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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.

I1. 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

¢) 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 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

¢) 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

¢) 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

¢) 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 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



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.



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.

[Bent Cap]

Figure 5, Southwest Outboard EDTs

Figure 6, Outboard EDTs



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 Sensor Gauge Sensor Sensor Sensor Sensor
p# Objective | Type/Model & | Resolution | Accuracy | Measurin | Dimension
Source g Range )

1 Strain in Strandmeter <5 pe (+/-) 0.003 3 mm 8" Long x
BFRP; (4410, Geokon) mm (15000 pe) | 1.77" Wide
clamps Clamps

sized to fit
0.625" dia.
2 Strain in | Sisterbar (4911, 0.4 pe (+/-) 7.5 ne | 3000 pe | 36" Length,
Concrete Geokon) #4 Size
Link Slab Rebar
3 Crack Micro .00l mm | (+/-) 0.004 4 mm 4.725"
Width in Crackmeter mm Long x
Link Slab | (4422, Geokon) 0.315"
Diameter
4 Outboard Crackmeter .00625 mm | (+/-) 0.025 25 mm Length:
(upper, (4420-25, mm 13.5",
middle, and Geokon) Dia:1"
lower)
EDTs
5 Dataloggin Datalogger 1 part in (+/-) 450 to (LxWxH):
g (LC-2, Geokon) 20,000; 0.05% F.S. | 4000 Hz; 13.46" x
Thermistor (450 to Thermistor 11.85" x
:0.1 deg C | 4000 Hz); | : -30deg C 6.3"
Thermistor | to 50 deg
() C
2.0% F.S.

4.2 Sensor Wiring:
A. Sensor Cables

Table 1, Sensor Models and Specs

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 24 AWG 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.

Bent Cap
Bearing Pads

Figure 7, Cable Routes Through EPS
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Figure 8, Carved Topside of EPS
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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
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Figure 11, Tract No. 2 of Bundled Cables
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Figure 12, Tract No. 3 of Bundled Cables
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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

15



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).

S. INSTRUMENTATION (SENSORS INFO)
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| Figure 16. Vandalized sensors (crackr-nét.e.rs‘.)
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Group Sensor Objective Gauge Type/Model & Source Number
# of Units
1 Strain in BFRP; clamps Strandmeter (4410, Geokon) 9

sized to fit 0.625" dia. rebars
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 Custom from Geokon 2
Anchors for (Group #5), Pair
9 Custom 7" Groutable Custom from Geokon 2
Anchors for Tiltmeters
10 Protective Covers for EDTS | Aluminum Crackmeter Cover (SPC-4420- 6
(Group #4 & #5) 01, BDI/Geokon)
11 Tiltmeter Uni-Axial Tiltmeter Bracket (MNT-6350-01, 2
Mounting Bracket, Includes: BDI/Geokon)
3/8" Rawl drop-in anchor,
(2) 3/8-16 nuts, (2) flat
washers and (1) lock washer
12 Tiltmeter Cover, Aluminum Protective Cover, Tiltmeter (SPC-6350- 2
01, BDI/Geokon)
13 Hardware for Group #5, U- U-joint for Axial Anchor, (A4400-26-1,
Joint Geokon)
14 Hardware for Group #5, Set | Set Screw for Axial Anchor, (HRD-A1670),
Screw Geokon)
15 Hardware for Group #5, O- O-Ring for Axial Anchor, (ORB-008,
Ring Geokon)
16 Groutable Anchors for (MNT 4420-02, BDI/Geokon) 4
Model 4420 Crackmeters,
Pair
17 Protective Tube for Micro 4422 Al Housing (SPC-4422-01, 3
Crackmeter BDI/Geokon)
18 Groutable Anchors for Micro | Micro Crackmeter Anchors (MNT-4420- 3
Crackmeters, Sold as Pair. 02, BDI/Geokon)
19 Conduit to House Cables and See Conduit Costs Below
Hardware
20 Blue PVC Jacketed VW cable (IC-02-250, BDI/Geokon), unit 1770
Vibrating Wire Cable price/ft. feet
21 Various Hardware See Miscellaneous Costs Below

Table 3, Sensor Plan
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Conduit Parts and Hardware: # of Source
Units
3 in. Hinged Split Ring Pipe Hanger in Galvanized 2 HDX/Lowes
Malleable Iron (5-Pack)
Wedge-All 7/8 in. x 6 in. Zinc-Plated Expansion Anchor 2 HDX/Lowes
(5-Pack), for 3" Pipe Hangers
Schedule 40 PVC Conduit with Bell End, Trade Size: 5 Grainger
3", Nominal Length: 10 ft. (grainger.com)
Schedule 40 PVC Conduit with Bell End, Trade Size: 1- 1 Grainger
1/2", Nominal Length: 10 ft. (grainger.com)
3 in. x 3 in. PVC Mechanical Flexible Expansion 2 HDX/Lowes
Coupling
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 Source
Unit
s
15' of rubber HD cord cover/runner (for containing 1 Cabletiesandmore.co
Micro Crackmeter cables) m
Various Concrete Anchors & Other Hardware 1 Various suppliers
6" Thin Wall Heat Shrink Tubing, Flexible Polyolefin, 5 Grainger
Shrink Ratio 3:1, 10 per pkg, Part# 30N545, For (grainger.com)
Splicing Cut VW Cable
Strong-Tie SET-3G22-N - 22 Oz. Epoxy Anchor w/ 2 Fastenersplus.com
Nozzle, Pkg 1
Pipe Protection Sleeve, for 1" piping (for cables 1 walmart/various
passing across midline of bridge), Box of 200 linear
feet
Datalogger Weather & Intrusion-Proof Box 1 Custom Aluminum
Fabricator
Cabe Clamps/Clips, to Hold Down Micro Crackmeter | 15 HDX/Lowes
Cables (Group 3)
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 1
Estimate)

