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Development of Multimedia Resource and Short Courses for LRFD Design
Executive Summary

Multimedia technology is an essential instrument in the development of graduate engineers. This
multimedia package provides an exclusive background and an in-depth understanding of the new
technological advances in the design of concrete, steel and prestressed concrete bridges. It gives
guidelines and step-by-step instructions for the design of different types of bridges using the
LRFD specifications. It also includes an introduction of comparing three rating procedures
(ASR, LFR, and LRFR). One of the advantages of the package is that it can be conveniently
updated and modified to add future changes and procedures necessary for today’s structural
demand.

The LRFD specifications were created with a conservative point of view, applying almost
exclusively the limit states of strength. It is consistent with other major bridge codes adopted or
being adopted in many other countries such as Canada and the European countries. Because of
this many states throughout the United States have changed their specifications and are currently
implementing LRFD. It incorporates deep analysis and design methods with different kinds of
loads and resistance factors, which are based on the known variability of applied loads and the
material properties. This multimedia package includes the basis in which an engineer can design
a concrete bridge using LRFD specifications. It includes some PDF documents containing
explanatory examples and an overview of the strategic development of this structural code.

This project has a main focus to be a self-training tool for inexperienced engineers who are
interested in learning about the implementation of LRFD specifications in the design of concrete
bridges. It is a valuable tool because it contains procedures and specifications for each possible
situation together with detailed examples and illustrations. This package is a time saving, user-
friendly, reliable way of learning.

The CD multimedia package will be periodically updated by the principal investigator.
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1.0 Introduction

The main goal of the LRFD multimedia package is to provide a practical introduction and an in-
depth understanding of the new technological advances in the designing of bridges. This
package can be used to train engineers, architects, designers, and personnel who are in charge of
the design, construction, maintenance, and reconstruction of bridges because it is a self-training,
time-saving tool. The complete package includes instructions of how to design concrete, steel
and prestressed concrete bridges with AASHTO load and resistance factor design
recommendations and specifications and six examples from which the user can have a generic
overview of the design process.

Load and Resistance Factor Design (LRFD) specifications is a method of proportioning
structures such that no applicable limit state is exceeded when the structure is subjected to all
appropriate design load combinations. The LRFD specifications, like all other structural
specifications, treat almost exclusively the limit states of strength because of the overriding
considerations of public safety for people and property. LRFD specifications are among the
many publications developed and maintained by the American Concrete Institute (ACI). Since
the first edition of LRFD was published in 1994, many states have been diligently developing
plans and taking steps to fully implement LRFD. The Federal Highway Administration (FHWA)
has established a goal that the LRFD standards shall be used in all new bridge designs in the
United States after 2007.

For bridges and total replacement bridges designed by LRFD Specifications using HL-93, after

October 1, 2010 Method used to determine Operating Rating, Operating Rating, Method used to
determine Inventory Rating and Inventory Rating are to be computed and reported to the NBI as
a RF based on LRFR methods using HL-93 loading. An introduction comparing the three rating
procedures (ASR, LFR and LRFR) is included in the CD.

The CD package will offer a tutorial that employs a wide range of multimedia, including
hyperlinks and high-resolution graphics. To ensure the use of this multimedia package, it will be
machine adaptable and design to run on different operating systems. The advantage of this
package is that it can be accessible for updating and adding information whenever necessary. It is
a self-training and time-saving tool.
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2.0 Methodology

An extensive review of the existing literature and information available on LRFD was done.

Since LRFD is an upcoming topic, step-by-step procedures were included in the package for
better understanding.

The package is divided into twelve chapters accompanied with six design examples and various
technical definitions. Each chapter contains specific equations, tables, and diagrams of
relevance. To utilize the benefits of a multimedia product to the fullest, hyperlinks were created
in all the chapters as well as the design examples to quickly access the required details. There is
also display boxes that provide the instantaneous definitions to technical terms, a feature
designed for a new engineer. This package was created with the Macromedia Dreamweaver MX
software for creating dynamic HTML pages.

For further updates of the multimedia package according to the LRFD specifications including
any recommendation by ALDOT (Alabama Department of Transportation), the contact
information of the principal investigator is included in the package.
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3.0 Website/CD-ROM Description

This multimedia package includes a homepage together with twelve chapters and some basic
theory concepts. It also provides the user with five concrete bridge design examples and several
other helpful links for designing concrete bridges. It also includes a link providing some concept
definitions. The following is a description of these sections.

3.1 Home Page

The home page is a welcoming page explaining the goal and advantage of the package. This
page also provides an overview of its contents. This multimedia package is a self-training tool
providing information on LRFD specifications (See Figure 1).

Reliability Definitions Genaral

Multimedia Package for LRFD  ne gost of this package is to provise a practical itroduction ans

= i an in-depth understanding of the new technological advances in the
Bnd ge Des|gn designing of Concrete and Steel Bridges. The new AASHTO LRFD
Bridge Design Specifications offer many advantages as they are

based on sound principles and logical approaches.

This is a comprehensive and self-training tool with intentions to be
Here you will find information about the basis of the Load and Resistance Factor user friendly and time saving for those who are interested in
Design (LRFD); topics about its basis, reliability and chapters based on the leaming about implementation of LRFD Specifications. The
AASHTO LRFD Bridge Design Specifications. A kst of definitions is provided for  information provided here is useful for designing and building quality
each chapter and also helpful definition boxes throughout the chapter's taxt are  bridges with a high level of reliabdity for the 21st century,
presented. Click on the lirks above and to the laft to browse through all this
nformation.

Department of Civil and Environmental Engineenng
Uruversity of Alabama in Huntsville

< >
% Find | partalioad fa ¥ ot § previews o Hghight gl [] Maigh case

Figure 1: Home Page of the Multimedia Package for LRFD Concrete Bridge Design
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3.2 Introduction

The introduction page provides the user a brief description of LRFD specifications. This page
explains why these specifications are needed and are better for bridge design. It introduces the
user to the benefits of LRFD. This page projects the idea of LRFD being implemented for all
bridge designs in the United States (See Figure 2).

)

fda
Load and Resistanée FactoF Design

Raliability

Introduction

Load and Resistance Factor Design Specifications (LRFD Specifications) is 8 method of proportioning structures such that no applcable kmtt state is
exceeded when the structure is subjected to all appropnate design load combinations. The LRFD Specification, ke all other structural specifications, treats
i almost exclusively the limit states of strength because of the overnding considerations of public safety for people and property. LRFD Specifications are
among the many publications developed and maintaned by the Amencan Concrete Institute (ACI)

Load and Resistance Factor Design (LRFD) is simidar to plastic design in that strength, and falure condition 1s considered, LRFD incorporates deep analysis
and design methods with different kinds of loads and resistance factors. Resistance factors are based on the known vanabdity of applied loads and the
matenal properties

The Federal Highway Administration and States (FHWA) has established as a goal that LRFD standards shall be used in all new bndge designs in the United
States after 2007. These specifications are to be used for the design, evaluation and rehabilitation of ficed and movable highway bndges.

[ »
X Find: | partialiond fa 4 ot § previews o Hghight g [] Maigh case

Figure 2: Introduction Page Explain what are LRFD Specifications
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3.3  Description of Chapters

3.3.1 LRFD Concrete Design:

The following twelve chapters and their descriptions are from the AASHTO LRFD Specification
Manual-Interim Revision 2005.

3.3.11 Chapter 1: Introduction

Chapter 1 introduces the concept of limit states and load modifiers that are required in the design
specifications of Load and Resistance Factor Design (LRFD).

According to LRFD design philosophy, bridges are designed for specific limit states that fulfill
the security, service, aesthetic, economy, and constructability objectives. The following limit
states are considered:

1. Service Limit State — It is taken as restrictions on stress, deformations and crack width
under the regular service conditions.

2. Fatigue and Fracture Limit State - It intended to limit the crack growth under repetitive
loads in order to prevent fracture under the design life of the bridge.

3. Strength Limit State — It is used to ensure that the bridge receives the statistically
significant load combinations without affecting its stability and strength in a local and
global form. Structural integrity is expected to be always maintained.

4. Extreme Event Limit State — It is used to ensure structural survival of the bridge under
extreme conditions like earthquakes, floods, vehicle collision, tidal waves, etc.

The following are the three load modifiers considered in LRFD specifications:

1. Ductility — At strength and extreme event limit states, the structure system of the bridge
will undergo significant and visible inelastic deformations before failure.

2. Redundancy — Main elements and components whose failure is expected to cause a
collapse of a bridge shall be designated as failure critical and the associated structural
system as non-redundant.

3. Operational Importance — The owner may declare a bridge or any structural component
and connection to be of operational importance.
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Load and Resistanée Facto? Design

Home Introduction Theory ability Definiti

1. Introduction

Quick Links

1. LIMIT STATE
1 Service Limit State
u Fatigue and Fracture Limit State
m Strength Limit State
w Extreme Event Umit State
2 LOAD MODIFIER
1 Ductility
1 Redundancy
m Operational Importance

LIMIT STATE

A it state is a condition beyond which a structure does not fulfill its intended functions. Limit state may be the stage of actual collapse of whols or
part(s) of a structure due to fracture or instability

The following Limit States are taken into consideration:

Service Limit State: It shall be taken as restrictions on stress, deformation, and crack width under regular service conditions. It provides certain
expenence related provisions that cannot always be derived solely from strength or statistical considerations,

(%]

Fatigue and Fracture Lmit State: It shall be taken as restnctions on stress range as a result of a single design truck occurnng at the number of
expected stress range cycles. It shall depend on a set of matenal toughness requirements of the AASHTO Material Specifications, It is intended to
mit crack growth under repetitive loads to prevent fracture during the design ife of the bridge.

w

Strangth Limit State: It shall be taken to ensure that strength and stabdity, both local and global, are provided to resist the specified statistically
significant load combinations that a bridge is expected to experience in its design ife. Extensive distrass and structural damage may occur under
it, but overall structural integrity is expected 1o be maintained.

4. Extrema Event Limit State: It shall be taken to ensure the structure survival of a bndge during a major earthquake or flood, when colided by a
vessel, vehicle, or ice low, possibly under scoured conditions.,

In the Load and Resistance Factor Design Specifications (LRFD Specifications) the dasign strength of each structural component and connections shall

satisfy the following equation for each hmit state, unless otherwise specified. For service and extreme events imited states, resistance factors shall be
taken as 1.0, except for bolts, for which the provisions are mentioned later. All imit states shall be considered of equal importance.

Zone =@, =R,

for which:

Figure 3: Chapter 1: Introduction Page Explains the Limit State and the Load Modifier
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3.3.1.2 Chapter 2: General Design and Location Features

This chapter provides minimum requirements for clearances, environmental protection,
aesthetics, geological studies, economy, rideability, durability, constructability, inspectability,
and maintainability. Traffic safety is also considered in this section.

Chapter 2 also involves the minimum requirements for drainage facilities and self-protecting
measures from ice, water, and water-borne salts. Scour, hydrology, and hydraulics that have
caused bridge failure are included.

The configuration and overall dimensions of a bridge should be able to be determined from this
chapter.

1 A

P

fda . — =
Load and Resistanéé FactoF Design

Introduction Theory Reliahility Definitions

Fye = specified yield gth of the comp flange (ksi)
o = depth of steel girder (ft.)
Las = an arc girder length defined as follows (ft.):

© arc span for simple spans;
© 0.9 times the art span for continuous end-spans;

© 0.8 times the arc span for continuous Intenor spans.

Table 1: Traditional Minimum Depths for Constant Depth Superstructures

|
Minlmum Depth {Including Deck)
Suporstructure ;wnan vanable depth members are used, values may be adjusted to
feccount for changes in relative stiffness of positive and negative
_|imoment sections
Matenal Type | Simple Spans Continuous Spans
Slab with masn | 12(S +10 410
reinforcement parallel to L ) —— 2054 ft
traffic 30 30
Reinforced  |[7-geams | 0.070 L 0.065 L
Corcrete
Box Boams gosoL 0.0s5L
Padestriam Structure |
Iaea'ﬂs | 0.035 L 0.033 L
folabs _ 0.030 2 6.5 n. . 0.027L26.5in.
CIP Box Beams | 0.045 L 0.040 L
Prostressed || Precast [-Beams 0.045 L 0.040 L
Corcrete  |lbadestrian Structure
A 0.033 L 0.030L
Adjacent Box Beams | g030L gg25L
[Overall Depth of
- I-Beam 0.040L 0.032L
Steal iDepth of 1-Beam Portion
lof Composite 1-beam i gt
[Trusses | 0.100 L 0.100 L
| Conmderations of Future Widening
Multibeam Bndges - Unless future g is virtually able, the load carrying of extenor besms shall not be less than

Extenor Beams on Mull )
the load carrying capacity of an intenor beam.

