STIC 2018 BFRP-RC Standardization (Nov-May 2020) FDOT :)

State Transportation Innovation Councils

2018 STIC Incentive Project (BFRP-RC Standardization) - 24 Month Report

Fed Project No: STIC-004-A; FPID 443377-1

This is the fourth report for the Basalt Fiber-Reinforced Polymer (BFRP) Bar Standardization for
Reinforced Concrete (RC) with the FHWA allocation memorandum dated March 1, 2018.

This report covers a period from November 2019 until May 2019. Underlined text is additional
to previous reports.

Description of the proposed work

Develop standard (guide) design specification, and standard material and construction
specifications for basalt fiber-reinforced polymer (BFRP) bars for the internal reinforcement of
structural concrete. Tasks involve (highlighted tasks are completed or partially completed):

i. Establishing design and durability parameters using current state-of-the-art BFRP test
data with ACI 440.1R as a design model framework, supplemented with AASHTO's
LRFD Bridge Design Guide Specification for GFRP Reinforced Concrete - 2" Edition
(BDGS-2) published December 2018; BDV30 986-01 Final Report provided
recommendations for design and future refinement (see Appendix A of Report 3).

ii. Develop FDOT design modifications to BDGS-2 for inclusion of BFRP reinforcing - see
BDV30 986-01 Final Report — Chapter 6 recommendations which have been
incorporated into the 2020 Structures Manual published January 2020. No increase in
BFRP design parameters above those currently established for GFRP are proposed at this
time, until additional testing is performed to refine the environmental reduction factors
for different limit states. Some of the necessary work for this effort is ongoing under
FDOT research project BE694 - Improving Testing Protocol and Material
Specifications for BFRP Bars.

iii. Develop FDOT material specification for acceptance based on the 2017 ASTM D7957:
Standard Specification for Solid Round Glass Fiber Reinforced Polymer Bars for
Concrete Reinforcement - see BDV30 986-01 Final Report — Chapter 6, and FDOT
Materials Manual — Section 12.1 (see Appendix B of Report #3). Incorporated into
FDOT Standard Specification Section 932-3 for July 2021 Workbook (see Appendix B).

iv. Develop FDOT Construction Specifications based on BDGS-2 and FDOT Specification
Section 415 & 932 GFRP reinforcing specifications — Specification Section 932 updates
(Section 416 had no updates required) where approved by FHWA Sept 3, 2019.

v. Develop BFRP Reinforcing Database for collection of current and future test results
based on FDOT GFRP reinforcing test library developed under BDV30 977-18 and new
research project BE694 “Testing Protocol and Material Specification for BFRP
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Rebars” established under BE694-Deliverable 2. Test data from BDV30 986-01
published in Chapter 3.

vi. Deliver a designer focus live workshop at the end of the STIC project in central Florida
(and national event if funding permits). Post the delivered training material on FDOT
FRP Innovation website for broader access and future updating.

(a) BFRP-RC Designer Training schedule for 3 sessions at the FDOT Transportation
Symposium (FTS-2019) on June 4" (see FDOT Transportation Symposium FRP-RC
Design - Part 1, Part 2, & Part 3);

(b) BEI-2019 FRP Composites II (Session B-9) on BFRP-RC for coastal and marine
structures was provide as the Bridge Engineering Institute conference July 23-25.
Additionally, several papers on BFRP-RC were presented and published in the
Conference Proceedings, pp 514-523, 527-531, & 551-562; see Appendix D of Report
#3)

(c) Peer Exchange BFRP-RC Designer Training was provided to Hawaii DOT Bridge
Office on July 22, 2019 (see BFRP-RC Design - Part 1, Part 2, Part 3, & Part 4);

vii. Demonstration Project - Plans developed and construction ongoing for BFRP-RC link-
slab on pedestrian bridge in Port Charlotte, FL (along US 41). Construction of BFRP-
FRC link slab on Morning Star Waterway bridge completed in April 2020, with
embedded strain gages and data loggers installed March 6-7 (see Appendix C),
continuously recording temperature & strain data under Research Contract BDV29 986-
02. Deliverable #1 (literature review), and Deliverable #2 (revised instrumentation plan)
posted on FRP Design-Innovation webpage. Retrieval of data and installation of surface
mounted crack gages has not been conducted due to COVID-19 restrictions on travel.
BFRP longitudinal bars have also been substituted for GFRP bars on the Sunset
Waterway UHPC link-slab, but not cast yet due to COVID-19 and UHPC mix approval
delays. This activity is expected to occur at the end of June 2020. Note that no funding
was allocated for instrumentation or monitoring of this activity, so data collection will be
limited to visual inspections.

Project Breakdown and Schedule

The project is broken into several phases with distinct tasks some of which were not completely
scoped, pending progress and findings in the early Phases. Table 1 shows a summary of the
project Phases. There will be at least two services contracts with Florida Universities for the
various tasks of: Existing information collection and curation (Phase 1a); Development of model
specifications and standards (Phase 1b); Provision of supplemental test data and analysis (Phase
2a); Development of Materials Database (Phase 2b); Technology Transfer (Phase 3).
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e
PROJECT | 2 3
PHASE
PROJECT Develop Standards: Full-scale Link- e Technology
WORK TASKS (BDV30 986-01) Slab Demo and Transfer
e Design Spec. Monitoring (FTS-2019 & BEI-
e Materials (BDV34 986-02)* 2019)
Qualification and Supplemental Bar
Verification Test Testing e Final Report
Procedures BFRP Database
e Construction Spec. Completion
(BDV30 986-01)
PROJECT e LRFD Guide Test Reports T? Workshop in
DELIVERABLES Design Spec. (in Electronic central Florida for
AASHTO format) Database of information
e Testing Spec. (in physical and dissemination and
ASTM format) mechanical training
e Construction Spec. properties
(in FDOT format)
[ ] [ ]
PROJECT Month 1-11 Month 7- 1523 29 Month 7/5-17 &
TIMELINE 2430

Table 1- Project Summary (update 3/28/19 & 10/24/19), * completion delayed due to COVID-19.

Activities March-September 2018:

1.

2.

(98]

04/05/2018 - Funding authorization from Division FHWA approved under 2018 STIC
Incentive Proposal: STIC-004-00A / FPID 443377-1;

05/21/2018 - Procurement completed for Principle Investigator of Phase 1 & 2b:
Technology Review, Specifications & Database Development. Research Task Work
Order (TWO) issued under FDOT research project BDV30-986-01;

05/30/2018 - Kickoff meeting held for BDV30-986-01;

09/11/2018 - BDV30-986-01, Task 1 completed and Deliverable 1 (BFRP Technology
Review Report) approved;

09/14/2018 - Collaboration meeting on design of Full-Scale demonstration of BFRP-RC
element for testing and monitoring.

Activities October-May 2019:

1.

2.

12/7/2018 - BDV30-986-01, Task Work Order Amendment#1 executed for time
extension due to manufacturer delays in providing BFRP rebar samples for testing.
1/11/2019 - Procurement completed for Principle Investigator of Phase 2a BFRP-FRC
Link-Slab Demonstration Project. Research Task Work Order issued under FDOT
research project BDV34-986-02.

. 2/6/2019 - BDV34-986-02, (BFRP-FRC Link-Slab Demonstration Project) Kickoff

Meeting held.
2/4/2019 - BDV30-986-01, Draft Deliverable 2 (BFRP Testing Procedure and Results)
submitted. Revisions requested by PM.
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10.

1.

12.

. 2/28/2019 - BDV30-986-01, Task 2 completed and Deliverable 2 (BFRP Testing

Procedure and Results) approved.

2/28/2019 - BDV30-986-01, Draft Deliverable 3 (BFRP Material Specification
Recommendation Report) submitted. Revisions requested by PM.

3/26/2019 - BDV30-986-01, Task 3 completed and Deliverable 3 (BFRP Material
Specification Recommendations) approved.

3/4/2019 - BDV34-986-02, Draft Deliverable 1 (BFRP-FRC Link-Slab Demonstration
Project - Literature Review) submitted. Revisions requested by PM.

3/24/2019 - BDV34-986-02, Task 1 completed and Deliverable 1 (BFRP-FRC Link-Slab
Literature Review) approved.

5/4/2019 - BDV30-986-01, Draft Deliverable 4 (BFRP Design Specification
Recommendations) submitted. Revisions requested by PM.

5/13/2019 - BDV34-986-02, Draft Deliverable 2 (BFRP-FRC Link-Slab Demonstration
Project: Instrumentation and Monitoring Plan) submitted and under review.

BEI-2019 Mini-Symposium/Session organization with Prof. Jimmy Kim (TRB co-
sponsored event June 22-25: http.//www.beibridge.org/BEI2019.html ). Three Abstracts
accepted.

Activities May-October 2019:

1.

2.

3.

10.

5/24/2019 - BDV30-986-01, Revised Deliverable 4 (BFRP Design Specification
Recommendations) accepted by PM (see Final Report).
5/31/2019 - BDV30-986-01, Deliverable 5 (Draft Final Report) received, then revised
and accepted by PM (see Final Report).
5/31/2019 - BDV30-986-01, Deliverable 6 (Closeout Video Conference) held.
6/4/2019 — Technology Transfer 1: FDOT Transportation Symposium FRP-RC
Designer Training - Part 1, Part 2, & Part 3.
6/30/2019 - BDV30-986-01, Deliverable 7 (Final Report — “Performance Evaluation,
Material and Specification Development for Basalt FRP Reinforcing Bars Embedded in
Concrete”) submitted and accepted 7/17/2019.
7/22/2019 — Technology Transfer 2: HDOT Peer Exchange BFRP Designer Training -
Part 1, Part 2, Part 3, & Part 4).
7/24/2019 - Technology Transfer 3: BEI-2019 FRP Composites II Session -. Three
papers presented (see Conference Proceedings):
a. Basalt FRP-RC Standardization for Florida DOT Structures (pp 514-523)
b. Effect of the Fiber Content on the Tensile Strength Properties of Basalt
Fiber Reinforced Polymer Rebars (pp 527-531)
c. Bond-to-Concrete Characteristic of Basalt Fiber-Reinforced Polymer
Rebars for Design Code Implementation (pp 551-562)
8/23/2019 — Material Specification Section 932-3 updates for BFRP rebar completed
Industry Review and submitted as Supplemental Specification to FHWA for approval in
2020 Workbook
8/30/2019 - BDV34-986-02, Revised Deliverable 2 (BFRP-FRC Link-Slab
Demonstration Project: Instrumentation and Monitoring Plan) re-submitted and under
review.
10/11/2019 — Test pile driving began for link-slab demonstration bridge under FPID
435390-1-52-01: US 41 from Midway Blvd to Enterprise project.
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Activities Nov-April 2020.

1. 11/20/2019 - Approved BDV34-986-02 revised Deliverable 2 (BFRP-FRC Link-Slab
Demonstration Project: Instrumentation and Monitoring Plan) accepted (See Appendix A)

2. 1/17/2020 — Executed Amendment #2 for BDV34-986-02, Task 3 for purchase of
instrumentation gages and ancillary equipment to be used in monitoring the BFRP bars in
the link-slab, based on Deliverable 2 recommendations.

3. 1/21/2020 - Posting of FDOT Specification Section 932-3 approved updates including
BFRP reinforcing for July 2020 Workbook (see Appendix B)

4. 3/2/2020 — Executed Amendment #3 for BDV34-986-02. Task 3 to include time and
travel reimbursement for instrumentation installation activities.

5. 3/6-7/2020 - BDV34-986-02. Task 3 (BFRP-FRC Link-Slab Demonstration Project:
Installation of instrumentation and monitoring (See Appendix C)

Planned Activities for May 2020-October 2020
Phase 1:

1. Complete
Phase 2:

2. Continued monitoring of full-scale BFRP-FRC Link-Slab under FPID 435390-1-52-01:
US 41 from Midway Blvd to Enterprise project. Link-Slab surface mounting crack gage
installation anticipated for July 2020, pending release of COVID-19 travel restrictions.

