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INTRODUCTION

This manual provides general information on proprietary crashworthy end
terminal and barrier systems.  The information on each system is from literature
provided by the manufacturers and is not intended to reflect MoDOT policy or
standards.

Type A - D tables provide a summary of each system.  Specifying two or less
systems for a specific project location will require a public interest finding to be
submitted to the Design Division for review, and if on an interstate route,
approval by the FHWA.

This manual will be upgraded as additional information is received.  Questions
should be referred to the Design Standards Section.

Intro Type A - Type A Crashworthy End Terminal Systems Data

Intro Type B - Type B Crashworthy End Terminal Systems Data

Intro Type C - Type C Crashworthy Sand Barrells Data

Intro Type D - Type D Crashworthy Barrier Systems Data



TYPE A CRASHWORTHY END TERMINAL SYSTEMS

NCHRP Crash Cushion Used as System Engineer's % Reusable Max. Clear Zone Hazard Reverse Two- Deck/
350 Test /End Terminal L-O-N System Length Estimate for or Average Cross- Reqd. Location Impact Way Structure Comments

System Level R G NR (1) Width (2) Installment Repair Cost Slope (3) M G R Treated Traffic Required
ET-2000 TL-3 x x 11.4 m 0.5 m 15.2 m $2500 $300-$500 10:1 22.5 m x x x x Do not use if the distance to the opposing lane of

(37' - 6") (1' - 9") (50' - 0") 6 m traffic is less than or equal to 25'.
(75' x 20')

LET TL-3 x x 7.6 m 0.5 m 11.4 m $2100 $300-$500 10:1 22.5 m x x x x Do not use if the distance to the opposing lane of
(25' - 0") (1' - 9") (37' - 6") 6 m traffic is less than or equal to 25'.

(75' x 20')
BEST TL-3 x x 7.6 m 0.5 m 11.4 m $2100 $300-$500 10:1 22.5 m x x x x Do not use if the distance to the opposing lane of

(25' - 0") (1' - 9") (37' - 6") 6 m traffic is less than or equal to 25'.
or or (75' - 20')

11.4 m 15.2 m
(37' - 6") (50' - 0")

SKT TL-3 x x 11.4 m 0.5 m 15.2 m $2100 $300-$500 10:1 22.5 m x x x x Do not use if the distance to the opposing lane of
(37' - 6"0 (1' - 9") (50' - 0') 6 m traffic is less than or equal to 25'.

(75' x 20')
SRT-350 TL-3 x x 7.6 m 0.5 m 11.4 m $1950 $600-$1100 10:1 22.5 m x x x Do not use in median or behind curb sections.

(25' - 0") (1' - 9") (37' - 6") 6 m
plus (75' x 20')

1.2 m (4')
Flare

ISRT-3 TL-3 x x 7.6 m 0.5 m 11.4 m $1950 $600-$1100 10:1 22.5 m x x x Do not use in median or behind curb sections.
(25' - 0") (1' - 9") (37' - 6") 6 m

plus (75' x 20')
0.91 m (3')

Flare
FLEAT TL-3 x x 7.6 m 0.5 m 11.4 m $1950 $600-$1100 10:1 22.5 m x x x Do not use in median or behind curb sections.

(25' - 0") (1' - 9") (37' - 6") 6 m
plus (75' x 20')

1.2 m (4')
Flare

REGENT TL-3 x x 7.6 m 11.4 m $1950 $600-$1100 10:1 22.5 m x x x Do not use in median or behind curb sections.
(25' - 0") (37' - 6") 6 m

(75' x 20')
ROSS-350 TL-3 x x 7.6 m 0.5 m 11.4 m $1950 $600-$1100 10:1 22.5 m x x x Do not use in median or behind curb sections.

(25' - 0") (1' - 9") (37' - 6") 6 m
plus (75' x 20')

0.9 m (3')
Flare

(1)   Use designated length of system as part of required length of need to protect a hazard. Crash Cushion/End Terminal Hazard Location
(2)   System length does not include transition section required to connect system to guardrail, median barrier or retaining wall. R = Redirectional M = Median
(3)   Based on 62.5 mph. G = Gating G = Gore
(4)   Depends on site geometric conditions and design speed. NR = Non-Redirectional R = Roadside

INTRO TYPE A



TYPE B CRASHWORTHY END TERMINAL SYSTEMS

NCHRP Crash Cushion Used as System Engineer's % Reusable Max. Clear Zone Hazard Reverse Two- Deck/
350 Test /End Terminal L-O-N System Length Estimate for or Average Cross- Reqd. Location Impact Way Structure Comments

System Level R G NR (1) Width (2) Installment Repair Cost Slope (3) M G R Treated Traffic Required
C-A-T 350 TL-3 x x 5.6 m 0.7 m 9.5 m $5000-$6000 $1200-$2500 10:1 22.5 m x x x x x x System length = 13.1 m (43') with basic transition.

