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FUNCTIONS OF THE BRIDGE DESIGN SECTION

The primary function of the Bridge Design Section is to provide the necessary

design and plan preparation expertise for various types of fixed and movable bridges. This
may include either new bridge construction, bridge replacement or bridge rehabilitation
projects. Some of the other functions of the Bridge Design Section are as follows:

1.

10.

To provide the design and plan preparation for bridge repairs and other bridge
maintenance projects.

To provide the electrical, mechanical and architectural design and plan preparation
for movable bridges, roadway lighting, communication systems, microwave towers,
rest areas, weigh stations and buildings.

To maintain standard plans and details for bridges, guardrail, and permanent
signing.

To provide structural ratings for existing bridges, evaluate weight limits and effect of
overlays on deficient bridges, and review bridges for overweight vehicle permits.

To coordinate, review, and administer funding for bridge projects prepared by
consulting engineering firms under contract with the Department.

To provide technical engineering assistance, coordination and general information
to other Department sections, state and federal agencies, legislative bodies and the
general public.

To participate in various Department and National technical committees. To
periodically review the AASHTO Standard Specifications for Highway Bridges and
make recommendations for its update.

To coordinate construction permits with the various agencies involved with the
projects.

To provide technical engineering assistance for research projects conducted by the
Department.

To provide assistance to Construction Section for any field problems, which may
occur, and to review and approve fabrication shop drawings.



BRIDGE DESIGN ORGANIZATION CHART
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PROJECT DEVELOPMENT COORDINATION

Each Department design project (consultant or in-house) is normally assigned a two
coordinators, coordinator 1 and a coordinator 2. These coordinators are normally from the
roadway design or bridge design sections.

The coordinator 1 is responsible for supervising the development of the road and bridge
plans and to meet all project time deadlines. The Department maintains a computer
database known as LETS on the mainframe computer system (CICSPROD), for all design
projects. The LETS, Letting Schedule System, provides information regarding projects in the
pre-letting stages of development. The Coordinator 1 is responsible for maintaining certain
project information in LETS in an accurate and timely manner.

For specific information concerning the LETS System, contact the Department's Highway
Needs Section.

A typical plan preparation flow chart is shown on page |4, Most projects will follow these
steps although certain projects may require slightly different or additional steps. A typical
plan development sequence is shown on pages |7| and [8} These sheets may be used as a
worksheet for in-house projects.

Sample of data fields contained on LETS SYSTEM for each project:

1. Project Numbers.

2. Project Description.

3. Coordinators.

4, Project time deadlines for environmental, survey, preliminary plans, advance check

prints, P.S.& E, right-of-way, utilities, and letting.
5. Construction, engineering, right-of-way and utility costs.
6. Type of project funding.
7. Permit information.

8. Structure numbers and sufficiency ratings for bridges on a given project.



TYPICAL PLAN PREPARATION FLOW CHART
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Continued on the next page
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o [ s

Utility Agreements

Continued from previous page

v
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\ 4
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! Project Coordinator (Bridge or Road Design) will be required to coordinate all meetings and plan submittals.
2 FHWA approval is required on all NHS and IM projects.
3 ACP’s consultant projects, FUP’s in-house projects

* Public Meetings / Hearings may sometimes be held prior to the survey. this will depend on the complexity
of the project.




TYPICAL PROJECT DEVELOPMENT SEQUENCE (IN-HOUSE PROJECTS)

PROJECT DATA WORKSHEET

Bridge Coordinator:

Consultant:

Roadway Coordinator:

Project Name:

Route:
S.P. No.(Construction.): S.P. No.(Engineering):
F.A.P. No.: Parish:

Miscellaneous comments:




PROJECT TASK WORKSHEET (IN HOUSE PROJECTYS)

. . COMPLETED DATE
quOJect Task For Preliminary Plan Phase

PROJECT ASSIGNED TO COORDINATOR AND PROJECT NUMBER REQUESTED.

REQUEST ADT & AERIAL PHOTOGRAPHY.

MAKE INITIAL PROJECT SITE VISIT.

ORDER EXISTING RIGHT-OF-WAY MAPS.

SENT OUT PRELIMINARY PROJECT QUESTIONAIRE TO DISTRICT FOR INPUT.

DEVELOP ALIGNMENT AND DETOUR ALTERNATES AS NEEDED.

HOLD PRE-DESIGN CONFERENCE.

©f Nl o g A W NP

DEVELOP PRELIMINARY PERMIT INFORMATION FOR COAST GUARD, CORPS OF
ENGINEERS, RAILROAD, ETC.

9.  SEND ALIGNMENT AND DETOUR TO DISTRICT, TRAFFIC AND PLANNING AND
GEOMETRICS FOR REVIEW.

10. SEND T, S, AND L(TYPE, SIZE AND LOCATION) TO FHWA FOR REVIEW.

11. SEND PROJECT INFORMATION TO ENVIRONMENTAL TO START CLEARANCE PROCESS.

12. HOLD PUBLIC MEETING OR PUBLIC HEARING IF NEEDED.

13. ORDER TOPOGRAPHIC SURVEY.

14. ORDER HYDRAULIC ANALYSIS.

15. ORDER GEOTECHNICAL ANALYSIS. (BORINGS, CONSOLIDATION, SLOPE STABILITY)

16. DEVELOP PRELIMINARY PLANS.

17. HOLD PLAN-IN-HAND FIELD INSPECTION AND/OR OFFICE REVIEW.

18. INCORPORATED PLAN-IN-HAND COMMENTS AND SEND FINAL RIGHT-OF WAY TAKING
LINES TO REAL ESTATE TO DEVELOP R/W MAPS.

19. PREPARE APPLICABLE PERMIT SKETCHES.

20. OBTAIN ENVIRONMENTAL CLEARANCE BEFORE PROCEEDING TO FINAL PLANS.

! Notes: FHWA is normally involved in plan review and approval on NHS and IM projects. The sequence as
shown may vary depending upon project type and scope.
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. . COMPLETED DATE
quOJect Task For Final Plans Phase

1. PREPARE FINAL PLANS.

2. SEND OUT ACP's (ADVANCED CHECK PRINTS FOR COMMENTS).

3.  SUBMIT INFORMATION TO BRIDGE RATING ENGINEER TO DETERMINE IF RATING IS TO
BE DONE IN-HOUSE OR BY CONSULTANT.

4.  SEND FINAL MATTE FILMS TO CONTRACTS SECTION TO PREPARE PROPOSAL.

5. FINAL PROPOSAL SENT OUT FOR REVIEW.

6. CHIEF ENGINEER SIGNS TITLE SHEET AND FINAL COST ESTIMATE.

7.  PLAN REVISIONS MADE IF NECESSARY.

8. PROJECT IS LET AND BID REVIEW COMMITTEE MAKES REVIEW OF BIDS.

9. CONTRACT IS SIGNED AND A WORK ORDER IS ISSUED.

10. REVIEW ERECTION AND/OR FABRICATION SHOP DRAWINGS.

11. AssIST CONSTRUCTION SECTION ON ANY FIELD PROBLEMS. ASSIST IN PLAN CHANGES
IF NECESSARY.

12. PROJECT FINAL ACCEPTANCE AND PROJECT ENGINEER SUBMITS FINAL AS- BUILT PLANS
TO GENERAL FILES SECTION.

! Notes: FHWA is normally involved in plan review and approval on NHS and IM projects. The sequence as
shown may vary depending upon project type and scope.
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DISTRIBUTION OF PRINTS BY BRIDGE DESIGN SECTION
PURPOSE NO. OF
I S FOR SHEETS NEEDED REMARKS
o 3 REAL ESTATE SECTION
i UTILITY UNIT PARISH MAP & COPIES OF
i PROJECT ENGINEER FIELD ROLL TO BE USED FOR
TITLE WORK I [ DISTRICT UTILITY REPRESENTATIVE | ' T-F + PLAN 8 PROFILE HIGH PRIORITY PROJECTS
i LOCATION & SURVEY SECTION
(REAL ESTATE) 3 ENVIRONMENTAL SECTION ONLY IF FEDERAL AID PROJECT
griDGE HvorauLics' | [ BRIDGE TYPE, SURVEY, T0 DEVELOP BRIDGE FINISHED GRADE
{HYDRAULICS) FIELD ROLL, CROSS-SECTIONS | AND SCOUR DATA
) ASK FOR CONSOLIDATION
é‘é%ﬁgémgif) 3 GEOTECHNICAL ENGINEER gnEuBEE:F%sZLmPOR FIELD ROLL | AND SETTLEMENT CURVES
IF APPROPRIATE
ROAD DESIGN (0|1 ROAD DESIGN SECTION TITLE SHEET, G.P. B DET. SAT. | F ROADWORK 1S REQUIRED
) TITLE SHEET, TYPICAL SECTION, | INCLUDE LAYOUT FOR
GEOME TRIC REVIEW ! TRAFFIC & PLANNING DIVISION P/P. GEOMETRIC LAYOUT CONSTRUCTION SIGNING
(GEOMETRIC) i GEOMETRIC DESIGN ENGINEER FULL SET
ENVIRONMENTAL (2) PUBLIC HEARING & IF ENVIRONMENTAL CLEARANCE &
8 COAST GUARD I | ENVIRONMENTAL IMPACT SECTION | PRELIMINARY PLANS COAST GUARD APPROVAL ARE
(ENVIRONMENTAL TITLE SHEET, PLAN & PROFILE | NECESSARY BEFORE
8 COAST CUARD) ' COAST GUARD 8 BRIDGE GENERAL PLAN ADVANCING WITH PLAN-IN-HAND
] CONSTRUCTION SECTION (HEADQTRS) | FULL SET 8 CROSS-SECTIONS
i UTILITY UNIT
i DISTRICT CONSTRUCTION ENGINEER
i DISTRICT MAINTENANCE ENGINEER
i PROJECT ENGINEER
i DISTRICT UTILITY REPRESENTATIVE
i REAL ESTATE DISTRICT OFFICER
i REAL ESTATE, HEADQUARTERS
. DISTRICT DESIGN, WATER RESOURCES,
PLAN-IN-HAND ! 8 DEVELOPMENT ENGINEER
| ROAD DESIGN SECTION IF_ROADWORK IS REQUIRED
i FHWA FULL SET ONLY IF FEDERAL NHS PROJECTS
i WILDLIFE 8 FISHERIES COMMISSION
PUBLIC HEARING &
' ENVIRONMENTAL IMPACT SECTION ONLY IF FEDERAL AID PROJECTS
i ROAD MAINTENANCE SECTION ONLY FOR R/R X-INGS
2 | PARISH OR CITY GOV'T AGENCY PARISHES OF JEFF., PLAQ., EBR,
i HYDRAULICS ORLEANS , CADDO
| CONSULTANT IF_APPLICABLE
| TRAFFIC SERVICES IF_DETOUR/ CONSTRUCTION SIGNING
| DISTRICT TRAFFIC
{CONSTRUCTION) OPERATIONS ENGINEER
22) I PROJECT ENGINEER FULL SET 8 CROSS-SECTIONS
| DISTRICT UTILITY REPRESENTATIVE | TITLE SHT..TYP. SEC..P/P, X-SEC.
10 | REAL ESTATE SECTION TITLE SHEET, TYPICAL SECTION
| LOCATION 8 SURVEY SECTION & Bl AN & PROFIE S
| ROAD MAINTENANCE SECTION FOR RAIL ROAD CROSSINGS
FINAL RIGHT OF WAY PARISH OR CITY TITLE SHEET & SPECIFIC ONLY IF SEWERAGE EFFLUENT IS
I BEING DISCHARGED ON HWY. R/W
GOVERNMENTAL AGENCY PLAN & PROFILE (STORM SEWER DRAINAGE PROJECTS)
| BRIDGE DESIGN PERMIT SECTION  |TITLE SHEET 8 PLAN 8 PROFILE | FOR PERMIT DETERMINATION
| UTILITY UNIT
| ROAD DESIGN SECTION
| FHWA
| DISTRICT CONSTRUCTION ENGINEER
(REAL ESTATE} > PUBLIC HEARILG B ENVIRONMENTAL ey | g7 ONLY IF FEDERAL NHS PROJECT
k2] UTILITY UNIT
| PROJECT ENGINEER
| DIST. UTILITY REPRESENTATIVE
10 | REAL ESTATE SECTION TITLE SHEET & PLAN & PROFILE

REVISED FINAL
RIGHT OF WAY

(REAL ESTATE)

LOCATION & SURVEY SECTION

DISTRICT CONSTRUCTION ENGINEER

FHWA

PUBLIC HEARING & ENVIRONMENTAL
IMPACT SECTION

ONLY IF FEDERAL NHS PROJECT

Rev. 0173172000

(SHEET I OF 2)
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DISTRIBUTION OF PRINTS BY BRIDGE DESIGN SECTION (CON'T.)

PURPOSE NO. OF
(DIRECT LETTER TO:) [ SETS

FOR SHEETS NEEDED REMARKS

CONTRACTS & SPECIFICATIONS

1e PROJECT ENGINEER
CONSTRUCTION SECTION (HEADQTRS) | FULL SET & CROSS-SECTIONS
FHWA ONLY IF FEDERAL NHS PLANS
FINAL CONTRACTS MANAGEMENT TITLE SHEET ONLY

(IN-HOUSE DESIGN) GEOTECHNICAL ENGINEER
TRAFFIC SERVICES

|
|
|
|
|
UNCHECKED PLANS | DISTRICT UTILITY REPRESENTATIVE
|
|
|
|
|

ROAD DESIGN SECTION ONLY IF ROAD WORK REQUIRED
GEOMETRICS SECTION FULL SET
ADVANCE MAINTENANCE SECTION (HEADQTRS) ONLY FOR R/R CROSSINGS
CHECK PRINTS | UTILITY UNIT
(CONSULTANT DESIGN) | PUBLIC HEARING & ENVIRONMENTAL
IMPACT SECTION
| REAL ESTATE
IF ROAD AND/OR BRIDGE PLANS
(CONTRACTS AND ! CONSULTANT PREPARED BY CONSULTANT
SPECIFICATIONS) | DISTRICT CONSTRUCTION ENGINEER
P.S.&E ()
(CONTRACTS AND | CONTRACTS AND SPECIFICATIONS FINAL MATTED PLANS
AN TIMAT
SPECIFICATIONS) SECTION SPECIFICATIONS AND ES E

(n COPY OF LETTER TO:

REAL ESTATE, LOCATION 8 SURVEY,
GENERAL FILES ! GENERAL FILES FINAL SIGNED MATTED PLANS | DIarRIcT LONGIRUCAON ENOINELR,
ROAD DESIGN ENGINEER, PARISH

OR CITY GOVERNMENT AGENCY,
PRINTS ARE FURNISHED ON REQUEST
BY GENERAL FILES.

(32) | PROJECT ENGINEER
18 CONSTRUCTION SECTION
PLAN CHANGE I FHWA NHS FUNDING ONLY
0 REAL ESTATE TITLE SHEET & REVISED SHEETS 0N F /W CHANGED
I UTILITY IF_APPLICABLE
(CONSTRUCTION) | DISTRICT UTILITY IF APPLICABLE

4
ALL SETS SHALL BE HALF-SIZED, EXCEPT FOR THOSE WHICH ARE SENT TO REAL ESTATE & UTILITY, WHICH WILL BE FULL-SIZED.

Rev. 0173172000 (SHEET 2 OF 2)
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BRIDGE DESIGN AND PLAN PREPARATION

The documents on the following pages, the "General Guide for Bridge Plan Preparation”
and the "Design Policy Guide for Bridges and Structures” were prepared for the engineer
and staff designated by the Department as responsible for the preparation of bridge plans.
Projects may be performed by an in-house engineer or by a consultant engineer under
contract with the Department. These documents are included in this manual strictly as a
guide in preparing bridge plans. Variations are highly probable for individual projects, and
it is the responsibility of the Engineer to recognize these variations. However, any
departure from the normal procedures outlined herein, or elsewhere in the manual, should
be only with prior approval of the Bridge Design Section.

In cases where the AASHTO Specifications allow more than one method of analysis, the
method to be used requires the approval of the Bridge Design Engineer before proceeding
with the project. This is also true in cases where the specifications may be unclear.
Additionally, the Bridge Design Section has certain preferences for detailing. The engineer
should check with the project coordinator to assure proper format, particularly on complex
projects.

It will be the responsibility of the Engineer to keep their copy of the bridge design manual
properly updated. This includes all bridge design manual revisions issued by the Bridge
Design Engineer, which affect design, policies and procedures.

Each project will have a DOTD design coordinator for each in-house or consultant design
project. For in-house design projects, the project coordinator shall be responsible to meet
all applicable project completion deadlines. This includes the coordination of road and
bridge plan development with various DOTD sections (Road, Environmental, Location and
Survey, Hydraulics, Real Estate, Contracts, Construction, Utilities, DOTD Districts,
Geotechnical, etc.), local and state agencies, Metropolitan Planning Organizations,
Wildlife and Fisheries, D.E.Q., and federal agencies such as FHWA, Coast Guard, Corps of
Engineers, FAA, etc. For consultant contracts, the coordinator will monitor the consultant’s
design and rating contracts which include review of the plans at various stages during
preliminary design, final design, construction (fabrication drawing review), bridge rating
and processing of invoices.
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GENERAL GUIDE FOR BRIDGE PLAN PREPARATION

The information contained herein has been compiled by the Department's Bridge Design
Section setting forth requirements the Engineer is to follow and what services the
Department will furnish in the preparation of bridge plans for given projects.

The Engineer is hereby forewarned that the Department has a preference for certain type of
details and design philosophy for the bridge structures. The Department will furnish, as
when available, and if requested, miscellaneous standard details and/or standard plans for
a given project. The Engineer shall be responsible for obtaining a copy of the "Bridge
Design Manual”, which has been prepared by the Bridge Design Section of the Louisiana
Department of Transportation and Development. The "Bridge Design Manual” makes
policy statements and can be used as a policy guide for structural analysis and will aid the
Engineer in developing bridge plans. However, the "Bridge Design Manual” covers only a
small portion of the work that the Engineer may be required to perform. In addition, it is
important that the Engineer become familiar with the Design Memorandums or revisions to
the "Bridge Design Manual” issued as Memorandum to all Contractors prior to beginning
any work.

PRELIMINARY PLANS

General

1. For Consultant projects, it will be the responsibility to meet the requirements stated
in the contract and the project schedule. Submittals should be in accordance with
the Department's Bridge Design Section Policy or as requested by the coordinator.
In general, for consultant contracts preliminary plans should be submitted at the 30,
60, 90, and 100 percent completion stage. These submittals shall include
completed and partially completed plans, and calculations including hydraulics.
Where applicable, a separate copy of hydraulic studies described elsewhere herein
for bridge sites should be submitted to the Bridge Design Coordinator at the 60%
completion point for review. At 100% preliminaries, final right-of-way taking lines
should be completed. For guidelines for preliminary plan payment milestones for
consultant projects, see page For in-house projects the engineer may follow the
plan development sequence guidelines as stated on pages Elthrough as a general
guideline.

1. It is the Engineer’s responsibility to submit a request as outlined herein for deep
borings and fill height analysis as soon as possible in order to avoids delays.
Additionally, the Engineer shall prepare the necessary permit sketches, drawings,
etc., for the Corps of Engineers, Coast Guard, railroad company, Federal Aviation
Administration, etc. A list of permits can be found in Chapter 7.

2. For each consultant project, regardless of prior approval, the Engineer shall prepare
and submit a synopsis of the electronic data processing software which may be used
in the design or the analysis of the bridges, retaining walls or other structural
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elements. This information should be submitted to the Bridge Design Engineer for his
review and approval prior to their use. The Bridge Design Engineer may require that
sample problems be run and the results reviewed in order to assure acceptability of
the proposed software.

Preliminary Bridge Plans In Plan-In-Hand Form

Plans for the plan-in-hand field inspection shall be prepared in accordance with the
following procedures and recommendations and shall contain at least the following
applicable data:

1. Design criteria, specifications, loading, materials, traffic data, navigational aspects if
applicable for the structural design, and the design criteria and proposed systems to
be used in the mechanical, electrical or architectural portions of the project.

2. Prior to beginning work, the engineer shall obtain approval in writing, of any details
or design features which vary from the Bridge Design Manual and Bridge Design
Engineer's memoranda.

3. The Engineer shall obtain approval from the Department for the scale to be used in
the plan and profile drawings and general bridge plans.

4, Plan and profile of each bridge structure showing, roadway alignment (both vertical
and horizontal). Show profile elevations at centerline joint, each bent, the
abutments, and beginning and end of the approach slab. Indicate location of the
profile grade line (P.G.L.) on the general bridge plans. No station equations are to
be used from beginning to end of any bridge structure unless approved by the
Bridge Design Engineer. It is also the responsibility of the Engineer to determine
from the survey level books which referenced datum was used to establish the
project's vertical elevations.

5. Span lengths, location of expansion and fixed ends of spans, size and type of joints
to be used, all horizontal and vertical dimensions and clearances, lane and shoulder
width of the bridge and approaches, type and location of bridge drainage. Approach
slab type and length revetment type and length at bridge ends.

6. Length and location of test piles including test pile length and tip elevations, size,
number and length of piles for pile bents, and size, type, approximate number and
length of piles for column bents and location of core borings.

7. Hydraulic data, (if applicable).

8. Right-of-way is shown on bridge plans if roadway plan and profile sheets are not
part of the plan set.
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9. Typical sections through bridge structure showing dimensions and details of
proposed superstructure and substructure, such as slab thickness, beam spacing and
depth, handrail and barrier details, type footings proposed, drilled shafts, pile
footings, etc. The maximum foundation pressures and maximum pile loads are to
be shown, where applicable, along with the size, length, and type of piles or drilled
shafts. Framing plans, if applicable.

10.  Detour layout

11.  Additional miscellaneous information and details include, vertical and horizontal
clearances, permanent signing, construction signing, lighting and utilities if
available, superelevation diagrams, guardrail layout details, attenuators location,
and stopping sight distance.

12.  Preliminary design of structural components are required in order to determine
beam spacing, column spacing, number of piles and any special features.
Preliminary design computations may be requested for the Department’s review and
approval. A preliminary cost estimate should also be prepared for the project.

13.  Sufficient economic studies will be made available if requested with regard to
recommended bridge layout, span lengths, and structural types prior to pre-plan-in-
hand submittal.

14. A plan-in-hand conference may be held after the plan-in-hand field inspection at
which time special features will be discussed and determinations made, all of which
shall be shown on the Preliminary Bridge Plans In Final Form.

Preliminary Bridge Plans In Final Form

After the plan-in-hand has been completed, the engineer shall submit the preliminary bridge
plans in final form to the project design coordinator for approval. These plans shall reflect all
agreements reached at the plan-in-hand stage and shall contain all applicable data described
in items 1 through 6 on page Required Permit sketches if applicable should be included.
The Department is to obtain approval of the preliminary bridge plans from others involved
such as the Federal Highway Administration, Railroad Companies, Corps of Engineers, Coast
Guard, Federal Aviation Agency, etc., prior to beginning final bridge plans when it is
required. The engineer will be required to prepare and modify any sketches, permit
drawings, calculations, or provide any information in order for the Department to secure
approval of the preliminary plans.

For consultant projects the Engineer will be authorized in writing by the Department's
project design coordinator to commence with final design for the project.
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Hydraulic Studies

Hydraulic studies for the bridge site in general should include: determination of flood plain
discharge for the design event; determination of normal water surface elevations and the
stage-discharge relationship; design selection based upon computed backwater;
determination of special requirements (scour protection, spur dikes, abutment protection);
predicted scour depths; and documentation of design. The predicted scour elevation
should always be shown on the general bridge plans and in the hydraulic data table. An
example hydraulic data table is shown on the following page. The computed table should
be included in the plan-in-hand prints, as well as in final plans

Formal documentation of all design considerations and the general design process will be
made in the Hydraulic Report. The Hydraulic Report will include: a general discussion of
the watershed and the scope of and the reasons for the proposed improvement;
documentation of any coordination with other agencies or governments; brief discussion of
any local or regional ordinances influencing design; general site data used in hydraulic
design; general discussion of design analysis; final design recommendations; a general
"Flood Hazard Summary”. As with the hydraulic calculations, the complexity of the
Hydraulic Report should be commensurate with the significance of the site from a flood
hazard standpoint.

Hydraulics design, unless otherwise specified, shall be in accordance with the DOTD
Hydraulic Manual; guidelines, procedures and examples are there in. Further questions
pertaining to bridge hydraulic design should be directed to the DOTD Hydraulics Section.
For general rules regarding setting bridge finish grade elevations, refer to Chapter 3 of this
manual.

1 (15)



EXAMPLE BRIDGE HYDRAULIC DATA FORM

STATE PROJECT: 029-02-0018
ROUTE: LA 8

PARISH: Vernon

STRUCTURE NO.: 029-02-01561
PREPARED BY: Joe Smith

DATE: May 14, 1996

STREAM NAME: Forker Creek

BEGINNING STATION: 16+35.000

BRIDGE LENGTH: 55 m

BASIN SLOPE: 1.26 m/km

DESIGN STORM: 25 years

HYDRAULIC DATA TABLE FORM

Drainage Area (km?): 19.6

Flood Frequency (years) 25 100 Overtopping | Scour  Analysis
= 500 500

Discharge (m?/s) 86.00 135.00 NA 210.00

Design Water Surface Elev. 37.87 38.39 NA 39.25

(m/ N.A.V.D- 88)

Average Velocity (m/s) 0.52 0.71 NA 0.98

Area of Opening (m?) 166.0 190.0 NA 213.0

Backwater (m) 0.005 0.190 NA 0.580

Bridge Scour Elevation (m) 29.30

REMARKS: Recommended finish grade elevation for a 25-year design flood is 38.78
mM/N.A.V.D- 88. Use 1:3 abutment slopes with flexible revetment extending 1.5 m outside

the fascia of the structure on upstream and downstream side.

BRIDGE SCOUR: Scour depth = 2.3 m scour depth elev. = 29.3 m/ N.A.V.D- 88

EXISTING BRIDGE: Length =40 m

DETOUR BRIDGE: Design Frequency = 5 years. The 5 year Design Water Surface Elevation
is 36.30 m/ N.A.V.D- 88. A 42 m (or as required to span channel) precast concrete slab

bridge at F.G. elevation of 37.50 m/ N.A.V.D- 88 is recommended.
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Geotechnical Analysis
GENERAL:

Normally, the location, number, and depth of soil borings will be recommended by the
Geotechnical Design Section. The boring request form on the page shall be used to
order borings, and consolidation tests through our Pavement and Geotechnical Design
Section. If slope stability analysis is needed this should also be discussed and requested at
this time.

For borings done in-house, three (3) sets of plans with the information described in items
"1 through 6" listed below should be transmitted to our Pavement and Geotechnical
Design Section. Upon receipt of this information, the Pavement and Geotechnical Design
Section will order the boring logs & any additional soil information as deemed necessary
for the project, including a fill height recommendation.

Some Consultant contracts require the Engineer to furnish the boring logs and test reports.
For those contracts, items "1 through 6" listed below are to be submitted to the
Department for approval prior to obtaining borings.

There will be some projects in which sufficient existing foundation information is
available, thus eliminating the need for additional borings and foundation studies. It will
be the responsibility of the Project Coordinator to request this information in writing.

Boring logs shall be included in the plan-in-hand drawings. However, in some cases,
when they are not available, plan-in-hand field inspections may be made without boring
logs. The boring logs shall be required as a part of the preliminary bridge plans in final
form. Correlation of boring logs to actual elevation will be required and will be the
responsibility of the Engineer.

The Engineer is to obtain approval from the Department for all foundation (roadway and
bridge) design criteria to be used on any project, prior to submittal of preliminary plans.
This will include foundation types and lengths (footings, piers, piles. drilled shafts, etc.),
pile supported approach slabs, fill heights, retaining wall and sheet pile wall types and
consolidation criteria (surcharge, wick drains, etc.)

Foundation studies can change structures from culverts to bridges or vice-versa. Also, the
type of substructure and superstructure can be changed by these foundation studies.

Preliminary plans will show controlling fill heights as determined by or approved by the
Department.

A foundation report may be required in special cases. The extent of bridge foundation
studies, embankment studies, and format for the soil report is to be approved by the
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Department. This work should be completed and approved prior to submittal of
preliminary bridge plans in plan-in-hand form.

The following listed information shall be furnished when requesting borings to be done
through the DOTD Pavement & Geotechnical Design Section:

1.

2.

Title sheet or vicinity map to locate projects.

Typical section of proposed embankment showing crown width and proposed side
slopes.

Plan and profile of surveyed alignments and preliminary structure layout in plan and
profile.

Plans to show approximate boring locations and recommended depths.
Type of structure being considered.

Fill heights and/or depth of cuts at bridge ends.

Rev. 12/01/99
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Boring Request Form

(one boring request form per site)

PROJECT INFORMATION

Construction No. Engineering No.

Project Name

FAP No. Structure No.

Route No. Parish

Letting Date Project Alignment O New O Old
Prelim. Plans Date Project Units O English O Metric

STRUCTURAL INFORMATION

- Bridge Length Pile Type & Size Pile load
Abut. max. Fill Ht. (Beg. Bridge) (End Bridge) Crown Width
Projected Scour Elevation
Are OId Borings From This Site or Adjacent Sites Available? OOYes [ONo

If Yes, Please Provide Copies and The Project Number.

- Any RoadwayEmbankment? OYes CONo If yes, complete the following information.
O New Embankmentor 0 Widening Height Range

Beg. Station End Station
- Are there any walls? [OYes [ONo If yes, complete the following information.
Type Wall Beg. Station End Station

“Wall Height Range:
Are Cross-Sections Available? OYes [ONo If Yes, please provide copies.
Comments:

Structural Info. Completed by Date

FIELD & LABORATORY REQUEST

(to be completed by the Pavement and Geotechnical Design Section)

[ Total No. Borings Requested

O Sampling Frequency Boring No.(s)
B Standard

B Continuous

ﬁBoring Depth(s)

OO0 Water Table
[ Consolidation Testing

Boring No.(s) Sieve Hydrometer Depth

O Grain Size O a

O O

O O
COMMENTS:
Field & Lab. Request Completed by Date
@ NOTES: Required Attachments
U 4 copies of general plan(s) (or field roll) & location map(s) Rev. 08-12-98

1(19)

Rev. 12/01/99



Preliminary Plan Payment Milestones Table

PAYMENT | TASKS BRIDGE COMMON ROAD
MILESTONE
Completed |1. Bridge hydraulic study |1. Pre-design criteria established [1. Plan/profile sheets with
and scour analysis existing topo
2. Type, Size & Location 2. Horizontal & vertical alignment |2. Preliminary typical sections
of Structure set set submitted for review
30 % 3. Deep Borings 3. Title Sheet
Distribution 4. Typical Section questionnaire
distributed
In Progress |1. Superelevation diagram 1. Preliminary typical sections
being reviewed
2. Economic study (if 2. Pavement Design
appropriate)
3. Soil borings and pH/resistivity
data
4. Capacity analysis
Completed |1. Preliminary design 1. Horizontal/vertical alignment
of substructure & on plan/profile sheets
superstructure
2. Foundation analysis 2. Geometric details submitted
for review
3. General Plan 3. Hydraulic design submitted
for review
60% 4. Typical bridge sections 4. Cross sections and required
right of way
Distribution 5. Final typical section
In Progress |1. Span and bent details . Sequence of construction & 1. Earthwork computations
and construction signing
2. Foundation layout 2. Construction notes & details
3. Framing plan
90 % Completed |1. Bridge quantities and . Assemble plans 1. Geometric and hydraulic
general notes comments incorporated
Distribution . Cost estimate 2. Pre-plan in hand review
In Progress . Pre-plan-in-hand review
95 0 Completed . Plan-in-hand prints distributed
Distribution
. Plan-in-hand inspection and
comments addressed
100 % Completed . Right of way taking lines set and
transmitted to Location and
Survey
Distribution . Permit sketches

. Revise cost estimate
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FINAL PLANS

General
1.

For consultant projects the engineer shall become familiar with the requirements
stated in the contract and the schedule for completion specified. It will be the
Engineer's responsibility to meet the requirements stipulated. Submittals should be
in accordance with the consultant's contract or in accordance with the coordinator’s
request. The plans are considered final only after the plans have been reviewed and
commented on the advanced check prints (95%) and all corrections have been
satisfactorily completed. In general, plans should be submitted at the 30%, 45%,
60%, 95% (ACP), 98%, 100%, and shall include completed and partially completed
plans. For guidelines for final plan payment milestones for consultant projects, see
page Design computations are to be kept by the engineer until completion of
the project. These computations are to be made available to the Department upon
request. These computations should be subdivided into parts, such as substructure,
superstructure, quantities, cost estimate, etc. Any changes required in the
computations through the Department's review or otherwise shall be resubmitted
with the final plans.

For in-house projects, the engineer may follow the plan development sequence
guideline as stated on pages [4] through

For consultant contracts the engineer shall prepare and submit a synopsis of the
electronic data processing software which may be used in the design or the analysis
of the bridges, retaining walls or other structural elements which have not been
previously approved in the preliminary phase to the Bridge Design Engineer for his
review and approval prior to its use. The Bridge Design Engineer may require that
sample problems are run and the results reviewed in order to assure acceptability of
the proposed software.

Typical Bridge Details For Final Plans

Final Plans submitted to the Department for approval shall contain the following applicable

data.

INDEX TO BRIDGE PLANS

1.

Index to include sheet numbers, and descriptive title of each drawing locating bent
numbers, span numbers, special detail drawings, standard details, etc.

The Bridge Index may be combined with the General Index, which includes all plan
drawings.

1(21)



3. The General Index to all plans may be placed on the title sheet provided the index
is not complex.

4, The index should be complete for ease of plan use.

GENERAL NOTES

1. General notes for the design and construction of all structures shall be combined
into one sheet. There is usually a need for additional notes to be placed on
structural detail drawings. A standard general note sheet is available through the
Bridge Design Section, however modifications may be required to suit the particular
project.

2. The General Notes should include the following: AASHTO design specifications
under which the bridge structures are designed; the construction specifications
under which the bridge structures are to be constructed; highway design speed,
live load design vehicles, concrete instructions, reinforcing steel, welding structural
metalwork, pile instructions, erection and construction procedures, etc.; all design
criteria not specifically covered by the AASHTO design specifications, and any
instructions considered necessary for the proper construction of the bridge structure.

SUMMARY OF BRIDGE QUANTITIES

1. The "Summary of Bridge Quantities" is a master summary for all bridge quantities.
It shall include item numbers, item descriptions, units of measure, quantities for
each item, sub-total quantities for each bridge and grand total for all bridge
structures.

2. The grand total for each item from the "Summary of Bridge Quantities" must be
included in the Master Summary of Estimated Quantities for the contract plans.
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BRIDGE PLAN AND PROFILE (GENERAL PLAN)

1.

The plans shall include a plan and profile view of all bridge structures. The profile
view should be detailed directly under the plan view, when practical.

The plan and profile drawings should include the following detail information when
applicable. If any details on the general plan must be expanded upon because of
complexity, a more specific detail sheet should be provided.

a)

All bridge structures shall include finish grade (FG) elevations along the Profile
Grade Line (P.G.L.) at all bent stations. Provide additional finish grade
elevations at other locations, such as the gutterlines, if necessary for ease of
construction.

Bridge profile to include stations along profile grade lines (or other control
lines) at centerline of joint. The type, size, number and length of piles shall be
shown. This information may be placed in tables, provided the tables and
profile drawings are properly cross-referenced, and the bent information is
properly correlated. The tables should be placed close to the plan and profile
drawings. Blank spaces in the tables should be provided for the order length of
piles.

Span length of each span along P.G.L.

Describe the type of spans to be used (prestressed concrete, welded composite
girders, curved steel spans, etc.).

Spans and bents to be identified by number or some other method acceptable
to the Department.

Location and description of permanent signing and lighting stations.
Location of expansion and fixed ends of spans.
Stopping sight distance and horizontal and vertical curve data if applicable.

The actual horizontal and vertical dimension clearances to the bridge structures
for railroad, waterways or highway applications.

Show details identifying the type and limits of erosion control material such as
riprap and flexible revetment including underground toes of slope.
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o)

Plan view showing the location and width of traffic lanes and shoulders, both
on and off the bridge. The fore and side slopes of the embankment, if
applicable.

Deck drainage, subsurface drainage, and existing utilities. Provide special
drawings for complex bridge structures.

Hydraulic data table, if required. Also the name of the waterway, direction of
flow, high water and low water elevations and spur dike details if required.

Guardrail details and layout data at bridge ends. May be placed on separate
detail sheet if needed for more complex details.

Location of test piles, core borings and cone penetrometer probing. This
information is to be shown on the foundation plans when required.

Location and description of temporary and permanent attenuators and backup
walls for attenuators.

Location of any required permanent or temporary sheet pile walls.

TEMPORARY CONSTRUCTION SIGNING, DETOUR LAYOUT AND SEQUENCE OF
CONSTRUCTION

1.

Temporary construction signing and sequence of construction detail sheets should
be provided to direct existing traffic through the construction sites.

If a bridge or roadway detour is required for the project, plan and profile detail
sheets of the detour, shall be included.

These sheets may either be provided in the roadway or bridge plans depending on the type

of project.

FOUNDATION PLAN

1.

A foundation plan shall be provided for all bridge structures (except as noted below)
and shall include the following:

a)

b)

All necessary details, dimensions, angles, and controls for ease in locating the
foundations for bridge structures.

Overlay of existing foundations to identify any potential conflicts with new
foundations.

Footings for column bents shall include the type of footings (typical footings
may be detailed on special drawings and tabulated as to Type A, B, C, etc.) the
elevation of the bottom of footings, schematic location of piles, direction of
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battered piles, bent numbers, station of centerline of each bent along profile
grade line.

d) Foundation plans are usually not required for trestle bent or drilled shaft type
construction. However, complex bridgework may require foundation plans for
these type foundations.

e) Foundation plans are usually required for pier type construction and should
include information described in items "a - c" above.

f) Details and information required to construct the bridge foundations may be
placed in tables. However, the information furnished in the tables should be
properly correlated to the foundation drawings. Also, the tables should be
located close to the foundation drawings.

g) Actual maximum pile or shaft loads should be shown in the plans for each pier
or bent. Maximum soil pressure (dead load, live load) should be shown in the
plans for other foundation types such as spread footings and retaining walls.

SPECIAL DETAILS, (spans, girders, bents, piers, footings, approach slabs, joints, bearings,
retaining walls, etc.)

1.

The design drawings shall include full details showing type of construction details
of all structural members, connections, and splices and summary of quantities for
each structural item.

All the structural drawings shall be to scale.

Tables may be utilized for similar structural items and details - provided the
information in the tables and the detail drawings are properly correlated.

A deformed reinforcing steel summary of quantities is to be provided in the plans
(including bar bending details) for each part of the bridge structure (spans, including
precast concrete girders”, bents, piers, footings, columns, etc.). Dimensions relating
to reinforcing steel fabrication are out-to-out of bar. Dimensions relating to
reinforcing steel spacing are center-to-center of bar.

Listed below is some general information, which should be included in the plans
when applicable.

a) Camber diagrams for proper fabrication of bridge members and construction of
superstructure. Camber diagrams to include separate ordinates for beam dead
load and any dead load to be placed upon the member (such as bridge barrier,

5 The reinforcing estimated quantities provided for such structure parts as precast-prestressed concrete
members paid for per linear meter are for information purposes only. In such case as this, estimated quantities
should be provided for a example (or nominal) members of each type.
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curb, handrail, wearing surface) after the deck concrete is poured. Final camber
ordinates must include correction for vertical curves.

b) End and intermediate superstructure diaphragms to be located relative to
centerline of joint.

c) Bearing assemblies are to be fully detailed and the finished bearing elevation of
each bearing are to be shown (in tables or special details).

d) Beam dead load reactions for all bridge structures.

e) Live load and dead load moments and shears for all steel spans. For curved
steel spans show LL + DL moments and shears at 20th points.