3. Casting of BFRP-UHPC link-slab under FPID 435390-1-52-01: US 41 from Midway
Blvd to Enterprise project in June/July 2020.

Phase 3:

4. Completed initial proposed T? activities.

5. Additional T? opportunities will be explored with Principal Investigators while STIC
project is ongoing. Continued engagement with BFRP rebar manufacturers including:
Basanite (FL); MAFIC/Pultrall (NC/ON); NoRust Rebar (FL); BasTech (UK); ASA.TEC
(Austria); Nuevokas (MI); SISgroup (VA).

6. Final Report

Budget
Project Line Item FHWA STIC FDOT In-Kind Total Budget
Contribution Match (20%)
Phase 1 $48,000 $12,000 $60,000
(100% BDV30 986-01)
Phase 2 $36,000 $9,000 $45,000

(50% BDV30 986-01; 50% BDV34 986-02 &
Demonstration Project Monitoring)

Phase 3 $16,000 $4,000 $20,000

Total Project $100,000 $25,000 $125,000

Table 2- Project Phase Funding Distribution (update 5/21/18)
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FINANCIAL INFORMATION: Item Segment 443377-1

For details click on highlighted Financial Project or Phase Group; then use your Back button to return to this screen

Scheduled

Phase Version Start Date  Financial Project Status Programmed Authorized Committed
PE CONSULTANT AD (ADOPTED) 443377-1-32-01  Open For Charges $25,000 $25,000 $24,447.00
RESEARCH CONSULTANT  AD (ADOPTED) 443377-1-B2-01  Open For Charges $100,000 $100,000 $98,646 82

** Grand Total $125,000 $125,000 $123,093.82

FEDERAL PROJECTS: ltem Segment 443377-1

For details click on highlighted Federal Project; then use your Back button to return to this screen

Federal Project Status FAC Description % Total Approved
STIC-004-A ACTIVE, 04/02/2018 Z37TE  TECH INNOVAT DEPLOY STIC FAST 100.00 $100,000
* Grand Total $100,000

Project Schedule

Month
13114(15]|16|17|18|19(20]|21|22|23

Work Phase

1. Develop Design, Materials
and Construction
Specifications

2a. Mockup testing at SRC
and/or Full-scale slab
instrumentation and
monitoring

2b. BFRP Supplemental bar
testing and Database

112[3]4]5]6]7][8]9]10]11

—
[\
W
o

*

3. Technology Transfer
Workshop and Final Report
Table 3- Project Timeline: Month 1 = April 2018 (updated 10/17/19) * completion delayed due to COVID-19.

Appendices include:

Appendix A - BDV34-986-02 Deliverable 2 “BFRP-FRC Link-Slab Demonstration Project:
Instrumentation and Monitoring Plan” (49 pages)

Appendix B - FDOT Standard Specification Section 932-3 for July 2021 Workbook (3 pages)

Appendix C - FPID 435390-1-52-01 & BDV34 986-02 BFRP-RC Embedded Instrumentation
Field Installation Report from March 6-7. 2020 (5 pages)
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Appendix A

BDV34-986-02 Deliverable 2 (BFRP-FRC Link-Slab Demonstration Project:
Instrumentation and Monitoring Plan)

(49 pages)
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EXHIBIT A-SCOPE OF SERVICE

Project Title: BRIDGE DECK WITH LINK-SLAB
For FPID: 435390-1-52-01: US 41 from Midway Blvd to Enterprise
Contract Number: BDV34 986-02
Deliverable 2 - TASK 2 - RECOMMENDATIONS FOR BRIDGE
INSTRUMENTATIONS AND MONITORING OF LINK-SLAB

Submitted by: Adel ElSafty, Principal Investigator
University of North Florida
School of Engineering
1 UNF Drive, Jacksonville, FL 32224-2645
Email Address: adel.el-safty@unf.edu
Phone Number: (904) 620-1398

James Fletcher, Co-Investigator
University of North Florida
School of Engineering
1 UNF Drive, Jacksonville, FL 32224-2645
Email Address: jfletche@unf.edu
Phone Number: (904) 620-1844

Thomas Fowler, Undergraduate
University of North Florida
School of Engineering
1 UNF Drive, Jacksonville, FL 32224-2645
Email Address: n00880684@unf.edu

Submitted to: Steven Nolan, Project Manager
The Florida Department of Transportation
State Structures Design Office
605 Suwannee Street, MS 33
Tallahassee, FL 32399-0450
Email Address: Steven.Nolan@dot.state.fl.us
Phone: (850) 414-4272

Dr. Cheresa Y. Boston, Director of Sponsored Research
University of North Florida
Office of Research and Sponsored Programs
1 UNF Drive, Jacksonville, Florida 32224
Email: cheresa.boston@unf.edu
Phone: (904) 620-2455, Fax: (904) 620-2457

October 25, 2019
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Deliverable 2 - TASK 2 — RECOMMENDATIONS FOR BRIDGE

INSTRUMENTATIONS AND MONITORING OF LINK-SLAB

1. INTRODUCTION

The aim of deliverable 2 of task 2 is to provide recommendations for the instrumentations of the link-
slabs, a suggested monitoring plan, and instrumentation system to monitor the temperature, strain,
rotation, and elongation of different link-slabs. The research team identified appropriate
instrumentation and locations for monitoring the BFRP-RC link-slab on Bridge No. 019003 over Morning
Star Waterway. In this deliverable report, the team suggests a monitoring plan and an instrumentation
system to monitor the temperature, strain, rotation, and elongation of link-slabs. During construction,
the research team will inspect the instrument and sensor locations. The proposed link-slab is designed
with enough BFRP reinforcement to withstand the loads placed on the bridge superstructure. Also, it is
desired that the link-slab does not crack excessively under typical service loads. For the BFRP-RC link-
slab, special measures should be considered to anchor the FRP reinforcement to the existing bridge deck
during the installation of a link-slab in the existing deck. In general, the behavior and design of the link-
slab are influenced by several variables such as span length and arrangement, bearing type, beam end
rotation under load, bridge skew, and relative flexural stiffness of the beam and slab. For the
investigated bridge link-slab in this study, it is required to measure and monitor the strains,
deformations, and cracks in the link-slab, and rotation of beam ends. The monitoring of the tested
bridge with the recorded data under long-term effects as well as live loads will investigate the link-slab
behavior and the ability of the continuity detail to transfer forces from one girder to the adjacent girder
across the joint over the bent cap.

2. PROPOSED INSTRUMENTATION PLAN

The research team identified appropriate instrumentation and locations for sensors for the BFRP-RC
link-slab on Bridge No. 019003 over Morning Star Waterway. The team also suggested a monitoring plan
and instrumentation system to monitor the temperature, strain, rotation, and elongation of link-slabs.
The bridge link-slab monitoring system will include three main components, (1) sensors, (2) data
acquisition system, and (3) cabling and conduit. Sensor locations are shown on the figures. Details of the
components of the monitoring system are also provided. The research team will inspect the
instrumentations and sensor locations during construction.

3. BRIDGE MONITORING SYSTEM INSTALLATION AND INSTRUMENTATION

I. The system installation activities will be coordinated between involved parties (FDOT technical team,
Contractor and other subcontractors, the project manager, and the research team) to establish the
installation schedule of both the embedded and surface-mounted sensors. The monitoring system
including sensors will be installed as construction on the bridge proceeds and the contractor shall
provide a preliminary schedule for installation activities to FDOT. Once the preliminary schedule is
approved, the contractor shall develop a detailed installation schedule that will be linked to the project
schedule.

Il. The following describes the phases required for complete installation of the monitoring system:

Phase 1. During Link-Slab Construction
Investigated elements: Deck - Link-slab connecting spans 1 and 2.



Embedded sensors in the reinforced concrete deck shall be installed at the time of placing reinforcing
bars of BFRP at the bridge site as per the plans. Initial readings shall be recorded at time of installation
prior to, during, and after concrete casting. Parameters to be measured during this phase are:

a) Strains in structural elements

b) Temperatures at sensor locations

c) Ambient temperature and relative humidity (To be determined from local weather forecasting
reports).

Phase 2. After Deck Pouring

Investigated elements & spans: Bridge superstructure/beams and link-slab connecting spans 1 and 2.
Once casting the concrete deck is complete, surface-mounted sensors shall be installed as shown in the
figures. Initial readings shall be recorded. Parameters to be measured during this phase are:

a) Strains and deformations in structural elements

b) Crack propagation once developed in the link-slab

c) Temperatures at sensor locations

d) Relative movement between adjacent beams (using Vibrating Wire- Crackmeter Model 4420 for
example) and beams’ rotation

e) Ambient temperature and relative humidity (To be determined from local weather forecasting
reports).

Phase 3. Initial Bridge Condition upon Completion of Construction

Once the bridge construction is completed, the contractor shall conduct a series of baseline tests so that
the FDOT technical team can assess the performance of the monitoring system and quantify the initial
condition of the link-slab and the bridge superstructure. The data collected during the baseline tests will
represent the initial link-slab condition. A live load test with predetermined truck weight will be
conducted by FDOT technical team or its representatives after completion of construction and prior to
opening to traffic.

Parameters to be measured during this phase are:

a) Strains and deformations in structural elements

b) Crack propagation once developed in the link-slab

c) Temperatures at sensor locations

d) Relative movement between adjacent beams and beam end rotation

e) Ambient temperature and relative humidity (To be determined from local weather forecasting
reports).

Ill. The structural engineer inspector shall document any early shrinkage cracking that may take place in
the deck, link-slab, or the prestressed concrete girders.

IV. Extreme caution should be taken to protect all instrumentation during construction.

4. SYSTEM DETAILS
The link-slab monitoring system shall include three main components, (1) sensors, (2) data acquisition
system, and (3) cabling and conduits. Sensor locations are shown on the change order plans. Details of
each component of the system component are given next:



4.1 SENSORS

The bridge link-slab and exterior beams will be equipped with sensors designed to measure the
following:

a) Strains and deformations in the link-slab

b) Crack propagation once developed in the link-slab

c) Temperature at sensor locations

d) Relative movement between adjacent beams ends and rotation of beams ends

e) Ambient temperature and relative humidity will not be measured on location with sensors (to be
determined from local weather reports).

The various types and quantity of each type are presented. Two types of sensors will be installed; an
embedded type and a surface-mounted type. The embedded sensors are vibrating wire sisterbars and
strandmeters. Surface mounted sensors are vibrating wire gap-meters and tiltmeters. All vibrating wire
gages shall have an integral thermistor for determining temperature at the sensor location, at the time
of measurement.

EMBEDDED SENSORS:

The embedded sensors are for measuring strains within and across the link-slab. This will be composed
of a 3x3 array of Strandmeters and Sisterbar paired to each other, for a total of 18 (9 pairs) embedded
sensors. The Strandmeter measures strain in the BFRP link-slab reinforcement (Geokon model 4410
Strandmeter). The adjacent “Sisterbar” (Geokon model 4911 Rebar Strainmeter) will measure strain in
the link-slab concrete at approximately the same location. It is recommended by BDI Inc. that the
sisterbar be tied off to its paired strandmeter via loose wire during installation.