2 Sybstructureg - When future widening can be anticipated, consideration should be given to designing the substructure far the widend condition

Figure 4: Chapter 2: Table of Traditional Minimum Depths for Constant Depth Superstructures
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3.3.1.3 Chapter 3: Load and Load Factors

Chapter 3 defines minimum requirements for loads and forces, the application’s limits, load
factors, and load combinations used for the design of new bridges. The load provisions can also
be used for the structural evaluation of existing bridges. This chapter also includes the force
effects due to collisions, earthquakes, and settlement and distortion of the structure.

Force effects that develop during construction have a specified minimum load factor.
Construction loads are not included in this section.

The following loads are discussed in the section:

Permanent Loads — The weight of all components of the structure, appurtenances and utilities
attached thereto, earth cover, wearing surface, future overlays, and planned widening.

Live Loads — Forces that are variable within the bridge’s normal operation cycle (Example: load
exerted by a vehicle).

Water Loads (WA) — Loads that include static pressure, buoyancy, stream pressure, and wave
load.

Wind Loads (WL and WS) — The loads in this section are horizontal wind pressure, vertical wind
pressure, and aeroelastic instability.

Earthquake Effects (EQ) — Loads that shall be taken to be horizontal force effects determined on
the basis of the elastic response coefficient and the equivalent weight of the superstructure, and
adjusted by the response modification factor.

Earth Pressure (EH, ES, LS, DD) — Loads that consider compaction, presence of water in the
earth, and the effect of earthquakes.

Force Effects due to Superimposed Deformations (TU, TG, SH, CR, SE) — Internal force effects
in a component due to creep and shrinkage and the effect of a temperature gradient are
considered. Force effects resulting from resisting component deformation, displacement of
points of load application, and support movements should also be included.

Friction Forces (FR) — Forces due to friction shall be established on the basis of extreme values
of the friction coefficient between the sliding surfaces.

Vessel Collision (CV) — A bridge constructed in a navigation channel is designed for a vessel
collision.
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“ I 4 =
-3 - —_— -
Load and Resistance Factor Design
Home Introduction Theory Raliability Definitions General Contact Us
, shall be taken as the area under the normal distibution modelng the saling patn of an aberrant vessel near the bndge bounded by the pier wiath

and the width of the vessel on each side of the per, as specified in Figure 35, The standard deviation of the normal distribution shall be assumed Lo be
equal to the length overall, LOA, of the design vessel selected in accordance with Dasign Vessel.

~ »hBE

The location of the mean of the standard distribution shall be taken at the centeriine of the vessel transit path, PG shall be determined based on the
width, Bm, of each vessel classification category, or it may be determined for all classification intervals using the By, of the design vessel selected in

accordance with Dasign Vostel.

CENTERUINE OF | B2+
VESSEL SaNG| -t

PAT “-.\r\'l i !

e . AN

Design Exampl

/'/;f/ —

INTERSECTION PATH
O CENTERUINE OF PIER

Figure 36: Geemetric Probability of Pier Collision
Brobabality of Collapse - The probability of bridge collapse, PC, based on the ratio of the ultimate lateral resistance of the pwer, Hg, and span, Hg, to the
vessel impact force, P, shall be taken as:
* If 0.0 £ H/P < 0.1, then

C=0 ]+9[D I-E-]
2

o If0L1SHP < LD

Figure 5: Chapter 3: Geometric Probability of a Pier Collision
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3.3.14 Chapter 4: Structural Analysis and Evaluation

This chapter defines methods of analysis suitable for the design and evaluation of bridges and is
limited to the modeling of structures and the determination of force effects.

Bridge structures are to be analyzed elastically; however, this section permits the inelastic
analysis or redistribution of force effects in some continuous beam superstructures. It specifies
inelastic analysis for compressive members behaving inelastically and as an alternative for
extreme event limit states.

The loads, load factors, and resistance factors specified throughout the specifications were
developed using probabilistic principles combined with analyses based on linear material
models.

fda
Load and Resistancé FactoF Design

Horr Introduction Theory Reliability

Connections between the bndge superstructure and the abutments shall be designed for the miimum force requirements as specified in Calculation of
Resign Farces.

Minimum seat width

q its shall be satisfied at each abutment as specified in Minimum Displ

S Multispan Bridges
1. Selection of Method - For multispan structures, the menimum analysis requirements shall be as specified in Table 16 in which:

= no seismic analysis required

uL = uniform load elastic method
SM = single-mode elasic method
MM = multimode elastic mathod
™ = time history method

Table 16: Minimum Analyss Requirements for Seismic Effects

Multispan Bridges

Seismic Zone Single-Span Bridges Other Bndges |Essential Bridges | Critical Bndges

regular{irmegular | regular | irregular |regular|imegqular
- - . - - 0

1

< No sesmic analysis required S — SMAL e o~ o
! i i

3 SMAULL MM MM MM MM TH

4 O MM MM TH TH

Except as specified below, bridges satisfying the requirements of Table 17 may be taken as “regular® bridges. Bridges not satisfying the
requirements of Table L7 shall be taken as “wregular” bridges

Table 17: Regular Bridge Requrements

Paramater Value
Humber of Spans 2]3]4]s]e
Maximum subtended angle for a curved bridge [90°]90°190°|90°|90
Maximum span length ratio from span to span 3)2]2]Ji15]15
Maximum bent/per stiffness ratio from span to span, excluding slelzlz
jabutments

Curved bndges comprised of multiple simple-spans shall be considered to be “irmegular® if the subtended angle in plan s greater than 20°, Such
bridges shall be analyzed by either the multimode elastic method or the time-history method.

A curved continuous-grder bridge may be analyzed as if it were straght, provided all of the following requirements are satisfied:
© The bndge is "requiar® as defined in Table 17, except that for a two-span bridge the maximum span length ratio from span to span must not
exceed 2;
© The subtended angle in plan is not greater than 90°; and
© The span lengths of the equivalent straight bndge are equal to the arc lengths of the curved bndge.

If these requirements are not satisfied, then curved continuous-girder bridges must be analyzed using the actual curved geometry.

Figure 6: Chapter 4: Tables on Minimum Analysis Requirements for Seismic Effects and on Regular Bridge
Requirements
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3.3.1.5 Chapter 5: Concrete Structures

This chapter discusses the design of bridge structures in concrete. The provisions in this section
apply to the design of bridge and retaining wall components of normal weight or lightweight
concrete and reinforced with steel bars, welded wire reinforcement, and/or prestressing strands,
bars, or wires.

The provisions combine and unify the requirements for reinforced, prestressed, and partially
prestressed concrete, including seismic design, analysis by the strut-and-tie model, and design of
segmentally constructed concrete bridges and bridges from precast concrete elements.

fda
Load and Resistanéé FactoF Design

Introduction Theory Reliability Genaeral

5. Concrete Structures

The pravisions in this section apply to the design of bndge and retaming wall components of normal weight or hghtweight concrete and reinforced with
steel bars, welded wire reinforcement, and/or prestressing strands, bars, or wires. The provisions are based on concrete strengths varying from 2.4 ks
. to 10.0 ksi, except where higher strengths are allowed.

The provisions of this section combine and unify the requirements for reinforced, prestressed, and partially prestressed concrete. Provisions for seismec
design, analysis by the strut-and-tie model, and design of segmentally constructed concrete bndges and bndges made from precast concrete elements
have been added

Quick Links

1. MATERIAL PROPERTIES
Normal and Structural Lightwaght Concrete

. Renforcing Steel
m Prestressing Stesl
. Post-Tensioning Anchorages and Couplers
v. Ducts
2. LIMIT STATES
1 Service Limit State
o Fatigue Limit State
m Strength Limit State
w. Extreme Event Lmit State
3. DESIGN CONSIDERATIONS
1 Effects of Imposed Deformation

e Strut-and-Te Mathod
4. DESIGN FOR FLEXURAL AND AXIAL FORCE EFFECTS
1 Assumptions for Service and Fatigue Limit States
n Assumptions for Strength and Extreme Event Limit States
m Flexural Members
w. Comprassion Membars
v. Bearnng
W Tension Members
5. SHEAR AND TORSION
1 Dasign Procedures
& General Requirements
m Sectional Design Model
w. Interface Shear Transfer - Shear Friction
v. Pnncipal Stresses in Webs of Segmental Concrete Bridges »

Figure 7: Chapter 5: Concrete Structures Page
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3.3.1.6 Chapter 6: Deck and Deck Systems

This section contains provisions for the analysis and design of bridge decks and deck systems of
concrete, metal, or their combination subjected to gravity loads. Implicit is a design philosophy
that prefers jointless, continuous bridge desks and desk systems to improve the weather and
corrosion-resisting effects of the whole bridge, reduce inspection efforts and maintenance costs,
and increase structural effectiveness and redundancy. This chapter is divided into five parts
covering the following areas: the general design requirements, the limit states, the proper
structural analysis, and its application to concrete deck slabs and metal slabs.

fdgq
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1. Minimum Plate Thickness - The deck plate thickness, t, shall not be less than 0.5625 in or 4% of the larger spacing cf web nbs.

2 Closed pibs - The thickness of closed ribs shall not be less than 0.1875 in. B0% partial penetration welds between the webs of a closed rib and the
deck plate should be permitted. Cross-sectional dmensions of an orthotropic steel deck shall satisfy:

where:

t; = thickness of the nb web (in.)

td.e# = effective thickness of the deck plate, with consideration of the stiffening effect of the surfacing (in.)
a = larger of the spacing of the nb webs (in.)

h' = length of the inchned portion of the nb web (in.)

The intenors of closed ribs shall be sealed

© By continuous wealds at the nb-to-deck plate interface,
© At welded nb splces, and
O At the diaphragms at the ends of the nks.
3 Unauthonzed welding to orthotropic decks - Welding of attachments, utility supports, kfting lugs, or shear connectors to the deck plate or rbs
shall not be permitted,
4. peck and Rib Detasls - Deck and nb splices shall either be welded or mechanically fastened by high-strength belts using Figure 2. Ribs shall be run
continuously through cutouts in the webs of floorbeams, as shown in Figure 2,

Internal duzphragms in the
plane of Moorbeam web

Ses Commentary
; b
a L]

X
19 o) ‘1 D -t) ¥ a a) )
ﬁ P K 3 r 2
\ T ——
. =
\r &) I‘\_NL-'[ <) 9
3 — g ALY by
\'/" _/ Vk e -
3 © I ] by o) b
4 1
W4 I \ \ I \3
Free cutout, ses Commentary. Free cutout, see Commentary
a) Intersections of closed rbs with floorbeams b) Intersections of open nbs with floorbeams

Figure 8: Chapter 6: Detailing Requirements for Orthotropic Decks

Final Report: ALDOT Project 930-703
Department of Civil and Environmental Engineering

UAHuntsville 18




3.3.1.7 Chapter 7: Foundations

This chapter provides the LRFD specifications for the design of spread footings, driven piles,
and drilled shaft foundations. In case of spread footings the general considerations shall apply to
the design of isolated footings and, in some cases, to combined footings. Footings should be
designed so that pressure under the footing is as nearly uniform as practical.

In some cases, positive anchorage should be provided between the rock and footing such as that
provided by rock anchors, bolts, or dowels. In case of inclined load, failure by sliding shall be
investigated for footing that supports this condition.

fda
| o - -— .
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c* = reduced effective stress soil cobesion for punching shear (tsf)
# " = reduced effective stress soil fnction angle for punching shear (@)

= Considerations for Fogtings on Slopes - For footings beanng on or near siopes:
Ny = 0.0

In Gn = ey # YDyNgmCug + 0.5 ?‘a,\r_r_.. N and N, shall be replaced with Neg and N, 5 respectively, from Figures 8 and 8 for footings
bearing on or near slopes. In Figure 8, the slope stability factor, N,, shall be taken as:

™ For B < Hy!

