STATE OF DELAWARE

Y/

DelDOT

DEPARTMENT OF TRANSPORTATION

DESIGN-BUILD PROJECT
for

INDIAN RIVER INLET BRIDGE

Replacement of Bridge 3-156,
SR1 over Indian River Inlet
State Contract # 26-073-03 Readvertised
Federal Contract # BRN-S050(14)

SCOPE OF SERVICES PACKAGE
CONTRACT DOCUMENTS
PART 3 - APPENDIX A

PERFORMANCE SPECIFICATIONS



Delaware Department of Transportation

TABLE OF CONTENTS

Aesthetic Requirements

Bridge Design Requirements

Bridge Drainage System

Bridge Hydraulics and Scour Requirements
Concrete for Structures

Engineering Requirements

Geotechnical Requirements

Inspection, Maintenance and Construction Requirements

Mass Concrete
Public Outreach Requirements
Roadway Geometrics

Temporary Works

University of Delaware Bridge Monitoring Program

Warranty Requirements

Wind Engineering Requirements

Indian River Inlet Bridge Readvertised

Scope of Services Package — Contract Documents

Part 3 — Design Requirements & Performance Specifications
Appendix A — Performance Specifications

Final

Page i



Delaware Department of Transportation

AESTHETIC REQUIREMENTS
PERFORMANCE SPECIFICATION

1.0 INTRODUCTION

As part of the original bridge design and overall project development, the Department received
considerable input from local residents, community groups, local officials, and other groups regarding
aesthetic preferences and design themes to be incorporated into the final designs. This Performance
Specification specifies the minimum bridge aesthetic requirements to be considered and addressed by the
Design-Builder during the design development of the bridge project.

2.0 STANDARDS AND REFERENCES

The Work shall be in accordance with this Aesthetic Requirements Performance Specification and the
relevant requirements of the following standards, unless otherwise stipulated herein. Standards and
References specifically cited in the body of this Performance Specification establish requirements that
shall have precedence over all others. Should the requirements in any standard conflict with those in
another, the standard highest on the list shall govern. Listed under References are guidelines that the
Design-Builder may use in addressing the requirements as the Design-Builder sees fit. It is the Design-
Builder’s responsibility to obtain clarification of any unresolved ambiguity prior to proceeding with
design or construction.

2.1 STANDARDS

A) None specified.

2.2 REFERENCES

A) “Summary of the Public Information Workshop #1,” Figg Bridge Engineers, Inc., March
2003 (see Scope of Services Package — Reference Documents);

B) “Summary of the Public Information Workshop #2,”” Figg Bridge Engineers, Inc., April
2003 (see Scope of Services Package — Reference Documents);

C) “Summary of the Public Information Workshop #3,”” Figg Bridge Engineers, Inc., June
2003 (see Scope of Services Package — Reference Documents);

D) “Summary of the Public Information Workshop #4,” Figg Bridge Engineers, Inc.,
October 2003 (see Scope of Services Package — Reference Documents);

E) AASHTO, “A Guide for Achieving Flexibility in Highway Design,” the latest edition
with all current Interims as of the issue date of this RFP; and

F) TRB, “NCHRP Report 480: A guide to Best Practices for Achieving Context Sensitive
Solutions”.

3.0 REQUIREMENTS

The Design-Builder should review the referenced summary reports for each previously held public
information workshop (also referred to as design charettes) to understand the issues and concerns raised
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by the public and suggestions that were made to the Department. As part of the design development, the
Design-Builder shall address how the design meets or exceeds the following aesthetic requirements and
cite examples from the Public Information Workshop Summary Reports.

3.1 CONTEXT SENSITIVE DESIGN

The Design-Builder shall strive to achieve a context sensitive bridge design with the following minimum
considerations:

A) Avoid and/or minimize obstructions to the view from the bridge for pedestrians, bicycles,
and motorists;

B) Provide accent or aesthetic lighting. Excessive illumination shall be avoided. Roadway
lighting shall not be provided. All proposed bridge lighting shall be approved by the
United States Coast Guard,;

C) Provisions for long-lasting, low-maintenance uniform coloration of all exterior finished
bridge surfaces;

D) Provisions for preventing staining of finished bridge surfaces;
E) Protection from graffiti;

F) Bridge parapets, railings, and barriers that are consistent with or compliment the roadway
approach details;

G) Substructure finishes that are consistent with or compliment the roadway approach
retaining wall details;

H) A consistent overall architectural theme that is suitable for the surroundings.

3.2 PUBLIC INVOLVEMENT

The Design-Builder may choose, at his option, to include the public in the final selection of architectural
and/or aesthetic details as specified in the Public Outreach Requirements Performance Specification
included in Part 3 of the Contract Documents. Should the Design-Builder propose to involve the public
in the selection of aesthetic treatments, the proposed methods of public involvement shall be carried out
and the results implemented into the Work at no additional cost to the Department.
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BRIDGE DESIGN REQUIREMENTS
PERFORMANCE SPECIFICATION

1.0 INTRODUCTION

The Design-Builder shall design and construct the bridge structure in accordance with the criteria
established in this Performance Specification. The bridge structure is defined as all portions of the
structure between the north and south roadway approach embankments including bridge approach slabs.

The Design-Builder shall design and construct the bridge for a service life of no less than 100 years,
meeting the goals of ease of inspection, maintenance, and durability. The Design-Builder shall also
design and construct the bridge to be aesthetically pleasing in accordance with the Aesthetic
Requirements Performance Specification (see Part 3).

2.0 APPLICABLE STANDARDS AND REFERENCES

Design Criteria shall be in accordance with this Performance Specification and the relevant requirements
of the following standards unless otherwise stipulated in this Performance Specification. Standards and
references specifically cited in the body of this Performance Specification establish requirements that
shall have precedence over all others. Should the requirements in one standard conflict with those in
another, the standard highest on the list shall govern. Listed under references are guidelines that the
Design-Builder may use to address the requirements, as the Design-Builder sees fit. It is the Design-
Builder’s responsibility to obtain clarification of any and all unresolved ambiguity prior to proceeding
with any design or construction.

2.1 STANDARDS

Specific codes and standards include, but are not limited to, the following listed in order of governing
precedence:

A) Scope of Services Package — Contract Documents Part 3 — Design-Build Performance
Specifications;

B) Scope of Services Package — Contract Documents Part 4 — Design-Build Special
Provisions;

) AASHTO, “AASHTO LRFD Bridge Design Specifications, U.S. Customary Units,” the
latest edition with all current Interims as of the issue date of this RFP;

D) AASHTO, “AASHTO LRFD Bridge Construction Specifications, U.S. Customary
Units,” the latest edition with all current Interims as of the issue date of this RFP;

E) AASHTO, “Standard Specifications for Highway Bridges,” as modified by all current
errata sheets; This Specification shall only apply to design modifications made to the
existing sheet pile walls and the design of any cofferdams that are to be connected to
existing sheet pile walls;

F) Delaware Department of Transportation, “Bridge Design Manual,” the latest edition with
Revisions as of the issue date of this RFP;

G) CEB-FIB “Model Code 1990,” the latest edition with Revisions as of the issue date of
this RFP, Chapter 2: Material Properties, for time dependent properties of concrete only;

H) PTI Guide Specification, “Recommendations for Stay Cable Design, Testing and
Installation”, the latest edition with Revisions as of the issue date of this RFP, (“soft”
conversion of the Document’s metric units is required);
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I PTI Guide Specification, “Grouting of Post-Tensioned Structures,” the latest edition with
Revisions as of the issue date of this RFP;

)} AASHTO/AWS D1.5 “Bridge Welding Code” the latest edition with Revisions as of the
issue date of this RFP; and

K) AASHTO, “Guide Manual for Condition Evaluation and Load and Resistance Factor
Rating (LRFR) of Highway Bridges,” the latest edition with all current Interims as of the
issue date of this RFP.

2.2 REFERENCES

A) Scope of Services Package — Contract Documents Part 6 — Directive and Indicative Plans;
B) Final Environmental Assessment and Nationwide Section 4(f) Evaluation, May 10, 2004;

0) Department of Transportation, Federal Highway Administration, Finding of No
Significant Impact for Bridge 156 Over Indian River Inlet, Sussex County, Delaware,
June 22, 2004;

D) The Boundary Layer Wind Tunnel Laboratory, “A Study of Wind Effects for Indian
River Inlet Bridge, Delaware, USA,” May 2005. Only Section 2 — Modeling of the Site
and the Wind is applicable to this Project;

E) FHWA, “Wind Induced Vibration of Stay Cables,” RDT 05-004, Feb 2005;

F) Delaware Department of Transportation, “Supplemental Specifications, Revisions and
Corrections to the August 2001 Standard Specifications,” (Part 4 — Appendix A);

G) Delaware Department of Transportation, “Standard Specifications for Road and Bridge
Construction,” Dated 2001;

H) ACI 207.1 R-96, “Mass Concrete”’;
I ACI 305 R-99, “Hot Weather Concreting”;
1)) ACI 306 R-02, “Cold Weather Concreting”;

K) AASHTO, “Guide Specifications for Bridge Temporary Works,” the latest edition with
Revisions as of the issue date of this RFP;

L) AASHTO, “A Policy on Geometric Design of Highways and Streets (Green Book),” the
latest edition with Revisions as of the issue date of this RFP;

M) AASHTO, “Roadside Design Guide,” the latest edition with Revisions as of the issue
date of this RFP;

N) AASHTO, “Model Drainage Manual,” the latest edition with Revisions as of the issue
date of this RFP;

0) FHWA, “Manual of Uniform Traffic Control Devices (MUTCD),” the latest edition with
Revisions as of the issue date of this RFP.

3.0 REQUIREMENTS

The Project shall be designed and detailed using the customary English units. Plans shall be prepared in
accordance with the Department’s Plan Development Guidelines available from DelDOT’s Project
Development Resource Center (http://www.deldot.gov/static/business/project_development/index.shtml).
A Professional Engineer registered in the State of Delaware shall seal all final Plans, Shop Drawings, and
Working Drawings. All submittals and submittal requirements shall be as per the Contract Documents.
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3.1 LAYOUT

A) The bridge section shall be designed to carry four 12-foot traffic lanes (two traffic lanes
in each direction), one 12-foot acceleration lane (northbound lane, south approach
structure only), two 10-foot outside shoulders, two 4-foot inside shoulders, one 12-foot
combined use recreational bicyclist and pedestrian walkway (on ocean side of structure),
a continuous 2-foot wide sand by-pass system utility corridor (on ocean side of structure),
and necessary width to accommodate all traffic barriers, end attenuators, and railings
required by the AASHTO Code and the Contract Documents.

B) Traffic barrier(s) having a minimum height of 32 inches shall separate the two opposing
directions of traffic (northbound and southbound). Traffic barriers having a minimum
height of 54 inches shall be provided at each edge of shoulder and each edge of the
combined use recreational bicyclist and pedestrian walkway. No obstructions are
permitted within the combined use walkway. All 54-inch barriers shall include an open
railing system within the top 24 inches, as a minimum.

O The two outside shoulders and the combined use walkway on the bridge shall include
bicycle-safe details for barriers, expansion joints, drainage systems, and any other
applicable features.

D) The bridge shall include the necessary total width to accommodate all traffic barriers,
cushions, and railings as per Section 3.1.A of this Specification. All barriers located
directly adjacent to SR-1 traffic shall have a minimum TL-4 Test Level rating in
accordance with the AASHTO LRFD Bridge Design Specifications and shall have been
successfully crash-tested in accordance with the Department’s policy specified in Section
5.3.7.1 of the Bridge Design Manual. All non-traffic barriers located directly adjacent to
the combined use walkway shall be designed for TL-2 Test Level loads in accordance
with Chapter 13 of the AASHTO LRFD Bridge Design Specifications. The crash-testing
requirement shall be waived for non-traffic barriers located adjacent to the combined use
walkway.

E) For Navigational Clearance requirements refer to the Coast Guard Permit included in Part
3 — Appendix A of the Contract Documents and the Directive Plans.

F) The minimum horizontal clearance from any stay cables to the back face of traffic barrier
shall be 2’-6” measured at all heights normal to the deck ranging from the top of barrier
to 20°-0”above the roadway surface. The minimum horizontal clearance from any stay
cables to the back face of combined use walkway barrier shall be 1°-6” measured at all
heights normal to the deck ranging from the top of barrier to 16°-6” above the combined
use walkway surface. At all heights below the top of protective barrier, the minimum
horizontal clearance from any stay cable components to the back of all protective barriers
shall be 1°-6”.

G) The bridge details and layout shall accommodate the sand by-pass system between the
mainspan bridge substructure units at ground level. The sand by-pass system shall be
located within a utility corridor that is fully accessible from the combined use walkway,
but separated by a protective barrier. The limits for the utility corridor may be located
directly adjacent to the back face of protective barrier and/or any stay cable components.
The utility corridor shall be located above the finished deck level and accessible over the
entire bridge main span length.

3.2 AESTHETIC REQUIREMENTS

Refer to the Aesthetic Requirements Performance Specification in Part 3 of the Contract Documents.
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3.3 GEOMETRIC DESIGN CRITERIA
Refer to the Roadway Geometrics Performance Specification in Part 3 of the Contract Documents.
3.4 GENERAL DESIGN REQUIREMENTS

A) The bridge structure shall be designed in accordance with all applicable Performance
Specifications and Design-Build Special Provisions included in the Contract Documents.

B) All reinforced concrete bridge structure members, including the structural characteristics
of the supporting foundation elements, shall be designed in accordance with the
applicable limit states as defined by the load groups in the AASHTO LRFD Bridge Design
Specifications and for the additional extreme event limit state specified in Section 3.5.8.
Reinforcement of all concrete components shall satisfy the control of cracking provisions
in accordance with the AASHTO LRFD Bridge Design Specifications for Class 2
exposure conditions.

O All prestressed concrete members shall be designed in accordance with the applicable
limit states as defined by the load groups in the AASHTO LRFD Bridge Design
Specifications.

D) Permanent stay cables shall be designed in accordance with the PTI Guide Specification,
“Recommendations for Stay Cable Design, Testing and Installation” and per this
Performance Specification and the Special Provisions.

E) Temporary stay cables shall be designed in accordance with the PTI Guide Specification,
“Recommendations for Stay Cable Design, Testing and Installation” and per this
Performance Specification and the Special Provisions. Temporary stay cables shall be
limited to an allowable stress of 0.6F’ during construction.