DEEP BRIDGE BORINGS

1. The core boring sheets should include a list of all piles showing type of pile, design
pile loads, pile number, sheet pile cut-off elevations, pile tip elevations and pile
length. Large projects may require a table listing all pile information.

2. A soil profile shall be provided for major bridge structures.
STANDARD BRIDGE PLANS AND DETAILS

The Bridge Design Section maintains standard plans and details for various structural
bridge members, permanent signing and guardrail. These standard bridge plans and details
may be obtained upon written request to the Bridge Design Engineer for incorporation into
any DOTD project. These standard plans and details should be included in the final plans
when they can be used. For more information, refer to chapter 8.

MOVABLE BRIDGES

The final plans for mechanical drawings shall show complete layouts of the mechanical
systems. All parts to be completely detailed and all commercial equipment shall be
completely specified. A complete "bill of materials” shall be included in the
mechanical plans. Since the Department has its own method of presenting mechanical
drawings, the Engineer should become familiar with the detail practice of the Bridge
Design Section prior to beginning any work. Details for the mechanical system should
be similar to details usually presented in mechanical shop drawings.

ELECTRICAL PLANS
1. The final plans shall include complete electrical plans, including conduit and

equipment layout; control schematics; and complete details of all fabricated,
assembled, or otherwise made-up parts; and complete specifications of all
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commercial equipment and apparatus. Furnish complete design of electrical and
illumination systems and of all components. Since the Department has its own
method of presenting the wiring diagrams, the Engineer should become familiar
with the detail practice of the Bridge Design Section prior to beginning any work.

The plan shall include complete power and control elementary wiring diagrams
with all conductors and equipment and apparatus identified; complete conduit and
wire layout; detail drawings and equipment list.

When necessary, written special provisions shall be supplied.

The Engineer shall be responsible for obtaining written confirmation from the utility
company as to their ability to supply proposed load.

PERMANENT SIGNING PLANS

1.

For projects requiring permanent signing, separate detail sheets showing the signing
layout, signing quantities and specific signing details are required. The permanent
signing is normally coordinated through our Geometric Design Section.

Permanent signing standard details are maintained by the Bridge Design Section.
These details include small ground signs (breakaway) and large overhead signs.
Structure mounted special support details (bridge, median barrier, retaining wall,
etc.) for large overhead signs are not shown on the standard sign details; these must
be designed and detailed on an individual basis for each specific sign when
required.

Bridge Plans In Final Form (A.C.P's submittal procedure)

1.

The Engineer shall submit "reproducibles” of the "Advance Check Prints" (95%
Final Plans) along with any required special provisions and a construction cost
estimate for review and comments. Each sheet must be stamped by a Civil Engineer
registered by the State of Louisiana.

The plans, specifications, and estimates are to be reviewed by the Department of
Transportation and Development and others that may be involved such as the
Federal Highway Administration, etc. The Department will advise the Engineer of
all comments, errors and omissions relative to the plans, specifications, and
estimate; which shall be revised and/or corrected by the Engineer. Please be
advised that this is only a cursory check and the Engineer is responsible for the
accuracy and completeness of the plans.

The Engineers are to work closely with the Department in order that the final plans,
specifications and estimates may be completed and ready for the proposed contract
letting date.
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Final Plan Payment Milestones Table

PAYMENT TASKS BRIDGE COMMON ROAD
MILESTONE
Completed . General plan 1. Submit final typical sections
for review & approval
. Framing plan
30 % . Superstructure design
Distribution
In Progress . Foundation layout 1. Review R/W maps
. Lighting and signing 2. Finalizing hydraulic design
design
. Superstructure details 3. Finalizing vertical
& horizontal geometry
4. Substructure design 4. Finalizing construction notes
Completed . Superstructure details 1. Submit for sequence of 1. Submit for final drainage
construction and construction
signing review
. Substructure design
. Foundation layout
60% . Lighting and
signing design
Distribution
In Progress . Substructure details 1. Summary sheets
2. General notes 2. Joint Layouts
. Summary of quantities 3. Graphical grades
90 % Completed . Pre-ACP submitted for review
prior to distribution
Distribution
95 0p Completed . Advance Check Print
distribution
Distribution . Cost estimate
In Progress . Special Provisions
98 % Completed . ACP comments addressed
Distribution . Final cost estimate
. Entire set of original plan
sheets transmitted to
Contracts Unit
. Special provisions
100 % Completed . Plans, Specifications &

Estimate

. Plans & Estimate transmitted

to General Files
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CONSTRUCTION ENGINEERING SERVICES

For those engineering contracts in which the Engineer is to provide services pertaining to
review and approval of construction contractor's shop drawings and/or working drawings;
listed below are comments relative to these services:

Once the Department authorizes the construction contractor to begin work on the project,
the Engineer shall provide such services as are required to check and approve shop bills,
shop drawings, and other working drawings. Final Checked Prints shall be stamped
"Approved" and dated, and one (1) print of each shall be retained by the Engineer; and the
remaining 8 prints of each drawing shall be distributed by the Engineer.

The distribution by the Engineer will be to the following:

Number of plan sets Department/organization
2 DOTD Construction Engineer (headquarters.)
Attn: DOTD Fabrication Engineer

DOTD Materials Engineer
DOTD District Administrator
DOTD Project Engineer
Fabricator

Contractor

PR NP

A note will be shown on the transmittal letter for distribution of the drawings stating
that the DOTD Structural Fabrication Engineer shall be given notice (10) working days
before work is to begin. The engineer will also be required to examine all erection
drawings submitted.
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DESIGN POLICY GUIDE FOR BRIDGES AND STRUCTURES

GENERAL

The information contained herein is to set forth a design policy guide for the Engineer to
follow in preparation of bridge plans, specifications, and estimates. These criteria are
supplemental to the latest Department design standards, (freeways, arterials, collectors, and
local roads and streets); any project memorandums written to the engineer by the project
coordinator or the Bridge Design Engineer; and the AASHTO Standard Specifications for
Highway Bridges, latest edition, along with current Interim Specifications.

Final design and preparation of contract plans will be based on the applicable part of these
design criteria and preliminary plans as approved by the Louisiana Department of
Transportation and Development, the Federal Highway Administration, and others.

Refer to other chapters in the Bridge Manual for specific design criteria not covered in this
section.

DESIGN

SPECIFICATIONS:

Design Specifications

a) AASHTO "Standard Specifications for Highway Bridges”, latest edition, with
current interim specifications and all other pertinent specifications referenced in
Chapter 3 of this manual.

b) "Bridge Design Manual” prepared by the Bridge Design Section of the Louisiana
Department of Transportation and Development.

¢) Memorandums and any revisions to the "Bridge Design Manual™ issued by the
Bridge Design Engineer periodically.

d) Project structural design criteria shall govern over the above specifications.
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Construction Specifications

a) Latest approved Louisiana DOTD Standard Specifications for Roads and
Bridges.

b) Special provisions and supplemental specifications.

Welding Specifications

Welding of structural steel, steel pipe and tubular members, reinforcing steel and
aluminum alloys shall conform to Section 815 of the latest edition of the DOTD
Standard Specifications for Roads and Bridges.

Loading

a) Dead Load - Calculated weight of structure plus 60 N/m?® future wearing
surface. Dry weight of earth 20 kN/m?; equivalent fluid pressure 9.8 kN/m?.

b) Live Load - Design Live Load shall be AASHTO designation MS-18 Truck or
Lane Load or HST-18(M) Truck Load, whichever governs except that HST-18(M)
shall generally not be used for local roads and streets except where heavy truck
traffic exists. Alternate Military Load shall be applied on the Interstate System.
Only MS-18 Truck or Lane Loading shall be used for fatigue design when
applicable. For two design traffic lanes, the load lanes may be adjacent to and
touching one another, causing the wheel loads to be 1.2 meters apart.

¢) Wind Loads - Wind forces are to be applied in accordance with the AASHTO
Specifications.

d) Seismic Loading must be investigated in accordance with the AASHTO
Specifications (Guide Specifications for Seismic Design of Highway Bridges).

e) Other loads such as temperature and stream forces shall be in accordance with
the latest AASHTO specifications.

Materials and Required Strengths

a) Reinforcing Steel - Reinforcing steel bars shall be Grade 420.
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b) Prestressing Strand - Prestressing strand for precast prestressed AASHTO girders
shall be 13 mm nominal diameter uncoated seven (7) wire low relaxation
strands of ultimate strength 1860 MPa.

c) Concrete

1) Concrete for frame bent footings, columns and caps, pile bent caps, and
abutments shall be Class "A" as defined by the Standard Specifications.
With a design strength of 22 MPa.

2) Concrete for deck slab, approach slabs, diaphragms, and barrier railing
shall be Class "AA" as defined by the Standard Specifications with a
design strength 24 MPa.

3)  Concrete for prestressed concrete AASHTO qgirders shall be Class "P" with
a f'ci (initial) of 30 MPa and a 28 day f'c of 40 MPa . Class "P(M)" with a
f'ci (initial) of 35 MPa and a 28 day f'c of 45 MPa . Girder designs
requiring higher concrete strengths shall have Department approval prior
to inclusion into final design plans.

4) Concrete for prestressed concrete piles shall be Class "P" with a f'ci
(initial) of 28 MPa and a 28 day f'c of 35 MPa .

5)  Drilled Shafts shall be class "S" concrete.
Superstructure Design: Refer to Chapter 5 for further information.
Substructure Design: Refer to Chapter 6 for further information.
Bridge Embankments and Revetments: Refer to Chapter 6 for further information.
Environmental/permit information: Refer to Chapter 7 for further information.

Provisions will be made for any utilities on or within any structure when deemed
necessary. Existing utilities will be relocated when required.

Lighting and Permanent Signing

Supports for signs and luminaries, including anchor bolts, nuts, and washers, shall be
detailed in the plans. See Chapter 10 for permanent signing information.
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DETAILS

Detailing Practices

1.

The plans shall be prepared in conformance with the General Guide for Bridge
Plan Preparation and Chapter 9 of this manual.

Reinforcing

All reinforcing shall be detailed in accordance with the Code of Standard
Practice of the Concrete Reinforcing Steel Institute.

All bending dimensions shall be "out-to-out".

No allowance shall be made in bar lengths for bends, except for hooks.
Maximum bar lengths shall be 13 m for No. 10 bars, and 19.5 m for No. 15
bars through No. 35 bars. Bar sizes greater than No. 35 bars will not be
permitted. Lap splices shall be as specified by AASHTO.

The minimum concrete cover from the surface of the concrete to the face of any
deformed reinforcing bar shall not be less than the following:

Top of deck slab = 50 mm
Bottom of deck slab = 25 mm
All other reinforcing bar cover shall be 50 mm unless otherwise noted in plans.

Complete bar lists shall be placed with each unit of the structure on the final
plans.
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MISCELLANEQOUS

1. Summary of Quantities - When preparing contract plans with test piles, it is
mandatory that certain items be included in the bridge summary of quantities. Refer
to Chapter 6 for test pile information.

2. Design computations shall be maintained by the Engineer and shall be neatly
arranged, clearly identified and bound. This information will be available upon
request by the Department. Quantity computations and cost estimates will be
prepared similar to design computations and submitted with the final plans. All
computations should be stamped by a licensed Louisiana Professional Engineer.

3. When plans are submitted to the Department of Transportation and Development
by a Consultant Engineer for review, such plans shall be accompanied by a written
certification from the Engineer that a detailed check has been made prior to
submission.
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METRICATION UPDATE

Metric update of this chapter has been postponed until the National/State Policy and
Guideline Criteria is established and approved by the AASHTO Bridge Committee.
AASHTO and other national manuals (MUTCD, Recording and Coding Guide, Manual for
Condition Evaluation of Bridges, NBI/NBIS/FHWA transmittals and directives, truck size
and weight issues) are not completed and not expected to be published or available to the
States. In the near future the Department's policy will be developed after we receive the
National/State policy. Until such time, this chapter will remain in English system although
all other chapters in the manual have been converted to metric.



BRIDGE REPLACEMENT PROGRAM

METHOD FOR SELECTING AND PROGRAMMING BRIDGES FOR REPLACEMENT
AND REHABILITATION

The priority for the selection of bridges for replacement or rehabilitation with federal
bridge replacement funds is established by the following three (3) parameters:

1. Structural adequacy
2. Functional adequacy and serviceability
3. Essential for public use

More specifically, the following information is compiled to make up the above referenced
parameters: structural deficiency, posted bridges (weight limits below statutory limits),
traffic count (ADT), class of highway, available detour routes, bridge geometry (particular
bridges << 20" wide), bridge inspection reports, and district recommendations for
replacement (submitted annually).

The Federal Highway Administration has developed a formula for prioritizing bridges that
evaluates the above parameters, and provides an overall rating for the bridge called the
"sufficiency rating”. The sufficiency rating assigns a numerical value ranging from 0 to 100
to a given bridge with the following percentage points applied to each parameter:

Structural adequacy 55
Functional adequacy and serviceability 30
Essential for public use 15

100

A bridge must be at least 20" in length to qualify for replacement or rehabilitation funds.
For the purpose of applying the National Bridge Inspection Standards (Code of Federal
Regulations 23 Hwy. Part 650) and the Federal Highway Bridge Replacement and
Rehabilitation Program (HBRRP) and in accordance with the AASHTO Highway
Definitions Manual. A "bridge" is defined as a structure including supports erected over a
depression or an obstruction such as water, highway or railway and having a track on
passageway for carrying traffic or other moving loads, and have an opening measured
along the controls of the roadway of more than 20 feet between undercopings of
abutments, or string lines of arches or extreme ends of openings for multiple boxes. It may
also include multiple pipes where the clear distance between openings is less than half of
the smaller contiguous opening. See sketch on page 2 @ for defining length L.



A sufficiency rating of less than 50 and classification as structural deficient or functionally
obsolete is required to qualify a bridge for replacement, whereas, a sufficiency rating of less
than 80 will qualify a bridge for rehabilitation. Although the sufficiency rating accounts, in
large degree, for the factors mentioned above, a subjective review of all pertinent data is
followed in the selection process. Most of the information mentioned above is available on
the computer (CICS - STRM mainframe database file), and can be obtained from the
Department’s Bridge Maintenance Section. This information can be grouped and sorted as
required to aid in the bridge selection process. The following is a discussion of the three
major parameters:

Structural Adequacy

This is determined from a list of posted bridges, bridge inspection reports, district
recommendations, and is part of the sufficiency rating. This is the most important factor in
the evaluation process as a bridge failure could be catastrophic. The actual field
conditions of the bridge are determined by reviewing the bridge inspection reports. The
recommendations from the districts, which reflect first hand knowledge of the relative
condition of the various bridges in their jurisdiction, are also very helpful in determining
structural adequacy.

Functional Adequacy and Serviceability

This is determined from the bridge inspection reports, district recommendations, and is
part of the sufficiency rating. The geometry of the bridge is evaluated in the bridge
inspection report. Generally, the most important factor of the bridges’ geometry is the
clear roadway width. Narrow bridges, if they are structurally adequate, can be widened
rather than replaced. Serviceability is related to factors like stream scour, maintenance of
movable bridges, and deck deterioration, etc. The frequency and severity of marine,
railroad and automotive traffic accidents are also important factors. They are reflected in
the bridge inspection reports and district recommendations.

Essential for Public Use

This is determined by the traffic count, class of highway, available detour routes, and is
part of the sufficiency rating. The structural and functional adequacy of the bridge is
evaluated in conjunction with the traffic count in order to minimize the exposure of
motorists to unsafe conditions. If two bridges exist with the same degree of inadequacy,
the one with the higher volume of traffic would receive the greatest priority. Additionally,
if the bridge is on a truck or school bus route or crosses a major river or stream, it would,
similarly, receive extra attention. Non-redundant routes (those without available detours)
would have a higher priority than redundant routes.



Although there are numerous ways that the referenced data can be used in the selection
process, one recommended procedure involves the compilation of three lists:

1. Bridges with the lowest sufficiency rating.
2. Bridges with the highest priority district recommendations.
3. The most severely posted bridges.

Generally, if a bridge appears on all three of these lists, it will have a high priority for
replacement. All of the information previously mentioned should be considered when
compiling these lists. It is important to achieve some degree of balance between the
number of bridges replaced or rehabilitated in each district. Grouping of bridges into
projects is another consideration. For example, if a bridge on a section of highway has a
lower priority for replacement than other structures on either side of it, serious
consideration should be given to including it with the other bridge replacements. If the
structure does not qualify for bridge replacement (sufficiency rating of > 50) but is deemed
in need of replacement by the bridge engineer, optional funding (NHS, STP or State) will
be necessary

In some instances, it may be desirable to schedule field trips to inspect various bridge sites
to obtain a more adequate understanding of their relative priority. Close communication
with the districts is desirable.



Selection of Bridges In Need of Replacement and Rehabilitation Flow Chart
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RATING AND INSPECTION OF BRIDGES DEFINED

Louisiana is in compliance with FHWA/AASHTO requirements. The Bridge Design Section
is responsible for rating all structures on the State Maintained System. All bridge structures
are rated at two stress levels (inventory and operating). Any structure that has an operating
stress rating of less than 3.0 tons will be recommended for closure to any vehicular traffic.
The Bridge Maintenance Section is responsible for establishing the bridge inspection
policy. All Louisiana bridges are inspected at two-year maximum intervals. It is the
responsibility of the city or parish authority to rate off-system structures within its
jurisdiction.  Presently all timber span structures are rated by our Bridge Maintenance
Section. If a bridge is not capable of carrying statutory loads, it is posted for a lesser weight
limit in accordance with EDSM 1.1.1.8. Most structures in poor condition are re-rated in
accordance with EDSM 1.1.1.15.



INVESTIGATION OF OVERWEIGHT VEHICLES

INTRODUCTION

The Truck Permits Office requests an investigation by the Bridge Design Section for a
proposed passage of an overweight vehicle. They grant a permit based on the
recommendation of Bridge Design that will specify the use or conditional use of any bridge
involved. Presently, bridge design only reviews vehicles that weighs in excess of 254,000
pounds and/or that have an axle weighing in excess of the legal maximum allowable
amount as given in the latest "Louisiana Regulations for Trucks, Vehicles, and Loads"
published by the Louisiana Department of Transportation and Development. The
proposed vehicle combination is reviewed, and then the bridge or bridges involved are
structurally analyzed for the resulting capacity with according to the AASHTO Design
Specifications and the AASHTO "Manual for Condition Evaluation of Bridges".

Review of the Proposed Overweight Vehicle:
TWO TYPICAL OVERWEIGHT VEHICLE COMBINATIONS
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TERMINOLOGY

General definitions are given in the previously mentioned references and AASHTO's
"Recommended Policy on Maximum Dimension and Weights of Motor Vehicles to be
Operated Over the Highways of the United States”. Some specific definitions are as

follows:

a)

A vehicle is a device in, upon, or by which any person or property may be
transported or drawn upon a highway except devices powered by humans or
used exclusively on stationary rails or tracks.

A hauling unit is a combination of vehicles connected together in a series.

A tractor is a motorized vehicle, which steers and propels the vehicle
combination.

A lowboy is a low, usually flat platform upon which the payload is placed.

A jeep is a vehicle connected between the tractor and the lowboy when
necessary to distribute one reaction from the lowboy to more axles than
provided by the tractor.

A dolly is a low, flat platform upon which one end of the payload is placed.

A booster unit is one or more axles mechanically attached to the rear of a
vehicle as a unit to provide a lifting effect to the rear and increase the number
of effective axles. It can be a temporary or permanent addition.

A connection is a load transfer point which consists of a kingpin and a fifth
wheel and which allows rotation and easy assembly.

A kingpin is usually a steel pin located in the gooseneck of a lowboy or jeep,
which is inserted into the center of the fifth wheel. Its location is often
adjustable.

A fifth wheel is a disc located over or forward of the rear tractor axles and
forward of the jeep unit's axles, is usually attached through a hinge mechanism
to the frame of its unit, and is designed to accept loads transferred from the
gooseneck. It allows the trailing unit to swivel about the kingpin and its
location is often adjustable.

The tare weight is the weight of the vehicle.

The pay weight is the weight of the load to be carried and is often referred to as
the payload.

m) The gross weight is the sum of the tare weight and the pay weight.



INFORMATION TO BE FURNISHED BY THE PERMIT REQUESTER

Trucking companies that apply for overweight permits are not always able to properly
determine the vehicle combination and load configuration. Thus it is necessary that the
permit requester submit the following information for the reviewer to verify the weight
distribution to the axles. The tare weight, the pay weight, and the gross weight have to be
given separately.

a) The location of the centerline of each axle

b) The location of the connections to the jeep and tractor

c) The location of the bolsters and other load points

d) The spacing and size of wheels on each axle

e) The length and width of flat beds

f)  The maximum height of the loaded vehicle

g) The location and orientation of the payload on the vehicle

h) The overall dimensions of the payload to be hauled on the plan, side and end
elevation views

i) The location of the center of gravity of the payload

j) The pay weight in pounds

k) The tare weight of each axle in pounds

I) Maximum tire load for each axle and

m) Centerline transverse spacing of each group of wheels

Tare weights can best be obtained by weighing the empty vehicle combination assembled.
Occasionally this is not practical or convenient, and the weights of the individual
components are used. For the purposes of checking, an estimated weight of axles can be
used by assuming that each four-tire line axle weighs 2,000 pounds, increasing this weight
by 500 pounds per each additional tire and then distributing the remainder of the weight
equally between the kingpin and the axle group.

If there is confusion over the vehicle combination, there are three possibilities that may
help: photographs of the various suspension systems and components, a manufacturer's
drawing or a field trip may be necessary.
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INFORMATION TO BE FURNISHED BY PERMIT OFFICE

A good quality copy of the state, parish, and/or city map marking the proposed route to
ensure that the route to be reviewed is the correct one.

SUSPENSION SYSTEMS

a)

A conventional mechanical system is a combination of levers and pins, which
distribute loads evenly to the axles. The levers are referred to as "walking
beams" and the pins are referred to as trunnions. This system is being replaced
more and more by pneumatic and hydraulic systems, which are considered
equal or superior to the conventional mechanical ones.

A pneumatic system distributes the load evenly to the axles by maintaining
constant gas pressure. It becomes totally inoperative if it malfunctions, but
otherwise it is considered fully capable of distributing the load as specified in
the analysis section given below. The system reacts and adjusts quickly to
pressure changes due to variations in the pavement elevation and, therefore, is
used in vehicles that are driven at high speeds.

A hydraulic system operates similarly to a pneumatic system except it maintains
constant fluid rather than gas pressure and does not react and adjust quickly to
pressure changes due to variations in the pavement elevation. It is, therefore,
used in vehicles that are driven at slow speeds that allow time for changes.

The suspension system for a booster unit can be independent from the vehicle
to which it is attached and may be mechanical or pneumatic. Hydraulically
suspended booster units are not allowed because of their inability to quickly
adjust to variations in the pavement elevations.

The vehicles comprising the hauling unit may have the same or different types of
suspension systems. A specific vehicle may have a hydraulically suspended booster unit
while the rest of its system is a conventional mechanical one. Vehicle units are available.
However, they are entirely suspended by pneumatic or hydraulic systems.
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ANALYSIS

1.

Locate the path across the bridge for the overweight vehicle that would create the
least overall stress on the components of the bridge.

a) For concrete decks, the location might be where the wheels are close to the
longitudinal members and not centered between them.

b) For longitudinal members, the location might be where the wheels are over the
maximum number of the members.

c) For roadways cantilevered from a central support, the location might be as near
to the support as practical.

d) Generally, the location is where the centerline of the overweight vehicle
coincides with the centerline of the bridge.

Distribute the wheel loads according to engineering judgment.

a) AASHTO wheel distribution factors are not applicable to the widely spaced four
tire line axles (distance center to center of dual tires greater than 6'-0") or the
eight tire line axles.

b) For concrete decks, the transverse distribution can be taken as simply supported
with a continuity factor applied and the longitudinal distribution as the analyst
decides to be appropriate.

c) For longitudinal members, the transverse distribution could be according to
how the analyst thinks the members will carry it.

Ignore the booster units in the first analysis of bridges that are to carry the vehicle
combination proposed and use them only if they are determined necessary to
reduce the bridge stresses to an acceptable level. The amount of load transferred to
a booster unit in a positive way is difficult to determine other than by obtaining the
weight of the unit's axles deactivated and then fully activated on truck weighing
scales. Since these add-on type axles are not necessary to the successful operation
of the conventional units to which they are attached, it is possible for them to
malfunction or, inadvertently, not be activated resulting in a much different
distribution of the load. The first analysis will give the analyst insight to potential
problems that a deactivated condition could cause.

Restrict or eliminate entirely the other traffic on a bridge during the passage of an
overweight vehicle.
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Reduce the live load impact determined according to AASHTO specification or
eliminate it entirely by requiring the vehicle to proceed at crawl speed (5 mph or less)
while on a bridge other than a timber one.

Do not subject timber bridges to a crawl speed by an overweight vehicle since impact
is not a consideration and timber is adversely affected by the increased duration of
load. A speed of 15 mph, or more, depending upon the smoothness and general
condition of the bridge deck is appropriate.

Compute stresses in a bridge at an absolute maximum of the operating stress level.
This may be reduced if justified by poor structural condition of a bridge that cannot be
verified by physical examination and measurement.

Do not analyze bridge substructures and foundations as well as box culverts and pipes
unless their capacity is in question due to the relative size or configuration of the
proposed vehicle combination.
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STRUCTURAL RATING OF BRIDGES

INTRODUCTION

Structural rating deals with determining the load carrying capability of a bridge. This
determination is made based on information gained from an in-depth inspection of the
structure and the review of the "as-built” plans. The ultimate result of structurally
evaluating all bridges accordingly is to provide a uniform, relative, load carrying capacity
of all bridges, accounting for their "as-built" and current conditions.

SCOPE

This article presents an approach to determining the live load carrying capacity of any
given structure. It is limited to only the method and not a complete analysis of an entire
structure in detail. The details of the analysis are governed by the "Manual for Condition
Evaluation of Bridges" published by AASHTO, henceforth referred to as the manual.

COMMENTARY

Structural rating of bridges as presented in the manual leaves a great deal of latitude in
approach and procedure. Bridges may be rated by any of several vehicle configurations
which include the standard AASHTO live load, "typical" legal vehicle configurations
presented in the manual, or the legal vehicle configuration of any given state.

The importance of the structural rating of bridges both qualitatively and quantitatively is to
determine the relative strength and safety of all the bridges on a highway system for the
more obvious reason to protect the motoring public. The information will allow planners
to determine the critical structures on a route that may be repaired, modified, or replaced
to upgrade the whole route and permit commercial truck traffic with the least restricted
condition.

There are many philosophical approaches to rating bridges. Some states determine the
carrying capacity of bridges in terms of the maximum legal vehicle and/or permit vehicle a
bridge can carry. Another approach that has favor of the Department is the use of the
standard AASHTO load configurations (lane loads and truck loads) which are based on the
"H" or "HS" truck followed by a number which is linearly interpolated or extrapolated from
the usual "H" and "HS" 15 and 20.

It is felt that the latter approach will realistically depict the relative strength of bridges and
that it is more readily understood by other agencies which may have use for the data but
may not be familiar with the State's legal load configuration. Due to the severe wheel
weight application of the "H" and "HS" trucks, a third vehicle configuration is added to
avoid unnecessarily severe posting restrictions on bridges.
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ANALYSIS

1. The structural analysis of load carrying capacity of any particular bridge shall be
limited to the structural carrying capacity of the prime structural members under
normal loading. The loads to traffic rails, lateral systems, and such are not
considered as normal loads. These items will be graded qualitatively.

2. The method of determining the "H" or "HS" truck load rating is as follows:

a. The axle loads are in algebraic symbols in the same proportion and spacing as
the "H" and "HS" loads.

8k 32k 8k 32k 32k
1: 14’ . } 14’ | 14’ R
[~ 17 g
H 20 HS 20
P/4 P o/ . P
l‘ 14 ’1 ‘4 14 ;1: 14 >
H (5P/8) HS(5P/8)

The H-20 truck is a 20-ton vehicle with two (2) axles with a rear to front weight
ratio of four (4) to one (1). The HS-20 truck is a 36-ton vehicle with three (3)
axles and rear to front axle ratios of 4:4:1. The 20 represents the sum of the
weights of the front and adjacent axles in tons. The normal unit of weight for
the axles is the kip or kilopound.

b. The stress caused in each part of the structure is calculated in terms of "P",
which includes live load and impact.

C. The net maximum stress in the respective members is determined. This is the

total allowable stress less the dead load stress that results in the stress reserved
for live load and impact.
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d. The net maximum stress and the stress in terms of "P" are equated and the
value of "P" is determined in Kips.

e. The "H" or "HS" number as used will be 5P/8.
The method of determining the "H" or "HS" lane loading is derived in a similar

fashion as the trucks’ loads. The loads are applied according to the applicable
AASHTO Specifications as follows:

a. Lane Loads:
18k (26K) 13.5k (19.5k)
%&m&uﬂ %&ﬁuﬂ
| .| | .|
H20 and HS20 H15 and HS15
P=(225w--8)k [(325W=-8)K]
w Kk/ft

I ITIIYITITIT11]

H(125w+4) and HS(125w+4)
b. The stresses in each part of the structure caused by the live load and impact

are determined in terms of the uniform load "w" in kips per foot.
C. The net maximum stress in the respective members is determined.

d. The net maximum stress and the stress in terms of "w" are equated, and the
value of "w" is determined in kips per foot.

e. The "H" and "HS" number is calculated as 125w+4.

2 (16)



4, The method of determining the "H" wheel load to bridge deck slabs will be computed
as provided in the AASHTO specifications and as follows:

16k P

H20 H(5P/4)

The same steps are used as described in computing truck loads under 2.b. through
2.d.

5. Posting vehicle configurations are utilized and evaluated similarly to the AASHTO

"H" and "HS" vehicles and have the following configuration:

9k 16k 16k 9k 16k 16k 16k 16k

8’ 4 8’ 4 8’ 4

TYPE 3 TYPE 3-S2
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WEIGHT LIMITS FOR DEFICIENT BRIDGES IN LOUISIANA

INTRODUCTION

Louisiana law, as applicable to interstate highways, allows triple axle weights up to 42,000
pounds, maximum, tandem axle weights up to 34,000 pounds, maximum, single axle
weights up to 20,000 pounds maximum, and a weight of 650 pounds per linear inch of tire
tread width, maximum. For non-interstate highway see Louisiana Regulation for Trucks,
Vehicles, and Loads. Assuming the typical truck tire to have a ten (10) inch tire tread
width, the maximum steering axle weight could typically be 13,000 pounds. The
maximum legal vehicle weight is 80,000 pounds with the exception of the Type 3-S3,
which has a maximum legal weight of 88,000 pounds. Bridges which cannot
accommodate these maximum legal loads must be provided with regulatory weight limits
to protect the motoring public from their potential failure.

SCOPE

The method of determining which bridges are structurally deficient is presented herein
with the procedures for placing regulatory weight limits upon them. Also, advisory weight
limits are discussed.

COMMENTARY

Weight limits are required on all bridges found to be structurally deficient on the Federal
Aid Highway System. This is established in Title 23 Highways, Part 650.303(C) National
Bridge Inspection Standards of the Federal Register. It is the opinion of the Department’s
General Counsel that all bridges on the State maintained highway system which are known
to be structurally deficient for carrying legal loads but not restricted to the appropriate
weight limits are a legal liability to Louisiana if they were to result in loss of property or
life.

The Department utilizes a policy of posting bridges for vehicles at one weight limit and
combination of vehicles at another weight limit. Act 35 of the 1978 Louisiana Legislature
created a non-standard sign for advisory weight limits as opposed to regulatory weight
limits. The Department utilizes the advisory weight limits on bridges indicated in fair or
better structural condition which require weight limits of fifteen (15) tons or more for
vehicles and twenty-five (25) tons or more for combination of vehicles. All other bridges
require regulatory weight limits. The posting of regulatory/advisory signs is in accordance
with the EDSM 1.1.1.8.
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Regulatory weight limits must be established legally. This is accomplished by filing the
"Assistant Secretary's/Chief Engineer’'s Order" restricting the weight limits on a bridge in
the Office of the Clerk of Court in the Parish in which the bridge is located. When the
bridge is located on a Parish boundary, both Parish Clerks of Court must have the
appropriate documents filed with them. Only then are the bridges in question legally
posted and the appropriate authorities can enforce the weight limits.

Advisory signs are not legally established and therefore not subject to enforcement. The
only difference between the advisory weight limit signs and the regulatory weight limit
signs is that there is not advance warning for advisory weight limits and the background
color is yellow for the advisory sign as opposed to white for the regulatory sign.

ANALYSIS

The posting evaluation vehicles consist of the (H vehicle configuration) Type 2 vehicle,
and Type 3 vehicle, the (HS vehicle configuration) Type 2-S1 vehicle and the Type 3-S2
vehicle. Bridges are rated for the operating rating stresses, which are higher than the
original design stress values. The weight of the "H" or "HS" vehicle configuration along
with the weight of the Type 3 vehicle or Type 3-S2 vehicle respectively are computed
which will produce the operating rating stresses. If the computed weights of either or both
vehicle configurations are less than the maximum legal weight for their configurations, the
bridge requires weight limits in accordance to the EDSM 1.1.1.8.

The rating/posting evaluation vehicles are coded by a three (3) digit number. This code
(e.g., 117, 228, 430, and 544) is demonstrated in the following Vehicle Types and Weight
Limit Requirement Table (see page 2 . The first digit is designated as the Rating Vehicle
Code and is unique to the vehicle type. The second two (2) digits are the gross vehicle
weight to the nearest ton with leading zeros. This code is the same as specified in the “US
DOT/FHWA Recording and Coding Guide”.

Vehicle types
(o] (o] O O (¢} (e} OO o OO [e]e)
Vehicle type 2 Vehicle type 2-S1 Vehicle type 3 Vehicle type 3-S2
Rating Vehicle Code 1 Rating Vehicle Code 2 Rating Vehicle Code 4 Rating Vehicle Code 5
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Computation of Rating Factors

The following expressions are used in determining the load rating of a structure based on
the moment capacity.

(a) Load Factor Method [ 3 M- MDL]

5 13

Inventory Rating Factor = RFinv =
Mu (1 +1)

[ My - MDL]

Operating Rating Factor = RForr = 13
Mu (1 +1)

Where: Mu = moment capacity of the structure

MboL = moment due to dead load
M. = moment due to live load
| = the impact factor to be used with the live load

(b) Allowable Stress Method

[l\/lle - Moo ]
RFn =

M (1 +1)
[ Morr - MDL]
RForr =
M (1 +1)
Where: Minv = moment capacity at the inventory level

Morr = moment capacity at the operating level
RT = Rating in tons = (RF) W
Where W = weight (in tons) of the truck used in determining the live load effect.

Example: If we have used HS20 truck and have obtained (RF) inv = 1.35 and
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(RF) orr = 2.25,
Inventory Rating = (1.35) (36)

= 48.6
= 48 (Decimal portion is truncated)

Operating Rating = (2.25) (36)

=81
If we have used the posting vehicle as Louisiana Type 3-S2 truck and have
obtained
RForr = 2.54

Posting Rating = (2.54) (36.5)
= 92.7
= 92 (Decimal portion is truncated)

NBIS (National Bridge Inspection Standard) code for Rating:

For Inventory and Operating ratings, add the digit 2 in front of the rating value in
tons, if the HS20 truck is used.

For Posting rating, add the digit 5 in front of the rating value in tons.
Rating for the above example in NBIS Format:

Inventory: 248

Operating: 281

Posting: 592
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BRIDGE WEIGHT LIMIT REQUIREMENTS TABLE

100 - 102 400 - 402 Type IV (closed)
103 403 Type 111 (O3T)
104 404 Type 111 (04T)

105 - 109 405 - 409 Type 111 (O5T)

209 - 214 509 - 514 Type 11 (05T)

110- 114 410 - 414 Type I1 (10T - 15T)

215 - 224 515-524 Type I1 (10T - 15T)

115- 117 415 - 419 Type Il (15T - 25T)

225 - 228 525 - 534 Type Il (15T - 25T)

118 - 119 Type Il (15T - 257)

229 - 234 Type Il (15T - 25T)

120- 124 420 - 424 Type 11 (20T - 35T)

235 - 239 535 -539 Type 1l (20T - 357)

125-129 425 - 429 Type Il (25T - 40T)

240 - 243 540 - 543 Type Il (25T - 40T)

130 - 199 430 - 499 No Limit

244 - 299 544 - 599 No Limit

The table shows the rating requirements for the State of Louisiana. Select the lower weight
limit requirement for the operating and posting vehicle for operating rating values above
double line. Select the higher weight limit for the operating and posting vehicle for
operating rating values below double line.

EXAMPLES OF POSTING SIGN LEGENDS

WEIGHT

e BRIDGE
o 12T CLOSED
TYPE II TYPE llI TYPE IV
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10.

11.

12.

13.

14.

15.

16.

17.

NOTE:

BRIDGE RATING AND PERMIT LOAD REVIEW PROCEDURE
REFERENCE LIST

AASHTO Virtis and BRASS/BARS computer program manuals and software.

AASHTO "Guide for Maximum Dimensions and Weights of Motor Vehicles and for the
Operation of Non-Divisible Load Oversize and Overweight Vehicles", Rev. 1988.

AASHTO "Manual for Condition Evaluation of Bridges", 1994 and Interim Specifications.

AASHTO "Standard Specification for Highway Bridges", Sixteenth Edition, 1996 and
Interim Specifications.

Bridge Gross Weight Formula, U.S. Department of Transportation and FHWA Publication,
1982.

Bridge Rating Procedure and Policy Guide Manual, 1988 (prepared by LA DOTD Bridge
Rating Unit).

Code of Federal Regulation "23 CFR 650", Rev. 1988.

Engineering Directives and Standards Manual (EDSM) 1.1.1.8, & 1.1.1.15 for Posting and
Frequency of Re-rating Policy.

FHWA "Bridge Inspector's Training Manual 70", 1979.

FHWA Recording and Coding Guide for the Structure Inventory and Appraisal of the
Nation's Bridges, 1988.

Louisiana Legislative Act 35 of 1978 for Posting Advisory Weight Limit Signs.

Louisiana Legislative Act 686 of 1987 (House Bill No. 1542) for Compliance of Bridge
Formula.

Louisiana Legislative Act 1342 of 1997 (Senate Bill No. 792) for Permit Vehicle, Gross Vehicle
Weight, and Axle Load and Spacing Limitation.

Louisiana Recording and Coding Guide for the Structure Inventory and Appraisal of the
State Bridges, 1979.

Louisiana Regulation for Trucks, Vehicles and Loads, Fourteenth Edition, 1995, and Multi-
State Permit Agreement for Oversize and Overweight Vehicle, 1996.

National Bridge Inspection Standards - Transmittal 427, 1989.

Timber Construction Manual, latest edition, and USDA Forest Service Timber Design
Specifications.

All of the above references are available in the Rating Unit Office.
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HIGHWAY DESIGN STANDARDS

The Louisiana Department of Transportation and Development has adopted certain design
standards for highways and roads. The following four (4) broad classifications have been
established to classify our highways.

1. FREEWAYS

2. ARTERIAL ROADS AND STREETS

3. COLLECTOR ROADS AND STREETS
4. LOCAL ROAD AND STREETS

The classification applicable to any given segment of road has been established by the
Traffic and Planning Section, and is available from maps and other publications such as the
"Highway Needs Summary”. The "Local" standards are generally applicable to off-system
roads.