Ny =0
® For B 2 Hy!

My = FHgfC
whera:!

B = footing width (ft.)
H; = height of sloping ground mass (ft.)

p gy o | Voustehon
| DWBe0 =— i ] s —
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Figure 8: Modified T B A ali; Factors for Footing in Cohesive Soils and on or Adjacent to Sloping Ground after Meyerhof (1957)

Figure 9: Chapter 7: Modified Bearing Capacity Factors for Footing in Cohesive Soils
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3.3.1.8 Chapter 8: Abutments, Piers and Walls

This chapter provides requirements on the design of abutments, piers, and walls. These shall be
designed to resist water pressure, the self weight of the wall, any live and dead load along with
temperature and shrinkage effects.

In accordance with LRFD concrete bridge design specifications the design should be able to
resist any vertical and lateral deformation or displacement. In addition this section provides the
general considerations for the abutments and conventional retaining walls: loadings, wing walls,
and reinforcement.

Con

AT o Tiil ar
alcuial NS :nty lhe active ear Ih gesxura coen’( mrs forfolansa hacl FI e ﬁ\l I:lehnd mn !?Hfﬂl(eﬂ ml mass, snalt be laieﬂ as
Bspecified in Chapter 3 with § =

iDead load surcharges, if present, shall be taken into account in accordance with Special Loading Conditions. For investigation of shiding stabiity and
laccentncity, the continuous traffic surcharge loads shall be considered to act bayond the end of the renforced zone as shown in Figure 6.

Horizontal Bocksiope With Troffic Surcharge

Assumed for beoring copacity

o I T TILTELLY ¢ owal (goba) siosiy

g for overturning ond
q!l ! ! l l ’ didhg resistance calculations
Reinforced ] Retained Fill
Soll_Moss & 7% ko
0' ',I' k' ™
-
-
-
» F, = qHky
B HL [~
V,=7, ] \F,-(1/2)7;Hk
|
Q ——| \
] \ " kS
0 [ \
fx L
L
B
I

Figure 6: External Stability for Wall with Horizontal Backslope and Traffic Surcharge.
Bcliding - The provisions of Chaptar 7 shall apply

SThe coefficient of shding friction at the base of the reinforced soil mass shall be determined using the friction angle of the foundation soil, For

Figure 10: Chapter 8: External Stability for a Wall with Horizontal Back-Slope and Traffic Surcharge
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3.3.1.9 Chapter 9: Buried Structures and Tunnel Lines

This chapter gives the requirements for the selection of structural properties and dimensions of
buried structures such as culverts and steel plates used to support tunnel excavations in soil. It
discusses the terms and characteristics of buried structure systems used in the designs such as
metal pipes, structure plate pipes, box and elliptic structures, long-span structural plate, structural
plate box, and thermoplastics pipes.

T 1

fda .
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properly and safely place and compact backfill material,

The contract documents shall require that stability of the trench be ensured by either sloping the trench walls or providing support of steeper trench
walls in conformance with OSHA or other reguiatory requirements.

- The minimum width of the sod envelope shall be sufficient to ensure lateral restraint for the buried structure. The combined
width of the sod envelope and embankment beyond shall be adequate to support all the loads on the culvert and to comply with the movement
requiremants specified Service Limit State.

| i f - The cover of a well-compacted granular subbase, taken from the top of ngid pavement or the bottom of flexible pavement, shall
not be less than that specified in Table 4, where:

& = diameter of pipe (n.)

8, = outside diameter or width of the structure (ft.)

B, = out-to-out vertical rise of pipe (ft.)

1D = nside diameter (in.)

Table 4: Miimum Soil Cover

Type | Condition Minimum Cover
Cormugated Metal Pipe ! Sigz120 n.
[Steel Conduit Sr4z120 .
Spiral Fib Metal Pipe [Mumunum Conduit where $<480 in, Sr22120 in.
il
(Aluminum Conduit where 5= 480 in. Sr2752240m
Structural Plate Pipe Structures | SIg2120 in.
{Structural Plate Box Structures | 1.4 ft,
:Unpaved areas and under flexible B, I8 or B,'f8, whichever is greater, 2
i it
Feinforced Concrete Fipe immmiol E'o -
iCompacted granular fill under rigid 9.0 in
ipavement Sl
Tharmoplastic Pioe | IDigz120 .
If seil cover is not provided, the top of precast or cast-in-place reinforced concrete box structures shall be designed for direct application of vahicular
loads. Addi | cover req 1its dunng construction shall be taken as specified in Arficle 30.5.5 of the AASHTO LRFD Bridge Constructon
Specifications
Spacing Itiple Lines of Pipe

The spacing between multiple knes of pipe shall be sufficient to permit the proper placemant and compaction of backfill below the haunch and between
the structures.

Contract documents should require that backfiling be coordinated to minimize unbalanced loading between multiple, closely spaced structures. Backfill

should be kept level over the senes of structures when possible. The effects of significant roadway grades across a senes of structures shall be
* investioated for the stabiitv of flaxible structures subiected to unbalanced loadina. =

Figure 11: Chapter 9: Minimum Soil Cover Table Depending on the Different Types of Pipes or Pipe Structures
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3.3.1.10 Chapter 10: Railings

This section provides six bridge railing test levels and their associated crash test requirements.
This chapter applies to railings for new bridges and for rehabilitated bridges to the extent that
railing replacement is determined to be appropriate. The process for the design of crash test
specimens to determine their crash worthiness is described. There are three types of railings
discussed in this section: traffic railings, pedestrian railings, and bicycle railings. Curbs and
sidewalks are also considered in this section.

Y
- i - -— .
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Geomelry

The height of a bicycle rading shall not be less than 54.0 in, measured from the top of the riding surface. The height of the upper and lower zones of a
bicycle rading shall be at least 27.0 in. The upper and lower zones shall have ral spacing satisfying these Provisions.

¥ 1f deemed necessary, rubrails attached to the rail or fences to prevent snagging should be deep enough to protect a wide range of bicycle handlebar
haights

If screeming, fancing, or a solid face is utdized, the number of rails may be reduced
Design Live Loads
If the rad height exceeds 54.0 in. above the riding surface, design load shal be determined by the Designer. The design loads for the lower 54.0 in of the

bicycle raling shall not be less than those specified in Dasign Live Loads, except that for railings with total height greater than 54 in., the design lve
load for posts shall be apphed at a point 54.0 in. above the nding surface, The application of loads shall be as indicated in Figure 4.

w IW
T—_";G _*;’_
E 'r:\!:lw T—_*.—.,‘_-w
B 4 28
S B
ES l z v
¢ w. o el
B'Ilto::l.y D g.u?f:::_l ¥ §

. i

Figure 4: Bicycle Raling Loads-To be used on the outer edge of a bikeway when highway traffic is separated from icycle traffic by a traffic raling.
Railing shape dlustrative only

COMBINATION RAILINGS

The combination raiing shall conform to the requirements of either the pedestrian or the bicycle ralings. The traffic radng portion of the combination
railing shall conform to the provisions of Traffic Baling

» Geometry &

Figure 12: Chapter 10: Bicycle Railing Loads
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3.3.1.11 Chapter 11: Joints and Bearings

In this section, requirements for the design and selection of structural bearings and deck joints
are outlined. The design specifications for joints and bearings are stated separately.

Selection and layout of joints and bearings shall allow for deformations due to temperature and
other time-dependent causes and shall be consistent with the proper functioning of the bridge.
Deck joints and bearings shall be designed to resist loads and accommodate movements at the
service and strength limit states and to satisfy the requirements of the fatigue and fracture limit
state. Design loads for joints, bearings and structural members shall be based on the stiffness of
the individual elements and the tolerance achieved during fabrication and erection. At service
limit state no damage due to joints or bearing movement shall be permitted. At strength limit or
extreme event states no irreparable damage shall occur.

z
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Table 2: Beanng Suitability

Rotation about Bridge Axis

| Movement Resistance to Loads
Type of Bearing Indicated
| tong Il Trans Long Jrans et N tong N Trans J| _ Vert
Plain Elastomeric Pad S | S S 8 L L L | L
iFiberglass-Reinforced Pad S S 1= | X L L
\Cotton-Duck-Reinforced Pad U u U L L S
Steel-Reinforced Elastomernc Bearng 4 S5 5 1 L L S
Plane Shding Beanng (1) u ] R R S
Curved Shding Spherical Beanng S S s R R S
(Curved Shding Cyhndncal Beanng . u -] 1] R R S
fDisc Beanng 23 S S L 5 S -]
\Double Cylindncal Baanng R R [ S U R R S
Pot Bearing R R s s L 5 -] 5
iRocker Bearing s u 7] [ 1] R R [
Knuckle Pinned Bearing U U U s v -] L3 -]
iSingle Roller Beanng S U (1) - U U R S
IMultiple Roller Bearing 5 u U u u u v | 5
Lew Frictlon Low Frietion
Sliding Surface Siiding Surface
N lle.lbhnr
aver
CYLINDRICAL SPHERICAL
BEARING BEARING \ — /
==
Pisten L Relnforeement
Elostomerle Disk — ROCKER ~ Rubber Layer
BEARING ELASTOMERIC BEARING
POT BEARING POt
EEE Common Beanng Types)
Force Effects q from R int of at the Bearing
Horizontal Force and Movemant - Horizontal forces and moments induced in the brdge by restraint of movement at the bearings shall be determined
» using the movements and beanng charactenstics specified in Special Design Proyisions for Bearings. Exp bearings and their supports shall be -

Figure 13: Chapter 11: Common Bearing Types
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3.3.1.12 Chapter 12: Detailing Practice

This chapter states the procedure that should be done according to the standards of the Load and
Resistance Rating (LRFR) manual for any design of a bridge structure. It goes step-by-step on
everything that should be done. The areas covered are:

Bridge Records

Bridge Management Systems

Inspection

Material Testing

Load and Resistance Factor Ratings

Fatigue Evaluation of Steel Bridges

Nondestructive Load Testing

Special Topics
¢ Evaluation of Unreinforced Masonry Arches
o Direct Safety Assessment of Bridges
e Historic Bridges

N G~WNE

T

! 0 a
Load and Resistance Factor Desig.

Theory Mty

stesl plates. These stresses can be mnemized through proper detading

* Distortson-mnduced fatigue - Due to secondary stress

Load Induced Fatlgue Damage Evaluation
It includes two kevel of fatigue evaluation

1. The nfinite ife check, and
2 The finite kfe check

Bridges faiing the infinte kfe check are subjected to more complex finite ife fatigue evaluation. As uncertainty is removed from tho svaluation by more
refined analysis or site-specific data, it is reflected in lower partial load factors, given in the followmg table

[EERRER ool Load Faztors, Pa. S and 0]

g Siress-Range Estinate Partial

[ Fatigue-Life Evaluation Methods e “":::l:r:’:"'“d ""d"'::*;r:":‘" s Load Factor, Rs
. | : . ] (o R R )
| For Evaluation or Minmum Fatigue Life
[Stross range by smplified analysis, and truck weight = = T
jas per LEFD Speciications s Ly L et
Strass range by refined analyss, and truck waight . I
by weight=in-motion study 1.00 0.95 0.95 I
[Stross range by smphfied analysis, and truck wiight | I
os por L1 sl 0.95 1.00 0.95 |
d analysis, and truck waght 0.95 0.95 0.0 I
i .95
measurod strains NA NA 0.85 ]
For Mean Fatigue Life |
Al mothods 1 M 10 NA I 1.00 |

Generally, upon visual detection of fatigue cracking, the majority of fatigue life has been exhausted and retrofittng measures should be initiated.
Estimating Stress Banges - The effective stress range shall be estimated as

(&N g = R47

whera:

B R, = The stress-range pstimate partial load factor
Af = Measured effective stress range, or 75% of the calculated stress range due to the passage of fatigue truck

Meaiunng Estimated Sireds Ranges - It may be through field of strans at the fatigue-prone detad under condideration under
X typical traffic conditsors, It is aiven as: ~
X Pt | cartalioad fa & tect f Brevows o Hgtight gl [T Match case

Figure 14: Chapter 12: Partial Load Factors, R, Ry and Ry
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3.3.2 LRFD Steel Design:

The following twelve chapters and their descriptions are from the AASHTO LRFD Specification
Manual-Interim Revision 2005.