(18' - 6") (2' - 5") (31' - 3") (w/TRANSITION 6 m System length - 19.2 m (63') when attached to rigid
$6000-$7000) (75' x 20') barrier or object.  Do not use in medians or gore

areas less than 3 m (10') wide.
BRAKEMASTER TL-3 x x None 0.64 m 9.6 m $5000-$6000 20% 12:1 / 22.5 m x x x x x x Do not use in medians or gore areas less than 3 m

(25") (31' - 6") (w/TRANSITION 8% 6 m (10') wide.  Transition section required when
$6000-$7000) (75' x 20') attached to a rigid barrier.  The first 1.9 m (6'-3")

guardrail section connected to the system shall
not angle more than 3 degrees laterally from the
system's centerline.

QUADGUARD x None .61 - 2.29 m $1200-$2500 1.5:1 None x x x x x x Requires concrete pad.
Model   2 Bays TL-1 (2' - 7.5') 2.66 m $5000

(8' - 9")
              4 Bays TL-2 4.49 m $7000

(14' - 9")
              9 Bays TL-3 9.06 m $10,000

(29' - 9")
QUADGUARD CZ x None .61 - .76 m $1200-$2500 8% None x x x x x x Use for temporarily locations primarily, but may be
Model   3 Bays TL-2 (2' - 2.5') 3.58 m installed to function as a permanent protection.

(11' - 9") Requires either asphalt or concrete pads.
              6 Bays TL-3 6.33 m

(20' - 9")
QUADTREND - 350 TL-3 x x None 10:1 x x x Used as a transition element end terminal for right

longitudinal barriers.
ADIEM II (30.00') TL-3 x x 4.3 m 0.7 m 9.1 m $14,000 40% / 10:1 22.5 m x x x x x x x Not recommended on loose soil and must be

(14' - 0") (2' - 4") (30' - 0") $2500-$5000 6 m installed to function as a permanent protection.
(75' x 20') Requires either asphalt or concrete pads.

REACT 350 x None 0.9 m 100% 6% None x x x x x x Use for high frequency impact locations.
Model   350-4 (45 mph) TL-1 (3' - 0") 4.8 m $16,000

(15' - 8")
              350-6 (55 mph) TL-2 6.6 m $19,000

(21' - 8")
              350-9 (70 mph) TL-3 9.3 m $24,000

(30' - 8")
WIDE REACT TL-3 x x None 100% 6% None x x x x x x Use for high frequency impact locations.

(1)   Use designated length of system as part of required length of need to protect a hazard. Crash Cushion/End Terminal Hazard Location
(2)   System length does not include transition section required to connect system to guardrail, median barrier or retaining wall. R = Redirectional M = Median
(3)   Based on 62.5 mph. G = Gating G = Gore
(4)   Depends on site geometric conditions and design speed. NR = Non-Redirectional R = Roadside

INTRO TYPE B



TYPE C CRASHWORTHY SAND BARRELLS

NCHRP Crash Cushion Used as System Engineer's % Reusable Max. Clear Zone Hazard Reverse Two- Deck/
350 Test /End Terminal L-O-N System Length Estimate for or Average Cross- Reqd. Location Impact Way Structure Comments

System Level R G NR (1) Width (2) Installment Repair Cost Slope (3) M G R Treated Traffic Required
ENERGITE SYSTEM TL-3 x N/A 1.7 m Variable $250 / Barrel 0% 5% None x x x x x x Requires flat pad, preferrably paved.
(Sand Barrels) (5' - 6')
FITCH UNIVERSAL TL-3 x N/A 1.7 m Variable $250 / Barrel 0% 5% None x x x x x x Requires flat pad, preferrably paved.
MODULE (Sand Barrels) (5' - 6')
TrafFix TL-3 x N/A 1.7 m Variable $250 / Barrel 0% 5% None x x x x x x Requires flat pad, preferrably paved.
(SAND BARRELS) (5' - 6')

(1)   Use designated length of system as part of required length of need to protect a hazard. Crash Cushion/End Terminal Hazard Location
(2)   System length does not include transition section required to connect system to guardrail, median barrier or retaining wall. R = Redirectional M = Median
(3)   Based on 62.5 mph. G = Gating G = Gore
(4)   Depends on site geometric conditions and design speed. NR = Non-Redirectional R = Roadside

INTRO TYPE C



TYPE D CRASHWORTHY BARRIER SYSTEMS

NCHRP Crash Cushion Used as System Engineer's % Reusable Max. Run-Out Hazard Reverse Two- Deck/
350 Test /End Terminal L-O-N System Length Estimate for or Average Cross- Reqd. Location Impact Way Structure Comments

System Level R G NR (1) Width (2) Installment Repair Cost Slope (3) M G R Treated Traffic Required
NEAT TL-2 x x None 3 m $2500-$3000 10% N/A x x Can be connected directly to concrete barrier.

