Stiength | Caze |Fxmax/min - 5
r kips
A/D Parameters Effect: |Forces & Moment *| Fomat |General Right hd kips-ft
Type of Analysis:  Frame ar Coord. System; Loca! " Global Frint ...
| Memb |Mode | Fx{Max/Min] ‘ Fy | Fz | b | tdy | tdz
1 1 1109 -7.561 482 0.1437 -107.9 A07.1 A
274.3 15.72 4751 1.029 1364 3286
1 2 24839 1522 4751 1,028 6518 107
-1074 4.873 -4.82 0.1437 35E EE17
2 2 1074 -4.873 482 0.1437 356 EE17
2439 15.22 4751 1.029 E5.18 107
2 5 2242 16.02 4,751 -1.029 346 2196
1033 -0.007E98 4.82 0.1437 E5.E1 41.63
3 4 1205 1.433 £.988 0.3212 361 29.83
356 2328 4869 0.9605 1367 4136
3 5 3305 20,08 4,869 -0.9605 B3B3 91.63
1170 1.433 £.988 0.3212 3192 7.438
4 5 1170 1.433 £.988 0.3212 319.2 7.438
330.5 2008 4869 0.9605 E3.E9 91.63
4 E 305.8 16 4,869 -0.9605 38 56 283.2
1136 1.433 £.988 0.3212 3951 23.91
I5i 7 1106 1.319 4817 0.1286 107.8 228
SRfi) 22.09 4745 -1.018 1191 414.6
I5i g 3081 189 4. 746 1.018 47.95 110.4
1071 1.319 4817 0.1286 3559 3.019
53 g 1071 1.319 4817 0.1286 35,59 309
308.1 189 4745 -1.018 47.95 110.4
53 £ 283.4 14.81 4. 746 1.018 51.7 239.4
1037 1.319 4817 0.1286 E5.57 2468
7 10 o ] ] ] 1} 0
a 1} 1} 0 1} 0
7 1 o 819 ] ] 1} 12.78
n a14 n n i 1278 ¥
A Updates | IBS: Connected 1E:5: Manual | Pier Yiewpstation UM

The analysis information shown in the above screen is for forces and moments for the
Envelope Strength case. To show forces and moments for other load cases simply select
the case for which the forces and moments are desired in the Type drop down menu. To
display rotations and displacements, select Displ. & Rotation in the Effect drop down
menu.

At this point, input and analysis are complete for all load cases except the extreme event
load cases.

To complete the cap design for these loading combinations, click the Cap tab at the top of
the screen. Once the Cap Design screen appears, click the Auto Design button. Select a
preliminary main bar and stirrup size and click OK. Next, in the Edit/View box, toggle
“Main bars” on. The resulting screen is shown below.
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EXAMPLE NO.1: Concrete Bridge

LRFD Specifications

Image Maodel

Results  Diagrams

kéj

b

L B

wehicle Library  Load Groups  Footing Library  Pile Groups

W s = B\

Help Bentley Site  About  E-mail Manual  Tutorials

¥ RCPier VBi (SELECTseries 1) - G:\Bridge On-CallLRFD Design Examples\Report\Design Example Rpt March 2011- Substr UpdateM RFD Example ... (2 |[5] (]
.’.J File Show Libraties LEAP Bridge Help

{88 g @

Mew | Open 3Save Save As  Print

- 8%

Selection:

Cap -

Auto Design
Design Status

EditMigwm

Show Cap End
Resulks

B

[Eg F‘roiact] T Geometlyl 132 Loads ] B Analysis ﬂ Cap \ L Column] o Fnotingl

Location: Bar Size:  #Bars From: ft T ft Bardist. in  Haook:
[t =] 3 =0 0 0 o None |
Top #11 8 0.00 15,49 233 Left
Top #11 2 7.51 24.49 233 MNore
Top #11 7 16.51 3349 333 MNore
Top #11 2 25.51 4249 333 More
Top #11 8 34.51 50.00 333 Fight
Battom #11 2 0.00 14.35 333 Left
Buattom #11 7 8.65 2335 333 Maore
Buattom #11 4 17.65 3235 333 Maore
Buottom #11 7 2E.65 41.35 333 More
Add Bottom #11 2 35,55 50,00 333 Right
Delste
Delete Al
Sketch
Ready A Updates | IBS: Connected 1B5: Manusl | Pier Wiew:Upstation KU

The above screen is a bit difficult to decipher but, to make things a bit clearer, click the
sketch box in the lower left-hand corner of the Cap screen, and a sectional view of the
cap appears. A copy of the cap section is shown on the next page.
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Cap/Strut Sketch

Frint | Close Move the arow to select the location of the section

! 5 [ = : &8 8 e 6 89 6 &

In the Cap/Strut Sketch screen, you can set your cursor at any location along the length of
the cap and left click. The sectional view will change to show the reinforcing
requirements at the selected location. The section shown (see the location of the arrow in
the screen view above) is the critical section.

Top of cap reinforcing will be 9 #11 bars and bottom reinforcing will be 11 #11 bars.
Again, this is a workable design, and the preliminary cap section that was selected is
acceptable for further design.
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For stirrups, (Toggle on Stirrups in the Edit / View box) the Cap Design screen is shown
below.

¥ RCPier VBi (SELECTseries 1) - G:\Bridge On-CallMl RFD Design Examples\Report\Design Example Rpt March 2011 - Substr UpdateM RFD Example ... E”E EJ
@) Fle Show Librariss LEAP Bridge Help

- |

B my @@ O HEA &« & B W QO v e ®

Mew | Open Sawe Save fs Print | Image Model | Resulks Diagrams | Mehicle Library  Load Groups  Footing Library  Pile Groups | Help  Bentley Site About  E-mail  Manual  Tutorials

i

(% Project | #% Geomety | £2 Loads | B Anabsis ¥7 Cap ] W, Cobmn | o Footing |

Selection
Cap = W T T — — T
Auto Desigh
Edit/fievs
" Main bars
s s - : : . . . . ‘ ‘
Show Cap End
L Fesults
Stirrup Size nlegs Awlsindft From: f£ To ft Spacing, in
[na BN [o. Jo. o
#5 4 0g20 |00 a2 24.00
HE 4 2,480 312 545 E.00
#5 4 0.620 5.45 7.00 24.00
15 4 1240|700 855 12.00
#5 4 4.960 8585 .87 3.00
H5 4 0620 11.87 2062 24.00
HE 4 4.960 2062 2345 3.00
#5 4 1.2400 2345 2655 1200
#5 4 4.960 2655 2937 3.00
il #5 4 0620 (2937 (|00 |2400
Modify #5 4 4960 3801 .89 3.00
— HE 4 1.240 42.00 43.00 12.00
Delete 15 4 0620|4300 44.55 24.00
#5 4 2,480 44 55 46.87 E.00
Delete All #5 4 0.620 4687 50.00 24.00
Sketch

Fieady A Updates | 185 Cannected | IES: Manwal | Pier ViewUpstation HUR |

The minimum spacing for the selected bar size (double # 5 bars) is 3 in. This is a bit tight,
but the spacing can be increased by selecting a larger bar. Again then, we will say that the
preliminary cap proportions are acceptable.
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To design the columns and shafts, click on the Column tab. This will bring up the
Column Design screen. At first the columns will appear without any reinforcement, as
shown below.

3 RCPier, VBi (SELECTseries 1) - G:1Bridge On-Call\LRFD Design Examples\ReportiDesign Example Rpt March 2011- Substr Updatel RFD Example ... [= |[E][B%]

i) Fle Show Lbraries LEAP Bridge Help - |

Y o @ 8 g M@ O BB &« £ B W QD L Hse D

Mew | Open Save Savefs Prink | Image Model | Results Diagrams | Wehicle Library Load Groups Footing Library  Pile Groups | Help  Bentley Sike About  E-mail  Manual  Tutorials

Q’ Pmiecll L] Gemmetr_u] 18 Loads ] =] Analysis] 4 Cap .4 Colurrin ]J anling]

Selection H: Longitudinal Reinforcement Layaut 1
1 Shaft hd Auto Design
Colurmn Nodes DesinEIAte
Bottom 1
Top

Lateral Bar Type:
Ties b

Lateral Bar Size:

H3 hd

Rebar Patterm: 4

,m

Rebar Orientation:

Face Parallel = \\\_/
Layertt: Direction: Bar Size: ttbars: Bardist, in
1 &l i ~l[o g

Min reinforcement Area

¥ AASHTO provision
LCopy from.
User Input ®
Add
Maoment Magnific.
I odif
Consider MM~ [ Hodly
Braced Frame ¢ Delete
Unbraced > Delete &)l

Parameters Sketch

A Updates | IES: Cannected | IES: Manual | Pier YiewUpstation HUM

Fieady

Once in the screen, under Moment Magnification, select the check box for Consider MM,
and click the Unbraced button. Note that this needs to be done for each column and shaft
separately.