3.3.2.1 Chapter 1: Introduction

“Details are similar to the LRFD Concrete Design Section-Chapter 1.”

3.3.2.2 Chapter 2: General Design and Location Features

“Details are similar to the LRFD Concrete Design Section-Chapter 2.”

3.3.2.3 Chapter 3: Load and Load Factors

“Details are similar to the LRFD Concrete Design Section-Chapter 3.”

3.3.24 Chapter 4: Structural Analysis and Evaluation

“Details are similar to the LRFD Concrete Design Section-Chapter 4.”

3.3.25 Chapter 5: Steel Structures

This chapter discusses on design of steel bridges. Steel structures are a very important module in
the design of a bridge. This section covers the design of steel components, splices and
connections for beams and girder structures, frames, trusses and arches, cable-stayed and
suspension systems, as applicable.

Curved girder structures are not included. Division I-A of the AASHTO Standard Specifications
contains some limited information on seismic behavior of steel structures, which may be utilized
where applicable.
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5. Steel Structures

Steel structures are a very important module in the design of a bndge. This section covers the design of steel components, splices and connections for
beams and grder structures, frames, trusses and arches, cable-stayed and suspension systems, as apphcable

Curved gerder structures are not included, Division 1-a of the AASHTO Standard Specifications contains some kmited information on seismic behawior of
steel structures, which may be utiized where apphcable.

Quick Links

1 MATERIALS
Structural Steel
Pins, Rollers, and Rockars
Bolts, Nuts, and Washers
Stud Shear Connectors
Weld Matal
Cast Metal
e Stanless Steel
v Cables
2 LIMIT STATE
t Service Uimit State
& Fatigue and Fracture Limit State
m Strength Limst State
. Extrema Event Limit State
FATIGUE AND FRACTURE CONSIDERATIONS
1 Fatigue

8 e T Rp

w

n Fracture
GENERAL DIMENSIONS AND DETAILS REQUIREMENTS
Effective Length of Span
Dead Load Camber
Mindmum Thickness of Steel
Diaphragms and Cross-Frames

'S

Lateral Bracing

2 FRe

Pins
vu Heat-Curved Roled Beams and Walded Plate Girders
TENSION MEMBERS
t Tensde Resistance

w

& Net Area
m Lmiting Slendermess Ratio =

Figure 15: Chapter 5: Steel Structures Page

3.3.2.6 Chapter 6: Deck and Deck Systems

“Details are similar to the LRFD Concrete Design Section-Chapter 6.”

3.3.2.7 Chapter 7: Foundations

“Details are similar to the LRFD Concrete Design Section-Chapter 7.”

3.3.2.8 Chapter 8: Abutments, Piers and Walls

“Details are similar to the LRFD Concrete Design Section-Chapter 8.”
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3.3.2.9 Chapter 9: Buried Structures and Tunnel Lines

“Details are similar to the LRFD Concrete Design Section-Chapter 9.”

3.3.2.10 Chapter 10: Railings

“Details are similar to the LRFD Concrete Design Section-Chapter 10.”

3.3.2.11 Chapter 11: Joints and Bearings

“Details are similar to the LRFD Concrete Design Section-Chapter 11.”

3.3.2.12 Chapter 12: Detailing Practice

“Details are similar to the LRFD Concrete Design Section-Chapter 12.”
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3.4 Theory

This page introduces the user a basic theory of LRFD specifications, providing basic equations
of its methodology and definitions (See Figure 16).

e

L

e
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aptars y Theory

Dosign Ex:

In the Load and Resistance Factor Design Specifications (LRFD Specifications) the design strength of each structural component and connections shall
J satisfy the following equation for each hmit state, unless otherwise specified. For service and extreme events bmited states, resistance factors shall be
. taken as 1.0, except for bolts, for which the provisions are mentioned later. All it states shall be considered of equal imgortance

ZonG<aR, =k,
For which;
For loads for which maximum values of §, is appropriate:
T =0 2095

For loads for which minimum values of ), is appropriate.

n= =10

L
where:

Y= load factor: a statistically based multipher apphed to force effects

@ = resistance factor: a statistically based multipber apphed to nominal resistance,

7, = load modifier: a factor relating to ductidity, redundancy, and operational importance
7= a factor relating to ductility,

7 = a factor relating to redundancy

7= a factor relating to operational importance

;= force effect

R, = nominal resistance

R, = factored resistance: @R,

< >
X Find: | partisliond fa 4 bt § previeus o Hghight gl [] Maigh case

Figure 16: Theory Page Shows Basic Equations in LRFD
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35 Reliability

The main idea of this page is to give the user a background of why AASHTO adopted LRFD
Specifications in 1994. There is a comparison of the three design philosophies: elastic design /
working stress design (allowable stress design), plastic design, and L.oad and Resistance Factor
Design (LRFD).

For a better understanding about the reliability of LRFD Specification, the following graphs
show the progress of implementing LRFD.

LRFD Implementation (as of April 2004)

M Full Implementation

@ 50-20% Partial Implementaticn
" O 26-50% Partial Implementation
O 11-25% Partial Implementation
[ 1-10% Partial Implementation
O Mo Implernentation

Figure 17: LRFD Implementation by States and Local Governments as of April 2004

ﬂm AASHTO OC LRFD Survey

May 2006

" = Full Implementation
m 50-90% Partial Implementatiog
W 26-50% Partial Implementatiol

g 11-25% Partial Implementatiog

1-10% Partial Implementatio
2 No Implementation

Figure 18: LRFD Specifications Implementation by States and Local Governments as of May 2006
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Barriers to LRFD Implementation

Cther 12%
Lack of training 26%
Substructure specs 42%
Specification complexity 40%
Increased workloaddack of time 58%

0% 10% 20% 30% 40% 50% 60% 70%

Figure 19: Barriers to LRFD Implementation

Every year more of the new bridges are being designed using LRFD. The barriers to LRFD
implementation are illustrated in Figure 19.

Definitions ( Contact Us

Ewvaluation of AASHTO Bridge Design Specification and Reliability Concepts

Review:

A 1987 Transportation Research Board study concluded that the American Association of State Highway and Transportation Officials (AaSHTo) Standard
Specifications for Highway Bridges contained gaps and inconsistencies, and did not utiize the latest design pt phy and ki U p
AASHTO adopted the Load and Resistance Factor Design (LRFD) Specification in 1994 and the Load and Resistance Factor P.annq (UlfR) Guide
Specification in 2002. The AASHTO LRFD Specification is being implemented by many states or is in the process.

Design Philosophies:

There ara ly three difs design phik

Elastic Design / Working Stress Design:

also called aliowable Stress Design, in this philosophy a member is selected that has cross sectional properties such as area and moment of inertia large
enough to prevent the maanum stress from exceedng an allowable, or permissible stress. This allowable stress is in the elastic range of the matenal and
will be less than the yield stress F,. A typical value might be 0.60 F,. The allowable stress is obtaned by dividing either the yield stress F, or the
ultimate tensie stress F, by a factor of safety. Working stresses are the stress resulting from working loads, which are the apphed loads. A properly
designed member shall never exceed the allowable stress when subjected to working/service loads.

Plastic Design:

It is based on the consideration of faillure conditions rather than working load conditions. A member is selected on the basis that it will faill at load
substantially higher than weorking load. Falure usually means either collapse or extremely large deformations. The large strans in the member put it in the
plastic range. When the entire cross section becomes plastic at enough locations, plastic hinges are formed at such locations creating a collapse
machanism, As the actual loads will be less than the failure loads by a factor of safety known as the Load Factor, members designed this way are not
unsafe, despite being designed based on what happens at failure. Members designed by plastic theory would reach the point of falure under the
factored loads but are safe under actual working loads.

Load and Resistance Factor Design (LRFD):

It is simdar to plastic design in that strength, or the fadure condition, is considered. Load factors are apphed to the service loads, and a member is
selected that will have enough strength to resist the factored loads. In addttion, the theoretical strength of the member is reduced by the application of
a resistance factor. The critenon that must be satisfied in the selection of the member is

Factored Load < Factored Strength

In this expression, the factored load is actually the sum of all service loads to be resisted by the member, each multiphed by its own load factor. For

example, dead load will have factors that from those for live loads. The factored wgth is the al g phed by a resistance factor.
This can ba expressed as:

Z (Loads x Load factors) = (Resistance x Resistance factor)
The factored load is a failure load greater than the total actual service load, so the load factors are usually greater than unity. Howaver, the factored

s 2 strenath Is a reduced. usable strenath. and the resistance factor is usuallv less than unitv. The factored loads are the loads that brina the structurs or *
X Find: | partialioad fa # bt § Brevous o0 Hghight gl [] Matgh case

Figure 20: Reliability Concepts Page Describes the Three Principal Design Philosophies
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3.6  Design Examples

This section contains six typical concrete beam and girder superstructure designs. The first
design example is a deck of a reinforced concrete T-beam bridge. The second example is a
simply supported solid slab bridge. The third example is a reinforced concrete T-beam bridge.
The fourth example is a simply supported pretensioned prestressed concrete girder bridge. The
fifth example is a concrete box-girder bridge. And the sixth example is a stub abutment design.
For the simplification of design procedure, a general outline is also presented. It is intended to
be a generic overview of the design process. It should not be regarded as fully complete, nor
should it be used as a substitute for a working knowledge of the provisions.

e———e
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Concrete Design Examples

This section contains five typical concrete beam and girder superstructure designs. The first design example is a deck of a reinforced concrete T-beam
bridge. The second example s a simply supported sciid slab bridge. The third example is a reinforced concrate T-beam bridge. The fourth example is a
simply supported pretensioned prestressed concrete girder bridge. The fifth example is a concrete box-girder bndge. And the sixth example is a stub

B abutment design. For the simphfication of design procedure, a general outhne is also presented. It is intended to be a genenc overview of the design
process. It should not be regarded as fully complete, nor should it be used as a substitute for a working knowledge of the provisions.

Dasign Exam 1 Design 1 - Concrete Deck Design

Dasign 2 - Solid Slab Bndge Design

Design 3 - T-Beam Brdge Design

Design 4 - Prestressed Girder Bndge Design

Design § - Concrate Box-Girder Bridge Design

Design 6 - Stub Abutment Design

DESIGN METHODOLOGY

This design example is based on Load and Resistance Factor Design (LRFD), as presented in the AASHTO LRFD Bridge Design Specifications. The following

15 a general comparison between the primary design methodologies:

1. Service L 2 A1 [ - generally treats each load on the structure as equal from the viewpoint of statistical
sa!‘olv qu 5 Dnmarllv built nlo tho rapac ty or resistance of a8 member rather than the loads.

2 0 (LFD) - recognizes that certan design loads, such as bve load, are more highly vanable than othar loads, such as dead bad
'rherl:fora cuf\‘erent multiphers are used for each load type. The resistance, based pnmarily on the estimated peak resistance of a member, must
exceed the combined load

3. Load and Resistance Factor Design (LEFD) - takes into account both the statistical mean resistance and the statistical mean loads. The
fundamental LRFD equation includes a load modifier (7, ), load factor (), force effect (), a resistance factor (@), a nominal resistance (Pa),
and & factored resistance (R,). LRFD provides & more uniform level of safety throughout the entire bridge, in which the measume of safety is a
function of the vanabilty of the loads and the resistance.