Within each classification, three (3) to six (6) sub-categories have been established. The
designer may exercise some discretion and/or the pre-design committee in selecting the
appropriate sub-category to be used for design based on factors such as:

1. TRAFFIC

2. TERRAIN

3. EXISTING ROADSIDE DEVELOPMENT
4. DESIGN CONTINUITY

5. OTHER PERTINENT FACTORS DESIGN STANDARDS FOR FREEWAYS



PE—

DESIGN STANDARDS FOR FREEWAYS

1
"LEM ITEM F-1 F-2 F-3
| | Design Speed (K/H) 80 (Vi 100 . 120
2 | Level of Service c cC @ B C
3 Number of Trovel Lones (Minimum) 4 4 a
4 Width of Travel Lones {(m) 3.6 3.6 3.6
Width of Shoulders {Where Used) (m)
5 (A) Outside 3.0 @ 3.0 -® 3.0
{8) Medion 1.8 G 1.8_ () 1.8 8
€6 | Type of Shoulders Poved Paved Poved
Width of Medion (m)
7 (A) Depressed 15 Min, 20 - 27 21 - 27
(B) Conlinuous Borrier (4 Lone) 4.2 (&) 4.2 (& 4.2 (6
Continuous Barrier (6 _Lone) 8.0 (¢ 8.0 8.0 (©
8 Fore Siope - Ratio 4:1 - 6:1 6: 1 6: 1
9 Bock Slepe - Ratio 4:| 4: | 4:1
10 | Favement Cross Siope (m per m) 0.025 () 0.025 (M| _0.025 Q)
11| Stoaping Sight Distonce (m) 120-140(®)] 160-210(®)] 210-290(
12 Moxmum Superelevotion {m per m) 0.10 Q.10 Q.10
13 | Mex. Horizonto) Curvalure (Witn Superelevotion) (mi(3) 22C 360 525
14 | Moximum Grade (%) 4 @ 3 3
15 Mmimum Vertical Cleorance {m) 4.9 @ 4.9 D 4.9 )
Width of Right of Woy (m!
6 {&) Depressed Medwn As Needed 90 90
{B) Medion Borrier As Needed | As Needed | As Needed
1C) Minimum From Edge of Bridge Structure 4.5 - 6.0 4.5 - 6.0 4.5 - 6.0
17 | Bridge Design LoocC HS-20 HS-20 HS-20
1€ | Wia'n of Bridges (miMin. )(Foce 1o Foce Bridge Roil) 12.0 12.0 12.0
1S | Guordroil Required ot Bridge Ends Yes Yes Yes
Horizontol Cleorance (m){From Edge of Travel Lone)
20 (A} 4:1 Foresiope Q.0 N/A NA
(B) 6:1 Foresiope 7.0 10.0 10.5

Numeric Ronges Indicale Minimum - Desirable.
(D For Use In Urbon Areas Only.
@ Level of Service D Permissible For Heavity Developed Urbon Arecs.

@ Level of Service C Permissible For Urbon Conditions.
@ 3.6m Paved Required With Truck DDHV Greoter Thon 250.

® 1.2m To Be Paved: 3.0m To Be Poved On & Lane Facilites; 3.6m To Be P;ved

On & Lone Facilites With Truck DDHY Greoter Than 250.
@ 10.0 Moximum.
® 2% Permssible For Rehobiitalion Projects.

@ Minimum Volues Shown Permissible For Rehabililation Projects.
Moximum Volues Shown To Be Used Where Conditions Permit.

11 Moy Be Necessory To Increose The Radius Of The Curve And/Or Increase
The Shoulder Width (Moximum of 3.6m}) To Provide Adequate Stopping Sight

Distonce On Structure.
(O Grades 1% Higher May Be Used In Special Cases.

|50mm Additional To Alow For Future Surfacing: 5.2m Required For Trusses

ond Pedestrion Overposses.

LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT
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LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT
DESIGN STANDARDS FOR ARTERIAL ROADS AND STREETS

T
ITEM TEM RURAL URBAN O]
NO. TWO LANE FOUR LANE
RA-1 RA-2 RA-3 | RA-4 UA-1 UA-2
i | Design Speed (K/H) 100 110 100 110 60 70
2 | Design Hourly Volume 0-600 (3] 0-600 ()] 601-2300 | 601-2500 NA N/A
3 |Level of Service B 8 8 B cC ® c @
4 {Number of Travel Lones 2 2 4 4 (3)] 2Min.-4Typ. | 2Min.-4Typ.
& | Width of Trovel Lones (m) 3.6 3.6 3.6 3.6 33 - 3.6 3.6
& | Width of Parking Lanes (Where Used) (m) N/A N/A N/A N/A 3.0 - 3.6 3.0 - 3.6
Width of Shoulders {Where Used) (m)
7 (A} Outside 2.4 - 3.0 3.0 3.0 3.0 N/A N/A
(B} Medion NA N/A 1.8 ® 1.8 ® NA N/A
8 | Type of Shoulders Poved Paved Paved Paved N/A N/A
Width of Medion (m)
9 {A) Depressed N/A N/A 12 - 20 20 N/A NA
(B) Raiseg N/A N/A N/A N/A 1.2 - 9.0 1.2 - 9.0
{C) Two Way Left Turn Lanes N/A N/A N/A NA 3.3-43 | 33-43
0 Width Of Sidewalk(Where Used)Offset From Curb) (m) N/A N/A N/A N/A 1.2 1.2
Width Of Sidewalk(Where Used){Adjocent From Curbl{m N/A N/A N/A N/A 1.8 1.8
11 |Fore Slope - Ratic 6: | 6: 1 [ 6: 1 31 - 4 31 - 4l
12 [ Bock Siope - Ratic 4: | 4:1 4:1 4:1 3:1 3.1
13 | Povement Cross Slope (m per m) (I}  0.025 0.025 0.025 0.025 0.025 0.025
14 | Stopping Sight Distance (m) (8] 160 - 210 | 180 - 250 | 160 - 210 | 180 - 250 80 - 90 100 - 120
15 | Moximum Superelevation (m per m) 0.10 0.10 0.10 0.10 0.04 0.04
6 Mar. Horz. Curvolure(W/out Superelevation)«.025) (m) (@) N/A N/A N/A N/L 175 N/A
Mor Horz. Curvolurelw/oul Superelevotion)-.025]) (m)(3) N/A N/A N4 N/A 220 N/A
17 | Mox. Honizonto: Cuevoture!With ‘Superelevetion) (m) @ 360 500 360 500 160 235
18 | Moxumum Grade (%) 3 3 [ 3 (9 3 7 €
(2 | Mimmum Yerticol Clegronce (m ) 4.9 4.9 4.2 4.9 4.9 4.9
Minimum Horizonta! Clearonce (m!
o6 (AY Frem Eoge of Travei Lone 9.0 10.0 10.0 10.5 N/A N/A
(E} Outside (From Back of Curb} N/A N/A N/A N/ & 1.8 - 4.6 1.8 - 4.6
(C) Meciar (Where Used)(Trom Bock of Curb} N/A N/A N/A N/A 1.2 - 4.6 1.2 - 4.6
Mimmum Width Of Right of Wey (m) [E1E
21 (A} From € 23 23 As Needed 38 N/A NA
(B8) From Edge of Trovel Lane N/A N/A N/A N/A 2.4 - 5.2 2.4 - 5.2
22 | Brioge Design Loac HS-20 HS-20 HS-20 HS-20 HS-20 HS-20
22 | Width of Bridges (m) (Mn.MFoce to Face Bridge Roil) | Shidr. Widih 13.2 12.0 12.0 Rdwy.+ 2.4()Rdwy.+ 2.404)
24 | Bridge Enc Trectment! Require¢ at Brigges Yes Yes Yes Yes Yes Yes

Numeric Ronges Indicate Minimym - Desiroble.

Minimum Required For New Location ond As Needed For

() Apphes To Curbed Sections Only. For Uncurbed Seclions B
Existing Alignment.

Use Rurol Stondards.
@) Used When Adding Two Lones To Existing Two Lane Facility.

@ For Rolling Terrain, Limited Passing Sight Distance and
High Percentoge Trucks. 4 Lanes Moy Be Required When
DHV is Above 400.

@ Level Of Service D Permissible In Heaviy Developed Areos.

() Consider Increasing To & Lone Facility When DHV is Above
Figure Shown in Item No. 2.

® 1.2m Paved.
(© 2% Permissible For Rehobilitation Projects.

(® Minimum Volues Shown Permissible For Rehabilitation Projects.
Moximum Vaolues Shown To Be Used Where Condilions Permit,

(& It Moy Be Necessary To Increase The Rodius Of The Curve
AndsOr Increase The Shoulder Width (Moximum of 3.6m) To
Frovide Adequote Siopping Sight Distonce on Siructure.

Obiocin Additional Right of Woy For Fulure Lanes Where Justified.

B}

@ For Approoch Roodwoys Without Curb, Use Shoulder Width,
1.8m Sidewalk Behind Curb To Be Corried Across Bridge
When Justified By Pedestrion Troffic,

(@ 4% Permssible In Roling Terrain. Sheat 2 of 4
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LOUISIANA DEPARTMENT OF TRANS

DESIGN STANDARDS FOR COLLECTOR ROADS AND STREETS

ITEM RURAL URBAN
NO ITEM .
i RC-! RC-2 RC-3 uc-1 ' Uc-2 uc-3
1 | Design Speed (K/H) 100 () 100 100 50 60 70
2 | Curren) Average Doily Traffic 0-400 Over 400 Qver 400 N/A N/A N/A
3 | Design Hourly Volume NA 100-200 Over 200 N/A N/A N/A
4 §Level of Service C c C D D D
5 | Number of Travel Lones 2 2 2104@] 2104 2 to 4 2 10 4
€ Width of Trove! Lones (m)
{A) With Curb NA N/7A N/A 3.0- 36 | 3.0 - 3.6 3.6
(B) With_Shoulger 3.3 3.3 3.6 3.3 - 3.6@ 3.3 - 3.6 3.6
7 Width of Porking Laones (Where Used) (m) N/A N/A N/A 2.4-301|24-3.0 2.4 - 3.0
Width of Shoulders {Where Used) (m}
8 (A) Outside 06 - 1.2 [1.8 - 2.4 W2.4 - 3.0 2.4 2.4 - 3.00]2.4 - 3.0
(B) Medion NA N/A 1.2 N/A N/A 1.2
e Type of Shoulders Aggreqate | Agg. - Pov. Poved Paved Paved Poved
Widih of Medicn (m)
o {A) Depressed N/& N/A 12.0 - 18.0 N/A N/A N/A
(B} Roised N/A N/A N/A 1.2 - 9.0 1.2 - 9.0 .2 - 9.0
(C) Two Way Left Turn Lones N/A A N/& 3.3 - 4.3 3.3 - 4.3 3.3 - 4.3
0 Width of Sidewnl (Where UsedHOffset From Curb¥m) N/A N/A N/A 1.2 1.2 1.2
Widin of Sidewalk (Where Used)(Adjccent To CurbMm) N/A N/A N/A 1.8 1.8 1.8
12 | Fore Stope - Ralie 4:1 4;1 6: ! 3:1 - 4 3:1 - 4:1 3:1 - 41
{3 | Bock Slope - Ratio 3:! 4: 1 4: | 2:1 - 3:1 2:1 - 3:1 3:1
i4 | Pavement Cross Slope (m per m) [O) 0,025 0.025 0.025 0.025 0.025 0.025
15 | S1opping Sight Distance (m) @ 160 - 2101160 - 210 | 160 - 210 60 - 70 80 - 90 100 - 120
16 | Moximum Superelevation (m per m) 0.10 0.10 0.10 0.04 0.04 0.04
|7 | Mox. Horiz. Curvoture (W/ou! Superelevation}(+.025Um)®) N/A N/A N/A 5 175 N/A
Mos. Horiz, Corvolute (W/oul Superelevation)(-.025)m)() N/A N/A NA 105 220 NA
1€ | Mox. Horizontal Curvalure (With Supe: eievation)im) [0) 360 360 360 80 160 235
12 | Moximum Grade (%] 7 [ 5 9 9 8
20 | Minimum Vertica! Clecronce (m) 4.6 4.6 4.6 4.6 4.6 4.6
Minimum Horizontal Cleorance (m)
21 (A) From Edge of Traovel Lane 9 9 9 ® (@ [6)
(B) OQutside (From Back of Curb) N/A N/A N/A 03-1.8 |03-18 {1.8-46
(C) Median {(Where Used)(From Back of Curb) N/A N/A N/A 0.3 - 1.8 0.3 -1.8 1.2 - 4.6
Width of Right of Woy (m) (Minimum}
22 (A) From ¢ 18 18 23 N/A N/A N/A
(B} From Edge of Travelwdy N/A N/A N/A 2.4 - 3.4 2.4 - 3.4 2.4 - 5.2
23 | Brioge Desigr Lood HS-20 HS-20 HS-20 HS-20 HS-20 HS-20
24 | width of Bridges {m) (Min.)(Foce to Face Bridge Rail) 9 Shidr.Width (3] Shidr. Widih Rdwy.+ 2.409Rdwy.+ 2.409Rdawy.+ 2.4(
25 | Bridge Enc Treoiment Required ot Bridges YES YES YES YES | YES | YES |
Numeric Ronges Indicole Minimum - Desiroble.
@ For Spot Projects, Lesser Design Speeds May Be Used @ Obtain Add@tipnol Right of Woy For Future Lones
Where Justified.

When Conditions Require.

Q@ For

High

Rolling Terroin, Limiled Passing Sight Distance ond
Percentage Trucks, 4 Lones May Be Required When

DHV is Above 700.
@ For DHV > 400 Use 3.6m Lones.
(® For Spot-Replacement Bridge Projects Where No Future

Improvemenis

Moy

To The Roodway Are Plonned, Construction
Be To The Design Minimums.

® For DHV > 400 Use 3.0m.
(& 2% Accepiobie For Rehabiitation Projecis.

@ Minimu

Q

m Volues Shown Permissible For Rehabilitation Projects.

9.0m Minimum Width is Aliowable With Aggregote Shoulders.
1 1.4m Required For Poved Shouiders.

For Approoch Roadwoys Without Curb, Use Shoulder Width.

1.8m Sidewolk Behind Curb To Be Corried Across Bridge

When Justified By Pedestrian Troffic.

Maximum Vaiues Shown To Be Used Where Conditions Permit.

(@ 11t May Be Necessary To Increase The Radius Of The Curve
And/Or Increase The Shoulder Width (Moximum of 3.6m) To
Provide Adequote Stopping Sight Distance on Structure.

(3 11 Not Curbed, Cleoronce = 3m
@@ 'f Not Curbed, Clecronce * 6m

@ Minimum Required For New Location And As Needed
Existng Algnment.
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LOUISIANA DEPARTMENT OF TRANSPORTATION
DESIGN STANDARDS FOR LOCAL ROADS AND STREETS

AND DEVELOPMENT

ITEM, RURAL URBAN
NO ITEM
* RL-! RL-2 RL-3 UlL-1 ur-2 |
| [Design Speed (K/MH) [0) 50 65 80 30 50
2 |Current Average Daily Troffic 0-250 250-400 Over 400 N/A N/A
3 Design Hourly Volume N/A N7A QOver 100 N/A N/A
4 ILevel of Service D D D D D
§ | Number of Travel Lones 2 2 2 2 2
6 | Width of Trovel Lanes (m) 2.8 3.0 3.3 () 28-36 | 2.8 - 3.6
7 | width of, Parking Laones (Where Used) (m) NA N/A N/A 2.1- 2.7 2.1 - 2.7
8 | wWidth of Shoulders (Where Used) (m) 0.6 0.6 1.8 -~ 2.4 N/A N/A
9 | Type of Shoulders Agqgregaie Aggregale | Aggregate(d) N/A N/A
{0 Widlh of Sidewalk (Where Used)(Offset From Curbl(im) NA N/A N/A 1.2 1.2
Widih of Sidewalk (Where Used)(Adjacen! To Curb)(m) N/A N/A N/A 1.8 1.8
Fore Siope - Rotio
' (£) Cut 3.1 (® 4: 41 3:1 310
(B} Fil 3 ® 4: 4:) 3 3
12 Back Slope - Ratio @ 2: 2:1 3:1 2:1 2:!
13 | Povement Cross Siope (m per m) ¥ 0.025 0.025 0.025 0.025 0.025
14 | Sicpping Sight Distance (m) 60 - 70 |90 - 110®)20 - 140(® 30 60 - 70
15 | Moximum Superelevation (m per m) 0.10 0.10 0.10 0.04 0.04
le Mo Horz, Curvature (W/ou! Superelevation){+025HmKa) N/A N/A NE 25 85
Max. Horiz. Curvoture (W/out Supevelevoﬁon)(-.OZS)(m)@ N/A N/A N/A 30 105
17 | Max. Horizontal Curvature (With Superelevation) (m) [ 75 140 220 24 80
18 | Maximum Grade (%) 9 9 € 10 9
19 Minimum Verticol Clegrance (m) 4.6 4.6 4.6 4.6 4.6
Minimum Horizontol Cleoronce {m)
20 (A} From Edge of Travel Lone 3.0 3.0 3.0 N/A N/A
(B) From Back of Curb - N/A N/A N/A 0.3 - 1.8 0.3 - 1.8
Z2i | Brioge Design Locd HS-20 HS-20 HS-20 HS-20 HS-20
22 | Width of Bridges {m) (Min.)Foce to Face Bridge Rail) 6.8 7.3 Rdwy.+ |.8(9Rdwy.+ 2.40DRdwy.* 2.40}
22 | Brigge End Treotment Required ot Bridges Yes Yes Yes ] Yes Yes

Numeric Ranges indicole Minimum - Desiroble.

®

Sholl Not Be Less Thon The Speed For Which The Rood Or
Sireet Is To Be Posied, Upon Completion Of The Project.

(@ 3.6m Lones Required For DHV Over 200.

Q@ For

DHV > 400 Use 2.4m Shoulder.

(@ Poved Shoulders Required For DHY Over 200.

(9 Side Slopes As Steep As 1:} Moy Be Used, If Necessary,
To Stay In Existing R/W.

® For

Grovei Roads, 2:1 Accepiaoble.

(@ 2% Permissible On Rehabiiitation Projects.

Minimum Volues Shown Permissible For Rehabilitation Projects.
Moximum Volues Shown To Be Used Where Conditions Permit.

It Moy Be Necessary To Increase The Radius Of The Curve
And/Or Increase The Shoulder Width (Moximum of 3.6m) To
Pravide Adequate Stopping Sight Distance On Structure.

© use
@ For

Shoulder Width For DHV of 400 or More.
Approach Roaodways Without Curb or Sidewalk,

Use Rurol Standards.

GENERAL NOTES :

These Standards Sholl Not Apply To:
{g) Deod - End Roads (Open At One End Only)
(b) Roods Which Are Dependent On Dead - End Roads
For Access.

Urban Standards May Be Applied To Any Street For Which
Curb Is To Be Used, Or Any Stree! For Which A Posted Speed
of 50 K/H Or Less Would Be Appropriale.

Overloy Design Stondords (Seporote Sheet) Shall Be Applicable
To Those Projects For Which The Primary Purpose is To
improve The Riding Surface.

»

The Appropricte Local Governing Body Is Authorized To Make
Design Exceptions For Specific ltems Listed In These Standords.
with Proper Engineering Justification.
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STRUCTURE NO.

1.

10.

CHECK LIST FOR DISTRICT WHILE REVIEWING PROPOSED
CONSTRUCTION SITES.

Are there debris or obvious scour problems ?

Does the site get inundated? If so, do other areas of the roadway within eight (8) km
get inundated ?

Would it be possible to close the road during the construction period ?

Where are the utilities located relative to the existing structure ?

If a detour is to be required, which side of the existing structure would you
recommend ?

Are there any obstructions other than utilities within 150 m of the existing structure ?

If alternate routes are available for detour purposes, is there any construction
scheduled for these routes ?

Are there any churches, schools, parks, or recreational facilities in the vicinity of the
proposed project ?

Are there any existing conditions which would prevent the replacement of the bridge
with a pipe ?

Are there any wetlands, hazardous waste sites, above ground storage tanks, water
wells, cemeteries, or historical sites in the area of the project ?



STRUCTURES

LIST OF PUBLICATIONS USED IN THE DESIGN OF BRIDGE

PUBLICATION

ORGANIZATION

Address

9

10

11

12

13

14

15

16

17

18

19
20

21

1

2

Standard Specifications For Highway Bridges

LRFD Bridge Design Specifications
A Policy on Geometric Design of Highway and Streets

Guide For Selecting, Locating and Designing Traffic

Barriers

Guide Specifications For Bridge Railing

Bridge Welding Code

Roadside Design Guide

Structural Welding Code

Guide Specification For Seismic Design of Highway

Bridges

Guide Specifications For Fracture Critical Nonredundant

Steel Bridge Members

Guide Specifications For Horizontally Curved Highway

Bridges

Standard Specifications For Movable Highway Bridges

Guide Specifications And Commentary For Vessel
Collision Design Of Highway Bridges
Guide Specifications for Strength Design of Truss Bridges
Standard Specifications For Structural Supports, Highway
Signs, Luminaries and Traffic Signals

A Guide To Standardized Highway Lighting Pole
Hardware(Task Force 13)
MUTCD (Manual on Uniform Traffic Control Devices)

Bridge Design Manual

All Bridges Design Revisions Subsequent To This Manual

Hydraulics Manual

Roadway Plan Preparation Manual

Louisiana Standard Specifications For Roads and Bridges

Manual For Quality Control For Plants & Products Of
Precast-Prestressed Concrete Products

AASHTO

AASHTO
AASHTO
AASHTO
AASHTO

AASHTO, AWS, ANSI

AASHTO

AWS
(American Welding Society)

AASHTO

AASHTO
AASHTO
AASHTO
AASHTO
AASHTO
AASHTO
AASHTO, ARTBA, AGC

FHWA (Superintendents of
Documents)

LADOTD

LADOTD
LADOTD

LADOTD

LADOTD

PCI

Prestressed Concrete Institute

444 N. Capitol St., NW Suite 249,
Washington, DC 20001

550 NW Lejeuene Rd.
PO Box 351040
Miami, FL 33135
444 N. Capitol St., NW Suite 249
Washington, DC 20001

444 N. Capitol St., NW Suite 249
Washington, DC 20001

525 School St. SW
Washington, DC 20402
U.S.G.P.O.
Washington, DC 20402

General Files PO Box 94245
Baton Rouge, LA 70804

LIST OF CONSTRUCTION SPECIFICATIONS MANUALS

General Files PO Box 94245
Baton Rouge, LA 70804

20 North Wacker Drive
Chicago, IL 60601

IT IS THE RESPONSIBILITY OF THE ENGINEER TO UTILIZE THE MOST UP -TO-DATE COPIES OF ALL APPLICABLE
SPECIFICATIONS LISTED HEREIN.




LIST OF PUBLICATIONS USED AS GUIDES IN THE DESIGN OF BRIDGE
STRUCTURES

PUBLICATION

ORGANIZATION

Address

10

11

12

13

14

FOR A COMPLETE LISTING OF AASHTO PUBLICATIONS FOR HIGHWAY DESIGN, CONTACT AASHTO.

Highway Curves

Moments, Shears and Reactions For Continuous Highway

and Bridges

Manual of Steel Construction
Ninth Edition

ACI Code

ACI Manual of Concrete Practice

Notes on Load Factor Design For Reinforced Concrete
Bridge Structures With Design Applications

PCI Design Handbook Precast and Prestressed Concrete

CRSI Handbook

Manual Of Standard Practice (Rebar)

Manual of Standard Practice (Welded Wire Fabric)

Manual Of Steel Construction Allowable Stress Design
and Load and Resistance Factor Design

Highway Structures Design Handbook

Steel Sheet Piling Design Manual

Steel Sheet Piling Handbook

Authors: Ives,Kissam

Publisher: John Wiley & Son, Inc.

AISC
(American Institute of Steel
Construction)
AISC
(American Institute of Steel
Construction)
ACI
American Concrete Institute

ACI

PCA
Portland Cement Association

PCI
Prestressed Concrete Institute

CRSI (Concrete
Reinforcing Steel Institute)

CRSI (Concrete
Reinforcing Steel Institute)

WRI (Wire Reinforcing
Institute, Inc.)

AISC
American Institute of Steel
Construction
USS (AISC Marketing Inc.)

(ORN]

(ORN]

PO Box 806276
Chicago, IL 60680

PO Box 19150 Redford Station
Detroit, Ml 48219

@

Old Orchard Road
Skokie, IL 60076

20 North Wacker Drive
Chicago, IL 60601

180 North LaSalle Street
Chicago, IL 60601

@

7900 Westpark Drive
Mclean, VA 22102

PO Box 806276
Chicago, IL 60680

Suite 750 650 Smithfield St.
Pittsburgh, PA 15222

LIST OF MATERIALS SPECIFICATIONS MANUALS

ASTM Standards

AASHTO Materials

Qualified Products List

ASTM

AASHTO

LADOTD

100 Barr Harbor Ave.
W. Conshochocker, PA
19428-2959

Box 19150, Redford Station Suite 225

Detroit, Ml 48219

Materials Section PO Box 94245

Baton Rouge, LA 70804-9425

LIST OF BRIDGE RATING AND BRIDGE INSPECTION MANUALS

Manual For Condition Evaluation Of Bridges

AASHTO

Box 19150, Redford Station Suite 225

Detroit, M1 48219

IT IS THE RESPONSIBILITY OF THE ENGINEER TO UTILIZE THE MOST UP -TO-DATE COPIES OF ALL APPLICABLE SPECIFICATIONS LISTED
HEREIN




BRIDGE SPECIFIC DESIGN CRITERIA

LOADING

All bridges on freeways, arterials or collectors shall be designed to carry HST-18(M)
loading as well as MS-18 loading. See section on "Special Loading Considerations".

BRIDGE WIDTH

Shoulder widths on the inside of horizontal curves may need to be increased from the
values shown herein in order to meet horizontal stopping sight distance requirements. See
section on "Stopping Sight Distance for Barrier Rail Clearance".

A minimum clear roadway width of 9.0 m shall be used for bridges on collector roads. For
temporary travel lanes, it is desirable to meet the lane widths as indicated for typical detour
details, (types, A, B, C, &D). For instances when constraints may warrant a narrower
condition, such as during phased construction, the engineer may utilize a narrower width
without a design exception. The width shall be acceptable to all parties at the plan-in-hand
meeting and shall take into account local conditions such as farm equipment crossing the
structure.

BRIDGE FINISH GRADE ELEVATION

In general, finish grades of bridges should be set with the following criteria as a guide:

Hydraulic Criteria

1. If debris is a consideration, the finish grade should be set to provide 0.6 m of
freeboard between the bottom chord and the design year flood. The bottom chord
should clear the 100 year flood elevation by 0.30 m.

2. If debris is not a consideration, the finish grade should be set to provide 0.30 m of
freeboard between the bottom chord and the design year flood. The bottom chord
should clear the 100 year flood elevation.

3. On minor bridge replacement jobs, with the approval of the bridge design engineer,
criteria 1 and 2 may be relaxed under the following conditions:

a)  Applying criteria 1 and 2 would result in a substantial raise to the approaching
roadway grade.

b)  The bridge replacement is a spot replacement with no future plans to raise the
approaching roadway.



Overpasses
See normal highway clearances in this chapter.
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TYPICAL ORDER FOR BRIDGE PLAN SHEETS

Plan sheets shall be organized to facilitate construction. Shown below is an example for a
moderate size project.

1. General Notes, Summary of Quantities and Bridge Index
2. General Plan
3. Superelevation Transition Detail

4. Detour Layout

5. Foundation Layout

6. Pile Data Sheet

7. End Bent Details

8. Intermediate Bent Details

9. Bent Elevations and Layout Sheets
10.  Column Details

11.  Framing Plan

12.  Girder Details

13.  Span DetaiIsEI
14.  Miscellaneous Span and Girder Details
15.  Approach Slab Details

16.  Joint Details

17.  Optional Span Details

18.  Standard Pile Details

19.  Bridge End Drain Details

20.  Core Borings & Test Piles

! Steel Span Details can be grouped together and include; typical sections, pouring sequence, framing plans,
camber diagrams, girder details showing all connections, splices and bearing details.
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PROCEDURES FOR REVISIONS AND PLAN CHANGES
DEFINITIONS

Revisions

Any change made to the plans after they have been signed by the Chief Engineer and prior
to the letting is classified as a revision.

Plan Change

Any change made to the plans after the project has been let to contract is classified as a
plan change.

REVISION PROCEDURES

In the event that a revision is required, a written request for the plans must be submitted to
the General Files Section along with an approval of the Contracts Engineer in order to
receive the plans from General Files. This request must specify the nature of the intended
revision, the anticipated amount of time required, and the name of the person in charge of
the revision. A speed letter will suffice for this request.

When a revision is made, a circle with a number inside is used to "bug" the change and to
reference it to the revision block. All sheets involved in the revision will have the same
numerical bug and date. All sheet numbers are to be recorded on the title sheet revision
block including the title sheet numbers.

Once the revision is completed, the cost estimate should be revised as required, and the
plans and estimate sent to the Contracts and Specifications Section for review. Once
accepted by the Contracts and Specification Section, the person in charge and Chief
Engineer shall sign the title sheet and the plans returned to General Files.

PLAN CHANGE PROCEDURES

For a plan change, the plans may be verbally requested from the General Files Section. A
triangle with a number inside should be used to "bug" the change and reference it to the
revision block. Plan changes are not recorded on the title sheet revision block. No erasures
are allowed for a plan change. For minor changes, the changes are superimposed on the
existing sheet. In the case of major changes, new sheets may be created and added to the
plans. If a new sheet is created to replace an existing sheet, the old sheet is stamped "VOID”.
The replacement sheet will have an “A” added to the sheet number. Once the plan change is
finalized, a letter must be sent to the Construction Section transmitting 18 sets of prints of all
affected sheets explaining the plan change. A set of prints will be transmitted to the Project
Engineer by copy of the letter. If consultants are involved, a separate set of plans should be
transmitted to the consultant by copy of the letter sent to the Construction Section. If Real
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Estate and Udtilities are involved, full-sized sets are to be transmitted, 10 sets to Real Estate
and 1 set to Utilities, by copy of the letter. (See example)
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I. IF MINOR REVISIONS ARE NEEDED, MAKE CHANGES ON THE ORIGINAL SHEET.
ERASURES ARE ALLOWED. FOR EXAMPLE:

ORIGINAL SHEET

STATE PROJECT PARISH SHEET NO. STATE PROJECT PARISH SHEET NO.
XXX =XX-XX XXXXX 107 XXX XX -XX XXXXX 107
< 5605 1000 N 5725 ;1] 1100
$ DATED $
$ 5/30/95 | DIMENSION CHANGE XXX__| DESIGNED
DATE DESCRIPTION BY CHECKED
REVISIONS
2. IF MAJOR REVISIONS ARE NEEDED, DESTROY THE ORIGINAL SHEET AND MAKE CHANGES ON
THE NEW SHEET FOR EXAMPLE:
ORIGINAL _SHEET CORRECTED SHEET
STATE PROJECT PARISH SHEET NO. STATE PROJECT PARISH SHEET NO.
XXX =XX-XX XXXXX 108 XXX XX -XX XXXXX 108
<™ 6050 1200 N 0500
1 0 4 4
V V
$ DATED $
5/30/95 | GENERAL REVISIONS XXX DESIGNED
DATE DESCRIPTION BY CHECKED
REVISIONS

&N

CORRECTED SHEET

SHOW REVISION NUMBER () FOR ALL REVISED SHEET NUMBERS (INCLUDING TITLE SHEET

NUMBER) IN THE TITLE SHEET REVISION BLOCK.
IF QUANTITIES ARE INVOLVED, REVISE COST ESTIMATE.

THE TITLE SHEET REVISION BLOCK MUST BE SIGNED BY THE CHIEF ENGINEER.
TRANSMIT A SET OF PRINTS AND A COPY OF ESTIMATE TO CONTRACTS AND SPECIFICATIONS SECTION.

RETURN THE REVISED PLANS TO GENERAL FILES.

N oo

REVISION PROCEDURE
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<> 6050 _ @ ~ 10 500

. IF A MINOR PLAN CHANGE IS REQUIRED, MAKE THE CORRECTIONS ON THE ORIGINAL SHEET. (NO ERASURESH
NOTE THE CORRECTIONS WITH A"BUG" (A) AND SHOW IT IN THE REVISION BLOCK. FOR EXAMPLE:

STATE PROJECT PARISH SHEET NO.

XXX =XX-XX XXXXX 1or

N
$(?625Y_/ 5725
N ]

DATED $

$A 5/30/95 | DIMENSION CHANGE XXX | DESIGNED

DATE DESCRIPTION BY CHECKED
REVISIONS

2. IF MAJOR PLAN CHANGE, MAKE CORRECTIONS ON NEW SHEET, ADD "A" TO SHEET NUMBRER,
AND STAMP "VOID" ON ORIGINAL SHEET. FOR EXAMPLE:

ORIGINAL SHEET

NEW SHEET
STATE PROJECT PARISH SHEET NO. STATE PROJECT PARISH SHEET NO.
XXX -XX-XX XXXXX 108 XXX -XX-XX XXXXX | 08A

REV.

W

b b

DATED $

$A 5/30/95| REPLACES SHT. NO.108 | XXX [DESIGNED

DATE DESCRIPTION BY

REVISIONS

CHECKED

DON'T SHOW ANYTHING ON THE TITLE SHEET.

4. IF THE CHANGES ARE SIGNIFICANT, SHOW QUANTITY CHANGES ON BRIDGE SUMMARY SHEET.

. TRANSMIT 18 HALF-SIZED SETS OF PRINTS OF AFFECTED SHEETS, WITH A MEMORANDUM TO THE CHIEF
CONSTRUCTION ENGINEER. TRANSMIT ONE SET OF HALF-SIZED PRINTS TO THE PROJECT ENGINNER, BY COPY
OF THE MEMORANDUM. IF CONSULTANTS ARE INVOLVED, SEND THEM A HALF-SIZED SET BY COPY OF THE
MEMORANDUM. IF REAL ESTATE AND UTILTIES ARE INVOLVED, FULL-SIZED SETS ARE TO BE TRANSMITTED,
IO TO REAL ESTATE AND | TO UTILITIES, BY COPY OF MEMORANDUM.

. RETURN PLANS TO GENERAL FILES.
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STOPPING SIGHT DISTANCE

GENERAL

The effects of stopping sight distance (SSD) bring a challenging aspect to the design of
bridge geometrics. The SSD will impact bridge economics, right-of-way, and
environmental considerations. The designer should take all factors into consideration
during the early stages of plan development when selecting the design criteria for
horizontal and vertical alignments.

Sight distance, the ability to see ahead adequately, is of extreme importance in a properly
designed structure. SSD is the sum of the brake reaction distance and the braking distance
required to stop on a wet surface for the speed in question and is a function of many
variables. For each specific design speed, AASHTO has computed a range of distances
required to stop when traveling at that particular speed. The upper value (desirable value)
utilizes the design speed to compute the required stopping distance. The minimum values
utilize the average running speed associated with the design speed.

In selecting proper horizontal and vertical geometry, the designer should first consider
minimum values of SSD. Circumstances do occur where increasing the SSD above the
minimum value is required. Such cases should be evaluated on a case by case basis.

VERTICAL ALIGNMENT

When a bridge is in a vertical curve, the actual roadway surface can be detriment to sight
distance. The designer should begin the vertical curve length selection by providing a
minimum value of SSD. If conditions exist where increased value of SSD is desirable, it
will be acceptable for the designer to use vertical curves providing SSD greater than the
minimum. In cases where neither minimum nor desirable values produce a practical
layout, consideration should be given to lowering the design speed to something less than
what the design standards have dictated. (The lowering of the design speed will require a
design exception approved by the Chief Engineer.)

HORIZONTAL ALIGNMENT

When a bridge is in a horizontal curve, the barrier rail can become a sight obstruction on
the inside of the curve if the shoulder does not have adequate width. For this reason, the
shoulder widths specified by the design standards must be checked to verify if the
minimum SSD criteria are being provided. "A Policy on Geometric Design of Highways
and Streets" shows the geometry involved in determining the SSD and a table of minimum
shoulder width values for various conditions is being provided herein for use in making
this determination. It should be noted that the SSD requirements become more critical
when a downgrade is being encountered.
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After the roadway classification has been determined, the minimum shoulder width is
obtained utilizing the design standards. The sketch for determining SSD and/or the table of
shoulder widths (See this Section) can be used to verify if the requirements of SSD are met.
If only a short section of the bridge falls within the horizontal curve, sight distance may not
be a problem and can be determined by a graphical representation. If the shoulder width
obtained from the design standard does not provide minimum SSD; the designer should;

1.

First consider widening the inside shoulder (shoulder widths should not exceed 3.6
m). For collector and local roads and streets, see the design standards for
instructions for lowering the design speed for certain roadway classifications that
will not require a design exception.

If the required shoulder to meet adequate SSD exceeds 3.6 m, the engineer should
consider realigning the project to increase the horizontal curve radius.

If realignment is not a feasible alternative, the designer should consider reducing
the design speed from that dictated by the design standards. This will require a
design exception approved by the Chief Engineer. (If the project is a complete
improvement to a section of roadway or if it has a high probability of being
improved by a future project, or the route has a high ADT, a reduction in the design
speed should be considered only as a last resort.)
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BRIDGE RAILING EFFECTS ON HORIZONTAL SIGHT DISTANCE

Tangent

/ JS /S S S S IS S S /
LSS ///////// / /
Bri S S S

Curve

_Shoulder width critical
past this point

N

Y e I
y I / ~ -
/ / / \ \
S O
LCenterline of lane o \\\\
Bridge length ) AN
N N ; \
' \
Line of sight \
\
\
PLAN VIEW
S Centerline of
Middle ordinate (M ) inside lane
Shoulder (S) Inside lane!( L)
Yl

-

ELEVATION VIEW

M = Minimum distance to meet stopping sight distance requirements. (See Table)
L = Width of travel lane.
S = Shoulder Width required for SSD = M - %2 L = Minimum Design Standard
<< 3.6 m (in no case shall shoulder width exceed 3.6 m)
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Radius, centerline inside lane (m)

HORIZONTAL SIGHT DISTANCE CHART

SIGHT DISTANCE CHART

—e— 30 km/h
—m— 40 km/h
10000 50 km/h
60 km/h
—¥— 70 km/h
—e— 80 km/h
—+—90 km/h
—=— 100 km/h
Iy 110 km/h
120 km/h
ll\
1000 =
Na
Y e — R=595 -©@'s=202.9m
\ \,\ \_\ ~R=455 @s=1795m
\ \ \ R=360 @__|5—1570m
— —QR=275 |
S=1312m
. '\q =
\Q_Mm. R=160, o=10% ‘s 112.8m
) Min. R=115, e=1m\ $=94.1m
100 I - !
|
\l\ —O Min. R=75, e=10% S=743m
e — |
-—Q MirLR.=45,e\=lO%.\ S=57.4m
\QMin. R=25, e=10% \5= 44.4m
e
10 S=29.6m
M = R{ [1-COS(S/2R)] }
where:
S = Stopping sight distance in meters
M = middle ordinate in meters
R = Radius in meters
cosine angle to be evaluated using
radians
1 . . } | | - }
1 2 3 4 5 6 7 8 9

Middle Ordinate (M) Inside lane to sight obstruction in meters
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TABLE OF “M” VALUES IN METERS

VELOCITY 50 km/hr 70 km/hr 80 km/hr | 100 km/hr | 120 km/hr
SSD(m) 57.4] 655 68.6] 94.1] 117.5] 125.8] 112.8] 148.8] 160.5] 157.0] 220.8] 240.6] 202.9] 310.1] 341.0
GRADE (%) 00 -30] 60 00 -30] 60 00 -30] -60[ 00] -30 -60 00 -30[ -60
RADIUS(m)

20.00

40.00

60.00

80.00| 5.09

100.00| 4.08| 5.31

120.00| 3.41| 4.44| 4.86

140.00| 2.93| 3.81| 4.18

160.00| 2.56| 3.34| 3.66

180.00| 2.28| 2.97| 3.25

200.00| 2.05| 2.67| 2.93

220.00| 1.87| 2.43| 266 5.01

240.00 2.23| 2.44| 459

260.00 2.06| 2.26| 4.24

280.00 1.91| 2.10| 3.94

300.00 1.96| 3.68 5.28

320.00 1.83| 3.45| 537 4.95

340.00 3.25| 5.06 4.66

360.00 3.07| 478 4.40

380.00 291 453 519 417

400.00 2.76| 430 4.93] 3.96

420.00 2.63| 4.10[ 4.69| 3.78

440.00 251 391 4.48/ 3.60

460.00 2.40| 3.74| 4.29| 345

480.00 2.30] 359 4.11] 331

500.00 2.21| 344 395 317

520.00 212 331f 379 3.05 531

540.00 2.05| 319 365 294 511

560.00 1.97| 3.07| 352| 283 4.93

580.00 1.90| 297 3.40| 274 476 5.30

600.00 1.84| 2.87| 329 265 4.60 535 512

620.00 2.78| 3.18| 2.56| 4.45 518 4.96

640.00 2.69| 3.08| 248 431 502 4.80

660.00 2.61| 299| 241 4.18| 4.87| 466

680.00 2.53| 2.90| 2.33] 4.08 472 452

700.00 2.46| 2.82| 227 3.94| 459 439

720.00 2.39| 274| 220 3.84| 446 427

740.00 2.33| 267| 215 3.73| 4.34| 415

760.00 2.27| 2.60| 2.09| 3.63] 4.23 4.04

780.00 2.21| 253| 2.04| 354 412 3.94

800.00 215 2.47| 1.98 345 4.02| 3.84

820.00 210 241| 194 337 392 375

840.00 2.05| 235 1.89| 3.29| 3.83 3.66

860.00 2.00 230| 1.85| 3.221| 3.74| 358

880.00 1.96| 224 1.80| 3.14| 3.65 3.49

900.00 191 219 3.07| 357 342

920.00 1.87| 2.15 3.00 3.49] 3.34

940.00 1.83| 2.10 2.94| 342 327

960.00 2.06 2.88| 335 3.20 5.35

980.00 2.02 2.82| 328] 314 5.24
1000.00 1.97 2.76| 3.21] 3.08 5.13
1500.00 1.84| 214 205 4.06] 4.81| 3.42
2000.00 3.04| 361 257
2500.00 2.43| 289 2.06| 4.80
3000.00 2.03] 241 4.00

*TABLE OF M VALUES BASED ON MINIMUM VALUES OF STOPPING SIGHT DISTANCE IN WET CONDITIONS.
RADIUS=THE RADIUS TO CENTERLINE OF INSIDE LANE
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NORMAL HIGHWAY CLEARANCES

STRUCTURES

Vertical Clearance

Freeways and Arterials 5.05 m ( min.)l':|

Truss Portals 5.35m (min.)EI

Pedestrian Bridge 6.00 m ( Qesiélable )H
5.35 m (min.)