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

Figurel7, Side View

Figure 18, Angled View
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Figure 19, Top View

Figure 20, End View
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[Bent Cap]

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



Cables Sheathed in Pipe
Protective Sleeve

[Shear Key
of Bent Cap]

SE-A Strandmeter

SE-A Strandmeter Mid-A Strandmeter NW-A Sisterbar

Figure 25, Detail Link-Slab, Top View

(Link-Slab Invisible)

[FSB Flange] [Shear Key of Bent Cap]

Bent Cap
Bearing Pads

Y:

Figure 27, Exposed View of Cable Routing (EPS is Translucent)
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DIMENSIONED DRAWINGS OF SENSOR LAYOUT

APPENDIX B

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

Geokon) LE) Wide Clamps
2 Sisterbar (4911, 0.4 pe (+/-) 7.5 pe 3000 pe 36" Length, #4 9
Geokon) Size Rebar
3 Micro Crackmeter .001 mm (+/-) 0.004 mm 4 mm 4.725" Long x 3
(4422, Geokon) 0.315" Diameter
4 Crackmeter (4420- | .00625 mm | (+/-) 0.025 mm 25 mm Gauge Length: 4
25, Geokon) 13.5", Dia:1"
5 Crackmeter (4420- | .00625 mm | (+/-) 0.025 mm 25 mm Gauge Length: 2
25, Geokon) 13.5", Dia:1"
6 Tiltmeter (6350, (+/-) 10 arc (+/-) 0.01° (+/-) 10° Length: 5.47", 2
Geokon) seconds Diameter: 1.26"
7 Datalogger (LC-2, I partin | (+/-) 0.05% F.S. 450 to 4000 (LxWxH): 13.46" 2
Geokon) 20,000; (450 to 4000 Hz; x 11.85" x 6.3"
Thermistor: | Hz); Thermistor: | Thermistor: -
0.1degC | (+/-)2.0% F.S. | 30 degC to 50
deg C

Table 6, Instrument Groups

—

Micro ¢

Strandmeter rackmeter, O » Strandmeter
& Sisterbar, ~ | &Sistabar,
NW( SE(
Strandmeter
& Sisterbar,
Mid C
Strandmeter
& Sisterbar,
Mid-B
) Strandmcter 7 Miero Crackameter, B Strandmeter
[Northwest < ‘\“\""";"-\ /r & Sisterbar,
~ SE'B
Deck Slab] .
Strandmeter
& Sisterbar,
Mid-A
Strandmeter . Strandmeter
& \l\lulml.\\ / & Sisterbar,
3" Cable NW-A SE-A
Conduit
Micro Crackmeter, A=

[Southeast
Deck Slab|

|

= T

Figure 28, Drawing, Labels of Embedded Array and Micro Crackmeters
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Strandmeters & Sisterbars

Micro Crackmeter

(Group 3)

Upper Outboard
EDT
(Group 4)

(Group 1 &2)
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© BFRP Remforcement Bars > I(abling Sheathed in M
i Pipe Protection Sleeve 12
1.25 25 25 1.25 ol >
B — |- > |-
& ‘ Bent Cap Bearing
| Pad 147
- - - - o o
[Bent Cap]
Figure 29, Drawing, Bent Cap End View (Slabs, Beams, and Parapets not Shown)
6x6x6 PVC L J
Junction Boxes 48 51.8
[ Micro Crackmeters Bent Cap
9 (group 3) Bearing Pads
~
0,75 s ~N Shear Key
- '
= ) |
I / - 0 l
T / i RN
i o S N <
A
l 25 / 25 : e
e ©
¥ T 25 ] -
46.5 o 25 i ® \
~ o 3
1.25 5 i ]
1.25
Strandmeter Lower o y _-
| (Group 1) Centerline EDT [ ~ \Tiltmeter Upper & Lower |
(Group §) =—p | < )
| Shear Kev 3 Growp6) 3 Outboard EDTS |
I . - (Group 4) |
| cutout Sisterbar |
l 171 G (GTOUP 2) |
20 View1" Work I I \J

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
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Figure 32, Drawing, Bridge Side View No.1 (Wide)
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[Parapet] Center of Lateral 325 325 [Parapot]
Strandmeter & - e
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™ (Groups 1 & 2\ 6 [Parapet Cut-Out]
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Figure 33, Drawing, Bridge Side View No.2 (Detail of Link-Slab)
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Figure 34, Drawing, Bridge Side View No.3 (Detail of Data Acquisition)
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Figure 35, Drawing, Top View Detail of Link-Slab (Southwest Side)
Array of Strandmeters
& Sisterbars
= - (Groups1 & 2)
EREI 1 } |
H = — e
c 21
—_ =
3 69
< “'_7’ Shear Key
Cut-Out
0 —
| — 6 /
o l 11
| N
v - v
— L N
— = — 12 |7
0 = e —_
— @
2
g
=
™
Al -
-1 121 .