OUTLINE - SUPERSTRUCTURE DESIGN

A Develop General Section
1 Roadway Width (Highway Specified)
2. Span Arrangements
3 Select Bndge Type

B OO\'QIGD Typical Section

Figure 21: Design Examples Page Show Six Different Examples Step-by-Step
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3.6.1 LRFD Concrete Design:

3.6.1.1 Design Example #1 — Concrete Deck Design

Use the approximate method of analysis to design the deck of the reinforced concrete T-beam
bridge section of Figure 22 below for a HL-93 live load and a PL-2 performance level concrete
barrier. The T-beams supporting the deck are 96 in. on centers and have a stem width of 14 in.
The deck overhangs the exterior T-beams by 39 in. The concrete density is 0.150 kcf. Allow for

a wearing future wearing surface of 3 in. thick bituminous overlay. Use f’; = 4.5 ksi and f’; = 60
Ksi.

15in—~] | 44 ft = 528 in. Roadway | 15 in.
_L \ |—8 in. (7.5 in. Structural) 77T ijl.-'jS )“
E];. _U 1 U U *U‘—lﬂ 4 inU(typ.) Lr-
3.25 ft =] ! oiiston ! ~3.25 ft
46.5 ft

Figure 22: Beam for Concrete Design Example #1

3 Untitled Document - Microsolt Internet Explorer

) 2] _’ﬂ \_'é] : /' sewch SrFavoes €9 (-0 B - B

Address | ) GALRFD Concrete Bridge Design|CD_

T Webpage|Desh des) 1{Msin Frame.htm v Gcl

DESIGN 1

Concrete Deck Design

Use the app: method of

to design the deck of the reinforced concrete T-beam bridge section of Figure E7.1-1 below for a HL-93
live load and a PL-2 performance level concrete barrier. The T-beams supporting the deck are 96 in. on centers and have a stem width of 14 in.
The deck overhangs the exterior T-beams by 39 in. The concrete density is 0.150 kef. Allow for a wearing future wearing surface of 3 ir. thick
bituminous overlay. Use JJ: = 4.5 ksi and fv = 60 ksi.

4 ft = 528 in Roadway

154 ’.—1 15
" _.i 8 (15in Smmnzrws }_r_ *
]

(0T 0 0=0=0
:Idm(t)'P)
3250 L%J 3256

Figure E7.1-1: Concrete deck design example

Design Criteria

* Governing specifications: AASHTO LRFD Bridge Design Specifcations (Third Edition, 2004, including intenims for 2005).

« Design methodology: Load and Resistance Factor Design (LRFD)

= Live load requirements: HL-93

o Deck width: w,,, = 558 in.

« Roadway width: Wooadway = 528 in.

a_fridne lannth: | = as o
£| Done o My Computer

Figure 23: Page for Concrete Design Example #1
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3.6.1.2 Design Example #2 — Solid Slab Bridge Design

Design the simply supported solid slab bridge of Figure 24 with a span length of 35 ft. center to
center of bearings for a HL-93 live load. The roadway width is 528 in. curb to curb. Allow for a
future-wearing surface of 3 in. thick bituminous overlay. A 15-in.-wide barrier weighing 0.32

k/ft. is assumed to be carried by the edge strip. Use f’c = 4.5 ksi and fy = 60 ksi. Use exposure
class 2 for crack control.

. 46.5 ft = 558 in.

V

44 ft = 528 in. Roadway

|< e . =15 in.
\ FW.S. ‘[— 22 in. Slab [
?

Figure 24: Concrete Deck Preliminary Details for Example #2

15 in.—

A Design 2 - Microsoft Internet Explorer.

<) O KB @ O Sorevns @ -5 B-[JKE B

Address @]G:\LRFDCW&&&WDW\CD_ \LRFD Webpage|Desi besiDesign 2\Design 2.htm v Gu

DESIGN 2

Solid Slab Bridge Design

Design the simply supported solid slab bridge of Figure E7.2-1 with 3 span length of 35 ft. center to center of bearings for a HL-93 live load. The
roadway width is 528 in. curb to curb. allow for a future-wearing surface of 3 in. thick bituminous overlay. A 15-in.-wide barrier weighing 0.32 k/ft.

is assumed to be carried by the edge strip. Use j: =4.5kst and 7, = 60 kS | Use exposure class 2 for crack control.

" 328 in R oadway ol
_[ Naalll)] 1

I I 1 I 1 1Y)
39 r 5(@ 96 in=480in 39

Figure E7.2-1: Concrete Deck Preliminary Details

A, CHECK MINIMUM RECOMMENDED DEPTH

il':l d My Computer

Figure 25: Page for Concrete Design Example #2
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3.6.1.3 Design Example #3 — T-Beam Bride Design

Design a reinforced concrete T-beam bridge for a 44-ft. wide roadway and three-spans of 35 ft.-
42 ft.-35ft. with skew of 30° as shown in Figure 26 Use the concrete deck of Design Example #1

previously designed for an HL-93 live load, a bituminous overlay, and an 8 ft. spacing of girders
in Design Example #1. Use ' = 4.5 ksi and Fy = 60 ksi.

44 ft Roadway

]

. .
U U U Ul

5@8ft=40ft I

j
3.25 ft 3.25 ft
(c)

Figure 26: T-Beam Bridge Section

3 Untitled Document - Microsoft Internet Explorer

€ © X B Q| Psewcr Soravne: @ -5 B -[LJEK 3
Address | @) GH\LRFD Concrete Bridge Design\CD_c ALRFD Webpage|DesignE \Design F\Design 3.htm v B nks
~
DESIGN 3

T-Beam Bridge Design

Design a reinforced concrete T-beam bridge for a 44-ft. wide roadway and three-spans of 35 ft.-42 ft.-35ft. with skew of 30° as shown in Figure

E7.3-1. Use the concrete deck of Figures E7.1-14 and E7.1-17 previously designed for an HL-93 live load, a bituminous overlay, and a 8 ft. spacing
of girders in Example Problem 7.10.1. Use f; =45 ksi and S, = 60 ks

| 441t Roadway |
o ]
If 00 U U|‘J

350 3250

Figure 1: T-beam bridge design example of section

A. DEVELOP GENERAL SECTION
The bridge is to carry interstate traffic over a normally small stream that is subject to high water flows during the rainy season (Figure E7.3-1).

< »
E" *§ My Computer

Figure 27: Page for Concrete Design Example #3
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3.6.1.4 Design Example #4 — Prestressed Girder Bridge Design

Design the simply supported pretensioned prestressed concrete girder bridge of Figure 28 with a
span length of 100 ft. center to center of bearings for a HL-93 live load. The roadway width is
44 ft. curb to curb. Allow for a future wearing surface of 3-in. thick bituminous overlay and use
the concrete deck design of Design Example #1 (f'c = 4.5 ksi). Follow the beam and girder bridge
outline of the AASHTO (2004) LRFD Bridge Specifications. Use f’c = 8 ksi. Use f’¢; = 6 ksi, fy =
60 ksi, and 270 ksi, low-relaxation 0.5 in., seven wire stands. The barrier is 15 in. wide and
weighs 0.32 kips/ft. The owner requires this load to be assigned to the exterior girder.

46.5 ft = 558 in.

15 in—~ - 528 in. Roadway —~—15in.
‘ I"S in. FW.S. 8in. Slab (7.5 in. Struct.) \ )

\ t r Slope ) 34 in.

It IVl I I M 1toin

5@96 in. = 480 in. |
|

=39 in.

39 in.~ v
Variable Depth Haunch
to Allow for Camber

()
Figure 28: Prestressed Concrete Girder Bridge Section

crosoft Internet Explore

< o (¢ .El\ » SO Seraones &) 245 B - LJE B

Address | €] G:\LRFD Concrete Bridge Design|CD_concrete|LRFD Webpage|DesignE xamplesiDesign 4\Desigrd him

DESIGN 4

Prestressed Girder Bridge

Design the simply supported pretensioned prestressed concrete girder bridge of Figure E7.4-1 with a span length of 100 ft. center to center of
bearings for a HL-93 live load. The roadway width is 44 ft. curb to curb. allow for a future wearing surface of 3-in. thick bituminous overlay and
use the concrete deck design of Example 1 (F, = 4.5 ksi). Follow the beam and girder bridge outline of the AASHTO (2004) LRFD Bridge
Specifications. Use f, =8ksi, Use f;=06ksi, f, = 60 ksl and 270 ksi, low-relaxation 0.5 in., seven wire stands. The barrier is 15 in. wide and

weighs 0.32 kips/ft. The owner requires this lcad to be assigned to the exterior girder.

465 L = 558 in.

; o
Lin ! 328 in Roadway o L 15
n —'I | WS o Shb  (7.5in Stract) '] "
] I Slope L] F34in

VAR

Varisble De
Haunch to Allow
for Camber

Figure E7.4-1: Prestressed concrete girder bridge design example of the section

nnnnnnnnnnnnnnnnnnnnnnnnn

5§ My Computer

Figure 29: Page for Concrete Design Example #4
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3.6.1.5 Design Example #5 — Concrete Box-Girder Design

Design of the deck of the reinforced concrete T-beam bridge with 98 ft. -118 ft. -98 ft. spans for
a HL-93 live load. The roadway width is 44 ft. curb to curb. Allow for a future wearing surface
of 3-in. thick bituminous overlay and. Use empirical method for overslabs to design the top
flange of the box girder. Use f’c = 5 ksi, fy = 60 ksi, and 270 ksi, low-relaxation 0.6 in., 7- wire
stands.

A Design 5 - Microsoft Internet Explorer

: \ ®) . . B . 2
Qu - @ KRB G P Jorevs @ -5 B -[JK B
Address @ G:\LRFD Concrete Bridge Design\CD_concrete|LRFD Webpage\DesignExamplesiDesign S\Main Frame. htm v Go | Links ®
~
Design 5
Concrete Box-Girder Bridge
Design of the deck of the reinforced concrete T-beam bridge with 93 ft. -118 ft. -98 fi. spans for a HL-93 live load. The roadway width is 44 ft.
curb to curb. Allow for a future wearing surface of 3-in. thick bituminous overlay and. Use empirical method for overslabs to design the top flange
of the box girder. Use )C =5ksi, J’:, =60 ksi, and 270 ksi, low-relaxation 0.6 in., 7- wire stands.
The followirg is a summary of other design factors from the AASHTO LRFD Bridge Design Specifications.
_— B
Load Factors
Limit State DC DW
; LL j1%s ws WL
Max. Min. Max. Min.
Strength 1 1.25 <0.90 1.50 0.65 1.75 1.75 = -
Strength 111 1.25 0.90 1.50 0.65 i - 1.40 oo
Strength v 1.25 0.90 1.50 0.65 1.35 1.35 0.40 1.00
Service [ 1.00 1.00 1.00 1.00 1.00 1.00 0.30 1.00
Service 11 1.00 1.00 1.00 1.00 1.30 1.30 - -
Fatigue - - - - 0.75 0.75 - -
istance © rs -
Material I Type of Resistance I Resistance Factor, ¢ [ 7
€l 4 My Computer
—

Figure 30: Page for Concrete Design Example #5
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3.6.1.6 Design Example #6 — stub Abutment Design

Design a stub abutment to accommodate the given reactions from a composite steel
superstructure.

A 3 span (29°-63-29’) essential bridge crossing a highway
1’-0” diameter concrete piles — 40 ft long. Capacity = 30 tons
18 pairs of piles at 6’-8” center-to-center along length of footer
Concrete strength f.” = 3,000 psi

Grade reinforcement fs = 24,000 psi

Total reaction from all stringers R = 315 k

Deck Weight = 21.74 k/ft.

Geographic area has acceleration coefficient: A =0.19

Soil tests indicate stiff clay with angle of friction: ¢ = 30°

©CoNoaMLNE

g 1§

A : g-\\

o —<

— V _ "-\\

QH Ili \\\

T T |

5 1 |
Tl ol el - P

< |1 AN
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o %
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8

r i
.rf c i
/ i
46 1€

Figure 31: Stub Abutment for Design Example #6
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3.6.2 LRFD Steel Design:

3.6.2.1 Design Example #1 — Non-composite Steel Beam Bridge

Design the simple-span non-composite rolled steel beam bridge of Figure 32 with 35-ft. span for
a HL-93 live load. Roadway width is 44 ft. curb to curb. Allow for a future-wearing surface of 3

in. thick bituminous overlay. Use f.’= 4 ksi and M270 Grade 50 steel. The fatigue detail at
midspan is category A. The barrier is 15 in. wide and weighs 0.5 k/ft.