All other roads and streets 4.75m (min.)EI

Horizontal Clearance

bl

All roadways

OVERHEAD SIGNSI“—‘|

Vertical Clearance

From high point of pavement
to bottom of sign face 55m (min.)EI

From high point of pavement

to bottom of lighting or
other appurtenances 52m (min.)El

Horizontal Clearance

From edge of roadway (with flat shoulders)l’:|
From edge of curbed roadways 0.6 m (min) behind the curb

2 Includes 150 mm for future overlays

% See G.R.-200(M) Standard Plans to determine clear zones. In general, guardrail or crash protection shall Be
provided where horizontal clearances are less than the minimum.

4 For additional information see AASHTO "Roadside Design Guide", the current MUTCD, and the "Louisiana
Manual on Uniform Traffic Control Devices".
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SHOULDER MOUNTED SIGNéZI

Vertical Clearance (Freeways)

(above the pavement edge)

Guide signs 2.1 m (min.)
Guide signs with secondary

signs mounted below 2.4 m (min.)
Route markers, warning 1.8 m (min.)
Regulatory signs 1.5 m (min.), rural

2.1 m (min.), urban

Horizontal Clearance

Bl

Freeway from roadway edge
All other roadways:

from edge of roadway 3.1m (min.)EI
from edge of curb 0.6 m (min.)

LIGHT STANDARDS

[:amm]

Vertical

Above pavement 9.1 m (min.)

Horizontal Clearance

From edge of traveled roadway 45m (min.)EI

El

From edge of ramps 3.1 m (min.)

5 Breakway design assumed
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RIGHT-OF-WAY FOR BRIDGES

The following general guidelines should be considered when setting right-of-way for
bridges:

The right-of-way clearance shown in the design standards shall be generally applicable for
the bridges, as well as the roadways, with the additional restrictions noted herein.

1. The required right-of-way line should clear the toe of the embankment slope a
minimum of 1.5 m to 3 m.

2. A minimum dimension of 7.5 m should generally be provided from the outside face
of the structure to the required right-of-way line.

3. Construction servitude must be provided for detour bridges.

4. It should be recognized that while it is desirable to follow the above guidelines, there
are certain situations which demand exceptions. For example, in congested urban
areas, the right-of-way costs are often prohibitive and required right-of-way should be
kept to a minimum.

For additional information and the Department’s right-of-way policy, see the "Engineering
and Directives Manual"”, EDSM No.I.1.1.1 .

3 (22)



BRIDGE AESTHETICS

The purpose of this article is to suggest design guidelines concerning bridge details which
affect the aesthetic appearance of bridge structures.

There are numerous conventional considerations, such as cost estimates and geometric
requirements, necessary in arriving at an economical and efficient design for any particular
bridge structure in a given location. However, there is another requirement that should be
considered. Specifically it is the appearance of the completed structure. Generally, structural
efficiency does not include the good appearance of the individual structural element, but
attention to the details as to how the overall structure fits together is also an important aspect
to a completed structure in order to be visually pleasing.

BRIDGE DETAILS

1.

The centerline of exterior girders shall be aligned with exterior girders in adjacent
spans.

Short bridges used for grade separation will have flanking spans, adjacent to the fill, of
a length not less than one half the length of the main interior span(s). The exterior
girders should be the same depths throughout, if possible.

In areas where spans can be observed by passing motorists, businesses and/or
residences on adjacent properties, attention should be paid to surface finishes on the
exposed concrete surfaces of substructures and superstructures.

Gutter drains should be omitted from overpasses where staining presents a problem.
The number of columns used in column bents should be kept to a minimum.

The exterior columns of column bents and the exterior piles of pile bents shall be
aligned with the column/piles of adjacent bents where practical.

In urban areas, consideration should be given to placing cover walls at ends of bent
caps to hide joint openings, anchor bolts and risers normally seen in the elevation
view.

When weathering steel is to be used, special considerations should be given to keep
runoff from staining the substructure.
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CONSTRUCTION SIGNING AND PHASING

The maintenance of traffic during construction of a project is an important aspect of design.
It is incumbent on the designer to take all precautions necessary to provide for the most
efficient flow of traffic. This is normally accomplished in one of four ways:

1. Detours
2. Lane Closure
3. Road closure

4, Split-Slab Construction

Detours are the most common means of maintaining traffic. Lane closures are often
associated with repair projects. A road closure may be used if the route primarily serves
local traffic, or if an alternate state route can be used as a detour. A pre-design
guestionnaire that is to be submitted to the district will normally provide adequate
information to determine how traffic will be maintained. Split-slab construction is often
used for bridge widening projects, where traffic is alternately maintained between sections
of the new and existing bridge.

In some instances, specifications must be written to provide for traffic and construction
needs. Under certain conditions, it may be necessary to require the contractor to work 24
hours shifts or to place an incentive clause in the contract to minimize disruption to traffic.
Flagmen may be required and/or provisions to halt the traffic at certain periods during
construction may be specified by the contract. Temporary precast barriers may be required
to divert traffic for repair or widening projects. In many instances, these barrier sections
are stored in the various districts, and specifications for hauling, erecting and returning the
temporary barriers may be required as part of the contract. These conditions are only a
few that may require written specifications.

The plan-in-hand affords a good opportunity for discussing traffic provisions, as district
personnel are often better informed of traffic patterns under their jurisdiction. During the
final plan phase of a project, The Traffic and Planning Section should be consulted to
discuss strategies and requirements for the construction-signing layout.

For routine projects, the construction signing/phasing layout may involve only a line
diagram. In the case of widening or repair projects, a more extensive layout along with
explanatory notes for each traffic phase are normally included. This is especially true in the
case of complicated interchanges where different ramps must be alternately closed and
opened to traffic. Sometimes the construction-signing layout is superimposed on an aerial
photograph. Once the "blank" layout is completed, it is then sent to the Traffic and
Planning Section who adds the construction signing.
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EXAMPLE OF TRAFFIC SIGNAL CALCULATIONS

Calculations to determine if phased (split-slab) construction using traffic signals is a possible option for
traffic control.

Demand:
ADT = 3500 (site specific)
Peak Hourly Volume = assume 15 % of ADT
= 3500 x 0.15
= 525 VPH

ADT is generally given as averaged two-way traffic, so adjust for maximum one-way
Directional split = assume 80 / 20 split during commute hours
Peak one way traffic =525 VPH x 0.8
= 420 VPH one-way
Maximum traffic signal cycle length is about 100 seconds

Arrivals: 80% split = 420 VPH oneway X 1 hour + 3600 sec x 100 sec/cycle
=117
=12 vehicles per cycle

Arrivals: 20% split = 3500x% 0.15x 0.20 x100 +3600
=29
= 3 vehicles per cycle

Capacity:
Operating Speed Vos = assume 30 MPH = 44 ft/sec (site specific)

Minimum safe vehicle spacing at operating speed =1.50 x 20 feet + Vos= 1.96
= 2 seconds per vehicle
Length closed between signals = bridge length + [approach slabs + taper for barriers]
= 650’+[40’ + 60"] x 2
= 850’
Time to travel closed length = 850’+ 44 ft/sec
=193
= 20 seconds
Assume 100 second cycle with a 60 / 40 phase split, determine available vehicle travel time

60% phase 40% phase
green time 100 x 0.60 = 60.0 sec 100 x 0.40 = 40.0 sec
lost time (start-up) = -3.5sec = -3.5sec
effective green 56.5 sec 36.5 sec
time to travel closed length  -20.0 sec -20.0 sec
available vehicle travel time  36.5 sec 16.5 sec

VPCeso = vehicles per cycle [60%]
=36.5 sec per cycle + 2 sec per vehicle
=18.25 vehicles per cycle
= 18 (capacity) = 12 (demand)

VPCs = vehicles per cycle [40%]

16.5 sec per cycle + 2 sec per vehicle

8.25 vehicles per cycle
= 8 (capacity) = 3 (demand)
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DETOUR BRIDGES AND ROADWAYS

Detour bridge details shall be in accordance with the standard bridge detour details

BRIDGE DETOUR TYPE OPTIONS

At the contractors option, the detour bridge may be one of the following:

1.

2.

LA DOTD detour bridge metric standard details.

Other approved alternatives: The contractor will be required to submit drawings and
calculations for this alternate to the bridge design engineer for approval. These
drawings and calculations shall be stamped by a civil engineer registered in the State
of Louisiana. The alternate shall be designed according to the latest AASHTO standard
specifications for highway bridges. design live load shall be MS-18 and HST-18 (M).
all drawings shall be submitted according to section 801 of the Louisiana Standard
Specifications For Roads And Bridges to be approved by the bridge design engineer.

Acrow prefabricated steel panel bridge: The use of this bridge type must be approved
for use by the bridge design engineer. If approved, the department will provide the
contractor with the superstructure and substructure details for the bridge(s).

SUBSTRUCTURE OPTIONS

Bent caps will be precast concrete. Piles may be timber or steel.

Pile lengths: The contractor shall be responsible for determining the pile lengths. A
factor of safety of 2.0 will be used in determining the pile lengths. Calculations
stamped by a civil engineer registered in the state of Louisiana to justify the pile
lengths will be sent to the bridge design engineer for approval
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GUARDRAILS

Guardrails shall be installed at all four (4) corners of detour bridges with a minimum length
of 19.05 m for bridges having flexible rail, concrete or barrier types. All guardrails for
detour bridges shall be included in the price for "Temporary Detour Bridging". For details,
see DOTD Bridge Detour Standard Details.

LOCATION OF DETOUR, PLAN AND PROFILE DETAILS, AND FINISH GRADE

The determination of the detour location should be made on the plan-in-hand inspection or
at the subsequent office review. The detour details shall include a plan and profile of the
bridge indicating the finish grade, span types and lengths, natural ground line, substructure
types, and any geometric information needed.

The length and finish grade of the detour bridge shall be determined using a flood
frequency equal to the detour service life multiplied by the drainage design factor (DDF).

Flood Frequency = Service Life x DDF (Service Life = 1 year)

DDF = 3 (ADT < 750)
=5 (ADT = 750)

= 7 (4-lane crossover)

A discharge and high water elevation is then computed for the detour flood frequency.
The finish grade of the detour bridge should be set approximately 1 m above the detour
high water, and the length should be set as required to pass the detour discharge, Q. In
many instances (particularly in North Louisiana) the requirements of spanning bank to bank
will govern over the hydraulics. Bulkheads will be used as per our detail shown in our
detour bridge standard detail. A profile of the natural ground should be drawn as an aid in
establishing the detour profile. The profile can then be superimposed on the ground line
in order that the fill/cut areas may be balanced as much as possible. Profile grades should
not exceed 5%. Slope stability of the embankments must be a consideration when
determining the length of the detour bridge. The Geotechnical Section should review the
detour embankments when deemed necessary and provide comments concerning slope
stability.

When placing a detour over deep ravines, pile slenderness ratios (L/D) must be considered.
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DETOUR LAYOUT SHEET

Detour layout will be set up in accordance with the following guidelines:

1.

Detour stations will be relative to the survey centerline and shown at the beginning
and the end of detour. Other stations along the detour shall be shown as projected
stations off the centerline.

The profile shown shall represent the true profile along the detour alignment. Since
the lengths shown along the profile will not add up to the difference in stations at
the beginning and the end of detour, the following note should be added for
clarification:

NOTE: LENGTHS ARE MEASURED ALONG DETOUR CENTERLINE AND STATIONS ARE PROJECT
CENTERLINE STATIONS.
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SPECIAL LOADING CONSIDERATIONS

DEAD LOAD

The dead loads shall be distributed as specified in the AASHTO Specifications except as
follows: railings, parapets, and sidewalks shall normally be assumed to be carried by the
exterior girder only. If in the judgment of the design engineer, the dead load of the sidewalk
parapet is cantilevered "excessively" out from the exterior girder, he may sum moments due
to dead load components supported by the exterior girder about the first interior girder. A
load of 600 N/m2 shall be applied to the deck to account for future wearing surface.

EARTHQUAKE LOADING

Earthquake loading shall be investigated in accordance with the "AASHTO Guide
Specifications for Seismic Design of Highway Bridges". (See Chapter 6)

LIVE LOAD

Stresses

Live load stresses shall be determined as specified in the AASHTO Specifications except as
follows: for moments, shears and reactions, the design load shall be AASHTO MS-18 truck
or lane load, or Louisiana HST-18(M) truck load, whichever governs, except that for local
(farm-to-market) roads HST-18(M) loading shall generally not be used. When lane loading is
used, it shall be distributed as equivalent concentrated wheel loads.

Serviceability

For fatigue serviceability requirements and deflection considerations, HST-18(M) loading
shall not be used. Live load deflection shall be computed in accordance with the AASHTO
Specifications except that the number of loaded lanes shall equal to the number of actual
travel lanes.

Military Loading

Alternate military loading shall be applied on the interstate system for the design of main
bridge members. Transversely reinforced concrete slabs which are supported by main
longitudinal members are not considered as main load carrying members. Military loading
shall be as specified in the AASHTO Specifications with the following modifications:
The standard MS-18 loading has been supplemented by the addition of a tandem axle
modified loading consisting of 108 kKN on each of two (2) axles, spaced 1200 mm apart as
shown herein. Military loading is only required on interstate bridges. |
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Impact

Impact shall be applied as specified in the AASHTO Specifications except as follows:
impact shall be applied to caps of pile bents and to all portions of column bents except
piles.

Summary Of Live Loads

TRUCK TYPE WHERE USED SPECIAL CONSIDERATIONS
MS-18 All bridges Truck or lane®, whichever
governs
HST-18(M) All bridges except on local Not used for serviceability
(farm to market) roads requirements, fatigue or camber
calculations
MILITARY Interstate bridges only Generally governs only for
spans<<9.15m

Longitudinal View of Loading

Axle Load shown, wheel load=% axle load

MS-18 TRUCK LI MS18 LANE
Q Q
varies* 4500 mm
w=9.34 KN/m
143 kN 143 kN 36 kN 80 kN, moment

*4500 mm to 9000 mm 116 kN, shear

HST-18(M) TRUCK

Q) Q) Q) Q) Q)

varies* 2500 mm varies* 2500 mm

108 kN 108 kN 108 kN 108 kN 54 kN

5 Additional concentrated load requirements for continuous spans, see AASHTO Specifications
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Military Loading

1200 mm

108 kN 108 kN

Transverse View of Loading

600 mm 1800 mm 600 mm

4> 47
I varies

3600 mm

1 lane width

Sound Wall Load:

Bridges which require installation of Sound Walls shall be designed to accommodate the
appropriate dead, live and wind loads for the required wall height. Dead loads of the wall
shall be minimum of 45 kg/m for wall heights up to 3 meters and 90 kg/m for walls greater
than 3 meters.
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SUMMARY OF GENERAL NOTES COMMONLY USED IN BRIDGE PLANS

GENERAL ITEMS

1. Design Specifications: Structural design is in accordance with AASTHO Standard
Specifications for Highway Bridges, 1996, and interim specifications. Geometric
Design is in accordance with " A Policy on Geometric Design of Highway and
Streets, 1994".

2. Design Criteria: The bridge is designed for a future wearing surface equal to
600 N/m2,

3. Live Loading: MS-18 truck or lane load, or HST-18(M) truck load, whichever
governs. HST-18(M) shall not be used for fatigue criteria or for service load
requirements for steel members designed by the load factor method. (Add military
loading for interstate routes.)

HST-18(M) TRUCK LI
Q)
varies* %2500 mm% varies* 2500 mmd/

108 kN 108 kN 108 kN 108 kN

*4500 mm to 9000 mm

4, Design speed: km/h.

5. Construction Specifications: Construction shall be in accordance with the Louisiana
Department of Transportation and Development Standard Specifications for Roads
and Bridges, 1992, except as supplemented or amended by the plans, Supplemental
Specifications and/or Special Provisions

6. Elevations: All elevations are based on N.A.V.D.- 88
7. Dimensions: All dimensions are given at normal temperature of 20 degrees Celsius.

8. Year Plate: Date of construction is required at right wingwalls of structures for
oncoming traffic lanes. (See standard detail YP-01(M)).

" In most cases, the survey datum is based on N.A.V.D.-88, however the Engineer is responsible to check the
level books for datum reference used prior to placing this sentence in the plans.
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9.

All areas of disturbed embankment slopes not having revetment are to receive
seeding and fertilizing (no direct pay).

CONCRETE ITEMS

All superstructure concrete is to be Class "AA" concrete, all substructure concrete is to be
Class "A", all precast prestressed concrete members are to be Class "P" or "P(M)" concrete
unless otherwise specified in the plans. Chamfer all exposed edges of concrete 20 mm
except all corners of bents which shall be chamfered 40 mm unless otherwise noted. No
deductions are to be made in concrete quantities for chamfers 40 mm or less. Concrete and
steel in concrete railing to be paid for per linear meter of concrete railing including No. 15
bars that project into railing.

Concrete Construction Joint Notes

A.

Construction Joints: Where construction joints are used, not less than seven (7)
days shall have elapsed between adjacent pours. The vertical surfaces of the
construction joints between adjacent pours shall be coated prior to each succeeding
pour with a type Il epoxy resin system in accordance with subsection 805.06(B)(2)
of the Standard Specifications. Epoxy is to be applied in accordance with the
manufacturer's instructions. No direct payment for this work.

Concrete Bonding: Where new concrete is to be bonded to existing concrete
surfaces, the contractor shall coat the existing concrete surface with a type Il epoxy
resin system in accordance with subsection 805.06(B)(2) of the Standard
Specifications prior to placing of new concrete, (no direct payment). After pouring
the entire deck, a minimum of three (3) days must elapse (or concrete shall attain a
minimum compressive strength of 11 MPa before placement of reinforcing steel and
forms for barrier railing. The slab shall attain a minimum compressive strength of
24 MPa before pouring the barrier railing.

Concrete Repair Notes

A.

Concrete Removal: Existing concrete to be removed shall be designated in the
plans. Where concrete is designated to be removed, a 20 mm deep saw cut shall be
made along the face of the concrete around the perimeter of the removal area. All
existing concrete removed from the bridge shall become the property of the
contractor and shall be disposed of outside the limits of the right-of -way.
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B. Epoxy Application: An approved epoxy resin system in accordance with QPL-32,
shall be used to bond the new concrete to the existing concrete. Epoxy shall be
applied in accordance with the manufacturer's instructions.

C. Reinforcing Steel Repairs: Existing reinforcing steel to remain shall project from the
concrete surface the minimum distance shown in the plans. This steel shall be
straightened and cleaned of old concrete and foreign material before the new
concrete is poured. Care shall be taken to insure that the existing reinforcing steel
is not broken during concrete removal, straightening or cleaning. In the event that
any projecting steel is broken, it must be repaired either by welding an equivalent
sized bar in accordance with AWS D 1.4-92 or by using an approved mechanical
splice in accordance with QPL-44.

D. Deck Patching: This item consists of removing and replacing areas of existing
bridge deck where delaminations have occurred in accordance with the standard
specifications and the following requirements:

Areas requiring patching shall be determined by sounding the deck with hammers
or chains as directed by the engineer. Unsound concrete shall be removed to a
minimum depth of 65 mm below the surface. All reinforcing bars and exposed
surfaces of concrete shall be thoroughly cleaned by sandblasting prior to placement
of patching material. Feather edges shall be eliminated by saw cutting sound
concrete to a vertical surface 15 mm deep around the patch. Care shall be taken to
prevent damaging any exposed reinforcing steel.

Patching shall be made with a rapid setting patching material from the Qualified
Products List No. 24. Surface preparation, mixing, equipment, and application shall
be in accordance with the manufacturer’'s recommendations, except as amended
herein. A four-hour minimum set retard time will be required for the patching
material.

REINFORCING STEEL

Dimensions relating to reinforcing steel fabrication are out to out of bar unless otherwise
noted. Dimensions relating to reinforcing steel spacing are center to center of bar. The
minimum covering from the surface of the concrete to the face of any deformed reinforcing
bar shall not be less than the following:

Top of slab = 50 mm
Bottom of slab = 25 mm

El.

8 Use 50 mm in areas where brackish or salt water is encountered.
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All other reinforcing steel cover shall be 50 mm unless otherwise noted in the plans. See

standard plan SWBS-100 (M) for bar supports for reinforcing steel.

When epoxy coated reinforcing is specified, all bar supports and tie wire in contact with
the epoxy coated rebar shall be non corrosive and non conductive. See Standard Plan
SWBS-100 (M) for bar supports for reinforcing steel. All reinforcing steel shall be grade
420. All reinforcing steel is designed and detailed as metric. Bar designations are specified

with the prefix "B" followed by the bar size and mark.

The contractor will be allowed to substitute english for metric bars. The substitution shall
be made on a one to one basis for the designated metric bar. The substitution will be made

at no additional pay.

TABLE FOR REINFORCING BAR SIZE SUBSTITUTIONS (english for metric)
HARD METRIC SOFT METRIC ENGLISH

10 13 4

15 16 5

20 22 7

25 25 8

30 32 10

35 36 11

PILES

The pile notes are dependent on several factors particular to each project. See chapter 6 for

detailed notes and information.

DRILLED SHAFTS

Drilled shafts size, type, length, and maximum design load shall be described in the plans
and project specifications. All excavation or fill shall be complete prior to the installation

of drilled shafts affected.
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PRESTRESSED GIRDERS

For general notes on precast-prestressed concrete girders, see Miscellaneous Span and
Girder Details. For spans without intermediate diaphragms, the contractor will be required
to provide bracing between girders to ensure stability and proper alignment during erection
and pouring sequence.

OPTIONAL DECK FORMING SYSTEMS

Optional Span Details: The contractor may use precast-prestressed optional span details.
See the plans and the Standard Specifications.

Galvanized Stay-In-Place Metal Forms: The contractor will be allowed to use galvanized
stay-in-place metal forms provided the use of the forms does not add weight or thickness to
the concrete deck. The stay-in-place forms must conform to ASTM A 653M (table 1)
designation G165.

EXISTING BRIDGE REMOVAL

The existing bridge to be removed under item 202(02)(A)( ), per each, includes the
following structure:

Structure Number:

The contractor is to remove all parts of the existing bridge in their entirety as stipulated in
the Construction Specifications. Salvageable existing guardrails shall be hauled and
unloaded by the contractor to the maintenance unit, (at no direct pay). All
other materials shall become property of the contractor and disposed of by the contractor
outside the limits of the right-of-way.
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STRUCTURAL METALWORK

Steel (minor)

Structural Steel: All steel shall be structural carbon steel conforming to ASTM
A 709M (GR250) unless otherwise shown in the plans. Any necessary substitution
must have prior approval of the Bridge Design Engineer. Anchor bolts, nuts and
washers shall be hot dipped galvanized. Payment for structural steel is made under
item 807(06), Structural Metalwork, per lump sum.

Steel (major)

Structural Metalwork: Unless indicated in the plans, all structural steel shall be
structural carbon steel in accordance with ASTM A 709M, (GR250). High strength
low-alloy steel shall be in accordance with ASTM A 709M, (GR345) or A 709M,
(GR345W). . All steel shall be positioned in the members or splice plates so as to
place the direction of finish rolling parallel to the direction of primary stress. For
continuous spans, detailed erection drawings outlining complete procedures along
with the equipment to be used for erection shall be submitted to the Bridge Design
Engineer for approval.

Welding Items

Welding: Welding of all structural steel and steel pipes shall conform to Section
815 welding of the Louisiana Standard Specifications for Roads and Bridges.

Bolted Connections

All field connections shall be made with high strength bolts conforming to ASTM
A 325. Bolt spacing shall be in accordance with design drawings, shop drawings,
and the requirements of design specifications. Unless otherwise shown, bolted
connections shall be made with 22 mm diameter high strength bolts. One washer
will be required beneath the turning element. Bolted connections are designed as
friction type.

Galvanized Steel

All miscellaneous hardware which is specified to be galvanized shall be coated in
accordance with ASTM A 153. All structural steel shapes which are specified to be
galvanized shall be coated in conformance with ASTM A 123 after fabrication. Damaged
galvanized coats that are not to be embedded in more than 75 mm of concrete shall be
repaired with cold applied, zinc rich, organic paint, from the approved Qualified Products
List or any other approved method of repair.
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Charpy V-notch Testing

All structural members described below are designed as primary members and shall meet
the longitudinal charpy V-notch test described in subsection 1013.01 of the Standard
Specifications:

1. Tension flanges, webs and splice plates.
2. Stringers and stringer splice plates.
3. Specific members noted elsewhere in the plans.

4, Longitudinal stiffeners in tension areas.

Fracture Critical Members (FCM)

Members noted as "FCM" in the plans shall meet the requirements that are provided in the
project specifications. Heat numbers shall be shown on the shop drawings for all FCM
noted members.

Erection

Detailed erection drawings outlining the procedure and equipment to be used shall be
submitted to the Bridge Design Engineer for approval.
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INTRODUCTION

Welcome to the metric system. Most of us will be using the simple term "metric" to
describe a rather detailed set of rules known formally as the Systeme Internationale or
International System of units (SI). There are several variations of the system and all have
much in common. The version known as Sl is the one most trusted by highway agencies
in this country.

The original metric system was proposed and adopted by the French during the time of the
French Revolution and rapidly spread throughout Europe during the Napoleonic wars. Its
use was first proposed in the United States by Thomas Jefferson and later by John Quincy
Adams. In 1866 Congress authorized its use as a measurement system in the United
States.

Recent enactment of several federal laws has renewed the interest in the widespread use of
the metric system in this country. Executive Order No. 12770 signed by President Bush on
July 25, 1991 requires that all federal agencies implement the use of the metric system.
Subsequently, the Federal Highway Administration, which authorizes federal aid to LA
DOTD, has established a plan and schedule for converting to metric. Our deadline is
October 1, 2000. Changing to metric will not be as difficult as you might expect. Other
nations did not find it to be difficult. Every engineer's college studies included some
training in metric, and many now work exclusively with metric. The Department has
already adopted several national and international metric standards. These include some
standards which have been in existence and use for many years such as those of the
American Society of Testing Materials (ASTM) and the American Association of State
Highway and Transportation Officials (AASHTO). Additionally, many DOTD materials
tests are already conducted in metric measurements.



BRIDGE DESIGN SECTION POLICIES

For reasons of uniformity and consistency, the following note will be added to the
General Notes for all construction and required standard plans. "ALL DIMENSIONS
ARE IN MILLIMETERS (mm) UNLESS OTHERWISE NOTED".

Centimeter dimensions will not be used.

Kilogram (kg) is the base unit of mass, which is the unit quantity of matter
independent of gravity.

All new surveys will be prepared using metric measurements, unless instructed
otherwise by the Department.

Foreslope and backslope ratios will be expressed as rise/run, example 1:3.
1000 m or km stationing will be used for metric plans.
Radius definition of curves will be used.

Angular measurements shall continue to be made in degrees, minutes, and
seconds.

Length conversion. In converting feet to meters, it should be noted there are two
definitions of the foot in the metric system. They are:

a) The international foot is defined as exactly 0.3048 meters.

b) The U.S. Survey foot is defined as 1200+ 3937 m, which is 0.30480060960. By
law, the Louisiana DOTD must use the U.S. Survey foot definition.



BASIC METRIC INFORMATION

The metric system is formally referred to as the International System of Units or Systeme
Internationale (SI), and it is acceptable to use the terminology interchangeably.

To help you get started in the metric system, here are some of the fundamental items that
you should know.

Meter (m): The basic unit for measurement of length in the metric system is the meter. The
meter is slightly longer than a yard and is generally used for measuring short distances.
The length of a football field is approximately 91 m.

Kilometer (km): The metric unit that is generally used to denote longer distances is the
kilometer. The kilometer is equal to 1000 m and is slightly longer than 0.6 miles.

Millimeter (mm): The metric unit that is often applied to the measurement of small
distances or thickness is the millimeter. The millimeter is equal to one-thousandth of a
meter, or 0.001 m. An inch is approximately 25 mm. Have you ever used any 35 mm
film in your camera?

Square meter (m?): The unit commonly used for the measurement of area is the square
meter. A square meter is approximately 20% larger in area than a square yard. A room
that is ten feet long and ten feet wide has a floor area of approximately 9 m?.

Hectare (ha): The unit of measurement commonly used to express the area of bodies of
land or water is the hectare. A hectare is equal to 10 000 m?, which is approximately 2.5
acres.

Cubic meter (m®): The unit of volume in the metric system is the cubic meter. The cubic
meter has approximately 30% more volume than a cubic yard.

Liter (L): The unit that is used for the measurement of liquids or gases is the liter. The liter
is defined as the volume occupied by the mass of a kilogram of pure water at 4°C (its
maximum density under normal atmospheric pressure). A liter is slightly more than a quart.
Have you ever purchased a soft drink in a 2 liter bottle?

It should be noted that a liter is also equivalent to one-thousandth of a cubic meter (0.001
3
m°).

Gram (g): The unit most commonly used to express the mass of small items is the gram. A
gram is equivalent to one-thousandth of a kilogram, or 0.001 kg. The mass of a penny is
approximately 3 g.

Kilogram (kg): The basic unit that is used to express the mass of an item is the kilogram. This
unit is commonly used to express the mass of large items such as televisions and
refrigerators. A kilogram is approximately 2.2 pounds.



It should be pointed out that what is commonly referred to as "weight" in our current system
of units is defined as "mass" in the metric system. For example, an individual or item that
"weighs" 150 pounds has a mass of approximately 68 kg.

Megagram (Mg): The unit commonly used to express the mass of very large items or
quantities is the Megagram. The metric ton is equivalent to 1000 kg.

Newton (N): The newton is the basic unit of force that is required to accelerate a mass of one
kilogram at a rate of one meter per second per second, and is denoted by the formula
kg-m/s*>. This acceleration is commonly referred to as the acceleration of gravity.

It should be pointed out that the descriptive terminology "weight" as currently applied to an
individual or an object is in fact the result of the acceleration due to gravity that is acting
upon the "mass" of the individual or object. The same object on the earth's surface and on
the moon's surface would have the exact same mass, but on the moon, the object would
weigh much less due to the much lower acceleration of gravity on the moon. This
phenomenon is due to the force of gravity, which is equal to the mass of an object multiplied
by the acceleration of gravity. In the metric system, the acceleration of a body due to the
earth's gravity at sea level is 9.81 m/s’.

Second (s): The second is the fundamental unit of time and is the same unit as currently used
in everyday terminology.

Temperature (°C): The metric unit that is widely used in the measurement of temperature is
the degree Celsius (°C). On a hot summer day, when the temperature is normally expressed
as 95°F (Fahrenheit scale), the metric equivalent would be 35°C.

Velocity (km/h): Velocity, or speed, is expressed in kilometers per hour (km/h). A residential
speed limit of 25 miles per hour (mph) is approximately 40 km/h.

Pascal (Pa): The basic unit of pressure or stress in the metric system is the pascal. The pascal
is the pressure or stress of one newton per square meter of area.

A typical automobile tire pressure of 35 pounds per square inch (psi) is approximately equal
to 241 000 Pa, or more appropriately 241 kPa (kilopascals). A typical value of concrete
compressive strength is 3000 psi, which is approximately equal to 20 000 000 Pa, or more
appropriately 20 MPa (megaPascals).



BUILDING BLOCKS FOR SI UNITS

SI Base Units
Base Units Units Symbol
length meter m
mass kilogram kg
time second S
temperature Celsius °C
electrical current ampere A
luminous intensity candela cd
amount of material mole mol
Supplementary Units Units Symbol
angles in the plane deg, min & sec o
solid angles steradian sr
Prefixes
Sub multiples Multiples
deci 10" d deka 10 da
centi 102 C hecto 10° h
milli 10° m kilo 10° k
micro 10° mega 10° M
nano 107 n giga 10° G
pica 10" P tera 10" T
femto 10" f peta 107 P
atto 10 a exa 10" E
zepto 107 z zetta 107 Z
yocto 10 y yotto 10* Y

NOTE: AASHTO DOES NOT USE DECI, CENTI, DECA & HECTO UNITS.




Derived Units with special names

Quantity Name Symbol Expression

frequency hertz Hz s
force newton N kglh/s?
pressure, stress pascal Pa N/m?
energy, work, heat quantity joule J NI
power, radiant flux watt W J/s
electric charge, quantity coulomb C Al
electric potential volt Vv W/A
capacitance farad F CN
electric resistance ohm Q V/A
electric conductance siemens S AN
magnetic flux weber Wb V[
magnetic flux density tesla Whb/m?2
inductance henry H Whb/A
luminous flux [lumen Im cdlsr
illuminance lux [x [m/m2




PHILOSOPHIES OF CONVERSION

Conversion from the English system of measurement to Sl is an important topic for the
transition period. It affects standards, specifications, guidelines, numerical regulatory
limits, and manufacturing. There are two philosophies of conversion which may be
applied in a given circumstance:

1.

Soft Conversion: Direct mathematical conversion. The physical dimensions of a
standard or product is unchanged, only the numerical value changes. For products
this results only in changing of the label.

Examples: A 55 mph speed limit becomes 88.514 km/h.
A 12 foot lane becomes a 3.6576 m lane.

Hard Conversion: Converting to an nominal number. Results in changing product
size as well as label.

Examples: A 55 mph speed limit becomes 90 km/h.
A 12 foot lane becomes a 3.6 m lane.

For a transition period it will be necessary to convert existing English quantities into the
equivalent Sl units. The following Conversion Factors Tables summarize several
conversion factor useful in highway engineering.



USEFUL CONVERSION FACTORS

QUANTITY FROM ENGLISH TO METRIC MULTIPLY
UNITS UNITS BY*
length mile km 1.609347
yard 0.914401
foot 0.304800
inch mm 25.40005
area square mile km? 2.590
acre m? 4047
acre hectare 0.4047
square yard m? 0.8361
square foot m? 0.09290
square inch mm? 645.2
volume acre foot m’ 1233
cubic yard m? 0.7646
cubic foot m’ 0.02832
cubic foot L (1000 cm?) 28.32
1000 board feet m’ 2.360
gallon L (1000 cm?) 3.785
cubic inch cm? 16.39
mass b kg 0.4536
kips (1,000 Ib) metric ton (1000 kg) 0.4536
mass/unit length plf kg/m 1.488
mass/unit area psf kg/m? 4.882
mass density pcf kg/m? 16.02
force b N 4.448
kip kN 4.448
force/unit length plf N/m 14.59
kif kN/m 14.59
pressure, stress, psf Pa 47.88
modulus of elasticity ksf kPa 47.88
psi kPa 6.895
ksi MPa 6.895
bending moment, ftlb N [Om 1.356
torque, moment of force ft kip KN O 1356

* SIGNIFICANT FIGURES




USEFUL CONVERSION FACTORS

QUANTITY FROM ENGLISH TO METRIC MULTIPLY BY*
UNITS UNITS
moment of mass b [t kg Cm 0.1383
moment of inertia b Oft? kg Cn* 0.04214
second moment of in* mm* 416 200
inertia
section modulus in’ mm® 16 390
power ton (refrig) kw 3.517
Btu/s W 1.054
hp (electric) W% 745.7
Btu/h \%% 0.2931
volume rate of flow ft/s m?/s 0.02832
cfm m?/s 0.0004719
cfm L/s 0.4719
mgd m?/s 0.0438
velocity, speed ft/s m/s 0.3048
acceleration f/s? m/s’ 0.3048
momentum lb Ht/sec kg Cim/s 0.1383
angular momentum b Gt*/s kg Cm?/s 0.04214
plane angle degree rad 0.01745
mrad 17.45

* 4 SIGNIFICANT FIGURES; UNDERLINE DENOTES EXACT CONVERSION




10.

11.

12.

13.

RULES FOR WRITING METRIC

Print unit symbols in lower case except for liter (L) and megagram (Mg) or unless the
unit name is derived from a proper name (example: meter (m), kilogram (kg),
newton (N), volt (V)).

Print unit names in lower case, even those derived from a proper name. The first
letter of a unit name is not capitalized except at the beginning of a sentence or in a
capitalized material. (exception: Always capitalized the word Celsius or the
abbreviation for it, (C)).

Print decimal prefixes in lower case for magnitudes < 10’ and print prefixes in upper
case for magnitudes = 10° (example: kilometer (km), millimeter (mm), megaliter
(ML)

Leave a space between numeral and symbol (example write 45 kg not 45kg).

Do not leave space or hyphen between prefix and unit name. (example write
kilometer not kilo-meter or kilo meter)

Do not leave a space between a unit symbol and it's decimal prefix (example write
km not k m)

For area and volume quantities only, use the power modifier before the unit name
(example: cubic meter, square meter).

For technical writing, use symbols in conjunction with numerals (example: the area
is 10 m?); write the unit names if numerals are not used (example: Area of wearing
course is measured in square meters). Numerals may be combined with written
unit names in non-technical writing, (example, 10 meters).

Do not use the plural of unit symbol (example: write 45 km) but do use the plural
of written unit names (example: write 45 kilometers)

Do not mix names and symbols (example: write Nh or Newton meter, not
Niheter)

Do not use a period after a symbol, except when it occurs at the end of a sentence.
(example: write "12 g", not 12 g.").

When text appear in dimensions, show units when needed for clarity. (example:
write B1002 @ 150 mm spaces.

Use a zero before the decimal for values less the one (example: write 0.45 m, not
45 m).
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14.  Use spaces instead of commas to separate blocks of three digits, counting from the
decimal point to both the right and left, for any number over four digits (example:
write 45 138 m, or 0.000 446 kg). Note that this does not apply to the expression
of amounts of money. (example: write $ 6,000,000.00) or when used in formulas.

