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Deliverable 3-TASK 3-INSTALL FIELD INSTRUMENTATION ON BRIDGE LINK-

SLAB 

1. INTRODUCTION 

The aim of deliverable 3 is to provide information and documentations on task 3 that involve 

installing instrumentation to monitor the link-slab during concrete casting and periodically for 

the following 90 days. The research team installed the needed instrumentation for monitoring the 

BFRP-RC link-slab on Bridge No. 019003 over Morning Star Waterway. In this deliverable 

report, the team performed the instrumentation system to monitor the temperature, strain, and 

elongation of link-slabs. Before the installation, the research team inspected the sensor locations 

and confirmed the needed instrumentation sensors. For the investigated bridge link-slab, the 

research team started measuring and monitoring the strains, deformations, and cracks in the link-

slab. 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 were coordinated between involved parties (FDOT technical 

team, Contractor and other subcontractors, the project manager, and the research team) to 

establish the installation schedule and implementation of both the embedded and surface-

mounted sensors. The monitoring system including sensors was installed in coordination with the 

construction contractor and the FDOT representatives.  

 

II. The following describes the phases accounted for regarding the installation of the monitoring 

system: 

 

Phase 1. During Link-Slab Construction 

Investigated elements: Deck - Link-slab.  

Embedded sensors in the reinforced concrete deck were installed at the time of placing 

reinforcing bars of BFRP at the bridge site as per the plans. Initial readings were 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). 
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Phase 2. After Deck Pouring 

Investigated elements & spans: Bridge superstructure/beams and link-slab connecting spans 1 

and 2. Once casting the concrete deck was complete, surface-mounted sensors were installed as 

shown in the figures. Initial readings were recorded. Parameters to be measured during this phase 

were: 

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 was completed, a series of baseline tests were conducted 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 represented the initial link-slab condition. 

 

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).  

 

III. Cracking in the link-slab was recorded and micro-crackmeters gauges were installed across 

the cracks. 

 

IV. Extreme caution has been taken to protect all instrumentation during construction. 

 

4. SYSTEM DETAILS 

The link-slab monitoring system included 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 were 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). 
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The various types and quantity of each type are presented. Two types of sensors were 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 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 was 

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 deformation/strains in the BFRP link-slab 

reinforcement (Geokon model 4410 Strandmeter). The sister bar data will also be converted to 

find the strain. 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”) were 

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 sits 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 deformation/strain sensors were 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 epoxy-coated steel 

reinforcing bar. The standard stock length is 36 inches. For this link-slab, all the sisterbars had an 

overall length of 31 inches, with the transducer centered on the sensor. The sisterbar sensors 

were ordered from Geokon or BDI Inc. already custom cut to this length, otherwise 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. The team followed the BDI suggestion to 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 were 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 was drilled into the deck or 

slab component to which it is mounting. The hole was then 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”. These sensors were vandalized shortly after 

installation. The dataset that was recovered is limited and will not be used in the analysis. 

Number of sensors: 3  
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Figure 3, Micro Crackmeters Location Labels 

 

 

  

Figure 4, Three Surface Gauges - Outboard EDTs 

 

Crackmeters (model 4420-25, Geokon): Model 4420 style Crackmeters from Geokon were 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 

three outboard EDT pairs consist of an upper outboard EDT mounted at a level of 24 inches 

above the top of the link-slab (middle of the link-slab), a middle outboard EDT at a level of 3 

inches below the top of the link-slab, and a lower outboard EDT mounted at a level of 5 inches 

below the bottom of the link-slab. For illustrations, Figure 5, Southwest Outboard EDTs and 

Figure 6, Outboard EDTs.  
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Due to COVID-19, there has been delays for the research team to complete the installation, the 

contractor had to complete construction, so the planned cutouts were never installed, and the 

shear walls/blobs were just lowered slightly, but not enough for the research team to access the 

bottom edge of the FSBs.   

 

 

 

Figure 5, Southwest Outboard EDTs 

 

 

Figure 6, Outboard EDTs 
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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 Appendix C. 

Grou

p # 

Sensor 

Objective 

Gauge 

Type/Model & 

Source 

Sensor 

Resolution 

Sensor 

Accuracy 

Sensor 

Measurin

g Range 

Sensor 

Dimension

s 

1 Strain in 

BFRP; 

clamps 

sized to fit 

0.625" dia. 

