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LACING CONDUCTORS 
Conductors within equipment must be kept in place to present a neat appearance and aid in 
tracing the conductors when alterations or repairs are required. This is done by LACING the 
conductors into wire bundles called cables. An example of lacing is shown in figure 2‐39. When 
conductors are properly laced, they support each other and form a neat, single cable.  
 
 
 

 
 
 

Figure 2‐39.—Conductor lacing. 
 
A narrow, flat tape should be used wherever possible for lacing and tying. This tape is not an 
adhesive type of tape. Round cord may also be used, but its use is not preferred because cord 
has a tendency to cut into wire insulation. Use cotton, linen, nylon, or glass fiber cord or tape, 
according to the temperature requirements. Cotton or linen cord or tape must be prewaxed to 
make it moisture and fungus resistant. Nylon cord or tape may be waxed or unwaxed; glass 
fiber cord or tape is usually not waxed.  
 
The amount of flat tape or cord required to single lace a group of conductors is about two and 
one‐ half times the length of the longest conductor in the group. Twice this amount is required 
if the conductors are to be double laced.  
 
Before lacing, lay the conductors out straight and parallel to each other. Do not twist them 
together because twisting makes conductor lacing and wire tracing difficult during 
troubleshooting. 
 
A lacing shuttle on which the cord can be wound keeps the cord from fouling during the lacing 
operation. A shuttle similar to the one shown in figure 2‐40 can easily be made from aluminum, 
brass, fiber, or plastic scrap. Rough edges of the material used for the shuttle should be filed 
smooth to prevent injury to the operator and damage to the cord. To fill the shuttle for a single 
lace, measure the cord, cut it, and wind it on the shuttle. For double lace, proceed as before, 
except double the length of the cord before you wind it on the shuttle. For double lace, start 
both ends of the cord or tape on the shuttle in order to leave a loop for starting the lace. This 
procedure is explained later in the chapter.  
 
 



 
Figure 2‐40.—Lacing shuttle.  
Some equipment requires the use of twisted wires. One example is the use of "twisted pairs" 
for the ac filament leads of certain electron tube amplifiers to minimize radiation of their 
magnetic field. This prevents an annoying hum in the amplifier output. You should duplicate the 
original layout when relacing any wiring harness.  
 
Lace or tie bundles tightly enough to prevent slipping, but not so tightly that the cord or tape 
cuts into or deforms the insulation. Be especially careful when lacing or tying coaxial cable. 
Coaxial cable is a conductor used primarily for radio‐frequency transmission. It consists of a 
center conductor separated from an outer conductor (usually called a shield) by an insulating 
dielectric. The dielectric maintains a constant capacitance between the two conductors, which 
is very important in radio transmission. The dielectric is soft and deforms easily if tied too 
tightly or with the wrong type of tape.  
 

CAUTION 
Do not use round cord for lacing or tying coaxial cable or bundles that contain coaxial cable. 
Use only the approved military specification tape to lace or tie coaxial cables or bundles 
containing coaxial cables. 
 
SINGLE LACE  
Single lace can be started with a square knot and at least two marling hitches drawn tightly. 
Details of the square knot and marling hitch are shown in figure 2‐41. Do not confuse the 
marling hitch with a half hitch. In the marling hitch, the end is passed over and under the 
strand, as shown in view A of the figure. After forming the marling hitches, draw them tightly 
against the square knot, as shown in view B. The lace consists of a series of marling hitches 
evenly spaced at 1/2‐inch to 1‐inch intervals along the length of the group of conductors, as 
shown in view C of the figure. 



 
When dividing conductors to form two or more branches, follow the procedure illustrated in 
figure 2‐42. Bind the conductors with at least six turns between two marling hitches, and 
continue the lacing along one of the branches, as shown in view A. Start a new lacing along the 
other branch. To keep the bends in place, form them in the conductors before lacing. Always 
add an extra marling hitch just prior to a breakout as shown in view B. 