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)

Vibrating Wire Displacement Transducers

Applications
The 4400 Series ars
designed to measure or

# Expansion or contraction
of a joint

# 5Straing in tendons and
steal cables

* Movement across surface
cracks and joints

# Closures in underground
excavations, tunnels, etc.

# Displacements associated
with landslides

« Movement of boulders,
snow, etc. on unstable
slopes

® [ree Mods' 4420 Crackmeters configured
574 single 7 Crackmsier

& Mode! 4610 Srandmeter (font], Mode! 4400 Emiedment Soimmeter feenter) snd Mok $420 Crscimeter frear

Operating Principle

Geokon vibrating wire displacement transducers are
designed to measura displacamants across joints and
cracks in concrate, rock, s0il and structural mambers.

In essence, tha transdwcer consists of 2 vibrating wire in
sarias with a tension spring. Displacements ana accom-
madztad by 2 stratching of the tension spring. which
produces 3 commensurata inCreasa in 'wire tension.

Tha wira and spring are connacted to a frae-sliding rod
which protredes from, and is fres to slide inside, 2
protactive owtar tube. An o-ring seal prevents watar
from antaring.

Tha frequency signal is transmitted through the cable
to the readout location, conditioned, and displayed on
portabla readouts or datalogpars.
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: Advantages and Limitations

Tha 4400 Sariaz Displacement Transducers are fabricatad
antiraly from stainless steal and are watarproof to

1.75 MPa, which, couplad with their axcellent long-tarm
stability, guarantess reliability and parformanca in even
the harshest environments.

An advantzge of vibrating wire displacament transduc-
ars over more conventional linear patentiomaters (or
IVOT's) lies mainly in the wsa of a frequancy, rathar
than a voltaga, as the output signal. Frequencias may
be transmitted over long kengths of electrical cable
without appraciable degradation causad by variations

in cable resistance or lkakage to ground. This allows for
a readout location that may be over 2 thousand maters
from the transducar.

Tharmistors are providad with all transducers for
! famparature measurement.




Modal 4400 Embadmant Jointmoetar  Model 4420 Crackmeter

|

® Modd 00 Embsdment Joimimstsr siown with sootet removsd. ® (Modd' 820 Cracémsisr

The Model 4400 is designad for use in construction joints; a.g. betwean lifts in The Model 4420 Crackmetars ana designed to measung movemant across joints
concraie dams. In usa, 2 sockat is placed in the first lift of concrate and, whan such a5 construction joints in buildings, brigges, pipalings, dams, etc.; tension
tha forms ara removed, a protective plug is pulked from the socket. The gage cracks and points in rock and concrate.

is then scrawed info the socket, extanded slightly and th ncretad into th

'SMEI;L " n:m_ Tﬂ o 5 r:d” mﬂ" w0 " nl' . T . The ands of the sansor are attached to anchars {with ball joints] that have been
next it Any opening of tha joint is then measurad by tha gags which is fimly | grouted, bolted, welded or bondsd on opposits sides of the crack or fissurs to

anchored in each Iift. The sensing gaga itself, is smallar than the protective : ) ) A )
housing, and a dagraa of shearing motion is allowad for by the use of balljoint | D monored. 3-0 maunting brackets, which allow maasurement of displacs-
connections on the gage. ments in threa orthogonal directions, and spacial clamps for attachmant to a
¢ wariaty of earth reinforcoments and gaogrids, are alzo availabla.

A tripokar plasma surge smastor is located insida tha howsing and providas :
protection from alactrical fransients such as those that may be induced

by lightming.

Model 4410 Strandmeter Model 3422 Micro Crackmeter

Special varsions ana offared for underwatar usa, whara watar prassures axceed
¢ 1.7 MPa, and for usa in cryopenic or alevatad temparature regimes.