F) Foundation Elements

1) The structural capacity of all foundation members shall be designed accounting for
the soil-structure interaction (load transfer to the soil) parameter recommendations as
defined in the Design-Builder’s Geotechnical Engineering Report for the Project and
the applicable limit states of the AASHTO LRFD Bridge Design Specifications;

2) The geotechnical capacity (load transfer to the soil) shall be designed in accordance
with the recommendations defined in the Design-Builder’s Geotechnical Engineering
Report for the Project and applicable limit states of the AASHTO LRFD Bridge
Design Specifications;

3) Downdrag shall be in accordance with FHWA Guidelines and determined as
necessary by the Design-Builder’s Geotechnical Engineer in accordance with the
Geotechnical Requirements Performance Specification;

4) Each structural foundation type shall require representative load testing in accordance
with the Geotechnical Requirements Performance Specification; and

5) Additional requirements for foundation elements including acceptable deep
foundation types shall be in accordance with the Geotechnical Requirements
Performance Specification.

3.5 LOADS AND FORCES

3.5.1 Load Modifiers

The Design-Builder will be required to use the following values of load modifiers, n;, in the AASHTO
LRFD Strength Load Combinations for the completed structure and construction conditions:
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A) Ductility: np > 1.00

B) Redundancy: Nr > 1.00

O Operational Importance:n; = 1.0 for stay cables, 1.05 otherwise
3.5.2 Load Combinations

A) All load combinations shall be in accordance with AASHTO LRFD Bridge Design
Specifications;

B) The effects of stay cable force adjustments shall be treated as locked-in erection stresses;
and

O The effect of prestressing shall be considered in all AASHTO LRFD combinations with a
load factor equal to 1.0. The effect of time dependent concrete creep, shrinkage and
elastic shortening shall be included in all the AASHTO LRFD load combinations by
calculating the redistribution of forces using the dead load factors corresponding to each
limit state. Service limit states shall be checked for creep and shrinkage coefficients
varying from the mean within the 90% confidence limits defined in the CEB-FIP Model
Code 1990. Strength limit states shall be checked considering time dependent effects
associated with mean creep and shrinkage coefficients. Inelastic analysis according to
Section 4 of AASHTO LRFD may be used to determine the effects of time dependent
movements, restraint and force redistribution as long as strain compatibility analyses
demonstrate the necessary ductility. This replaces the AASHTO LRFD load factor range
0f 0.5/1.2 and 1.0/1.2 for creep and shrinkage.

3.5.3 Permanent Load

The Design-Builder will be responsible for determining and clearly indicating on the plans the
magnitudes of the dead load contribution of all traffic barriers, railings, appurtenances, fixtures,
equipment, and all other permanent elements that bear, attach, or are otherwise supported by or on the
structure with the following additional specific requirements:

A) Minimum unit weight of the materials shall be in accordance with Section 3.5.1 of the
AASHTO LRFD Bridge Design Specifications with the following additions:

1) Unit weight of concrete: As per tested unit weight including the weight of
reinforcement and post-tensioning

B) The dead load contribution for initial and future wearing surfaces, applied uniformly to
all traffic lanes, shoulders, and the pedestrian pathway, shall be considered by the
Design-Builder. The initial wearing surface shall be a minimum of 1 5/8" inch thick
overlay in accordance with Section 4.2 of this Specification. An additional minimum 25
pounds per square foot dead load allowance shall be provided for the application of a
future wearing surface. Under no circumstances may the initial wearing surface thickness
encroach on or include the minimum required reinforcing concrete cover specified in
Section 3.6 of this Specification. The initial wearing surface shall not be made integral
with the concrete deck.

O The Design-Builder will be responsible for determining and accounting for the dead load
contribution of all utilities to be conveyed and/or supported by the bridge, including, but
not limited to, a sand by-pass system load allowance. The magnitude and point of
application for the sand by-pass system load allowance shall be determined by the
Design-Builder and shall be in accordance with Section 3.1 of this Specification and Part
1 of the Contract Documents. See Part 5 — Utility and Right-of-Way Statements for
additional utilities information.
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3.5.4 Live Load

The Design-Builder will be responsible for determining and clearly indicating on the Plans the
magnitudes of all live loads applied to the structure with the following additional specific requirements:

A) Live load shall be HL-93 with impact (design truck or tandem with design lane load) in
accordance with AASHTO LRFD Bridge Design Specifications.

B) The design shall consider all Delaware legal loads specified in the DelDOT Bridge
Design Manual, including an additional AASHTO HS20 truck with lane load. All
inventory and operating load ratings shall be clearly specified on the on the Plans in
accordance with the DelDOT Bridge Design Manual. The AASHTO Guide Manual for
Condition Evaluation and Load and Resistance Factor Rating (LRFR) of Highway
Bridges shall be utilized for this Project.

) The sidewalk will be designed for the worst case of the pedestrian load (PL) or the
maintenance inspection vehicle load, not the combined load. The design maintenance
inspection vehicle is Aspen Aerial A-75 Under Bridge Inspection Vehicle (UBIV). The
associated wheel loads are:

1) Unit in stowed position:

Axle 1: 15,750 LB

Axle 2: 15,750 LB (80 behind Axle 1)

Axle 3: 7,000 LB (133” behind Axle 2)

Axle 4: 14,400 LB (55” behind Axle 3)

Axle 5: 14,400 LB (55” behind Axle 4)

Axle 6: 6,000 LB (103” behind Axle 5)
2) Unit in deployed position (non-deployment side wheel/deployment side wheel):

Axle 1: 3,800/11,950 LB

Axle 2: 1,500/14,250 LB

Axle 3: 0/7,000 LB

Axle 4: 1,250/14,390 LB

Axle 5: 1,650/14,000 LB

Axle 6: 0/6,000 LB

3) Distance between center of each set of tires:
Axle 1 and 2: 102~
Axle 3 through 6: 98~

D) The placement of the UBIV live load shall be such that no restrictions on the placement
of the UBIV are required once the bridge is in service.

E) The bridge shall also be checked for the maximum live load on only one side of the
superstructure for the event when the bridge is used as an evacuation route.

F) Stay cables shall be designed for HL-93 live load in accordance with the PTI
“Recommendations for Stay Cable Design, Testing and Installation.”

355 Longitudinal Forces

Longitudinal forces on the bridge shall be computed in accordance with the AASHTO LRFD Bridge
Design Specifications.

3.5.6 Water Loads

Water loads shall be determined by the Design-Builder in accordance with the Bridge Hydraulics and
Scour Performance Specifications. As part of a previous study, overland water depths and current flow
velocities were determined and summarized in the report “Scour Analysis Evaluation, Proposed Indian
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River Inlet Bridge; Sussex County, Delaware,” dated January 21, 2005 (see Reference Documents,
Hydraulics and Scour). The Design-Builder shall utilize the criteria producing the more conservative
result for each design consideration. The following considerations shall be used as the basis for
development of the Technical and Price Proposals. Should the actual design water loads exceed the
minimums specified, any changes will be considered a result of Differing Site Conditions and will be paid
for in accordance with Part 2, Section 109-8 of the Contract Documents.

A) Mean High Water Elevation shall be based upon the epoch data issued by the National
Oceanic and Atmospheric Administration National Ocean Service on April 21, 2003.

B) The following minimum overland water depths and current flow velocities are specified
for use by the Design-Builder:

1) 100-year return period event:

Overland water depth: 5.0 feet
Current flow velocity: 3.7 feet/second
2) 500-year return period event:
Overland water depth: 7.0 feet
Current flow velocity: 4.5 feet/second
0) The magnitude of the forces applied to the structure due to overland current flow shall be

determined by the Design-Builder and shall be accounted for in the design of the
structure for both the 100-year and 500-year return period events in accordance with the
provisions of the AASHTO LRFD Bridge Design Specification.

D) Debris loading shall be included in all current flow load combinations in accordance with
the recommendations of NCHRP 445, Debris Forces on Highway Bridges.

3.5.7 Scour

The Design-Builder shall be responsible for designing the structure to account for the effects of scour in
accordance with the AASHTO LRFD Bridge Design Specifications and the requirements of the Bridge
Hydraulics and Scour Performance Specification. As part of a previous study, overland water depths and
current flow velocities were determined and summarized in the report “Scour Analysis Evaluation,
Proposed Indian River Inlet Bridge; Sussex County, Delaware,” dated January 21, 2005 (see Reference
Documents, Hydraulics and Scour). The Design-Builder shall utilize the criteria producing the more
conservative result for each design consideration. Considerations shall include the following:

A) The design flood for scour shall be the 100-year return period event and the check flood
for scour shall be the 500-year return period event as described in Article 2.6.4.4.2 of the
AASHTO LRFD Bridge Design Specifications.

B) The Design-Builder shall perform a scour analysis in accordance with FHWA Guidelines
for the Design-Builder’s proposed structure and determine the values of total scour at
each primary bridge support. The minimum values of total scour are listed below and
these values should be used by the Design-Builder in his design, regardless if any scour
mitigation measures are employed or if the Design-Builder’s analysis or calculations
show a reduction in the total scour values listed. Should the Design-Builder’s analysis
and/or calculations indicate an increase in the total scour values, then the Design-Builder
shall use the larger total scour values for design. The values below are measured from
the native ground elevation at the site and are to be used as the basis for development of
the Technical and Price Proposals. Should the actual design scour depths exceed the
minimums specified, any changes will be considered a result of Differing Site Conditions
and will be paid for in accordance with Part 2, Section 109-8 of the Contract Documents.

1) Minimum Design Scour Depth for Foundations:
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0

D)

3.5.8

2) 100-year return period event: 30.0 feet
500-year return period event: 35.0 feet

It shall be the responsibility of the Design-Builder to design and install scour mitigation
to fortify all bridge abutment foundations. This scour protection shall be provided in
addition to the bridge scour depth allowances to be accommodated by the design.

The Design-Builder is not required to design or install scour mitigation measures to
fortify the piers, as these (pursuant to Section 3.5.7.A-C) shall be directly designed to
account for the occurrence of scour.

Wind Loads

See the Wind Engineering Requirements Part 3 - Performance Specification for additional requirements.

A)

B)
0

D)

E)

F)

G)

H)

I)

J)

Wind on the structure shall be in accordance with the AASHTO LRFD Bridge Design
Specifications using the resulting load/wind components/component combinations
included in the Project Specific Wind Study Report developed by the Design-Builder.

Wind on live load directly per the AASHTO LRFD Bridge Design Specifications.

The minimum design wind for the completed permanent structure shall be the site-
specific wind profile corresponding with the 100-year return period event as reported in
the Boundary Layer Wind Tunnel Laboratory, “A Study of Wind Effects for Indian River
Inlet Bridge, Delaware, USA,” report. The bridge shall also be checked for an Extreme
Event limit state load combination including wind loads with a 2,000-year return period
and permanent loads. The load factor for all loads in this load combination shall be equal
to 1.0. The structure shall not have any structural instability, such as buckling or brittle
failure that could result in catastrophic collapse under this loading

The design wind for permanent and temporary structures during construction shall be the
site-specific wind profile corresponding with, at a minimum, the 25-year return period
event as reported in the original Wind Study Report. The LRFD Table 5.14.2.3.3-1 Wind
Load Factors are to be replaced with 1.0 when using a return period of less than 100
years.

Bridge response and wind loading in the completed and critical staged-construction
configurations to wind actions shall be determined from wind tunnel model tests (See
Wind Engineering Requirements Performance Specification).

The bridge shall not show any aerodynamic instability (flutter, torsional divergence, etc.)
for a wind event having a probability consistent with a return period of 10,000 years.

Lift, drag, and moment coefficients determined from the wind tunnel tests and reported in
the Design-Builder’s Wind Analysis Reports (see the Wind Engineering Requirements
Performance Specification) shall be used to determine design member forces.

For bicyclist comfort, bridge deck accelerations exceeding 5% of gravity for wind speeds
up to 30 mph and 10% of gravity between 30 mph and 50 mph will be considered
unacceptable.

For cable-supported bridge types, stay cable vibrations shall be evaluated for the effects
of vortex excitation, wake galloping, structure-induced and rain/wind oscillations.
Methods for reducing likelihood of such vibrations shall be implemented as outlined in
the Design-Build Performance Specification Cable-Supported Bridge System
Requirements.

The Design-Builder’s Wind Analysis Report, the Final Plans, and the Owner’s Manual
shall clearly indicate the 3-second gust (in mph) that correlates to the mean hourly deck
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level wind speed at which the bridge should be closed to traffic.

359 Earthquake Effects

A) Earthquake effects shall be in accordance with AASHTO LRFD Bridge Design
Specifications.

B) The seismic performance category shall be Zone 1 with an acceleration coefficient (A) of
0.05.

3.5.10 Thermal Forces

A) The uniform temperature ranges shall be calculated using Procedure B as specified in
AASHTO LRFD Bridge Design Specifications. The base construction temperature shall
not be less than 56° F.

B) Seasonal variation for temperature rise and fall shall be in accordance with AASHTO
LRFD Bridge Design Specifications for an 80 ° Fahrenheit temperature range.

O) Expansion joints shall be in accordance with AASHTO LRFD Bridge Design
Specifications and the Design-Build Special Provision for Bridge Expansion Joint
Devices (see Part 4).

D) Uniform temperature differential between stay cables and concrete bridge elements for
the cable-supported bridges shall be + 14° F for light colored PE or reflective stay pipe,
or £ 40° F for black PE stay pipe.

E) The temperature differential (linear gradient) between opposite faces of each primary
main span supporting elements (such as pylons, arches, towers, piers, etc.) shall be +10°F.

F) Differential temperature load combinations shall be in accordance with AASHTO LRFD
Bridge Design Specifications, Article 3.4.1.

G) The temperature gradient for the superstructure shall be as per the AASHTO LRFD
Bridge Design Specifications.

3.5.11 Creep and Shrinkage

A) Creep and shrinkage properties for concrete shall be determined by the Design-Builder
based on the proposed concrete mixes and materials. Minimum creep and shrinkage
coefficients shall be as per the 1990 CEB-FIP Model Code.

B) The assumed mean humidity shall be not more than 75%.

3.5.12 Differential Settlement

A) Differential settlement between primary structural supports shall be considered in load
combinations that include settlement.

B) Differential settlement between primary structural supports shall be applied in accordance
with recommendations in the Geotechnical Engineering Report for the Project submitted
by the Design-Builder. The Geotechnical Engineering Report shall include dimensional
values for anticipated and permissible differential settlements.

3.5.13 Construction Loads

A) The Design-Builder shall be responsible for determining the construction loads for the
proposed design in accordance with Articles 5.14.2.3.2 through 5.14.2.3.4 of the
AASHTO LRFD Bridge Design Specifications.
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3.5.14

A)

B)

Load Path for Stay Cable Forces

The load path for all horizontal and vertical force components introduced or carried by
permanent stay cables shall be entirely contained within the structural elements of the
bridge. Temporary and/or permanent stay cable anchorage locations or structural details
that transfer any principal component(s) of stay cable forces under service or strength
limit states directly into soil, earth, sand, etc. shall not be used. Use of soil, regardless of
type or name, to directly carry, anchor or transfer forces from temporary and/or
permanent stay cable(s) is specifically not permitted by these specifications and shall not
be considered under any condition for use on this project.