(3' - 10")
TRITON BARRIER TL-2 x x All 0.5 m 2 m $4500 / 60% 5% Varies x x x x Minimum length required = 30 m (100') (15 sections).

(2' - 9") (78") 10 sections (4) Requires 550 liters (145 gal) per section.  Effective
(0.8 m / Max deflection = in sub-freezing conditions.
32" ht.) 5.2 m (17')

GUARDIAN SAFETY TL-3 x x All 0.61 m 1.83 m $575 / 95% Max deflection = x x x x x Minimum length required = 60.5 m (198.5').  Requires
BARRIER (2' - 0") (6' - 0") section 3.4 m 693 liters (183 gal) per section.  Effective in sub-

(11.15') freezing conditions.
CUSHION WALL N/A x N/A Custom Custom Variable 100% N/A N/A x x x Protection for retaining walls.

BARRIERGATE TL-3 x All .305 m 0.991 m / Variable 50% 4% N/A x x x Provides a gate in median barrier for emergency 
(1.0') section vehicle use.

(3.25')

(1)   Use designated length of system as part of required length of need to protect a hazard. Crash Cushion/End Terminal Hazard Location
(2)   System length does not include transition section required to connect system to guardrail, median barrier or retaining wall. R = Redirectional M = Median
(3)   Based on 62.5 mph. G = Gating G = Gore
(4)   Depends on site geometric conditions and design speed. NR = Non-Redirectional R = Roadside

INTRO TYPE D



INTRODUCTION

Type A
ET-2000

LET

BEST

SKT

SRT-350

ISRT-3

FLEAT

REGENT

ROSS-350

Type B

Type C

Type D



INTRODUCTION

Type A

Type B
C-A-T 350

BRAKEMASTER

QUADGUARD

QUADGUARD CZ

QUADTREND-350

ADIEM II

REACT 350

WIDE REACT

Type C

Type D



INTRODUCTION

Type A

Type B

Type C
ENERGITE SYSTEM

FITCH UNIVERSAL MODULE

TRAFFIX

Type D



INTRODUCTION

Type A

Type B

Type C

Type D
NEAT

TRITON BARRIER

GUARDIAN SAFETY BARRIER

CUSHION WALL

BARRIERGATE



ET-2000

A1

Contains:

Internet Information

ET-2000 Plan Sheet



For general and the latest information on ET-2000, please refer to www.trin.net.

The following is in addition to the information provided at the above website.

http://www.trin.net




LET

A2

Contains:

Differences Between LET & ET-2000

LET Plan Sheet



The LET is a modified ET-2000.  The LET is identical to the ET-2000, except as
follows:

1. Use of 190-mm (6' 6") soil tubes without soil plates for posts 1 and 2.

2. Use of standard CRT posts for posts 3 through 7.  This results in replacing the
shortend, tube-supported post 3 and 4 with full length CRT posts and in
replacing the original CRT post 8 with a standard line post.

3. Elimination of the offset block at post 2, permitting the use of an in-line strut at
ground level.

4. The LET is 37.5' long, 12.5' shorter than the ET-2000.  Therefore, an additional
12.5' section of Type A guardrail must be installed with the LET to obtain the
length of need equivalence to that of the ET-2000 (Option B) system.

5. Attached is a plan drawing of the LET.  For general information, please refer to
ET-2000 at http://www.trin.net.





BEST

A3

Contains:

Photos of BEST System

Schematic of BEST System

BEST System Plan Sheet



Photographs of the BEST system.



Photographs of Best system (continued).







SKT

A4

Contains:

SKT Plan Sheet





SRT-350

A5

Contains:

Internet Address

SRT-350 Plan Sheet

Layout of SRT on a Curve

Comparison Features of SRT & BCT



For general and the latest information on SRT-350, please refer to www.trin.net.

The following is in addition to the information provided at the above website.

http://www.trin.net






Comparison of SRT and BCT parts

Component BCT SRT

Nose piece (Buffer end) Same Same

6' - 6 Cable Same Same

Cable Anchor Bracket Same Same

5-1/2" Pipe Sleeve Same Same

Bearing Plate Solid Slotted

Soil Tube Same Same

Soil Plate Same Same

Strut Assembly None Req'd.