Click on the Auto Design All checkbox on the right side of the screen. In the Column
screen, click Auto Design and the following screen comes up.
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i~ Colurnn Reinforcement
Bar size Tie/5piral size

[0 ]

Select All
Unzelect all

Inwverk
Selection

Ik

Zancel |

Select rebar sizes and click OK. RC-PIER completes the design shown below.

EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

Enhanced report viewer

Column Design

COLUMN DESIGN - Column: 3
Code: ARSHTO LRFD 2007

Lnits: US

Pier iew: Upstation.

DesigntAnalysis Method: Mament Magnification - Unbraced Calurn.

Column Type: Round D= 42.00 in

Column Section Properties
Sec Area b lzz
g in"4 in"4

1 962 15274502 15274502

DESIGN PARAMETERS

P = 000,10 psi i = G000 psi
phitens = 1190 phi comp = (.75

Tens helom = 1375 Comp Above = [ 600 |
Ec = 33206 ksi Es = 29000 ksi

Concrete Type : Nommal ifsight

Fage setup
Frint Preview
Print
Saveds
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For the loading input so far, the main reinforcing for the column will consist of 10 #11
bars. This is a workable design and the determination at this point is made that the
preliminary column diameter is acceptable.

Shaft design was already completed using the Auto Design All checkbox. In the Column
tab, select “2 Shaft” from the drop down menu in the upper left corner. (This shaft was
determined to be the most heavily loaded from an inspection of the analysis screen.) The
resulting screen is shown below.

7 RCPier VBi (SELECTseries 1) - G:\Bridge On-Call\.RFD Design ExamplesiReport\Design Example Rpt March 2011- Substr Updatell RFD Example ... [= /B[]
0 File Show Libraries LEAP Bridge Help — | BH

Ve @ m ¢ @ O @ & @ WD ¢ HasEe D

Mew | Open Save Savefs Print | Image Model | Resulks Diagrams | Yehicle Library Load Groups Footing Library  File Groups | Help  Bentley Sike About  E-mail  Manual  Tutorials

Q" Pro\ecll Ll Geometry] 15 Loads ] @ Anal_l,lsis] ﬂ Cap ./ Column ]J Footing]

Selection #: Longitudinal Reinforcement Layout

2 Shaft - Auto Design

Column Nodes -
-D esign Status

Bottorn

Top ’_ v &uto Design &l

Lateral Bar Type:
Ties ¥

Lateral Bar Size:

#4 -

Rebar Patterr:

Fiebar Orientation
Layertt: Direction: Bar Size: Hbars: Bar dist. i
[1 B2l ~lfm =l 3.205

Min reinforcement Area

¥ AASHTO provision
Copy from.
User [nput; =
Add
foment b agnific. .
Modif
Consider MM Iv ﬁ
Braced Frame Delele
Unbraced o Delete 4l
Parameters Sketch
Ready ¥ Updates | IBS: Connected IS Manual | Fier View-Upstation HUIRA

As shown above, main shaft reinforcing will consist of 11 #11 bars. Again this is an
acceptable design, and it appears that the selected shaft diameter will work.

This completes the preliminary design except for the Extreme Event load cases. Next, we
will proceed with the seismic evaluation.

5.1.2. Seismic Evaluation

The NMDOT has adopted the AASHTO Guide Specifications for LRFD Seismic Bridge
Design for use in seismic evaluations. In this example the provisions of that Specification
will be followed step by step using the flowcharts in Section 1 as a guide. In this section
wherever a specification, article, or figure is referred to, the reference is the AASHTO
Guide Specifications for LRFD Seismic Bridge Design, hereinafter referred to as Seismic
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Specifications, unless noted otherwise. NMDOT will also accept the AASHTO LRFD
Bridge Design Specifications, Fifth Edition, 2010 for seismic design.

Refer then to the first flow chart in the Seismic Specifications, Figure 1.3-1a on page 1-6.
The first box encountered deals with the applicability of the specification. A review of
the referenced Article, 3.1, reveals that the specification is applicable to this bridge.

The second box pertains to temporary bridges and is not applicable to this example.

The third box refers to Article 3.2 for Performance Criteria. This article is informational
and explains the specification’s philosophy. No action is required.

The fourth box references Article 6.2. That article discusses foundation investigation
requirements. For this example, we will assume values that would normally be provided
from a foundation investigation.

The fifth box deals with liquefaction. Since ground water is not present at this site,
liquefaction will not be an issue.

The next box refers to Article 3.3 for the selection of an Earthquake Resisting System
(ERS). Since this is only applicable to seismic design categories (SDC) C and D, we will
wait until the SDC is determined before making a determination of ERS.

The next box refers to Article 3.4 for a determination of the Design Response Spectrum.

5.1.2.1 Design Response Spectrum:

The design response spectrum for this bridge will be determined using the AASHTO
Seismic Design Parameters software, Version 2.10, available on the USGS website or
from the Seismic Design Parameters CD that accompanies the LRFD Specifications. The
design response spectrum given by the software can be checked with the hand calculation
procedure shown in Article 3.4.1 of the Seismic Specifications.
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After you open the AASHTO Seismic Design Parameters software, the following screen
will appear.

Ity AASHTO Earthgquake Ground Motion Parameters E. ¥. Leyendecker, A.D. Frankel, and K. ... El@lg|
File Help

AASHTO Guide Specifications for
LRFD Seismic Bridge Design

This program allows the user to obtain seismic design parameters for sites in the 50 states of
the United States, Puerto Rico and the U.S. Virgin Islands. Ground motion maps are also
included in PDF format.

Click on Okay to begin calculation.

Corect application of the data obtained from the use of this progeam andfor maps is the

responsibility of the user. This softwars is not & substitute for technical knowledge of seismic
design andior analysis,

ZUSGS

Ko kgl p ikl

Click OK to bring up the Analysis screen.

== ANALYSIS - Map Parameters, Design Parameters, and Response Spectra
File Project Mame Help

Input Data and Parameter Calculations Output Calculations and Ground Motion Maps

Select Geographic Region
iConterminous 48 States -

Guidelines Edition
|2llll'." AASHTO Bridge Design Guidelines

Specify Site Location by Latitude-Longitude or Zip Code

(+ Latitude-Longitude : Recommended " Zip Code
Latitude (50.0 to 24.6) Longitude (-125.0 to -65.0)

Calculate Basic Design Parameters

Probability of 7% PE in 75 years

Calculate Calculate
PGA, S, and 51 As, SDs, and SD1

Calculate Response Spectra

Map Spectrum Design Spectrum

View Spectra Clear Output View Maps
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To calculate the design response spectrum for our bridge, we will have to input a location
by latitude-longitude or by zip code. On page one of this example, we stated that our
bridge was near Socorro, NM. In the Specify Site Location by Latitude-Longitude or Zip
Code, make sure that the Latitude-Longitude radio button is selected and then type
34.0595 in the Latitude box and -106.8990 in the Longitude box.