L B

/“.

- x
. - . TEn = ] ™ . ]
Load and Resistance FactdF Design w . - BB

!! ! «

Horr Introduction Theory Reliability

Definitions General Contact Us

Design 1 - Noncomposite Steel Beam Bridge

Design the simple-span

posite rolled steel beam bridge of Figure 1 with 35-ft. span for a HL-93 live load. Roadway width is 44
Chapters = curb to curb. Allow for a future-wearing surface of 3 in. thick bituminous overlay. Use j{ = 4 ksi and M270 Grade 50 steel. The fatigue

Dasign Examples ~ at midspan is category A. The barrier is 15 in. wide and weighs 0.5 k/ft.

¢ Brg

']
35 h 3
La

2 HW

Slope Normal

! Protection

Existing
Ground

(a) General Elevation

. Al Abut
Wingwall 7 MNo. 1 ‘ Barrier No. 2

e

€
— .
1 44 ft Roadway Bridga

Approach Slab

S I

Figure 32: Page for Steel Design Example #1
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3.6.2.2Design Example #2 — Composite Steel Beam Bridge

Design the simple-span composite rolled steel beam bridge of Figure 33 with 35 ft. span for a
HL-93 live load. Roadway width is 44 ft. curb to curb. Allow for a future wearing surface of 3
in. thick bituminous overlay. Use fc’= 4 ksi and M270 Grade 50 steel.

Home Introduction Theory Reliability Definitions General Contact Us

BEO +$[lis WY 8§ &8 [0 Glodwomwer P~ i [ [0 |

Chapters
Dasign Examples

cTrupgt!;;K:gg:i“ Design 2 - Composite Steel Beam Bridge
o

Design the simple-span composite rolled steel beam bridge of Figure 1 with 35 ft.
span for a HL-93 live load. Roadway width is 44 ft. curb to curb. Allow for a future

.
wearing surface of 3 in. thick bituminous overlay. Use “* = 4 ksi and M270 Grade
50 steel.

The equations with a border can be linked to a new webpage that provides full
description.

351t it

Strata Ground

Figure 33: Page for Steel Design Example #2
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3.6.2.3

Design Example #3 — Continuous Composite Girder Bridge

Design the continuous steel plate girder bridge of Figure 34 with 30 m, 36 m, and 30 m (100 ft.,
120 ft., and 100 ft.) spans for a HL-93 live load. Roadway width is 13,420 mm curb to curb (44
ft.) and carries an interstate highway. Allow for a future wearing surface of 75 mm (3 in.) thick
bituminous overlay. Use fc’=30 MPa (4 ksi) and M270 Grade 345 steel (50 ksi). Note that the
computer program BT-Beam was used to generate the actions. The sample computations are

presented to illustrate the hand and computer computations. The computer results are slightly
different due to a refined live load positioning as compared to the hand-based critical position
estimates. The primary unit systems for this example is SI.

- 04 ) S —
Load and Resistanée FactoF Design

Introduction Reliability Definitions General Contact Us

Chapters =
Dasign Examples

~ »mBE

Design 3 - Continuous Composite Girder Bridge

The equations with a border can be linked to a new webpage that provides full description.

G Brg ¢ Brg ¢ Brg ¢ Brg
1 30000mm ,  36000mm . 30000mm
| | 1

Existing
Strata Ground

{a) General Elevation

) Abut Pier Pier Abut
Wingwall ] No. 1 No. 1 ‘ Barrier No.2 NOUZ
| | )

P | n

Figure 34: Page for Steel Design Example #3

~ Design the continuous steel plate girder bridge of Figure 1 with 30 m, 36 m, and 30 m (100 ft., 120 ft., and 100 ft.) spans for a HL-93 li

~ load. Roadway width is 13,420 mm curb to curb (44 ft.) and carries an interstate highway. Allow for a future wearing surface of 75 mm
b thick bituminous overlay. Use ', = 30 MPa (4 ksi) and M270 Grade 345 steel (50 ksi). Note that the computer program BT-Beam was 1
generate the actions. The sample computations are presented to illustrate the hand and computer computations. The computer result
slightly different due to a refined live load positioning as compared to the hand-based critical position estimates. The primary unit sys
for this example is S1.
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3.6.3 LRFD Vs ASD: Bridge Substructure Design Example

3.6.3.1 Table of Contents

Page with table of contents on LRFD Vs ASD Bridge substructure Design example is shown
below:

-

'S =

" o - -— -
Load and Resistance Facto? Design

Home Introduction Theory Reliability Definitions

TAELE OF CONTENTS
Chapters >

Design Exa 3 Section

2.1 LRFD Bridge Substructure Design
2.1.1 LRFC Bridge Substructure Design Example
2.1.2 Design Problem Statement
2.1.3 Bearng Design
2.1.4 Abutment and Wingwall Design
2.1.5 Pier Design
2.1.6 Pile Foundation Design

3.DESIGN USING ASD
3.1 ASD Bridge Substructure Design

3.2 ASD Bridge Sub sre Design E

3.2.1 Design Problem Statement

3.2.2 Parameters from Superstructure Design
3.2.3 Bearng Design

3.2.4 Abutment and Wingwall Design

3.2.5 Pier Dasign

Figure 35: Page showing Table of Contents for LRFD Vs ASD Substructure Design Example
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3.6.3.2 List of Symbols

Symbols used in design example of substructure are listed and the page with list of symbols and
their description is shown below:

*) LRFDvsASD - Mozilla Firefox

Ble Edt  View Hglory Bookmardks Took Hep

G *C X o 'L:-"‘ L Hefff: MY PASSPORT/AT LAH/DY Toukanifl. GRA 0f3. Final CD/Dongs/LRFD (ASDvs{RFD) CD/LRFDVSASD Framesst |- him i BB
5. Latest Headines (] Most Visted % Getting Started

[ Uakurtsvile Mai - Re: LRFD .. | {5 YouTube - Crasting 2 Table o...

5 YouTube - Lesson 14 - Works.. | (% YouTube - Ms Word Tableof . | | | LRFDvsASD

04 5 o ==
Load and Resistance FactoF Design :

Home Introduction Theory Reliability Definitions General Contact Us

LIST OF SYMBOLS
Symbol Description

Ap Area of Bolt

BN A Area of Steel

. Ar Transformed Area of Concrete Section

a Depth of Equivaent Rectangular Stress Block
der Elastomer creep deflection

b Width of Concrete Section

I b Width of Concrete Interface

Covery Renforeing steel cover requirements

DC Dead Load from Structural Component

) oL Dead Load

Dw Dead Load from Weanng Surface

de Thickness of Concrete Cover

de Effective Depth of Concrete Section

| di Dy Depth

dy Effective Shear Depth

E: Modulus of Elasticity of Concrete

E; Meodulus of Elasticity of Steel

ERT Effective Rubker Thickness

~| B 5 WindowsExpl.. +| & Lord I Bebeve L., T 4 Moosoft Offi... = | i paneral -Paint 1§ rableofconbants -... ‘ 8% &L0 sz

Figure 36: List of Symbols used in LRFD Vs ASD Substructure Design Example
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3.6.3.3 Statement of the Problem

Using the LRFD&ASD methods, we will design a superstructure with a 44 ft wide (curb to curb)
concrete deck with an overhang (two 12 ft lanes and 2 10 ft lanes). We will have two 120ft span

lengths, and will use F-shape barriers, grade 50 steel, and composite for the deck. The deck is to

transmit the HL-93 live load. The page showing superstructure cross-section is shown below:

/“

By S S 'S .
oad and Resistance Factor Design e LB

Home Introduction Theory Reliability Definitions

General Contact Us

SECTION 1
STATEMENT OF THE PROBLEM

Using the LRFD&ASD methods, we will design a superstructure with a 44 ft wide (curb to curb) concrete deck with an overhang (two 12 ftlanes and 2 10 &
lanes). We wall have two 1208 span lengths, and wall use F-shape bamers, grade 50 steel and composite for the deck The deck 1 to transmmt the HL-93 kve load.

B E e E nBr
L— ¢ geani € Bearings
] Abctmers | — G Pler Abutment 2
120-0° ! 120'0"
- 2400" -
Legend.
E = Expansion Bearings

F = Fixed Bearings
Figure 2.2 Span Arrangements
46-10%" -

4
[ 10008 120 | e 10 |V
Shoulder Lane | Lane | Shoulder |

|3 e | /[l

| e A

4 Spaces 90" =390 L AL LECH

Figure 2.3 Superstructure Cross Sechion

Figure 37: Page showing statement of problem for LRFD Vs ASD Substructure Design Example
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3.6.34 Design Using LRFD

The design example of the bridge substructure is presented. The substructure is supporting the
reinforced concrete deck bridge sitting on steel beams. The design methodology for the design is
the load and resistance factor design (LRFD) method is AASHTO LRFD Bridge Design
Specifications. For the purpose of this report, the example focuses on only the substructure
design procedures. The material parameters and the numbers for the calculations, such as the
superstructure dead load effects on the substructure, come from the superstructure design, which
is not presented here. This design example is based on the example, originally provided by the
Federal Highway Administration (FHWA) 4, as the supplemental material for engineers to
understand LRFD. This example follows the latest LRFD Specifications for the most parts. As an
aid to see the design procedure, a flowchart was developed for a substructure design, as shown in
Figure 38.

1. Bearing Design Prelimmary Beanng Design

| '
Design Drawing Check the resistance against the

applied load effects

2. Abutment .
Design 41 Abutment Backwall

l Abutment Stem
Design Drawing
Abutment Footing I
! ! I
2. W f
Del:lglg;“.ﬁu Prelimmary Dimensions I
(stem & footing) l

| DL LL WL etc. H Combine Load Effects () |

Stability of

Analyze Shear
Footing

3. Pier Design
(same steps as 2)

<
2nr@ SR Flexure

Piles for footing?
- Remforcement D esign

P. Pile Design

l /l Structural Capacity I
Find Axial Capacity

==y
& # of Piles needed | I

D D l Geotechnical Ca t
l Check Deflection |\ i i I

Figure 38: Flowchart for LRFD Bridge Substructure Design
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3.6.3.5

The bridge substructure design example is presented in detail. It is designed basically according

Design Using ASD

to ASD methodology, AASHTO Standard Specifications for Highway Bridges (11™ Edition,
1973) and ACI 318-05 Building Code Requirements for Structural Concrete and Commentary.

As the example by LRFD, the example by ASD also focuses on the substructure design

procedures. The properties of material and the load effects are the same values as the LRFD

example uses and are based on the superstructure design 1. For the purpose of comparison with

LRFD, the same load effects from the superstructure are applied for the ASD substructure as

well. As an aid to follow the design procedure, a flowchart for a substructure design with ASD
was developed, as shown in Figure 309.

1. Bearing Design

'

Design Drawing

Preliminary Bearing Design

Check the resistance against the

2. Abutment

Desin | | Abutment Backwall

'

Design Drawing

2. Wingwall

applied load effects

Abutment Stem \

Abutment Footing

. '

Design
(same steps)

'

Design Drawing

> Prelimmnary Dimensions

.

DLLL WL etc. [~* Combine Load Effects (B)

i

Anat
nalyze s
3. Pier Design
(same steps) (FO < R
l Piles for footing?
Pier Cap TR I Flexure

Pier Column EFAa D | ¥
l Reinforcement Design?

Pier Footing Find Axial Capacity

Design Drawing

'

Check FS

Figure 39: Flowchart for ASD Bridge Substructure Design
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3.6.3.6 Comparison Between LRFD and ASD

Overall, LRFD shows more reliability of safety and efficiency of design compared with ASD,
which is contributed by main equations and factors to evaluate load effects on bridge
substructures, although in the design examples, there cannot be recognized the significant
difference in the required amount of reinforcing steel bars and concrete since the design required
resistances for both methods turns out to be closed values. However, in terms of design
procedures, the main design flows for LRFD and ASD are almost identical as the flowcharts for
both design methods represent.