Secondary or incidental forces from stay cable(s) that, by creep, elastic shortening,
bearing friction or other means, result in development of forces in foundation(s), pier(s),
pylon(s) or other structural member(s) shall be considered as acceptable within the
provisions of this specification.

3.6 MATERIALS

All materials shall be as per the DelDOT Standard Specifications and the Corrosion Protection Plan
referenced in Section 4.8 of this Specification except as modified below.

A) Concrete:

1) The Design-Builder may develop his own mix designs provided that the materials
conform to the DelDOT Standard Specifications and with the Concrete for Structures
Performance Specification.

B) Mass concrete shall be in accordance with the Design-Build Special Provisions (see Part

4 of the Contract Documents).

O Hot weather concreting shall be in accordance with Section 812.05 of the DelDOT

Standard Specifications.

D) Reinforcing Steel:

1) ASTM A615 Grade 60 (Minimum Yield Stress, Fy, = 60 ksi).

2) All reinforcing steel, regardless of the location in the structure, shall have corrosion-
resistant properties or coatings. Epoxy coated reinforcing steel shall conform to
AASHTO M284 (ASTM D3963). Specifications for alternative materials shall be
clearly specified in the Design-Builder’s Proposal.

3) All bar bends shall be in accordance with ACI Standard Practice for detailing bar
bends.

4) Minimum Concrete Cover (unless otherwise specified in the RFP Documents):

5) 2” for all exterior above grade precast element surfaces. The minimum finished clear
cover to reinforcing bars for precast concrete decks shall be measured after any
bridge deck grinding and before application of additional overlays;

6) 2” for cast-in-place above grade element surfaces. The minimum finished clear cover
to reinforcing bars for cast-in-place concrete decks shall be measured after any bridge
deck grinding and before application of additional overlays;

7) 1.5” for internal surfaces of voided concrete sections;

8) 2” for all substructure concrete surfaces cast against forms;

9) 4” for drilled shafts with diameters less than or equal to 6 feet;

10) 6” for drilled shafts with diameters greater than 6 feet; and
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11) 3” for all other substructure concrete surfaces cast against or in contact with earth

E) Post-Tensioning and Grout shall be in accordance with the Prestressing Special Provision
(see Part 4 of the Contract Documents).

F) Provisional and Future Prestressing for prestressed structures shall be in accordance with
Article 5.14.2.3.8 of the AASHTO LRFD Bridge Design Specifications.

G) Structural Steel and Bolts:

1) Structural steel shall not be directly exposed to the environment. All structural steel,
if used, shall be fully enclosed or encapsulated on all sides and at all locations with
low permeability concrete. For encapsulated steel, the concrete shall be connected
(i.e., shear connectors or studs, channels, etc.) to the structural steel member. The
concrete shall contribute to the capacity of the structural steel member and shall also
be included in the analysis of the composite member as dead load. The minimum
concrete clear cover to any portion of any structural steel, including connectors or
other appurtenances, shall be 2.

2) All structural steel and bolts shall be designed and constructed in accordance with the
DelDOT Standard Specifications. As a minimum, structural steel shall be AASHTO
M270, grade 50 for primary members and grade 36 for secondary members.

3) All non-encapsulated steel shall be painted in accordance with Delaware Department
of Transportation Standard Specifications Section 820.

4) Miscellaneous steel, including steel for stairways, landings, handrails, ladders,
gratings, hatches, etc., inside void spaces within the structure shall be coated in
accordance with the Inspection, Maintenance and Construction Requirements
Performance Specification.  Miscellaneous steel does not need to meet the
requirements of Section G.1 above.

H) Stainless Steel:

5) Any bridge component that does not consist of concrete, is not concrete enclosed, or
is not fully concrete encapsulated, excluding traffic barriers, end attenuators, railings,
ladders and platforms shall be designed and constructed of marine grade, corrosion
resistant stainless steel, minimum Grade 316L, unless otherwise specified in this
document .

6) All bolts, nuts, washers, hinges, backer plates, weld plates, and other miscellaneous
items attached to any stainless steel component shall be stainless steel, minimum
Grade 316L.

7) If welding is required for stainless steel, then all welding material shall be of an equal
or better grade than the base metal. Aluminum and/or steel wire brushes and/or
abrasives may not be used on any stainless steel part during fabrication. All heat tint
and any weld splatter shall be removed.

D Stay Cables:

1) Stay cables shall be in accordance with the Cable-Supported Bridge System
Requirements Performance Specification.

)] Surface Finish:

2) All finished exterior surfaces of the bridge structure shall have a uniform coloration
in accordance with the Aesthetic Requirements Performance Specification and shall
have an anti-graffiti coating applied in accessible exterior areas of the bridge in
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accordance with the Anti-Graffiti Coating Special Provision (see Part 4 of the
Contract Documents).

3.7 CONSTRUCTION

A)

B)

0

D)

E)

F)
G)

H)

)

J)
K)

Construction shall be in accordance with all applicable Performance Specifications (see
Part 3) and Design-Build Special Provisions (See Part 4).

It is the responsibility of the Design-Builder to prepare a complete construction
sequence/erection method and assume responsibility for the detailed design of the
structure and erection equipment. The Design-Builder will be responsible for
determining and monitoring forces and deflections in the permanent structure at all
erection stages caused by his proposed erection method.

The Design-Builder shall provide camber to the structure to achieve the final grades and
cross-slopes in accordance with the Roadway Geometrics Performance Specification.

Minimum erection loads and load combinations during construction shall be in
accordance with Section 3.5.2 of this Specification.

The Design-Builder shall make provisions for emergency bracing and stabilization of the
structure during construction. The structure shall be braced or secured if, during
construction, winds in excess of construction design values are to be expected.

Temperature effects shall be considered during construction.

Whenever the construction of a structural component (such as a wall, footing, or other
such component) requires excavation that may endanger the public or existing structure,
the Design-Builder must protect the public and the existing facility. If a temporary
retaining structure is, therefore, required during the construction stage only, it shall be
removed after completion of the work. Such systems as steel sheet pilings, soldier
beams, and lagging or other similar systems are commonly used. In such cases, the
Design-Builder is responsible for designing any modifications to existing and/or new
retaining structural system in accordance with the DelDOT Bridge Design Manual. The
retaining structural system shall be detailed in the Plans for the project and shall be
signed and sealed by the Design-Builder’s Design Engineer in responsible charge of the
design.

The Design-Builder may furnish, erect, operate and utilize an on-site concrete batch plant
in accordance with the Section 3.1.5 of the Concrete for Structures Performance
Specification and Section 812 of the DelDOT Standard Specifications.

All concrete construction joints shall be prepared in accordance with Section 602 of the
DelDOT Standard Specifications.

All concrete chamfers shall be not less than 34”.

The structure shall be designed without requiring the drilling of concrete for installation
of any appurtenances. All appurtenances (either temporary or permanent) shall be
attached to the structure using cast-in-place inserts, unistrut or other hardware approved
for use by the Department.

4.0 DESIGN CRITERIA

4.1 GENERAL
The following design requirements shall apply to all cable-supported bridge spans:
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A)

B)

0

D)

E)
F)

The distribution of force effects to the components of cable-supported bridge spans shall
be determined by either three-dimensional or two-dimensional structural analysis as
required for accurate evaluation of the above deck supporting member geometry, number
of planes of cables, and the torsional stiffness of the deck superstructure.

Non-linear effects shall be considered in both the global and local analyses of the
structural bridge system.

The calculation of forces and deformations shall consider the following:
1) Non-linear response of cables;

2) The p-delta effects (geometric non-linearity) for the girder under axial load and
bending and for all other elements with significant axial loads;

3) The variation of load intensity with loaded length when load superposition is no
longer valid;

4) The non-linear effect of live load that includes the moment due to dead load thrust
acting on the live load displacement; and

5) The change in stiffness due to concrete cracking under factored loads shall be taken
into consideration when the deformation of the structure results in a significant
change in force effects.

The analysis shall include the time dependent effects of creep and shrinkage for the stage-
by-stage construction and the completed bridge.

Live load analysis shall include checkerboard loading to produce maximum torque.

All other loads including construction loads shall be in accordance with Section 3
“Requirements” of this Performance Specification.

4.2 SUPERSTRUCTURE DESIGN

A)

Stress Limits for Concrete Members

1) Stress limits for concrete members shall be in accordance with the AASHTO LRFD
Bridge Design Specifications except that no tension shall be allowed at the Service
Limit State after losses for effective prestress and permanent loads. The
superstructure shall be designed as fully prestressed. The calculation of stresses for
Service Limit States shall take into account any differential creep and shrinkage
between concrete of different ages. All concrete web and flange designs, whether or
not considered part of segmental structures, shall conform to the shear design
provisions of 5.8.5 of AASHTO LRFD Bridge Design Specifications. Construction
load combinations at the service limit state shall be checked as per Section 5.14.2.3.3
of AASHTO LRFD Bridge Design Specifications.

2) The term “fully prestressed” shall be interpreted as defined in Section 5.9 of the
AASHTO LRFD Bridge Design Specification. The superstructure shall satisfy the
allowable stresses for "fully prestressed" components included in the AASHTO LRFD
Bridge Design Specification for both longitudinal and transverse directions. In
addition to the allowable stresses for the AASHTO Service Limit States, the
superstructure tensile stress limit after losses shall be “no tension” for an additional
Service Limit State Combination consisting of the sum of effective prestress,
permanent loads and the long term effects from creep, shrinkage and relaxation. The
“no tension” tensile stress limit shall apply in both the longitudinal and transverse
directions of each component.

Indian River Inlet Bridge Readvertised 15 Final
Scope of Services Package — Contract Documents

Part 3 — Design Requirements & Performance Specs Bridge Design Requirements
Appendix A — Performance Specifications Page 13 of 16



Delaware Department of Transportation

4.3

4.4

B)

0

3) Cast-in-place bridge decks that can be replaced using conventional methods do not
need to be designed as “fully prestressed” and they do not need to be checked for the
additional Service Limit State Combination consisting of the sum of effective
prestress, permanent loads and long-term effects.

Bridge Decks

1) For concrete bridge decks, a minimum 1 5/8 inch thick overlay shall be constructed
for the bridge deck wearing surface. Acceptable overlay systems are listed below.
Alternative deck wearing surfaces or overlay systems shall be submitted to the
Department for review and must be approved by the Department prior to use. The
use of an integral deck wearing surface in lieu of a separate overlay shall not be
permitted.

a) Latex Modified Concrete Overlay (See Part 4 - Special Provisions,
Special Provision 602543);

b) Micro-Silica Modified Concrete Overlay (See Part 4 - Special Provisions,
Special Provision 602583); and

c) Low Permeability Concrete Overlay (See Part 4 - Special Provisions,
Special Provision 602697).

2) Orthotropic steel deck shall not be used.
Segmental Concrete Box Girders

1) For segmental concrete box girders, the effective width of deck slab for analysis and
for calculation of section capacity and stresses may be determined by special elastic
analysis that considers shear lag effects as per AASHTO LRFD Bridge Design
Specifications.

2) Influence surfaces or other elastic analysis procedures shall be used to evaluate live
load plus impact effects in the top flange.

PERMANENT STAY CABLES

A)

B)

Permanent stay cables shall be designed in accordance with the Cable-Supported Bridge
System Requirements Special Provision included in Part 4 of the Contract Documents.

Permanent Stay Cable Replacement:

1) The design shall provide for the replacement of any individual cable with a reduction
of the live load in the area of the cable under exchange. The design shall also be
capable of withstanding the loss of any one stay cable without the occurrence of
structural instability.

2) Details on final plans shall allow all individual stay cables to be removed by
detensioning at the live end anchorage.

TEMPORARY STAY CABLES

A)

B)

Temporary stay cables, if required for construction, shall be designed in accordance with
PTI “Recommendations for Stay Cable Design, Testing, and Installation”.

Temporary stay cables shall be limited to an allowable stress of 0.6 F’s during
construction.
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4.5

4.6

4.7

BEARINGS

A)

B)

0

The design friction for structural sliding bearings shall be 3% maximum. The Design-
Builder shall be responsible for utilizing the necessary methods and materials defined in
the AASHTO LRFD Bridge Design Specifications Table 14.7.2.5-1 to achieve friction
values less than or equal to this design value.

Each bearing shall be designed and detailed to be replaceable by jacking the
superstructure off the permanent bearings. The longitudinal and transverse analysis of
superstructure shall consider the redistribution of reactions and forces when jacks are
engaged to replace the bearings. The plans shall indicate the required position, size, and
type of the jacks.

Bearings shall be in accordance with Part 4 — Special Provisions, Bridge Bearing
Devices.

EXPANSION JOINTS

A)

B)
0

Modular and sliding plate expansion joints shall not be used. Finger joints or strip seal
expansion joints shall be used in accordance with Part 4 — Special Provisions, Bridge
Expansion Joint Devices.

Steel finger joints shall be hot-dipped galvanized as per ASTM A123.

In the shoulders and the combined use walkway, joints shall accommodate bicyclists.

SUBSTRUCTURE DESIGN

A)

B)

Towers and Piers

1) Reinforced concrete piers and towers shall be designed in accordance with AASHTO
LRFD Bridge Design Specifications.

2) The bridge shall be checked for an Extreme Event Limit State load combination
including wind loads with a 2,000-year return period and permanent loads. The load
factor for all loads in this load combination shall be equal to 1.0. The structure shall
not have any structural instability, such as buckling or brittle failure that could result
in catastrophic collapse under this loading.

3) Precast prestressed hollow-section pier columns constructed segmentally are not
permitted for use below the mean high water elevation.

4) Non-linear analysis (large deflection analysis) shall be used for the design of the
towers and piers. For the computation of factored load moments and shears, cracked
section properties shall be used, if applicable.

5) The use of pile bents shall not be permitted.

6) The use of exposed steel towers, steel piles, and/or steel caissons shall not be
permitted.

Foundations

1) Deep foundations and foundation caps shall be designed in accordance with AASHTO
LRFD Bridge Design Specifications and shall include analysis of the effect of
settlement and related lateral soil displacement induced by existing and proposed
structures, embankments, or other surcharges. The analysis shall be site specific and
use numerical procedures as necessary. Appropriate mitigation measures must be
also analyzed and incorporated into the design as appropriate.
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2) P-delta effects shall be considered in accordance with Section 4.1 of this Performance
Specification.

3) During construction, the following load combinations for foundation supporting
elements shall be utilized in addition to all other applicable limits states included in
AASHTO (The definitions of the symbols are given in Section 3.3.2 of AASHTO
LRFD Bridge Design Specifications):

a) Service: 1.0[(DL+CR+SH)+(CE+CLL)+W+TR/TF)]
b) Strength: n; [1.25(DL+CR+SH)+1.50(CE+CLL)+1.25W+1.0(TR/TF)].
)] Tremie Seals

1) Tremie seals, where utilized, shall be designed in accordance with the DelDOT
Bridge Design Manual.