® Modd 810 Sirandmeter # Modd &27 Micr Crackmstsr

The Model 4410 Strandmeter is designad to measura straing in tendons and The Model 4477 i 2 miniature crackmater intended to measwra displacemants
steal cables, including bridge tendons, cable stays, ground anchors, tiohacks, acmss surface cracks and joints. It has been specially designed for applications
eic. Two clamps at aach and of the strandmeter hold it firmly onto the cable. whare accass is limitad and/or whare monitoring instrumantztion is to be as
Variows siza clamps are svailable. unobtrusive a5 possibla (g, on histodical structures or buikdings).
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Meodel 4425 Conwvergence Meotar 3 Model 4330 Deformation Meter

& Muds! 4475 Convergence Meter ® {Madsi 4430 Deformation Meter

Tha Modal 4425 Convargenca Metar is designed to detect deformation in Tha Modal 4430 Daformation Metar is designed to maasure zxial strains or
tunnals and underground cavemns by messuring the contraction (or elongation) | deformations in boreholes in rock, concrata or soil. it can also be embedded in
betwesan 2 anchor points fixed in the walls of the tunnel or cavam. 5gils in ambankmants such as earth dams and highwey fills. The Modal 4430

The Maodel 4475 consists of a spring-tensioned vibrating wire irznsducer assembly, l:m ba installed in series to give a total dﬂfmml_iw profila along a particular
fumbuckla, & mim diameter connecting rods [stainess steel, fiberglass or gragh- sﬁn;:’: lengihs of the gage can vary from a minimum of T matar to ouer
ita), rod clamp, and a pair of anchor points. Changes in distance batween the

2 anchars ana convayed by the connecting rods and measured by the fransducer. 'Whan usad in rock in horinontal or inclined downward boreholes, gouting is
the most common mathod of instalkation. In vertical boraholes, 3 special growt-

Tha Modal 4425 can oparata in horizontal, inclined or vertical orientations_In~ § _ N " . " ral Diract "
¢ ing apparatus and hydraulic or snap-ring anchors ara required. Direct placama
areas whara construction traffic is expectad or whena the instrument may be laft : " prng =

s Or pra-winng to 2 robar cage allows usa in concrata.
in an expasad location, soma form of protective housing should be considered. P g =

Model 4427 Long-Range Displacement Meter Model 3450 Displacement Transducer

# Muls! 4477 | ong-flange Displacament Meter # Mdaet 4450 Displarement Farsoucer and' Frisnsometer Head Assamily finset)

Tha Modal 2427 Long-Range Displacamant Mater is ideally suited for tha The Modal 4450 Displacemant Transducar provides remote readout capability
masuremant of large displacements associated with landslides. The Modal ¢ for Borehole Extensometars (see the Geokon Modal A-3, A-4, A-5, A-6 Rod-Type
#4477 can also ba usad for monitoring the movamant of bouldars. snow, etc..on | Bomhole Extensomaters data shaat for mora information). Thay ara particularly

unstabla shopes. usaful whare othar typas of vibrating wira sensors ane usad and/for for installz-
{ tiong whare long cable runs ara raquired.

Tha Modal 4477 consists of 2 vibrating wira displacemant fransducar coupled

ti a spring motor drive by maans of 2 lasd scrow. As the cabla is pulled, The Modal 4450 can also be installed batwean borehola anchors, in conjunction
the motor drum rotates and advancas the lead screw. Thus the rotation is with tha requisita length connecting rod, to provide a parmanant, in-placa
convarted into a linesr displzcament which is measured by the vibrating wire | incremantal extensomater [contact Gackon for datails).

displzcamant transducar.




Technical Specifications

N T e T e e
2400 Embadment Jolmtmeter 125, 75, 60, 100mm | 0.026% E5. HI1%EE. <DEBFE —A0°C o4 BO0°C [amgtn- ADE mm
Flange [Kamaar &1 mm

410 Strandmeter 0,000 e chpr +11%ES. COSEFE | —HO°Cin+B0°C [engii 300 mm
Clamp W 45 mm

4420 Creckmeter 12.5, 75, &0, 100, 0.026% E5. +H11%E5. <0EHFE —0°C o +B0°C Lemgms 310, 362, 52T mm
150 mm CoffDiamefar 25 imm
2 Micmo Crackmeter 3 mm |£1.5 mm| 0.001 mm #H11%F5. <0EHRFE —0°C o +B0°C Lemgim- 120 mm
DBamaa: T9mm
I Comvengence Meter 7%, B0, 100, Te0mm | 0.026% F35. #1%F3. <0EEBFE =30 C ho+B07C Iranz.ducer [angns J5E, 508, 838 mm

Iransaicer Dignater 25 mm

477 Long-Renge Displacement Meler | 1.7m 0.026% F5. £I0%ES. — ~30°C b +E0°C EEIEwe il « W HiE B10x 152 162 mm
without resatiing)
£430 Detormstion Meber 7, 50, 00mm DO%FS HI1%ES, COSEFS —70°C I +B0°C ey varles

fiange (iamsfar &0 mm

4450 Displecement Transdocar 125, &0, 900, 150, DOZ%F.5 +HL1%F5. <0ERFE A C bo+B07C Lemgms FI0, 712, 270, 410 mm
300 mm Coff Dameier ¥ mm

* Dt e vl bl o rrast
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Rebar Strainmeters and “Sister Bars”

Applications

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

# Concrete piles & caissons
# Slurry walls

# Cast-in-place concrete piles

# Concrete foundation slabs
and footings

# Osterberg pile tests
# All concrete structures

# [ose-up of Mods! 4911 shown as in-
stalled in conorete pils ranforig cags.

-

® el 491 14 Retar Steinmeter (font) and fie Model 4901 “SEer Bar ™ freal

Operating Principle

Febar Strainmatars and “Sister Bars™ are designed to
e embaddad in concrata for the purpose of measur-
ing concrata sirains dua to imposed |wads. The Rebar
Strainmetar is designed to be welded into, and bacome
an integral part of, tha axdsting rebar cage, whila the
“Sister Bar” is installed by tying it alongside an axisting
length of retar in tha rebar capa.