In LRFD, concrete density for normal weight material takes 145 pound per cubic foot (145 Ib/ft®
= 0.145 kcf) while ASD adopts 150 pound per cubic foot (150 Ib/ft® = 0.150 kcf). This difference
directly results in the difference of structure self-weights, nominal dead load effects, which is the
important factor not only for bridge substructures but also other structures. In the design
examples, the differences in dead loads due to substructures can be seen. Web page showing
summary of dead loads of substructures, including abutment back-wall, stem, footing, and wing-
wall, and pier cap, column, and footing, are presented in a table is in the following Figure 40.

fa
- ‘ ! - -
Load and Resistante FactoF Design

traduc tion Theary Relisbility

COMPARIS ON BETWEEN LEFD& ASD FOR BRIDGE SUBSTRUCTURE

41 Overview

Overall, LEFD shows moxe relisbility of safety and efficiency of design compared with ASD, which is contrdated b quations and facton to evabite load effects on bridge sub thoughin the
design examples, th the 1 the difference in the equired amount of reinforcing steelbars and concrete since the design requived resistunces for both nuethods ums out to be closed vabses.
However, in terms of design procedures, the main design flows for LRFD and ASD are alnost identieal as the flowchasts for both design methods reprasent

4.2 Material Property - Concrete Density

1n LRFD, concrate density for normal weight material takes 145 poand per cubic foot (145 Bt = 0,145 kef) while ASD adopts 150 pound per cobie foot (150 B = 0,150 kef). This differsnce directly results in
the difference of sinscture selfweights, nominal desd load effects, which i the important factor not only for bridge b but alic other In the desk lei, the diffe i dead loads due to
sabstrctares canbe seen. A smunary of dead load of sibstructares, inchading ibutment back-wall stem, footing, ud wingwall, and pier cap, cobinum, and footing, are presented in Tible 4.1 below with the percent
| differences between LEFD and ASD. Since the dimensioms for structares in LEFD and ASD are the suma hare, thoie dead loads are simply compared

Table 4.1 Dead Load of the Sebstrachus

DEAD LOAD (D5) A Cmoae

R Lun ) (LRFD-ASD)* 100
ASD
‘Aot Back wll (/M) 163 17 331
Abut. Stem (KAY) 761 788 -343
At Footing (KA 3m 384 a1
Winguwall Stens (KIAY) 700 724 a3
Panr Cap (kips) 30341 31358 -3.34
Pier Cobarma (kigs) 15171 15694 33
Finr Footing (kips) 140.07 144.40 3m

oo Tible 4,1, LRFD docresses its desigdead Joads by sbout 329 % of ASD widess oot averags by applying the sonaller concreta Suagily, [ tarws of llw officieacy, LEFD b supssior with its stractizs Jead loads
B since # i evaluated at a more sealistic valas withont ing dat 1o its concrele density, while ASD axoeeds its veal Joad effucts 41 3 peroest highar

Figure 40: Summary of dead loads of substructure for LRFD and ASD
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3.6.3.7 Conclusion

LRFD for bridge substructures is a relatively new method for the bridge industry compared with
the design method for bridge superstructures, and it is still in the changing and developing stage.
There seem to be some obstacles to fully adopting LRFD, such as the lack of familiarity with it
and the initial introducing costs of it. In other words, it has not been implemented successfully
even though the use of LRFD for state-aid bridges is regulated. However, there are several
benefits to using LRFD over ASD for substructure designs, one of which is a more reliable and
uniform level of safety against the risks of failure, contributed by the theory of probability and a
variety of load factors. From the analysis and comparison of the substructure design examples of
both LRFD and ASD, there are some conclusions derived:

o The LRFD procedures and design flow charts are similar to those of ASD even though
there are more detailed criteria that must be satisfied in LRFD.

e More load combinations, such as Strength Limit States and Service Limit States, with
more variety of factors, whose values are usually higher than those of ASD, applied to
nominal loads, are evaluated and analyzed in LRFD.

« More detailed geotechnical data and analysis are required to determine load resistance
capacities in LRFD, and more research is needed for the complete package of LRFD for
substructures.

o LRFD potentially provides an efficiency and economy to structure constructions
contributed by in-depth predictions of load effects with a variety of load factors derived
from probability-based theory and statistical analysis.

fda
Load and Resistance FactoF Design :

! Theory Ruliability

| 5.1 Conclusion
3

LEFD for besdge substruchares i a relatively new methed for the bndge ndustry compased with the design method for bridge . and it is

«till i the changing and developing stage. There seem to be some obstacles to fidy adopting LEFD, such as the lack of Exniharity with 1t and the wital

miroducmg costs of it In other words, it has not been muplemented successfidly sven though the use of LRFD for state-md bndges is regulated However,

there ase several beneBts to usmg LEFD over ASD for substructure desggns, one of which i a more refable and unform level of safety agamst the risks of

Eadhure, contributed by the theory of probabdity and a vanety of load factors. From the analysis and companson of the substructure design examples of both

8 LEFD and ASD, there are some conclusnons desved

# The LEFT procedures and flows are similar to those of ASD even thougt there are more detaded critenia that must be satisbied m LRFD

* More load combinations, ruch as Strength Limit States and Sernce Limit States, with more variety of factors, whose vabies are uroally higher than
those of ASD, apphed to nommal loads, are evaluated and analyred in LEFD

® More detaled geotechnical data and analyse are requered to determine load resistance capacities m LEFD, and more research i needed for the
complete package of LRFD for substrachires

® LRFD potentially prowides an efciency sad economy to siructure buted by medepth predictions of load effects with 3 vaniety of

load facters derived Fom probabdity-based theory and stabstical salyns
5.2 Recommendation

There are some ismaes discussed earber for the bodge substructure of LEFD to be fully and confdently adopted by bndge engineers, andit1s
necessary for AASHTO or NCHEP, and engneers to work together. For engmeers, utiimng learning epportunities is a possible solution. Programs and

Figure 41: Page showing Conclusion for LRFD Vs ASD Substructure Design Example
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3.6.3.8 Appendices

The appendix section lists out the tables of AASHTO LRFD Load combinations and factors,
load factors for permanent loads, AASHTO ASD load group and factors, steel reinforcement
information for reference. It also includes FHWA computer program (DRIVEN 1.0) output for
steel design example and references used to design the substructure using LRFD.

&

‘8 g . g
Load and Resistanée Factor Design

we tion Theary

APPENDIX B
AASHTO ASD LOAD GROUP AND FACTORS

Table B.1 Coafficieats & and g [19]

b Factors
Gowp g |D|I4|cF| 2 |B|F W Br|LF|F|Reser|Bp| 2

"
Warking Stress Design
I 10(1]1 1 |&gjl|! 0 O0|O|D 1] 0|0 100
n igj1jojoj1jiji: ©t ojojo|l o jJOoj@ 135
m 10f{1]| 1|1 |éxji]l 03 1|1(1| 0 |JO|JoO 125
w loj1]1 1 |&x|1 0 oj|o|o0 1 o|o 125
¥ loj1jojojijl 1 ojojfol 1 |Jo|ao 140
VI owoji| 1|1 |exfl 03 1 |1[1|] 1 Jo| o 140
vii_loftjojo 1)l 0 ofofol o |1]0 133
VII 10j1]1 111]1 0 ojofo 0 0 1 140
IX 10f{1jo0ojoOoj1]l 1 ojojo o 0 1 150
D = dead Joad
L = kive load
1= impact dos to bve load
E = sasth presmre
B = buoyancy
W = wind force on stracture
WL = wind load on Iive load (100 bJ/RY)
LF = bongitudinal force from bve load
CF = centrifizzal force
¥ = longitadinal force dse to beaing friction or shear
.= rib shorterang (arches or frames)
§ = shrinkage
T = force dus to temperahure chinge
EQ = surth quike
SF = stream flow pressure
ICE = icw pressure
* For the equation
o [BD B BCR 4 BB+ ByB 4 SgSF + AW
SR EEN b AL+ By LF 4 B4 L (R 5+ T 8, B0 By 108 |

Figure 42: Appendices page for LRFD Vs ASD Substructure Design Example
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3.7 Search Options

Search engine with three components is included in the CD. Figure 43, 44, 45 shows the results
generated when searched for a keyword in theory, in definitions and in design examples
respectively.
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3.7.1 Search In: Theory

g—
v !
—

JLE

Introduction Reliability Definitions

Chapters >

Design Examples
| h SEARCH IN
— . Department of Civil and En

Chapters > 4 University of Alaba
Dgsig&_&'xames o earch: Irfd  Found 41 item(s)
Pch, "] N

1. General

...General Call it the LRFD revolution. The Federal Highway Administration and States (FH\
in the United States...

General/Main Frame_.htm - 7k - 10 Oct 2007

- : 2. General

; ... Call it the LRFD revolution. The Federal Highway Administration and States (FHWA) hav
United States..

General/General.doc - 680k - 8 Jun 2005

3. Untitled Document

...approach of AASHTO LRFD Bridge Design Specifications. Wherever guidelines are not n
procedures described...

Chap12/Main Frame.htm - 147k - 12 Nov 2007

4.Images and Equations (1)

... utilizing the LRFD-design loading (HL-93) and design standards. The design- load rating
reliability ...

Chap12/images and Equations (1).doc - 389k - 2 Mar 2006

5. Chapter 11 - Joints and Bearings

...with the AASHTO LRFD Bridge Construction Specifications, Chapter 18. The contract ...
lie...

Chap11/Chapter 11 - Joints and Bearings.doc - 589k - 7 Mar 2006

6. Untitled Document

sedibh A s AAMIITA IR Mo das Mo cbaiaa e e alfccklicae Mhcai.-AdD Th - camla=a=i 4.

Figure 43: Page Showing Search Results for a keyword in Theory
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3.7.2 Search In: Definitions

g
" - ]
' i L

—_— =

JLE

Introduction Reliability Definitions

SEARCH IN

Department of Civil and Environ

Chapters > University of Alabama i

Des_ig_rLI_E__x_ameﬁ - Search: load Found 56 item(s)

Search In > 1. Definitions
Theorv : ...Location Features Loads and Load Factors Structural Analysis and Evaluation Concrete Struc

Property...
Main Frame_htm - 183k - 20 Nov 2007

- — S 2. Load Path.htm
; ...Load Path - A succession of components and joints through which a load is...
Chapter 5 Def/Load Path.htm - 23k - 31 Mar 2009

3. Load and Resistance Factor Design (LRFD).htm
...Load and Resistance Factor Design (LRFD) - A reliability-based design...caused by factored |
Chapter 1 Def/Load and Resistance Factor Design (LRFD).htm - 23k - 27 Mar 2009

4. Load Factor.htm

...Load Factor - A statistically-based multiplier applied to force effects...variability of the loads, t
Chapter 1 Def/lLoad Factor.htm - 23k - 27 Mar 2009

5. Load Modifier.htm

...Load Modifier - A factor accounting for ductility, redundancy, and the...
Chapter 1 Def/lLoad Modifier.htm - 23k - 27 Mar 2009

6. Dynamic Load Allowance.htm
...Dynamic Load Allowance — An increase in the applied static force effects to account for...
Chapter 3 Def/Dynamic Load Allowance_htm - 23k - 27 Mar 2009

7. Load Buckling.htm

Figure 44: Page Showing Search Results for a keyword in Definitions
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3.7.3 Search In: Design Examples

e
L—---'-'-'————

L d A »
— -

Home Introduction Reliability Definitions

Search Ir

Chapters >

Design Examples
t SEARCH IN

, Chapters > y
! Design _g_)_(am_es | Your search;
flarch. "

Search In > . 1480 Design example for steel girder superstructure bridge - US Customary u
3& “‘m \ #” Steel Girder, Load and Resistance Factor Design, LRFD, Concrete Deck, Bolted Field Splice,
LU G LER = requirements Bridge. .
L CRESEIIT Y steel structure pdf - 3255k - 21 Jul 2006

— > 2. Steel Design 1
5 ...a HL-93 live load. Roadway width is 44 ft. curb to curb. Allow for a future-wearing surface...met

HL-93 Deck...
Design1/Main Frame.htm - 240k - 1 Nov 2007

Department of Civil and Environr
University of Alabama in

ound 52 item(s)

3.Design 2
...for a HL-93 live load. Roadway width is 528 in. curb-to-curb. Allow for a future-wearing...method

l| HL-93 . Deck...
Design2/Design 2.doc - 1886k - 1 Nov 2007

4. Design 2
...for a HL-93 live load. Roadway width is 528 in. curb-to-curb. Allow for a future-wearing...method

HL-93 . Deck...
Design 2/Design 2.doc - 2068k - 23 May 2007

5. Steel Design 3
...a HL-93 live load. Roadway width is 13,420 mm curb to curb (44 ft.) and carries an...to a refine

estimates. The...
Design3/Main Frame_htm - 573k - 5 Nov 2007

6. Design 1

Laas = Il NN liia lamd Maacduscsssddibh ia FAN jac acckh bde aiiah Al fac o Ldiian sscaacae ===ikad

Figure 45: Page Showing Search Results for a keyword in Design Examples
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3.8 Definitions

Alphabetized list of definitions is provided in this page and it is grouped according to chapters.