Strandmeter 

(4410, Geokon) 

<5 µε (+/-) 0.003 

mm 

3 mm 

(15000 µε) 

8" Long x 

1.77" Wide 

Clamps 

2 Strain in 

Concrete 

Link Slab 

Sisterbar (4911, 

Geokon) 

0.4 µε (+/-) 7.5 µε 3000 µε 36" Length, 

#4 Size 

Rebar 

3 Crack 

Width in 

Link Slab 

Micro 

Crackmeter 

(4422, Geokon) 

.001 mm (+/-) 0.004 

mm 

4 mm 4.725" 

Long x 

0.315" 

Diameter 

4 Outboard 

(upper, 

middle, and 

lower) 

EDTs 

Crackmeter 

(4420-25, 

Geokon) 

.00625 mm (+/-) 0.025 

mm 

25 mm Length: 

13.5", 

Dia:1" 

5 Dataloggin

g 

Datalogger 

(LC-2, Geokon) 

1 part in 

20,000; 

Thermistor

: 0.1 deg C 

(+/-) 

0.05% F.S. 

(450 to 

4000 Hz); 

Thermistor

: (+/-) 

2.0% F.S. 

450 to 

4000 Hz; 

Thermistor

: -30 deg C 

to 50 deg 

C 

(LxWxH): 

13.46" x 

11.85" x 

6.3" 

Table 1, Sensor Models and Specs 

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. See Table 2, Estimated 

Cable Length for Sensors below for breakdown of cable length estimate. 

 

All cables were routed through a 3-inch PVC conduit pipe from the dataloggers toward the 

northeast side of the link-slab. From this point, cables diverged in bundles to their respective 

sensor locations. Most of these cables partly or fully crossed 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. Cables of the 3x3 Embedded 
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Sensor Array were 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 exited 

through the link-slab bottom into their corresponding channels within the EPS Gap Filler. 

 

Sensors were delivered with pre-attached heavy-duty VW cables. Special care was taken to 

protect the cables, especially at exit points for embedded sensors’ cables and around sharp edges. 

Protective containers were 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 were used at multiple points along each cable in order to 

positively identify each cable and its associated sensor.  

 

Cables running from the surface mounted Micro Crackmeters (Group #3) were held down with 

cable clips screwed down onto the link-slab. These cables were protected with heavy duty cable 

runners. These were 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 

  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 
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  C 69.0 

4 Outboard EDTS   

  Southwest Side, Lower 56.5 

  Southwest Side, Middle 58.0 

  Southwest Side, Upper 67.0 

Table 2, Estimated Cable Length for Sensors 

 

B. Cable Routing 

All cables were 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 was recommended that 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 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 7, Cable Routes 

Through EPS; Figure 8, Carved Topside of EPS; and Figure 9, Detail of Embedded Sensor 

Routing, Side View. 

 

 

Figure 7, Cable Routes Through EPS 
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Figure 8, Carved Topside of EPS 

 

Figure 9, Detail of Embedded Sensor Routing, Side View 

The four tracts/bundles of cables contained by pipe protection sleeves were 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 10, Tract No. 1 of Bundled Cables, Figure 11, Tract No. 2 of Bundled 

Cables, Figure 12, Tract No. 3 of Bundled Cables, and Figure 13, Tract No. 4 of Bundled 

Cables. 
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Figure 10, Tract No. 1 of Bundled Cables 

 

Figure 11, Tract No. 2 of Bundled Cables 
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Figure 12, Tract No. 3 of Bundled Cables 

 

Figure 13, Tract No. 4 of Bundled Cables 

4.3 DATA ACQUISITION: 

Data acquisition was 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 has been accomplished either through an RS-232 Serial Interface or a USB 2.0 port, using 

LogView software.  

 

The data acquisition system was located on the outboard side of the southwest facing parapet, on 

the northwest end of the bridge. LC-2 Datalogger units were housed inside fiberglass NEMA 4X 
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weatherproof enclosures. For security, these datalogger units were also set inside a single large 

lockable aluminum enclosure.  This enclosure was 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. INSTRUMENTATION (SENSORS INFO) 
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Figure 14.  Link Slab and Bridge Closeup View 

 



18 

 

  
 

 
Figure 15. Installed Sensors (surface mounted) 

 

 

  

 

 
Figure 16. Vandalized sensors (crackmeters) 
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Group 

# 

Sensor Objective Gauge Type/Model & Source Number 

of Units  

1 Strain in BFRP; clamps 

sized to fit 0.625" dia. rebars 

Strandmeter (4410, Geokon) 9 

2 Strain in Concrete Link Slab Sisterbar (4911, Geokon) 9 

3 Crack Width in Link Slab Micro Crackmeter (4422, Geokon) 3 

4 Outboard EDTs Crackmeter (4420-25, Geokon) 4 

5 Lower Centerline EDTs Crackmeter (4420-25, Geokon) 2 

6 Rotation of Beam Ends Tiltmeter (6350, Geokon)  2 

7 Datalogging LC-2x16 Datalogger (8002-16-1, Geokon) 2 

8 Custom 9" Groutable 

Anchors for (Group #5), Pair 

Custom from Geokon 2 

9 Custom 7" Groutable 

Anchors for Tiltmeters 

Custom from Geokon 2 

10 Protective Covers for EDTS 

(Group #4 & #5) 