Tha rebar extensions on either side of the central strain-
gavged ares ara long enowgh 10 ansura sdeguate con-
tact with the surounding concrate so that the maasured
straing insida the steal are agual to the strains in the
surrounding concreta.

In uza, Rebar Strainmetars and “Sister Bars™ are usu-
ally installed in pairs on sither side of the neutral axis of
the struciural mambar being investigated. This is done
50 that banding momeants may ba analyzed in addition to
amal lozds.

A built-in tharmistor enablas the measurement of
temparaturas and aids in the evaluation of tharmally
induced strains.
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i Advantages and Limitations

The main advantagea of the Rebar Strainmeters and “Sister
Bars™ lies in thair ruggednass. They are fully watarproof
and virtually indestructibée 5o that, if the cable is ade-
quataly protected, thay are safa from damage during tha
concrete placament.

Each Rebar Strainmeter and “Sistar Bar” is individu-
ally calibrated and tasted for weld strangth. The Rebar
Strainmatar raguires the sarvicas of an axparienced

¢ waldar wha can guarantse full-strangth welds, wheraas
. the “Sister Bar” is very easy to install

Tha singla wibrating wira strain sansor, locatad along the
s of the strainmetar, is not affactad by the bending

of the strainmater itsalf. It also has the advantage of all

vibrating wira sensors, namaly: long-term stability, it can
be used with long cables and it’s relztively unaffected by
 maistura intrusion into the cablas.
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System Components

A vibrating wira strain gauge sensor is fixed axially inside
a short, central length of round steel bar. This cantral sac-
tion is de-bonded from tha sumounding concrata by means
of & plastic coating, and is extandad by welding a length
of rebar to each end. The Model 43114 Rebar Strainmetar
iz availabla in various sizes to match the size of tha rebar
cape into which it is to be weldad, whareas tha Modal
49711 "Sistar Bar™ comas in one =iz only (#4 rabar, at
approximatehy 12.7 mm in diametar).

A thermistor to maasure temparztura changes can bo
included in the 4311 and 4911A sensars.
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 Readouts and Cables

Tha 4911 Sarias Rebar Strainmetars are read using tha

: Model GK-404 or GK-405 Readouts. Alternatively, the LC-2
* Sarias or 8600 Saries Dataloggers can be usad.

Thea 4911 Saries Rebar Strainmetars usa the Model
: 02-250VE 4 pair, 22 AWG cabla.

Technical Specifications

i Standard Aange 2000 = 000 =

. Resouton L4 04 e

! Accuragy' H0.75% F5. 40.75% F.

! Noninearity <DE%FS <0E% F5

| TemperatweRangs®  —2T°C In 40T -2FL D 46T

| Reber Sues #4|5ister Bar) #6,7.8.9,10,11,14
: Lengn g mm 1105 mm



Vibrating Wire Tiltmeter

Applications

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

# Buildings

* Dams

* Embankments

# Slopes

» Excavation walls

# Dpen pits

Elastic Hinge h

Penduious Moz

Stanless Seel—

]
===

» ibmatig wire Gt sensor consirucion.

® Nbds! B350 Vitrating Wire Titmater shown with mountng beckst assemii

Operating Principle

Tha Modal 6350 Tiltmeter is designad for attachmeant

{o structuras, on aither 3 vartical or horizontal surface by
means of an adjustabla bracket, and for the subsoguant
measuramant of any tilting that may oocwr

Whan at rest, in a vortical configuration, a pandulous
mass inside tha sansor, under the force of gravity,
attempts to swing baneath the alastic hinge on which

it is supporied but is restraimed by the vibrating wire.

As the tilt increases or decreases the mass attempts to
rotzta baneath the hinge point and tha tension in the
vibrating wire changes, altering its vibrationzl fraquancy.
This fraquancy is measurad using the Geokon Modal
GE-401, GE-403 or GK-404 Readout Box, or tha Modal
2020 Micro-10 Datalogpear, and is then convarted into an
angular displacemant by means of calibration constants
supplied with the sensor
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{ Advantages and Limitations

Vibrating wira tiltmaters combine a high ranga with
high =sangitivity, and vary high calibration accuracy. Thay
have axcallant long-term stability and thair tamparaturng
depandenca is close to 2eno.

The sensor output is a frequency, which can ba transmit-
tod over kang cables, and randars the sensors loss
suscaptible to the affocts of moisture intrusion.

Bizxial measurements can ba achieved by mounting the
SEN5075 in pairs, each mamber orientad at 90 degress
: o tha other.

Damping fluid may be added 1o the sansor 1o countaract
i the effact of any vibrations of the structura.