 
Figure 2‐42.—Lacing branches and breakouts. 

 
Double lace should be used on groups of conductors that are 1 inch or larger in total diameter. 
Either a single lace or a double lace may be used on groups of less than 1 inch.  
 
DOUBLE LACE  
Double lace is applied in a manner similar to single lace, except that it is started with a 
telephone hitch and is double throughout the length of the lacing (figure 2‐43). Both double 
and single lace may be ended by forming a loop from a separate length of cord and using it to 
pull the end of the lacing back underneath a serving of approximately eight turns (figure 2‐44). 
An alternate method of ending the lacing is illustrated in figure 2‐45. This method can also be 
used for either single‐ or double‐cord lacing. Another method is by using a marling hitch as a 
lock stitch (figure 2‐46) to prevent slippage. This procedure will also prevent unraveling should 
a break occur to the lacing. 



 
Figure 2‐43.—Starting double lace. 

 
Figure 2‐44.—Terminating double lace. 

 



 
Figure 2‐45.—Alternate method of terminating the lace. 

 

 
 

Figure 2‐46.—Marling hitch as a lock stitch 
 

The spare conductors of a multiconductor cable should be laced separately, and then tied to 
active conductors of the cable with a few telephone hitches. When two or more cables enter an 
enclosure, each cable group should be laced separately. When groups are parallel to each 
other, they should be bound together at intervals with telephone hitches (figure 2‐47). 
 

 
Figure 2‐47.—Spot tying cable groups. 



SPOT TYING  
When cable supports are used in equipment as shown in figure 2‐48, spot ties are used to 
secure the conductor groups if the supports are more than 12 inches apart. The spot ties are 
made by wrapping the cord around the group as shown in figure 2‐49. To finish the tie, use a 
clove hitch followed by a square knot with an extra loop. The free ends of the cord are then 
trimmed to a minimum of 3/8 inch. 
 

 
Figure 2‐48.—Use of spot ties. 

 

 
Figure 2‐49.—Making spot ties. 

 
SELF‐CLINCHING CABLE STRAPS  
Self‐clinching cable straps are adjustable, lightweight, flat nylon straps. They have molded ribs 
or serrations on the inside surface to grip the wire. They may be used instead of individual cord 
ties for securing wire groups or bundles quickly. The straps are of two types: a plain cable strap 
and one that has a flat surface for identifying the cables.  
 

CAUTION 
Do not use nylon cable straps over wire bundles containing coaxial cable. Do not use straps in 
areas where failure of the strap would allow the strap to fall into movable parts. 



 Installing self‐clinching cable straps is done with a Military Standard hand tool, as shown in 
figure 2‐ 50. An illustration of the working parts of the tool is shown in figure 2‐51. To use the 
tool, follow the manufacturer's instructions. 
 

 
Figure 2‐50.—Installing self‐clinching cable straps. 

 

 
Figure 2‐51.—Military Standard hand tool for self‐clinching cable straps.  

 
WARNING  

Use proper tools and make sure the strap is cut flush with the eye of the strap. This prevents 
painful cuts and scratches caused by protruding strap ends. Do not use plastic cable straps in 

high‐temperature areas (above 250º F).  
 

HIGH‐TEMPERATURE PRESSURE‐SENSITIVE TAPE LACING  
High‐temperature, pressure‐sensitive tape must be used to tie wire bundles in areas where the 
temperature may exceed 250º F. Install the tape as follows (figure 2‐52):  
1.    Wrap the tape around the wire bundle three times, with a two‐thirds overlap for each turn.  