15.  When compound units are formed by multiplication, leave space between unit
names (example: write Newton meter); however, when using unit symbols,
indicate the product by placing a dot between symbols (example: write Nh).

16.  When dividing two units use "per" between the numerator and denominator not "/*
or "p" if written out. (example: kilometer per hour not kilometer/hour) If symbols
are used use the /" and not "p". (example: km/h not kmph).

17.  Never use fractions, always use decimals. (example: write 0.75 m, not % m)

18.  Indicate the product of two or more units in symbolic form by using a raised dot.
(example: kglh)

19. 1000 m stations should be shown as follows; (example: 34+192.300).

PRECISION AND ROUNDING

Conversion to Sl is a good opportunity to highlight the topics of precision and rounding.
However, it must be emphasized that these are not topics unique to SI. Precision of a
measurement refers to the degree of mutual agreement between individual measurements
such that they are reproducible. Rounding refers to the process of reducing the number of
significant digits in a quantity to those appropriate for representing the precision of a
quantity. In a unit system such as the English system, we are constantly converting from
feet to inches, from horsepower to watts, and others. The rules of precision followed on
those occasions should also be followed when converting from English to metric units or
from mass (in kilograms) to force of gravity (in newtons). Two rules are available:

Primary Rule:
Maintain precision of a measurement. This must always be achieved.

General Rule:

When implementing the primary rule, it is often effective to round the value to the
same number of significant digits. This will approximately give the same implied
precision.  When maintaining the same number of significant digits provides
misleading information on precision, the primary rule overrides the general rule.

Example where general rule applies; 5.2 miles at 1.609 km/mi = 8.369 km = 8.4
km.
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Example where primary rule governs; 8.6 miles at 1.609 km/mi = 13.837 km =
13.8 km.

The highway engineer is already familiar with the notion of precision. The engineer
reports a value, such as 5.2 miles, and there is an implied level of accuracy or precision.
5.2 miles implies a number between 5.15 and 5.25. When converting to metric, this same
precision rule should be followed. Generally speaking, it is a good idea to round the
metric value off to the same number of significant digits as the former example shows. The
latter example shows this is not always the case. In order to maintain precision, the result
has three significant digits instead of two.

If a quantity is described by more than one unit, then convert to the smaller unit before
converting to metric. This will also cause the metric value to reflect the accuracy that was
implied in the original value. For example, if a measurement is provided as 6 feet 4%
inches, it should be converted to metric in two steps. First, it equivalence in inches must
be found as 76.5 inches. Then, it can be converted to metric using the appropriate
conversion factor as follows (note only three significant figures are retained):

76.5 inches x 25.4 mm/inch = 1943.1 mm to 3 significant figures = 1940 mm.

The procedures for rounding are generally familiar to most technically trained
personnel and are summarized below. The rules presented here are those specified
in ASTM E380-92a.

Round up if the next digit is larger or down if the next digit is less than 0.5.
Examples:  43.87 mm - 43.9 mm
279.4K - 279K

If the number is exactly 0.5, then round up only if it makes the digit an even
number.

Examples:  Round up 77.5) - 78]

Round down 76.5) - 76
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REFERENCE MATERIAL

a) AASHTO "A policy on Geometric Design of Highways and Streets, 1994"

b) Standard Metric Practice Guide, AASHTO Designation: R1-91 or
ASTM Designation: E380-92a
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DESCRIPTION OF SUPERSTRUCTURE TYPES

The following is a list of superstructure types that are most commonly used:

1. Concrete slab spans (precast or cast-in-place)
a) Solid
b) Voided

2. Precast-prestressed concrete girder spans

3. Steel

a) Rolled Beam Span
b) Welded Plate Girder Span
1)  Multi-Girder Frame
2)  Girder, Floorbeam, Stringer Frame
4, Steel horizontally curved girder span (plate or box girder)
5. Precast-prestressed concrete box girder span
6. Movable bridges

Slab span bridges are the most common bridge type and are generally used at stream
crossings where span requirements are not critical and aesthetics are not a major concern.
This is generally the most economical bridge type for bridges to 120 m in total length and
even longer depending on pile lengths. Cast-in-place slab spans have been the norm for
on-system bridges while precast slab spans are generally used on parish off-system bridges.

Voided slabs are used where 12 m spans are required with depth limitations. Please note
that a method to drain and vent each void to prevent water and methane gas accumulation
is required.

The next most common bridge type is the concrete precast prestressed concrete girder
span, which is used for stream crossings with span requirements exceeding slab span
capability, for grade separation structures, and approaches to high level structures.



Rolled beams are used primarily in rehabilitation projects. For new construction, rolled
beam spans are seldom used, except for spans where depth limitations are insufficient or
inefficient for prestressed girder spans.

Steel plate girder spans are used for longer spans such as river crossings or grade separation
structures that require span lengths in excess of 40 m. Steel box girders are occasionally
used in urban areas for aesthetics. The box girder's effectiveness in resisting torsion makes
it suitable for horizontally curved girders with long or tightly curved spans. However, I-
girders are preferable unless box girders are necessary.

In urban areas where an elevated roadway is required, the precast concrete box girder may
be considered in special cases where aesthetics and right-of-way restrictions are critical.

Movable bridge types are discussed in Chapter 12.



BRIDGE RAILING
HISTORY

Since 1928 AASHTO has provided various specifications to address the design and details
of bridge railings.

Understanding the evolution of these specifications over the many years is instrumental to
the comprehension of the specifications in AASHTO as they appear today.

The reason for a dramatic change in bridge railing specifications has been the need to
adapt to the changes in the auto-industry and the wide variety of vehicles, which are
present on our highways. In the sixties, AASHTO defined the primary purpose of bridge
railing as the ability to contain the average vehicle. The application of the 10 kip load was
established for the design of such railing and it remained the primary criteria in AASHTO
through the eighties.

Multiple fatality truck and school bus accidents involving bridge railing, throughout the
nation, focused the bridge engineer's attention on whether the 10 kip load closely
represented the real life impact loads. The load indicator walls in the crash test sites
suggested that the actual loads are in the range of 30 to 200 Kips.

In August 1986, FHWA required the full scale crash testing of all bridge rails that are to be
used on the federal aid projects. At the same time AASHTO requested the FHWA to assist
them in the development of a new bridge rail specification.

THE 1989 GUIDE SPECIFICATION

In 1989 AASHTO adopted a Guide Specification for Bridge Railing. This specification is
intended to be a basis for the design of prototype bridge railings that are to be crash tested,
and for the design of one-of-a-kind bridge railing where the cost of crash test program may
not be justified. The Guide Specification is based on a multiple performance levels’
theory, which basically requires a different rail for a different situation. There exist five (5)
primary performance levels in this publication. These performance levels are as follows:

PL1 PL2 PL3 PL4 PLAT
Cars & Pick-up Single unittrucks  Tractor trailers 18 Wheeler Tanker trucks
trucks
5,400 Ibs. & less 18,000 Ibs. 50,000 Ibs. 80,000 lIbs. 80,0007 Ibs.
(2450 kg) & less (8165 kq) (22 680 ko) (36 285 ko) (36 2857kg)

The Guide Specification contains criteria based on which appropriate performance level is
selected. In addition, this publication specifies the various design loads and their strategic
locations on the railing for when an analysis is required.



AASHTO LRFD BRIDGE SPECIFICATIONS

In 1994 AASHTO published its first series of LRFD Specifications, both in English and
metric units. There exists great similarity between the LRFD railing specification and the
Guide Specification. In fact the performance levels and the design loads have been
extracted from the Guide Specification and placed in the LRFD Specifications, with the
exception that the LRFD offers step by step design criteria and analysis procedures for
various bridge railings.

LOUISIANA PRACTICE

Louisiana’s primary bridge rail in recent history has been the New Jersey safety shape
made of reinforced concrete and in special cases, steel plates. This particular shape has
been successfully crash tested for performance level (PL-2). The most recently developed
safety shape is referred to as the F-shape. This shape, although not much different than the
Jersey shape, has proven to gain a slight advantage over the Jersey shape in redirecting the
8165 kg (18000 Ib.) vehicle. For this reason Louisiana has opted to gradually eliminate the
use of the New Jersey shape and adopt the F-shape for use on new projects. The
application of the F-Shape shall begin with the metric plans. Another advantage in the
adoption of the F-shape is the fact that it is the only safety shape that has been crash tested
for PL-3 at 1070 mm (42 inch) height.

SELECTION AND DESIGN CRITERIA

Selection of the performance level for all new projects or major rehabilitation projects such
as redecking of an existing bridge shall be in accordance with the 1989 AASHTO Guide
Specifications and the latest LRFD Specifications. All bridge rails shall be an approved
crash tested rail for the specific performance level. All plan details and designs shall also
be in accordance with these specifications. The 810 mm barrier (F-shape PL-2) is currently |
the standard rail being used on nearly all bridges. When a PL-3 bridge rail is warranted by
the AASHTO Guide Specifications, a 1070 mm F-shape is the preferred rail unless the
designer deems necessary to use a different rail. When detailing the slab and its
reinforcing steel supporting the bridge rail, the minimum slab thickness shown on the
crash tested detail shall apply. If thicker slabs are utilized for other design reasons, the
reinforcing steel shown in the crash tested detail may be reduced to that amount which
provides the same or a greater ultimate moment capacity as the crash tested detail.
Additional reinforcing steel may also be required for reasons other than the crash tested
guantity, i.e., when using a wider sidewalk than what is shown on the detail. Under the
majority of situations, the "F" shape is the bridge rail of choice, however, there are several
other crash tested rails which may be applicable. A side mounted open rail system and a
solid concrete vertical wall rail is shown here for a PL-2 application. Open rail systems are
particularly useful where sight distance, bridge drainage and aesthetics may be of concern.
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Although open rail systems are usually more expensive, they can significantly improve
visibility and drainage.

Steel plate barriers formed to an F-shape are used on movable bridges with steel grid floor.

Additionally, crash tested combination traffic-pedestrian railing is shown here for both PL-1
and PL-2. In majority of cases a combination railing is applied in design speeds of 75 km/h
or less, and unless the percentage of truck traffic is high, a PL-1 rail is suitable. However,
just as bridge traffic railing, AASHTO Guide Specification shall be used to arrive at the
proper performance level for the combination railing. The PL-1 and PL-2 combination
railing shown here have been crash tested with a 205 mm curb and a 1525 mm wide
sidewalk. The more desired sidewalk width is 1830 mm, and the expert's opinion is that
the wider sidewalk will practically enhance the rail performance, as long as the curb height
is not increased. The reinforcing steel shown in these details is adequate to resist the crash
loads. However, if the sidewalk width or other configuration change, the reinforcing steel
and members supporting the sidewalk shall be designed accordingly.

For information on bridge railing end treatments, impact attenuators, roadway barriers, and
temporary barriers see Chapter 11, "Barrier and End Treatment Systems".

Miscellaneous Details

A 15 mm open joint is provided in the concrete barrier every 6 to 10.5 m for expansion
and contraction. This joint need not be sealed where open deck drainage is not allowed (it
is expected to dam itself with debris). For unusual conditions, the engineer could require
150 mm PVC waterstops.

The gap between adjacent barriers at expansion joints shall not exceed 140 mm maximum
unless a sliding armored plate is employed to close off the opening.

Rail transition is an important aspect of design involving engineering judgement. The ends
of the bridge rail must be protected with some type of transition such as guardrail or other
end treatment. Guardrail should be in accordance with latest Standard Plans GR-200 (M),
GR-201(M), and GR-202(M). In cases where new construction ties to existing construction
there must be adequate transition between sections of F-shape barrier and Brush Curb Rail
used on earlier bridges.

Impact attenuators with back up blocks must be designed for gore areas with oncoming
traffic or where typical guardrail can not be used. See the section for crash cushions
(impact attenuators) for design.



Bridges in Urban Areas

For bridges with curbed roadway approaches and without sidewalks, F-shape barrier will
generally be used with a 1220 mm offset from the edge of travel lane. The roadway curbs
will be flared out and discontinued at the guardrail ends. However, in some instances it
may be necessary to extend the flared curb behind the guardrail to provide for drainage.
This is particularly true when bridge end drains are required.

For bridges with curbed roadway approaches and sidewalks or bikeways, the curb and
sidewalk (or bikeway) shall be carried through the bridge. A vertical face parapet with
pipe rail is generally used on the outside of the sidewalk, and must meet the requirements
for "Combination Rail" mentioned in the AASHTO Bridge Specifications. The guardrail
standard will apply and the guardrail shall be placed on the outside of the sidewalk. For
higher design speeds, a barrier rail shall be required to separate the sidewalk from the
travel lane, and a pedestrian or bicycle rail shall be used on the outside of the sidewalk.
The guardrail standard shall apply and the sidewalk will be flared out behind the guardrail.

For bridges with design speeds of 70 km/h or less, for barrier end treatment, and sidewalk
and curb placement, see EDSM 11.3.1.4.
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I) CONCRETE TO BE CLASS AA
2) REINFORCING STEEL TO BE GRADE 420
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TEMPORARY CONCRETE BARRIERS

Purpose and Scope

The following sets forth the DOTD's policy with regard to the installation of temporary
concrete barriers on highway construction projects. The policy is applicable to all state
and federal projects involving the temporary operation of two-way traffic on one side of a
multi-lane highway or bridge.

Policy

Temporary concrete barriers generally shall be required to separate opposing traffic flow
on interstate construction projects where shoulders exist on both sides of the lanes on
which detour traffic will be directed. Length of detour will be limited to approximately
eight (8) kilometers or less. Temporary barriers are also used to provide a positive barrier
between workers and traffic.

Temporary barriers in other situations will be considered on a case by case basis and may
be used upon written approval of the Chief Engineer.

Temporary barriers normally will not be used on non-control access highways. Barrier
placement on multi-lane bridges shall be decided on a project by project basis after
evaluation of suitable construction alternatives.

If temporary barriers are used for a bridge application, the Engineer should consider a more
rigid anchorage of the temporary barrier to the bridge deck when deemed necessary.
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BRIDGE DECKS

There are currently three types of bridge riding surfaces being used by the Department:

IJ:Ior girder deck%

1. Full Depth Cast-in-Place (slab span
2. Stay-in-Place Forms with cast-in-place concrete topping
a) Slabs - always utilize concrete panels
b) Decks
1) Precast Concrete Panels

2)  Stay-in-Place Steel Forms

3)  Grid Floor

The following standard plans or standard details relating to bridge decks should be
included in the bridge plans where applicable:

1. Slab Spans (various roadway widths and skew angles)
2. Miscellaneous Deck and Girder Details

3. Optional Deck Details

4. Grid Floor

5. Strip Seal Joint Details

! Slab defined as structural riding surface between substructure members.
2 Deck defined as structural riding surface between superstructure members.
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ROADWAY CROWNS
1. One-way traffic bridges shall have a single tangent slope of 2.5%.

2. Two-way traffic bridges shall have two-way tangent slopes of 2.5% connected by a
1600 mm parabolic crown section, except for projects utilizing slab span metric
standards which presently show a soft conversion of the crown as 1220 mm.

3. Bridge deck crowns shall match connecting roadway crowns parabolic crown
except for special cases.

1 600 .
(10 mm PARABOLIC CROWN)

. 800 _
© | HORIZ. LINE
5 THRU GRADE
& AT € ROADWAY
1
\}‘/\‘\J\

A FINISHED GRADE | 800
AS SHOWN ON —
GENERAL PLAN

s

0/0 / SL
v 2'6 > OPE 2.50/0

T T~C. ROADWAY

SKETCH SHOWING PARABOLIC CROWN
A UNLESS OTHERWISE NOTED IN PLANS
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SUPERELEVATION

Reasons for Superelevation of Curves

Centrifugal force causes a vehicle moving in a circular path to slide away from the center
of the curve. This tendency can be reduced to acceptable levels by increasing the cross
slope of the roadway surface away from the curve center sufficiently so that the vehicle
weight component parallel to the roadway surface approximates the centrifugal force
component parallel to the roadway surface.

The design of superelevation for highway curves will be in accordance with the latest
edition of A Policy on Geometric Design of Highways and Streets, AASHTO, Washington
D.C.

Definition of Terms

ACR is the abbreviation for adverse crown removed. It is where the outside travel lane is
rotated to a 0.00% cross slope and the inside travel lane remains at the normal crown cross
slope.

emax IS the symbol for the maximum superelevation rate of the roadway cross section.
Louisiana normally limits this value t010.0% for rural and 4.0% for urban roadway.

e is the symbol for rate of superelevation for the roadway cross slope and is a function of
emax, design speed, and radius of curve. Values are generally selected from Tables IlI-7 to
11 in AASHTO.

MRG is the acronym for maximum relative gradient between the profile edge of two-lane
travel way and the centerline. Its value is a function of design speed. The fractional value,
given as a ratio, is MRS, or Maximum Relative Slope. MRS values are generally selected
from Table 111-13 in AASHTO.

NC is the abbreviation for normal crown section. In tables it designates curves with radii
long enough that elimination of adverse cross slope or use of superelevation is not
necessary. AASHTO tables are based on 1.50% cross slope. The designer should be aware
that larger curve radii than that shown with NC designation may be required when using
cross slopes of 2.50%.

R stands for the radius of a horizontal curve.

RC is the abbreviation for remove crown cross section. In tables it designates curves with
radii long enough that removal of adverse cross slope and superelevating the entire
roadway at normal crown inside slope is adequate. AASHTO tables are based on 1.50%
cross slope. The designer should be aware that smaller curve radii than that with a RC
designation may be satisfactory when using a cross slope of 2.50%.

5 (30)



Superelevation runoff is the general term denoting the length of highway needed to
accomplish the change in cross slope from a section with adverse crown cross slope
removed to a fully superelevated section, or vice versa.

Tangent runout is the general term denoting the length of highway needed to accomplish
the change in cross slope from a normal crowned cross section to a section with the
adverse crown cross slope removed, or vice versa.

V is the assumed design speed.

Superelevation Rotation: In order to transition from a normal crown section to a fully
superelevated section, a superelevation transition detail must be provided. The two
primary methods used in LADOTD Bridge Design for attaining superelevation for curves
are: 1) traveled way revolved about the centerline, and 2) traveled way revolved about the
low gutter [in bridges with superelevation, it is common practice to profile the gutterline
rather than the travel lane profile].

The method of rotating the traveled way about the centerline is widely used in design
because the required change in elevation of the gutterlines is made with less distortion and
it produces a balance with right-of-way taking. However, with one-half of the required
elevation change made at each gutterline, vertical clearance reduction, drainage problems
(if low gutter drops below natural ground), and driver apprehension of a dip in the roadway
due to lowering of the low gutter of the roadway must be considered.

The method of rotating the traveled way about the low gutter is frequently used and the
required change in cross section is accomplished by raising the outside gutter profile. This
method is preferable when the low gutter line profile is a major control, as for drainage or
vertical clearance above waterways. This method produces the greatest distortion of the
high gutterline profile and could result in additional right of way taking due to the increase
in fill height associated with the increase in elevation of the high gutter line.

Regardless of which method is used to superelevate the roadway surface for horizontal
curves on projects, close coordination should be maintained between the Road and Bridge
Design Sections, since the superelevation transitions usually affect both bridge and
roadway designs.
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SUPERELEVATION TRANSITION LENGTH

NORMAL TANGENT SUPERELEVATION RUNOFF

FULL

CROWN a4 RUNOUT
PT OR PC

50%-80% (70% NORMAL)
SUPERELEVATION RUNOFFJ)

—
S/r'//
—

A SUPERELEVATION

. =—-—— LEFT GUTTER PROFILE

TYPICAL VC TRANSITION¥

- € PROFILE

RIGHT GUTTER PROFILE

PROFILE USING LOW GUTTER ROTATION

NORMAL TANGENT SUPERELEVATION RUNOFF

FuLL

CROWN A& RUNOUT
PT OR PC

50%-80% (70% NORMAL) |
SUPERELEVATION RUNOFF 4)

A SUPERELEVATION

— — LEFT GUTTER PROFILE
TYPICAL VC TRANSITION¥

¢ PROFILE

T <~ —-- RIGHT GUTTER PROFILE

PROFILE USING CENTERLINE ROTATION

* VC LENGTH (METERS) = DESIGN VELOCITY (Km/h)
nc = NORMAL CROWN 5
e= RATE OF ROADWAY SUPERELEVATION

S= MAX. RELATIVE SLOPE BETWEEN THE
EDGE OF ROADWAY PROFILE AND THE

REFERENCE PROFILE.
A= OUTSIDE EDGE BEGINS TRANSITION VC/2
BEYOND THIS POINT

Rev. 10/15/99

SUPERELEVATION DEVELOPMENT
OPTIONS
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Design Considerations

1.

As a general rule, 60% to 80% of the superelevation runoff should be achieved on
the tangent prior to the PC or after the PT of the curve (70% is normal, 50% is
allowed for back to back curves).

For traveled ways wider than two lanes, adjustments should be made for lane
widths as per AASHTO. In Bridge Design, the width of shoulders is included in the
overall traveled way widths for adjustment purposes.

Angular breaks in the profile control lines should be rounded in final design by
insertion of short vertical curves with minimum lengths (meters) approximately
equal to V/5, with the design speed in kilometers per hour. These short vertical
curves should be located so that their PVC and / or PVT are located at bent
centerlines, when practical. This may require an elongation of the superelevation
diagram.

A review by graphical plots of edgelines and centerline should be made to ensure
smooth lines and to identify any flat areas. Kinks can be avoided by lengthening
curves. Inadequate roadway slope creates potential drainage hazards (one such area
is the point of adverse crown removed on a 0.00% grade bridge) that can be
reduced by minimizing the superelevation transition lengths or providing additional
drains in the area.

Bridge length, profile grade line, and superelevation rotation should all be
referenced to a common baseline when possible.

All plan sheets should be detailed consistent with the examples shown in this
manual when possible. It should be noted that the superelevation examples on the
following pages are given as a guide; they are but one interpretation of AASHTO.
For all projects, but especially the more complex, the engineer is encouraged to
apply information contained in A Policy on Geometric Design of Highways and
Streets, AASHTO, Washington D.C. to develop suitable superelevation transition
diagrams.
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Lane Factor

(adjustment for pavement width 1)

Length (L) LF
(distance from rotation line to edge of
rotated surface)
(m)
3.6 1.0
4.5 1.10
54 1.2
6.0 1.30
6.6 140
7.2 1.5
10.8 2.0
=>10.8 extrapolate

OFrom page 180, A Policy on Geometric Design of

Highways and Streets, 1994 AASHTO.

Olnterpolated value
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Maximum Relative Slope
(between longitudinal edges of
3.6 m lane 0)
Design Speed MRS

(V) km/h
30 1:133
40 1:143
50 1:150
60 1:167
70 1:182
80 1:200
90 1:210
100 1:222
110 1:238
120 1:250

O Table 11I-13, A Policy on

Geometric Design of Highways
and Streets, 1994 AASHTO

Rev. 11/12/98



Examples

Given: V = 100 km /h

R =600m
nc = 0.025 (standard cross-slope)
emax = 10% (DOTD rural standard)
e =.078 (from AASHTO Table 111-10)
MRS =1/ 222 (from AASHTO Table I11-13)
< rise / minimum run (Value based on 2 second min. runoff length,p.177.
< (lane width*e)/minimum table runoff ~ Obtain 2-lane minimum runoff value from
<(3.6*0.078) /62 = 1:221 Table 111-10 and incorporate if geometry permits.)

Rotate about centerline

A) two 3.6 m lanes
no shoulders
L=36m (distance from rotation line to edge of rotated surface)

LF=1.0 (function of L and page 180, AASHTO)

run = rise / slope
AB = [lane * nc / MRS] * LF = 3.6(0.025) 222 (1.0) = 0.09(222) [120 m (runout)
BD = [lane * e / MRS] * LF = 3.6(0.078) 222 (1.0) = 0.28(222) [162 m (matches Table 111-10)
AD = superelevation transition length 82 m
g= rise/run=(nc +e)*L/AD = (.025+.078)3.6 / 82 = 0.004522 m/m

Remainder of the superelevation diagram geometry can be determined from the control values.
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B) four 3.6 m lanes
no shoulders

L=36*2=7.2m (distance from rotation line to edge of rotated surface)
LF=15 (function of L and page 180, AASHTO)

AB = 3.6 (0.025) 222 (1.5) [J30 m

BD = 3.6 (0.078) 222 (1.5) [194 m (matches Table 111-10)

AD = 124 m

g = (0.025+0.078)7.2 / 124 = 0.005981 m/m

C) two 3.6 m lanes
two 3.0 m shoulders

L=36+3.0=6.6m

LF=1.4

AB = 3.6 (0.025) 222 (1.4) 028 m
BD = 3.6 (0.078) 222 (1.4) 88 m
AD = 116 m

g = (0.025+0.078)6.6 / 116 = 0.005860 m/m

Rotate about low gutter

[Page 187 of A Policy on Geometric Design of Highways and Streets, 1994 AASHTO, indicates
that when rotation is about roadway edge, runoff lengths are similar to those for a centerline
rotation with the same roadway width. This is consistent with page 177 where the MRG between
profiles of edges of two-lane traveled ways is allowed to double. One way to account for this is by
using a lane factor (LF) based on an adjusted length (L’ = %2 L) when calculating the required
runoff length.]

D) two 3.6 m lanes
no shoulders

L = lanes + shoulders = 2 * 3.6 = 7.2 m (dist. from rotation line to edge of rotated surface)
L’ =%*L =%*7.2=3.6m (corrected width for determining LF for low gutter rotation)
LF=1.0 (function of L’ and page 180, AASHTO)
BC = [lane * nc / MRS] * LF = 3.6 (0.025) 222 (1.0) =0.09(222) [J20 m
CD = [lane * (e-nc) / MRS] * LF = 3.6 (0.078-0.025) 222 (1.0) [142 m

BD = [lane*e / MRS]*LF = 3.6 (0.078) 222 (1.0)= 62 m (matches Table IlI- \
10)
g = [(runout width)*nc + L(e-nc)] / BD
= [(3.6*0.025) + 7.2*(0.078-0.025)] / 62 = (.09 +.3816) / 62 =.4716 / 62 = .007606
m/m
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[Note that runoff length (BD) is independent of initial crown cross slope (we would obtained 62 m
in the above example if nc had been 0.000 or 0.015 in lieu of 0.025). Also note the “g” calculated is
the gradient associated with the allowed runoff from Table 111-10 but is dependent on initial crown.
When an initial crown exists, the preliminary gradient of BC is one half the value of the preliminary

gradient for CD (this is due to the shift in the reference rotation line from centerline to low

gutterbeyond point C, and the corresponding rise of the initial reference line beyond point C).

R untat Runoff
migh guitaer
q .
carrarling
w qut e
'l. B C [}

Thus “g” (as calculated above) is an average value. Page 184 of AASHTO states that a uniform
edge slope is desirable. When the desired relative slopes are not possible, the runout length should
be at least equal to those required for a curve with maximum superelevation where the same
relative slope for the tangent runoff and runout are retained. With this as a guideline, we can
conservatively use the average “g” as calculated above for both runout and runoff. This insures
that in all occurrences, a single gradient is used, that the runout is longer than policy minimum,
and “g” is less than the maximum.]

In our case:

runoff = [e*lane / MRS]*LF
= [0.078*3.6*222] * 1.0 = 62 m
gmax = (e*L) / runoff
= 0.078*7.2 / 62 = 0.00906 = g (=0.007606 m/m)

If we use a flatter gradient than gmaxto determine runout length, our runout length should always
be longer than minimum required. To confirm this assumption, calculate and compare the two
lengths one time.

runoutmin = (nc*runout width)/gmax
= 0.025*3.6 / 0.00906 = 9.936 m
AB = (nc*runout width) / g
= (.025 *3.6) / 0.007606 = 11.833 m = runoutmin

The remainder of the superelevation diagram geometry can be determined from the control
values.

5 (37)



With our assumptions confirmed, we can reduce the steps necessary to find control values in
subsequent problems.

E) two 3.6 m lanes
two 3.0 m shoulders
L = lanes + shoulders = 2 * (3.6 + 3.0) = 13.2 m
L’ = %*L = 5* 13.2 = 6.6 m (corrected width for determining LF for low gutter rotation)
LF=1.4 (function of L’ and page 180, AASHTO)

BD = [e*lane / MRS]*LF = 0.078(3.6) 222(1.4) =88 m
g = [(runout width)*nc + L(e-nc)] / BD

= [(3.6+3.0)*0.025 + 13.2*(0.078-0.025)] / 88

= (0.165 + .6996) / 88 = 0.8646 / 88 = 0.009825 m/m
< e*L/BD = (0.078*13.2) /88 = .0117 okay

AB=BC=[(nc* runout width) / g] = [0.025*(3.6+3.0) /0.009825] =0.165 /0.009825
= 16.79 m
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BRIDGE DECK DRAINAGE

1. On concrete slab span and precast-prestressed concrete girder span bridges, 150
mm diameter deck drains are typically provided along low gutter lines on 3000 mm
centers. Spans directly over railroads, roadways, or embankments do not have
these drains. On steel bridges, the need for drains is investigated, and when
required, drains, which extend their outlet to below the low steel, are used. Design
of drains such as scuppers may be found in the Bridge Deck Drainage References,
November 1989, DOTD Hydraulics Section and the Hydraulic Engineering Circular
No. 21, May 1993, Publication No. FHWA-SA-92-010.

2. Structures with significant vertical curves or which incorporate higher embankments
(=3000 mm above natural ground elevation) and have large deck drainage areas
(=250 m?2) are susceptible to embankment erosion and should incorporate bridge
end drains where needed.
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DESIGN CRITERIA FOR CONCRETE SLAB SPANS

1. Live load moment shall be based on AASHTO 3.24.3.2 for "E". Both truck and
approximate moment shall be calculated. The concrete slab shall be designed for
whichever moment is greater.

2. All concrete slab spans with the clear roadway width > 12 m shall be designed for
military live load.

3. Load Factor design shall be used in determining the reinforcing steel in the slab to
resist the barrier rail design load only when a crash tested model can not be used.

4, Wearing surface, 600 N/m?2

DESIGN CRITERIA FOR CONCRETE BRIDGE DECKS

For the vast majority of girder bridges, the decks are designed and built as reinforced
concrete. An alternate, incorporating the use of precast stay-in-place concrete panels,
which become composite with a cast-in-place portion of deck, is allowed under some
circumstances. Steel stay-in-place forms may be allowed on a case for case basis for use
on steel girders only. Loads and stress analysis are as specified by AASHTO and as
modified herein.

Analysis

1. The deck is designed as a continuous span over the girders.

2. The Department has chosen to satisfy both working stress and load factor
requirements. For working stress design the slab will be designed as doubly
reinforced concrete slab with the main reinforcement perpendicular to traffic.

3. The ultimate 28 day compressive strength for the deck concrete (Class AA) shall be
24 MPa minimum. An allowable stress of 9.0 MPa shall be used for the working
stress method.

4, All steel shall be 420 grade bars.

5. Since the primary stress in the deck is due to live load+impact, the creep factor
applied to compression reinforcement shall be neglected.

6. A 600 N/m? dead load will be assumed for future wearing surface.

7. Modular Ratio: n = 9 will be used for the design.
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10.

Reinforcement shall meet the development requirements as stated in AASHTO.

The distribution reinforcement indicated in the charts shall be placed in the bottom
of the deck.

Design section shall equal slab thickness less 15 mm for section loss due to tire
wear.
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Deck Design Details

10.

Deck thickness shall vary from a minimum of 180 mm to a maximum of 220 mm in
20 mm increments. Optional deck panels will not be allowed as an alternate for
180 mm decks. Any deck thickness other than 200 and 220 mm, shall be
considered a special case, and will have to be approved by the Bridge Design
Engineer.

A suggested pouring sequence for continuous spans is to be provided for spans over

25 m in length, giving the minimum rate of pour in cubic meters per hour. The
necessary information should be added to the "Miscellaneous Span and Girder
Details” sheet 1 of 3. The pouring sequence is based on a 4 hour set time and
attempts to minimize cracks in the top of the deck. Try to break the deck into
segments at contraflexure points and pour positive moment areas first unless a
continuous pour across the support is possible.  See Louisiana Standard
Specifications article 805.03(d) and limit rate to 45 m? per hour.

Reinforcing steel shall have 50 mm cover at the top of the slab, and 25 mm cover at
the bottom of the slab.

Main reinforcing bars shall be #15, or #20 and be placed as near perpendicular to
the girders as possible.

Longitudinal reinforcing bars shall be #10, unless a larger size is needed for
continuity over the bents. The top plane of longitudinal steel shall have a maximum
spacing of 300 mm center to center.

All bars greater than #10 will have a detailed maximum length of 18.0 m unless
spliced. #10 bars shall be limited to 12.2 m in length for handling purposes.

Main reinforcing steel shall have a minimum spacing of 120 mm and not greater
than the gross deck thickness plus 5 mm.

Interpolation of reinforcing steel in deck design table will be allowed only between
two sets of identical bar size.

150 mm diameter drains should not be used directly above lower travel lanes, R.R.
tracks or abutment slopes, even if revetment is present.

Optional deck panels are restricted from use in areas with severely skewed joints
(see optional deck panel sheets for geometric limits). On bridges in curves or
variable width roadways, the contractor may be allowed to use panels if he provides
an independent check of his design and review of all shop drawings at no additional
cost.
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11.

12.

13.

14.

When the use of stay-in-place concrete panels will be allowed, the standard detail
sheets will be incorporated into the plans and the general note sheet shall include
the item "Optional Deck Details: Precast-prestressed concrete panels conforming to
the optional deck detail sheets may be used at the contractor’s option."

Stay-in-place steel forms will be allowed as an option to the contractor for deep
widely spaced plate girders or box girders. The steel panels shall be galvanized in
accordance to ASTM A 653M, Z 900 (450 g/m2 coverage or 64 um thick each face)
and not increase the dead load from the deck concrete.

In order to combat the corrosive effects of salting on primary routes in Districts 04 and
05, as listed below, epoxy coated reinforcing steel shall be required as follows:
a) All superstructure reinforcing steel, top and bottom mattes.

b) All reinforcing steel used in bridge barrier rails and bridge sidewalks.

In addition, the engineer should contact District 04 or 05 to verify if deicing is
practiced on a particular structure in an unlisted control section. Galvanized
reinforcing steel may be substituted wherever epoxy coated reinforcing steel is
required.

Control Sections in Districts 04 and 05 requiring epoxy coated concrete reinforcing
steel:

1-01 to 1-09 37-01 to 37-04 83-01 to 83-06
2-01 to 2-06 38-03 & 38-04 & 38-30 85-07

10-02 to 10-03 43-01 to 43-06 86-01 & 86-02
10-05, 10-06 & 10-33 44-01 to 44-03 87-02

11-01to 11-04 45-01 & 45-03 & 45-30 98-02

15-08 & 15-31 48-01 124-03

16-01 to 16-05 49-01 156-01 to 156-03
20-06 to 20-09 51-04 to 51-08 420-01

21-01 to 21-05 & 21-30 53-06 to 53-09 427-01

23-06 & 23-09 to 23-11 67-07 to 67-09 451-01 to 451-08
25-05 to 25-08 69-02 to 69-04 451-30 & 451-31
26-08 to 26-10 70-01 to 70-07 455-07 & 455-08
27-01 to 27-06 72-01 to 72-02 809-08

The term control section refers to a section of highway and is designated by the first

two digit groupings of a construction project number, for example:

Project No. 156-02-0053

Tension development length modification factors for epoxy reinforcing steel must be

used. See AASHTO 8.25.2.3

5 (46)

Control Section 156-02

Rev. 02/04/2000



15.  When epoxy reinforcing steel is specified, separate quantities will be computed for
the epoxy and non-epoxy reinforcing steel, and a separate bid item shall be
included in the plans for the epoxy coated reinforcing steel.
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Deck Design Table (hard metric conversion)

Straight reinforcing steel (400 MPa), AA concrete (24MPa)

Slab thickness Maximum Main Reinforcement No. of #10 bars in
(mm) Design Span Bar Bar spacing bottom mid half
(mm) No. (mm) of span
2663 20 140 20
2465 20 160 16
2426 15 120 14
180 mm* 2304 20 180 13
2219 15 140 11
1938 15 160 9
1706 15 180 7
3813 20 120 30
3505 20 140 25
3261 20 160 21
200 mm 3034 15 120 17
2708 20 200 14
2621 15 140 13
2297 15 160 10
2035 15 180 8
1818 15 200 7
4675 20 120 33
4224 20 140 27
3768 20 160 23
220 mm 3397 20 180 19
3088 20 200 16
2989 15 140 15
2826 20 220 13
1. Slab thickness shown above includes 15 mm of wearing surface
2. Bar spacing is measured center to center
3. Minimum main bar spacing shall be 120 mm.
4. Design Load includes a future wearing surface of 600 N/m2 = [12 psf]
5. Design spans that are bold type are preferred for a given slab thickness and should provide the

most economical design. Others may be used by the designer if special conditions warrant such use.

6. Bars in the bottom outer fourth of span=bars in mid half/4.

* Requires approval from the Bridge Design Engineer, see item 1 under Deck Design Details.
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Deck Design Table (soft metric conversion)

Straight reinforcing steel (420 MPa), AA concrete (24MPa)

Slab thickness Maximum Main Reinforcement No. of #13 bars in
(mm) Design Span Bar Bar spacing bottom mid half

(mm) No. (mm) of span
2552 19 145 14
2369 19 165 11
2218 19 185 9

180 mm ¥ 2167 16 145 8
1931 16 165 7
1705 16 185 5
3649 19 125 21
3366 19 145 17
3138 19 165 15

200 mm 2881 19 185 12
2613 19 205 10
2600 16 145 10
2288 16 165 8
2033 16 185 6
1822 16 205 5
4482 19 125 23
4057 19 145 19
3628 19 165 16

220 mm 3276 19 185 14
2982 19 205 11
2966 16 145 11
2733 19 225 9

o > oo

Bar spacing is measured center to center

Minimum main bar spacing shall be 120 mm.

Slab thickness shown above includes 15 mm of wearing surface

Design Load includes a future wearing surface of 600 N/m2 =~ [12 psf]

Design spans that are shaded are preferred for a given slab thickness and should provide the most

economical design. Others may be used by the designer if special conditions warrant such use.

6. Bars in the bottom outer fourth of span=bars in mid half/4.

3 Requires approval from the Bridge Design Engineer, see item 1 under Deck Design Details.
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DESIGN CRITERIA FOR DECKS OF MOVABLE BRIDGES

Vertical Lift Spans

1. Span < 30 m: Use 165 mm concrete deck

2. Span = 30 m: An economic determination shall be made between a grid floor half
filled and a 165 mm solid concrete deck. This study shall include the additional
machinery and hardware requirements necessary to lift the bridge.

3. Spans, in which ADT requires an extra heavy grid floor, the economic investigation
shall be made with a regular steel grid half filled with concrete above.

Swing Spans

1. In general an open steel grid floor shall be used, however, half filled with concrete
and a larger counterweight must be investigated.

2. Pivot castings shall be standardized for short, medium, and long spans such that the
molds can be reused.

STEEL GRID FLOORS

Steel grid floors are made up of steel plates (bars) or special rolled shapes welded together
to form an open grid. The plates subject to main flexural stresses are referred to as bearing
bars. The plates perpendicular to the bearing bars provide lateral support and distribution
of the load to the bearing bars and the shallower bars between and parallel to the bearing
bars provide more uniform surface respectively. Loads and stress analysis are as specified
by AASHTO.

Commentary

Steel grid floors are generally used in movable bridges to minimize the weight of the
movable span’'s deck. This in turn reduces the load requirements on the machinery
required to perform the movement operations.

Commercial types of open grid flooring are fabricated from plates or special rolled shapes,
and should conform to Standard Plan GF-1 or GF-2. One of these open grid standards shall
be used on all grid-flooring applications.

Analysis

1. 1. Grid flooring shall be designed as continuous over stringers or girders parallel to
the centerline of the roadway.

2. Use heavy-duty grid floor when ADT is high (ADT=7000).
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3. Use half-filled grid floor in the first bay on the long cantilever of swing span bridges
to protect machinery below if weight is critical.