D) Temporary Retaining Structures

1) Temporary retaining structures, such as cofferdams, sheet pile walls, and other such
structures, where utilized, shall be designed in accordance with the DelDOT Bridge
Design Manual.

2) Temporary retaining structures shall also conform to Section 3.7.G of this
Performance Specification.

4.8 CORROSION PROTECTION PLAN

For the Corrosion Protection Plan refer to the Performance Specification for Inspection, Maintenance and
Construction Requirements.

5.0 INSPECTION AND MAINTENANCE MANUAL

For the Inspection and Maintenance Manual refer to the Performance Specification for Inspection,
Maintenance and Construction Requirements.

Remainder of page blank
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BRIDGE DRAINAGE SYSTEM
PERFORMANCE SPECIFICATION

1.0 INTRODUCTION

The Design-Builder shall provide a bridge drainage system designed to safely handle storm runoff
consistent with the Design-Builder’s bridge design and to satisfy all environmental commitments (see
Part 7 — Permit Requirements) and other Department requirements. The design and construction of all
drainage and other bridge drainage facilities shall adequately address runoff control, safety, functionality,
erosion mitigation, durability, ease of maintenance and repair, and maintenance access. The Design-
Builder shall abide by the specifications and standards in this Performance Specification and in other
applicable sections as they pertain to drainage facilities, including NPDES and other permit requirements.

The Design-Builder shall also design the bridge drainage system in a manner that is consistent with the
Aesthetic Requirements for the project and all portions of the bridge drainage system shall be
camouflaged, concealed, or inconspicuously provided such that the drainage system does not negatively
disturb or detract from the aesthetic appearance of the structure in the opinion of the Department.

2.0 STANDARDS AND REFERENCES

The design and construction of bridge drainage system facilities and appurtenances, including those
required for environmental purposes, shall be in accordance with this Performance Specification and the
relevant requirements of the following standards, unless otherwise stipulated in this Performance
Specification. Standards and references specifically cited in the body of the Bridge Drainage System
Performance Specification establish requirements that have precedence over all others. Should the
requirements in one standard conflict with those in another, the standard highest on the list shall govern.
Listed under references are guidelines that the Design-Builder may use to address the requirements, as the
Design-Builder sees fit. It is the Design-Builder’s responsibility to obtain clarification of any and all
unresolved ambiguity prior to proceeding with any design or construction.

2.1 STANDARDS

Specific codes and standards include, but are not limited to, the following listed in order of governing
precedence.

211 Design

A) Delaware Department of Transportation “Bridge Design Manual,” the latest edition with
Revisions as of the issue date of this RFP;

B) Federal Highway Administration (FHWA) HTA-22, Hydraulic Engineering Circular 21
(HEC-21) FHWA-SA-92-010, “Design of Bridge Deck Drainage,” May, 1993;

C) FHWA HTA-22, Hydraulic Engineering Circular 22 (HEC-22) FHWA-NHI-01-021,
“Urban Drainage Design Manual,” Second edition, August, 2001;

D) AASHTO, “Model Drainage Manual,” the latest edition as of the issue date of this RFP;

212 Specifications

A) Delaware Department of Transportation “Supplemental Specifications, Revisions and
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Corrections to the August 2001 Standard Specifications” (Part 4 - Appendix A);

B) Delaware Department of Transportation “Standard Specifications for Road and Bridge
Construction” Dated 2001;

2.1.3 Coordination with other Design Standards

A) Delaware Department of Transportation “Road Design Manual” the latest edition as of
the issue date of this RFP;

B) AASHTO, “AASHTO LRFD Bridge Design Specifications, U.S. Customary Units,” the
latest edition with all current Interims as of the issue date of this RFP.

2.2 REFERENCES

A) Delaware Department of Transportation, Design Guidance Memorandums;

B) Delaware Department of Transportation, “Standard Construction Details,” the latest
edition with Revisions as of the issue date of this RFP;

C) AASHTO, “A Policy on Geometric Design of Highways and Streets (Green Book),” the
latest edition with Revisions as of the issue date of this RFP;

D) AASHTO, “Roadside Design Guide,” the latest edition with Revisions as of the issue
date of this RFP.

3.0 REQUIREMENTS
3.1 DESIGN CRITERIA

A) The Design-Builder shall determine the design storm for the Project subject to approval
by the Department.

B) The minimum allowed design storm recurrence interval shall be the ten-year storm. This
value shall be used regardless of any Design-Builder research, analysis or calculations
that indicate a lesser design storm recurrence interval. Should the Design-Builder’s
research, analysis and/or calculations indicate an increase in the recurrence interval for
the design storm, then the Design-Builder shall use the higher recurrence interval for
design.

3.1.2 Bridge Deck Drainage

A) The Design-Builder shall perform a hydraulic analysis in accordance with HEC-21 to
determine the required size and number of scuppers. Bridge deck drainage discharge
under barriers or curbs by means of slots, weep holes or by other means shall be
considered unacceptable and will not be approved by the Department for use on the
project.

B) All scuppers shall be located in a straight line on the low side of the outside shoulders or
curbs for pedestrian sidewalks. Scuppers shall not be placed in traffic lanes.

C) All drainage grates shall be ADA-compliant and shall be bicycle-safe.

D) The center of scupper inlet pipes shall be parallel to the vertical faces of bridge traffic
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E)

F)

G)

H)

3.13
A)

B)

C)

D)

E)

F

barriers and curbs for pedestrian sidewalks. Local depressions around scupper inlet pipes
shall be provided to promote positive drainage.

Scuppers shall be omitted in areas where free-fall drainage from scupper outlet pipes will
be over roadways, permanent paved pedestrian pathways and sidewalks, or immediately
over and/or adjacent to bridge supporting elements such as piers, pylons, towers, arch
bases, abutment walls and bearing seats. Centers of free-fall scupper outlet pipes may not
be located within 10 feet measured horizontally in plan view within any surface of a
bridge-supporting element mentioned above.

Scuppers shall be manufactured from simple sections of PVC piping and shall be
installed flush with and normal to the depressed bridge deck riding surface. Outlet pipes
shall not introduce runoff discharge within structural void spaces of the bridge.

The minimum allowable pipe schedule shall be schedule 40. Minimum allowable pipe
diameters shall be as follows:

1) Scuppers for areas of the bridge deck carrying vehicular traffic: 4 inch dia.
2) Scuppers for areas of the bridge deck carrying pedestrian traffic: 2 inch dia.

The underside surface of the bridge immediately adjacent to free-fall scupper outlet pipes
shall receive a 1/2 inch deep “V”-groove around the full perimeter of the outlet pipe to
create a drip edge. The “V”-groove shall be located within 4 inches of the outside edge
of the outlet pipe. The “V”-groove detail may form either a rectangular or circular
perimeter around the scupper outlet pipe.

Bridge Expansion Joint Device Discharge

The Design-Builder shall determine the volume of runoff collected at the bridge
expansion joint devices for the design of piping, downspouts, collectors, cleanouts, trench
drains, splash blocks, and any other such materials for the proper conveyance of collected
discharge from the bridge expansion joint devices.

The Design-Builder shall design piping, downspouts, scuppers, trench drains, and any
other such materials for the conveyance of collected discharge from the bridge expansion
joint devices with an efficiency of 50% to estimate the condition when the system may be
partially clogged by debris and sediment.

All piping, downspouts, cleanouts, floor drains, collectors, connections and other such
materials required for the complete assembly of the drainage system for bridge expansion
joint device discharge shall be ductile iron conforming to the requirements of ASTM
A746 with asphaltic coating. The asphaltic coating shall be a minimum of 1 mil in
thickness after curing.

Minimum allowable pipe size for bridge expansion joint discharge shall be 6 inch DIP
size. Minimum allowable diameter for cleanouts and round floor drains shall be 6 inches.

Slopes of pipe laterals shall be determined by the Design-Builder. The minimum
allowable slope for piping laterals shall be 3%.

Slopes for trench drains shall be determined by the Design-Builder. The minimum
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allowable slope for trench drains shall be 1%.

G) The minimum width and depth of trench drains shall be 6 inches. Trench drains shall be
supplied with gratings and shall conform to ASTM A48, Class 30.

H) Drainage outlet pipes shall be placed such that the free-fall discharge height is less than 2
feet above splash blocks.

Remainder of page is blank
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BRIDGE HYDRAULICS AND SCOUR REQUIREMENTS
PERFORMANCE SPECIFICATION

1.0 DESCRIPTION

The specific purpose of this scope is to determine design coastal storm surges, flows, and wave heights to
predict expected scour around the proposed Indian River Inlet replacement bridge. Minimum design
requirements shall be in accordance with the Bridge Design Requirements Performance Specification.

2.0 BACKGROUND

Coastal storms in 2004 and 2005 caused failure of major bridges — primarily through the combination of
storm surge and wave action. Failure modes included wave action (uplift, impact, and buoyancy forces),
erosion of embankments and abutments, and scour. Lessons learned included a realization that coastal
storm factors may require a different hydraulic assessment than normally considered for riverine bridges.
The Department requires that the design of the proposed Indian River Inlet Bridge characterize and
consider such factors during the design-build process.

3.0 DESIGN-BUILDER’S QUALIFICATIONS AND EXPERIENCE

Appropriate coastal hydraulic analyses require a multi-disciplinary team qualified in Coastal Engineering,
Bridge Hydraulics/Hydrology, Structures, and Geotechnology. The team should demonstrate experience
in deriving design storms and/or frequencies in a coastal setting; numerical modeling of both storm surge
(e.g, ADCIRC, RMA2, etc), waves (e.g., WAM, SWAN, etc), and understand the need to couple such
models as necessary; and be able to perform scour analyses and produce scour countermeasure designs.
The key individuals within the team having direct oversight of this work must demonstrate by formal
education and or experience the ability to meet these qualifications. An individual may qualify in more
than one discipline. The analyses of astronomical tides, waves, and hurricane storm surges should use
Coastal Engineering analyses as typified by the practices of the USACE and consistent with current
coastal engineering practice’. The qualifications of the multi-disciplinary Coastal Engineering shall be
submitted to the Department for approval within 30 Calendar Days of Contract Award.

4.0 TASKS

This scope of work includes several tasks as outlined below. Some of the requirements of the Design-
Builder shall include characterizing site conditions, predicting 50, 100 and 500-year return interval storm
surge heights and wave parameters at the bridge location, predicting scour depths and extents at structural
elements (e.g, piers; abutments, retaining walls), and developing countermeasures and/or shoreline
protection.

41 TASK 1: DETERMINE DESIGN STORM CHARACTERISTICS

Using accepted coastal engineering approaches and practices, determine the design storm characteristics
and/or boundary conditions for the 50, 100, and 500-year events. These may be those surge and wave
estimates associated with FEMA Flood Insurance Studies. However, other approaches may be applied to
characterize such frequencies. The Department would consider historical, synthetic, or empirical
simulation technique (EST) methods (described in “Storm Surge Analyses and Design Water Level
Determinations,” USACE, EM 1110-2-1412, April 1986, “Chapter 5 - Water Levels and Long Waves,”

! NOTE: These do not include the FHWA document “HEC-25: Tidal Hydrology, Hydraulics, and Scour at Bridges
(first edition)” or the tidal waterways section of the FHWA document: “HEC-18: Scour at Bridges (fourth edition).”
However, the remainder of HEC-18 SHOULD be used to conduct scour analyses.
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USACE, EM 1110-2-1100 (Part I1), April 2002, or “Hurricane Climatology for the Atlantic and Gulf
Coasts of the United States,” NOAA TR NWS38, April 1987) as describing some accepted procedures to
estimate exceedance probability in a coastal environment. Other approaches might apply stochastic
analyses of hindcast storm events for the project area.

The resulting design storm characteristics will be applied to the storm surge and wave models developed
in Task 2.
4.2 TASK 2: DEVELOP STORM SURGE AND WAVE MODELS

Develop storm surge and wave models for Indian River Inlet. The Department believes that ARCIRC,
RMAZ2, and SWAN represent current state of practice for such studies, but a team may propose
application of other, alternative, modeling approaches. The Department must approve use of any proposed
models. Submit an interim report for this task for review and comment by the Department and present the
methodology and results to the project team.

421 Gather Available Data

These may include, but are not limited to:
a) Bathymetry-Topography data
b) Validation data

C) Water elevations (tide gages)
d) Discharge measurements
e) Water elevation records during past storm events

f) Aerial photography

)] NOAA charts

h) Digital quad maps

) FEMA Flood Insurance Studies
) Other modeling efforts

k) Wind data (including purchasing hindcasted wind / pressure data for storms in NOAA
database that have impacted the project area).

422 Reduce, Analyze, Reconcile, and Assess Available Data

Shift and merge data sets as needed. Compare and rectify boundaries for consistency. Evaluate adequacy
of coverage and reliability of available survey data. Determine strategy for obtaining additional
bathymetry as needed.

4.2.3 Development of Models

a) Develop Storm Surge Model Mesh. Provide sufficient grid detail to allow acceptable
accuracy at bridge substructure units, embankments, and abutments.

b) Develop Wave Model Meshes. Develop large wave model mesh and higher resolution,
nested wave model meshes.

C) Couple models as needed. This may include developing wind grid to storm surge grid,
storm surge grid to wave grid, and wave grid to storm surge grid.
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d) Validate Storm Surge and Wave Models. Use spring tide elevation and discharge data,
and any available hurricane high water marks, to validate the storm surge / wave model.

4.2.4 Prepare Report and Present Results to the Department
Submit a draft final report, make a formal presentation of results, and respond to comments on the report.
4.3 TASK 3: MODEL STORM EVENTS

Using the developed models, determine 50, 100, and 500-year hurricane flow velocities, peak water
elevations, and wave heights. Submit an interim report for this task for review and comment by the
Department and present the methodology and results to the Project Team. Note: the results of Tasks 1
and 2 will be used to evaluate the potential lateral loadings from wind, waves, and potential buoyancy on
the Bridge structure. Minimum design requirements shall be in accordance with the Bridge Design
Requirements Performance Specification.

4.4 TASK 4: PERFORM BRIDGE SCOUR ANALYSES

Using approaches in the FHWA document “HEC-18 — Scour at Bridges (4" edition)”, calculate scour
estimates for the following conditions:

e Worst case scour condition up through the 100-year frequency flood event (Design Scour Flood
Event).
e Scour condition for the 500-year frequency flood event (Check Scour Flood Event).

Scour Components: Scour estimates for the above events shall consist of the total scour resulting from
the following processes described below:

o Natural channel aggradation and degradation anticipated during the life of the structure (including
sea level changes).

Inlet or channel migration anticipated during the life of the structure.

Contraction scour.

Local scour, including pier scour? and abutment scour.