Click the Calculate As, SDs, and SD1 button to generate the Site Coefficients screen.

i Site Coefficients

File Help
Calculate Site Coefficient
Accelerations
’W Values of Site Factor, Fpga Values of Site Factor, Fa
PGA For Zero-Period Range of Acceleration For Short-Period Range of Spectral
Site Peak Ground Acceleration Coefficient Site Spectral Acceleration Coefficient at
Ss 0.313 Class (PGA) Class Period 0.2 sec (5s)
PGA <= | PGA= | PGA= | PGA = [PGA >= Ss Ss Ss Ss Ss
o W 0.10 0.20 0.30 0.40 0.50 <=0.25 | =0.50 | =0.T5 | =1.00 | ==1.25
A 0.8 0.8 0.3 0.8 0.8 A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0 B 1.0 1.0 1.0 1.0 1.0
Site Class C 1.2 1.2 14 1.0 1.0 C 1.2 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 14 1.0 D 1.6 1.4 1.2 1.4 1.0
Site Class A E 2.5 1.7 1.2 0.9 0.9 E 2.5 1.7 1.2 0.9 0.9
Site Class B F ® " " » & F » & * " »
Site Class C
Values of Site Factor, Fv
For Long-Period Bange of Spectral SITE FACTOR TABLE HOTES
Site Spectral Acceleration Coefficient at 1. Use straight-line interpolation to
Site Coefficients Class Period 1.0 sec ($1) calculate values of site coefficients for
51 51 51 51 51 intermediate values of PGA, Ss, and 51.
Fpga |14 <=0.10 | =0.20 | =0.30 | =0.40 [ >-0.50 ) ) S
A 0.8 0.8 0.8 0.8 0.8 2. Srl.e-specrt_'lc g_entechnlcal investigation
and dynamic site response analyses
Fa 1.55 B 1.0 1.0 1.0 1.0 1.0 hould b o+ d for all sites i
c PR ] 16 15 14 13 should be performed for all sites in
Site Class F.
D 2.4 2.0 1.8 1.6 1.5
Fv @0 E 3.5 3.2 2.8 2.4 2.4
F x B f » 3
OK

Site Class definitions are presented in Table 3.4.2.1-1 on page 3-45 of the specification.
To determine site class from this table, site class parameters need to be determined.
Article 3.4.2.2 presents the equations needed to determine the site class parameters. N bar
can be determined using equation 3.4.2.2-2 and information given in drill logs obtained
through a foundation investigation. We will assume N bar from the foundation
investigation to be 15.2. Entering Table 3.4.2.1-1 with this information, the site class is
D.

Ensure that Site Class D is selected in the Site Coefficients screen, and click OK. This
will display the output values shown in the Output Calculations and Ground Motion
Maps window in the Analysis Screen.
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The resulting Analysis screen is shown below. Note that values for PGA, S, and S, are
shown in the top half of the Output Calculations and Ground Motion Maps window, and
the values for Fpga, Fa, Fy, A, Sps, and Sp; are shown in the bottom half.

-—= ANALYSIS - Map Parameters, Design Parameters, and Response Spectra

File Project Mame Help

Input Data and Parameter Calculations

Select Geographic Region

1Cunterminuus 48 States j

Guidelines Edition

]2!]!]7 AASHTO Bridge Design Guidelines

Specify Site Location by Latitude-Longitude or Zip Code
* Latitude-Longitude : Recommended " Zip Code

34.0595 -106.8990

Latitude (50.0 to 24.6) Longitude {-125.0 to -65.0)

Calculate Basic Design Parameters

Probability of 7% PE in 75 years
Calculate Calculate

PGA, S=, and 51 As, SDs, and 5D1

Calculate Response Spectra

Map Spectrum Design Spectrum

View Spectra

Output Calculations and Ground Motion Maps

Conterminous 48 States
2007 AASHTO Bridge Design Guidelines
AASHTO Spectrum for 7% PE in 75 years

Latitude = 34.059500
Longitude = -106.899000
Site Class B
Data are based on a 0.05 deg grid spacing.
Period Sa
(sec) ()
0.0 0132 PGA - Site Class B
0.2 0.313 Ss -Site ClassB
1.0 0.086 51 -SiteClassB

Conterminous 48 States

2007 AASHTO Bridge Design Guidelines

Spectral Response Accelerations SDs and SD1
Latitude = 34.059500
Longitude = -106.599000
As = FpgaPGA, SDs = FaSs, and SD1 = Fu51
Site Class D - Fpga = 1.54, Fa= 1.55, Fv= 2.40
Data are based on a 0.05 deg grid spacing.

Period Sa
(sec) [(:)}
0.0 0.204 As - Site Class D
0.2 0.485 SDs - Site Class D
1.0 0.208 SD1 - Site Class D
Clear Output View Maps

To calculate the design response spectrum, click the Design Spectrum button. You can
view the spectrum data in the Output Calculations and Ground Motion Maps window of

the Analysis screen.
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=~ ANALYSIS - Map Parameters, Design Parameters, and Response Spectra

File Project Mame Help

Input Data and Parameter Calculations

Select Geographic Region

Conterminous 48 States lj

Guidelines Edition

|2l]l]7 AASHTO Bridge Design Guidelines

Specify Site Location by Latitude-Longitude or Zip Code

{* Latitude-Longitude : Recommended " Zip Code

34.0595 -106.8990

Latitude (50.0 to 24.6) Longitude {-125.0 to -65.0)

Calculate Basic Design Parameters

Probability of {T‘H: PE in 75 years

PGA, Ss, and 51

Calculate
As, SDs, and SD1

Calculate ‘

Calculate Response Spectra

Map Spectrum ‘ Design Spectrum ‘

View Spectra ‘

Output Calculations and Ground Motion Maps
A
Conterminous 48 States I
2007 AASHTO Bridge Design Guidelines
Design Response Spectra for Site Class D
Latitude = 34059500
Longitude = -106.899000
As = FpgaPGA, SDs = FaSs, 5D1 = FuS1
Site Class D - Fpga = 1.54, Fa= 1.55, Fv= 2.40
Data are based on a 0.05 deg grid spacing.
Period Sa Sd
(sec) (a) in.
0.000 0.203 0000 T=0.0,5a=As
0.086 0.485 0.035
0.200 0.485 0189 T=0.2,5a=5Ds
0.428 0.485 0869 T-=Ts, Sa=5SDs
0.500 0.HM5 1.014
0.600 0.346 1.217
0.300 0.259 1.622
1.000 0.208 2028 T=1.0,5a=5D1
1.200 0473 2434
1.400 0148 2.839
1.600 0130 3.245
1.300 0415  3.651
2.000 0.104  4.056
2.200 0.094 4,462
2,400 0.086 4867
2.600 0.080 5.273
2,300 0.074 5.679
3.000 0.069 6.084
3.200 0.065 6.490
3.400 0.061 6.8596
3.600 0.058 7.3
3.300 0.055 T7.707
4.000 0.052 8112
| v
Clear Output View Maps

Once you have calculated the design response spectrum, you can view a chart of the data
by clicking the View Spectra button. The following chart shows the design response

spectrum for our bridge.
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% GRAPHICS - Response Spectra g@g‘
File Edit GraphsScale Help
SeteE S -]
Graph Data
Design Spectrum for Savs. T Period, s,
5% Damping SEC g

Conterminous 48 States 0.00 0.2031

Latitude = 34.0595 deg Longitude = -106.899000 deqg 0.09 0.4846

Site Class D Fpga =154 Fa =155 Fv=2.40 0.20 0.4846

0.43 0.4846

0.50 0.50 0.4152

0.60 0.3460

0.45 0.80 0.2595

1.00 0.2076

m 040 1.20 0.1730

.E i 1.40 0.1483

i 1.60 0.1297

i 0.30 \ 1.80 0.1153

8 \ 2.00 0.1038

£ 025 2.20 0.0944

[ \ 2.40 0.0865

g 020 2.60 0.0798

5’ 0.15 \ 2.80 0.07H

3.00 0.0692

040 3.20 0.0649

3.40 0.0611

0.05 — 3.60 0.0577

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 3.80 0.0546

Period, sec 4.00 0.0519

This completes the determination of the design response spectrum and we return to the
flow chart: Figure 1.3-1a.

The next box in the flow chart is the determination of the seismic design category (SDC)
per Article 3.5 of the Seismic Specifications.

5.1.2.2 Select Seismic Design Category:
From Article 3.5 and Table 3.5-1, SDC is B since Sp;=0.208

Going back to the flow charts, Figure 1.3-1a, with this information leads us to Figure 1.3-
1b. The first box in that figure under the SDC B column refers us to Figure 1.3-2 for the
displacement demand analysis.

5.1.2.3 Displacement Demand Analysis:

The first action box in Figure 1.3-2 refers to Article 4.1 for design proportioning
recommendations. This bridge meets those recommendations.