4. Grid floors are available in ASTM A 709 Grade 250, 345, and 345 W steels. The
design span will determine the type used.

Design Details

1. The merits of alternate open grid floor systems should be investigated in terms of
the basic AASHTO Specifications.

2. Bearing bars shall be perpendicular to the stringers or girders and welded to the top
flange of the same at each juncture.

3. If two or more coats of paint are required on the grid floor, the cost to galvanize is
more economical and should specified.

4, For 165 mm concrete decks, incorporate 38 mm clear cover for reinforcing steel,
top and bottom

DECK JOINT

The discussion herein will pertain to deck joints for girder span bridges, as slab span joints
are in accordance with the standard plans for slab span bridges.

For prestressed girder spans there are two types of joints currently being used; open joints
and strip seal joints. Open joints are used at intermediate bents in rural areas and for
stream crossings in urban areas where aesthetics is not as critical. For urban overpasses
and interchanges exposed to the public view, strip seal joints are used to prevent unsightly
staining and debris accumulation from drainage effluent. Strip seals are used at all end
bents to prevent erosion. Both strip seal and open joints are capable of handling the
expansion of up to 80 m of prestressed girder span (75 mm maximum opening). For a
single continuous span unit in which all of the expansion occurs at the abutments, the
distance between joints could theoretically be doubled, however, bent restraint must be
taken into account at continuity bents with span fixity.

All steel girder spans will have sealed joints. Strip seal joints are capable of handling the
expansion of up to 56 m of steel girder span. (A 112 m continuous unit can be handled if
abutments are at each end with the unit fixed at mid-point.) For longer spans, finger joints
will generally be employed with a trough (at 8% minimum slope) provided to divert the
drainage away from the steel superstructure. Generally thick finger plates without
stiffeners are more desirable than thinner plates with stiffeners, as the thick plates add more
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inertia to the joint as well as provide a better detail for fatigue resistance. For finger joints
on curved girder spans, the designer is advised to refer to the AASHTO’s "Tentative Design
Specifications for Horizontally Curved Highway Bridges"” regarding the orientation of the
fingers and the bearings. Joints shall be furnished in one piece without butt welds unless it
is impractical due to plate length availability, in which case only one shop butt weld will
be permitted.

The Bridge Design Engineer must approve the use of prefabricated or modular expansion
joints in lieu of finger joints.

The use of steel reinforced elastomeric joint seals is prohibited.

In gore areas of new construction or in severely skewed spans, portions of the joint may
have severe kinks and the designer is advised to confer with the joint manufacturer to
insure a proper fit of the strip seal.

Open joints shall be in accordance with the "Miscellaneous Span and Girder Details"”, and
strip seals shall be in accordance with the "Strip Seal Joint Details”. The design of the gap
setting of open joints is similar to strip seals.

Assume the normal installation temperature for finger joints is 20°C. The project engineer
should adjust the opening when the temperature in the structure differs from normal by more
than 8°C. The design should use a factor of safety of 2 for overlap and for opening.

Design Criteria for Strip Seals

1. Span length "L" equals the expansion distance. In some instances it will equal the
length of the particular continuous span unit in question. In other cases it will equal
the distance between the assumed points of fixity of two consecutive continuous

span units.

2. TEMPERATURE RANGE (°C) RISE FALL
Concrete Girders 17° 22°
Steel Girders 34° 34°

COEFFICIENT OF THERMAL (°C)
EXPANSION

CONCRETE = 0.0000108
STEEL = 0.0000117

3. SHRINKAGE AND PRESTRESS CREEP

20.833 mm per 100 m for PRESTRESSED GIRDERS
10.417 mm per 100 m for STEEL GIRDERS
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4, JOINT OPENING MINIMUM OPENING MAXIMUM OPENING

MAX. TEMPERATURE 25 mm

MIN. TEMPERATURE 75 mm
(The 25 mm criteria may be violated if long term shrinkage and creep are
considered.)

5. Generally, only 100 mm (4 inch) strip seal glands will be used in all strip seal joints,
regardless of the actual movement. Therefore, strip seal design will simply be a
matter of setting the joint opening at installation temperature, using the criteria
listed above.

Design Example: Prestressed Concrete Girder Spans

A series of 4-span continuous units, with 20 m spans

1. L=80m

2. Thermal movement
17°C rise (expansion)
= 17 x (0.0000108) x L
= 0.00018 x L
= 14.4 mm

22° C fall (contraction)
= 22 % (0.0000108) x L
= 0.00024 x L
=19.2 mm

3. Installation dimension
25.0 mm (min.) + thermal expansion
=25.0mm + 14.4
= 39.0 mm

4., Creep and shrinkage
= (20.833 mm +100 m) (m +1000 mm) x L
= 0.00021 x L
=16.7 mm

5. Max. opening << 75 mm

= installed dimension + [creep and shrinkage + thermal contraction]
= 39.0 mm + 16.7 mm + 19.2 mm
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=749 mMm << 75 mm
O O.k.

EQUATION FOR CHECKING THE MAXIMUM JOINT OPENING

Amay = (0.00018xL) + [(0.00024 x L) + (0.00021 x L)] << [75 mm - 25 mm]
= 0.00063 x L << 50 mm
L < 80 m concrete

Design Example: Steel Girder Spans

A series of 50 m simple spans

1. L=50m

2. Thermal movement
34°C rise (expansion)
= 34*(0.0000117) x L
= 0.0003978 x L
=199 mm
34°C fall (contraction)
=19.9 mm

3. Installation dimension
25 mm (min.) +thermal expansion
=25mm + 19.9 mm
= 45.0 mm

4, Deck shrinkage
= (10.417 mm +100m) % (m +1000mm) x L
= 0.0001042 x L
=52mm

5. Max opening < 75 mm
= installed dimension + [deck shrinkage + thermal contraction]
=450 mm + 5.2 mm + 19.9 mm
=70.1 mm << 75 mm
0 O.k.

EQUATION FOR CHECKING THE MAXIMUM JOINT OPENING

Amay = 0.0003978 x L +[(0.0003978 x L) + (0.0001042 x L)] << [75 - 25 mm]
= 0.0009 x L < 50 mm
L<<56m
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PRESTRESSED GIRDERS

Introduction

The precast, pretensioned girders covered herein are used in unshored, composite action
with the concrete deck. They are most commonly used in the 12 to 40 m span ranges. The
prestressed girders in present use are the standard AASHTO Types I, II, llI, IV, IV modified,
and the bulb tee (1830 BT).

Scope

This article is to supplement and amend the design presented in the AASHTO
Specifications to conform to the design policy of the Department.

Commentary

The deck used is constructed exclusively of normal weight aggregate with normal strength
structural concrete. The girder concrete is an early high strength concrete.

The girders are precast and pretensioned in manufacturing plants usually away from the
job site. The girders are mass produced elements that are subject to a variety of different
methods of fabrication depending on the individual manufacturers.

It is desirable to minimize the number of strand patterns in a project. Frequently, girders of
similar length or loads can be grouped into a particular strand pattern.

Prestressed girders shall be made continuous for the maximum practical length, to
eliminate expansion joints. The prestress girders shall be designed as simple span girders
for positive moment, without regard to live load continuity. The prestress girders shall be
designed to account for live load continuity for shear and negative moment design. The
girders are assumed to be continuous because they are embedded into the continuity
diaphragm that is poured in-place with the deck slab. Additional reinforcing steel shall be
placed in the cast-in-place deck slab to resist the continuous live load negative moments
developed as a result of the continuity.
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Analysis

1. In the design analysis the initial camber (deflection at release due to prestress and
self-weight) can be assumed to be the final camber (deflection after all dead loads
and applied prestress). For construction purposes the initial camber and expected
dead load deflection are calculated and given.

2. To relieve the stress at the ends of the girders, prestress girders will be designed
utilizing either the debond or draped strand design. The preferred debond design
must follow AASHTO LRFD limits on total percent debonded and percent
debonded per row. If the debond design results in a more costly design (four or
more additional strands per girder, additional girder line, etc.), then a draped
pattern should be utilized.

3. The sidewalk and traffic railing dead and live load shall be assumed to be carried by
the exterior girder. If in the judgement of the designer, the sidewalk and the parapet
places an excessive load on the exterior girder, he may distribute a percentage of
the load to the adjacent interior girder(s) as directed by the Bridge Design Engineer.
Exterior girders shall not have less capacity than interior girders and will almost
always be designed to carry the full weight of the barrier rail.

4, For design purposes, the haunch shall be taken as 15 mm less than the actual
haunch dimension used at the centerline bearing to account for loss of structural
depth due to camber.

5. It is desirable that the temporary tension stress in the top fiber near the ends of
prestressed girders be reduced as much as possible by debonding (see #2 above and
LRFD 5.11.4.2). If the tensile stress still exceeds the allowable after maximum
debond, bonded non-prestressed reinforcing steel shall be supplied in an amount to
resist the total tension force developed in the uncracked girder section at a working
stress of 0.4 Fy. (See example, page 4-21 PCI Handbook, 4th edition).

6. A future wearing surface of 600 N/m? in dead load shall be added to the clear
roadway width. However, no section loss or gain is assumed due to the wearing
surface in the composite section.

7. Raised medians shall have required construction joints between the raised portion
and the regular roadway slab. Girders affected by raised medians shall be designed
to carry full live load & impact and dead load, exclusive of the weight at the raised
portion, at 100% of the allowable stress. These girders affected shall also be
checked with the previous loads plus the raised median superimposed for 150% of
the Group | stress.

8. The design shall be made with 12.70 mm diameter 1860 MPa low relaxation
(lo-lax) strands in accordance with ASTM A 416.
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The actual camber (A) due to prestressing forces plus girder dead load may vary by
=+ 10 mm from the predicted value, but the actual minimum camber should not be
less than the predicted deflection due to composite and non-composite
superimposed dead load (excluding future wearing surface). If the final deflection is
negative, (i.e. sagging) then adding more strands or reducing the dead load to
reduce the undesirable deflection will be required.

Let ¢ = camber due to prestress force and girder weight
A = deflection due to diaphragms, deck, haunch, and barrier rail

Then at release: Cmax = C + 10 mm
Cmin = (C-10 mm) = A

EXT. GIRDER INT. GIRDER
DEAD LOAD REACTION o] o
DEFLECTION
ALLOWABLE CAMBER MIN MAX MIN MAX

© INCLUDES 600 N/nf FUTURE WEARING SURFACE.

DEFLECTION
POSITION OF TOP POSITION OF TOP FLANGE
FLANGE OF GIRDER OF GIRDER UNDER
UNDER TOTAL PRESTRESS FORCE AND
DEAD LOAD DEAD LOAD OF GIRDER
L2 L2

L= SPAN LENGTH

DEFLECTION OF PRESTRESSED GIRDER UNDER
DEAD LOAD OF CAST- IN- PLACE CONCRETE
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10.

11.

12.

13.

14.

15.

16.

17.

Release and final strengths of concrete shall be 30 MPa and 40 MPa for Class P, and
35 MPa and 45 MPa for Class P(M), respectively. Class P(M) concrete is to be used
only with permission of the Bridge Design Section. The actual required design
strength to the nearest 1 MPa, shall be the one shown on the plans.

Spans continuous for live load shall have additional reinforcing steel placed in the
cast-in-place slab to carry the negative moment caused by live load plus impact at the
continuous supports. Shrinkage and distribution reinforcing steel is to be included in
the computation for determining the total amount of negative moment reinforcing
required.

The shear requirements for prestressed girders shall be in accordance with the current
AASHTO Specifications.

Girders subject to corrosion (road salt, gulf spray, etc..) shall incorporate means to
reduce the potential of steel corrosion, such as calcium nitrite, microsilica, and fly
ash.

Development length for fully bonded strands = 1.6 x [AASHTO Equation 9-32]
Development length for debonded strands = 2 x [AASHTO Equation 9-32]

Prestressed girders that have a deck placed on them within a month or two of
manufacture do not experience much camber or deflection growth. Therefore, a
camber/deflection multiplier = 1.0 should be used on all standard projects.

Prior to final release of a project with prestressed girders, a final set of shop drawings
(showing the strand type and pattern actually used in the bridge) shall be requested
from the fabricator and transmitted to general files for microfilming.

Where PPCG are being used in an inefficient location (such as under a trapezoidal
deck in a skewed span), it may be difficult to meet the Mcr requirement near the end

(*/10 span point and outward) of the girder. Engineering judgment should be
exercised in evaluating the specifications versus possible conditions.
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Design Details

1.

2.

Girder spacing shall be equal where practical.

Generally, only exterior girders shall be anchored to the bent unless additional
anchorage is required to meet seismic loading criteria. Spans subject to collision
over navigable channels or subject to possible inundation by flooding shall be
anchored at each girder.

The minimum haunch above the centerline bearing of the girder shall be 40 mm for
Type I, Il and Il girders and 50 mm for Type IV, Type IV(mod), and 75 mm for Type
BT girders. For cases with high superelevation or a sag vertical curve, these may
need to be increased so that there is no encroachment by the top girder flanges into
the deck.

Girders with draped strands shall have tie-down points located symmetrically about
the centerline of the span. The distance between the tie-down points shall be
approximately /s to ¥4 of the design span.

Diaphragm Policy:

Spans < 15 m requires no intermediate diaphragm.

15 m << spans < 30 m require one (1) intermediate diaphragm

Spans = 30 m require two (2) intermediate diaphragms

When no intermediate diaphragms are used, a note shall be placed in the plans
requiring the contractor to provide temporary bracing during the deck pour.
Intermediate diaphragms for skewed spans are usually constructed perpendicular to
the girder webs by use of partial span width or stepping the diaphragms. For flared
or skewed spans less than about 20°, diaphragms may be constructed at a skew to
the web.

See details for standard end block for each girder type.

Neoprene bearing pads shall be in accordance with the miscellaneous span and
girder details.

Precast-prestressed girder details shall be in accordance with the Miscellaneous
Span and Girder Details sheets.
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The maximum spacing of tie reinforcement shall meet AASHTO 9.20.4.5 as given

> in the table below.
AASHTO MAXIMUM TIE
gggg SPACING(mm)
#10 #15
I 600 600
[ 550 600
WY 450 600
BT 210 425
10.

Applicable Standard Drawings

For prestressed girder projects in which the contractor elects to fabricate all the
girders at the same time but girder placement will extend more than 4 months after
casting (such as for phased construction or very large projects), the contractor will
be required to account for camber growth.
measured prior to erection and project engineer acceptable adjustments (such as
lowering riser elevations) shall be made such that the top girder flange does not

S<AXxFy+0.345 x by

Camber for each girder shall be

enter the bottom of the deck (maintain a positive haunch).

1.

Miscellaneous Span and Girder Details (4 sheets).
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PRESTRESSED GIRDERS WITH DEBONDED STRANDS

Introduction

The prestressed girders with debonded strands covered herein are intended to be used in
lieu of girders with draped strands. This article is intended as a guide to the design of
prestressed girders with debonded strands, and reflects current bridge design policy.

Commentary

Strands that are placed in a straight configuration near the bottom of a prestressed girder
tend to cause overstress near the end of the girder at detensioning when the flexural
capacity of the girder at midspan is efficiently utilized. To avoid this overstress, several
strands centered in the web area are usually deflected or draped upward near each end to
reduce the eccentricity of the force they cause about the centroid of the girder causing the
overstress. The fabrication effort required getting the draped strands stressed and in
position is time consuming, labor intensive, difficult and dangerous. It also requires the
use of heavy equipment. This procedure contributes significantly to the fabrication cost of
prestressed girders.

A less costly procedure is to place and stress the strands required for flexure at midspan in a
straight configuration over the full length of the girder. The overstress near the ends of the
girder at detensioning is avoided by debonding several strands from the ends of the girder
towards midspan over a length which would otherwise be overstressed. This eliminates the
eccentric forces the debonded strands would otherwise cause about the centroid of the girder
and thus reduces the stresses.

The debonding of a strand is accomplished with a plastic tube shielding the strand from
contact with the concrete mortar that bonds the strands to the concrete mass. This tube may
be split with overlapping sides to facilitate installation along the strand as required and yet
remain mortar tight. It must also have a thick and rigid enough wall to prevent collapsing on
the strands. The end of the tube terminating in the concrete is taped closed to avoid concrete
mortar seeping through. When the tube is successfully installed, none of the pretensioned
force from the strand is transferred to the girder from its end to the point where the tube is
terminated within the girder.

Since the unbonded prestressing steel and shielding material will remain in the girder, it is
appropriate to minimize the use of debonding material and simultaneously attain the
required flexural capacity of the girder to minimize cost. The strategy is to debond the strand
from the ends only enough to eliminate overstress at detensioning and then check for
adequate development lengths of the strands required to resist the factored moments at
critical points.
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The strands shall generally be debonded in a sequence beginning in the row nearest the
bottom flange and progressing upward as required to satisfy design conditions.

Analysis

1. Determine the number of strands required at the midspan of the girder based on
conventional procedures for service load and load factor analysis. Stresses and
moments shall be determined at increments of 1/10 of the design span length or
less.

2. Determine the number and location of the strands required to be debonded to avoid
overstress at the ends of the girder at detensioning (initial conditions). The allowable
tension shall be 0.249(f'«i )% and the allowable compression shall be 0.6f'«. For
calculation purposes, the strands are assumed to introduce prestress force to the
girder as follows:

a) Transfer length for service load (initial and final conditions): Linearly from no
contribution at ﬂﬂe debond point to full effect over a distance of fifty times the
strand diameter-.

b) Development length for ultimate strength: Linearly from no contribution at the
debond point to full effect over a distance of two times the development length
specified in the AASHTO Specifications subsection 9.28.1.

3. Establish the number and sequence of each set of strands to be debonded at
intermediate points along the girder based on stresses at detensioning. Preferably, a
2 m distance between debond lengths will be utilized. Limit debond to 25% of
total, 40% of any row (LRFD 5.11.4.2).

4, Exterior strands in each horizontal row should be fully bonded.

5. Locate the point that the strand pattern required at midspan will produce the
maximum allowable stress in the girder at detensioning. Debond the first set of
strands from this point to the end of the girder.

6. Locate the point that the remaining strand pattern will produce the maximum
allowable stress in the girder at detensioning. Debond the second set of strands
from this point to the end of the girder. Repeat this step for the third and additional
sets of strands to be debonded at intermediate points along the girder.

7. Check stresses at final conditions at the centerline of the girder, at debond points
and along the transfer lengths.

8. To satisfy the ultimate strength requirements, check that the strands bonded to the
end of the girder are capable of resisting the factored moment at one development

* Standard Specifications For Highway Bridges, Sixteenth Edition-1996, subsection 9.20.2.4
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length from the ends of the girder. Then, check the capacity at all critical points,
debond points and midspan, to insure that the ultimate moment capacity is greater
than the factored moment. The ultimate moment capacity shall be the sum of the
capacities of all fully developed strands plus the capacity of partially developed
strands. At two development lengths from debond points, strands are fully
developed. At points less than two development lengths from the debond point, the
partial capacity of debonded strands shall be calculated based on a linear
proportion from zero at the debond point to full capacity at two development
lengths.

9. In the event that the number of strands required for the factored moment at a critical
point cannot be bonded for two development lengths, determine the service load
stress in the bottom fibers for Group | loads. If no tension stress occurs along the
beam, one development length can be used in lieu of two development lengths.

Design Details

1. The use of debonding material and the number of debonding termination points
should be minimized.
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TYPE I TYPE I TYPE TI TYPE ¥

BEAM PROPERTIES

,//¢_ 50 mm DIA. OPEN HOLE AT

=><
T _ ¢ END AND INTERMEDIATE C.G.
X DIAPHRAGMS @ f
1>

[
[

BEAM | AREA R MONERTIA | WEIGHT sEoT. oD, | sEcT. Moo,
TYPE (mm?2 ) (mm) (mm) (mm4 x104) (kg/m)® (mm3 x103) (mm3 x103)
[ 176 525 315 316.52 934 754 423.66 29 532 23 756
I 236 650| 420 400.30 2 113 520 567.96 52 798 41 063
il 365 225| 535 517.12 5 290 770 876.54 102 312 84 264
A 507 225| 645 626.67 10 818 620 1217.0 172 836 145 543

% THIS DIMENSION MAY BE ADJUSTED TO CLEAR DRAPED STRANDS WHEN NECESSARY.
THIS DIMENSION IS TYPICAL FOR ALL GIRDERS REGARDLESS OF ROADWAY CROWN.
® BASED ON CONCRETE DENSITY OF 2400 kg/m3

® INTERIOR GIRDERS ONLY
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BEAM PROPERTIES
3 ¢ 50 mm DIA. OPEN HOLE AT
: € END AND INTERMEDIATE c.c.
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1>
. - MOMENT OF BOTTOM ToP
BEAM AREA X" * Y INERTIA WEIGHT [ secT. mop. [SECT. MOD.
TYPE (mm2 ) (mm) (mm) (mm4 x104) (kg/m)8 | (mm3 x103) | (mm3 x103)
V-MOD.| 586 275 800 737.35 | 15 442 370 | 1408 209 43| 196 056
BT 491 125 880 933.19 | 22 683 580 | 1179 243 076 | 252 936

® BASED ON CONCRETE DENSITY OF 2400 kg/m3
% THIS DIMENSION MAY BE ADJUSTED TO CLEAR DRAPED STRANDS WHEN NECESSARY.

THIS DIMENSION IS TYPICAL FOR ALL GIRDERS REGARDLESS OF ROADWAY CROWN.

® INTERIOR GIRDERS ONLY
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Strand Properties Table

ASTM DESIGNATION A 416 UNCOATED 7-WIRE

STRANDS FOR PRESTRESSED GIRDERS

Strand Strand Breaking | Nominal | Weight | Initial Load @ Initial Tension | Initial Tension
. 1% (70% (75%
Slge Grade Strength Areazl (ka/ Load Extension Breaking Breaking

(Dia) | (MPa) (kN) - (mm?) | 2000m) | (kN o | \y" | styength) (kN) | Strength) (kN)

1725 89.0 51.61 405 8.9 75.6 623 | @ -

9.5mm | 1860 S.R. 102.3 54.84 432 8.9 87.0 716 |
1860 L.R. 102.3 54.84 432 8.9 921 | @ - 76.7

1725 120.1 69.68 548 12.0 102.3 841 | @ -

11.1 mm | 1860 S.R. 137.9 74.19 582 13.8 117.2 %5 | @ -
1860 L.R. 137.9 74.19 582 13.8 1241 | - 103.4

1725 160.1 92.90 730 16.0 136.2 1121 | -

12.7 mm | 1860 S.R. 183.7 98.71 775 18.4 156.1 1286 | @ -
1860 L.R. 183.7 98.71 775 18.4 1653 | = - 137.8

S.R. DENOTES STRESS-RELIEVED.

L.R. DENOTES LOW-RELAXATION.

© INITIAL TENSION PRIOR TO RELEASE OF STRANDS.
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MAX. CTRS.
L | | | | |
+4A. \\ L_' ! S ' %% f
e O -y B1002 @ 300 mm -
- s T a5 MAX. CTRS. do
9‘ 2, ‘r L 1 | 4 | .
) Jre Sy e | L]
1”7 E T T
B2504
i Jj ISR )
! \ = .-ﬁ&azsm 82504-/ o
: J|2 BZ5OI\ B2504- I RN 2 B2502 LT
2 BI150I
TYPE I 255 (2 SERIES REQUIRED 50 ALL GIRDERS
TvpE 1 ' 280 | TYPE I & I GIRDERS)
TYPE I | 330
S TYPE IV | 380
END DIAPHRAGM INTERMEDIATE DIAPHRAGM
NOTES: © INCLUDES TYPE I¥-MODIFIED

SPANS >15 m REQUIRE ONE INTERMEDIATE DIAPHRAGM.

SPANS >30 m REQUIRE TWO INTERMEDIATE DIAPHRAGMS.
B 75 mm ¢ VENT HOLE IN EACH END DIAPHRAGM

WHERE INUNDATION BY FLOOD IS POSSIBLE.

Rev. 04/01/99

TYPE I-I¥ (END & INTERMEDIATE DIAPHRAGMS)

| OF

DIAPHRAGM DETAILS

8
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Rev.

BIOOI @ 300 mm

B2504
2 BI150]
MAX. CTRS. \ » 825027 7

K4

04/01/99

END DIAPHRAGM

’ & . __ 7/
" N & 1! / <
' x 82504 | / /
1° J
I ——
' 1
| / = 5
s saso1 ] P e e
150

INTERMEDIATE DIAPHRAGM

TYPICAL DIAPHRAGM DETAILS

NOTE:

DETAILS NOT SHOWN ARE SIMILAR
DETAILS SHOWN ON SHEET | OF 8.

(TYPE BT)

TO

TYPE BT (END & INTERMEDIATE DIAPHRAGMS)

DIAPHRAGM DETAILS

2 OF 8
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* 150 mm BETWEEN GIRDER ENDS

55

CLR.

250

SECTION
BETWEEN GIRDERS

1\50 mm CLR.

B1003 @ 300 mm
/ MAX. CTRS.

Rev. 04/01/99

© INCLUDES TYPE IN-MODIFIED

CONTINUITY DIAPHRAGM

8 = ' - - -

o I T T Lo ) g

SE N\ | N

o0 L

oo ]

[aE LI

wnlwm

olo / . \ / .

Wi & S g .

™o RSN P

P =

R TYPE I 255 255 | TYPE I
= , 2 BI1502

wlw TYPE I ' 280 280 ' TYPE I
oo

Clz TYPE T 330 330 TYPE T
S S TYPE I¥ | 380 380 | TYPE ¥ ©

TYPE I-IV (CONTINUITY DIAPHRAGMS)

3 OF 8

DIAPHRAGM DETAILS
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* 150 mm BETWEEN GIRDER ENDS

TCLR. |

=] L
50 mm CLR.

25

SECTION
BETWEEN GIRDERS

B1003 @ 300 mm
MAX. CTRS.
. [
N R o s
I S| / ‘
—_ . 4+ *—-—‘.___[ -
g 3 s
é s CLR.
S + -
L i/'.'.:_'\i | r/‘\‘
580 2 B1502 580
CONTINUITY DIAPHRAGM
(TYPE BT)
TYPE BT (CONTINUITY DIAPHRAGMS)
DIAPHRAGM DETAILS
Rev. 04/01/99 4 OF 8
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TOTAL LENGTH OF BARS
BAR TYPE 1 TYPE I TYPE T TYPE I¥ |[TYPE -MOD.| TYPE BT
B100I 1 440 1800 2200 2620 2930 3700
B 1002 N/A 1060 1260 1460 1460 3050
B 1003 1800 2210 2670 3140 3450 4110
51501 e e e e = e
B2501 | "X"+220 "X"+280 "X"+380 "X"+500 "X"+500 "X"+440
B2502 "y "y "y "y "y "y
B2503 960 960 960 960 260 260
B2504 1980 1980 1980 1980 1980 1980
1o
= |8
o 2| B 8| 5 = o T| B 8| 5 = T 5
wl H| W w [ wl Bl wl w| wl w - ~| O ~
a ol a| W a a al ol o a = = S| E
= wl >| >| & = | Wl > > >| > = = 1
—l al =l = 2| = o | | | = m
o2l sl gl 5l e i e e B gyl Yy
o| = o Ol —| O V| VvV o > = o
IR e 8 o 3| & 8 B clflelgl s
18| "8 77T e
hld - S o @ ol ~
o 0| &
o
140 140 140
B10OOI _BIO0s _Bloo2
145 mm & PIN) (45 mm ¢ PIN) (45 mm ¢ PIN)
50 ]l "Z" ]
CLR. I‘ USE FOR BI501 & ‘
[ T
| ) § |
N . 7 A USE "Y" FOR BI501 (TYPE BT).
50 ) ¢ ! h ® 25° FOR TYPE BT
CLR. | || USE FOR B2502 A || |
Il Lo N
Il l'® |
) C N
/ \\ B250!
( \I (150 mm ¢ PIN)
I___.__| NG
[
BAR DIMENSION
COMPUTATION SCHEMATIC
(B1501, B2501, B2502)
TYPE I-I¥ AND BT (REINFORCING STEEL)
DIAPHRAGM DETAILS
Rev. 04/01/99 5 OF 8
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12 mm CAP—\ 150

NO. 35 DOWEL
(1000 mm LONG)

I2 mm STYROFOAM PAD (OR
EQUAL) IS TO BE PLACED
BETWEEN DIAPHRAGM CONCRETE
AND RISER FOR FULL EXTENT
OF RISER AND DIAPHRAGM

NEOPRENE BEARING PADSi

600

RISER
(SEE NOTE B)

15301 230" € BEARING

¢ BENT

CONNECTION DETAIL AT
CONTINUITY DIAPHRAGM

NOTE A

DOWELS IN THE CAP SHALL BE GALVANIZED NO. 35 DEFORMED REINFORCING STEEL.
PRIOR TO POURING THE CONTINUITY DIAPHRAGM, EACH DOWEL SHALL BE SHEATHED
BY 45 mm 1.D. RIGID SLEEVE WITH A 12 mm THICK COMPRESSIBLE CAP ABOVE THE
TOP OF THE DOWEL TO ALLOW THE GIRDERS TO DEFLECT ON THEIR BEARING PADS
UNDER FUTURE LOADS.

TO FACILITATE PLACEMENT OF GIRDERS, THE CONTRACTOR MAY SET THE NO. 35
DOWELS BY ONE OF THE FOLLOWING METHODS:
1) SETTING DOWELS IN APPROVED NON-SHRINK GROUT IN PREFORMED HOLES HAVING

A MINIMUM DIAMETER OF 75 mm.
2) SETTING DOWELS AT INITIAL CASTING OF CAP.

NOTE B

RISERS AT FIXED BENTS SHALL BE SLOPED TO APPROXIMATE TANGENT GRADE AT
€ BENT. ELEVATIONS SHOWN FOR THESE RISERS ARE AT € BENT.

CONNECTION DETAIL AT CONTINUITY DIAPHRAGM

DIAPHRAGM DETAILS

Rev. 04/01/99 6 OF 8
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I
"o N ‘el e N e} (]
al ol ol = ~
Ol | O| Nl ™
|
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o
400 =
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Wl w| w| w| w
¢ GIRDER s e e
| > > >| >
[ Bl el R
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E| E| €| €| €
o| o| ol ol ©
| I S ol v

CONCRETE VOLUMES

BEAM | VOLUME VOLUME
TYPE ® m3 ® m?
I 0.0363 | 0.125 x "L"
i 0.0464 |O0.161 x "L
il 0.0523 | 0.201 x "L"
Y 0.0575 | 0.243 x "L"
IV-MOD. | 0.0620 | 0.274 x "L"
BT 0.1405 | 0.351 x "L"

TOTAL VOLUME = 2(®)+(®

NOTE:

ALL DIMENSIONS AND QUANTITIES
ARE FOR 90° CROSSINGS.

12/01/98

. GIRDER SPACING IN METERS

€ GIRDER—' 400 n 400 ™— € GIRDER
IN METERS

TYPICAL END DIAPHRAGM

(EXCEPT TYPE BT)

| GIRDER SPACING IN METERS l
€ GIRDER—
535 "L 535 ™~— € GIRDER

%—. ) T ‘j

-

TYPICAL END DIAPHRAGM

(TYPE BT)

1755 T
(75 mm HAUNCH)
® )

TYPE [-IV AND BT (CONCRETE COMPUTATIONS)

DIAPHRAGM DETAILS

7 OF 8
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GIRDER SPACING IN METERS

(TYPE BT)

IV AND BT (CONCRETE COMPUTATIONS)

TYPE 1

DIAPHRAGM DETAILS

8 OF 8
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GENERAL GUIDELINES FOR STEEL SPANS

ANALYSIS

1. Load factor design shall generally be used except when horizontally curved girders
are involved.

2. Horizontally curved girders will be designed in accordance with the latest edition

and interim of the "AASHTO Guide Specifications for Horizontally Curved Highway
Bridges". Where diaphragms are connected to the bottom flange, they shall be
bolted only. Cross frames will be primary members. A note shall be placed in the
plans referencing the additional camber requirements for heat curving as noted in
the supplemental specifications.

3. When less than three (3) longitudinal girders (plate or box girders) are used in a
structure, the members shall be designated as fracture critical. The portions of the
girder to be designated as fracture critical are the top and bottom flanges in tension
and webs. Also, the longitudinal stiffeners, gusset plates and all connections
welded longitudinally to the web in the tension area of the web are considered
fracture critical. The limits of all fracture critical plates shall be designated on the
plans.

4, In general, simple and continuous steel spans shall be designed for composite
action. The exception would be in a main girder-floor beam-stringer system when
the stringers are non-composite because of incompatibility with main girder.

5. Continuous girders designed as composite will generally be assumed
non-composite in the negative moment regions, i.e., the reinforcing steel will not be
assumed to act composite with the girder. No shear connectors will be placed in
these regions; however, the 1% minimum longitudinal reinforcing requirements of
the 1996 LFD AASHTO Specifications sub sections 10.38.4.3 and 10.50.2.3 are still
applicable.

6. A 600 N/m? dead load will be assumed for a future wearing course to be placed on
the composite section.

7. Although different classes of steel have been used in steel girders (a typical hybrid
would use higher strength steel in the flanges than in the web) for economy in the
past, we have been moving away from this practice due to steel pricing and design
considerations. Hybrid girders should be used only with the approval of the Bridge
Design Engineer.

8. For projects that are designed for HST truck loading, it shall not be used for fatigue
computations.
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9. The curb and railing dead load will be placed on the composite section of the exterior
girder only.

10.  The steel section of exterior girders shall have at least the same structural capacity as
the interior girders for future widening purposes.

11.  For the design of friction type connections surface condition "A", (clean mill scale)
will be assumed.

12.  Structural steel may be A 709 Grades 250, 345 or 345W. Gusset plates, stiffeners,
bracing and other secondary members are generally designed using Grade 250.

DETAILING

1. The haunch shall be set so there is no encroachment by cover splice plates and their
connectors into the deck.

2. Cantilevered deck slabs shall have their bottom surface aligned with the bottom of
the girder flange.

3. The flange widths shall preferably be specified in multiples of 50 mm. Flange
thickness will be specified in multiples of 5 mm for t < 60 mm and 10 mm
multiples for t = 60 mm.

4. The web plate heights shall be specified in multiples of 50 mm. Web thickness will
be designed as follows:

10mms<  t<22mm 2 mm increments from 10 mm
t>=22mm 5 mm increments from 25 mm

5. The location of "permissible welded shop splices” in girder web and flange plates
shall be shown on the girder sheets. Generally, the limit of plate lengths without
splices is 15 m.

6. Full penetration groove welded connections at transitions in thickness or in width
shall have slopes no steeper than 1 to 5.

7. When applicable, the following note shall be added to the plans:

THE CONTRACTOR MAY PROPOSE ALTERNATE SPLICE LOCATIONS FROM THOSE SHOWN IN
THE PLANS, OR BOLTED FIELD SPLICES IN LIEU OF WELDED SPLICES, ALL AT NO ADDITIONAL
COST TO THE DEPARTMENT AND SUBIJECT TO THE APPROVAL OF THE ENGINEER PRIOR TO

INCLUSION IN THE SHOP DRAWINGS.
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10.

11.

12.

13.

14.

15.

Field splice locations are generally in low moment areas or where a section change
is planned. Member lengths < 35 m or weigh < 40 000 kg are two approximate
maximums for pieces that can be handled efficiently either in the shop or at the site.
When the girder is erected over a road open to traffic, consider locating the field
splice outside of the traveled lane to minimize disruption of traffic.

A minimum plate thickness of 10 mm shall govern for both primary and secondary
structural members. Unstiffened webs are generally more economical for webs
approximately 1250 mm deep or less; above that, consider a partially stiffened web.

When required, transverse stiffeners shall generally be placed on one (1) side of the
web except at cross-frames, and shall be preferably on the inside of exterior girders
normal to flanges.

The longitudinal stiffener shall normally be placed on the opposite side of the web
from transverse stiffeners, and cut 4tw to 6tw (50 mm) short of any transverse
stiffeners it would intersect with.

Special attention must be paid to welding details to avoid critical fatigue condition.
For longitudinal stiffeners, fillet weld in the compression zone, but bolting may be
required in the transition compression-tension zone.

Transverse stiffeners shall be cut 4tw to 6tw short of the tension flange, and seal
welded to the compression flange. In areas where both flanges are subject to
tension stress, welding to both flanges will generally be acceptable if the
appropriate fatigue category is used in the design of the flange. Stiffeners at
cross-frames and floorbeams shall be full depth and fillet welded to both the top and
bottom flange, and the proper fatigue category shall be used.

Bearing stiffeners shall be groove welded or milled to bear and fillet welded, and
shall be seal welded on the top. They shall be set vertical over the bearing device.

For structural steel welding, the minimum weld sizes shall be in accordance with
the AWS Specifications. All items relating to welding shall be in accordance with
the latest ANSI/AASHTO/AWS Bridge Welding Code.
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16.

17.

18.

19.

20.

21.

The following information shall be included for steel spans:

a) Moments, shears, and reactions values should be provided at critical points for
each loading stage.

b) The vertical curve ordinates, dead load deflections for the various load stages,
and cambers should be shown either on a diagram or in tabular form.

c) Cambers for composite girders shall take into account creep by calculating long
term deflection based on 3n section properties.

d) The above deflection information shall be shown at the span /10 points for
continuous spans and ¥4 points for simple spans.

In general, bolted connections shall be made with ASTM A 325M bolts. ASTM A
490M bolts will not be used.

Shear connectors shall normally include an alternate for both 19 mm and 22 mm
diameter studs, and the height shall be such that there is a minimum of 50 mm
penetration in the slab.

On long girders, deflections cause excessive longitudinal movements at the bottom
of the girder ends. The designer must account for these movements when designing
the girder bearings.

Seismic loading must be accounted for. Since Louisiana has an acceleration
coefficient of 4.0% and both importance classification result in a seismic
performance category equal to "A", minimum analysis is required. Structures must
meet minimum seat width and the connection requirements between the
superstructure and substructure.

Inspection Details: All projects involving steel spans with more than 9 m of vertical
clearance above the ground shall provide details for inspection access. For grade
separation structures with web depths > 1800 mm this will normally consist of a
Class A galvanized wire rope 12.7 mm in diameter (1 x 7 with breaking strength
>111 kN) run through holes in the transverse stiffeners or clip angles and fastened at
each span end. Wire ropes shall be located on both sides of the interior girders
webs and the inside of the exterior girders. The rope should be placed about 1.2 m
from the bottom flange. On major river crossings, inspection cables will be
required on both sides of all girders on the main spans. More elaborate details will
be required and will be handled on an individual basis. Minimum items to provide
would include an enclosed access ladder at every pier and a walkway along the
face of the cap.
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22.

23.

24.

25.

26.

27.

28.

29.

30.

Shop Assembly of Structural Steel: All construction plans for bridges involving
structural steel shall have a general note as follows: "Shop assembly shall be by the
Progressive Truss or Girder Assembly Method in accordance with Subsection
807.18 except that for structures less than 50 m long or less than four contiguous
panels, assembly shall be by the Full Truss or Girder Assembly Method.

Tack welds, which are not remelted, by welding required on design drawings, will
not be allowed.

Stress relieving may be necessary for those applications where weldments must
retain dimensional stability during machining (such as bearings). Contract drawings
or specifications shall indicate welded assemblies to be sHess-reIieved by heat-
treating. Finish machining shall be done after stress relieving®.

All main load carrying steel members require Charpy V-Notch Impact Test (CVN),
as per 1013.01 of the Standard Specifications. In order to comply with this
requirement, the plans are to show the location and length of those members or
portions of members subject to tension and which require CVN testing. Fracture
critical members are a more critical subset of load carrying members. See the FCM
section later in this chapter.

Use lateral bracing only if required.

The end of the girder and the bearing stiffeners shall be vertical. Intermediate
transverse web stiffeners may be either all normal to flange or all vertical.