Analyses of surge and wave action on approach embankments and MSE walls.

45 TASK 5: DESIGN SCOUR COUNTERMEASURES AND STRUCTURE PROTECTION

Using approaches in the FHWA document “HEC-23 — Scour Countermeasures” and Corps documents,
design suitable countermeasures to protect bridge elements from scour and coastal hydraulic forces and
effects in accordance with Section 3.5.7 of the Bridge Design Requirements Performance Specification.

4.6 TASK 6: PREPARE REPORTS

Necessary copies of separate semi-final and final reports shall be submitted and subjected to the
Department’s Consultation and Written Comment. The reports shall be compiled in hard cover binders
and, at a minimum, shall contain discussions and results of the following:

e CDs of all survey data, aerials, model datasets, the final reports, etc.
e Wave and surge information for the specified return interval events in the form of tables
and plots.

% The team should look at both HEC-18 and Sheppard’s methods for estimating pier scour.
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CONCRETE FOR STRUCTURES
PERFORMANCE SPECIFICATION

1.0 INTRODUCTION

This Performance Specification specifies the requirements of furnishing, placing, curing and finishing all
cast-in-place (CIP) and precast concrete elements proposed by the Design-Builder as part of the Work for
the Project. The Design-Builder shall be responsible for designing concrete mixtures that meet all the
parameters specified herein and finishing the Work in reasonably close conformity with the lines, grades
and dimensions shown on the Design-Builder approved plans.

2.0 REFERENCES AND STANDARDS

The design, furnishing, placement, curing, and finishing of all concrete work shall be in accordance with
this Concrete for Structures Performance Specification and the relevant requirements of the standards
listed in Section 2.1, unless otherwise stated in this Performance Specification. Standards and references
specifically cited in the body of this Performance Specification establish requirements that shall have
precedence over all others. Should the requirements in any standard conflict with those in another, the
more conservative standard presented in Section 2.1 of this specification shall govern. References are
guidelines that the Design-Builder may use in addressing the requirements as the Design-Builder sees fit.
It is the Design-Builder’s responsibility to obtain clarification from the Department’s Project Manager for
any unresolved ambiguities prior to proceeding with design or construction. Items listed as standards or
references in this Performance Specification shall be the most recent version available on the Proposal
due date.

2.1 STANDARDS

Specific codes and standards include, but are not limited to, the following listed in order of governing
precedence:

A) Scope of Services Package — Contract Documents Part 6 — Directive and Indicative Plans;

B) Delaware Department of Transportation, “Supplemental Specifications, Revisions and
Corrections to the August 2001 Standard Specifications,” (Part 4 — Appendix A);

0] Delaware Department of Transportation, “Standard Specifications for Road and Bridge
Construction,” Dated 2001;

D) Delaware Department of Transportation, “Materials and Research Manual,” the latest
edition with Revisions as of the issue date of this RFP;

E) AASHTO, “AASHTO LRFD Bridge Design Specifications, U.S. Customary Units,” the
latest edition with all current Interims as of the issue date of this RFP;

F) AASHTO, “AASHTO LRFD Bridge Construction Specifications, U.S. Customary
Units,” the latest edition with all current Interims as of the issue date of this RFP;

2.2 REFERENCES

A) ACI 301 R-05, “Specifications for Structural Concrete”;
B) ACI 305 R-99, “Hot Weather Concreting";

) CEB-FIB “Model Code 1990,” First Edition, 1993, Chapter 2: Material Properties for
Time Dependent Properties of Concrete Only;
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D)

E)
F)

A)
B)
0
D)

E)
F)

G)

H)

I)

)

K)

L)

M)

N)

PTI Guide Specification, “Grouting of Post-Tensioned Structures,” the latest edition with
Revisions as of the issue date of this RFP;

ACI 207.1 R-96, “Mass Concrete”; and

Delaware Department of Transportation “Bridge Design Manual,” the latest edition with
Revisions as of the issue date of this RFP.

2.3 DEFINITION OF TERMS

ACI
(AD)
ARML

Arithmetic Mean

CCRL
Certified Laboratory

Defective Material

Design Permeability

fc

fer

Sample Standard

Sample Variance

Substructure Concrete

American Concrete Institute
Design Percent Air
AASHTO Reference Materials Laboratory

The value obtained by adding individual values and dividing by
the number of values to obtain an average.

Cement and Concrete Reference Laboratory

Either an ARML laboratory with a PCC certification or a CCRL
laboratory with a concrete certification.

Concrete that to meet

requirements.

is placed but fails specification

A measurement value of the concrete mixes quality. The value,
in Coulombs, which the concrete achieves after 28 days when
tested in conformance to AASHTO T 277 and as modified by
this specification.

Specified Design Strength at 28 days or specified age (ACI 301
4233.)

Required average compressive strength at 28 days or specified
age (ACI 301 4.2.3.3.a)

The positive variance.

deviation (S)

square root of the sample

the Square of the difference between a individual sample value
and the mean of the sample.

Concrete used in the following bridge components: foundation
support elements, footings, abutments.

Superstructure Concrete Concrete used in the following bridge components: precast or

2.4 MATERIALS

CIP superstructure, closure pours, pylon, arch.

All materials used for Portland Cement Concrete (PCC) and curing shall meet the applicable requirements
under Sections 812.02(a), (b), (c), (d), (e), (f), (g), (h), and (i) of the DelDOT Standard Specifications
unless otherwise modified herein. Additional material requirements include the following:

A)

B)

Ground granulated blast furnace slag. (Certification by the Manufacturer is required).
The one day cube strength results of ASTM C 1073 may be used in lieu of the 7 and 28-
day cube strengths required by ASTM C 989.

High molecular weight methacrylate resin sealer shall be in accordance with SS 1054.
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0) Joint filler shall be 4” thick and be in accordance with DelDOT Standard Specifications
Section 808.04(d).

D) Seals (preformed elastomeric compression joint) shall be in accordance with DelDOT
Standard Specifications Section 808.04(a).

E) Bar Reinforcement shall be in accordance with DelDOT Standard Specifications Section
603.

F) Epoxy Coated Bar Reinforcement shall be in accordance with Section 604 of the

DelDOT Standard Specifications.

G) Post-Tensioning Steel, Ducts for Post-Tensioning Tendons and Grout for Post-
Tensioning Tendons shall be in accordance with Part 4, Special Provisions - Prestressing.

H) Polypropylene Fiber shall be in accordance with DelDOT Standard Specifications
Section 824.

3.0 REQUIREMENTS

3.1.1 Concrete Mix Design

The Design Builder shall be responsible for the design, production, documentation, and submittal of
concrete mixture designs that will produce structural concrete meeting the required design parameters of
this Contract. The Design-Builder’s submitted mixture design shall satisfy the following minimum
performance requirements:

Property Specification Limit Test Method
fro As specified by the Design- AASHTO T22 & T23
Builder
Permeability’ 1500 coulombs (maximum) AASHTO T277°
Water/cementitious ratio 0.42 (maximum) N/A
Air Content 4.0 -7.0% AASHTO T152
As specified by the Design- AASHTO T119 or
Slump or Slump Flow Builder ASTM C 1611

! The permeability requirement may be eliminated, at the Design-Builder’s option, for any concrete
elements permanently located below finished grade.

? Tests will be run after samples are moist cured for 7 days at 73°F followed by moist curing for 21
days at 100°F.

The specific mixture design submitted by the Design-Builder shall meet all applicable specification
requirements and take into consideration the weather conditions, delivery time, and placement operations.
All individual concrete constituent materials shall be compatible with the other proposed materials to
ensure the concrete satisfies all Contract requirements.

Prior to incorporation of concrete into the Work, the Design-Builder shall produce a 5 cubic yard test load
of each proposed mixture design for testing by the Department. This shall take place a minimum of 60
Calendar Days prior to placement of this concrete in order for the Department to complete the testing and
provide written comment.

Any changes to individual constituent materials for the manufacturing of concrete shall be submitted to
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the Department’s Project Manager a minimum of 5 Working Days prior to incorporation into the Work.
3.1.2 Alkali-Silica Reactivity Mitigation

Coarse and fine aggregates for use in Portland Cement Concrete shall also be evaluated by the Design-
Builder for potential alkali-silica reactivity (ASR) using at least one of the means referenced below along
with any field service records available for the materials in question. If a field service record for a
particular source includes evidence of deleterious ASR occurring in that source, then that source shall be
classified as potentially reactive regardless of any laboratory test result for that source. Test results of the
proposed aggregates shall be provided by the Design-Builder to the Department’s Project Manager for
review and written comment a minimum of 60 Calendar Days prior to the incorporation of the mixture on
the Project.

Tests and Criteria for Proposed Aggregate
Procedure Description Limit
AASHTO T303 Mortar Bar Expansion <0.08% at 14 days
ASTM C1293 Concrete Prism Expansion <0.04% at 1 year

If the proposed concrete mixture design exceeds any of the limits referenced above, or the aggregate has
demonstrated deleterious ASR in the field, mitigation steps shall be taken. These mitigation steps shall
incorporate one or a combination of the following materials:

e Low Alkali Cement having an alkali content of 0.40 or less,
And/or the following supplementary cementitious materials:

e Blended hydraulic cement meeting the requirements of ASTM C1157,

e Ground Granulated Blast Furnace Slag meeting the requirements of AASHTO M302, Grade
100 or 120,

e Silica Fume meeting the requirements of AASHTO M307,

e Fly Ash meeting the requirements of Section 822, and with a total alkali content less than 3.0%

And/or the following chemical admixture:

e Lithium Admixture at a dosage rate based upon the sodium oxide equivalent (AASHTO M 85) of
the Portland cement component of the concrete. The standard lithium dosage is 0.55 gal of 30%
lithium nitrate solution per 1 Ib of sodium oxide equivalent of the Portland cement, with a minimum
dosage of 0.60% by weight of the Portland cement. Other lithium compounds may be used if prior
approval by the Department’s Project Manager is obtained by the Design-Builder. All lithium salts
shall be certified as non-hazardous based on the heavy metal content. Mixing shall be as per
manufacturer's recommendation. The amount of lithium admixture used shall be reported as the
percent of standard dose.

The exact dosage rates of any of the above referenced products shall be determined by the Design-
Builders testing in accordance with the table below, unless otherwise noted. All mixture design testing
shall be performed by a laboratory approved by the Department’s Project Manager. Test results of the
proposed concrete mixture components shall be provided by the Design-Builder to the Department’s
Project Manager for review and written comment at least 60 Calendar Days prior to the incorporation of
the mixture on the project.
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Tests and Criteria for Proposed Concrete Components

Procedure Description Limit
ASTM C1260 (modifed'?) Mortar Bar Expansion <0.08% at 28 days
ASTM C1293 (modifed?) Concrete Prism Expansion <0.04% at 2 years

'Low alkali cement cannot be evaluated by either of these test methods. If low alkali cement is used
with aggregate shown to be potentially reactive as the only measure to minimize the ASR potential of
the concrete, then the total alkali loading of the concrete mix design from the Portland cement and
other cementitious materials shall not exceed 2.5 Ib/yd’.

*The modifications to C1260 and C1293 necessary to meet this table are described in the FHWA
publication ‘Guidelines for the Use of Lithium to Mitigate or Prevent Alkali-Silica Reaction’,
publication number FHWA-RD-03-047, July 2003, pages 60-62. An Excel spreadsheet is available
from the Department’s Project Manager to calculate material amounts for the C1260 modifications.
Amounts of components used in modified C1260 tests submitted by the Design-Builder shall match
those in this spreadsheet.

3.1.3 Mix Design Documentation

The Design-Builder shall submit to the Department for review and written comment mix design
documentation for each Class and Type of concrete proposed for use in the Work. Each mix design
submittal shall include certified test data documenting results for air content, slump or slump flow, yield,
unit weight, f’cr, and the AASHTO T-277 modified permeability. Submittals shall be made a minimum
of 21 Calendar Days prior to each scheduled test load as referenced in Section 3.1.1 of this Specification.

The certified test data shall include:

A) Weight, source, type, and gradation of fine aggregate [1b](SSD)

B) Weight, source, type, and gradation of each coarse aggregate [1b](SSD)
O Weight, source, and type of Cement [Ib] *

D) Weight, source, and class of Fly ash [Ib]

E) Weight, source, and grade of Ground Granulated Blast Furnace Slag [1b]
F) Weight and source of Silica Fume [Ib]

G) Weight of water [lb]

H) Admixtures including:

1) Type
2) Brand name
3) Dosage during test
D Concrete temperature
)] Water / Cementitious materials ratio

K) Tested Slump or Slump Flow
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L) Tested air content

M) Unit weight

N) Yield

0) Tested f’cr @ 28 days and at other ages as required by the Design-Builder approved
plans

P) Tested design permeability in coulombs @ 28 days

*If blended cement is used, the mix design shall note the components of the blended cement and
the proportions of those components along with the proportionate weights.

The submittal shall also include specific gravity for the aggregates, cements, and pozzolanic materials and
percent absorption of the aggregates.

The Design-Builder may choose to run trial batches of concrete mixes meeting these specifications to
assure workability. If the workability of the trial batch is not acceptable to the Design-Builder, the
Design-Builder may modify the mix design or batching sequence and retest. Modifications to aggregate
weights, excluding adjustments for specific gravity or absorption changes, by more than 3% or a change
in aggregate source will constitute a change to the mix design. Submittal of new certified test data to the
Department will be required prior to use of the modified mix.

3.14 Quality Control Testing Requirements

The Design-Builder shall be responsible for performing in process quality control sampling and testing of
the concrete in accordance with Part 2, DB Section 106 — Control of Materials.

3.15 Concrete Production

All concrete shall be produced in accordance with the requirements of Section 812 of the DelDOT
Standard Specifications.

3.1.6 Concrete Placement and Curing

The Design-Builder shall be responsible for ensuring the placement and curing of all structural concrete is
performed in accordance with the Contract requirements and generally accepted industry standards.
Within 24 hours of completing each concrete pour, the Design-Builder shall submit to the Department’s
Project Manager a report including all concrete test results and documentation associated with the
concrete pour. The report must be reviewed and approved by the Design-Builder’s Construction QC
Manager prior to submission to the Department. Any potential problems identified or concerns raised
during or after the concrete pour and planned remedial measures shall be documented in each report.

4.0 CAST-IN-PLACE AND PRECAST CONCRETE

The work specified in this Section shall consist of manufacturing structural cast-in-place (CIP) or precast
concrete elements and their incorporation into the completed structure.

411 Definition of Terms
The following terms apply to cast-in-place segmental bridge construction:

A) Segment: Refers to a modular section of the superstructure and/or substructure consisting
of a certain cross section shape and length as detailed on the Design-Builder approved
plans.

B) Segment Joint: a full width and depth joint between consecutive concrete placements of
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O

D)

E)

F)

G)

H)

)

J)

K)

L)

M)

N)

an individual element shape.