The next box refers to Article 4.2 for the determination of the analysis procedure. Table
4.2.1 indicates that Procedure 1 would be acceptable for use since this is a regular bridge
with more than two but less than six spans. Table 4.2-2 identifies Procedure 1 as an
Equivalent Static Analysis described in Article 5.4.2.
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Going back to Figure 1.3-2 and skipping the SDC D diamond leads to “Select Horizontal
Axes for Ground Motions,” discussed in Article 4.3.1. We will select the longitudinal
and transverse directions as our axes.

The next box in Figure 1.3-2 contains “Damping Considerations.” These considerations
are discussed in Article 4.3.2. They are discretionary and will not be used in this
example.

The next item in the box is “Short Period Structure Considerations.” These are discussed
in Article 4.3.3. The equations in that article reveal that we need the period of the
structure (T) to determine the displacement magnification factors. That value has not yet
been determined. We will return to this provision after the structure period has been
calculated.

Return to Figure 1.3-2. The next box refers us to Figure 1.3-4, “Analytical Modeling and
Procedures.” In that figure, skip SDC C or D boxes and go to the Select Analytical
Procedures box. That box identifies Article 5.4.2 as containing the requirements for
Procedure 1. As you will recall, that is the procedure we have selected for use in this
example. Skip the next box as not applicable and go to the “Effective Section Properties
box. This requirement is discussed in Article 5.6.

5.1.2.3.1 Effective Section Properties:

We will determine the effective stiffness ratio from Figure 5.6.2-1 in Article 5.6 as
follows:

Referring back to the Analysis screen in our RC-PIER run, we find that the maximum
unfactored axial load is about 663 kips. Also, f.’=3 ksi and A,= 1385 in.% for a 42 in.
column. (For simplicity, we are assuming here that the 42 in. column extends down to
the point of fixity.)

Using these values yields

P/ (f Ap) =0.16.

Entering Figure 5.6.2-1a with this value at the Ay/A, =0.01 line gives an elastic stiffness
ratio, Le/1g, of 0.38.

The formula for moment of inertia of a circular section is

I, = 152745 in.* for a 42 in. column.

L= 0.38 x 152745 = 58043 in.*
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The diameter of a circular section that would have this moment of inertia is 33 in.

The next box in Figure 1.3-4 addresses Abutment Modeling. Abutment contribution to
the seismic resistance of this bridge will be calculated using the Caltrans Seismic Design
Criteria, Version 1.6 (available on the Caltrans web site). For the transverse demand, the
transverse abutment stiffness is assumed to be half the stiffness of the adjacent pier. For
the longitudinal demand, longitudinal stiffness is based on an effective embankment fill
stiffness.

Go back to Figure 1.3-4. Skip the Foundation Modeling box since liquefaction is not of
concern in this example. This brings us to the Conduct Demand Analysis box.

5.1.2.3.2 Demand Analysis:

To determine the demand capacity in both the transverse and longitudinal direction we
will use the Equivalent Static Analysis (ESA) using the uniform load method outlined in
Article 5.4.2.

Transverse Direction

Step 1: Calculate vy(x)

To calculate v4(x), we will use a p, load of 1 kip/ft. acting along the length of the bridge.
Since the bridge is 178.5 ft. long, this translates into a load of 89.25 kips acting
horizontally over half the bridge length. To determine the transverse stiffness, we will
assume this acts at the top of the pier cap, ignoring the abutment stiffness for the time
being. We will use RC-PIER to determine vy(x).

Make a copy of the previous RC-PIER run. First open the Geometry screen and then the
Column screen. Once in the Column screen, change the column diameters from 42 in.,
the gross diameter, to 33 in., the effective diameter. The changed screen is shown below.

Rounded Column x|

X)

Loc. from left of cap: Bot Elev.:  Diameter:  Factor of Column
ft ft in Reduced M: fiity:
Mot |7 l432088 |33, [1. |Fives Spring 7
7 ] Drilled Shatt |
2 25 432058 33 1 Fined
3 43 432058 33 1 Fized

Add
Delete

rodify

0

el s

Cancel
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For each column in the Rounded Column screen, click the Drilled Shaft button to view
the following screen.

Drilled Shaft

W Included Type

o+ Circular

" Rectangular

ﬂ Farameter

Diameter. |48 if
h 2 Depth ] | if
i b [): 46 ft
hl: 41. ft

| QK. | Cancel |

From Article 3.4.1 of the LRFD Specification, the local and contraction scour depth and
EQ loading do not need to be considered simultaneously. Therefore, we will need to
adjust h1 for the drilled shafts. Keeping the point of fixity at 5 ft. below the streambed
elevation and neglecting scour, the depth of fixity, hl, is at 41 ft. After input is complete,
click OK. This will return you to the Column screen. Complete the drilled shaft input for
each column and click OK on the Column screen to return to the Geometry screen.
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Next open the Loads screen. Highlight the EQ1 load in the Load Type box, and click the
horizontal arrow to move it to the right into the Selected Loads box.

Highlight the EQ1 load and click Edit. Input the 89.25 kips nominal load at the top of the
cap as shown in the screen below.

~ Bearing / Girder loads ~ Column Loads / Settlement

Bearing | Bearing Dir Load - F
i ottt (kips) Col Mr Load Type Dir Magl w1 ag2 w2l Units ”l

Inzert | Copy Delete I DeleteAIII

— Cap Load
Load Type | Dir Am Magl #1/L Mag2 w2/l Units

Insert | Copy | Delete Delete Al |
~Stainload ————————
une fo
+ Expanzion - Contraction Inzert | Copy I Delete | Delete &l | |
Factor - Auto Generation Import Loads
Mame: IEE!I
sttt I Multiplier for Loads: |1- Generate | ’7 Impart |

Mote: Wertically dowmward loads be | |
added as negative loads iy direction. s o]

Click OK to return to the Loads screen. Next, highlight Extreme Event Seismic Group I
in the Available Groups box and click the horizontal arrow to move it to the right into the
Selected Groups box.

Next, click on the Analysis tab and then click Run Analysis. After the analysis is run,
select Load Case under the Type pull down menu, Displ. & Rotation under the Effect pull
down menu, and EQ1 under the Item pull down menu.
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The resulting screen is shown below.

3 RCPier V8i [SELECTseries 1) - G:1Bridge On-Call\LRFD Design ExamplesiReporiWesign Example Rpt April 2011- Seismic UpdatelLRFD Example ... [= |[B1][X]

i File Show Libraries LEAP Bridge Help |

Vo B mJy @@ 08 & & & WD HSE B
Mew | Open Save SaveAs Print | Image Model | Results Diagrams | Yehicle Library Load Groups Footing Library  Pile Groups | Help Bentley Site  About  E-mall  Marnual  Tutorials
(& Project ] % Geometry 1 i Loads & Analysis I ﬂ Cap ] !_ Calurn ] b= Footing ]
Type: [Load Case 1 e . o
r n
A0 Parameters Effect: |Displ. & Rotation *| Fomat |General Right hd rad
Type of dnalysis: * Frame ot Coord. System; Prirt ..
| Mode | DHl D_ul Dz| Fhv:| Fi_ul Rz
i 0 0 0 i} i} 0
2 0.00385 0.0002715 i} i} i} -0.0002021
3 02703 0.002684 i} i} i} -0.0001862
4 0 0 0 i} i} 0
] ooz 0 0 i} i} -0.0002218
5 0.269 -2 403005 i} i} i} -2.338e-005
7 0 0 0 i} i} 0
g8 0.009747 -0.000263 i} i} i} -0.0002043
9 0.268 -0.00266 i} i} i} -0.000164
10 0272 0.01664 0 i} i} -0.0001862
11 02715 n.oo4z2 0 i} i} -0.0001862
i 02711 0.0051132 0 i} i} -0.0001862
13 02708 0.0005678 0 i} i} -0.0001253
14 0.2704 -0.002701 0 i} i} -3.015e-005
15 0.2694 -0.0005253 0 i} i} 3.272e-005
16 0.2691 0.000 554 0 i} i} -1.909e-008
i 0.2683 -0.0002045 0 i} i} -2.043e-008
18 0.2687 0.0004634 0 i} i} 3.237e-005
19 0.2683 0.002643 0 i} i} -2.926e-005
20 0.2681 -0.0005619 0 i} i} -0.0001238
21 0.268 -0.005058 0 i} i} -0.000164
22 0.268 -0.01028 0 i} i} -0.000164
23 0.268 -0.01644 0 i} i} -0.000164
A Updates | I63: Connected IE5: Manual | Fier Yiew:Upstation UM

The node numbers of the cap/column connections are 3,6, and 9. Note that the X-

direction displacements at these nodes are 0.27 in.