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




® Modd' B350 inztaliation wsing 5 arstom
muuniing bracket designed for conciets (&0
rock Y dam gppilications (Shown with prodec-
tie cover removed

» instalation details and dimensions o fie Mods! 5350 Uhiarial (et and Bianal versons fght!

System Components

The basic transducer is mountad inside a stainlass steel
houwsing equippad with a lug for mownting the sansor

i an adjustabla brackat. The bracket is bolted io the

includes a 3/B-inch drop-in anchor, Spacial baxial mount-
ing brackets and protective enclosures ara also available.

A thermistor mowntad insida the sensor housing permits
tha measurament of femparaturas.

Readowt is accomiplished using a Geokon Model GK-401,
GK-403 or GK-404 Razdout Box
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Resalutian
Accuracy?
structure wsing hardware supplied with the sansor, which Temperature Aange
Shock Survival

Length = Diameter:

Uit s avalable o FEqest

; *Estahisher wder (dhorsroy avdnos
i * anshvar miy

i Technical Specifications
{ Standard Range’

Ealig

10 31T seconds (01,06 mm,'mj
H11% ES.

-20°C o +50°C

sg

139 = 32 mm




Model 8002 Series (|

Applications

The LC-2 Series Dataloggers
are used to read all
GEOKON® vibrating wire
instruments. Sensors that
can be read and monitored
include...

# Piezometers

' ._.l"

* fvbalel BO0F-16- 1 [C-2 16} 16-Channed, Model 8002 d-1 (L (-2} d-Channed and Mol 8007- -1 {07} Sing'e-Channe! Rataloggers.

Operating Principle

Tha Maodel 8002 LC-2 Sarias Datzloggers are dasigned
t0 read both the vibrating wire alamant and tha intagral
thesmistor of any GEOKON vibrating wira sansar.

Tha LC-2 {interal hard wired transducar connection],
LC-2A {10+pin transducer connector option) and LC-2WP
{watarproof option) are designed to be standalona,
singha-channel dztalopgars, which makas them espa-
cially usaful for tha remota and continuous monitoring
of isolated sensors.

Tha LC-24 iz 2 salf-containad, 4-channel varsion (vibrat-
ing wira with thamistor) of the LC-Z, and the LC-2<16 iz
3 16-channal {vibrating wira with tharmistor) warsion.

Thea LC-2, LC-24 and LC-2«1E ara housad insida
Fibarglzss MEMA 4X anclosures, which makes tham
vary robust, weathar-proof and particulzrdy well-suited
{0 oparation in harsh emdironmenis. The LC-2ZWP isa
waterproof version housad insida 2 rugged PVC enclo-
sura. Low power consumption provides long battary life
and tha condition of the main batteries is reported asan
alamant in tha data array.

Data memany consists of 320K ytas of EEPROM. This
tranzlates into a mamory storaga capacity of 16,000
amays for tha LC-2 and LC-2A, 10,666 amrays for the
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i LC-Z4 and 3,555 amays for the LC-2«<16. Each amay
consists of the datalopger 10, day (Julizn or month/day
fomat), tima [(HHMM)|, seconds, main battary voltaga,
datzlogger tamperature, vibrating wire sensar reading
{in enginaering units), tha sansor temperature and amay
number. The array transmizsion is in comma dalingated
ASCI taxt, for ezsy importation into popular sprasd-
sheet programs.

Up to & intervals may ba spacifiad from a logarithmic
table, with a maximum of 255 fterations. The pro-
grammed intarvals can ba started or stoppad onca at
preset times of the day.

Tha Madal 8002 LC-2 Sarias Dataloggers are powenad
Iy easily accessible alkaling or lithium [optional] D cells.
Additional powear options, including intamal and axtar-
nal 12 V battorias and solar panals, are awailzsbla [paasa
contzct GEOKON for more information].

Communications

Tha Madal 8002 LC-2 Saries Dataloggers are avaikable
with an B5-232 Sarial Intarfaca or with a direct LISE 2.0
connaction; patch cords ara supplied for this purpose.



Technical Specifications

I [T ek 12

Messurement Accuracy
Mez surement Resolubion
Program Memany

Data Memaory

Data Connection

Starage Capacty (Amays)
Tempersturs Aangs

Temperature Mezsurement

Communicztion Speed
CommunicEtion Parameters
Power Supply
Communication Current
Mezsurement Cument
Duleecant Curent

Scan bnterval
Dpersting Time (20°C)

Sensor Connection

LuWaH
=@

Single-Channel

£0.06% F.5. |460-4000 bz}
1 partn 70,000

K FLASH

T30 EEPRIIM

fi5-237, USE 0 5416
15,000"

30°C o 450°C

fromacy) 10%FE
fespiwind 0.1 °C

3500 bps
@ cata bits, no parity, 1 stop it

3VOC|2 Alkalne '[F cells]

<100 mA

< 260 mA

<00 pA

3 - BG,400 seconds {24 howr's)