Aluminum Crackmeter Cover (SPC-4420-

01, BDI/Geokon) 

6 

11 Tiltmeter Uni-Axial 

Mounting Bracket, Includes: 

3∕8" Rawl drop-in anchor, 

(2) 3∕8-16 nuts, (2) flat 

washers and (1) lock washer 

Tiltmeter Bracket (MNT-6350-01, 

BDI/Geokon) 

2 

12 Tiltmeter Cover, Aluminum  Protective Cover, Tiltmeter (SPC-6350-

01, BDI/Geokon) 

2 

13 Hardware for Group #5, U-

Joint 

U-joint for Axial Anchor, (A4400-26-1, 

Geokon) 

  

14 Hardware for Group #5, Set 

Screw 

Set Screw for Axial Anchor, (HRD-A1670, 

Geokon) 

  

15 Hardware for Group #5, O-

Ring 

O-Ring for Axial Anchor, (ORB-008, 

Geokon) 

  

16 Groutable Anchors for 

Model 4420 Crackmeters, 

Pair 

 (MNT 4420-02, BDI/Geokon) 4 

17 Protective Tube for Micro 

Crackmeter 

4422 Al Housing (SPC-4422-01, 

BDI/Geokon) 

3 

18 Groutable Anchors for Micro 

Crackmeters, Sold as Pair. 

Micro Crackmeter Anchors (MNT-4420-

02, BDI/Geokon) 

3 

19 Conduit to House Cables and 

Hardware 

See Conduit Costs Below   

20 Blue PVC Jacketed 

Vibrating Wire Cable 

VW cable (IC-02-250, BDI/Geokon), unit 

price/ft. 

1770 

feet 

21 Various Hardware See Miscellaneous Costs Below   

Table 3, Sensor Plan 
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Conduit Parts and Hardware: # of 

Units 

Source 

3 in. Hinged Split Ring Pipe Hanger in Galvanized 

Malleable Iron (5-Pack) 

2  HDX/Lowes  

Wedge-All 7/8 in. x 6 in. Zinc-Plated Expansion Anchor 

(5-Pack), for 3" Pipe Hangers 

2  HDX/Lowes  

Schedule 40 PVC Conduit with Bell End, Trade Size: 

3", Nominal Length: 10 ft.  

5  Grainger 

(grainger.com)  

Schedule 40 PVC Conduit with Bell End, Trade Size: 1-

1/2", Nominal Length: 10 ft. 

1  Grainger 

(grainger.com)  

3 in. x 3 in. PVC Mechanical Flexible Expansion 

Coupling 

2  HDX/Lowes  

1 1/2" Schedule 40 PVC 30-degree Elbow Socket 1 HDX/Lowes 

6x6x6 (Trade Size) Conduit Junction Box  2 various 

suppliers 

3" (Trade Size) Box Adapter, (Case of 5) 1 HDX/Lowes 

1.5" (Trade Size) Box Adapter, (Case of 8) 1 HDX/Lowes 

Conduit/PVC Glue, Oatey Gray PVC Cement 2 HDX/Lowes 

1.5" Flexible Rubber Pipe Cap 1 HDX/Lowes 

3" Flexible Rubber Pipe Cap 1 HDX/Lowes 

Table 4, Conduit Component & Hardware Costs 

Miscellaneous Items # of 

Unit

s 

Source 

15' of rubber HD cord cover/runner (for containing 

Micro Crackmeter cables) 

1 Cabletiesandmore.co

m  

Various Concrete Anchors & Other Hardware 1 Various suppliers  

6" Thin Wall Heat Shrink Tubing, Flexible Polyolefin, 

Shrink Ratio 3:1, 10 per pkg, Part# 30N545, For 

Splicing Cut VW Cable 

5  Grainger 

(grainger.com)  

Strong-Tie SET-3G22-N - 22 Oz. Epoxy Anchor w/ 

Nozzle, Pkg 1 

2  Fastenersplus.com  

Pipe Protection Sleeve, for 1" piping (for cables 

passing across midline of bridge), Box of 200 linear 

feet 

1 walmart/various 

Datalogger Weather & Intrusion-Proof Box 1  Custom Aluminum 

Fabricator  

Cabe Clamps/Clips, to Hold Down Micro Crackmeter 

Cables (Group 3) 

15  HDX/Lowes  

1/2" x 8-foot Copper Grounding Rod 1  HDX/Lowes  

1/2" Ground Rod Clamps 2  HDX/Lowes  

Estimate Flex Factor (5% of Subtotal of Entire 

Estimate) 

1   

Table 5, Miscellaneous  
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6. BRIEF SUMMARY 

The team investigated the concrete simple-span beams that are made continuous by pouring a 

continuity link-slab between the beam ends. The bridge has been instrumented with embedded 

and surface-mounted sensors and has been monitored to evaluate the performance of the new 

link-slab.  