Placement of the 3x3 array is a roughly symmetrical location of the 9 pairs of embedded sensors. From
the southwest side of the bridge the first three pairs of sensors (labeled as row “A”) will be located on
the fourth BFRP rebar from the southwest side of the link-slab. The second row of three sensor pairs
(labeled as row “B”) is located on the twelfth BFRP rebar from the southwest side of the link-slab. The
third row of three sensor pairs (labeled as row “C”) is located on the twenty-first BFRP rebar from the
southwest side of the link slab. Each pair of sensors in a row is identified by its relative compass position.
For example, the northernmost pair of embedded sensors is identified as the “NW-C” location
(northwest side, row-C) and the other two pairs within that row are in the “Mid-C” and “SE-C” locations.
This layout is shown in the following, Figure 1, Location Labels of Embedded Sensor Array, Top View of Link-Slab
and Figure 2, Detail of Embedded Sensors, Top View. Note the orientation of a Sisterbar relative to its
corresponding BFRP rebar is always toward the centerline of the bridge, while the accompanying
strandmeter sets on the opposite side of the BFRP rebar.
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Figure 1, Location Labels of Embedded Sensor Array, Top View of Link-Slab

Strandmeter (model 4410, Geokon): These strain sensors will be clamped to the link-slab reinforcement
(BFRP rebars inside cast-in-place link-slab) at the specified locations. Special treatment per the product
manual dictates surrounding sensor with grease prior to encasing inside concrete. BDI has expressed
that the strandmeter sensor (model 4410) is preferable in this application because it is readily attached
to a rounded surface (i.e. the reinforcement bars) and is more appropriate for embedment in concrete
than the model 4151 alternative. Number of sensors: 9

Sisterbar (model 4911, Geokon): These strain sensors are fabricated on a #4 steel reinforcing bar. The
standard stock length is 36 inches. For this link-slab, all the sisterbars will be an overall length of 31
inches, with the transducer centered on the sensor. The sisterbar sensors can be ordered from Geokon
or BDI Inc. already custom cut to this length, or standard length sisterbars may be cut on-site. One
sisterbar is paired with each strandmeter (BFRP gauge) and placed adjacent to it in order to measure
strain in the concrete surrounding reinforcement bars. BDI suggests loosely tying each sisterbar to its
accompanying strandmeter-mounted reinforcement bar with wire. Number of sensors: 9
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Figure 2, Detail of Embedded Sensors, Top View

SURFACE-MOUNTED SENSORS:

Surface mounted sensors shall be installed after cast-in-place slab and deck components have been set.
These sensors are mounted using groutable type anchors, supplied by Geokon (and/or through BDI Inc).
To mount a sensor, an appropriately sized hole will be drilled into the deck or slab component to which
it is mounting. The hole shall then be filled with an appropriate construction grade epoxy, and the
groutable anchor inserted to a depth which allows the sensor to be securely mounted at its dictated
position.

Micro Crackmeters (model 4422, Geokon): These are displacement gauges mounted on the top deck
surface of the link-slab. Micro Crackmeters are intended to measure crack growth in the link-slab and
will be pre-emptively installed across the transverse midline. The location labels of the Micro
Crackmeters correspond to the row labels of the Embedded Sensor Array, as shown in Figure 3, Micro
Crackmeters Location Labels, below. For example, the Micro Crackmeter nearest the southwest side of the
link-slab is identified as “Micro Crackmeter A”, while the furthest is identified as “Micro Crackmeter C”.
Number of sensors: 3
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Figure 3, Micro Crackmeters Location Labels

Tiltmeters (model 6350, Geokon): These sensors will be installed to measure rotational deflection of FSB
beam ends (within the vertical-longitudinal plane), on both sides of the bent cap supporting the link-slab
being monitored. Tiltmeters are to be mounted on the undersides of the bridge span, with the mounting
anchor’s centerline located 2 inches away from the bent cap (on both side of the bent cap). The anchors
which hold the tiltmeter mounting brackets will be placed in the CIP Joint Gap, between the
northeastern and centerline FSB beams, on both sides of the bent cap. For illustration, refer to Figure 4,
Relative Location of Tiltmeters. The mounting anchors used shall be a custom ordered length from Geokon;
Overall length of the groutable anchor is 7 inches, to allow for the anchor to reach solid concrete poured
for the deck slab. The diameter of the groutable anchor is not to exceed 0.5 inches, as this is the
minimum gap size between adjacent FSBs. Additionally, the material in the CIP Joint Gap should be
excavated out to 1 inch on either side of the anchors, to ensure that thermal expansion does not cause a
bending force to be exerted on the anchor and lead to false readings from the instrument. The sensors
shall hang in a vertical orientation, made possible with two additional holes custom drilled into the
mounting bracket. Number of sensors: 2



Figure 4, Relative Location of Tiltmeters

Crackmeters (model 4420-25, Geokon): Model 4420 style Crackmeters from Geokon will be used for
measuring displacements along the outboard sides of the link-slab (at the link-slab midline),
displacements between collinear outboard FSB beams, and displacements between FSBs and the bent
cap. Sensors monitoring these external displacements are from here forth referred to as “External
Displacement Transducers” or “EDTs”. In total, there are three pairs of EDTs. The two “outboard EDTs”
are located on the northeast and southwest sides of the bridge. These outboard EDT pairs consist of an
upper outboard EDT mounted at a level 3 inches from the top of the link-slab (middle of the link-slab)
and a lower outboard EDT mounted at a level 2 inches below the top of the outermost FSB flange
(middle of the FSB flange). The lower outboard EDTs necessitate a cutout modification on the shear key
of the bent cap. The length of the cut-out is 18 inches and the width is 6 inches. The bottom of the cut-
out sloped from an outermost depth of 7 inches to an innermost depth (toward the bridge slabs) of 8
inches. For illustrations, see the following, Figure 5, Southwest Outboard EDTs and Figure 6, Northeast
Outboard EDTs.

The third pair of EDTs is referred to as the “lower centerline EDTs”. One of these is mounted on both
sides of the bent cap, oriented in-line with the length of the bridge. A vertical anchor connects to the
end of the lower centerline EDT which is furthest from the bent cap via a swivel ball-joint (Heim joint).
This vertical anchor is a custom length 9 inch groutable anchor set into the CIP Joint Gap between the
southwestern and center FSB beams. This mounting is in similar fashion to the Tiltmeters, explained
above. The end of the lower centerline EDT closest to the bent cap is connected to an inline groutable
anchor, via a universal joint. These inline groutable anchors set into the northwest and southeast faces
of the bent cap, at a level 2 inches below the bent cap’s bed surface (surface supporting the FSB beams).
Like the Tiltmeters, the material in the CIP Joint Gap should be excavated out to 1 inch from both sides
of the vertical anchor. For illustrations refer to the following, Figure 7, Lower Centerline EDT, Example 1 and



Figure 8, Lower Centerline EDT, Example 2. Note, the gauge length of all model 4420-25 Crackmeters shall be
mid-length, which corresponds to a length of approximately 13.5 inches from mounting point to
mounting point. (See Crackmeter drafts in Appendix B).

Number of Crackmeter sensors: 6

[Bent Cap]

Figure 5, Southwest Outboard EDTs

10



Figure 6, Northeast Outboard EDTs

Figure 7, Lower Centerline EDT, Example 1



Figure 8, Lower Centerline EDT, Example 2

Total number of sensors to be deployed: 29
All sensors are of commercial-grade quality vibrating wire devices and shall be installed in accordance
with manufacturers’ recommendations. Sensor specifications are shown in Table 1, Sensor Models and
Specs below. Manufacturer’s data sheets and manuals along with images/illustrations are provided in

-—
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Appendix C.
Group # Sensor Objective Gauge Type/Model & Sensor Sensor Sensor Sensor
Source Resolution Accuracy Measuring Dimensions
Range
1 Strain in BFRP; Strandmeter (4410, <5 e (+/-) 0.003 mm 3 mm 8" Long x 1.77"
clamps sized to Geokon) (15000 pe) Wide Clamps
fit 0.625" dia.
2 Strain in Concrete | Sisterbar (4911, Geokon) 0.4 pe (+/-) 7.5 pe 3000 pe 36" Length, #4
Link Slab Size Rebar
3 Crack Width in Micro Crackmeter (4422, .001 mm (+/-) 0.004 mm 4 mm 4.725" Long x
Link Slab Geokon) 0.315"
Diameter
4 Outboard EDTs Crackmeter (4420-25, .00625 mm | (+/-) 0.025 mm 25 mm Length: 13.5",
Geokon) Dia:1"
5 Lower Centerline Crackmeter (4420-25, .00625 mm | (+/-) 0.025 mm 25 mm Length: 13.5",
EDTs Geokon) Dia:1"
6 Rotation of Beam | Tiltmeter (6350, Geokon) | (+/-) 10 arc (+/-) 0.01° (+/-) 10° Length: 5.47",
Ends seconds Diameter:
1.26"
7 Datalogging Datalogger (LC-2, 1partin (+/-) 0.05% F.S. 450 to 4000 Hz; (LXxWxH):
Geokon) 20,000; (450 to 4000 Hz); | Thermistor:-30 | 43 geny 19 ggn
Thermistor: Thermistor: (+/-) deg C tf(’: 50 deg X 6.3"
0.1degC 2.0% F.S.

Table 1, Sensor Models and Specs
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4.2 Sensor Wiring:

A. Sensor Cables

Connections between the sensors and data acquisition system is accomplished via a “Vibrating Wire”
cable (abbreviated as VW cable). VW cable consists of five conducting elements: 2 twisted wire pairs
(red/black & white/green), and a 24AWG stranded copper drain wire for grounding. A 0.0625-inch
diameter blue PVC jacket protects the cable. An estimated total of 1770 feet of cable will be used in
routing between sensors and the data acquisition system. See Table 2, Total Estimated Cable Length for
Sensors below for breakdown of cable length estimate.

All cables will be routed through a 3-inch PVC conduit pipe from the dataloggers toward the northeast
side of the link-slab. From this point, cables will diverge in bundles to their respective sensor locations.
Most of these cables must partly or fully cross along the transverse midline of the link-slab and will do so
within channels of the Expanded Poly-Styrene Gap Filler (EPS Gap Filler) between the northwest and
southeast FSBs and Deck Slabs. This is explained in greater detail in section 4.2.B, Cable Routing. Cables
of the 3x3 Embedded Sensor Array will be routed along their respective BFRP rebar toward the
transverse midline of the link-slab, held close and securely to the rebar with zip-ties. At the midline,
these cables will then exit through the link-slab bottom into their corresponding channels within the EPS
Gap Filler.

Sensors shall be delivered with pre-attached heavy-duty VW cables. Special care shall be taken to
protect the cables, especially at exit points for embedded sensors’ cables and around sharp edges.
Protective containers should be provided at exit points with enough room to store cable ends for
protection against damage and accidental cutting during concrete casting, curing, transportation and
erection. High quality cable tags shall be used at multiple points along each cable in order to positively
identify each cable and its associated sensor. This is especially important for embedded sensors/cables.
The contractor installing sensors and cables may find it necessary to cut cables to facilitate installation of
sensors and erection of bridge components. In this case, each new end created from cutting a cable
should be clearly labeled with a heavy-duty cable tag. Cut points should be in places easily accessible
later for splicing. All splices should implement a heavy-duty water/chemical/heat-resistant shrink wrap
to protect previously cut cables (For example: 6" Thin Wall Heat Shrink Tubing - Flexible Polyolefin -
Shrink Ratio 3:1).

Cables running from the surface mounted Micro Crackmeters (Group #3) shall be held down with cable
clips screwed down onto the link-slab. These cables should also be protected with heavy duty cable
runners. These will be laid transversely across the midline and lead the cables through the bottom of the
concrete parapet, toward the main conduit line where the cables will be collected.