2.    Heat‐seal the loose tape end with the side of a soldering iron tip. 
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Optional Features

The Peek ADR-3000 Plus is an instrument rack-based 
unit, expandable by function with individual plug-in mod-
ules. Available to fit standard EIA 19” or Type 170 enclo-
sures, the Peek ADR-3000 Plus may also be shelf or pan-
el mounted.Electrical connections (external) are via rear 
mounted terminal strips for sensor inputs. Communica-
tions are supported via an RS232-C connector. Plug-in 
modules can consist of power supply, central processing 
unit, communications, control panel, memory, loop sen-
sors, piezo sensors, weigh-in-motion sensors, contact 
closure inputs, analog to digital inputs or a combination 
of these for a particular application. Individual plug-in 
modules are Eurocard in size with DIN standard connec-
tors. Typical module width is 1 inch. 
Power options include 115 VAC, 6 or 12 VDC, solar power 
and operational battery-backup as necessary. An inter-
nally supported hardware real time clock maintains time 
and date, regardless of unit power, for up to ten years.

Two Year Limited Warranty
Peek Traffic warrants this product against manufacturing 
defects in materials and workmanship for two years from 
date of shipment from Peek Traffic. Specific contracts and 
regional laws may vary or alter these terms.

ADR 3000 Plus
Traffic Counter/Clasifier

Peek Traffic Corporation, a Signal Group Company     
 2906 Corporate Way Palmetto, FL     

34221 (941) 845-1200  |  (800) 245-7660     www.peektraffic.com

Features

• Simple to set up and operate
• 2 MB onboard memory (1 MB accessible)
• Multilane operation
• SD memory option for additional storage
• Up to 64 inputs with a variety of sensor options
• Scheme “F” or user-defined classification scheme
• High-speed communications and telemetry
• U.S. standard or metric units
• Optional integrated control panel with LCD readout
• Solar power options
• Battery “sentinel”
• Auto daylight savings timer 

The Peek ADR-3000 Plus is a high performance traffic coun-
ter and classifier designed for permanent installation.  With 
the various options, the ADR-3000 Plus can count up to 
64, or classify up to 32 lanes of traffic, including up to 24 
WIM sensor inputs.
Several exclusive features have been incorporated into the 
ADR-3000 Plus. The CPU electronics are fitted with a 
replaceable socket mounted fuse. Front panel mounted 
LED’s indicate a successful start up of the microproces-
sor. LEDs also warn of system fault conditions and indi-
cate the communications port activity and status. Addi-
tionally, a reset switch mounted on the front panel of the 
ADR-3000 Plus providing an easy method of restarting a 
unit during diagnostics, similar to cycling power.
Each unit can perform up to eight studies, plus generate 
per-vehicle records, with up to 4096 bins of data. This 
could include, for example, classification by speed, by 
lane, and volume. The type, configuration, and format of 
data to be collected can be custom programmed or se-
lected from menu-driven choices. Available data types 
include per-vehicle records, per-lane data, binned vehicle 
classification by axle, speed, length, gap, or headway, or 
almost any combination of these classifications. Vehicles 
can also be classified according to either a Scheme “F” or 
a user-defined classification scheme.

Quality Assurance Testing

Each unit is individually tested for correct operation dur-
ing a computer controlled environmental chamber test 
cycle, based on the NEMA TS/2 standards. All input cir-
cuits have been designed and tested to the NEMA TS/2 
standards for surge (lightning) protection.



 Support Software
A user-friendly Windows™ software package is available to 
complement the Peek ADR-3000 Plus. This software is the Traf-
fic Operations Processing Software (TOPS) program from Peek 
Traffic.
The TOPS program provides multi-file processing, stores data 
files into a single database for easy file sharing among TOPS 
users, allows for edit and preview of reports before printing, 
provides for ADR data processing protocols,enables remote 
or local setup of Peek ADR units and collection of data by 
direct manual connection or by the added functionality of 
automatic polling of field sites via modem connection (auto 
polling and weigh-inmotion support are add-in options). The 
TOPS program reads all files and generates a suite of daily, 
weekly and monthly reports. A user  definable classification 
function, within the program, provides the ability to custom-
ize classification and to transfer the new scheme to the Peek 
ADR-3000 Plus. Processed data may be exported to various 
other software packages.