Step 2: Calculate the bridge stiffness, K, and total weight, W.

poL
Ki=—2

V smax

Kpier= (1 kip/ft.)(89.25 ft.)/0.27 in. = 331 kip/in.

Eq. C5.4.2-1

From Caltrans Seismic Design Criteria, Section 7.8.2, abutment stiffness is half the

stiffness of the adjacent pier. Therefore, total stiffness for our substructure is

Kiotal = (2 piers)(Kpier) T (2 abutments)(0.5Kpier) = 3Kpier = 993 k/in.

By separate calculation, the unfactored dead load is W = 3194 kips. This weight was
calculated using the superstructure dead load generated by CONSPAN and adding the
weight of the diaphragms, abutment backwalls, and piers down to the point of fixity.
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Step 3: Calculate the period of the bridge.
T=2x W
| Kg
Eq. C5.4.2-3
T=2x — 3194kip > - =0.573sec.
(993kip/in.)(32.2ft./s")(12in./ ft.)
Step 4: Calculate the equivalent static earthquake loading pe.
Pe= S a'E
L Eq. C5.4.2-4

Refer back to the portion of the example where the response spectrum curve was
developed (page 82). T is equal to 0.573, which is greater than T (Ts= 0.428). Since this
1s the case,

g =>nt Eq.3.4.1-8

S =%= 0.363
T

a

Evaluating the above expression for p. yields,

p. =0363x 14KIP _ ¢ 561in /1.
178.5ft.

The portion of this force distributed to the piers is based on stiffness.
Ppiers = pe X (Kpier/Ktotal) = 6.50 kip/ft. X (2/3) = 4.33 kip/ft.

Step 5: Calculate displacements by scaling the displacement result from RC-PIER (Step
1) by the ratio of pe/po.

VDo  (0.27in.)(4.33kip/ ft.)
P Ikip/ft.

Ay = =1.17in.

At this point, we will need to return to Article 4.3.3 to determine the magnification factor
for short period structures. As you will recall, we skipped the step earlier since the period
of the structure had not been determined. From previous calculations, T=0.573 sec. and
T=0.428 sec.
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T*=1.25T, =1.25(0.428sec.) = 0.535sec. Eq. 4.3.3-3
%
T2_05%5se. o34 < 10
T  0.573sec.

By Equation 4.3.3-2, since T*/T is less than one, Rq=1.0. Thus, Apr remains 1.17 in.

This completes the demand analysis in the transverse direction. We will next compute
the demand analysis in the longitudinal direction.

Longitudinal Direction

In the longitudinal direction we will neglect the drilled shafts supporting the abutments
but will include the passive soil pressure behind the backwalls. As an analytical model
for the piers, we will assume that the columns are fixed at the point of maximum moment
in the shafts (5 ft. below streambed elevation) and pinned but free to translate and rotate
at the top. The equation for the displacement at the free end of this type of structure is

A

P—

l
|
|
I
l

_pr
3ET ~

A

This equation is presented in the Beam Diagrams and Formulas section of the Allowable
Stress version of the AISC Manual of Steel Construction.
With this information, we can go back to Article 5.4.2 to determine the demand analysis.

Step 1: Calculate vy(x).

From the above discussion of the deflection at the free end of a fixed/free end structure,

_pr
3.EI

A

Again, assume p, equal to 1 kip/ft. The load P acting on each column is

1 kip./ft. (178.5 ft.)/ 6 columns = 29.75 kips/col.

Parsons Brinckerhoff Page 90



EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

1=19+5=24ft.

E =3320.56 ksi for 3 ksi concrete, and

I= Ly =58043 in.*

Using these values and substituting into the above deflection equation yields,

29.75kip (24 ft.x12in./ ft.)’

= =123 in.
3%3220.56kip/in.” x 58043in."*

This is the value for vy(x) due to an arbitrary force applied at the piers only.
Step 2: Calculate the bridge stiffness K, and the total weight W.

Stiffness of the piers can be found from vy(x) in Step 1 using the following equation.

k=20t

¥ smax Eq. C5.4.2-1
Kpier = (1 kip/ft.)(178.5 ft.) / 1.23 in. = 145.12 kip/in.

From Caltrans Seismic Design Criteria, Section 7.8.1, embankment fill stiffness behind
the abutment can be calculated using an assumed initial stiffness, K;= 50 kip/in./ft.

Substituting K;, abutment width, and fill height into equation 7.43b of the Caltrans
Seismic Design Criteria, we can calculate stiffness of the embankment fill.

h
K., =Kw——
e 5 54t

K, = [20KIP/in oo 6 [ #967M 534 g6 kip /in,
fi. 5.5ft.

Total longitudinal stiffness is the sum of the pier and embankment fill stiffness.

K. =K. +K. =2380kip/in.

total pier

From the demand analysis calculation for the transverse direction, W is equal to 3194
kips.

Step 3: Calculate the period of the bridge.
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T=2x W
Kg
Eq. C5.4.2-3
T=2x — 3194kip > - =0.37 sec.
(2380kip/in.)(32.21t./s")(121in./ ft.)

Step 4: Calculate the equivalent static earthquake loading pe.

=| =

pe::sa.

Refer back to the portion of the example where the response spectrum curve was
developed. T is equal to 0.37 sec., which is less than T (Ts = 0.428 sec.). Since this is the
case,

Sa=Sps Eq. 3.4.1-7
Evaluating the above expression yields,

S=0.485

3194 kip

p. =0.485x = 8.68kip/ ft.
178.51t.

The portion of this force distributed to the piers is based on stiffness.

Step 5: Calculate displacements.

Ap, =A X%
Po
Ay, =123 inx SRR 6 in
Ikip/ ft.

This displacement, multiplied by the embankment fill stiffness, should give us the force
that will resist movement at the abutment. However, if our assumed initial stiffness was
too large, this force could be larger than the abutment fill can support. Therefore, we will
check it against the effective abutment stiffness bilinear model shown in Caltrans Seismic
Design Criteria, Figure 7.14A.
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The passive pressure force resisting movement at the abutment, Pg;,, can be calculated
using the following equation.

h
P, =A, x5.0ksf x ﬁ Caltrans Eq. 7.44

4.9167 ft.

P, =(50ft.x4.9167ft.)(5.0ksf
dia ( )( )[ SSft

J: 1098.82 kip

The passive pressure force provided by the initial assumed stiffness and resulting
displacement value is shown below.

P=A, xK, =0.66in.(2234.86kip/in.) = 1475.01kip

P is larger than Pgi,. This is inconsistent with the assumed bilinear abutment stiffness
relationship, as shown in Fig. 7.14A of the Caltrans Seismic Design Criteria.

Seismic Specifications Section 5.2.3.3.2 allows us to iteratively soften the embankment
fill stiffness until the displacements are consistent with the assumed resisting force. After
several iterations, the following values were obtained.

K; =22 kip/in/ft.

Kﬁ]] =983.33 kip/in.

Kiotas = 1129.68 kip/in.

T =0.537 sec.

S.=0.39

P.=6.92 kip/ft.

Ppier = 0.89 kip/ft.

ADL =1.09 in.

Our final values for App. and Kgy; give us a P of 1075.94 kip, which is very close to our
Pain of 1098.80 kip.

At this point, we will need to return to Article 4.3.3 to determine the magnification factor
for short period structures. As you will recall, we skipped the step earlier since the period
of the structure had not been determined. From previous calculations, T=0.537 sec. and
T~=0.428 sec.

T*=1.25T, =1.25(0.428sec.) = 0.535sec. Eq.4.3.3-3
%
T2_05%5se. 4996 < 1.0
T  0.537sec.

By Equation 4.3.3-2, since T*/T is less than one, Rq=1.0. Thus, Ap; remains 1.09 in.
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This completes the demand analysis, and we will return to Figure 1.3-4 in the flow charts.

The next box in Figure 1.3-4 refers us to Article 4.4, Combine Orthogonal
Displacements.