Construction Joint: A joint within an individual section or element, created by
consecutive concrete placements.

Cantilever (Erection): A method whereby superstructure segments are sequentially
constructed in cantilever to a point where a closure joint is cast-in-place between
cantilever segments or ends or end segments.

Balanced Cantilever (Erection): A method whereby the segments are sequentially erected
alternately on either side of the pier in cantilever to a point where a closure is cast in
place.

Span-by-Span (Erection): A method whereby segments for one complete span are
constructed while temporarily supported.

Unidirectional Cantilever (Erection): A method whereby the segments are sequentially
erected in one direction by connecting to the previously erected segment in one direction.

Camber: The amount by which the concrete profile at the time of casting must differ
from the theoretical geometric profile grade in order to compensate for all structural dead
load, post-tensioning, all long-term and time dependent deformations (creep and
shrinkage) including all the intermediate erection stages and effects. (The opposite of
deflections.) For cast in place construction, these values must include short and long term
deflections of the foundations, substructure elements, bearings, formwork, falsework
supports and the other superstructure elements.

Match Cast: Refers to a precast concrete fabrication process whereby a segment is cast
against the preceding segment producing a matching interface that will permit the
reestablishment of the cast geometry at the time of erection. Match casting may be
accomplished by either the short line or long line casting method.

Short Line Casting: A method of casting segments one at a time in a casting cell between
a bulkhead at one end and a previously cast segment at the other. The first segment is
cast between the bulkhead and another temporary bulkhead.

Long Line Casting: A method of casting segments on a casting bed of sufficient length to
permit the cumulative casting of segments for the entire length of a span or cantilever
between field closure pours without repositioning the segments on the casting bed. With
this method, the first segment is cast between bulkheads and successive segments are cast
between a movable bulkhead on one end and the previously cast segment on the other.

Casting Cell: Refers to a special formwork arrangement usually consisting of a fixed
vertical bulkhead of the cross section shape at one end and adjustable soffit, side and core
forms all designed and assembled into a machine for making a single superstructure
segment.

Wet Joint System: is a method whereby segments are made in a casting cell between two
bulkheads and are not match cast. Subsequently, segments are erected in the
superstructure with a narrow cast in place joint between each segment. (During erection,
all segments of a span or multiple spans are supported by falsework, truss or other
technique until the joints have reached sufficient strength and the longitudinal post
tensioning installed to make them self supporting.)

Casting Curve: Is the curve of casting geometry that has to be followed in the casting
cell, bed, or form in order to achieve the theoretical bridge profile and alignment after all
the final structural and time dependent (creep and shrinkage) deformations have taken
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place. The casting curve is a combination of the theoretical bridge geometrical profile
grade, alignment, and the camber.

0) Erection Elevation: The elevation to which a segment or element in the structure is to be
set or cast to at the time it is erected or self-supported. (This is not necessarily the profile
grade but rather the profile grade corrected by the amount of deflection calculated to
occur from that stage onwards.)

4.1.2 Shop / Working Drawing Requirements

Shop drawings shall be in conformance with AASHTO LRFD Bridge Design Specifications and Sections
105.04, 105.05, 105.06 of the DelDOT Standard Specifications, as applicable. The Design-Builder shall
submit detailed Shop/Working Drawings that include all details necessary for the successful completion
and inspection of all precast and cast-in-place concrete work. Shop/Working Drawings shall clearly
identify the methods to be used and identify all items to be cast or formed into each concrete pour. The
Design-Builder’s detailed Shop/Working Drawings shall include, but not necessarily limited to, the
following:

A) Shop drawings shall be prepared, reviewed, and submitted to the Department in
accordance with Part 2, DB Section 111 of the Contract Documents.

B) Complete details of the proposed segment or element fabrication system, including
casting forms, their foundations, operational details, casting layout and geometry control
observation and measuring system. The shop drawings shall dimensionally locate all
segment joints and construction joint locations.

0) Complete details for the post-tensioning ducts, anchorage hardware, any additional
anchorage reinforcing, inserts or other items to be embedded in the segment or element.
A complete geometric layout for each post-tensioning tendon shall also be submitted.
This shall include inserts or embedments for temporary items such as climbing forms.

D) For the casting of Precast Superstructure segments, the Design-Builder must develop a
geometry control program and an operating manual for the program for use by the
Design-Builder for the duration of the precasting of the superstructure segments. This
program must be provided to the Department for verification prior to casting any precast
elements.

E) Theoretical casting curve geometry, in the form of a table of coordinates defining the
surface of the superstructure in a phase by phase format compatible with the data input
for the Design-Builders geometry control program will be provided to the Department.
Adjustments for camber will be included in these coordinates according to the
construction sequence, loads, methods and schedule provided by the Design-Builder.
The Design-Builder shall supply to the Department all detailed information requested by
the Department including but not limited to the following:

1) Proposed Schedule - including but not limited to all casting dates, erection dates,
stressing dates for permanent tendons and temporary stay and load movement
(equipment, etc.) dates.

2) All Erection Equipment imposed loads - including but not limited to form
travelers, delivery equipment, equipment storage, material storage, cranes,
scaffolding, access platforms, etc.

3) Location of all imposed loads - detailed sketches showing all tie down details and
locations, loads prior to casting, and after casting.
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4) Complete details of forming segments and elements. These details shall include,
for each type of segment or element, the method and sequence of concrete
placement.

F) A manual for the geometry control of any segment or element prepared by the Design-

Builder, in accordance with the information provided in the Design-Builder Approved
Plans and Documents, and as required by this performance specification. This manual
shall include a detailed step-by-step casting sequence including all intermediate
procedures relating to; any traveler equipment, falsework, stripping of forms, movement
of equipment, counterweights, support jacking, stressing of temporary post-tensioning
bars, main post-tensioning tendon sequences, stressing forces and elongations, control
point erection elevations (and station positions), the field survey and alignment control
methods to be employed for setting the initial and subsequent segments, and any other
relevant operations.

The detailed step by step procedure for erection of segments shall include the sequence in
which these items are to be erected along with a table of theoretical elevations and
alignment of the geometry control points as established during casting of each segment
and computed at each stage of erection. Stages for which theoretical positions of control
points are to be computed shall include the segment in place prior to applying post
tensioning and the segment with post tensioning applied.

The theoretical position shall be computed taking into consideration the following, as

applicable:

1) Effect of formwork/falsework deformations.

2) Effects of construction loads, dead load and live loads (including torsion).

3) Effects of post-tensioning.

4) Effects of elastic shortening, creep and shrinkage of concrete and relaxation of

the prestressing steel.

5) Effect of the final profile of the roadway as shown in the Design-Builder
approved plans.

6) Expected foundation settlements.

The procedure shall also include a method for measuring and recording the elevations,
positions, and alignment of all control points at each stage of erection.

New casting or erection procedures shall be submitted by the Design-Builder any time it
proposes to deviate from the sequence or schedule of operations contained in the casting
or erection manual. The proposed deviation(s) shall be approved by the Design-Builder’s
Design QC Manager and submitted to the Department’s Project Manager for review and
comment at least 5 Working Days prior to implementing the change.

Q) For precast segments, complete details of handling, storing and transporting of the
segments. These details shall include, for each type of segment, the method of lifting
(location of any inserts, configuration of lifting devices, etc.) and the method of
supporting segments during storage and transportation, the planned route for transporting
the segments and the axle loads for the segment hauler. The details shall be accompanied
by calculations prepared under the direction of, and signed and sealed by, a Professional
Engineer registered in Delaware demonstrating that the forces imposed on a segment
during lifting, storage and transportation will not adversely affect the structural integrity
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of the segment.

H) Complete details related to post-tensioning stressing equipment, stressing methods to be
used, the sequence of stressing, and all loads to be imposed on any portion of the
permanent structure by the erection equipment.

D Calculations prepared under the direction of, and signed and sealed by, a Professional
Engineer registered in Delaware, which show that the loads imposed on the permanent
structure by the erection equipment proposed by the Design-Builder will not adversely
affect the structural integrity of the permanent structure, nor exceed nominal resistances
during the construction process. These calculations shall include computations of all
loads due to the erection equipment.

)] See Part 4, Special Provisions - Cable-Supported Bridge System Requirements for
additional shop drawing and submittal requirements for cable-supported bridge
structures.

4.2 CONSTRUCTION METHODS

4.2.1 Casting, Placing, and Curing of Concrete

The Design-Builder shall develop and utilize concrete casting, placement, and curing methods that
successfully meet the Contract requirements including, but not limited to, the integrity of the in-place
concrete, the durability of the in-place concrete, and achievement of the finished lines and grades within
specified tolerances. The Design-Builders means and methods shall be clearly specified on shop
drawings and working drawings, as applicable.

The Design-Builder shall satisfy the following requirements for embedded items:

A) In the plane of the reinforcing steel parallel to the nearest surface of concrete, bars shall
not vary from Design-Builder approved plan placement by more than +/- '
”, or 1/12 of the spacing between bars, whichever is less. In the plane of the steel
perpendicular to the nearest surface of concrete, bars shall not vary from Design-Builder
approved plan placement by more than +/- %”. The top and bottom clear cover of
reinforcing steel shall be within minus 0” to + %” of the clear cover limits dimensioned
on the Design-Builder approved plans. The end and edge clear cover of the reinforcing
steel shall be within minus 0" to + 2" of the concrete cover dimensioned on the Design-
Builder approved plans.

In the event of a conflict between post-tensioning ducts and reinforcing bars, the post-
tensioning shall generally have priority and the position of the bars shall be adjusted in a
manner specified by the Responsible Engineer and submitted to the Department for
review and written comment. All such conflicts shall be brought to the attention of the
Department.

B) Embedded ducts for tendons shall be positioned accurately (within +/- '4””) with respect
to their vertical, linear and transverse position within each segment or element. Positive
methods shall be utilized to assure that ducts will not be displaced during concrete
placement. These methods and their spacing shall be shown on the shop drawings.
Tendon deviation pipes that act to change the alignment of tendons shall be marked so
that proper positioning is assured prior to casting and can be verified after casting. The
Design-Builder shall submit to the Department, for review and written comment, the
method he proposes to use to align deviation pipes and ducts passing between two
independently cast segments or elements.
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After installation in the forms, the end of the ducts shall be sealed to prevent entry of
water and debris at all times. Following each concrete placement, the Design-Builder
will be required to demonstrate that all empty ducts are free of water and are
unobstructed and undamaged. Immediately prior to installation of the prestressing steel,
the Design-Builder shall again demonstrate, to the satisfaction of the Department, that all
ducts are unobstructed and that they are free of water and debris.

The anchoring devices for transverse top slab post-tensioning shall be recessed so that the
ends of the prestressing steel and all parts of anchoring devices shall be a minimum of 2"
inside the end surface of the segment. Following post-tensioning, the recesses shall be
filled and protected in accordance with the details noted on the Design-Builder approved
plans.

422 Tolerances

The following tolerances shall apply to the fabrication of superstructure segments or elements (All
tolerances shown are maximum deviation):

Width of Web +/- 1/4 in.
Depth of Bottom Slab +/- 3/16 in.
Depth of Top Slab +/- 3/16 in.

Overall Depth of Segment +/- 3/16 in.
Overall Width of Segment +/- 1/4 in.
Length of Segment +/- 3/8 in.
Diaphragm Dimensions +/- 3/8 in.

The following tolerance shall apply to the fabrication of substructure segments or elements:
Height (Individual Element)  +/- 1/4 in.
Width and Breadth +/- 1/4 in.
Wall Thickness +/- 1/4 in.

The following shall apply to the fabrication of all Precast segments:

Ends (deviation from a plane per 20 feet | +/- 1/4 inch per 20 feet not to exceed 1/2
width of depth) inch

Flat Surface (deviation from a plane at | +/- 1/4 inch per foot not to exceed a total
any location) of 1/4 inch

Dimensions from segment to segment (or element to element) shall be adjusted so as to compensate for
any deviations within a single segment (or element) so that the overall dimensions of each completed
component will conform to the dimensions shown on the Design-Builder approved plans.

423 Finishing Concrete

All surfaces of segments and elements shall receive the ordinary surface finish, as specified in Section
602.17(b) of the Department Standard Specifications, unless otherwise specified on the Design-Builder’s
approved plans. It is further required that all exposed exterior surfaces of the bridge structure, excluding
the bridge deck surface, have a long-lasting, low maintenance uniform coloration in accordance with the
Part 3, Appendix A — Aesthetic Requirements Performance Specification.
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The Design-Builder shall also consider the effects of the selected formwork and curing compound on the
finished concrete appearance so that the uniform coloration requirement is met. Finished concrete
surfaces with streaking and/or staining directly related to curing compounds shall be considered
unacceptable by the Department. An applied bridge coating system may be utilized by the Design-Builder
to satisfy the uniform coloration requirement.

Minor breakage, spalling, or honeycomb (not more than 1" deep) shall be repaired by a method certified
by the Responsible Engineer and approved by the Department. Major breakage or honeycomb will be
subject to review by the Department. These areas may be repaired by a method certified by the
Responsible Engineer and approved by the Department if it is determined that the structural or other
functions of the segment and long-term durability will not be impaired. For cast-in-place construction,
breakage, spalling or honeycomb on any mating surface of an in-place segment otherwise found
acceptable shall be repaired prior to casting the next segment.

4.2.4 Finished Roadway Surface

The finished roadway surface elevations shall satisfy the requirements of Part 4, Special Provisions —
Overlay Concrete Surface Rideability.

4.3 DAMAGED OR DEFECTIVE SEGMENTS OR ELEMENTS

Isolated defects are defined as imperfections or damage, which occur randomly and/or infrequently, as
determined by the Department.

Recurring defects are defined as imperfections or damage of the same general type and nature that
continue to be found in the same general location of the segments at a frequency unacceptable to the
Department.

At a minimum, the first five segments or elements cast and erected will be jointly inspected by the
Design-Builder and the Department after removal of the forms. All defects shall be identified and
categorized during this inspection. The Design-Builder shall examine the defects and propose to the
Department, in writing:

A) Measures that the Design-Builder proposes to take in order to prevent recurring defects in
future segments.

B) The method of repair of all defects discovered as a result of the required inspection.

If recurring defects continue following implementation of the Design-Builder's preventive measures, or
new defects are detected at any time during the construction, the Department may instruct the Design-
Builder, in writing, to cease operations that are resulting in defective segments. The Design-Builder shall
examine the defects and propose to the Department, in writing: (1) measures the Design-Builder shall take
to prevent recurring defects in future segments; and (2) the method of repairing all defects discovered as a
result of the inspection to assure compliance with all performance requirements of the contract. Neither
the Department’s review nor lack of review or approval of the Design-Builder’s casting and repair
methods will serve to relieve the Design-Builder from any or all of the performance and quality control
standards for the completed works.