Specifications

Peek Traffic Corporation
A Signal Group Company

2906 Corporate Way
Palmetto, FL 34221

(941) 845-1200  |  (800) 245-7660
www.peektraffic.com

Dimensions	    5.25”H x (10” or 19”) W x 9.35”D
		     (135mm x (255-480)mm x 240mm)

Weight	    Less than 15 pounds (6.8 kg)

Temperature	   -40°F to +165°F (-40°C to +74°C)

Display 	    20 digits x 4 line liquid crystal display

Inputs 		    24 sensor inputs of various types
		     allowed, optionally up to 64

Counter rate 	   Handles 200 counts, per second, per
		     input

Interval 	    1, 2, 5, 6, 10, 15, 30 and 60 minutes
		     2, 3, 6, 12 and 24 hours, real time events
  		      Four daily peak periods available

Microprocessor   Intel 80C186

Capacity 	     Approximately 3,280 days of volume 		
		      data
 

Communications     Selectable RS-232 serial baud rates
		        between 300 and 19,200 baud
		        (115,200 baud-optional), via a UL  	
		        and CSA approved female socket, 	
		        with up to three ports available

Options	       Up to 8 sensor input modules or 64
		        individual inputs, depending on 		
	        	       actual configuration, that can be a 	
	       	       combination of loop, piezo, WIM or 	
		        contact closure inputs

		        Front panel keypad and display

		        SD memory card socket

		        Solar power option

		        Compatible with the AxleLight®
		        laser sensor

About Signal Group – covers a broad range of quality turnkey traffic control products and services. Signal Group products have 
helped to make motorists around the world safer and their travels more pleasant and efficient. This expertise, experience, and 
breadth of product lines has made Signal Group one of the most respected and recognized leaders in the traffic control marketplace 
The information contained in this publication is presented for informational purposes only, and while every effort has been made toensure 
its accuracy, the information is not to be construed as warranty or guarantee, express or implied, regarding the products orservices 
described herein or their use or applicability. No license is granted by implication or otherwise to any of Signal Group’sintellectual 
property. Signal Group reserves the right to alter or revise any of its products or published technical data related thereof
at any time without notice. ©2012 Signal Group.
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Cable	Verification	Worksheet	
 
 
Contract number:  ____________    Contractor:  __________________________ 
 
Operator:  __________________    Date:  _______________________________ 
 
Link number:  _______________    Fiber number:  ________________________ 
 

Expected location of fiber ends (Route / PM):  End 1:____ / _______  End 2: ____ / _______ 
 
 
 
 
 
Attach the following photos with this form: 
  a.  Reel (minimum of 6 different views include 1 from 20 feet away) 
  b.  Cable (minimum of 10 different views) 
    b.1  Wrapping and packaging 
    b.2  Cable 
 
Cable length in kilometers:  __________________ 
 
OTDR Test: 
  a. Continuity:  ________________________ (pass or fail) 
 
  b. List any Anomaly: _______________________________________________________ 
 
_______________________________________________________________________________ 
 
_______________________________________________________________________________ 
 
_______________________________________________________________________________ 
 
_______________________________________________________________________________ 
 
 
 
 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
To be completed by the Engineer: 
Engineer signature:    ________________________________ 
 
Date cable accepted:  ________________________________ 
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Link	Loss	Budget	Worksheet	
Contract No.  _____________      Contractor:  ______________________ 
Approved by Caltrans: ___________ 
Date:  _____________        Operator:  _______________ 
Link Number:  ___________      Fiber Color:  ____________ 
Buffer Color:  ___________      Cable No.:  ________________ 
Expected Location of fiber ends (Rte / PM):  End 1: ___ / ____  End 2: ___ / ____ 
 

     1310 nm     1550 nm 
Measured OTDR Test Results: 
   Forward Loss: 
   Reverse Loss: 
   Average Loss [(1A + 1B)/2]: 