5.1.2.3.3 Combination of Orthogonal Seismic Displacement Demands:

Article 4.4 defines two load cases. Load Case 1 is 100% of the displacement computed in
the previous section for the longitudinal direction combined with 30% of the previously
computed displacement in the transverse direction. This will be taken as the final
displacement demand in the longitudinal direction.

Casel = /Ay, > +(0.3-Ap; )

Substituting the previously computed values into this equation yields that the Case 1
deflection is

Casel = \/1.092 +(0.3-1.17)> =1.15 in. Longitudinal Direction

Load Case 2 is 100% of the displacement computed in the previous section for the
transverse direction combined with 30% of the previously computed displacement in the
longitudinal direction. This will be taken as the final displacement demand in the
transverse direction.

Case2 = /Ay, ” +(03-Ap, )’

Substituting the previously computed values into this equation yields the Case 2
deflection as

Case2 = \/1.172 +(0.3-1.09)> =1.21 in. Transverse Direction

This completes the combination of orthogonal displacements and we return to the flow
chart in Figure 1.3-4.

The next box in that figure refers us to Article 4.8, Determine Displacement Demands
Along Member Local Axis.

5.1.2.3.4 Determine Displacement Demands Along Member Local Axis.
Referring to Article 4.8, we find that the needed values are the ones we just computed,
namely,
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Ap =1.151n.
Ay =121 1n.

Going back to Figure 1.3-4, the next box refers us back to Figure 1.3-2. The point we left
off in figure 1.3-2 refers us back to Figure 1.3-1b.

The box after the one we last completed in Figure 1.3-1b (Displacement Demand
Analysis) refers us to Figure 1.3-3 for the computation of capacity.

Turn to Figure 1.3-3. Following that figure through to the first location where an action is
required, we arrive at the box titled “SDC B & C Determine Delta C — Implicit.” This
box refers us to Article 4.8.1 for determination of displacement capacity.

5.1.2.4 Displacement Capacity:

From Article 4.8.1, the equation for displacement capacity for SDC B is Equation 4.8.1-
1, which is:

A = (0.12H,)(-1.27In(x) — 0.32)

. Eq. 4.8.1-1
H, = Column Height (ft.)
AB,
X=
Ho Eq. 4.8.1-3

A= a factor for column end restraint
=1 for fixed free (the longitudinal direction)
=2 for fixed top and bottom (the transverse direction)
Bo=Column Diam. (ft.)
Substituting into this equation with H,=24 ft. and B,= 3.5 ft. yields:
Ac= 6.12 in. in the longitudinal direction and 3.59 in. in the transverse direction.
Ac must be greater than or equal to 0.12(Hy), which is 2.88.

Ac 1s thus 6.12 in. in the longitudinal direction and 3.59 in. in the transverse direction.

Returning back to Figure 1.3-3 and following it through from the box where we departed
from it returns us to Figure 1.3-1b.

In figure 1.3-1b the box after Displacement Capacity asks us to compare displacement
capacity to displacement demand.
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5.1.2.5 Compare Displacement Capacity to Displacement Demand:
The equation is

A G2

In the longitudinal direction, the displacement capacity is 6.12 in., which is greater than
the displacement demand of 1.15 in. The requirement of the equation is thus met.

In the transverse direction, the displacement capacity is 3.59 in., which is greater than the
displacement demand of 1.21 in. The requirement of the equation is thus also met in the
transverse direction.

The capacity demand values determined above are a first trial and sufficient for the
preliminary run. In the final design, the values will need to be corrected for shaft end
displacements and rotations. The shaft displacement and rotation values will need to be
obtained from the LPILE Analysis run by the Geotechnical Section. To insure that these
values are obtained, the top of shaft loadings in both the transverse and longitudinal
direction will need to be reported to the Geotechnical Section along with a request that
the rotations and displacements be independently calculated in each direction.

Return now to the flow chart in Figure 1.3-1b. Since the displacement demand vs.
capacity requirements have been met, we will proceed to the Satisfy Support
Requirements box.

5.1.2.6 Satisfy Support Requirements:

The first item in the box refers us to Article 4.12 for support lengths at expansion
bearings. The pier bearings are fixed, so we will need to check support length at only the
abutments.

Support Lengths at Abutments
The equation for support length presented in Article 4.12.2 is

N = (8+0.02-L+0.08- H)(1+0.000125-S%)

Following the definitions in the Article,

N = the support length (in.)

L = length of deck to adjacent expansion joint = 178.5 ft.

H = average height of columns (down to the point of fixity) supporting the bridge deck
from the abutment to the next expansion joint = (8 ft. abutment + 24 ft. pier)/2 = 16 ft.
S =0 degrees
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Substituting these values into the equation, we get a support length requirement (N) of
12.85 in. Referring to Table 4.12.2-1 for bridges in SDC B, we need to multiply N by
150%. This results in a final support length requirement of 19.28 in.

Looking ahead to the preliminary abutment design on page 105 of this example, we will
provide a support length of 24 in. to satisfy this requirement.

The next item in the box refers us to Article 4.14 for shear key design.

Shear Key
Shear key design will be undertaken during the final design phase.

Referring back to the flow chart in Figure 1.3.1-b, the next box refers us to Figure 1.3-5
for SDC B detailing.

5.1.2.7 SBC B Detailing:

Figure 1.3-5 defines three structure types. Examining the descriptions, it appears that
Type 1 best fits our situation.

Following the Type 1 column of the flow chart, the box titled “Determine Flexure and
Shear Demands” is the first box applicable to an SDC B bridge. The box refers us to
Article 8.3.

Determine Flexure and Shear Demands

Article 8.3.2 addresses detailing requirements for SDC B bridges. That article states that
the design forces for which detailing is to be determined shall be the lesser of the forces
resulting from the plastic hinging moment capacity of the columns or the unreduced
elastic seismic forces in the columns. Once the elastic seismic forces are calculated using
RC-PIER, they will be compared to the plastic hinging moment capacity of the columns.

Article 8.3.2 also refers the reader to Articles 8.5 and 8.6 for a determination of column
capacities. At this point in the design it would be premature to determine member
capacities. That determination will be delayed until final design. For now, we will
confine ourselves to the determination of design forces.

In our work under Displacement Demand, we determined p in both the transverse and
longitudinal directions.

Those loads are
Pe long = 6.92 kipS/ft.

Pe trans = 6.50 kipS/ft.

The longitudinal and transverse seismic loads need to be combined using the same
procedure from Article 4.4 as that for displacement.
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Casel = \/Pt)long2 + (03 : Petrans)2

Casel = \/6.922 +(0.3-6.50)* =7.19 kips/ ft. Longitudinal Direction

e trans

Case2 =[P,  +(0.3-P,,.)°

Case2 = \/6.502 +(0.3-6.92)* = 6.82 kips/ft. Transverse Direction

In the longitudinal direction,

P.=7.19 kips/ft.

The portion of this force distributed to the piers is based on stiffness.

Ppiers = 7.19 kips/ft. x 178.5 ft. x (145.12 kip/in. / 1129.68 kip/in.) = 164.87 kips

The force per pier is

Ppier = 164.87 kips / 2 piers = 82.43 kips/pier.

Going back to our seismic design model in RC-PIER, input Py (82.43 kips) as Global Z
direction bearing loads of 13.74 kips/ brng (82.43 kips / 6 bearing lines) under earthquake

loads. Input 1.05 in the Multiplier for Loads box to account for the “Essential”
importance factor.
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The following Analysis screen shows analysis results for the Extreme Event Seismic
Group load case.