Cable Length Requirements
Group # Sensor Cable Length for Instrument (feet), Plus 10%
1&2 3x3 Embedded Array,
(Strandmeters and Sisterbars)
NW-A, Strandmeter 62.5
NW-A, Sisterbar 62.5
Mid-A, Strandmeter 59.0
Mid-A, Sisterbar 59.0
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SE-A, Strandmeter 62.5
SE-A, Sisterbar 62.5
NW-B, Strandmeter 66.5
NW-B, Sisterbar 66.5
Mid-B, Strandmeter 63.5
Mid-B, Sisterbar 63.5
SE-B, Strandmeter 66.5
SE-B, Sisterbar 66.5
NW-C, Strandmeter 71.5
NW-C, Sisterbar 71.5
Mid-C, Strandmeter 68.0
Mid-C, Sisterbar 68.0
SE-C, Strandmeter 71.5
SE-C, Sisterbar 71.5
3 Micro Crackmeters
A 58.5
B 64.5
C 69.0
4 Lower Centerline EDTs
Northwest Slab 67.0
Southeast Slab 67.0
5 Outboard EDTS
Southwest Side, Upper 56.5
Southwest Side, Lower 58.0
Northeast Side, Upper 72.5
Northeast Side, Lower 73.0
6 Tiltmeters
Northwest Slab 72.0
Southeast Slab 72.0
Total (ft): 1770 feet

B. Cable Routing

All cables will be led from the dataloggers at the northwest end of the bridge, (along the outside of the
southwest parapet), inside a 3-inch diameter PVC electrical conduit pipe. At the southwest shear key of
the bent cap this conduit leads into two 6x6x6-inch PVC junction boxes, located atop one another. It is
recommended the terminal ends of conduits leading cables from the junction boxes toward sensors are
covered with a flexible rubber caps, in which holes are cut just large enough for the bundles of cables to
exit through. Exiting the top junction box are five bare VW cables which lead directly to the southwest
side Outboard EDTs and the Micro Crackmeters. Exiting the lower junction box are bundles of cables
leading to all other instruments via small channels carved into the EPS Gap Filler. These cables are

14



gathered into four tracts, with each tract contained inside a 1-inch diameter polyethylene Pipe
Protection Sleeve (Ex: Oatey brand’s Pipe Guard). To accommodate these tracts the EPS Gap Filler has a
top surface carved out just deep enough for these four bundles to lay into while staying underneath the
debonding material layer set between the deck slab ends and link-slab. Additionally, the EPS Gap Filler
features two smaller vertical channels cut through the interior and located within the planes of the
Lower Centerline EDTs and Tiltmeters. For illustrations, see the following: Figure 9, Cable Routes Through
EPS; Figure 10, Carved Topside of EPS; and Figure 11, Detail Embedded Sensor Routing, Side View.

Figure 9, Cable Routes Through EPS

Instrument
Cables

Pipe Protection

EPS Sleeves, Sheathing
Gap Filler, Instrument Cables : |
Between North-
west and Southeast Channel for Cables Junction
Slabs Box

Carved into Top
Surface of EPS

Figure 10, Carved Topside of EPS
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(Link-Slab Invisible)

[FSB Fiangc] [Shear Key of Bent Cap]

Figure 11, Detail Embedded Sensor Routing, Side View

The four tracts/bundles of cables contained by pipe protection sleeves are labeled according their
overall reach and contain the cables of specific instruments. Tract No. 1 is the shortest and contains
cables supplying Strandmeters and Sisterbars NW-A, Mid-A, and SE-A. Tract No. 2 contains cables
supplying Strandmeters and Sisterbars NW-B, Mid-B, and SE-B. Tract No. 3 contains cables supplying
Strandmeters and Sisterbars NW-C, Mid-C, and SE-C. Tract No.4 is the longest and also features
branching sleeves which run through the vertical channels carved into the EPS. Tract No. 4 contains the
cables supplying the Lower Centerline EDTs, Tiltmeters, and the northeast side Outboard EDTs. The
separate tracts are laid out in the following illustrations, Figure 12, Tract No. 1 of Bundled Cables, Figure 13,
Tract No. 2 of Bundled Cables, Figure 14, Tract No. 3 of Bundled Cables, and Figure 15, Tract No. 4 of Bundled
Cables.

_‘
Cables for NW-A
Conduit Strandmeter and
Junction Boxes Sisterbar  TT——b

Cables for Mid-A '
Strandmeter AN0 s——
Sisterbar

Pipe Protection Sleeve, Cak e B A
Cable Sheathing Strandmeter and s———
Sisterbar

Figure 12, Tract No. 1 of Bundled Cables
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Figure 13, Tract No. 2 of Bundled Cables

Figure 14, Tract No. 3 of Bundled Cables

Figure 15, Tract No. 4 of Bundled Cables
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4.3 DATA ACQUISITION:

Data acquisition will be accomplished by two Geokon brand, model 8002-16-1 dataloggers, also referred
to as LC-2x16 datalogger units (also abbreviated as LC-2). Each of these units is capable of monitoring
input from up to 16 VW cables for a total of 32 possible inputs, of which only 29 are planned for use.
Storage capacity of the dataloggers is 320 KB of EEPROM type memory (data not lost upon de-energizing
system), which provides storage for up to 3,555 readings from all 32 possible VW inputs. At an
instrument reading rate of once per hour, this provides a maximum window of 148 days or
approximately 5 months to retrieve data before capacity is reached and data points are compromised.
Datalogger internal power is supplied by either four alkaline D-cell batteries or a 12-volt external grid
supply. Recorded sensor data shall be accessed by direct retrieval on a periodic basis within the data
capacity window. Interfacing with the LC-2 units will be accomplished either through an RS-232 Serial
Interface or a USB 2.0 port, using LogView software.

The data acquisition system will be located on the outboard side of the southwest facing parapet, on the
northwest end of the bridge. It shall be ten feet from the absolute end of the bridge structure, where
the bridge slab ends, and the approach slab begins. LC-2 Datalogger units come housed inside fiberglass
NEMA 4X weatherproof enclosures. For security, these datalogger units will also be set inside a single
large lockable aluminum enclosure. This enclosure will be custom fabricated and large enough to allow
the NEMA 4X boxes to be opened and easily accessed (prospective dimensions shown on drafts in
Appendix B).

5. ADDITIONAL NOTES ON INSTRUMENTATION SETUP

Highlighted points on the proposed instrumentation setup:

1) Installing the EDTs on the outside of the bridge is acceptable. However, having the 27 inch-concrete
parapets (barrier wall) right on top of these locations could provide additional stiffness that affects the
readings in these locations. That behavior of the exterior beams (stiffened with the parapet) may be
different than the behavior of the middle beam. Upper outboard EDTs are to be located 3 inches from
top of link-slab deck (middle of 6-inch link-slab).

2) In order to provide clearance for installation of and access to the lower outboard EDTs, the shear keys
of the bent cap supporting the link-slab must be modified. A cutout on the top surface is to be formed,
centered to the midline and against the interior facing side of the shear key. The foot print of the cutout
is to be 18 inches long and 6 inches wide. The bottom will slope from a depth of 7 inches on the
outboard side, to a depth of 8 inches on the inboard side (equal to the height of the shear key). Lower
outboard EDTs are to be located at a height of 2 inch measured from the top of the FSB beam flange
(mid-height of the 4-inch thick flange).

3) Displacement between adjacent FSB beams along the middle of the bridge structure is monitored by
the Lower Centerline EDTs. These are Crackmeters anchored into the bottom surface of the span with
vertical anchors, and into the northwest/southeast faces of the bent cap with horizontal anchors. This
will allow measurement of the adjacent beam displacement, relative to the bent cap location.

4) To accurately detect and measure the force in the link-slab, the strandmeter (4410, Geokon) is
recommended to be clamped onto the reinforcement bars (BFRP). Geokon, the manufacturer,
recommends these gauges be encased with grease after mounting to reinforcement, before pouring of
surrounding concrete to prevent the adhesion of concrete and immobilization of the instrument.
Various size strandmeter clamps are available from Geokon; the BFRP reinforcement bars used in the
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link slab have a diameter of approximately 0.625 inches and clamps will be sized accordingly. Gauges
that are clamped to reinforcement bars are needed since the gauges embedded in concrete will be
greatly affected by concrete cracking that could result in wrong readings or no reading at all. Those
gauges on BFRP reinforcement are in addition to the embedded gauges in concrete.

5) It is recommended to install two Tiltmeter gauges to measure angular deflection (in the vertical-
longitudinal plane) of FSB beam ends at the midline junction. They are to be located on the underside of
the bridge on both sides of the bent cap supporting the link-slab, with the anchors mounted 2 inches
away from the bent cap. Since Florida regulation dictates that holes may not be drilled into the bottom
surface of FSB beams, the anchors are to be set into the CIP Joint Gap between the northeastern and
middle FSBs. The mounting brackets provided with the sensors will need two additional holes drilled to
allow vertical hanging of the sensors from a horizontal surface. The anchor used will need to be custom
ordered 9-inch groutable Tiltmeter anchor, from Geokon.

6. Estimated Cost

The total estimated cost of the sensor package is $14,931 before taxes or potential shipping costs.
NOTE: This estimate considers that FDOT already possesses and will provide four model 4420-25
Crackmeters and two LC-2x16 datalogging units. This estimate only includes the required sensors; data
acquisition system; cabling between the sensors and data acquisition system; conduit to house and
protect cabling; and some various installation hardware. The selected sensors and hardware are shown
in the charts below along with their prospective application, technical specifications, and costs.

Group Sensor Objective Gauge Type/Model & | Number of | Unit Price | Part Total
# Source Units (USD) (USD)
1 Strain in BFRP; clamps sized Strandmeter (4410, 9 345.00 3105.00

to fit 0.625" dia. rebars Geokon)
2 Strain in Concrete Link Slab Sisterbar (4911, 9 345.00 3105.00
Geokon)
3 Crack Width in Link Slab Micro Crackmeter 3 445.00 1335.00
(4422, Geokon)
4 Outboard EDTs Crackmeter (4420-25, 4 0.00 0.00
Geokon)
5 Lower Centerline EDTs Crackmeter (4420-25, 2 335.00 670.00
Geokon)
6 Rotation of Beam Ends Tiltmeter (6350, 2 530.00 1060.00
Geokon)
7 Datalogging LC-2x16 Datalogger 2 0.00 0.00
(8002-16-1, Geokon)
8 Custom 9" Groutable Custom from Geokon 2 76.00 152.00
Anchors for (Group #5), Pair
9 Custom 7" Groutable Custom from Geokon 2 50.00 100.00
Anchors for Tiltmeters
10 Protective Covers for EDTS Aluminum Crackmeter 6 125.00 750.00
(Group #4 & #5) Cover (SPC-4420-01,
BDI/Geokon)
11 Tiltmeter Uni-Axial Mounting Tiltmeter Bracket 2 95.00 190.00
Bracket, Includes: 3/8" Rawl (MNT-6350-01,
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drop-in anchor, (2) 3/8-16
nuts, (2) flat washers and (1)
lock washer

BDI/Geokon)

12 Tiltmeter Cover, Aluminum Protective Cover, 2 145.00 290.00
Tiltmeter (SPC-6350-01,
BDI/Geokon)
13 Hardware for Group #5, U- | U-joint for Axial Anchor, 22.00 0.00
Joint (A4400-26-1, Geokon)
14 Hardware for Group #5, Set Set Screw for Axial 0.50 0.00
Screw Anchor, (HRD-A1670,
Geokon)
15 Hardware for Group #5, O- | O-Ring for Axial Anchor, 0.10 0.00
Ring (ORB-008, Geokon)
16 Groutable Anchors for Model (MNT 4420-02, 4 46.00 184.00
4420 Crackmeters, Pair BDI/Geokon)
17 Protective Tube for Micro 4422 Al Housing (SPC- 3 75.00 225.00
Crackmeter 4422-01, BDI/Geokon)
18 Groutable Anchors for Micro Micro Crackmeter 3 48.00 144.00
Crackmeters, Sold as Pair. Anchors (MNT-4420-02,
BDI/Geokon)
19 Conduit to House Cables and See Conduit Costs 569.44
Hardware Below
20 Blue PVC Jacketed Vibrating VW cable (I1C-02-250, 1770 feet 0.92 1628.43
Wire Cable BDI/Geokon), unit
price/ft.
21 Various Hardware See Miscellaneous 1423.13
Costs Below
Package Pre-Tax & Plus Tax
Shipping Total (USD): | $14,931.00 (7%) $15,976.17
Total:

Miscellaneous and Conduit Costs Continued on Next Page
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Conduit Parts and Hardware: Price per | #of | Cost (USD) Source
Unit Units
3 in. Hinged Split Ring Pipe Hanger in Galvanized Malleable 63.99 2 127.98 HDX/Lowes
Iron (5-Pack)
Wedge-All 7/8 in. x 6 in. Zinc-Plated Expansion Anchor (5- 34.99 2 69.98 HDX/Lowes
Pack), for 3" Pipe Hangers
Schedule 40 PVC Conduit with Bell End, Trade Size: 3", 43.73 5 218.65 Grainger
Nominal Length: 10 ft. (grainger.com)
Schedule 40 PVC Conduit with Bell End, Trade Size: 1-1/2", 16.16 1 16.16 Grainger
Nominal Length: 10 ft. (grainger.com)
3in. x 3 in. PVC Mechanical Flexible Expansion Coupling 9.25 2 18.50 HDX/Lowes
1 1/2" Schedule 40 PVC 30-degree Elbow Socket 0.99 1 0.99 HDX/Lowes
6x6x6 (Trade Size) Conduit Junction Box 30.00 2 60.00 various suppliers
3" (Trade Size) Box Adapter, (Case of 5) 17.10 1 17.10 HDX/Lowes
1.5" (Trade Size) Box Adapter, (Case of 8) 8.16 1 8.16 HDX/Lowes
Conduit/PVC Glue, Oatey Gray PVC Cement 11.71 2 23.42 HDX/Lowes
1.5" Flexible Rubber Pipe Cap 3.50 1 3.50 HDX/Lowes
3" Flexible Rubber Pipe Cap 5.00 1 5.00 HDX/Lowes
Subtotal Conduit: $569.44
Miscellaneous Items Price per | # of Cost Source
Unit Units | (USD)
15' of rubber HD cord cover/runner (for containing Micro 100.00 1 100.00 | Cabletiesandmore.com
Crackmeter cables)
Various Concrete Anchors & Other Hardware 50.00 50.00 Various suppliers
6" Thin Wall Heat Shrink Tubing, Flexible Polyolefin, Shrink 21.33 106.65 Grainger
Ratio 3:1, 10 per pkg, Part# 30N545, For Splicing Cut VW (grainger.com)
Cable
Strong-Tie SET-3G22-N - 22 Oz. Epoxy Anchor w/ Nozzle, 42.99 2 85.98 Fastenersplus.com
Pkg 1
Pipe Protection Sleeve, for 1" piping (for cables passing 30.00 1 30.00 walmart/various
across midline of bridge), Box of 200 linear feet
Datalogger Weather & Intrusion-Proof Box 300.00 1 300.00 Custom Aluminum
Fabricator
Cabe Clamps/Clips, to Hold Down Micro Crackmeter 1.50 15 22.50 HDX/Lowes
Cables (Group 3)
1/2" x 8-foot Copper Grounding Rod 12.00 1 12.00 HDX/Lowes
1/2" Ground Rod Clamps 2.50 2 5.00 HDX/Lowes
Estimate Flex Factor (5% of Subtotal of Entire Estimate) 711.00 1 711.00
Subtotal Miscellaneous: $1,423.13
Total for Miscellaneous & $1,992.57
Conduit Expenses:
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7. Brief Summary

The team will investigate the concrete simple-span beams that are made continuous by pouring a
continuity link-slab between the beam ends. The bridge will be instrumented with embedded and
surface-mounted sensors and will be monitored for at least 2 years to evaluate the performance of the
new continuity detail.

Several types of sensors will be used, and a data acquisition system will record strain/loads a regular
time interval. The preferred sensor types for this application are vibrating wire sensors with integrated
thermistors (per FDOT request). Sensors are strategically located on both sides of the midline to capture
important measures with the greatest influence on the continuity, such as strains in BFRP bars, strains in
the continuity concrete, the gap between adjacent beams’ ends, and the rotation of beam ends.

All measurements should be corrected for temperature changes per recommendations of the gauge
manufacturer. Data can be collected during field tests and service. The data acquisition system should
be able to keep record when certain strains are reached in the BFRP reinforcement.

A live load test using a weighted truck will be conducted on the monitored link-slab, prior to opening for
traffic. The performance of the link-slab continuity will be tested in nine static loading conditions, using
the embedded and external sensor data and inspections to assess the bridge and continuity detail’s
integrity. The weight of the truck used for load testing will be determined after testing to ensure the
measurement is conservative regarding weight lost by fuel use.
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APPENDIX A
IMAGES AND ILLUSTRATIONS OF BRIDGE AND SENSOR LAYOUT

R

Figure 16, Side View

Figure 17, Angled View
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Figure 18, Top View

Figure 19, End View
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[Bent Cap]

Figure 20, Top View of Southwest Shear Key

Figure 21, Top View of Northeast Shear Key
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Figure 22, Bottom View from Southwest

Figure 23, Detail of Tiltmeter
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Figure 24, Detail No.1 of Lower Centerline EDT

Figure 25, Detail No.2 of Lower Centerline EDT
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Micro Cr‘ckmﬁer’ B

Figure 26, Side View, Exposed

Figure 27, Detail Data Acquisition
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Figure 29, Side View of Exposed Embedded Sensors and BFRP rebars

Bent Cap
Bearing Pads

Figure 30, Exposed View of Cable Routing (EPS is Translucent)
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APPENDIX B

DIMENSIONED DRAWINGS OF SENSOR LAYOUT

Group | Gauge Type/Model | Resolution Accuracy Measuring Dimensions # of
# & Source Range Units
1 Strandmeter (4410, Geokon) <5 ue (+/-) 0.003 mm 3 mm (15000 pe) 8" Long x 1.77" Wide 9

Clamps
2 Sisterbar (4911, Geokon) 0.4 pe (+/-) 7.5 pe 3000 pe 36" Length, #4 Size 9
Rebar
3 Micro Crackmeter (4422, .001 mm (+/-) 0.004 mm 4 mm 4.725" Long x 0.315" 3
Geokon) Diameter
4 Crackmeter (4420-25, .00625 mm (+/-) 0.025 mm 25 mm Gauge Length: 13.5", 4
Geokon) Dia:1"
5 Crackmeter (4420-25, .00625 mm (+/-) 0.025 mm 25 mm Gauge Length: 13.5", 2
Geokon) Dia:1"
6 Tiltmeter (6350, Geokon) (+/-) 10 arc (+/-) 0.01° (+/-) 10° Length: 5.47", Diameter: 2
seconds 1.26"
7 Datalogger (LC-2, Geokon) 1 partin (+/-) 0.05% F.S. (450 450 to 4000 Hz; (LxWxH): 13.46" x 11.85" 2
20,000; to 4000 Hz); Thermistor: -30 deg x 6.3"
Thermistor: Thermistor: (+/-) 2.0% Cto50degC
0.1degC F.S.
Table 6, Instrument Groups
|
Strandmeter Micro Crackmeter, Cagy | Strandmeter
& Sisterbar, & Sisterbar,
NW-C f=r / SE-C
Strandmeter
& Sisterbar,
Mid-C
Strandmeter
& Sisterbar,
Mid-B
/ Micro Crackmeter, B Strandmeter

[ North west & Sisterbar,

Strandmeter \
~
Deck Slab] ¢ S

NW-B

/» & sisterbar,  [Southeast
s Deck Slab]

Strandmeter
& Sisterbar,

/ Mid-A

Strandmeter = Strandmeter

& Sistet'lml'.“"""‘\‘ / & Sisterbar,
3” Cable WA =

Conduit
Micro Crackmeter, A=
|

i = :

Figure 31, Drawing, Labels of Embedded Array and Micro Crackmeters
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Figure 33, Drawing, Bent Cap Side View (Slabs, Beams, and Parapets not Shown)
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Figure 35, Drawing Bridge Bottom View
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Figure 36, Drawing, Bridge End View No.1 (from Northwest Perspective)
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Figure 37, Drawing, Bridge End View No.2 (from Southeast Perspective)
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Figure 39, Drawing, Bridge Side View No.2 (Detail of Link-Slab)
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Figure 41, Drawing, Top View Detail of Link-Slab (Southwest Side)
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APPENDIX C

MANUFACTURER’S INSTRUMENT DATASHEETS

(Credit: Geokon)

Vibrating Wire Displacement Transducers

Applications
The 4400 Series are

designed to measure or

e Expansion or contraction
of a joint

@ Strains in tendons and
steel cables

e Movement across surface
cracks and joints

o Closures in underground
excavations, tunnels, etc.

o Displacements associated
with landslides

@ Movement of boulders,
snow, efc. on unstable
slopes

® Tires Modd' 820 Crackmeiers configumd
a3 3 single 30 Coctmetsr

@ Modeil 4410 Strandmeter ffront], Mode! 4400 Embedment Jointmeter fosnier) snd Mods! 4427 Crackmeter frear)

Operating Principle

Geokon vibrating wire displacement transducers are
designed to measure dispfacements across joints and
cracks in concrete, rock, soil and structural members.

In essencs, the transducer consists of 2 vibrating wire in
series with a tension speng. Displacements are accom-
modated by 2 stretching of the tension spring. which
producas a commensurate increasa in wire tension.

The wire and spring are connected to a frae-sliding red
which protrudes from, and is frea to stide inside, 2
protective outer tube. An o-ring seal prevents water
from entanng.

Tha frequency signal is transmitted through the cable
to the readout location, conditioned, and displayed on
portabia readouts or dataloggars.
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i Advantages and Limitations

¢ Tha 4400 Series Displacement Transducers are fabricated
entirely from stainless steat and are waterproof to
£1.75 MPa, which, coupled with their excellent long-term

i stability, quarantees reliability and performance in even
the harshest environments.

An advantage of vibrating wire displacament transduc-
ers over more conventional lingar potentiometers for
VDTS fies mainly in the usa of a frequency, rather

i than a voltage, as the output signal. Frequencies may

¢ be transmitted over lang lengths of electrical cable

{ without appreciable degradation causad by variations

in cable resistance or keakage to ground. This allows for
a readout location that may be cver a thousand meters
irom the transducer.

Thermistors are provided with all ransducers for
! temparature measurement.



Model 4400 Embedment Jointmeter

Model 4420 Crackmeter

& Moda' 400 Embsdment Joimimetse shown with sootst ramoved.

o Modd 4420 Crackmetsr

The Madel 4400 is designed for use in construction joints; 8.g. betwesn lifts in
concrate dams. In use, 2 socket is piacad in the first lift of concrate and, when
the forms are removed, a protective plug is pulled from the socket. The gage
is then screwed info the socket, extended slightly and then concretad into the
naxt lift. Any opening of the joint is then measurad by the gaga which is firmly
anchored in each [ift. The sensing gage itself, is smaller than the protactive

connections on the gage.

A tripofar plasma surge armastor is located insida the housing and provides
protection from electricaf transients such as thoss that may be induced
by fightning.

Model 3410 Strandmeter

The Made! 4420 Crackmetars are dasigned 1o maasura movemeant across joints
such as construction joints in buildings, bridges, pipalines, dams, etc.; tension
i cracks and joints in rock and concrate.

The ends of the sensor are attached to anchors (with ball joints) that have bean
i grouted, bolted, welded or bonded on opposite sides of the crack o fissure to
bousing, and 2 degrae of sheafiag wolin i sloned for by e wa o Belipat. & T e 56 mauilig Drackits, Wil 2o smassanont (F diagtace:

i ments in three orthoganal diractions, and spacial clamps for attachment to a
variaty of aarth rainforcements and geogrids, are also availabls.