 
_________ dB 
_________ dB 
_________ dB 

 
_________ dB 
_________ dB 
_________ dB 

 
1A 
1B 
1C 

Measured Power Meter and Light Source Test 
Results: 
   Forward Loss: 
   Reverse Loss: 
   Average Loss [(2A + 2B)/2]: 

 
 
_________ dB 
_________ dB 
_________ dB 

 
 
_________ dB 
_________ dB 
_________ dB 

 
 
2A 
2B 
2C 

    
Calculated Fiber Loss: 
   Length of the link (from OTDR): 
   Allowed loss per km of fiber: 
   Total Allowed Loss due to the fiber (3A X 3B): 

 
_________ km 
        0.4 dB/km 
_________ dB 

 
_________ km 
        0.3 dB/km 
_________ dB 

 
3A 
3B 
3C 

Calculated Splice Loss: 
   Number of Splices in the Link: 
   Allowed Link Loss per Splice: 
   Total Allowed Loss due to Splices (4A X 4B): 

 
____________ 
              0.3 dB 
_________ dB 
 

 
____________ 
              0.3 dB 
_________ dB 

 
4A 
4B 
4C 

Calculated Connector Loss: 
   Number of Connectors: 
   Allowed Connector Loss per connector: 
   Total Connector Loss (5A X 5B): 

 
____________ 
            0.75 dB 
_________ dB 
 

 
___________ 
          0.75 dB 
_________ dB 

 
5A 
5B 
5C 

Total Calculated Loss: 
   (3C + 4C + 5C): 

 
_________ dB 

 
_________ dB 

 
6A 

    
Link Verification: 
Compare 1C and 2C, enter the larger value: 
 
Difference between Measured Loss to Calculated 
Loss (7A - 7B): 
 

If the value of 7B is greater than zero, the link 
failed the test. 

 
_________ dB 
 
 
_________ dB 
 
____________ 

 
_________ dB 
 
 
_________ dB 
 
____________ 

 
7A 
 
7B 
 
PASS

or 

FAIL 
 

To be completed by the Engineer: 
Engineer signature:    ________________________________ 
Date cable link accepted:  ________________________________ 
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No. Fiber Optic Markera latitudeb longitudeb

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Fiber Optic Trench Location

Note: 
  aIdentify FO delineator either Fiber Optic Disk Marker (DM) or Trench Delineator (TD)
  bProvide the GPS location of the fiber optic markers in decimal format. Provide the latitude
    and longitude up to 6 significant figures after the decimal point using the NAD84 datum



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THIS PAGE INTENTIONALLY LEFT BLANK 



No. Fiber Optic Markera latitudeb longitudeb

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

Fiber Optic Trench Location

Note: 
  aIdentify FO delineator either Fiber Optic Disk Marker (DM) or Trench Delineator (TD)
  bProvide the GPS location of the fiber optic markers in decimal format. Provide the latitude
    and longitude up to 6 significant figures after the decimal point using the NAD84 datum
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No. Fiber Optic Markera latitudeb longitudeb

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

Fiber Optic Trench Location

Note: 
  aIdentify FO delineator either Fiber Optic Disk Marker (DM) or Trench Delineator (TD)
  bProvide the GPS location of the fiber optic markers in decimal format. Provide the latitude
    and longitude up to 6 significant figures after the decimal point using the NAD84 datum



 
 

EXISTING 
CABINETS 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THIS PAGE INTENTIONALLY LEFT BLANK 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THIS PAGE INTENTIONALLY LEFT BLANK 



 

EXISTING CABINETS(1114000046) 

1. SIGNAL     P6.302 
2. RAMP METERING   Z6.320 
3. TRAFFIC MONITORING STATION  U6.670 
4. RAMP METERING   Z7.056 
5. CHANGEABLE MESSAGE SIGN  I7.151 
6. SIGNAL     P8.429 
7. SIGNAL     P8.278 
8. RAMP METERING   Z8.340 
9. RAMP METERING   Z9.583 
10. TRAFFIC MONITORING STATION  U10.129 
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