The Department will determine what constitutes damage or defect, whether the damage or defect is
isolated or recurring, and will categorize the damage or defects. Three categories of defects are
recognized by the Department for this purpose:

A) Cosmetic: Cosmetic defects or damages are those that do not affect the ability of the
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segment or element to resist construction or service loads or reduce the life expectancy
of the structure. This category of defect includes a superficial discontinuity such as
cracks, small spalls or honeycombed areas, or any defect that does not extend beyond
the centerline of any reinforcing steel, or to any elements of the post-tensioning
system. Cosmetic defects of other types and causes may also be designated by the
Department.

Repair of cosmetic defects shall be made in such a manner that the durability, aesthetics
and the structural integrity of the segments are restored.

B) Structural: This category of defect shall include any defect that will impair the ability of
the segment or element to adequately resist construction or service loads or reduce the
life expectancy of the structure. Any defect or damage, which extends beyond the
centerline of any reinforcing steel or into any element of the post-tensioning system or
occurs in the deck portion of the segment, is considered a structural defect. Examples of
such defects include cracks, large spalls and honeycombed areas, major segregation or
breakage of concrete; however, structural defects of other types and causes may be
designated by the Department.

The Design-Builder shall be responsible for construction load analysis, service load
analyses, and life expectancy determinations.

Repair of structural defects shall be such that the aesthetics and structural integrity of the
segment shall be completely restored to a condition to be expected had the defect or
damage not occurred.

0) Rejectable: Rejectable defects are any defect or damage that will impair the ability of the
segment or element to adequately resist service loads or construction loads, or will reduce
the life expectancy of the structure and cannot be successfully repaired during
construction such that the full function, durability and structural integrity are completely
restored.

Any segment or element with a rejectable defect, once deemed unacceptable, shall be
removed from the work and replaced at no additional cost to the Department.

Damaged or defective segments may also be rejected by the Department for the following

reasons:

1) Failure of the Design-Builder to submit for approval proposed repair procedures.

2) Failure of the Design-Builder to execute the repair according to the Design-
Builder's approved procedure.

3) Rejection of the proposed repair procedure or repair by the Department.

4) Failure of the Design-Builder to provide the required certification or

demonstration that the repair was successful and that the defect no longer exists,
as required below.

5) Failure of the Design-Builder to eliminate recurring defects.

6) Determination by the Department that the work or materials used in the work
does not meet other requirements of the Contract Documents and is not
acceptable.
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Segments or elements with cosmetic defects will be paid for upon completion in accordance with the
approved Schedule of Values for the Work. However, such payment is subject to review by the
Department, and failure of the Design-Builder to prosecute the required repairs properly and in a timely
manner shall be cause for withholding of payments sufficient to protect the Departments interests.

Segments or elements with structural defects will not be paid for until the repair procedure is complete
and the segment is certified or demonstrated to be free of structural defect or replaced by the Design-
Builder, as required.

4.4 REPAIRS

Cosmetic repairs shall only be made following procedures prepared by the Design-Builder, submitted in
writing to and approved by the Department. The Design-Builder's repair procedure shall identify those
areas required to be repaired prior to post-tensioning, and those that must be repaired after post-
tensioning.

Structural repairs shall be made following procedures prepared by the Design-Builder. The repair
procedure shall be signed and sealed by a Professional Engineer licensed in the State of Delaware, shall
be submitted in writing to the Department, and shall include the following minimum information:

A) A detailed description and sketch of the defect.

B) The magnitude and type of the most critical construction loading condition to which the
defective area will be subjected.

O] Detailed reinforcement requirements, material types, surface treatments, curing methods
and general repair procedures proposed. The procedure shall clearly indicate those areas
required to be repaired before erection, and those areas to be repaired after erection.

D) Any specific nondestructive testing method and procedure by which the Design-Builder
shall demonstrate to the Department that the defect no longer exists and the segment has
been restored to a condition to be expected had the defect or damage not occurred.

In lieu of physical demonstration, on a case-by-case basis, the Department may allow the Design-Builder
to substitute a written certification by the Design-Builder that the repair has been performed satisfactorily
and that the defect no longer exists. This work shall not be the basis for any request for extension of time
or additional compensation.

5.0 PRECAST CONCRETE REQUIREMENTS

Work specified in this Section shall govern the storage, transport and erection of structural precast
segments into the completed structure. The final structure shall conform to lines, grades and design
dimensions shown on the Design-Builder’s approved plans and with the provisions of these Performance
Specifications.

5.1 PRECAST SEGMENT HANDLING, STORAGE, AND SHIPMENT

It is the Department's intent with this Contract that the Design-Builder provide precast segments that are
cast and placed into the structure with zero defects.

Care shall be exercised in the handling of segments to prevent damage to them. Handling shall only be
done using the devices shown on the approved shop drawings for this purpose. Lifting devices
incorporated into any segment shall be adequate to distribute the handling and erection stresses so as not
to damage the segment.
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The Design-Builder shall perform visual inspections of each segment for evidence of damage or defect
before, during and after critical operations and as often as necessary to ensure adequate quality control.
The Design-Builder shall immediately document all such evidence of damage or defect and bring it to the
attention of the Department. The extent and frequency of inspection by the Department for quality
assurance is the Department's prerogative. Segments may be inspected at any time during construction as
deemed necessary by the Department to monitor compliance with this specification.

Superstructure segments shall be stored level in the deck upright position and shall be firmly supported on
a symmetrical three point bearing system under the webs at the locations shown on the shop drawings,
unless otherwise noted on the Design-Builder approved plans. The storage area of the segments shall be
of suitable stability to prevent differential settlement of the segment supports, resulting in any unstable
storage condition during the entire period of storage. Segments shall be stored in sequential order so that
the uniform appearance of the segments is readily apparent.

Prior to shipment, each segment shall be inspected for damage. The faces of all match cast joints shall be
thoroughly cleaned of laitance, bond breaking compound and any other foreign material by wire brushing
or light sandblasting. During transport, firm support of the segment shall be provided and the segments
shall be fully secured against shifting. Upon arrival at the erection site, each segment shall again be
inspected. If any damage has occurred during shipment, the Design-Builder shall immediately notify the
Department. Incorporation or utilization of such damaged segments into the structure shall not proceed
without prior authorization from the Department.

5.2 ERECTION

An erection scheme for handling and erecting segments shall be shown in the Design-Builder approved
plans. The Design-Builder shall be solely responsible for design, fabrication, assembly and operation of
all equipment to be used for safe handling and erecting segments.

Erection of segments shall not begin until the required shop drawings and calculations have been
reviewed and approved by the Department. No extra payment will be made to the Design-Builder for any
cost incurred in modifying the permanent structure due to temporary loadings induced by the Design-
Builder's handling and erection equipment or his erection scheme.

Elevations and alignment of segments shall be carefully measured at each stage of erection with
instruments capable of providing the degree of accuracy necessary to assure satisfying erection tolerances.
Any deviation from the table of elevations and alignment prepared by the Design-Builder shall be
corrected so as to prevent accumulation of deviations using a method submitted by the Design-Builder
and approved by the Department.

Precast segments shall not be erected until they have cured for a minimum of 14 days and obtained the
minimum specified strength in the Design-Builder approved plans.

Erection of segments will be permitted only when the substrate temperatures of the mating surfaces are in
accordance with the epoxy manufacturer's requirements. Upon approval of the Department, an artificial
environment may be provided to maintain the substrate temperature within the permissible limits by
creating an enclosure heated by circulating warm air or by radiant heaters. Localized heating shall be
avoided and the heat shall be provided in a manner that prevents surface temperatures greater than 95°F
during the epoxy hardening period. Direct flame heating of concrete will not be permitted. The
requirements of Part 4, Special Provisions - Epoxy for Structural Bridge Applications shall apply to the
epoxy joining of all precast segments.
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5.2.1 Cantilever Method Requirements

During erection by the cantilever method, the unbalanced load shall not exceed that shown in the erection
drawings scheme included in the Design-Builder approved plans. Accurate positioning of the initial
cantilever segments adjacent to the pier segment is very important, as it will establish the line and grade
for cantilever. Initial segments shall be positioned according to the final longitudinal alignment, grade
and cross slope. The horizontal and vertical location of the rivet points on the initial segments shall be
within +/- 1/8" of the position required by the approved erection plans and the slopes across these
segments shall not exceed 0.003 radians of angular deviation from the theoretical values for horizontal
and vertical grades.

The alignment and elevations of the cantilevers shall be surveyed and checked by the Design-Builder
each day segments are installed. The Department reserves the right to perform independent surveys
according to the Design-Builder’s approved schedule for erection. All measurements and checks shall
agree within 1/16". Any discrepancies in measurements shall be resolved prior to the continuation of
segment installation. Note that a temperature differential between the top slab and the remainder of the
box sections will cause the superstructure to deflect, resulting in false elevation readings and leading to
erroneous elevation adjustment. Even on overcast days it is possible for a temperature differential to
develop within the superstructure. To guard against false readings due to temperature differentials,
readings should only be taken when all portions of the box section are stabilized at the same temperature.
The Design-Builder is expected to use precautions in devising methods to guard against these possible
false readings and corresponding adjustments due to temperature differentials. To prevent false
measurements, an ideal time for taking readings is within one hour before sunrise.

If measured elevations deviate from the table of elevations, the Department has the right to suspend
further erection of superstructure segments until the cause of the deviation is discovered and a corrective
action plan, submitted by the Design-Builder, is approved by the Department. No additional payment or
time will be made to the Design-Builder as a result of this suspension for unacceptable erection deviation.

5.2.2 Cantilever Closure Pours

A) The superstructure segment adjacent to the pier segment shall be aligned vertically, and
shall be joined to each other by closure joint devices during the construction of the
closure pour or closure segment.

B) The Design-Builder shall submit to the Department for review and written comment a
plan of action for the closure pour a minimum of 21 Calendar Days in advance of the
scheduled pour. This plan shall document the Design-Builder's proposed methods for
aligning the cantilevers, forming the closure, determining the time of minimum thermal
differential, monitoring temperature differentials, placing the concrete, curing the
concrete, and timing of subsequent post tensioning operations.

O Concrete for closure segments and closure joints shall comply with the same
specifications and criteria as the concrete in the precast segments. The same materials
and mix will be used to achieve a uniform appearance. The Design-Builder shall submit
a plan for the construction of the closure segments and closure joints, which addresses the
methods, materials, and sequencing to be used to construct the closures in conformance
with the performance specifications.

D) Formwork shall be adequately supported to take all loads applied and shall not be
removed until the concrete in the joints has reached its required strength.

523 Span By Span Closure Joints

Indian River Inlet Bridge Readvertised 41 Final
Scope of Services Package — Contract Documents

Part 3 — Design Requirements & Performance Specs Concrete for Structures

Appendix A — Performance Specs Page 16 of 17



Delaware Department of Transportation

Concrete for closure joints shall comply with the same specifications and criteria as the concrete in the
segments. The same materials and mix will be used to achieve a uniform appearance. The Design-
Builder shall submit a plan for the construction of the closure segments and closure joints, which
addresses the methods, materials, and sequencing to be used to construct the closures in conformance
with the specifications. Concrete shall reach the minimum required strength as shown on the Design-
Builder approved plans or in the specifications prior to stressing the longitudinal post tensioning.
Formwork shall be adequately supported to take all loads applied and shall not be removed until the
concrete in the joints has reached its required strength.

5.2.4 Tolerances

The following tolerances shall apply to erection of superstructure segments:

A) The maximum differential between the outside faces of adjacent segments in the erected
position shall not exceed 3/16".

B) Transversely, the angular deviation from the theoretical slope difference between two
successive segment joints shall not exceed 0.001 Radians.

O Longitudinally, the angular deviation from the theoretical slope change between two
successive segments shall not exceed 0.003 Radians.

D) The difference in roadway elevation at the connection of two adjacent segments
(measured perpendicular to the deck surface) and across closure joints shall be no greater
than 1/8". If the Design-Builder fails to meet the tolerance, the Department can require
grinding of the bridge deck to meet the tolerances. All corrective work shall be at the
Design-Builder's expense.

Dimensions from segment to segment shall be adjusted so as to compensate for any deviations within a
single segment so that the overall dimensions of each completed span and the entire structure will
conform to the dimensions shown on the Design-Builder approved plans such that the accumulated
maximum error should not exceed 1/1000 of the span length or 4”, whichever is less, for either vertical
profile and/or horizontal alignment. Deviations exceeding the erection tolerances listed above which are
discovered during the match casting operation shall be identified by after cast surveys at the casting site
before the matched castings are separated. Corrections for these deviations shall be submitted to the
Department prior to casting the next match cast segment.

5.25 Cumulative Erection Tolerances for Vertically Erected Superstructure Segments

Vertically, the angular deviation from the theoretical slope change between successive segments shall not
exceed 0.002 radians. The maximum overall deviation from the vertical, measured in any direction, shall
not exceed 0.010" per foot of height, with a maximum variation from the Design-Builder approved plan
location not exceeding 1" at the bottom and 2" at the top.
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ENGINEERING REQUIREMENTS
PERFORMANCE SPECIFICATION

1.0 INTRODUCTION
This Performance Specification specifies the Engineering requirements for the project.

The Work performed under this section shall include, without exception, all Engineering required to
complete to the satisfaction of the Department, all aspects and all phases of the project, including both
temporary and permanent portions thereof. It shall include all labor, travel costs, equipment, computers,
other hardware, software, printing and all miscellaneous materials required to conduct, complete, check,
document, present and convey the results from each individual aspect of the engineering effort, both to
the Department and to all appropriate members of the Design-Builder’s team.

2.0 STANDARDS AND REQUIREMENTS

Engineering Work shall be in accordance with all Delaware Professional Engineering ethics standards,
regulations and standards of care. All engineering shall be conducted by and/or under the direct
supervision of Professional Engineers registered in the State of Delaware.

Each individual aspect of the Engineering Work shall be conducted, prepared and documented in
conformance with the provisions of Part 2 - DB Section 111 — Design Management and Design Quality
Control.

Each individual aspect of the Engineering Work shall be conducted in conformance with the Project
design criteria and design code(s) and shall result in work product/documents that meet all aspects of the
specified design codes, construction codes, special provisions, performance specifications and all other
Contract requirements.

Qualifications of each “Responsible Engineer” shall be submitted to the Department for approval. Each
element and aspect of the design, including calculations, reports, supplemental studies, record drawings
and other design drawings, shall be signed and sealed by one of the Design-Builder’s Responsible
Engineers registered in the State of Delaware.

These standards and requirements apply to all individuals involved in any design activity whether
employed directly by the Design-Builder or by the Design-Builder’s Responsible Engineer,
Subcontractor(s) or Subconsultant(s).