A pouring sequence will be shown dividing the deck into segments which
minimizes deck cracking by allowing construction joints near contraflexure points
and by loading positive moment areas first. Each pour must be completed in 4
hours with a maximum rate of 45 m® per hour. (Unless a higher rate is approved by
the Bridge Design Engineer for special cases.)

The camber diagram shall include a note, which states: Cambers shown are for
pouring sequence shown. If the contractor wishes to use a different sequence
which meets the requirements of minimizing deck cracking and 4 hour set times, he
shall submit his sequence with its associated camber diagram to the bridge design
engineer for approval prior to the first shop drawing submittal.

Unless otherwise specified, an approved three-coat waterborne paint system shall
be used for coating all new metal surfaces requiring painting. See special
provisions, such as E-85 (9/94 p. 494) from the contracts section and QPL 68 for
further information.

5 see 1988 AWS D 1.5, section 4.4
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31.

32.

Swing Spans are not considered to be fracture critical by the bridge design section.
Load case Il for swing spans shall use temperature difference between top and
bottom chords of 15°C and a short span uplift equal to 25 mm. Dead load plus
impact shall be added to case Il worst wedge reaction for total case Il design loads.

All bolting for structural steel bridge members shall utilize Direct Tension Indicator
(DTI) washers during installation. When DTI s are used, the bolts are tightened until
the bolt tension collapses the washer protrusions to the specified 127 pum. gap. This
will ensure proper bolt tension. Inspection is accomplished by means of a 127 um.
Feeler gage inserted to the washer gap.

The DTIs will always be galvanized with the additional requirement that for use on

unpainted weathering steel, DTI shall be epoxy coated to prevent accelerated
sacrificial galvanized coating loss.
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A~

INTERIOR PLATE GIRDER (COMPOSITE DESIGN)

L A -

q J
\\SLOPE VARIES

I\

EXTERIOR PLATE GIRDER (COMPOSITE DESIGN)

7 ]

| L 2| |

J L 75 mm (TYPICAL)

INTERIOR STRINGER (NON-COMPOSITE)

TREATMENT OF SLAB AND HAUNCH
ON STEEL GIRDER STRUCTURES
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tw

DO NOT
RETURN WELD b/2 | 300 mm

- - |
MIN.| MAX.
(4 7O 6) ’rw\>—
b

LOW LATERAL
LOAD DETAIL

50 mm MIN.
- " WELD B
L J

of||le
of||le
of||le

WELDED HIGH LATERAL
LOAD DETAIL

tw

DO NOT
RETURN WELD b/2 | 300 mm

- -
-

4 TO &) + MIN.| MAX.
w\\——

—— —l
js—F
o o_!
b/2 | 300 mm
MIN.,| MAX.
(4 TO 6) tw
(50 mm MIN.)
L J

BOLTED HIGH LATERAL
LOAD DETAIL

(PARTICULARLY TO BE USED WITH
SKEWED SPANS OR CURVED GIRDERS)

LATERAL CONNECTION PLATE

STIFFENERS

Rev. |1 1/12/98 3 OF 4
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| 150 mm BOLT SPACING (TYPICAL)

DETAIL SHOWING LONGITUDINAL
STIFFENER IN COMPRESSION-TENSION ZONE

CROSS-FRAME ST[FFENER\

<

150 mm BOLT SPACING
(TYPICAL)

COMPRESSION ZONE

* COMPRESSION-
TENSION ZONE

Rev. 11/12/98

DETAIL SHOWING TRANSITION FROM

WELDED TO BOLTED LONGITUDINAL STIFFENER

NOTE:

[F ANY PORTION OF THE LONGITUDINAL STIFFENER BETWEEN
CROSS-FRAME STIFFENERS WILL BE IN TENSION, THAT SECTION

SHOULD BE BOLTED.

ELEVATION - LONGITUDINAL STIFFENERS

4 OF 4

STIFFENERS
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INSPECTION HANDRAIL [S REQUIRED
ON BOTH SIDES OF INTERIOR BAYS.
DO NOT USE ON EXPOSED SIDE OF

L 127x89x9.5 x 100 mm
STIFFENERS EXCEEDING

I3 mm ¢ Ix7 GALV. WIRE ROPE WITH
I'1'l Kn BREAKING STRENGTH (SUCH
AS AMBERSTRAND UTILITIES GRADE)

. -B . :
H R | NOTE:
4
EXTERIOR GIRDERS.
//_\
M16 BOLT 27 mm ¢ HOLE FOR PVDF
NIPPLE AND 13 mm ¢
I / GALVANIZED WIRE ROPE
x ) C
- o}
4 X
I
N~ |
1
cl, 75 PLACED BETWEEN
2500 mm SPACING
L J
TYPICAL GIRDER SECTION
(SHOWING WIRE ROPE LOCATION)
TRANSVERSE ] jf
STIFFENER
Z._ 19 mm ¢ SCHEDULE 80 PVDF
/FB[SECTED THREADED COUPLING
SNUG FIT \ 19 mm ¢ SCHEDULE 80 PVDF
THREADED PIPE NIPPLE
DETAIL OF SAFETY CABLE BUSHING
(SHOWING WIRE ROPE PASSING THROUGH STIFFENER)
3 WIRE ROPE BEARING
CLIPS (GALV.) THIMBLE STIFFENER > 7
| 19 mm ¢ SCHEDULE 80
PVDF PIPE
!_: VT A
vl —

I3 mm ¢ Ix7 GALV. WIRE ROPE
(TIGHTEN TO 8 kN TENSION)

\\MIG HIGH-STRENGTH DROP-
FORGED EYE BOLT (GALV.)
_\]é WITH 2 NUTS, FLAT WASHER

AND NON-METALIC WASHER

DETAIL OF SAFETY CABLE TERMINATION

(OPPOSITE END MAY UTILIZE PIN ANCHOR SOCKET)

INSPECTION HANDRAIL
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Cross Frames Diaphragms

1. Cross frames have a high price per kilogram but are given less attention by the
designer than primary members.

2. Cross frame spacing is based on stability requirements during erection, lateral
torsional buckling of compression flange and 1996 AASHTO LFD 10.20.1.
However, 1996 AASHTO LRFD 6.7.4 allows the engineer to determine the need for
permanent cross frame based on engineering analysis rather than arbitrary specified
requirements. It may be economical to increase dimensions of the flange and
reduce the number of cross frames to be fabricated to achieve a cost-effective
design. The Bridge Design Engineer must approve the spacing greater than 7.6 m.

3. Unless required due to horizontal curve, treat elements of a cross frame as
secondary members (AASHTO 10.20.1) to reduce undesirable load paths and
design according to articles 10.7.1, 10.19.1.2 and 10.20 . Once the deck is placed,
cross frames provide little resistance to wind loads but still may be required in

negative moment regions.

W = wind load (Newtons) on cross frame

E— w = 2400 N/m?
— || N d = beam depth (met
. S j ) = beam dep (me_ers)
w=114wdD > o D = cross frame spacing
— \v\ s = girQer spaci.ng (meters) '
- w’ W'= axial load in cross frame member in Newtons
i = 1.14x w x (d) xD x (s*> + d*)"?
2s
4. Reduce the cost by not mixing connections within a cross frame. Construction

requires welded joints to be welded all around unless otherwise noted, then painted.
In a bolted joint, faying surfaces receive two coats of paint before assembly. If a
bolted joint is used in the middle, with welded ends, construction requires all surfaces
to be painted before welding, then painted again. Avoid this mix.

(0] (0]
(0] (0]
(0] (0]
(0] (0]
(0] (0]
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DIAPHRAGM CONFIGURATIONS

“X” FRAMES ANGLES OR TEES

| SECTION
OR
CHANNEL

“K” FRAMES ANGLES OR TEES SOLID

STEEL SUBSYSTEM  ANGLES OR TEES
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STEEL GIRDER OPTIMIZATION

1.

Fabrication costs money. Only about 35% of the total fabricated cost is material.
Economy can be realized only when fabrication is minimized. Select fabrication
details that are the least complex and yet will be able to perform the required
function. Practice design duplication, which means that the greater the number of
elements and details on a given job that are replicated, the lower the fabrication
costs, will be.

Whenever possible, use standard specifications for both bridge material and
fabrication.

Optimum girder design is more sensitive to web thickness and number of stiffeners
than to depth the web.

High strength steels result in shallower optimum depths and more economy than
grade 250 steel.

For girder webs up to 1700 mm in depth, economy favors designs that require no
intermediate transverse stiffeners to satisfy shear requirements. It is recommended
that 8.0 kg web material be saved for every kilogram of transverse stiffener material
added to the structure. Longitudinally stiffened girders do not become economical
until girder depths exceed 2.5 m.

In general, the greatest economy for multiple girder bridges can be realized by
using the least number of girders consistent with a reasonable deck design.

Always specify a component with the simplest details that will serve the intended
function.

Approximately 360 kg. (span = 30 m) or 270 kg. (span < 30 m) of flange material
must be saved to justify the introduction of a shop flange splice. Normally, the
most economical design results when the flange (tension and compression) size is
carried through the entire positive moment field section. Generally two flange
splices will be justified in each of the flanges in negative moment field sections.
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FATIGUE DESIGN OF STEEL STRUCTURES

Introduction

This article covers fatigue design for all types of steel bridges: simple span, continuous
spans, composite and non-composite designs. The mechanics of fatigue design, such as
the number of load cycles, fatigue category and allowable range of stress shall be as
specified by the AASHTO Specifications. This article is to amend and supplement the
AASHTO Specifications in accordance with current Department policy.

Commentary

Bridge fatigue has become a matter of increasing concern in recent years. Details used for
attachments to steel structures have been reviewed and modified in an effort to eliminate
known fatigue problem areas. The designer should select details that allow a higher stress
range. This can be done by using Category "A" through "D" details in lieu of Category "E"
and "F" details; bolting attachments instead of welding; and using redundant members
instead of non-redundant members. Additional background information is available in the
American Institute of Steel Construction "Bridge Fatigue Guide Design and Details™ by Dr.
John W. Fisher.

Analysis and Details

1. Cover plates shall generally not be used; however, when there are no other
practical options, the plate termination should be located as close to the girder end
as possible.

2. Generally, Category "E" and "F" details are not permitted.

3. Return welds at the ends of plates shall be avoided.

4, Butt welds in longitudinal stiffeners must be full penetration and radiographically

checked. This is an important connection, because if it fails, it will cause cracking
in the web details that will radiate through the flange.

5. Do not use details that bring triaxial welds together, such as at the juncture of a
gusset plate and a stiffener. Welds should be stopped short of intersections.

6. Welds for transverse stiffeners generally are stopped short of the flange, and are not
returned.
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Stiffeners at floor beam, cross frame or diaphragm connections, should be welded to
both flanges to prevent out of plane distortion of the girder web.

Fatigue shall be checked only for MS-18 truck or lane loading as applicable.

Unless otherwise directed by the Bridge Design Engineer, the two main girders and
the pivot girder on swing span bridges are not designed as FCM.
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FRACTURE CRITICAL MEMBERS

Introduction

This article applies to steel structures, which contain fracture critical members. A fracture
critical member is one whose failure would lead to collapse of the entire structure. Current
AASHTO Specifications do not contain information on fracture critical members and are
supplemented herein in accordance with current Department policy and proposed
AASHTO Specifications.

Commentary

Fracture critical members (FCM) are those tension components of a bridge whose failure
would be expected to result in the collapse of the bridge. Tension components of a bridge
consist of pure tension members or flexural members that are subject to tension stress.
Any attachment having a length in the direction of the tension stress greater than 100 mm
that is welded to a tension component of a fracture critical member shall be considered
part of the tension component and, therefore, shall be considered "fracture critical™. All
welds in fracture critical members are subject to the welding requirements contained in the
fracture control plan.

Identification

Definition of Fracture Critical Member: These are members that will cause a major collapse
or failure of the structure should they fail. The following descriptions explain how to
identify the critical areas of fracture critical bridges. In general, the critical areas are the
high-tension zones where only a few separate steel elements are available to carry the
load.

Two-Girder Systems

Welded steel bridges with only two main girders have a fracture critical area at the lower
flange in the midspan regions and at the upper flange in the region over each continuous
support. The upper flanges near the end supports do not constitute fracture critical areas.

Box Girder Bridges, Single Box Design

The single box design of a steel box girder bridge is a fracture critical bridge. The bottom
plate is welded to two or sometimes three web plates, each of which has a flange plate
welded to its upper edge. The bottom plate will be the fracture critical area at the midspan
region of each span. The upper flange plates will be fracture critical in the region over
each continuous support except where the plans show a substantial amount of additional
reinforcing steel parallel to the flanges. In this case, the additional reinforcing steel
provides redundancy, guarding against a catastrophic failure.
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Steel Caps

Where supports cannot be located directly under the bridge, bridge designers sometimes
use a steel box beam cap to span between widely spaced columns. The superstructure is
then supported in the midspan region of the cap. In these cases, there is one fracture
critical area at the lower flange in the midspan region. If the box beam cantilevers over a
supporting column, the top flange over the column is fracture critical.

Truss Bridges

When a truss bridge has only two main trusses it may contain fracture critical members.
The fracture critical members would be single-element tension members such as an eye
bar or an I-beam tension member. Tension members consisting of multiple separate steel
elements are not FCM. Each fracture critical tension member would count as one fracture
critical area.

Suspended Span Bridges, Two-Girder Systems

The same criteria apply that were discussed for two-girder systems. In addition, the pins
and hangers, which support the two-girder suspended span, are considered fracture critical.

Analysis

When practical, the designer should select a type of structure that eliminates or reduces the
use of fracture critical members. Generally, this may be done by use of redundant
members. The designer shall determine which components are fracture critical and
determine the limits of the members, which are fracture critical.

Details

1. The contract plans shall clearly delineate the components which are fracture critical
members and which components require Charpy V-Notch input testing as per
1013.01 of the Louisiana Standard Specifications. This information may be
designated on the girder elevation view or shown on a separate sketch. The limits
of tension or reversal stress areas must be clearly dimensioned.

2. All welding procedures must be approved prior to the submitting of shop drawings.

3. Shop drawings shall show the location and extent of fracture critical members.
Weld symbols shall indicate the welding procedure to be used.

4, To aid future inspections, fracture critical members shall be identified in tabular
form on the first sheet of the bridge plans such as:
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IDENTITY OF FRACTURE CRITICAL MEMBERS

DESIGN SHEET
NO.

TYPE OF MEMBER

LOCATION WITHIN

MEMBER
115 Main girder Lower flange
123 Cap Top flange and web
126 Cross frames

Upper horizontal strut
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GUIDELINES FOR WEATHERING STEEL DESIGN

1. Steel (ASTM A 709 GR 345W) will not develop a protective oxide coating if it
remains wet for a long time (greater than 60% of the time) or is contaminated by
salt from any source.

2. The most common cause of corrosion problems is caused by runoff water leaking
through the deck and wetting the diaphragm, the girders, and the bearings in
vicinities of joints.

3. Weathering steel is resistant only to certain specific types of atmospheric corrosion
in a limited range of environments. Adequate periods of drying are needed without
prolonged periods of wetting. Air must not contain excessive corrosion
contaminants. Corrosion penetration exceeding 7.5 pm/yr./surface will prevent
oxide coating from forming.

4, Approval from the Bridge Design Engineer for use south of US 190 will be required.
5. General considerations in weathering steel design:

a) Prevent water from ponding.

b) Divert deck runoff water from steel superstructure.

c) Prevent debris accumulation that traps moisture.

d) Avoid environments that would cause salt contamination.

e) Make decks continuous where feasible and use drain troughs where continuity
is not feasible.

f)  Use integral abutments whenever possible.

g) Welding should be with electrodes matching corrosion resistance of the
weathering steel.

h) Bolts should have corrosion resistance equal to or exceeding the weathering
steel such as ASTM A 325M Type 3; however, galvanized bolts should not be
used.

i) Load indicator washers are not recommended, as they may create crevices.

j) Connections should be designed so as not to entrap water (drain holes in gusset
plates, etc.). If this cannot be avoided, painting must protect contact surfaces
between plies.
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Near white blast cleaning is recommended for surfaces for public view and
commercial blast cleaning is satisfactory for other surfaces.

Weathering steel bridges are not maintenance free. Periodically removing
debris with compressed air may be needed.

Rehabilitation may require repainting of corroded areas. Paint may require
additional specifications in consideration of difficulty of achieving near white
surfaces. Paint coverage (due to pitting and roughness) may be as little as one
fourth that shown on the manufacturer's product data sheet.

n) The girder at the expansion bearings will be painted for a distance of 1.5 times
the girder depth. (Paint color to match final oxidized surface color.)

Girders

a) Minimize the number of horizontal surfaces on which water can pond or debris
can accumulate.

b) Minimize the number of re-entrant corners.

c) Use details which are self-cleaning and self-draining.

d) Avoid crevices.

e) For members with thickness less than 38 mm an additional thickness of 0.8 mm

per exposed surface should be added to compensate for the normal corrosion.

Box members and girders

Should be constructed tight if feasible (members or orthotropic deck girders).

Where tight construction is not feasible, provide adequate hatches or vents to
provide a draft.

Inside surfaces of box girders may be left bare, however, where inaccessible
to inspection, inside should be painted.

Inside surfaces of box or tubular members should be painted with an extra
heavy coating around openings.

REFERENCE: National Cooperative Highway Research Program (NCHRP) Report 314
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BEARINGS

The most common bearing system currently being used by the Department is the neoprene
bearing system. Neoprene pads are used exclusively for all prestress girder designs and are
often used for steel spans where lengths are not prohibitive. As outlined in AASHTO,
elastomeric bearings should be of uniform thickness (risers sloped to match grade), with
plain pads using 70 and reinforced pads using 60 durometer hardness material. For
reinforced bearings, Louisiana uses only steel reinforcement with 3 mm minimum edge
cover. Neoprene pads for prestress girders shall be in accordance with the miscellaneous
span and girder details and will be used on all standard projects without additional design
effort.

For longer steel spans, other type bearings are used. Teflon sliding bearings may be used,
if approved by the Bridge Design Engineer. The rocker bearing is the most common type
and should be designed in accordance with the AASHTO Specifications. All large bearings
shall be stress relieved. A fully supported pin between the upper and lower saddles should
be used in order to prevent bending of the pin which could result in localized high
stresses, galling, popping and disintegration. For long span deep girder designs, significant
movements can be generated from span deflections and must be accounted for in the
bearing design. The use of lead materials for bedding the steel bearings to the bearing
surfaces is prohibited.

On horizontally curved girder spans the expansion bearings should be oriented on a line
projected from the fixed bearing to the expansion bearing. If finger joints are used, the
fingers should also be oriented along this line.
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RECTANGULAR NEOPRENE BEARING DESIGN

Required Data

w/o impact
distance from fixed bearing to

expansion bearing being designed

hro
e

Girder: lower flange width (b)) =
dead load reaction (Pa) =
live load reaction (Pu) =
expansion length h=
Given Data
|
I
P W
ITEMS CONCRETE STEEL REFERENCE
CONSTANT
T(C®) 39°C 68 °C 3.16
a (/C°) 10.8 x10°® 11.7 x10°® 8.5.3.10.2.2
SHRINKAGE | 208.33 x10° | 104.17 x10° | BDM, chapter 3
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PAD PLAIN REINFORCED | REFERENCE
VARIABLE
HARDNESS 70 60 SHORE “A”
FCTL(N/mmz) 10.8 x10°® 1.38 14411
G Gce 1.38 0.90 T14.3.1
Gs 2.07 1.38 T14.3.1
B 1.8 1.4 outer 14.2
1.8 1.8 inner 14.2
CREEP 45% 35% T14.3.1

Design (Method A)

W = br

TL = (Pai + Pu)

L>TL + (Fert X W)

oc = TL = (L+W)

1. hii < Gex(L*W)+[2xacx(L+W)xp]

14.4.1.1
hs = 1.6 mm
Fy = 227.5 N/mm?
2. Far = 0.55 Fy
3. < 165 N/mm?
cycles

4. 2)hi< (Faixhy)=(1700x4.448/25.4)

14.4.1.6

<16.9 mm

Ah = [O(AT)=+Shrink]xI
total T
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compression

Std Spec 1018.14(a)

Std Spec 1018.14(a)
T10.32.1A

T10.3.1A, 2 million

shim strength

DOTD & FHWA use



7. As= _h = Ah  modified
for pier flex.

8. n = No. of inner layers =

3) hri = (2x_s) + (n+2/1.4) = shear 14.4.1.3

4) select hri and n to satisfy equation 1,2,& 3
hi =
n=
select ho = hi/ll.4 =
check stress: heid = hi/1.0 = hro/1.4=
SIB=(W*L)+[2(W+L)(heit/B)]=

0e<Go(S/)=

5)hrt=nxhri+2><hro

h =hy + (n+1)*hs

< L/5 (plain) = stability check 14.4.1.5
< L/3 (reinforced) =

6) H = Gs(L x W)(As/2)+hy) slip check 14.6.1
< 0.2Py if no slip apparatus is used

7) &i'" = f(SIB,0.) = See figure F14.4.1.2B or

3
1

S

o International Bridge Conference 88-17 Eq 37
S 1.63

23(=
(/3)

< 0.07FHWA Region 3 SCEF Comm.10
ACTL =nx hri x <“:<:iTL"'2 x hro X EcoTL
< ? mm agency instantaneous deflection limit

APY =nxhixe®+2 x hox g0 (1+creep) agency long term deflection limit
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<3 mm
GD = grade difference between riser and bottom of girder

1. @™ = (6 + 6" =~ woll¥/24El + 1/400 = GD

CORROSION PROTECTION METHODS
GENERAL

Details given in Chapter V provide adequate corrosion protection for the average
application. For those locations where severe corrosion potential exists (exposure to
coastal splash zones, deicing chemicals, areas where there is a history of corrosion
problems), the Bridge Design Engineer will determine the method to protect the concrete
reinforcing steel, including direct treatments (galvanizing or epoxy coatings), corrosion
inhibitors (calcium nitrite), and silica fume or fly ash for reducing concrete permeability.

Fly ash

A pozzolan is a by-product of pulverized coal-fired electric power generation. It is
physically smaller than the average cement particle and is round.

PROS:
1) Improves workability (pumping and ease of flat-work finishing) of fresh
concrete
2)  Reduces peak temperature of mass concrete
3) Long term reaction products help fill in spaces between hydrated cement
particles, thus lowering permeability to water and aggressive chemicals
4)  Reduces required water in mix for given slump
5 Increases long-term strength of concrete if moist environment and
moderate temperatures maintained
6) Low cost
7)  Allows reduction in cement content
CONS:

1) Reduced early strength, increases setting time (both initial and final)
2)  Decreases entrained air

3) Class C can cause corrosion (use Type F)
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COSTS:
From 3.3 to 4.4 cents per kilogram (1995) with maximum rate of 25% of the cement by
weight.

Microsilica

A by-product of the production of silicon and ferrosilicon alloys. It, like fly ash, is a
pozzolan, but with a much higher silicon dioxide content and much smaller, rounder
particle sizes. It is more reactive than fly ash. Use the densified form.

PROS:
1) High early strengths
2)  Significantly reduces permeability
CONs:
1) Requires use of high water reducing admixtures to maintain slump
2)  Requires use of admixtures to obtain desired entrained air
3) Increased plastic shrinkage, due to less bleed water, requires surface to be
covered to prevent rapid evaporation
4)  More expensive than fly ash
COSTS:

$1.30 per kilogram (1995) with maximum rate of about 10% of the cement by weight.

Calcium Nitrite

A corrosion inhibiting liquid added to the concrete mix that reacts with embedded steel to
inhibit chemical action of chlorides on the reinforcing steel. Corrosion initiation is delayed
and corrosion rates are controlled by determining the anticipated chloride ion content of
the concrete over the design life of the structure and adding sufficient quantity to
counteract that value. Recommended rates are from 10 to 30 liters per m®.

PROS:
1)  Offers built-in protection that can be adjusted for service life required
2)  Only proven corrosion inhibitor with enhanced mechanical properties of
concrete
CONs:
1) Price
COSTS:

$1.85 per liter (1995)
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INTRODUCTION TO SUBSTRUCTURE

This chapter deals with some of the more common types of substructures used for bridges,
as well as approach slabs, retaining walls and embankment protection.

EMBANKMENT AND REVETMENT

Embankment is most often needed to economically transition the bridge to the roadway.
Settlement and stability analyses are important considerations when determining the fill
heights and the bridge length. Geotechnical information such as consolidation studies and
slope stability analysis should be obtained during preliminary design when fill heights are
a consideration.

When erosion of the embankment is a concern due to stream forces, the exposed
embankment should be protected with flexible revetment or rip-rap. The type of
protection used depends upon hydraulic factors at each site. The Hydraulic Section will
normally recommend the type of protection to be used when the Hydraulic Bridge report is
submitted.

END BENTS, APPROACH SLABS AND RETAINING WALLS

The end bent and approach slab provides a transition from the rigid bridge structure to the
flexible roadway embankment. Normally 12 m approach slabs are used for slab span and
girder bridges except in weak soil areas. In these areas, 30 m pile supported approach
slabs are often required to achieve a reasonable transition. Wingwalls are normally used
on girder bridges to contain the embankment adjacent to the end bent.

Often retaining walls are required to contain the embankment in areas where right-of-way
is a constraint. Either cast-in-place or mechanically stabilized earth walls (MSE) may be
used. In most cases MSE walls are found to be the most economical unless site conditions
dictate otherwise.

PILE BENTS AND COLUMN BENTS

The most commonly used bent type is the pile bent. The pile bent generally consists of a
cast-in-place concrete cap used with precast-prestressed concrete piles. Pile bents are
limited in height due to the slenderness and buckling capacity of the piles. Pile bents are
very economical and can be used for stream crossings, highway crossings and railroad
crossings when aesthetics are not a consideration.

The next most common bent type is the column bent. The column bent generally consists
of a cast-in-place concrete cap, column and footing supported by piling. The columns may
also be supported by drilled shaft footings or may be directly connected to the drilled shaft
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Column Bents come in a variety of configurations. The most common is the two-column
bent with round columns, normally used on two lane bridges.

Hammerhead column bents are often used on ramp structures. For bridges with column
heights greater than 15 m, tapered columns are often used for greater economy.

Inverted T-caps are sometimes used for aesthetics, but primarily, where vertical clearance
dictates their need. Inverted T-caps should be used only with approval of the Bridge
Design Engineer.

RIVER PIERS AND COFFERDAMS

Where bridges cross major stream or river crossings and pile bents are not feasible, the use
of a column bent constructed with a cofferdam is most commonly used. For major
Mississippi River Bridge crossings, caissons are commonly used. As an alternate, large
diameter drilled shafts should be investigated when deemed appropriate for the site.

All bridge crossings subject to navigational traffic should be investigated for the
appropriate protection system due to vessel impact. This may include placing the piers out
of the channel when it is feasible, designing the piers for vessel impact, or placing
protection systems such as fenders and/or dolphin islands around the piers. The AASHTO
"Guide Specification and Commentary for Vessel Collision Design for Highway Bridges"
should be referred to for more information.

PERMANENT OR TEMPORARY SHEET PILE WALLS

Steel sheet pile walls are commonly used for both permanent and temporary applications.
For sites where a permanent bulkhead is needed such as a navigational waterway,
permanent sheet pile walls are often used. They are commonly designed either as a
cantilever or tied back wall.

When bridges are built by phased construction (split-slab) on an offset alignment, or
adjacent to railroad tracks, temporary steel sheet pile walls are often used to retain the
existing or new embankment. In order to temporarily retain embankment, where deemed
appropriate, temporary MSE walls may be used as an alternate to steel sheet pile walls.



DRIVEN PILES
INTRODUCTION

The most commonly used driven pile types are precast-prestressed concrete, cast-in-place
concrete, steel "H", steel pipe and timber. This section is a guide to methods of pile
foundation design and details.

It is conceded that the problem of foundation analysis is a highly complex one and that
sometimes experience and intuition will be the better part of analysis. In this light, if any
analysis and soil boring interpretation is followed blindly, serious errors in estimating
foundation capacities can result.

The bridge designer normally proposes the type and length of pile foundation during
preliminary plans. The Geotechnical and Construction sections should be consulted both
during preliminary and final design to review and make comments on the proposed pile
lengths, pile type and field-testing.

PILE DESIGN

Soil borings are required on all bridge projects for which piling is involved. In cases where
an existing bridge will be widened or replaced on an existing alignment, the engineer
should evaluate the following information first from the existing bridge records.

a) Existing bridge borings.
b) Existing test pile reports.
c) Existing pile driving records.

On projects for which all or some of the above information is available and contains
sufficient information for the design of the foundation, there will be no need to order new
borings.

Should the existing information not be sufficient or is not available, new borings must be
ordered. New borings must be ordered through our Geotechnical Section. Information on
how to order new borings and a boring request form can be found in chapter 1 or you may
contact the Geotechnical Section. Any existing deep boring data should be attached to the
boring request. The date when the complete geotechnical data (borings, consolidation and
settlement analysis) are needed, should be included in the request. In the absence of this
information, priority will be established by the preliminary plan date.
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Piles shall be designed using service loads excluding live load impact. The maximum pile
loads (design load) should always be shown on the construction drawings, normally with
bent details or on the pile data sheet. Piles can be designed as friction piles, bearing piles,
or a combination of both. The weight of the pile is normally neglected except in special
cases involving large diameter piles and when cofferdams and tremie seals are used. The
pile lengths for both on-system and off-system bridges are determined using the appropriate
safety factors which are selected based on field-testing, type and amount of soils data and
geotechnical analysis, type of project, static and dynamic load test and method of
modeling pile installation. See Field Testing for more information on safety factors.

In order to set the plan pile lengths, a static analysis to determine ultimate pile capacity is
normally performed on each boring for friction and bearing capacity. Due to the variety of
soil conditions, this manual will not attempt to describe the analysis procedures. The
engineer should confer with the Geotechnical Section when performing a static analysis.
The design engineer will normally use the total soil shear strengths determined from either
unconfined compression tests or standard penetration tests to determine the pile friction
and end bearing for various piles and loads. If economically feasible, the engineer should
attempt to tip end bearing piles in very dense sands (n=50 blows). The end bearing piles
should penetrate a minimum of 1.5 m into the 50 blows count material.

The plan pile lengths are established when the design event ultimate pile capacity divided
by the required factor of safety is equal to or greater than the design load.

Pile sizes should be proportioned so that the following criteria are met.

a) As a general rule, the maximum slenderness ratio of “a < 20 should be
maintained.

L = pile unsupported length (mm). The unsupported length is measured down
below the channel bottom or ground line accounting for estimated scour, if
appropriate (1.5 m minimum), plus a distance to the assumed point of pile
fixity. In general, pile fixity can be assumed at 1.5 m below scour line or
ground line. See figure on page

d = the least dimension or diameter of the pile section (mm).

The maximum unsupported pile lengths based on a /a = 20 are as follows:
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Pile Size(mm) Max.unsupported length (mm)
350 7000
400 8000
450 9000
600 12000
750 15000

b) If Ya = 12, batter exterior piles.

c) All pile friction above the estimated scour line should be ignored. A minimum
of 1.5 m of scour shall be assumed.

d) Piles should be proportioned so that the maximum pile design load is less than
the allowable axial compressive loads and the allowable lateral loads. The
allowable axial compressive pile loads are shown on page number 6 (6).

When favorable soil conditions exist, the design pile load should approach the
upper limit of the allowable load range. In cases where the soil strength is
questionable, lower design loads should be used.

e) The design of laterally loaded piles is usually governed by the lateral movement
criteria. Proprietary computer programs are available for lateral pile
geotechnical analysis. In addition the pile must be able to resist the additional
lateral loads structurally. In the absence of lateral pile test information or a more
detailed lateral analysis as described above, the following allowable lateral
loads may be used.

Pile Type Allowable Lateral Pile Load (kN)
Timber 13.0 kN
Concrete 18.0 kN
Steel 22.0 kN

f) Pile splices for concrete piles may be required when pile order lengths are
expected to exceed the maximum casting length shown on the Standard Detail
CS-216. The plans will have an S-item for pile splices (per each) with the
anticipated number that may be required. The item will be bugged noting that
this item may be deleted if final order lengths are less than maximum casting
lengths shown in the plans.

! Maximum unsupported lengths may be exceeded in special situations with the BDE's approval. However,
I/d = 25 will require investigations for elastic stability as columns.
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Table, Allowable Axial Pile Load

PILE TYPE PILE SIZE ALLOWABLE AXIAL STANDARD DETAIL NAME
COMPRESSIVE LOAD
Precast Prestressed Concrete 350 310-490 kN
Piles (square) 400 400-575 kN ElCS-216(M)
450 454-665 kN
600 710-1065 kN
750 1155-1730 kN
Precast Prestressed Cylinder 1370 2000-2500 kN 1370 mm
Piles Prestressed
Cylinder Pile
Cast-in-place Concrete 350 490 kN Concrete Pile Alternates
Steel Pipe Piles 400 755 kN
Cast-in-place Concrete :
Tapered: Raymond 350, 400 490 kN, 755 kN
Helcor or 350, 400 490 kN, 755 kN Concrete Pile Alternates
Corwell
Monotube 350, 400 490 kN, 755 kN
Timber Butt Dia. (500- 265 kN N/A
300) Tip Dia. 355 kN (Special Cases)
n (225-125)
Steel "H" HP250=<62 495 — 650 N/A
(common sizes) HP250>=85 670 — 885
HP360>=<108 855 —1130
HP360>=132 1050 —1385
HP360>=152 1200 —1590
HP360=<174 1375 —1820
Steel Pipe PP460>= 9.5 830 —1100 N/A
(other sizes available,check PP610>=12.7 1475 —1952
w/suppliers) PP760>=15.9 2310 —3050

! The allowable loads are based on the formulae set up by the joint AASHTO and PCI for piles with f'c =
35MPa PSI. (F.5.= 4 '/o = 25 and 10 respectively); The loads are further reduced to account for soil capacity
(Additional F.S. = 1.6 to 2.2). For situations where “/o is approaching zero, i.e,. footing piles, and very
favorable soil conditions exist, the designer may consider loads 1.5 times higher than those shown.

2 Refer to standard detail CS-216(M) for maximum pile casting lengths.

3 The lower and upper values represent allowables of the pile area 0.25Fy and 0.33 Fy respectively. Loads
above the lower value may be used only with approval of the BDE and must incorporate static and/or
dynamic load tests to confirm satisfactory results.
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The following typical splices are approved to be used on precast concrete and

steel piles.
Pile Type Pile Size Pile Splice Type
(mm)

Precast Concrete 350, 750 Cement dowel

Precast Concrete, | 350,400,450 | Dyna-a-splice (proprietary)

Precast Concrete, 600 ABB (proprietary)

Steel All sizes Full penetration butt weld

Standard details are available for the precast concrete pile splices, except for ABB
splices.

g) For piles with a diameter less than 0.6 m, an 8 m minimum pile penetration
should be provided for stream crossings below the estimated scour elevation.

h) For pile diameters equal to or greater than 0.6 m, a 9 m minimum pile
penetration should be provided for stream crossings below the estimated scour
elevation.

Battering piles is an expensive process and should be specified only when necessary. The
exterior pile in bents should be battered when the unsupported pile length is excessive.
Battering footing piles provides the necessary lateral support that is sometimes required to
resist excessive lateral loads transferred from the column to the footing. This is particularly
true for short column bents due to cap shrinkage. Maximum batter is usually 1 on 4 for
footing piles and 1 on 8 on pile bents.

The allowable strength of precast concrete piles is seldom, if ever, exceeded by the design
loads. Pile handling and transportation govern the design, thus establishing the maximum
casting length and pick up point locations.

Cast-in-place concrete piles are used primarily in south Louisiana and are designed either
as friction piles or combination friction and bearing piles. When cast-in-place piles are
included as an alternate for precast piles, the pile lengths should be set based on the cast
in-place pile, and only precast piles will be allowed in the end bents.

When hard driving is anticipated, particularly where jetting is not desirable, such as footing
piles, the designer should consider non-displacement piles such as open-ended pipe or H
piles. The designer should discuss this with the Geotechnical section.

The pile group capacity will be considered in foundation analysis if the center to center
spacing is less than three pile diameters. Under normal situations, this is not allowed.

6 (7) Rev. 12/01/99



The consolidation settlement shall be computed for all pile groups. The pile group
settlement shall be the same as shown for drilled shafts on page ﬁ

All timber piles for permanent structures shall be treated timber according to the Standard
Construction Specification. Coastal treatment should be considered for use at locations
south of 1-10/1-12 line. Where coastal treatment is used, it should be clearly specified in the
plans. Temporary structures such as detour bridges shall use treated timber piles.

PILE DETAILS

1. The following pile standard details are available and shall be included in the plans
when applicable.

Standard Detail Description
CS - 216(M) Precast-Prestressed Piles
Concrete Pile Alternates Cast-in-place Concrete Piles
Pile Splice Details Cement Dowel, Dyna-a-Splice
2. Steel pipe piles shall generally be driven with open ends only.
3. Pile lengths should normally be shown on the general bridge plan. Pile tips, cutoff

elevations, pile lengths and design loads should be shown on a pile data table. In
addition, a column for end of driving pile capacity should be provided.

4. For moderate to complex projects involving skews, horizontal curves, interchanges,
etc., or where interaction with existing foundations is present, the plans should
include a foundation layout. The layout must show bents and/or footing pile
locations and referenced to the centerline or P.G.L. Existing structures or
substructures that may conflict with the pile driving must be clearly shown. Boring
locations as well as test piles, CPT probings, PDA monitor piles and indicator piles
must also be shown.



FIELD TESTING PROGRAM
INTRODUCTION

For most bridge projects, some type of pile testing or pile monitoring is normally
performed. Soil conditions, design loads, magnitude of project, pile types, and economics
are some of the factors determining the type and extent of the field-testing program to be
implemented. Prior to beginning the field-testing program, the contractor must submit the
necessary pile driving equipment information and the pile installation plan for evaluation
and approval. The pavement and geotechnical design section will evaluate the proposed
equipment based on the wave equation analysis (GRLWEAP™) for each pile type and size
required in the plans. The criteria used in the evaluation consist of the pile driving stresses
and the number of hammer blows per 0.25 m at the required ultimate pile capacity. The
equipment and installation method shall be such that the piles will obtain the required
penetration without damage.

The field-testing program is initiated in order to confirm or revise the estimated plan pile
lengths as well as the contractor’s proposed pile driving operations and installation plan.
Upon evaluation of the data and results of the tests/monitoring, the project engineer,
Construction, Geotechnical, and Bridge Design sections concur on pile order lengths and
installation plan which allow the contractor to begin the pile fabrication process.

Field verification of pile capacity may be eliminated when either of the following two (2)
conditions exist:

1. The soil boring data is consistent and indicates a very dense bearing strata (N = 50)
which should be a minimum of 5 m thick.

2. Static load calculations indicate with the appropriate factor of safety (normally
2.75), it will be more economical to extend the piling than to enter into a test pile
program with shorter length piles.

In these cases, the plans will specify order length piles.



DEFINITION OF TERMS AND PLAN REQUIREMENTS

Test Piles

Test piles are driven in advance of the permanent piles and are used to determine the
length of the foundation piles by applying static loads at predetermined intervals. They
may also be used to further evaluate the contractor’s proposed method of installation and
equipment. They are generally located in close proximity to a boring with consideration
given to accessibility to the site for the driving and loading equipment and should model
the most critical subsurface conditions for the area for which they will control. In some
cases this may require the contractor to excavate the test pile location or utilize a casing to
eliminate side friction in the upper portion. If cone penetrometer tests are utilized, they
will generally govern the final location and tip elevation of the test piles.

Test piles should be cast long enough to be redriven, if necessary, to the plan tip elevation
of the piles at the nearest bent and also sufficiently long to permit static and dynamic
monitoring with the Pile Driving Analyzer.

Test piles are an expensive item for bridges, particularly on small projects and therefore,
should not be used indiscriminately.

In addition to testing maximum axial compression, test piles may also be used to test the
uplift (tensile) capacity of the pile primarily used for footings in cofferdams with tremie
seals.