¥ RCPier VBi (SELECTseries 1) - G:\Bridge On-Call\LRFD Design Examples\ReportiWesign Example Rpt April 2011- Seismic UpdatelLRFD Example ... [2|[E[X]
8 X

) File show Lbraries LEAP Bridge Help =)
Vol md @l O &8 w & & W Q2 0 s e R
Mew | Open Save SaveAs Print | Image Model | Resulks Diagrams | Wehicle Library Load Groups Footing Library  Pile Groups | Help Bentley Sike  About  E-mail  Manual  Tutorials
GI’ Project ] e Geometry ] 18 Loads 2 Analysis l 1 Cap ] ', Calumn ] an Footing ]
Ukits:
Type: |Envelope Extreme Event 5e v | Caze:  [SiENMG 2
r kips
A0 Parameters Effect: |Forces & Moment *| Format | General Right - kips-tt
Type of Analysis: & Frame © O Coord. System: ¢ Local  ©* Glabal Frint ...
[Memb  [Node | Fa | Fy | Fz | MalMas/Min | My | Mz
1 1 1.332 5423 -35.54 1171 -1.184 1376 ~
1.256 4505 355 1033 1224 -12.92
1 2 1.1 -442 355 -BE1.6 -1.224 E.6B2
1.257 5306 35.54 95938 1.184 T138
2 2 1.257 5306 -35.54 -9593.8 1184 7138
1181 442 355 8616 1224 E B2
2 ] 0.5098 426.8 355 1162 1.224 8547
0.5858 509.4 3554 2475 1184 9 BB7
2 4 0.7133 527.3 3354 1147 0.6429 F.974
0.7213 4274 362 1018 0.E405 7.993
2 5 07213 418.9 3362 -B47.9 0.6405 43686
0.7193 5155 3354 9794 06429 4.374
4 5 0.7133 5155 3354 -979.4 0.6429 4374
0.7213 41849 362 8479 0.E405 43686
4 E 0.2148 4E8.5 3319 1485 0.2443 2959
0.2162 559.2 sz 2816 0.2421 2977
| 7 1.6635 541.9 3551 1171 1.109 2068
0.5921 450.2 3547 1033 1.153 222
| 2 0.5521 441.7 -35.47 8613 1153 4261
0.6635 5301 fciakal 95935 1.109 4.72
B 2 1.6635 5301 3551 35935 1.109 472
0.5921 417 3547 861.3 1.153 4281
B | 0.5521 4765 -35.47 116.4 1153 8172
0.6635 509 fciaka 2477 1.109 934
7 10 ] il ] ] ] i]
] 1] i] ] ] i]
7 1 ] 813 ] ] ] 12.78
n 219 n n n 127 Y
A Updates | IES: Connested IE:5: Manual | Pler Viewdpstation MU

Note that the maximum moment at the top of the shaft is 994 ft.-kips. This is
accompanied by a horizontal load of 36 kips and an axial load of 531 kips. These loads
will be reported to the Geotechnical Section in the request for final foundation
recommendations.

To determine which design forces will govern the detailing, the plastic hinging forces
must be calculated according to Article 4.11.2.

Assuming €1, =0.003,
I,-E-¢ ~ 152745-3320.56-0.003
b y 21

= 72,457 kip —in. = 6038 kip — ft.

This value is greater than the maximum moment in the top of the shaft generated by RC-
PIER. As mentioned above, the lesser of the plastic hinging forces and the unreduced
elastic seismic forces will be used for detailing. Therefore, the elastic seismic forces
govern the detailing.
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Next, we will check the transverse direction.

P. = 6.82 kips/ft.

The portion of this force distributed to the pier is based on stiffness.
Ppiers = 6.82 kips/ft. x 178.5 ft. x (1/3) = 405.79 kips/pier

Going back to our seismic design model in RC-PIER, input Py.r as a Global X direction
cap load under earthquake loads.

The maximum moment at the top of the shaft is 330 ft.-kips. This is accompanied by a
horizontal load of 139 kips and an axial load of 659 kips. These loads will be reported to
the Geotechnical Section in the request for final foundation recommendations.

5.1.2.8 Foundation Design:

Looking over Figure 1.3-6 reveals that the only applicable requirement is Article 6.5,
Drilled Shaft.

Drilled Shaft

Article 6.5 lists the following requirements for drilled shafts. The disposition of the
requirement as it pertains to this example will follow the presentation of each
requirement.

e Drilled shaft design is to conform to the seismic design requirements for columns.
Shaft design for this example will conform to those requirements.

e The effects of streambed aggradation or degradation shall be taken into account
when establishing point of fixity in the shaft. Neither aggradation nor degradation
are anticipated at this location.

e The effects of liquefaction are to be considered. As discussed earlier, liquefaction
will not be a consideration at this site.

e A stable length will be established for the shaft. This is a geotechnical
consideration that will be met.

e The ultimate geotechnical capacity of the shaft will not be exceeded by seismic
loads. Again, this is a geotechnical consideration that will be met.

With that discussion, we return to the flow charts (Figure 1.3-1b), which indicate that we
are through, at least for preliminary design, with seismic considerations.

5.1.2.9 Summary of Preliminary Seismic Design:

The focus of our work so far in seismic design has been to check the adequacy of the
preliminary pier geometry we have selected to resist earthquake loading, and to
determine seismic forces and displacement with sufficient accuracy to allow the
Geotechnical Section to complete their analysis.
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Seismic work still to be completed under final design will be to add the effects of shaft
end displacements and rotation to the displacement demand figure we have calculated,
reassess seismic forces if necessary based on a revised point of fixity, and check the
requirements for SDC B level of detailing.

With that, we will leave seismic design for now and return to determining forces for the
500-year flood event.

5.1.3 Run for 500-Year Flood (Extreme Event Group I1)

The last step in the preliminary pier design is to check the ability of the pier to withstand
the loading of the 500-year flood. From Table 3.4.1-1 of the LRFD Specifications, the
Extreme Event Group II load case will be used.

The stream flow data for the 500-year flood are as follows:

V =12 ft./sec.
Scour depth = 15 ft.
High water elevation = bottom of pier cap

The load combination will be Extreme Event Group II. To verify the adequacy of the
design, an RC-PIER run will be made with the appropriate load combination, and the
resultant forces will be compared to the ultimate capacities of the members.

Referring to Article 3.7.3 of the LRFD Specifications, the stream flow pressure acting on
the structure in ksf is given by

— CD\/2
1,000

P

The drag coefficient for the columns and shafts is 0.7 from Table 3.7.3.1-1.
Using this value, the pressure acting on the columns is 0.101 ksf or 0.35 kips/ft.
Likewise, the stream flow load acting on the shaft is 0.404 kips/ft.

The pressure acting on debris lodged against the column is calculated using Figure
C3.7.3.1-1 and the associated commentary. In the commentary, Cp=0.5. With the 500-yr
flow velocity, we get a stream flow pressure of 0.072 ksf.

We will turn this pressure into a force acting at the centroid of the debris raft. To do this,
we will need to calculate dimensions A and B from Figure C3.7.3.1-1. The depth, A,
should be half the water depth, but not greater than 10 ft. The width, B, should be the
length of the superstructure tributary to the pier, but not greater than 45 ft.
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=171ft. > 10ft.

4 (19+15)
2

=65.8751t. > 451t.

B (43.72 +88)

Since A and B are both greater than their allowable lengths, we will use A = 10 ft. and B
=45 ft. The result is a force of 16.2 kips acting at the centroid of the debris raft, which is
3.33 ft. from the top of the column.

For this run, the location of maximum moment in the drilled shaft will be assumed at 5 ft.
below the 500-year scour depth or 20 ft. below streambed elevation.

With that information, we are ready to go to RC-PIER again.

Going back to the Column Geometry, ensure that the column diameter is again set to 42
in. Next, in the Drilled Shaft screen for each column, change the location of the point of
fixity to 20 ft. below streambed as shown below. Click OK.

Drilled Shaft X

¥ Included Type
{+ Circular

" Rectangular

|/| Parameter

Diameter: (48, in
b Depth [£]: in
h1 h [Y): 46 ft
h1: 26. ft
(1] 8 | Cancel |
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Bring up the Loads screen and input the stream flow loads by editing the WA1 load to
match the screen shown below.

~ Bearing / Girder loads ~ Column Loads / Settlement

B'Ef:::g BPZ?:&Q Dir | Load Col Nr LoadType | Dir Mag1 il Mag2 y2iL Urits
T+Shatt w|  Pressue +| % « 01010 01300 0.0000  1.0000 et
»| 1+Ghait Foce w| X »| 162000/ 09150 00000  0.0000 Kips

Inzert | Copy | Delete I Delete Al I
~ Cap Load 1
Load Type | Dir Arm MagT 1L Mag2 2/ Units H|

[ft)

Irizart | Copy | Delete Delets All

~ Strain Load

Urit |D.