- Special varsions are offored for Lnderwater use, whre walar prassures excesd
1.7 MPz, and for use in cryogenic or elevatad temperature regimes.

Model 4422 Micro Crackmeter

® Moogd 8410 Srandnster

i Modd 842 Micso Crackmeter

The Model 4410 Strandmeter is designed to maasura strains in tendons and
steal cables, including bridge tendons, cable stays, ground anchors, tiebacks,
etc. Two clamps at each end of the strandmeter hold it firmly onto the cable.
Various size clamps are available.
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i The Model 4427 i 2 miniature crackmeter intended 1o measure displacements
¢ across surfaca cracks and joints. it has been specially designed for applications
i whare access is limitad and/or where monitoring instrumentation is to be as
unobtrusive as possible (e.g. on historical structures or buildings).



Meodel 4325 Conwvergence Meter :

L

Modal 3430 Deformation Meter

® Muds! 4475 Comvergancs Meter

@ Mol 4430 Jeformation Mstsr

Tha Modal 4475 Convargenca Metar is designed to detact deformation in
tunnels and underground cavemns Fy measuring the coniraction {or elongation)
batwean 2 anchor points fixed in the walls of the tunnel or cavam.

ite), rod clamp, and a pair of anchor points. Changes in distance batween the

2 anchars ara conveyed by the connecting rods and measured by the ransducer.
the most comimon method of instaliation. In vertical boreholas, 2 special growt-
¢ ing apparatus and hydraulic or snap-ring anchors ara required. Direct piacemant

areas whara corstruction traffic is expectad or where the instument be left
W i OF pre-wiing to 3 rebar cage allows uso in concrata.

Tha Mode! 2475 can operzte in horizontal, inclned or vartical orientations. n

in 2n exposad location, soms form of protactive housing should be considared.

Model 4427 Long-Range Displacement Meter

Tha Modai 4430 Daformation Meter is dasignad 1o maasue mxizl strains or
{ defonmeations in borsholes in rock, concnate or soil_ it can also be embedded in
s0ils in ambankmants such as earih dams and highwey fills. The Modai 4430

| can ba installed in series to give 2 tatal daformation profile al ricuta
Tha Madel 4475 consits of 2 spring-tansioned vibvating wire transducer assembly, | Ea'ml m:fm”: bt fgm_ ; wfl']f:' “1“: il
tumbuckla, & mm diametar connecting rods (stainless stoel, fberglass of graph- ;:&Mm BAOMPRZOF 106 078 M Foy WK NN SF G0t S0

‘Whan usad in rock in horizontal or inclned downward boreholes, groufing is

Model 3450 Displacement Transducer

® Mue! 4477 [ ong-Fange Hisplarement Mater

® Mol 450 (Nigplacement Faneducer and' Frienzomeier Head Azzeminy fimset |

Tha Modal 4427 Long-Hange Displacemant Mater is ideally suitad for tha
measuremant of large displacements associated with landsfides. The Modal
4477 can atso ba wsad for monitaring the mowament of boukdars, snow, etc., on
unstabia shopes.

The Model 4427 consists of a vibrating wira displacemant transducar coupled
t a spring motor drive by means of 2 losd scrows As tha cabla is pulled,

the motor drum rotates and advances the lead screw. Thus tha miation is
comvarted into a finear displacamant which iz measuned by the vibrating wire
displzcamant transducar.
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Tha Modal 4450 Displacement Transtucar provides remote resdowt capability
for Borehole Extenzometars (328 the Geokon Modal A-3, A-4, A-5, A-B Rod-Typa
Bomhole Extensomaters data shaat for mora information). They am particulary
usaful whare other typas of vibrating wino sensors are usad and/or for installs-

ions where long cable runs are raquired.

Tha Modai 4450 can also be nstallod batwesan borehoba anchors, in corjunction
with tha requisita langth connecting rod, to provide & parmanant, in-placa
: incramental extensomater (contact Gaokon for datails).



Technical Spocifications

I T T s i
2400 Embeamsnl Jolstmeter 125 75, 60, 100mm | 0.026% ES. HITREE <OERFE —70°C bo 4 B0°C Iamm- ADE mm
Fange Mamaar 5 mm

4410 Strandmeter 0000 e <hpre HI1%FS <0EEFE —HC o #0070 [engin- M3 mm
Clamp W 45 mm
240 Creckmeter 125, 75, &0, 100, 0.025% E5. HL1%F35. <0ERER —°C o3 B07C [ergimE 3T, 362, K27 mm
150 mm Coifameier 76 mm
477 Micm Crackmeter 3 mim |£1.5 mm| 1.0 mm HLF%ES <OEREE =G o+ a0me Langm- T30 mm
Damaa 7.0mm
X Comvergence Meter 7%, 500, 100, B0 mm | 0.025% E5. 1% FS5. <0EEEE -70°C 4807 Iranzdrger [enging 56, SOE, 828 mm
Irnsdicer Digmater 76 mm
BA77 Long-Range Displacement Meler 1.im 026% F.5: 1 O%ES. - ~30°C bo+60°C Emciosoredl = W HiE B10= 157 = 167 mm
|without resstiing
4430 Defommstion Meber %, 50, Y00 mm DOT%FE #I1%ES <OFEFE -FI°C b+ B07C [angin yaies

fiange Digmaar &1 mm

L4580 Disphecement Trassdecer TEE, 5D, ¥00, 150, ROZ%EE +H) % EE. <OERFE —0C ho+B07C Lemgme 710, 212, 270, 410 mm
200 mm Coff Diamefer B9 mm

* Dt e vl i O st
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Model 4911, 49114

Rebar Strainmeters and “Sister Bars”

Applications

Rebar Strainmeters are com-
monly usad for measuring
strains in...

& Concrete piles & caissons
= Slurry walls
e Cast-in-place concrets piles

# Concrete foundation slabs
and footings

# Dsterberg pile tests
= All concrete structures

» Cinss-up of Mods! 4911 shown a5 in-
Railed in conorste pils renfoCig L&ge.

® fbaer 491 14 Rebar Stminmeter ffeat) and' e Mods! 4911 Siter Bar” frea)

Operating Prineciple

Febar Strainmatars and “Sister Bars” ame designed o
e embeddad in concreta for the purpose of measur-
ing cancreta sirains dua 1o imposed loads. The Rebar
Strainmetar is designed to be walded into, and become
an integral part of, tha axsting rebar cage, whila the
“Sister Bar™ is instabled by tying it alongside an axisting
fength of rabar in tha rebar caga.

Tha rabar extensions on either side of the central strin-
gacged zras ara long enowgh 1o ansura sdeguate con-
tact with the sumounding concrate so that the maasured
straing insica the steal are ogual to the strains in tha
surrounding concreta.

In use, Rebar Strainmetars and “Sister Bars” are wsu-
ally installed in pairs on aither sida of the neutral axis of
ihe stmuciural mambar being investigated. This is dona
50 that banding moments may ba anatyzed in addition to
il loads.

A built-in thermistor anzbies the measurement of
temparatures and aids in the evaleation of tharmally
mduced strains.
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i Advantages and Limitations

Tha main advantaga of the Rebar Strainmetars and “Sister
Bars" lies in thair ropgedness. They ara fulky watarproof
and virtuakly indestructibla 5o that, if the cable is ade-
quately protected. thay are zafe from tamage during tha
concrete placement.

Each Rebar Strainmetar and “Sistar Bar” is individu-
ally calibrated and tostad for weld strangth. The Rebar
Strainmatar roquires tha sanvicas of an expariencad
waldar who can quarantea full-strangth welds, whersas
. the “Sistar Bar” is very easy to install

Tha singla vibrating wira strain sensor, located along the
 axis of the strainmetar, is not zffectad by the bending

of the strainmater itsali_ It also has tha advantaga of =il
vibrating wira sensors, namely: long-tenm stability, itcan
be used with long cables and i's relatively unaffected by
 moistura intrusion into the cablas.
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& Instalation of the Molef 4971 i an Osterberg
Cal pis test. [for mors imiGrmation wgaroing
(stedwsny Cell pils testing, please contsot
Lnatest, inc — wwwinadtestcom)

TE e (43 5 ]

& MWeiration of the Mode' &1 " Sz Sar” and Mods! &1 14 fefar Ronmeisrs snd thar @i componsnts.

System Components

A vibrating wina strain gauge sensar is fixad axizlly inside
a shon, central length of round steel bar. This cantral sac-
tion is de-banded from tha sumounding concrate by means
of a plastic coating, and is sxtendad by welding a length
of rebar to each end. Tha Modal 43114 Rebar Strainmetar
iz avaikabla i various sizes to match the size of the rebar
cage into which it is to be welded, whereas tha Moda!
4971 "Sister Bar™ comas i one =izz only (#4 rabar, at
approximately 12.7 mm in diametarh.

A thermistor to measure temparzture chamges can ba
included in the 4911 and 49%1A sensors.
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; Readouts and Cables

: The 4311 Saries Asbar Strainmeters are raad using th

 Mode! GK-204 or GK-405 Asadouts. Alternatively, the LC-2
© Sarias or 8600 Saries Dataioggers can be used.

The 4311 Saries Rebar Strainmeters use tha Model
: [2-250VE 4 peair, 72 AWG cabla.

Technical Specifications

& [T
Standsrd Aangs ELUS LU
Rezoluton LIEST 04 pe

! Accuragy' MK ES AOTER FE

{ Nominearty £0F%ES <0l5% F5

| TemperatwzRangs'  20°C o 4T —PIPC 0480T
Fnar Sims 4 [y By #5. 7B B0, 14
: Lengh g mm 140G mm
Kyt iy




Vibrating Wire Tiltmeter

Applications

The Model 6350 Vibrating
Wire Tiltmeter is designed
to measure tilt in structures

# Buildings
e Dams

e Embankments

Smnless Sed— 8+

O
—

© Viteating wirs &it sensor consturdan.

® Model 6350 Vibrsting Wire Titmeter shown with mounting bciet ssssmbly:

@perating Principle

Tha Mode! 6250 Tittmater is designad for sttachment
10 structuras, on either a vartical or horizontal surface by
maans of an adjustable bracket, and for the subsaguent
measurement of any tilting that may cocur.

Whan at rest, in 3 vertical configuration, a pandulous
mass inside the sansor, under the force of gravity,
attempts to swing baneath the elastic hinge on which

it is supporied but is restrained by the vibrating wire.

As the tilt increases or decreases the mass atlempts to
rotate beneath the hinge point and the tension in the
vibrating wira changes, altering its vibrationa! frequency.
This frequancy is measured using the Geokon Model
GK-401, GK-403 or GK-404 Readout Box, or the Model
8020 Micro-10 Datalogger, and is then converted into an
anguiar displacament by means of calibration constants
supplied with tha sensor.
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{ Advantages and Limitations

Vibrating wire tiltmeters combine a high ranga with
high sensitivity, and very high calibration accuracy. They
have excellent long-term stability and thair temparature
dependenca is close 10 zero.

The sensor output is a frequency, which can be transmit-
i tad over long cables, and randars the sensors less
 susceptible to the effects of moisture intrusion.

Biaxial measurements can ba achieved by mounting the
i sensors in pairs, each member oriented at 90 degrees
: 10 the other.

Damping fluid may be added fo the sensor to counteract
¢ the effect of any vibrations of the structure.

In-built shock absorbers protect the sensor from
: shock loading.




® Modd 8350 instsilation using 5 custom
mounting brarkst designed for concests fa08
rock fif dam sppiicstions (Shown with protec-
tive caver removed).