Several types of sensors were used, and a data acquisition system recorded strains/deformations 

at a regular time interval. The preferred sensor types for this application are vibrating wire 

sensors with integrated thermistors (per FDOT request). The sensors were strategically located 

on both sides of the midline of the link slab to capture strains in the BFRP bars, strains in the 

concrete link-slab, and the gap between adjacent beams’ ends. 

 

All measurements have been corrected for temperature changes per recommendations of the 

gauge manufacturer. Data has been collected during service. The data acquisition system has 

been able to keep record of strains developed in the BFRP reinforcement. 
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APPENDIX A 

IMAGES AND ILLUSTRATIONS OF BRIDGE AND SENSOR LAYOUT 

 

 

Figure17, Side View 

 

 

Figure 18, Angled View 



23 

 

 

Figure 19, Top View 

 

 

 

Figure 20, End View 
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Figure 71, Top View of Southwest Shear Key 

 

 

Figure 81, Bottom View from Southwest 
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Figure 23, Side View, Exposed  

 

 

Figure 24, Detail Data Acquisition 
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Figure 25, Detail Link-Slab, Top View 

 

Figure 26, Side View of Exposed Embedded Sensors and BFRP rebars 

 

Figure 27, Exposed View of Cable Routing (EPS is Translucent) 
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APPENDIX B 

DIMENSIONED DRAWINGS OF SENSOR LAYOUT 

 

Group 

# 

Gauge Type/Model 

& Source 

Resolution Accuracy Measuring 

Range 

Dimensions # of 

Units  

1 Strandmeter (4410, 

Geokon) 

<5 µε (+/-) 0.003 mm 3 mm (15000 

µε) 

8" Long x 1.77" 

Wide Clamps 

9 

2 Sisterbar (4911, 

Geokon) 

0.4 µε (+/-) 7.5 µε 3000 µε 36" Length, #4 

Size Rebar 

9 

3 Micro Crackmeter 

(4422, Geokon) 

.001 mm (+/-) 0.004 mm 4 mm 4.725" Long x 

0.315" Diameter 

3 

4 Crackmeter (4420-

25, Geokon) 

.00625 mm (+/-) 0.025 mm 25 mm Gauge Length: 

13.5", Dia:1" 

4 

5 Crackmeter (4420-

25, Geokon) 

.00625 mm (+/-) 0.025 mm 25 mm Gauge Length: 

13.5", Dia:1" 

2 

6 Tiltmeter (6350, 

Geokon)  

(+/-) 10 arc 

seconds 

(+/-) 0.01° (+/-) 10° Length: 5.47", 

Diameter: 1.26" 

2 

7 Datalogger (LC-2, 

Geokon) 

1 part in 

20,000; 

Thermistor: 

0.1 deg C 

(+/-) 0.05% F.S. 

(450 to 4000 

Hz); Thermistor: 

(+/-) 2.0% F.S. 

450 to 4000 

Hz; 

Thermistor:  -

30 deg C to 50 

deg C 

(LxWxH): 13.46" 

x 11.85" x 6.3" 

2 

Table 6, Instrument Groups 

 

Figure 28, Drawing, Labels of Embedded Array and Micro Crackmeters 
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Figure 29, Drawing, Bent Cap End View (Slabs, Beams, and Parapets not Shown) 

 

 

 

 

Figure 90, Drawing, Bent Cap Top View (Slabs, Beams, and Parapets not Shown) 
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Figure 31, Drawing, Bridge End View No.1  

 

 

 

Figure 32, Drawing, Bridge Side View No.1 (Wide) 
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Figure 33, Drawing, Bridge Side View No.2 (Detail of Link-Slab) 

 

Figure 34, Drawing, Bridge Side View No.3 (Detail of Data Acquisition) 

 



31 

 

 

Figure 35, Drawing, Top View Detail of Link-Slab (Southwest Side) 

 

 

Figure 36, Drawing, Top View of Whole Link-Slab 
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Figure 37, Drawing, Top View of Bridge (Wide) 
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APPENDIX C 

MANUFACTURER’S INSTRUMENT DATASHEETS 

(Credit: Geokon) 
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