The plans or specifications should clearly designate if test piles are to serve as permanent
piles.

When an item for a Test Pile is given in the plans, it is generally accompanied by items for
Loading Test Pile, Reloading Test Pile, and Redriving Test Pile.

Due to the inherent properties and characteristics of soils and soil/pile interaction, the
plans should always contain an item for Loading Permanent Piles for those unanticipated
situations.

Cone Penetrometer Test, (CPT)

CPT probings may be used to determine pile order lengths. The CPT probings are also
used to determine the final location and final pile tip elevation of the Test Piles and
Indicator Pile. One of the following notes should be placed in the General Notes of the
bridge plans depending on if the Department will perform the work, (note a), or if the
Contractor will perform the work, (note b).
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a) CPT PROBINGS: CONE PENETROMETER TEST (CPT) PROBINGS WILL BE REQUIRED
AT THE LOCATIONS NOTED IN THE GENERAL PLANS OR FOUNDATION LAYOUT
AND AT TEST PILE AND INDICATOR PILE LOCATIONS. CPT PROBINGS WILL BE
PERFORMED BY THE DEPARTMENT IN ACCORDANCE WITH SECTION 804.04 (1)
OF THE SPECIFICATIONS.

b) CPT PROBINGS: CONE PENETROMETER TEST (CPT) PROBINGS WILL BE REQUIRED
AT THE LOCATIONS NOTED IN THE GENERAL PLANS OR FOUNDATION LAYOUT
AND AT TEST PILE AND INDICATOR PILE LOCATIONS. CPT PROBINGS WILL BE
PERFORMED BY THE CONTRACTOR.

When the CPT probings are performed by the contractor, (note b), the maximum CPT
penetration elevation should be specified in the plans as follows:

a) THE MAXIMUM CPT PROBING PENETRATION ELEVATION FOR ALL CPT
PROBINGS SHALL BE___ (elevation in meters).

b) THE MAXIMUM CPT PROBING PENETRATION ELEVATION SHALL BE ___ (elevation
in meters). FOR CPT PROBINGS TAKEN AT BENTS (##) THROUGH (##).

c) THE MAXIMUM CPT PROBING PENETRATION ELEVATION FOR TEST PILE (##)
SHALL BE ___ (elevation in meters).

Pile Driving Analyzer, (PDA)

PDA may be used to monitor the pile driving installation of Test Piles, Indicator Piles, and
Monitor Piles with the Pile Driving Analyzer (PDA). A note similar to the following note
should be placed in the General Notes of the bridge plans. It should be modified as
needed.

PDA MONITORING: PILE DRIVING ANALYZER (PDA) MONITORING WILL BE REQUIRED
AT EACH TEST PILE, INDICATOR PILE, AND MONITOR PILE OR AS DIRECTED BY THE
ENGINEER.

Indicator Piles

Indicator Piles may be used to determine the final pile order lengths. In this case, an
Indicator Pile is driven in advance of the production piles. The difference between
Indicator Piles and a standard test pile is that loading Indicator Piles is not anticipated.
Indicator piles should be cast long enough to be redriven, if necessary, to the plan tip
elevation of the piles at the nearest bent or as determined necessary by the CPT probing.
Indicator Piles are usually piles tipped on marginal end bearing soils. The Indicator Pile is
used to access pile driveability problems such as hard driving which may require jetting or
predrilling and to assess the bearing capacity of marginal bearing soil. The Indicator Pile
driving installation is monitored with the PDA to evaluate the pile driving equipment
performance and to monitor the pile driving stresses. Pile bearing capacity and driving
criteria will be developed from data obtained from the PDA monitoring. The location of
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these piles is generally based on the type and size of pile to be driven and the anticipated
subsoil profile at each bridge structure. The indicator pile is paid for as a modified test pile
(i.e. Item 804.07(A) Precast Concrete Test Pile (Indicator Pile)). Pay items for each type of
indicator pile used should be shown in the plans.

Redriving of indicator piles is paid for under Item 804(14), Redriving Test Piles. If it is
determined from the driving records and PDA monitoring that the indicator pile should be
load tested, each load test shall be paid for under Item 804(12)(A).

The following note should be placed in the General Notes of the bridge plans.

INDICATOR PILE: INDICATOR PILES WILL BE REQUIRED AT THE LOCATIONS SHOWN
ON THE GENERAL PLANS OR FOUNDATION LAYOUT.

Monitor Piles

A Monitor Pile may be used to monitor the pile driving installation with the PDA. This is
usually accomplished by monitoring the first permanent pile of its type and size to be
driven at each bridge structure or at a specified bent location. The location of these
Monitor Piles is generally based on the type and size of pile to be driven and the
anticipated subsoil profile at each bridge structure. The PDA is used to evaluate the pile
driving equipment and to monitor the pile driving stresses. Pile driving criteria will be
developed from this information. The Monitor Pile is paid for as a permanent pile. The
dynamic monitoring is paid for with the PDA Monitoring item. One of the following notes
should be placed in the General Notes of the bridge plans depending on where the
indicator pile(s) is located.

a) MONITOR PILES: THE FIRST (size, type) PILE DRIVEN AT EACH BRIDGE SHALL BE
MONITORED WITH THE PILE DRIVING ANALYZER (PDA).

b) MONITOR PILES: THE FIRST (size, type) PILE DRIVEN AT BENT NO. (##) SHALL BE
MONITORED WITH THE PILE DRIVING ANALYZER (PDA).

c) MONITOR PILES: THE FIRST (size, type) PILE DRIVEN AT BENTS (##) THROUGH
(##) SHALL BE MONITORED WITH THE PILE DRIVING ANALYZER (PDA).

Rev. 12/01/99
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Permanent Piles

Permanent Piles are those piles that are furnished by the contractor in accordance with an
approved order list for use in production driving of foundation piles for the final
substructure. If the driving resistance of a permanent pile should not correlate with the test
pile or be less than that of the test pile, the engineer may require a static load test among
other courses of action.

The following plan note should be placed in the General Notes of the bridge plans.

PILES: ALL PILE REQUIREMENTS INCLUDING SIZE, TYPE AND MAXIMUM DESIGN LOAD
AND TEST PILE REQUIREMENTS AS TO LOCATION AND TEST LOADING SHALL BE AS
DESCRIBED ON THE PLANS OR IN THE SPECIFICATIONS. SEE STANDARD DETAIL CS
216(M). THE MINIMUM PILE TIP ELEVATIONS WILL BE PLAN PILE TIP ELEVATIONS
UNLESS NOTED ON THE PLANS OR OTHERWISE AS DIRECTED BY THE ENGINEER.

In addition, one of the following pile length notes shall be included as needed in the
PILES: note in the plans.

a) PILE LENGTHS SHOWN IN THE PLANS ARE ORDER LENGTH PILES.

b) PILE ORDER LENGTHS WILL BE PROVIDED AFTER COMPLETION OF THE CPT
PROBINGS AND/OR TEST PILE LOAD TESTING AND/OR INDICATOR PILE
INSTALLATION AND EVALUATION AS REQUIRED BY THE PLANS.

Jetting

When appropriate, jetting may be used to facilitate pile installation. This practice shall be
predominately used when hard driving is anticipated during pile installation of end bearing
piles. Jetting should not be allowed for friction piles, piles in footing, header banks or
where stability of embankment or other improvements may be endangered. When jetting is
allowed or required, the following note shall be added to the Special Provisions

JETTING: JETTING MAY BE REQUIRED IN ACCORDANCE WITH SECTION 804.05(1) AT (list
of the locations).

The note above amends the Standard Specifications sub section 804.05(1), Water Jets.

For more specific information on this subject as well as appropriate plans and
specifications requirements including pay items, refer to the latest DOTD's Standard
Specifications.
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Types of Field Load Testing

1. Static Load Test: This work consists of applying static loads at predetermined
intervals to Test Piles and in some cases to Indicator Piles or Permanent Piles.
The static loads are applied in increments of 10 to 15 percent of the design load and
held for an interval of 5 minutes. The loads are increased until pile failure occurs or
three times the design load is reached. The ultimate pile capacity is determined
through the analysis of the load settlement curve then a safety factor of 2.0 is
applied to determine adequacy of pile tip elevation. Test piles will be loaded unless
otherwise directed by the engineer. Test piles shall remain undisturbed for at least
14 calendar days after driving, unless otherwise directed by the engineer, to
required penetration before beginning loading operations.

2. Dynamic Load Test: This work consists of assisting the Department in obtaining
dynamic measurements with the Department’s Pile Driving Analyzer (PDA) of test
piles, indicator piles, and permanent piles during initial pile driving and during pile
restrikes. The cost of equipment mobilization or any delays due to dynamic
monitoring shall be at no direct pay. To allow space for attachment of
instrumentation when dynamic monitoring is specified on test piles, indicator piles,
and monitor pile, the piles shall be long enough to allow access to the top 2.5 pile
diameters or side dimension of the pile at the end-of-driving penetration. The
dynamic monitoring shall be performed for the purpose of obtaining the ultimate
pile capacity, pile driving stresses, pile integrity, and pile driving system efficiency.

Types Of Pile Capacities

1. Static Load Test Capacity: This is the computed ultimate pile resistance that we are
anticipating during the static load testing of a test pile, indicator pile, or permanent
pile. The soil resistance will depend on the as-driven conditions such as
overburden of the scour zone, scour zone soil resistance if it has not been cased or
excavated, etc. The reaction system shall be sized to resist three times this
estimated Static Load Test Capacity shown in the plans or as directed by the
engineer.

2. Ultimate Pile Capacity: This is the ultimate pile capacity that has been determined
from either a static or dynamic test of a test pile, indicator pile, or permanent pile.

3. Design Load: Is the maximum computed working load that the pile foundation is
anticipated to support during the life to the structure.

4, Design Event Ultimate Pile Capacity: This is the computed static ultimate pile
resistance that should be available after neglecting the scour zone and accounting
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for the pile installation method. Plan pile lengths shall be based on the Design
Event Ultimate Pile Capacity along with the appropriate safety factor.

5. End-Of-Driving Pile Capacity: This is the computed static ultimate pile resistance
that should be encountered during pile driving which must be overcome to reach
the plan pile penetration depth where the design load can be obtained with an
acceptable safety factor. The soil resistance to be overcome includes resistance
from unsuitable layers and scour zone. The effects of temporary loss or increase in
soil strength due to driving operations should be considered. Pile installation
methods which alter the in place soil resistance such as jetting, preboring, etc.
should also be taken into account when computing the end-of-driving pile capacity.

Safety Factors

Safety factors for design, SFoesign, and for construction control, SFeoo, have been established
as shown on the accompanying table. These safety factors are selected based on design
and construction control factors. Design factors are quantity of subsurface information and
geotechnical analysis, type of project, and type of construction control, etc. Construction
control factors are the use of static or dynamic load tests and the use of either wave
equation or dynamic formula to determine pile bearing capacity, etc. The Static Design
Safety Factor, SFpesign, is used to compute pile order lengths based on the Design Event
Ultimate Pile Capacity. The Construction Control Safety Factor, SFeop, is used to determine
the required End-Of-Driving Pile Capacity for construction control.

SFpesign = Static Design Safety Factor
(Design Event Ultimate Pile Capacity)
SFeop = Construction Control Safety Factor

(End-Of-Driving Pile Capacity)
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Pile Design and Construction Control Safety Factors

Static Design Construction Control
Construction Control Method Safety Factor Safety Factor
SFpesign SFeop
Field Test Pile with Static Load Test 2.00 2.00
Testing [indicator Pile with Dynamic Monitoring 2.50 2.50
On-System: Permanent Pile with Wave 275 275
Equation
On-System: Permanent Pile with Gates
No Field |Dynamic Formula 3.50 3.50
Testing Off-System: Permanent Pile with Wave 250 250
Equation
Off-Syst.em: Permanent Pile with Gates 3.00 3.00
Dynamic Formula
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DRILLED SHAFTS
INTRODUCTION

As an alternate to driven piling, for certain projects, drilled shafts can prove to be an
economical foundation alternate. A drilled shaft consists of an augered hole that is filled
with reinforced concrete to establish a foundation. Drilled shafts will only be used with
the approval of the Bridge Design Engineer Administrator, or his designated representative.

In the past, drilled shafts have been primarily used in the northern part of the state, where
hard clays are prevalent. Wilcox material is particularly suited for drilled shafts because of
its strength characteristics, its cohesiveness and its impermeability. In some of these areas,
drilled shafts should be used exclusively, however, in other areas, where their economy is
questionable, they may be specified as an alternate to piling, requiring separate
substructure details. These cases will be determined on a project by project basis. In the
past few years, the Department has been gaining confidence constructing drilled shafts in
the lower part of the State in sandy soils using the slurry displacement method.

It is always preferable to construct shafts in the dry, however this is not always possible. A
test hole will be placed in most contracts so that the contractor can demonstrate his ability
to construct a drilled shaft. If a dry hole cannot be maintained, the contractor will have to
construct the drilled shafts using the slurry displacement method with approved slurry.
Construction methods are dependent on soil conditions, and will conform to Section 814
of the Standard Specifications.

APPLICATION

1. Projects with obstructions that impede the pile driving operation. There is
construction equipment available today to construct drill shafts under existing
structures with vertical clearances as low as 4.0 m.

2. Projects requiring heavily loaded foundations.

3. Projects involving conflicts with utilities, existing drainage, roads, bridge structures
and/or projects where vibrations and excessive noise cannot be tolerated.

4. Projects using large drilled shafts to take the place of footings and extend the shaft
to the top of the substructure using conventional columns.

5. Projects which have hard clays, particularly when it is anticipated that precast
concrete piles cannot be driven through the soil without a pilot hole that extends to
within a few feet of the founding elevation.
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DESIGN

10.

11.

12.

All projects involving drilled shafts will be approved prior to design, by the Bridge
Design Engineer Administrator.

As a general rule, size the drilled shaft for a compressive stress of 3 MPa across the
cross section of the shaft. However, the soil characteristics and the design
requirements for the shaft to sustain both axial and lateral loads will determine the
final size and length of the required shaft.

Side friction will be utilized, i.e., the shafts will be constructed with the casing
extracted, unless otherwise approved by the Bridge Design Engineer Administrator.

For drilled shaft design, Class S concrete will be used and the concrete compressive
strength will normally be limited to f'c = 18 MPa.

All drilled shafts, where the concrete or slurry is placed under water, will be
constructed with access tubes to allow for cross-hole sonic logging, CSL. The test
will determine if anomalies are present in the shaft, which may reduce its capacity.
If the shaft has a reduced capacity the payment and/or rejection will be based on
the CSL testing.

Drilled shafts used in abutments shall have a minimum diameter of 600 mm,
however, a diameter of 750 mm is preferable.

A minimum reinforcement of 1% of the gross shaft area shall be extended to the
bottom of the shaft.

Drilled shafts are available in 150 mm increments from 450 mm to 3600 mm. Some
shafts may be available in the 4800 mm range.

Drilled shafts should be spaced center to center a minimum of three (3) times the
shaft diameter, however, shafts can be placed closer if group capacity is accounted
for in the foundation analysis.

Battered drilled shafts will not generally used.
Belled footings will not be used.

Detailed clearances for the reinforcement to the outside of the drilled shaft will be
75 mm for shafts with a diameter of 750 mm or less and 150 mm for shafts greater
than 750 mm.

For further design information consult the Pavement and Geotechnical Design Section and
AASHTO.
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Design Criteria

Service load design will be used. The maximum shaft load shown in the plans should be
broken into two components, dead load and other group loads. The effects of down drag or
uplift should be accounted for in the loads.

The final shaft diameter and length will satisfy the following axial load, lateral load and
consolidation settlement criteria:

Axial Load:

1. The shaft size and length will be designed based on the following:

a) Without a test load; Three (3) times the maximum shaft service load, however if
the soil conditions are consistent from boring to boring and the designer has a
high degree of confidence in the predictability of capacity of the shaft, 2%
times the maximum load can be considered.

b) With a test load; Two (2) times the maximum shaft service load

2. Short term settlement due to load transfer will be limited to the following:

a) (Settlement resulting from two times the maximum shaft service load) = 20 mm
to 25 mm.

b) (Settlement resulting from 1%% times the maximum shaft service load) < 7 mm.

Lateral Load:

1. Design the shaft for lateral loads, beginning with the size and length of shaft
determined from the axial load design. The potential for loss of lateral capacity due
to scour will be considered in the design.

2. Lateral movement will be considered and based on the specific type of structure
and the nature of the lateral loads.

Consolidation Settlement:
1. Consolidation information should be obtained at the time the deep foundation

borings are taken. The Geotechnical Section should be advised that this project is a
potential drilled shaft site and consolidation information is required.
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2. Consolidation settlements will be limited to the following:

a)

b)

Standard Structures - 50 mm maximum or 25 mm / 50 m of span length.

Movable Structures - 15 mm total and 15 mm differential between adjacent
substructure elements

Construction

1. Drilled shafts may be constructed using the dry, wet or casing method of
construction, or a combination of methods. However, the preferred and most
economical method is the dry method.

2. Drilled Shafts shall be constructed in accordance with the plans and Section 814 of
the Standard Specifications for Roads and Bridges.

3. Types of Drilled Shaft Construction:

a)

Dry Method:

The dry construction method shall be used only at sites where the groundwater
level and soil conditions are suitable to permit construction of the shaft in a
relatively dry excavation. And also where the sides and bottom of the shaft may
be visually inspected by the Engineer prior to placing reinforcement and
concrete. The dry method consists of drilling the shaft excavation, placing the
reinforcing cage, and concreting the shaft.

Wet Method:

The wet construction method may be used at sites where a dry excavation can
not be maintained for placement of the shaft concrete. This method consists of
using slurry to maintain stability of the hole perimeter while advancing the
excavation to final depth, placing the reinforcing cage, and concreting the shaft.
Where drilled shafts are located in open water areas, exterior casings shall be
extended from above the water elevation into the ground. The casing shall be
installed in a manner that will produce a positive seal at the bottom of the
casing so that no seepage of water or other materials occurs into or from the
shaft excavation.

Casing Method:

The casing method may be used when shown on the plans or at sites where the
dry or wet construction methods are inadequate to prevent caving or excessive
deformation of the hole. In this method the casing may be either placed in a
predrilled hole or advanced through the ground by twisting, driving or vibration
before being cleaned out. In either case (b) or case (c), the designer determines
that the casing must be permanent, then a separate pay item must be included
in the plans.
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4.

Slurry Types:

a)

Polymer Slurry:

This type of slurry is a polymer powder that is pre-mixed with potable water
and placed in the drilled hole. The weight of the slurry is used to counteract the
hydrostatic pressure from the surrounding soil formation. The polymer prevents
caving of the sides of the hole and is destroyed during the placement of the
concrete by the chemical reaction with the cement. The polymer slurry, once
destroyed, normally leaves no residual material in between the concrete and
the soil interface. The advantages of this type of slurry is that it may be easily
disposed of.

Mineral Slurry:

This type of slurry puts soil particles in suspension and will form a membrane
or a filter cake at the walls of the hole. The membrane acts to prevent caving or
collapse of the hole provided the hydrostatic fluid pressures inside the hole
exceed the pressures in the soil formation. This filter cake can reduce the
perimeter load transfer of the shaft to the surrounding soil if left in place for
extended periods of time. The advantage of the Mineral Slurry is that you can
counteract a larger hydrostatic pressure. The disadvantage is that it must be
recovered and disposed of as a hazardous waste.
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PILE BENTS
INTRODUCTION

Pile bents consist of prestressed-precast concrete piles with a cast-in-place reinforced
concrete cap. (Steel pipe piles or HP piles may be used in site-specific locations). The piles
extend out of the ground to serve as columns and are imbedded into the bottom of the cap.
The following is a guide for the structural analysis and the construction details for general
use in the preparation of plans for pile bents. The AASHTO Specifications shall be
adhered to except as amended or supplemented herein.

Commentary

Due to the high variable conditions of foundation soils and tolerances allowed or expected
in the construction of pile bents, the analysis should be kept relatively simple to reflect this
variability. Rigorous frame analysis on pile bents is also frustrated by the indeterminate
amount of fixity where the pile enters the ground and at the juncture between the pile and
the cap.

Double row pile bents may be considered when additional capacity or stability is desired.
The particular uses of double row pile bents are to resist longitudinal live load movement
of long trestle type structures, and to add stability for high level crossings or weak soil
areas. This practice should be limited to the extent that if a small number of larger piles
are required, a column bent with foundation piles may be more economical.

In the absence of a complete analysis, the designer should consider using one double row
pile bent in every continuous unit. Where the “a ratio is approaching the maximum limit,
set forth herein, the distance between double row pile bents shall not exceed 150 m. In
cases where the Ya ratio approaches the moderate range of 14 to 16, the distance between
double row pile bents shall not exceed 200 m.

ANALYSIS

Traffic loads should be placed in accordance with the AASHTO Specifications, anywhere
within the design traffic lanes to cause maximum or critical stresses in the bent structure.
Live load impact shall be applied to pile bent caps in the analysis.

The general method used for the analysis of pile bents containing four (4) or more piles is
simplified because of the indeterminate nature of the bent structure. The maximum cap
moment is computed assuming a simple span between adjacent pile centers allowing for a
maximum mislocation of piles. The positive cap moment due to dead load plus live load
plus live load impact is adjusted by a 20% reduction for continuity and the resulting value
is used for both positive and negative moments. The related simple span shears should be
used unaltered.
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If the designer prefers more precision, the cap may be considered as a continuous beam
over the pile support points to get a more precise steel requirement. Bent caps with less
than four (4) pile support points shall be considered as a continuous beam.

Unequal dead load reactions from adjacent spans will be placed on the bent cap such that
there are no appreciable dead load moments caused in the longitudinal direction. This
will be accomplished by shifting the joint. An effort should be made to space the piles
equally and at the same time balance the dead load reaction such that there will not be
more than 50% deviation between the interior and exterior pile dead loads.

The allowable structural limit of a pile is controlled by the slenderness ratio which in effect
keeps the pile structurally "a short column” (where column buckling is not critical). It can
be shown that the standard prestressed pile has tremendous reserve strength against axial
failure. The implication is that the foundation soil, the practical span of the bent cap and
the allowable slenderness ratio of the pile will influence the pile size more than the
allowable structural limit of the pile. The measure of the pile slenderness ratio is “/a.

L = the unsupported length
d = the least dimension or diameter of the pile section

The unsupported pile length (L) is usually measured from the bottom of the cap to the
ground line plus penetration into the ground. The point of fixity is dependent on
judgement, accounting for the soil stiffness at the surface or predicted scour at stream
crossing. The point, which the pile is considered fixed, shall not be less than 3 m below
an existing streambed or 1.5 m below the ground surface outside the floodplain.

For slab spans, the live load shall be placed to cause a maximum reaction to the bent. The
wheels on the bent may be treated as concentrated loads. The contributing reaction of the
wheels on the slab span may be summed and equally distributed to all the piles in the bent
as a uniform load to the bent cap. The same number and size of bars shall be used in the
top and bottom of cap.

DESIGN DETAILS

1. Batter exterior piles when Yo = 12. L should account for the predicted scour depth
and distance to pile fixity. A minimum of 1.5 m of scour should be accounted for as
well as 1.5m to point of fixity.

2. Particular attention shall be given to battering the exterior piles on stream crossings
and on bridges in a horizontal curve.

3. Pile batter shall be 1 on 8.

4, Maximum pile loads shall be determined from service loads applied without live
load impact and should be shown on the bent details indicated on the bent details.

6 (23)



10.

11.

12.

13.

14.

Double stirrups shall be used in all pile bent caps exceeding 750 mm in width.

Stirrups shall be spaced at a maximum of 300 mm. The stirrups adjacent to piles
shall be located at a maximum of 75 mm from the face of the pile and the first
space shall be a maximum of 150 mm. The size of stirrups shall be a minimum of
No. 10 bars.

The centerline at the top of the exterior pile shall not exceed more than 460 mm
beyond the centerline of the exterior girder.

The pile bent design should account for at least two (2) adjacent piles being
mislocated 75 mm each or one(1) pile mislocated 150 mm in the direction parallel
to the cap..

Pile bent caps shall have a minimum depth of 600 mm for all slab span supporting
bents and all single row pile bents with less than 600 mm piles and 700 mm for all
single row pile bents with 600 mm piles or larger. Double row pile bents shall
have a minimum cap depth of 750 mm.

The minimum longitudinal cap steel shall be in accordance with the AASHTO
Specifications.

As a general rule, Y4 in pile bents should not be over 20. See further discussion
under driven piles.

The top and bottom reinforcement in caps shall be the same.

The concrete quantity for the pile cap shall not include the volume of concrete
displaced by the pile embedment.

Spacing for double row pile bents shall be determined on an individual basis.
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COLUMN BENTS

INTRODUCTION

Column bents are reinforced concrete frames, which are attached to a separate foundation
of pile footings, spread footings or drilled shafts. The frame generally consists of columns
and a cap and it supports the superstructure. Occasionally, on tall bents, intermediate
struts are inserted to reduce the effective length of the column in the transverse direction.

ANALYSIS AND DESIGN DETAILS

Analysis

1.

The ratio of unsupported column length to least dimension (diameter) of column
(‘/4) should generally be limited to a maximum value of between 9 to 10. Values of
greater than 10 will be considered in special situations.

Bundled steel will not be used.

Unequal dead load reaction from adjacent spans shall be balanced by shifting the
centerline of the bent with respect to the centerline of joint, such that there are no
appreciable dead load moments caused out of the plane of the bent frame.

Live loads from traffic shall be allowed anywhere in the travel roadway and not
confined to a design lane.

An attempt should be made to place the live load on the span to cause a maximum
stress condition in each member to be designed. This is primarily accomplished by
trial and error.

Columns should be placed under the cap such that the dead load moments induced
in the columns are minimized.

The number of columns used should be minimized for typical and repetitively used
bents. The criteria should be the structural limit of the columns and a proportional
size of cap required. Economy and aesthetics will generally be served when the
latter is attempted.

Circular and square columns will normally be designed as tied columns. Special
circumstances may exist where circular columns must be designed as spirally
reinforced columns. This method needs the approval of the Bridge Design Engineer.
The typical spiral wire reinforcement used with our circular column details does not
meet the requirements of a spirally designed column. The spiral reinforcement is
only a more desirable method of providing confinement reinforcement, which
meets the requirements for the ties in a tied column design. In some cases,
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10.

11.

12.

particularly in drilled shafts, contractors may request the use of individual ties in
lieu of the spiral cage. This substitution is normally allowed.

Careful attention should be paid to stresses caused by temperature and shrinkage
when most column lengths get near or below 3.5 m.

The foundation for column bents and piers shall be designed so that no piling or
drilled shaft goes into tension, except for temporary cases during construction (i.e.,
cofferdam/steel design) or when designing for extreme events.

For bents and piers which require seals, the seal shall be designed for a bond stress
of 70 kPa of pile, providing the pile and or soil interaction have been checked for
uplift. This shall apply to timber, steel, or concrete piles.

In all cases, maximum pile loads shall be determined using the service load design
procedure, without live load impact.
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Design Details

10.

11.

The minimum column diameter shall be 750 mm and larger columns will be in
even 150 mm increments.

The minimum width of cap will be 100 mm greater than the column diameter or as
dictated by the clearance to the bearing areas. The cap dimensions should be
incremented in 100 mm increments.

The maximum stirrup spacing in a bent cap will be 300 mm. The first stirrup
adjacent to the surface of a column will be a maximum of 75 mm away and the first
space not greater than 150 mm. The minimum size of stirrups shall be a No. 15
bar.

Although designed as a tied column, circular columns shall have 9.5 mm spiral
steel at 150 mm pitch with 2%% closed turns top and bottom. This does not meet the
design requirements for a spiral design.

Columns shall be of solid cross-section.

Shrinkage and temperature moments in short columns, resulting from long concrete
cap pours, can be relieved by using effective hinge details or staging the cap pours.
A more detailed analysis of the structure / soil interaction may also be investigated
to determine the actual effects of these moments on the structure.

It is advantageous to batter peripheral piles to minimize group action and stabilize
the footing against horizontal movement when needed. However, battering should
be practiced only when deemed necessary due to economics.

On transition bents, a wall and riser should be used when riser height = 350 mm.

For steel and concrete piling, the minimum spacing for foundation piling will be
1200 mm center to center or 3 x diameter, whichever is greater. Timber piling shall
be spaced at 900 mm minimum centers. A minimum edge distance of 450 mm
shall be provided.

When square tapered columns are used , a ratio of 1:50 shall be applied to all
tapered faces.

Except in cases where uplift is anticipated, steel piles and timber piles shall
penetrate the bottom of the footing a minimum of 300 mm and cast-in-place and
precast piles shall have a 150 mm minimum penetration. In cases where uplift is
anticipated the pile footing connection shall be designed.
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12.

13.

14.

15.

16.

In most situations, the primary layers of reinforcement shall be placed 75 mm above
the tops of the piles. For specific conditions, the design may require placing
reinforcing steel between the piles.

The top of footings will be a minimum of 300 mm below natural ground elevation
and 900 mm below the roadway subgrade for footings under the roadway.

Straps should be considered between isolated footings in a column bent when
founded on soft soil or where erosion is possible. The primary purpose is to
eliminate differential horizontal movement of the footings.

Longitudinal skin reinforcement in the vertical faces of caps exceeding 900 mm
shall be provided for in accordance with AASHTO Specifications.

For structural mass concrete components whose least dimension exceeds 1200 mm
(caps, piers, footings, etc.), minimum reinforcement shall be provided in
accordance with AASHTO. This requirement is to reduce the effects of cracking due
to the heat of hydration. For extreme situations of massive pours in adverse
conditions, other specific counter measures may be required (See ACI). Seal
concrete shall not be considered mass concrete.

Typical Column Sizes

METRIC ENGLISH EQUIVALENT
750 mm 30"
900 mm 36"
1050 mm 42"
1200 mm 48"
1350 mm 54"
1500 mm 60"
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END BENTS AND APPROACH SLABS
INTRODUCTION

The end bent, as its name suggests, is located at the end of a bridge where the transition is
made from the normally deep founded bridge structure to a shallow founded pavement via
the approach slab. The typical end bent to be discussed, unless otherwise noted, is
constructed of reinforced concrete with a breast wall and wingwalls to contain a soil
backfill and pile supported cap. This article is a guide to the analysis criteria and design
considerations given to end bents and approach slabs, and is intended as a general policy
statement and a supplement to the AASHTO Specifications.

Commentary

The approach slab serves as a transition apron from the soil supported pavement to the pile
supported structure. It is intended to smoothly bridge minor differential settlements
between the roadway slab and the bridge structure. When large differential long term
settlements between the roadway slab and the bridge structure are expected, the
Geotechnical Design Section will perform a fill height study to determine if long, flexible,
pile supported approach slabs are required. The designer shall furnish the Geotechnical
Design Section the required fill height and the time frame of the construction. Two (2)
advantages are realized with this solution:

1. A smooth transition is maintained for improved riding characteristics for large
expected settlements.

2. The length of conventional bridge structure may be reduced by replacement with
the less expensive approach slab.

ANALYSIS

1. The short approach slab is founded directly on the paving base and is a one-way
slab with its main reinforcement parallel to traffic. No design calculations are
required and details are to be in accordance with the guidelines shown.

2. The long pile supported approach slab is designed to transition differential
settlements between the shallow foundation roadway pavement and the deep
foundation bridge structure at the end bent. The total length of the approach slab
shall be determined by the Geotechnical Design Section. The permanent deflection
due to settlement is assumed to be either a reverse parabola or a single parabola as
shown. Piling are usually designed to carry the full live load and dead load near the
end bent, and are shortened progressively toward the roadway pavement end of the
approach slab. The soil beneath the approach slab should be checked to assure that
no piles are tipped in a bearing layer. This configuration is intended to cause a
progressive transition from the expected deep foundation behavior to the shallow
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foundation behavior. The slab is also designed to carry the additional moment
caused by the assumed parabolic deformation.

Condition 1,
Design Deflection for Long Pile Supported Approach Slabs

Slope = O j

End Bent

Location
\-._— |/2 L

Yo A

e

L

Vo A

Slope = 0

Length of Approach Slab, L

A= Expect settiement

Condition 2,

Begin Roadway
Paving Slab

Design Deflection for Long Pile Supported Approach Slabs

Slope = O \

A

LENGTH OF APPROACH SLAB, L

End Bent A= EXPECTED SETTLEMENT

Location
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3. Wingwalls, breast walls and the bent as a unit shall be designed to resist active
earth pressure under the appropriate group loads.

4, The reaction of the approach slab to the shelf of the end bent is based on the same
assumption as in Items 1 and 2.

DESIGN DETAILS

1. Wingwalls with stabilizing piles are required for all end bents on fills with the
exception of slab span bridges and concrete girder spans with Type Il girders.

2. Double-row, battered piles are required on all end bents except those for slab
spans. Pile batter shall be 1 on 8.

3. On double row pile end bent caps, a 300 mm thick baffle shall extend 600 mm
below the cap between rows of piling to prevent the movement of the soil confined
by the bent.

4, On skewed or normal end bents, the roadway end of the approach slab is to be

squared off for both rigid and flexible pavements.

5. Negative skin friction, caused by the consolidation of the fill and in situ soil in
contact with the piles, is assumed to be insignificant because pilot holes are used
for piling driven through a compacted fill. Granular material is used to fill the void
between the pilot hole and the pile.

6. Pile supported approach slabs are continuous slabs supported by rows of timber
piles on 3 m centers. The spacing between the piles in these rows usually varies
between two (2) and three (3) meters. The timber piling shall be varied in length
from row to row by a constant amount. Piling shall penetrate the footing to resist
the tension required to hold the slab in its deformed configuration after settlement
has occurred. Pile supported slabs are designed as one way slabs spanning between
transverse grade beams at the pile rows.

7. When pile supported approach slabs are used, the barrier rail shall be extended the
full length of the approach slab. This will prevent potential guardrail problems
caused by embankment settlement in the deep pile region of the approach slab.

8. Prestressed girders end bent caps shall have a depth of 750 mm .

9. In south Louisiana, sand embankments are terminated by a shell plug, which
eliminates erosion, formation of cavities, and settlement problems related to sand
embankments and sand header banks. In north Louisiana, where shell is not readily
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10.

available, sand embankments are to be terminated by a clay plug at structure header
banks in the same manner a shell plug is used in south Louisiana.

The following criteria will be used in determining slab lengths:
On fill sections, use 12 m long approach slab.

On cut sections, use 6 m long approach slab.
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RETAINING WALLS

INTRODUCTION

Retaining walls are used primarily in urban areas to retain embankment slopes which
would, otherwise, spill onto adjacent property, or force adjacent ramps or frontage roads
outward, thus requiring additional right-of-way. Retaining walls are sometimes connected
to the bridge abutment. The breast wall and wingwalls of the end bent is considered a
type of a retaining wall since it is retaining the embankment behind the end bent.

Retaining walls are typically either cast-in-place concrete walls or proprietary Mechanically
Stabilized Earth (MSE) walls. Typically the MSE wall is found to be most economical in
most situations, although certain sites and applications may still require the use of a cast-in-
place wall. Cast-in-place walls are placed on either pile footings or spread footings
depending on soil conditions and the height of the wall. MSE walls normally require only
a small non-reinforced concrete leveling pad for the wall panels or blocks to sit on. The
pads are usually 300 mm wide by 150 mm thick.

The bridge section currently maintains standard plan RW-01(M) which is a cast-in-place
wall used for minor heights (maximum 1.8 m ). The road design section normally uses this
standard for minor roadway applications.

CAST-IN-PLACE RETAINING WALLS

Design

1. The working stress method shall be used to design the walls, footings and piles.

2. The Rankine Theory shall be used with the following assumptions:
Phi = 30 degrees
Unit soil weight = 1920 Kg/m3
Equivalent fluid pressure = 640 Kg/m3

3. The wall and footing shall be designed for a Class "A" concrete with a
f'c = 22 MPa.
4. AASHTO seismic criteria shall be accounted for in the design.
5. Neglect friction between the wall and the backfill.
6. Passive pressure shall be used for resistance only if the fill is high enough on the

front of the wall to significantly affect the design.
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7.

8.

9.

10.

11.

12.

13.

Details
1.

o

Allowable lateral loads for piles shall be based on information from
Chapter 6, Driven Pile Section.

Generally, counterforts are recommended for walls in excess of 7.6 m in height.
Exceptions should be discussed on a case by case basis. Where counterfort wall
sections abut cantilever wall sections, the latter shall have a single counterfort
adjacent to the interface.

Spread footings are permissible wherever soil conditions, water table elevations and
wall heights, are favorable for such footings. A shear key (stub wall) is generally
used with spread footings to resist sliding.

Timber piles are normally used for retaining walls, however depending on driving
conditions, steel or concrete piles or drilled shafts may be required.

For spread footings, a factor of safety of 2.0 shall be used for overturning, and 1.5
for sliding.

Pile footings shall be designed for no tension in heel piles.

The overall stability of slopes in the vicinity of the wall must be checked. This
should be coordinated with the Pavement and Geotechnical Design Section

Expansion joints should be provided in the wall at approximately 27 m intervals,
and contraction joints at 9 m intervals. Expansion joints in the footings shall
coincide with joints in the wall.

Weepholes for drainage should be provided at 3 m intervals.

A geo-composite wall drain should be provided against the backwall with aggregate
backfill.

A 150 mm diameter perforated pipe drain should generally be placed against the
backwall with aggregate backfill.

Bridge end drain details with appropriate modifications shall be provided when
applicable.

In general, stepped footings are permissible. Wall transitions should generally be
sloped, except when they support sound walls, in which case they should be
stepped

If a concrete barrier transition is to be provided, a transition length of 4.6 m should
be used. A concrete barrier face is required when the face of the wall is within
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10.

11.

12.

9.1 m of the edge of the travel lane. Pedestrian rails or combination rails should be
provided for walls more than 0.9 m high if pedestrian traffic is probable.

Tangent sections of retaining wall, approximately 9 m long, will be allowed in
curved sections of roadway with a low degree of curvature.

No direct payment will be made for water stop or joint materials.

Shear keys should generally be provided at the expansion joints of both walls and
footings, and at the contraction joints of wall.

Noise barrier requirements shall be accounted for in the detailing when applicable.

A pile data sheet that includes pile cutoff, tip, plan pile length or order pile length
and maximum pile loads should also be included.
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ROADWAY SURFACE
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MECHANICALLY STABILIZED EARTH WALLS

A broad definition of reinforced soil or mechanically stabilized embankments would be the
inclusion of reinforcing elements such as straps, bars, welded wire mats, polymer grids,
sheets of fabric (geosynthetic) and various anchor systems for the purpose of improving the
mechanical properties of the soil mass. All of the system elements including the back fill
must receive adequate attention during the design and construction stages.

The concept of soil reinforcement has a well established history dating back to biblical
times. However, modern techniques for mechanically stabilizing or reinforcing soil were
only introduced about 20 years ago.

Reinforced soil structures are constructed in a manner that produces a structure of
alternating layers of soil and reinforcing elements as shown in Figure 1. In general, the
spacing between reinforcement layers varies from about 300 mm to 750 mm. Soil
reinforcing systems have three main components: reinforcement elements, backfill material
and facing elements, see figure 1, page 6 . The primary differences between various
soil reinforcement systems that are currently available are the materials and configuration
of the materials that are used for the reinforcing and facing elements.

Even though different materials are used, the same basic criteria must be employed to
design the systems. In general, the basic design procedure for reinforced soil structures is
well established. The basic design criteria for reinforced soil retaining walls involves
satisfying external stability and internal stability.

For complete information on this subject, including but not limited to approval procedure
for suppliers, design and selection considerations, contracting methods, pay items, details,
specific design requirements and construction specifications, please refer to the MSEW
Design Guide prepared by the Pavement and Geotechnical Design Section
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COFFERDAMS
INTRODUCTION

Cofferdams, for the purpose of this manual can be defined as a temporary structure, usually
braced steel sheet piling, built to exclude earth and water from an excavation so that work
can be performed in a dry condition. Cofferdams should be conservatively designed,
soundly constructed and