+ Expansion - Contraction Inzert | Copy I Delete | Delete Al |

Factar Auta Generation Import Loads

M arne: |WA1 W aber

el IEDD-yr food kultiplier for Loads: Generate Import
Mate: Yertically downward loads be 0K Cancel |

added as negative loads in'Y' direction.
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Modify the Loads screen as shown below so that only Extreme Event Group II will be
calculated.

¥ RCPier ¥8i (SELECTseries 1) - G:\Bridge On-CallM RFD Design Examples\Repori\Design Example Rpt April 2011- 500 yr flood UpdateM RFD Exam.
O File Show Libraries LEAP Bridge Help - 8 x

Ve @ m ¢ @ O 8 = & # W |9 € % e 9

Mew | Open Save SaveAs Print | Image Model | Results Diagrams @ Vehicle Library Load Groups Footing Library  Pile Groups | Help  Bentley Sike  About  E-mail Manual  Tutorials

9" F'ro\ecl‘ * Geometry i Loads l Q Analysls] ﬂ Cap 1 ., Enlumnl ol Footmg1

Load Type: Selected Loads:
A 5 | |DC1 : Precast DC » Edi...
DD: Downdrag w1 Composite D'w' —= ‘—J
D Wearing Surfaces and Utilites PL1 : Pedestrian Live &
EH: Horizontal E arth Pressure . ﬂ
EY: V. Pressure from Dead Load of Earth Fil W51 : Angle: O
ES: Earth Surcharge Load w1 : Angle: 0 ‘Qel—ateJ
LL: Wehicular Live Load + I T : Temperature
CE: Wehicular Centrifugal Forces LLpT  : Pemi Live Delets Al
EBR: Braking Force LLp2
FL: Pedestrian Loads LLp3 EL detail
LS: Live Load Surcharge LLpd
‘Wb \Water and Stream Pressure | LLph
W5 Wind Load on Structure LLpE
‘WL wind Load on Live LLp?
FR: Friction Forces LLp2
TU: Uriform temperature LLpg
CR: Creep LLp10
SH: Shrinkage LLp11
EL: Locked-in Effect LLp12
TG: Temperature Gradient b LLp13 b
Available Groups: Selected Groups:

STRENG EXTREME EVENT GROUP I

STRENGTH GROUP Il
STREMGTH GROUP IV
STRENGTH GROUPY
EXTREME EVEMT GROUF |
EXTREME EVEMT GROUF Il

SERYICE GROUP |

SERVICE GROUP Il 2

SERVICE GROUP Il

SERVICE GROUP I

FATIGUE b

EXTREME EVEMT SEISMIC GROUP | Combinations
= iy

Fieady AW Updates | BS: Connected | 13 Manual | Pier Viewpstation | R |
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Click on the Analysis tab and run the analysis. The results are shown below. An
examination of these forces reveals that all members are well below their capacity.

¥ RCPier VBi (SELECTseries 1) - G:\Bridge On-Call\LRFD Design Examples\ReportiWesign Example Rpt April 2011- 500 yr flood Update\ RFD Exa... [ |[E][X]

) File show Lbraries LEAP Bridge Help - 8 x
Vol md @l O &8 w & & W Q2 0 s e R
Mew | Open Save SaveAs Print | Image Model | Results Diagrams | Vehicle Lbrary Load Groups Footing Library  Pile Groups | Help  Bentley Sike About  E-mal  Manual - Tutorials
GI’ Project ] e Geometry ] 282 | oads Q Analsis l ﬂ Cap ] ', Column ] an Footing ]
Bun Analysis... Type: |Envelope Extreme Event v | Cage:  |Fxmax/min - Ur?lts
r kips
A0 Parameters Effect: |Forces & Moment *| Format | General Right - kips-tt
Type of Analysis; * Frame © O Fririt ..
[Memb  [Node | Falid e/ Min) | Fy | Fz | M | My | Mz
1 1 -15.78 4754 EE12 3833 -0.925E 2BE.4 A
1283 B53.8 EE19 409.4 -0.9358 2206
1 2 E.878 -B06.7 -EE19 2771 0.9358 7938
49.854 441.5 EE12 -251.1 0.9256 5793
2 2 -9.854 4415 EE12 2511 -0.9256 5793
.87 80E.7 EE19 2771 09358 7938
2 ] 16.75 472 4 E.E19 1381 0.9358 2046
1377 416.8 E.E12 122 0.9256 78.33
2 4 9,085 4387 4,836 358.5 0.01478 206.9
£.53 E13.2 4,847 3779 0.01527 158.6
2 5 B.53 5EE. 1 4.847 2826 0.01527 28.0
9.085 404.8 4836 -262.9 0.01478 25,82
4 5 9,085 404.8 4,836 262.9 0.01478 25.82
£.53 5EE.1 4,847 2826 0.01527 28m
4 E B.53 531.8 4.847 1825 0.01527 109.1
9.085 3801 4836 1626 0.01478 164.3
| 7 8.951 570.4 EE16 409.4 0,968 15938
5.978 452 E.E1 383.2 0.9564 1541
| 2 £.978 4581 EB.E1 251 00,9564 34.52
8.951 5233 E.E16 277 0,968 2077
B 2 8.951 5233 EE16 277 0,968 2077
5.978 4581 E.E1 251 0.9564 34.52
B | £.978 4334 EB.E1 122 00,9564 91.02
8951 489 E.E16 1381 0,968 167.2
7 10 ] il i] ] ] i]
] 1] i] ] ] i]
7 1 ] 813 i] ] ] 12.78
n 219 n n n 127 Y
A Updates | IES: Connested IE:5: Manual | Pler Viewdpstation MU

5.1.4 Conclusion of Preliminary Design

With the check of the 500-year flood, the preliminary design work for the pier is
concluded, and we are now ready to transmit shaft loads to the Geotechnical Section for
final foundation recommendations. These loads, acting at the top of shaft, are as follows
(referring to the Load summary for each RC-PIER run):

Strength Groups

e Axial Load = 749 kips
e Horizontal load = 20 kips
e Moment =923 ft.-kips

Scour depth is 10 ft.
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Extreme Event Seismic

Transverse

e Axial Load = 659 kips
e Horizontal load = 139 kips
e Moment = 330 ft.-kips

Longitudinal
e Axial Load =531 kips
e Horizontal load = 36 kips
e Moment = 994 ft.-kips

Scour depth is 0 ft.

Extreme Event II (500-yr flood)
e Axial Load = 566 kips
e Horizontal load = 7 kips
e Moment = 283 ft.-kips

Scour depth is 15 ft.

EXAMPLE NO.1: Concrete Bridge
LRFD Specifications

In the transmittal to the Geotechnical Section we will need to state that (1) these loads are
factored loads, (2) they are acting at the top of shaft elevation and (3) we want a
recommendation on shaft length and an LPILE analysis for each load case.
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5.1.2 Preliminary Abutment Design

Preliminary abutment configuration is shown below.

| g -3 4 (I—ﬁ"

’—\ 3 | |l gi |
2.04 SLOPE X 2.0% SLOPE = :

P k K ] 7 - o _———
| 7 ol = r

=g . ckzz

5| /

2 Il

= | [

ol 1 [ I

i ]

IYPICAL SECTION AT ABUTMENT

NOTE: TO ALLOW FOR FUTURE PAD O\_/
INSFECTIONS, THE DESIGNER SHOULD

NOT USE SHEAR KEYS DIRECTLY IN

FRONT OF THE BEARING PADS,

Abutment analysis and design, like the pier analysis, can readily be completed using RC-
PIER. The process would very closely follow the one used for pier design, so closely, in
fact, that presenting it here would be quite redundant. For that reason, a complete
abutment design will not be presented. Rather, the differences between an abutment and a
pier design will be discussed. Those differences are as follows:

1. For stream crossing bridges, it is generally accepted that the abutments are
protected from scour. For that reason stream flow forces will not be applied to
abutments in most cases. Since the high water elevation is at the bottom of the
pier cap, we will not need to investigate stream flow forces.

2. The depth to fixity (location of maximum moment) will be much shallower than
for a pier. A good first assumption would be 10 ft. below the bottom of the
abutment cap.

3. Depending on the abutment configuration, earth pressure loads may need to be
applied.

4. Seismic analysis will be required since we have included contribution from the
abutments.

In an actual design situation, though, loading similar to that computed for the pier would
be determined and submitted to the Geotechnical Section for their use in preparing the
foundation report.
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