Siaxisl Tiltmeter
bop g fopeai
1 4
U
m¢
102 mm
[l
I-— 51 mn—-l
(st newi Menting Bracket
Blon
s Adjust
.Z o
—— . b
5 99
&~
Ti
172 mem
—| 2om |—
® instaliation details and dimensions for the Modsl 6350 Uhiaxial fisft) and Bizoal vasions [right!
System Components i Technical Specifications
Tha basic transducer is mounted inside a stainless steel | Standard Renge® £
housing equippad with a lug for mounting the sansor Resoiution £10 2T 3000045 440,05 mmy/m}
10 an adjustabla bracket. The bracket is bolted to the Accuracy? I%ES,
structura using hardware supplied with the sansor, which Temperature Range 20°C Ip 450°C
includes a 3/B-inch drop-in anchor. Spacial biaxial mount- Shock Senveval 50g
ing brackets and protactive enclosures are aiso available. :  Lengthx Drameter? 139 % 32 mm

A thermistor mounted inside the sensor housing permits
the measurement of temparaturas.

Readout is accomplished using a Geokon Model GK-401,
GK-403 or GK-404 Readout Bax.
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Model 8002 Series (LC-2 [ C-2A, [C-2WP, [C-2x4, |C-2x16)

Applications
The LC-2 Series Dataloggers

are used to read all
GEOKON?® vibrating wire
instruments. Sensors that
can be read and monitored
include...

® Piezometers

© Procision water level
sensors

e Crackmeters
® Settlement systems

o Model B002-WFP-2 [LC-ZWF) Watsrproof
Singie Chanre! (Btaioger

LC-2 Series Dataloggers

® Mode! B002-15-1 HC-216) {5-Chanmel, Mods! 8002.8-1 L C-3-4) 4-Channel and Modsl 8002- -1 11C-2) Single-Channe! Datsioggers.

Operating Principle

The Model 8002 LC-2 Serias Dataloggers are designed
{0 read both the vibrating wira efement and the integral
thermistor of any GEOKON vibrating wire sensor.

Tha LC-2 (internal hard wired fransducer connection},
LC-ZA {10-pin transducar connector option} and LC-2ZWP
{waterproof opticn) are designed to be standalonz,
single-channel dataloggers, which makes them espa-
cially useful for the remota and continuous monitoring
of isolated sensors.

The LC-24 is 2 self-contzined, 4channel varsion (vibeat-

ing wire with thermistor} of tha LC-2, and the LC-216 is
a 16-channa (vibrating wire with thermistorj version.

Tha 1C-2, LC-2:4 and LC-2x16 are housad inside
Fibarglass NEMA 4X enclosures, which makes them
very robust, weather-proof and particularly well-suited
10 operation in harsh environments. The LC-ZWP isa
waterproof version housad inside a2 rugged PVC enclo-
sure. Low power consumption providas long battery life
and the condition of the main batteries is reported asan
aloment in the data arrzy.

Data mamory consists of 320K bytes of EEPROM. This
transiates into a memory storage capacity of 16,000
amays for the LC-2 and LC-2A, 10,666 arrays for the
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i LC-7»4 and 3 555 amays for the LC-2x16. Each amay

i consists of the datalogger ID, day {Julian or month/day
format), tima (HHMM), seconds, main battery voltage.
datalogger temperature, vibrating wire sensor reading
{in engineering units}. the sansor temperature and array
number. The array transmission is in comma delineated
i ASCH taxt, for easy importation into popular sproad-
sheet programs.

Up to & intenvals may ba specified from a logarithmic
table, with a maximum of 255 iterations. The pro-
i grammed intarvals can b startad or stoppad ance at

preset times of the day.

| Power

¢ The Model 8002 LC-2 Saries Dataloggers ara powered
Dy easily accessible alkaline or lithium [optional) D cells.
Additional power options, including internal and axter-
nal 12 V battarias and solar panals, are available (please
i contact GEOKON for more information).

! Communications

 Tha Model 8002 LC-Z Serias Dataloggers are avaitable
with an BS-Z32 Serial inferfaca or with a direct USB 20
i connaction; patch cords are supplied for this purpose.




Technical Specifications

Mezsuement Accuracy
Mz surement Resoluiion
Program Memary

Data Memory

Data Connection

Storage Capachy [ATays)
Temparstura Rangs

Temperziure Messurement

Commuenicagion Speed
Commnicstian Paramelars
Power Suppiy
Communicsian QuErent
Measurement Ciment
Dueecant Curent

Scan interval
Cperzting Time (20°C)

Sensor Connaction

LWl =t
i=B

Single-Channgd

16-Chanms

LC-Z, LC-28, LC-TWP= LC-Zwdl, LE-2AR LC-2<16

£01 D55 .5 (460-£000 biz}
1 part In 70,000

PO FLASH

TI0H EEFRIM

fi5-232, LSE 0r f5-44E
15,000

~0°C 0 450°C

fxomcy) 10%FE
fogfwiny 01 °C

3500 bips

8 gatz it 6o parity, 1 stop it

TVIC|Z Altakne 11 cels]

Z100mA

TR0 ML

<500

1 06, 400 sBconds {74 hows)

3 tiays - 3 years, epending on SoE interval

07 LC7WPY Hard wined
IC-24) 10-pin Conneciar

MCE L4 122w T20= 81 mm
MCTWFS) 71 = 168 mm

1065 F5 (A60-4000 Hyj
1 part In 20,000

K FLASH

IO EEFRIM

5722, LSA o Frs-4a5
16,568

I0°C o 450T

iscoumey! 2.0% F 5.
imeniton) 41°C

3600 bps

& ks M, oo Estly, 1 siophl

AVIC 7 Altakne ‘[ calls|

<looma

< 260 mi

< 500 i

10 - BGADD saconds {74 hours)

1 tays - 7 years, depanding o san infersl

(LC-Fsdi Hiard witred
(044 10-pin Connecind

D 16D =91 mm

£106% F5. (AK0-A000 Hrj
1 gt 1 20,000

K FLASH

TN EEFIIM
5737, LISH of 54415
1565

-J0°C te #5070

ooy} Z0%ES
(st 01 °C

9500 bps
B ats bits, no ety 1 shopbilt

AVOC (4 ABeabine [V ceds)

< HI0m&

< 350 mA

ZEO0pA

30 - BG,400 seconds {24 how's)

8 days - 7 years, gepending of: ecan interval

SLC-F 6] Hard Wired
(02w 4 10-pin Corneoin

37 301 » V0 mm?

"8 R s wehar s math lopias mives o mtackedle mowang e

Ordering Information

R3-132

usg8
RE-485

LC-2, LC-2A, LC-TWP™
B00z-1-1, BOOZ-14-1

B00Z-1-3, B007-1A-7, BOOZ-WP-I*

B007-1-3, BOOZ-14-3

BO07-4-1, BOOF-4A-
B007-4-Z B00T-4A:2

B0O7-4-3

BOOZ-16-1, BOOZ-1EA-1

D162, BIDT 1042
BOOZ-EE-2

Software

LogWiew Software simplifies the task of configuration,
communication, monitaring, data collection and cats
reduction using tha Model BO0Z {LT-Z) Senes Dataloggars.

¢ Logviw is compatibls with Windows® 2000, XP. XP

P, Vista 2nd 7.

Pleasa sae the Maodel B001-3 LogYiow Software data

: Shaet for mona information

“PLEASE NOTE THE MODEL D02 WP-2 [LCZWF) WATERPROOF SINGLE-CHANNEL DATALOGSER RS NOT CE APPROVEDL
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Instrumentation Cables

Applications

GEOKON?® cables are of the

highest quality materials
and construction. They are
designed to be matched
with the appropriate
instrument for a variety
of geotechnical and
hydrological applications.
Standard and specialized
cables are available for...

= Typical applications

© High temperature
environments

# Extra abrasion resistance

» Heavy duty use

» Sandard GEIKON cafles

Cable Design
GEOKON cabies are made from individual stranded
copper conductors encasad in an insulation material.

i Cable Shielding and Insulation
Shiaiding provides protection from electromagnetic
¢ radiation coming from nearby electrical equipment,

© The Modd &SOHT High Fempesture ;
Piezometer depicts 3 Teflom™® cabile Individual, insufated conductors are twistad into pairs, : lightning strikes and fields surrounding power lines,
threadbd insids stanfess sicef fubing. bundied inside a conductive Mylar-type shielding mate-  : transformers, etc. GEOKON multi-conductor cables are

rial and then covered by an outer jacket made from the
mast suitable matarial. In addition, cables may ba water
blockad, armored, or may contain stea! or Keviar®
cables for additional strength, or plastic tubes for circu-
lation fluids, or for venting to atmosphera.

Cable Conductors

In general, the number of conductors in a cable is
determinad by tha rumber of sensors to be connected
1o the cable, and the number of conductors reguired by
each sensor.

Thea typa of conductor normally usad is stranded,

27 AWG tinnad copper. Stranded conductors are more
flexible than solid conductors, which makes the cabie
gasier to handle during instaliation.
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¢ individually shieided and twisted in pairs, which helps
minimize common moeds interference. Drain wires

¢ connected electrically to Mylar-type shields provide

: a simple maans of connecting all the shislds to a

¢ comman ground. For applications with very high levels
of EMI, such as in pumping wetls, a special cable with
{ a braided shield can be provided.

 Plastic insulation is typically used on the individual
copper conductors. Polyathylena or polypropyiens
insulation is used at normal temperatures and Teflon
is most often used for high temparature.




Quter Jackets

GEOKON cable jackets are thicker than regufar commarcial types, and prassure
extruded, which producas cables that ara roander, firmer and easier fo grip and

saal zt tha point of entry on the sanson A wide variaty of outar jacket materizls
iz availabla dapending an the and ese:

MNeaprane: A symihetic nebbar compound commonly used for outdpor appdications,
with good resistance to gasofing, odls atc. Ordinary rubber should nevar be used, | Of the Cable would pull on the gauge and aiter the readings. Armared cabie is
i motnecassary in concrata. The armor usually takes the fom of a hefically laid
layer of steel wire. In very severa siteations, regular cable may be put insida

{ stainless steal tubing.

PYC: A comman choica for its good electrical properties and for being water-
proot. It should not be used at low temperastures where it becomes brittle.
Pobyurathane: This materiz| is very resistant io cuis and abrasions making it
usaful for cables that ara subject o repaated rough handling. i is not as water
resistant 25 PWC but has batter low temparatuwa capabilities.

High Density Pelyathylene: An axcoflent matarial that ks highly rosistant to
ewircnmental attack and axhibits axcallont low tomparature characteristics.
Unfortumately, fika Teflon, the material iz so slippary that splicing and potting
compaunds will nat stick 1o it

Teflon: This material is essential wheraver sansors and cables are subject to

will not aghare 1o it.

i Armor

Armored cabdes ara most often needed for sensars installed in earth embrank-
menis or landfills whena larpe forces are exeried on the cable by compaction
equipment and earth moving vehicles, and by ssttbamant, “weaving,” and side-
ways spreading of the ambankmant as it is built. Armored cables showld not

b connectad diractly to strain gauges or crackmeters bacsusa the stiffness

! Wented Cahles

Spacial cables are availablo wiich cortain plastic tubos inside of them as
wall as the usual conductors. Thase tubss can be used to transport air or
othar fluids. Thiz kind of cabla is required for vanted pozomators, whar a
single vant tuba allows tha inside of the pressune sensor to ba connectad to
the ambiant atmosphene to provids sutomatic barometsic compensation.