3.0 RELEASE OF ENGINEERED WORK FOR CONSTRUCTION

It is expected that individual portions of engineered work will be released by the Design-Builder for
construction prior to completion of all design and/or construction Engineering Work. Individual groups of
working drawings, engineered work methods, plans, specifications or other documents and information
presenting engineered work may be “Released for Construction” to the field crews to begin work,
provided all aspects of the work have been prepared, reviewed, checked, independently checked, certified
and fully coordinated with all other aspects of the works.

This shall include, but not be limited to, for each item to be “Released for Construction”: Preliminary
Design, Semi-Final Design and Final Design submittals and each of the provisions of Part 2 - DB Section
111-12.5.
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Each sheet of each document, regardless of type, size, title or nature, which has been authorized by the
Design-Builder as “Released for Construction”, shall included a stamp with the words “Released for
Construction” and shall be both initialed and dated individually by the Design Manager, the Design QC
Manager and signed and sealed by the Responsible Engineer(s).

No documents shall be in use for actual construction of any temporary or permanent aspect of the work
that do not include the “Released for Construction” stamp including all appropriate initials and dates.

4.0 ENGINEERING WORK AND ASSOCIATED ACTIVITIES

Engineering Work and associated activities shall include, but are not limited to, the following:

A) Verification of Pre-Bid Engineering — Immediately after NTP, the Design-Builder shall
instruct the Responsible Engineer(s) to commence without delay in preparing design
calculations, including all QA/QC requirements, which check, verify and validate the pre-
bid engineering design work, including preliminary material quantities. This work shall
be prepared, documented and presented in the first engineering review meetings: Design
Mobilization Meeting (See Part 2 — DB Section 105-12.2); Preliminary Design Review
(See Part 2 — DB Section 111-9.1); and Design Workshop (See Part 2 — DB Section 111-
16).

B) Preparation of Preliminary, Semi-Final and Final Engineering submittals, including
QA/QC requirements, for each component of both the temporary and the permanent
portions of the work, including falsework, temporary equipment and temporary facilities
(including engineering for removal of temporary items).

C) Preparation for, attendance and participation (including presentations) by the Design
Manager (and Responsible Engineers as appropriate) in the design mobilization meeting,
each design review meeting, each pre-construction meeting, each value engineering
meeting, site mobilization meeting, each progress meeting, each independent assurance
meeting, partnering meetings and each special meeting initiated by either the Design-
Builder or the Department’s Project Manager. Attendance by the Design-Builder’s
Responsible Engineer to any (or all) Construction Review Meetings may also be required
by the Department’s Project Manager and without additional compensation to the Design-
Builder.

In any meeting, the Responsible Engineer will be required to present design
methodologies, design results and other appropriate information relative to each design
related topic(s) discussed at the meeting.

D) Preparation for, attendance and participation (including presentations) by the Responsible
Engineer may be required in public and/or public involvement meetings.

E) Preparation and presentation/discussion of Responsible Engineer responses to
Department review comments, questions, etc. in support of the comment resolution
process. Such review of comments and response preparation by the Responsible
Engineer may include supplemental calculations, engineering analyses, computer
modeling, drawings, additional meetings/travel and presentation preparation/materials.

F) Preparation of drawings, renderings and computer animations of the design related
information.

G) Geotechnical investigations, analyses, reports, review of existing geotechnical
information and all related activities. This shall include but not be limited to, temporary
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and permanent foundation designs, hydraulic/scour evaluations, cofferdams and the
development and use of engineering soil-to-structure interaction parameters.

H) Wind engineering and all related activities. This shall include review of existing wind
related information, preparation of project specific wind studies, conducting project
specific wind tunnel testing, design/engineering analyses of wind-to-structure interaction
(both during construction and under permanent conditions) and presentation/justification
of all such information to the Department and Department’s representatives (See the Wind
Engineering Requirements Performance Specification for additional requirements).

)] Security engineering, related engineering analyses and presentation/justification of all
such information to the Department and Department’s representatives.

J) Roadway related engineering, including roadway geometry and all surveying.

K) Maintenance of traffic (MOT) plan development, including engineering analyses and
presentation/justification of all such information to the Department and Department’s
representatives.

L) Design, plan preparation and specification preparation for electrical systems,
maintenance, navigational and safety lighting systems, aesthetic lighting systems, and
lightening protection systems.

M) Utility system design, plan preparation, specification preparation and coordination with
utility companies and/or owners and the Department and/or Department representatives.

N) Development and justification of each proposed design exception and/or non-standard
feature (as may be identified or classified as such by either the Design-Builder or the
Department). Design exceptions will be required to be part of a Value Engineering
submittal after selection of the successful Design-Builder, as stipulated in Part 2 — DB
Section 105.

0) Environmental related permits and environmental control plan(s) development.

P) Responsible Engineer participation in dispute resolution meetings as may be requested by
either the Design-Builder or the Department.

Q) Responsible Engineer participation in arbitration meetings as may be requested by either
the Design-Builder or the Department.

R) Design scheduling, progress tracking and reporting.

S) Design quality records development and documentation.

T) Evaluation of equipment interaction(s) with temporary works and permanent portions of
the structure.

U) Construction engineering and development of supporting engineering information. This
shall include, but not be limited to: structural camber, erection elevations/geometry,
rigging design (for lifting, dragging, tie-down, securing, etc.), monitoring as-built
conditions (including Responsible Engineer site visits), as-built geometry, evaluation of
stability during construction, geometry control manual and detailed erection manual.

V) Engineering analyses, drawings, procedures and other support, relevant to corrective
actions and/or repairs to non-conforming element(s).

W) Engineering analyses, drawings, procedures and other support, relevant to changed or
differing site conditions.

X) All required critical path schedule (CPM) development, monitoring, updates and reports
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(See the Project Control System Development Plan and CPM Schedule Updates and/or
Revised Updates Special Provisions in Part 4 of the Contract Documents).

Y) Engineering analysis and/or review of project related test data.

Z) Load rating and drawings of as-built bridge condition.
5.0 ENGINEERING SOFTWARE

All computer based engineering calculations, checks and studies shall be performed with fully
documented engineering software. Checking must be performed using independent proprietary software
or independent commercially available software other than the software used for original calculations.
The Responsible Engineer shall be required to validate all computer software (before use of the
application is made by the Design-Builder/Responsible Engineer) and document quality control checks in
accordance with Part 2 - DB Section 113-2.16.

6.0 APPROVAL OF AS-BUILT CONDITIONS

The Design-Builder (including the Design Manager, Construction Manager, and Quality Control
Manager) shall be required to provide written acceptance of the as-built conditions after conducting final
field reviews, completing Record Drawings (and other such documents) and resolving all Non-
Conformance Reports.

The written as-built acceptance by each party shall clearly state that all aspects of the structure were
found to comply with all aspects identified in the Contract relative to the design criteria, standards of
construction and all project Performance Specifications and Special Provisions. Disclaimers, exceptions,
or other such terms, shall not be included or considered acceptable in any written as-built acceptance.

Remainder of page blank
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GEOTECHNICAL REQUIREMENTS
PERFORMANCE SPECIFICATION

1.0 INTRODUCTION

The Design-Builder shall conduct geotechnical investigations, analyses, design, construction, and quality
control in accordance with all applicable criteria and standards cited herein and in accordance with this
Geotechnical Requirements Performance Specification and the Contract Documents.

2.0 APPLICABLE STANDARDS AND REFERENCES

The geotechnical investigation, design, construction, and construction monitoring shall be in accordance
with this Geotechnical Requirements Performance Specification and the relevant requirements of the
following standards unless otherwise stated in this Performance Specification. Standards and references
specifically cited in the body of this Performance Specification establish requirements that shall have
precedence over all others. Should the requirements in any standard conflict with those in another, the
more conservative standard presented in Section 2.1 of this specification shall govern. References are
guidelines that the Design-Builder may use in addressing the requirements as the Design-Builder sees fit.
It is the Design-Builder’s responsibility to obtain clarification from the Department’s Project Manager for
any discrepancies prior to proceeding with design or construction.

2.1 STANDARDS

Specific codes and standards include, but are not limited to, the following listed in order of governing
precedence:

A) AASHTO, “AASHTO LRFD Bridge Design Specifications, U.S. Customary Units,” the
latest edition with all current Interims as of the issue date of this RFP;

B) Delaware Department of Transportation, “Bridge Design Manual,” the latest edition with
Revisions as of the issue date of this RFP;

C) Scope of Services Package — Contract Documents Part 4 — Design-Build Special
Provisions;

D) Delaware Department of Transportation, “Supplemental Specifications, Revisions and

Corrections to the August 2001 Standard Specifications,” (Part 4 — Appendix A); and

E) Delaware Department of Transportation, “Standard Specifications for Road and Bridge
Construction,” Dated 2001.

2.2 REFERENCES
A) FHWA, “Training Course in Geotechnical and Foundation Engineering: Subsurface
Investigations - Participants Manual,” FHWA-HI-97-021, 1997;

B) FHWA, “Drilled Shafts: Construction Procedures and Design Methods,” FHWA-I1F-99-
025, the latest edition as of the issue date of this RFP;

C) FHWA, “Design and Construction of Driven Pile Foundations Reference Manual”
Volumes 1 and 2, FHWA-NHI-05-042 & -43, 2006;
D) FHWA, “Training Course in Geotechnical and Foundation Engineering: Subsurface

Investigations,” FHWA-HI-97-021, 1997,
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E) AASHTO, “Manual on Subsurface Investigations” the latest edition with all current
Interims as of the issue date of this RFP;

F) ASTM D2487-06, “Standard Practice for Classification of Soils for Engineering Purposes
(Unified Soil Classification System)”:

G) ASTM D2488-06, “Standard Practice for Description and Identification of Soils (Visual-
Manual Procedure);”

H) FHWA, “Mechanically Stabilized Earth Walls and Reinforced Soil Slopes Design and
Construction Guidelines,” FHWA NHI-00-043;

)] FHWA, “Corrosion/Degradation of Soil Reinforcements for Mechanically Stabilized
Earth Walls and Reinforced Soil Slopes,” FHWA NHI-00-044, 2000;

J) FHWA, “Geosynthetic Design and Construction Guidelines,” FHWA HI-95-038, the
latest edition as of the issue date of this RFP;

K) FHWA, “Geotechnical Instrumentation,” FHWA HI-98-034, 1998;

L) FHWA, “Advanced Technology for Soil Slope Stability, Volume 1: Slope Stability
Manual,” FHWA-SA-94-005, 1994;

M) FHWA, “Ground Improvement Methods — Reference Manual,” FHWA NHI-04-001, the
latest edition as of the issue date of this RFP;

N) FHWA, Geotechnical Engineering Circular No. 6: “Shallow Foundations,” FHWA-IF-

02-054, 2002;

0) FHWA, “Soils and Foundations Workshop Manual,” FHWA NHI-00-045, 2000;

P) Delaware Department of Transportation, “Construction Manual,” the latest edition as of
the issue date of this RFP; and

Q) Geotechnical Summary Reports included in the Reference Documents to the Scope of

Services Package.

Additional geotechnical reference documents may be found in the Federal Highway Administration’s
publications library (http://www.fhwa.dot.gov/engineering/geotech/library_listing.cfm). When further
references to these Standards and References are made within this Performance Specification, the edition
and date will not be repeated, but are understood to cite the complete reference included in this Section
2.0.

3.0 REQUIREMENTS

3.1 GEOTECHNICAL PLANNING REPORT

The Design-Builder shall prepare a Geotechnical Planning Report for the Project and submit the
Geotechnical Planning Report prior to the Preliminary Design Review for review and written comment
from the Department. The Geotechnical Planning Report shall include a method statement describing the
general philosophy and anticipated methods of investigation, design, construction, and construction
monitoring. The report shall include a discussion of the rationale for selection of the proposed
construction methods for all geotechnical and foundation aspects of the Project. The method statement
shall indicate how material and design details are chosen to match selected construction and monitoring
methods, construction details, soils, and the groundwater environment for the site.

The Design-Builder shall provide a summary of equipment and methods proposed for foundation and
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earthwork construction and demonstrate how they are consistent with the design approach and
assumptions. The details presented shall demonstrate compliance with the Geotechnical Requirements
Performance Specification and shall demonstrate an understanding of the ground conditions and Project
constraints as defined within this Contract. The Geotechnical Planning Report shall be prepared,
checked, submitted, and reviewed in accordance with the Preliminary Design Submission requirements
specified in the Contract Documents - Part 2, DB Section 111.

The Design-Builder shall submit the following technical information with the Geotechnical Planning
Report:

A) Description of geology and various ground types expected to be encountered within the
project limits;

B) A description of the geotechnical information that was collected and/or analyzed in
developing the interpretation used to develop the Design-Builder’s Proposal and pricing
for the Project;

C) Assessment of the engineering properties of all soil types known to exist within the
proposed Project Limits, including the expected average and range of soil strengths and
deformation properties;

D) Recommended design parameters (preliminary) for all soil types;

E) Anticipated ground behavior and categorization of ground during excavation, filling, and
foundation and retaining structure construction;

F) Support of excavation and groundwater control considerations;

G) A narrative describing how any interpretation was derived from available geotechnical
data;

H) Consideration for, discussion of, and rationale for protection of existing structures, bodies
of water, utilities, and environmentally or historically sensitive areas; and

)} Any pertinent geotechnical data used as a basis for selection, design, and installation of
the proposed foundation elements.

The Geotechnical Planning Report shall define the engineering and design approach that will be followed
in order to develop technically and environmentally acceptable and durable foundations, cut and fill
slopes, retaining structures, geotechnical aspects of pavements sub-grade drainage, geosynthetics and
geotechnical designs for the Project. The Geotechnical Planning Report shall discuss all aspects of the
required geotechnical effort, including design and analysis, for the following:

A) Proposed subsurface investigations;

B) Determination of geotechnical and foundation design parameters;

C) Erosion control measures anticipated;

D) Embankment and fill settlement and slope stability analysis, if modifications to the
approach roadway embankment are proposed;

E) Effects of the proposed bridge and retaining wall structures on the approach
embankment;

F) Retaining wall design and analysis methods already completed or to be performed,;

G) Planned field testing programs, including pile and drilled shaft integrity and load testing
and ground improvement testing;
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H) Ground improvement or treatment of in-situ soils;

)] Selection, design, and analysis of foundation systems;

J) Lateral and vertical earth pressures;

K) Instrumentation and monitoring programs; and

L) Expected serviceability and durability of proposed solutions.

The Geotechnical Planning Report shall be prepared, signed and sealed by a Professional Engineer
registered in the State of Delaware meeting the qualification requirements in Special Provision 108C Key
Personnel.

3.2 SUBSURFACE INVESTIGATION AND DATA ANALYSIS

3.21 General

The Department has performed a systematic subsurface investigation of the Project site. Information
generated from previously completed investigations is included in the Reference Documents to the Scope
of Services Package.

During the proposal development process, the Department will consider requests from each Proposer to
provide up to two 