R

- 04 o gy
Load and Resistance FactoF Design .

Home Introduction Theory Reliability Definitions General Contact Us

>~ w»hlS

Definitions

| ntroducti [ LEL Ee'i;,;'i 2 |Loads and Load Factors Eratasiun = Ig_nmzﬂe_s_mmm Im}smmam;
E=EEEs = oeddnpoead | pawe | psese

| CHAPTER 1 - INTRODUCTION

BCDEFLMNRS

Bridge - Any structure having an opening not less than 20.0ft that forms part of a highway or that is located over or under a highway.
Collapse - A major change in the geometry of the bridge rendenng it unfit for use.

Component - Either a discrete element of the bridge or a combination of elements requining individual design consideration.

Design - Design proportioning and detailing the components and locations of a bndge.

Design Live - Period of time or, which the statistical derivation of transient loads is based: 75 years for these Spedfications.

. Ductility - Property of a component or connection that allows inelastic response.

Engineer - Person responsible for the design of the bridge and/or review of design-related field submittals such as erection plans.
Evaluation - Determination of load-carrying capacity of an existing bridge.

Extreme Event Limit States - Limit states relating to events such as earthquakes, ice load, and vehicle and vessel collision, with return periods in excess
design life of the bridge.

Factored Load - The nominal loads multiplied by the appropriate load factors specified for the load combination under consideration.
Factored Resistance - The nominal resistance multiplied by a resistance factor.
Fixed Bridge - A bridge with a fixed vehicular or navigational clearanca.

s Force Effect - A deformation, stress, or stress resultant (i.e., axial force, shear force, torsional, or flexural moment) caused by applied loads, imposed deform

Figure 46: The Definition Page Defines Some of the Hardest Words Used in the Lecture
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3.9 General

The general page provides information about the origin and the background of LRFD
Specifications. This section also shows the progress of states adopting and implementing the
specifications through diagrams.

Ry e ===
Load and Resistanée Facto? Design

Ho Introduction Theory Reliability Definitions Contact Us

~ »mBE

Chapters >
Design Examples

Chapters &

B Full Imolementation

B Partial Imolementation
[0 Samole Desien
O Nofittle Imolementation

LRFD Implementation (as of April 2004)
W Full Implementation

Figure 47: General Page Contains Basic Information about LRFD Specifications
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3.10 Contact Us

This page provides the contact information of the principal investigator of the multimedia
package.

e

REYTE
Load and‘l?esfstané FactorDesign

Home Introduction Theory Reliability Definitions General Contact Us

Chapters >
Dasign Examples

e No.: (256) 824-6370
Fax No.: (256) 824-6724

E-mall: teutanji@cee.uah.edu

Figure 48: Contact Page Containing Dr. Toutanji’s Information
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4.0 Introduction to LRFR

For the past few years, various researches have compared the LRFR with LFR with regards to
implementation. Few of initial comparative studies emphasizing the implementation of LRFR are
explained briefly in the table below:

Researcher

Brief Description

Lichtenstein
Consulting
Engineers (2001)

In their National Cooperative Highway Research Program (NCHRP) project
C12-46 report, they compared 37 bridges (among which one bridge is from
State of Alabama) rated at both the Design and Legal ratings levels. Each
bridge was analyzed at the Design, Inventory and Operating levels of rating
under the HL-93 and HS-20 load models for the LRFR and LFR,
respectively. The LFR analysis was performed according to the AASHTO
Manual for Condition Evaluation (MCE)-1994.

(Mertz 2005) In his NCHRP project 20-07 Task 122, the PI compared 74 bridges (all of
the bridges in his study were provided by either NYSDOT or WYDOT).
The Comparative study is made using AASHTO Bridgeware’s Virtis
Version 5.1 software.

(Rogers and In this report, they had a comparative study on 5 simply supported

Jauregui 2005)

prestressed concrete I-girder bridges (all of the bridges in his study were
provided by NMDOT). They performed analysis only for interior girders of
the bridges.

Based on this research, the need to implement LRFR is stimulated. Thus, The American
Association of State and Highway Transportation Officials (AASHTO) and the Federal Highway
Administration (FHWA) have set a transition date of October 1, 2007 after which all new bridges
shall be designed in accordance with the AASHTO LRFD Bridge Design Specifications. FHWA
memorandum dated October 30, 2006 on subject - “Bridge Load Rating For The National Bridge
Inventory (NBI)”[** emphasis on following policies:

1. For bridges and total replacement bridges designed by LRFD Specifications using HL-93
loading, prior to October 1, 2010, Items 63, 64, 65 and 66°°! are to be computed and
reported to the NBI as either a Rating Factor (RF) or in metric tons. Rating factors shall be
based on LRFR methods using HL-93 loading'® or LFR methods using MS18 loading™®.
Metric ton rating values shall be reported in terms of MS18 (32.4 metric tons) loading
derived from a RF calculated using LRFR methods and HL-93 loading, or LFR methods
using MS18 loading!**!

2. For bridges and total replacement bridges designed by LRFD Specifications using HL-93,
after October 1, 2010 Items 63, 64, 65 and 66!% are to be computed and reported to the NBI
as a RF based on LRFR methods using HL-93 loading™®
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The Manual for Bridge Evaluation (MBE-2008) discusses on three load rating procedures

Design Load Rating (First level Evaluation):

The Design loads used to design a bridge are used to evaluate the Rating Factor (RF).

The difference in load models, strength load factors for LFR and LRFR at Design Load Rating

Level are shown below:

Load Factor Rating

Load Resistance and Factor Rating

Rating Factor:

C_AlD

RF=— 1"
AL(1+1)

_ (C—vypc DC — ypwDW = ypP)

RE (yoL (LL + IM))

INVENTORY LEVEL:

Design Load:

HS20 Truck/Tandem/Lane
Load (0.64K/Ft. +
Concentrated Load) in all
lanes.

HL-93 Design Load:
Case 1: Check HS20-44 Truck load
along with lane load in all lanes
Case 2: Check Tandem load along
with lane load in all lanes
Maximum of the above two cases is
considered.

Impact 30% maximum 33% on Truck or Tandem loads only
percentage:
Load Factors: 1.3DL +2.17LL 1.25DL1+1.5DL2+1.75LL

DL1: Dead load of Components and
attachments
DL2: Dead load of wearing surface

OPERATING LEVEL:

Design Load:

DESIGN LOAD

HS20 Truck/Tandem/Lane
Load (0.64K/Ft. +
Concentrated Load) in all
lanes.

HL-93 Design Load:
Case 1: Check HS20-44 Truck load
along with lane load in all lanes
Case 2: Check Tandem load along
with lane load in all lanes
Maximum of the above two cases is
considered.

Impact 30% maximum 33% on Truck or Tandem loads only
percentage:
Load Factors: 1.3DL +1.3LL 1.25DL1+1.5DL2+1.35LL

DL1: Dead load of Components and
attachments
DL2: Dead load of wearing surface
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Legal Load Rating (Second level Evaluation):

AASHTO Legal Load models (Type 3 Unit, Type 3S2 Unit, Type 3-3 Unit, Lane type model,
NRL, SU4, SU5, SU6, SU7) and State Legal Load models are used to evaluate the Rating Factor.

Permit Load Rating (Third level Evaluation):

Permits are issued by states on a single trip, multiple trip or annual basis. Load factor are
considered based on Table 6A.4.5.4.2a-1 of MBE Manual. Permit load rating is used only if the
bridge rating factor is greater than 1.0 when evaluated for AASHTO legal loads.

The following figures show the introductory web pages on LRFR rating:

fda nh R
Load and Resistance FactorDesign LS = R

Home Introduction Theory Rediability i al Contact Us

‘: LOAD RATING EVALUATION LIVE LOAD MODELS
~ LOAD RATING PROCEDURES

| LOAD AND RESISTANCE FACTOR RATING (LRFR) FLOW CHART.

| COMPARISON BETWEEN LFR AND LRFR.

FREQUENTLY ASKED QUESTIONS (FAQs).

I LINKS OF SOME USEFUL REPORTS AVAILABLE ONLINE FOR BRIDGE RATING.

Search In>

LRFR (D Intro.

LOAD RATING
EVALUATION

METHODs

METHODS METHODS
[ | |

Figure 49: Page Showing Introduction to LRFR
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~

Contact Us

» il B

L1

(ry (LL+ IM))

RT=RF xW

Rating is no more expressed in tons.

o Lemgtn.
Reliablity index vanies with Span length

»

Span Lungth
Achieves Uniform Rebability ndex

DESIGN LOAD
RATING
(First-Level
Evaluation)

(The live load model is the
AASHTO design HS loading. The
rating is expressed relative to HS20
truck )

INVENTORY LEVEL RELIABILITY:

Deiign Load:

HS20-U4Truck Tandem Lane Loac
(084K Fr. - Concentrated Load) in all
lanes.

Case |: Check I-IES:O-L& Truck load along with lane load in all lanes
Case J: Check Tandem load along with lane load m all lanes
MMaumum of the above two cases is considered.

30%%

33% on Truck or Tandem loads only

Load Factors:

13DL +2.17LL

1.25DL1+1.5DL2+1.75LL
DL1: Dead load of Components and attachments
DL2: Dead load of weanng susface

OPERATING LEVEL RELIABILITY:
T;

Deiign Load: iS2) Load 5 :
: (064K Fr. = Concentrated Load) in all Case 1: Check H520-44 Truck load along with lane load in all lanes_
lanes Case J: Check Tandem load along with lane load in all lanes.
Maumum of the above two cases is considered
30% maumum 3% on Truck or Tandem loads only
Load Factors: 13DL-13LL 1.25DL1+1.5DL2+1.35LL
DL1: Dead load of Components and attachments
DLJ- Dead load of weanng susface
Live Load Models | There s no classification based entraffic. | [ For Routine Commercial Treffic:
> LEE‘.‘&‘]‘:’P_‘AD It lwfses_li\'e 1_016 models generally for

Figure 50: Page Showing Comparison between LFR and LRFR
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5.0 Conclusion

The purpose of this project was to create a user-friendly multimedia package that brings the user
full information about LRFD specifications. This tool can be used as a trainer for the study of
the LRFD specifications that today’s engineers and designers are using in the United States, and
it can be updated to maintain the quality of its service to the highest level.

The multimedia CD-ROM has many advantages, namely: step-by-step details with diagrams,
equations, examples, tables, definition, and theory. This multimedia package can be used like a
reference tool for people trying to learn the complicated language of LRFD specifications.
Another advantage is that the information can be modified whenever it is desired, able for
updating the new requisites, and for including more examples.

This complete package will be available in ALDOT, the Bureau of Research and Development
and the Civil and Environmental Engineering Department at the University of Alabama in
Huntsville. Its main purpose is to facilitate the labor to many inexperienced designers and
engineers in the innovative field of LRFD specifications for bridge designs. The Principal
Investigator, Dr. Houssam Toutanji, is responsible for updating this multimedia package
periodically or when it is necessary.
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Item 63 — Method used to determine Operating Rating.
Item 64 — Operating Rating.
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Item 65 — Method used to determine Inventory Rating
Item 66 — Inventory Rating
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