Cable Splices

tvigh tempersture. It has outstanding msistanca to emvirenmental attack and has Cabbz splicing is bast done using commarciatly availzbla splicing kits contain-

excaflent low temperature properties. Howswver, splicing and potting compounds
a watarproof and machaniczlly strong splica. Armored cables am difficult
i to splice if the mechanical strangth is to ba maintained; spacisl machanical

Oiher compounds such as Keviar or Kaptos'™ eic. may be requirad whare there is © oo nertione nead 19 b fabricatad which witl grip the armer fimmly.

ing buit splice connectors znd apoxy potting compounds. These help provida

a naed for low smoka emissions, flz=ma retardant, of resistance to nuclear radiation. |

Technical Specifications

(Motel | Comtoctos | Comciociesateton | Orake e | CabeJacket | Mommwio0. | Wwp.Rage

W-ITPE | 4condior ? twisid palrs, ZZAWG 730 | Bmd O 24 AW
-1V | A-congucton, 2 twistad palrs, 77 AWE 7720 | o mil HOP 24 AW
WZ50P8 | 4Conaion 2 Wistad pals, 72 WG /30 | B HORP PAAWG
-2s |¢mm.zmmxzrm1w |1I]rru1EEF' 24 4G
WE-ZSOVE | A-conductor 2 twisted palrs, FZAWG 730 | T0mI HOPP 24 AWE
©-31m |¢mzmmzzm3ﬂ] |1|}mrﬂ:|=1=- 240G
-1EVTE | 4condaion 2 twistad pals, MAAWE 132 | 10mil HOPP 26 KNG
L-SO0PELA !4mzmmnm3ﬁu immm |11m
-50V0 | G-oORmuck, 3 DWiRd s, 2O AWG 1737 | 10 HOPP [ 24 2w
175V |m:mmmmﬂmvm |1unm|m=- |zrm
B4-EDOVTHD | Bconducts; & baisled pars, Z7AWE /30 | 10mil HOPP [ 22w
E-T7E2 |:mm5tmmmzzm:m |1uru||m:w | 740
B6-TIVD | 12-condochor, 6 wesiod peirs, 24 0WG T/ | 10mi HOPP | 20w
65007 |1!MEMMHM?.I’!3 !mmum |z?m
1Z-GIVE | 74-coonticin, 17 sl pair, 27 WG 7730 | 10mil HOFP | Zzawg

[T f—— ercury nirack) v v, sifr 2l s vl for il 3 T
- it - Taow | HOP il P~ i Dy Pt | PE = Pl || PP Frbpmopylans | ) P harstices | PVE - oyl

FEP - Flurstar! Filopiaee Py Tafiow | HOPF - gk Dar sty Mo bmropylam | D)

| sm~gm 0

[T | ammmpzmmm |

R P | A% o 4125 ) |-m°cmm~t:
Green U | EEmmp2smm | -20°CwsETT
WMl Tefhom with oluminum pofyester fofl sriesing | .20 T {035 mm |—uu°::n+m:°c
HIE T | EEmmiISmm | -A0°T B4E07T
!mmmmlmmm i 7.5 mm {030 mm) |—m°=:n+m"r:
| Vellon 7L with imtegrai L 1757 @ 1 vent fube | BAommisAmm | -207Co4EeT
:ﬂnmmmmm.mm\aum iu.mrmmrmm i-m*cn-mvl:
| Black VT | B mmislagmm | -20°C D4encr
|muum: | LD e 30 T |-m°cn+m*'|:
| Gray e with Intagral 0175 B PE vent bube | 1220 mm s mm | -20C R0 nE
|ImT"|l: | L e 30 i |-au'cmsu"[:
| Black VT | TEmmilsamm | -20°C o480 r
;m:mam !1I.J'Drr|'ul,|=|]-.:muu1'a !-mvcnm"[:
| B Pz [ 1500 mm el mm | 200 10 4E0°T

1 | GEGHON www.grokon.com | GEDKOM = an
G EOKO-N TH USTED 4B Spenaer Sireet = mio@geckon.com IS0 S001:2016
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EXPECTED IMPLEMENTATION JULY 2020

932 NONMETALLIC ACCESSORY MATERIALS
FOR CONCRETE PAVEMENT AND CONCRETE STRUCTURES

(REV 12-3-19) (FA 1-22-20) (7-20)
SUBARTICLE 932-3.1 is deleted and the following substituted:

932-3 Fiber Reinforced Polymer (FRP) Reinforcing Bars.

932-3.1 General: Obtain FRP reinforcing bars from producers currently on the
Department’s Production Facility Listing. Producers seeking inclusion on the list shall
meet the requirements of Section 105.

Use only solid, round, thermoset glass fiber reinforced polymer (GFRP) or
carbon fiber reinforced polymer (CFRP) reinforcing bars. Bars shall be manufactured
using pultrusion, variations of pultrusion, or other suitable processes noted in the
producer’s Quality Control Plan, subject to the approval of the State Materials Office
(SMO). For GFRP, use only bars manufactured using vinyl ester resin systems and glass
fibers classified as E-CR or R that meet the requirements of ASTM D578.

SUBARTICLE 932-3.3 is deleted and the following substituted:

932-3.3 Material Requirements: Producers shall submit to the State Materials
Office, a test report of the physical and mechanical property requirements in Table 3-2
and Table 3-3 as applicable for the types and sizes of FRP reinforcing produced.
Qualification testing shall be conducted by an independent laboratory approved by the
Department for performing the FRP test methods.

Three production LOTS shall be randomly sampled at the production
facility by a designee of the State Materials Office. The minimum number of specimens
per production LOT shall be as indicated in Table 3-2 and Table 3-3. The coefficient of
variation (COV) for each test result shall be less than 6%. Outliers shall be subject to
further investigation per ASTM E178. If the COV exceeds 6%, the number of test
specimens per production LOT may be doubled, a maximum of two times, to meet the
COV requirement. Otherwise, the results shall be rejected. A production LOT is defined
as a LOT of FRP reinforcing produced from start to finish with the same constituent
materials used in the same proportions without changing any production parameter, such
as cure temperature or line speed.

Table 3-2
Physical and Mechanical Property Requirements for Straight FRP Reinforcing Bars
. Specimens
Property Test Method Requirement per LOT
. ASTM D2584
Fiber Mass or >70% 5"
ASTM D3171
Short-Term ASTM D570, Procedure 7.1: .
Moisture . . o <0.25% 5
. 24 hours immersion at 122°F
Absorption
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Table 3-2
Physical and Mechanical Property Requirements for Straight FRP Reinforcing Bars
) Specimens
Property Test Method Requirement per LOT
Long-Term ASTM D570, Procedure 7.4;
Moisture immersion to full saturation at <1.0% 5m
Absorption 122°F
N ASTM D7028 (DMA) S230°F
Glass Transition or 3m
Temperature (Tg) | ASTM E1356 (DSC; Tm)/ASTM =7 12°F
D3418 (DSC; Tmg) —
Identify the resin
Polymerization ASTM E2160 P -
. average value of three
(Resin) ?
replicates for each
system
>95% of Total
Degree of Cure ASTM E2160 polymerization 3"
enthalpy
Measured Cross- Within the range listed
Sectional Area in Table 3-1
Guaranteed Tensile > Value listed in n
L oad? ASTM D7205 Table 3-1 10
. >6,500 ksi for GFRP
Tensile Modulus >18.000 ksi for CRFP
ASTM D7705; Procedure B, set
o sustained load to 30% of value in o .
Alkal_l Resistance Table 3-1: 3 months test duration, > 70% Tens@e strength 5m
with Load i retention
followed by tensile strength per
ASTM D7205
Transverse Shear ASTM D7617 >22 ksi 5"
Strength
Bond Strength to
ACI 440.3R, Method B.3 . m
Concrete, Block or ASTM D7913 >1.1 ksi 5
Pull-Out
la — Guaranteed tensile load shall be equal to the average test result from all three lots minus three standard deviations.
n — Tests shall be conducted for all bar sizes produced.
m — Tests shall be conducted for the smallest, median, and largest bar size produced.

SUBARTICLE 932-3.4 is deleted and the following substituted:

932-3.4 Material Acceptance: Submit to the Engineer a certificate of analysis for

each production LOT from the producer of the FRP reinforcing bars, confirming

compliance with the requirements of this Section.
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932-3.4.1 Sampling: The Engineer will select a minimum of six straight
bars with minimum lengths of 7 feet each and a minimum of five bent bars from each
shipment, representing a random production LOT, per bar size of FRP reinforcing for
testing in accordance with Table 3-4. Testing shall be conducted, at the Contractor’s
expense, by a Department approved independent laboratory. Each test shall be replicated
a minimum of three times per sample. Submit the test results to the Engineer for review
and approval prior to installation.

Table 3-4

Testing Requirements for Project Material Acceptance of FRP Reinforcing Bars

Test Required

Test Required

Property Test Method Requirement for %tgarught for Bent Bar
. ASTM D2584
e | o
ASTM D3171 P
ASTM D570,
Short-Term Procedure 7.1; 24 Yes — bent
Moisture h . . <0.25% Yes .
Absorption ours immersion at portion
122°F
ASTM D7028
(DMA)
Glass Transition ASTI\/(I) rE1356 2230°F Yes Yes — bent
t b
Temperature (DSC: Tm)/ S212°F portion
ASTM D3418
(DSC; ng)
0 —_
Degree of Cure | ASTM E2160 295% of Total Yes Yes —bent
polymerization enthalpy portion
Measured Cross- Within the range listed in Yes Yes — straight
sectional Area Table 3-1 portion
Guaranteed Tensile > Value listed in
Load ASTM D7205 Table 3.1 Yes No
. >6,500 ksi for GFRP
Tensile Modulus >18.000 ksi for CFRP Yes No

la — Guaranteed tensile load shall be equal to the average test result from all three lots minus three standard deviations.
b — Bent portion specimens shall be extracted from a central location within a 90° bend.

932-4 FRP Spirals for Concrete Piling.

FRP Spirals for reinforcing in concrete piling shall be CFRP conforming to the
requirements of Section 933.
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Appendix C

FPID 435390-1-52-01 & BDV34 986-02 BFRP-RC Embedded Instrumentation
Field Installation Report from March 6-7, 2020

(5 pages)
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FPID 435390-1-52-01 & BDV34 986-02 BFRP-RC Instrumentation and Monitoring of Demonstration Project

US41/Morning Star Waterway Pedestrian Bridge Link-Slab (Port Charlotte, FL)

By: S.Nolan 3/6/2020 -3/7/2020

Photo 1: Morning Star Waterway

Photo 2: Link-Slab BFRP longitidinal rebar and strain guages installed 3/6/2020.
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Photo 3 & 4: Link-Slab BFRP longitidinal rebar strain guage cable routing thru between CIP diaphragms
3/7/2020.

Photo 5: Link-Slab BFRP longitidinal rebar and strain guages installed 3/7/2020.
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FPID 435390-1-52-01 & BDV34 986-02 BFRP-RC Instrumentation and Monitoring of Demonstration Project

Photo 6 & 7: Typical Vibrating Wire Strain Gauge Sensor on BFRP rebar with parallel coated steel Sister-
Bar (green), SE side.

Photo 8 & 9: Typical Vibrating Wire Strain Gauge Sensor on BFRP rebar with parallel coated steel Sister-
Bar (green) at three locations, SE side (left) and mid/centerline (right).
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FPID 435390-1-52-01 & BDV34 986-02 BFRP-RC Instrumentation and Monitoring of Demonstration Project

Photo 12: Thomas Fowler (UNF) setting sampling rate and taking baseline readings.
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FPID 435390-1-52-01 & BDV34 986-02 BFRP-RC Instrumentation and Monitoring of Demonstration Project

Photo 13: Temporary cable routing to Geokon 8002 Data Loggers ready for link-slab casting scheduled
for 3/11/2020

Photo 14: Onsite 24-hour security!
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State Transportation Innovation Councils _

State DOT &
FHWA Division

State-Based Innovation Deployment -

The STIC Network is about establishing a group

of representatives from various levels of the highway
community in each State to comprehensively and
strategically consider all sources of innovation.

Read more >>
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