3 days - 3 years, cepanging on scan Inferval

0T [C-2WFY Hard wined
L34 10-pin Connecion

MICE [C24 122 = 120= 591 mm
MLC-TWPS} 201 = 168 mm

&-Chanmed

#1055 F.5. [450-4000 iz}
1 part In 20,000

K FLASH

T EEPRIM

fi5-237, USE or Fi5-485
10,566

J0°C 1o 450C

faooumacy) 1.0%FE
fmspiwionf 0.1°C

9500 bps
 tata bits, no ey, 1 stopbit

3VIOC (7 Alkalne "I calls]

<100mA

< 160 mA

<500 A

10 - BE,4 D0 saconds {24 hours)

 cays - 7 years, depending on scan Inferval

(IC-Fsod) Hand wilred
(AC-F=44 10-pin Connecior

60 = 160=91 mm

16-Channel
LC-2=16

#{106% F.5. [AK0-A000 Hr)
1 part In 20,000

K FLASH

0K EEPROM
5232, USH of 5485
1585

30 o 450°C

iacoumary} .0% E5.
imsoiwton) 01°C

3600 bps
@ tata bits, no party, 1 stopblt

AVOC (4 Akaline "I cells)

< W00 mA

< 150 mA

< EDO A

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

8 cays - 7 years, depending on scan Interval

(LC-Fw15] Hand wired
(02164 10-pin Cornecim

34T = 301 = 160 mm?

" 000 arays el wsi! wth Lopi¥aw mimere. < oes mor v de oty et

Ordering Information

Single-Channed

LC-Z, LC-2A, LC-TWP=

R3-132

usa
RE-485

B00Z-1-1, BOOZ-14-1

8002-1-3, B00Z-1A-2, B00Z-WP-2*

8007-1-3, BOOZ-1A-3

B002-4-1, BOOZ-4A-]
8002-4-2, BO02-44-2
80072-4-3

B00Z-1E-1, BODZ-164-1
B002-1E-7, B00Z-16A-2

B007-16-3

Software

LogWiew Softwara simplifies the task of configuration,
communication, monitoring, data collection and data
reduction using the bodel 8002 |LC-2) Saries Dataloggars.

¢ LogViaw is compatible with Windows® 2000, ¥P. ¥P

 Pm, Vista and 7.

Pleasa sae the Maodel B001-3 Log\iew Software data

: shaat for mona information.

“PLEASE NOTE THE MODEL B0 WP-2 (LCZWP) WATERPROOF SINGLE-CHANNEL DATALOGGER /S NOT CE APPROVED.
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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 awvailable for...

# Typical applications

+ High temperaturs
anvironments

# Extra abrasion resistance

» Heavy duty use

# TTe Mods’ SOHT High Temperaturs
Fierometer depits 3 Tefow®™ cabis
ffraakd inzids stanisss siesl tubing.

» Siandard’ GEWIN caliles.

Cable Design

GEOKON cables are mada from individual stranded
copper conductors encasad in an insulation material.
Individual, insulated conduciors are twisted into pairs,
bundlad inside a conductive Mylar-type shielding mate-
rial and then coverad by an outer jacket made from the
most suitabla matarial. In addition, cables may ba watar
blockad, armorad, or may contain stesl or Keviar®
cablas for additional strangth, or plastic tubes for circu-
[ation fluids, or for venting to atmosphena.

Cable Conductors

In panaral, the number of conductors in a cable is
doterminad by the number of sansors to be connectad
1o the cable, and tha numbar of conductors reguirad by
aach sensor

Tha typa of conductor nomally wsad is stranded,

22 AWG tinned copper. Stranded conductors are more
flaxible than solid conductors, which makes the cabla
aasiar to handle during installation.
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i Cable Shielding and Insulation
Shialding provides protection from electromagnatic
radiation coming from nearby electrical equipment,
lighitning strikes and fields sumounding power lings,
transformers, etc. GEOKON multi-conductor cables are
individually shiakded and twisted in pairs, which helps
minimize common moda interfarence. Drain winss
connectad alactrically to Mylar-typa shields provide

3 simple maans of connecting =l the shields to a
comiman ground. For applications with very high kevals
of EM, swch as in pumiping wells, a spacial cable with
| a braided shiald can be provided.

Plastic insulation is typically wsad on tha individusal
copper conductors. Polyathylana or polypropylane
insulation is usad at normal tamperatures and Teflon
is most oftan usad for high temparatuna.




Outer Jackets

GEOKON cable jackets are thicker than regular commercial types, and prassure
extruded, which producas cables that zra rounder, firmer and easier to grip and

saal at the point of antry on the sansor A wide variaty of outer jacket materizls
i availzbla dapending on the and use:

PYC: A comman choica for its pood electrical properties and for being watar-
proct. It should not be used at low temperaturas whare it becomas brittle.

Polyurathane: This materizl is very resistant to cuts and abrasions making it
usaful for cables that are subject to repaated rough handling. i is not 25 water
rasistant 25 PWC but has batier low temparatura capabilities.

High Density Polyathylene: An axcollent matarial that i highly resistant to
environmental attack and axhibits axcallont low temparatune characteristics.
Unfortunately, lika Teflon, the material is so lippary that splicing and potting
compaunds will not stick ta it

Teflon: This matarial is essential whenaver sansors and cables ara subject to

will not adhare 1o it.

i Armor

Armared cables ara most often neaded for sensars installed in earth embank-
menis or landfills whera larga fonces are exarted on the cable by compaction
equipment and aarth moving vehicles, and by sattlamant, “weaving,” and side-
ways spreading of the embankment as it is built. Armored cables should not
Neoprane: A synthetic rubbar compound commanly used for outdoar applications, ba connectad directly to strain gauges or crackmetars bacsusa the stiffness
with good resistance to gasolina, oils etc. Ordinary rubber should never ba usad. of the caike would pull on tha gauge and aftar the readings. Armored cabie is
i notnecassary inconcrata. The armor usually takes the fom of a halically kaid
layer of steel wire. In very severa siteations, regular cable may be put insida

stainless steal tubing.

Vented Cahles

Spacial cables are availabla which contain plastic tubos inside of them as
wall as the uswal conductors. Thase tubas can be used to transport air or
othar fluids. This kind of cable is raquired for vanted piazomators, whara a
single vant tuba allows tha inside of the pressune sensor to ba connectad to
the ambiant atmosphers to provide sutomatic baromietric compensation.

Cable Splices

igh temperature. It has outstanding msistanca to emvironmental attack and has Cabla splicing is bast done using commarcially availzble splicing kits contain-

excallent low temperature propartios. Howawer, splicing and potting compounds
a watarprood and machanically strong splica. Armorad cables ana difficult
i o splice if the mechanical strength is to be maintained; special machanical

(iher compounds such 25 Keviar or Kapton'® eic. may be requited whare there is - oo ione nead to ba fabricatad which will grip the ammor fimmiy,

anaed for low smoka emissions, flame retardant, o resistance to nuclear radiation.

ing buit splica connectors and apooy potting compounds. These help provida

Technical Specifications

E:-_—m::::m-—

2-187P8 4-conducto, 2 taisiad palrs, 77 AWE 7,30 Emil HorP ATEmmidIEmm) | —20°Clo+30°C
2-1ann 4-conductor, 2 taisiad palrs, 72 AWE 1,30 Emil HOPP 24 ANG Rad G AGmmid2Emm) | 20°Cho+30°C
02-Z50Ps 4-conductor, 2 taisiad palrs, 72 AWE 7,30 Emil HOPP 24 ANG Green U EXEmmiliEmm) | 20°Cho+E0°C
-2 4-conductor, 2 twisiad palis, 77 AWE 1998 | 10mIl FEP 24 NG 'WTili= Tefom with aluminum poiyester foll shisiding B mmi2Emm) | —80°C o +200C
02-Z50VE 4-conducion, 2 hwisiad palrs, 77 AWE 7,30 10mil HOFP 24 NG Ble AT EFmmilEmm) | -20°C 48070
2-1am 4-conducior, 7 twisiad palrs, 77 AWE 7,30 10mil HOPP 24 NG Black PUwath Imegral stranded stee| wins TEmmE3Emm | -20°C 48070
02-135VTE | 4-conductor, 7 teisiad palrs, 24 AWE 7,32 10mil HOFP 24 NG Yediow PL witth Inlegral 175" @ PE vent bzba EHImm3Emm) | -20°C o487
W2-SMPEVA | 4-conduchor, 2 taistad palrs, 77 AWE 7,30 10 mil HOFP 24 BNG Black PV Inner; Biack MOPE outer, with sened armar | 1220 mm 038 mm) | -20°C 048070
a-25mn E-oonducio, 3 twisied pairs, 24 BWG 7712 10mil HOFP 24 BNG Black WL EXEmmil3imm | -20°Cio480°C
4-375V ‘Sconduci, 4 wisied pairs, 27 WG 7720 10 mil HOFP 27 BNG Wiokt AT SEymml3gmm) | -20°Cio4e0°C
B-SNVTID | Bconduciorn, £ bwisied pars, 22 AWG 720 10 mil HOPP 27 BNG Gray MG with Integeal 175" @ PE vent hebe: 120 mmil38mm | -20"°C 048070
B5-37EWIZ | 10-conduchor, & twisiad pals, 22 WG 7720 | 10 mil HDPP 27 BNG Tan G SEmml3imm) | -20°Cio+80°C
-1 12-conductor, B twista pairs, 24 AWG 722 | 10mil HDPP 24 BNG Black VT 1.9 mml3imm) | -20°C 48070
06-500V7 12-conductor, B twistad pairs, 22 AWG 720 | 10mil HDPP 27 BNG Qrange VT 120 mmil38mm | —20°C 048070
12-625WE H-concuciy, 17 bwisted palrs, 22 AWG 7/20 | 10mil HDPP 27 BNG Brown YT 1E00mm 038 mm) | -20°C 048070
Al e b, antracke! ke, other 2ahie ke

FEP- Hmmﬁ'mmpw.-m | HOFF. ;qmm.ynpf;;m I o i ity

Pobethyda | PE - Folyettylarw || PP Ferpyioe | .- Rolustiors | PV - Polvis ickiride
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