First 25' -0 Guardrail Standard Slotted

Next 12' -6 Guardrail Same Same

Slot Guards None Req'd.

First Two Posts Same Same

Rest of the Posts Standard CRT

Blocks Same Same

Backup Plates None Req'd.

Hardware Same Same

Comparison of Features

Offset (4' -0) Same Same

Parabolic Flare Same Same

Location of Soil Tubes Same Same

Grading Req'd. Same Same

Tested Safety Performance Sub '230' NCHRP 350



SRT Features That Differ From the BCT

* The bearing plate at post #1 is a slotted plate.

* A strut has been added between posts #1 and #2.

* The first 25' -0 of guardrail is slotted rail.

* Slot guards are used at the end of the slots.

* Posts #3 thru #10 are CRT posts and are spaced at 3' -1 1/2" spacing.

* W-beam rail is not bolted to posts 2, 3, 4, 6, 7, 8, 9 & 10.

* Back up plates are used at posts 2, 4, 5, 6, 7, 8, 9 & 10.



ISRT-3

A6

Information on ISRT-3



At the present time, information on ISRT-3 is not available.

We hope to have information in the near future.



FLEAT

A7

Contains:

Photo of FLEAT

FLEAT Plan Sheet













REGENT

A8

Contains:

REGENT System Layout





ROSS-350

A9

Contains:

ROSS-350 Photos

ROSS-350 Installation Instructions

ROSS-350 Installation Checklist

ROSS-350 Maintenance Instructions

Differences of ROSS-350 & SRT-350

ROSS-350 Plan Sheet







INSTALLATION INSTRUCTIONS
FOR

SYRO ROSS-350
(3' - 0 Flared System)

MATERIALS

As packaged, your ROSS-350 system includes all materials needed for the
installation of the 11 403 mm (37' 6) of the system.  Note that no concrete
footings or foundations are required.

TOOLS REQUIRED

Tools required are those ordinarily used to install standard highway guardrail
(HGR).  They include 9/16", 15/16", 1-1/4" and 1-1/2" sockets, wrenches, and
such other equipment as augers and post pounders commonly used in driving
posts.

INSTALLATION

NOTE:  The installation of the ROSS-350 is very similar to other parabolic flared
terminals (ie:  SRT, BCT, MELT, etc.).  The same equipment and expertise is required
for these systems.  Anyone with experience installing flared terminals should have no
difficulty installing the ROSS-350.

Post Layout

Start at the end of the guardrail run (connection point for the terminal).  The
length of the installation is 11 403 mm (37' 6).

Layout the post locations starting at location 8 which is the first post in the
system.  Posts 7 and 8 are in line (tangent) with the guardrail installation.  Use
the following table to offset posts 1 thru 6:  (dimensions are to the center of the
traffic face of the blockouts, except measure from the face of posts 1 & 2 which
have no blockouts).  The offset points  are measured from a tangent line of the
guardrail run extending from post 9 towards post 1.  Offset points are to be
located by chord measurements at the back of the rail equal to the nominal post
spacings.  Posts are to be approximately tangent to the railing at each post
location.



 Post location Post spacing Offset

mm ft. mm ft.

9 0 0

8 1270 4' - 2 0 0

7 1270 4' - 2 0 0

6 1270 4' - 2 20 0.1

5 1270 4' - 2 75 0.2

4 1270 4' - 2 170 0.6

3 1270 4' - 2 300 1.0

2 1270 4' - 2 565 1.9

1 1270 4' - 2 915 3.0

Installing the Posts

Install the wood posts at locations 3 thru 8.  these posts (PC-4063B) may be driven.
They may also be installed by drilling holes approximately 1120 mm (44") deep.  Insert
the 1830 (6' 0) wood post into these holes and backfill.  Note that, in either case, the
center of the upper 90 mm (3-1/2") hole in the post is at ground level and these posts
are spaced at 1270 mm (4' - 2) intervals.

Foundation Tubes Options

Option 1 6' - 0 Tube no Soil Plate

No assembly required.  Install the soil tube as described below.

Option 2 4' - 6 Tube with Soil Plate

Assemble the soil tubes and soil plates.  Bolt the soil plates (PC-766G) to the
foundation tubes (PC-740G) with two 16 mm x 190 mm (5/8" x 7-1/2") hex bolts
(PC-3478G) and two HGR nuts (PC-3340G), no washers.  DO NOT OVERTIGHTEN
AND DEFORM THE TUBES.



Placing Foundation Tubes

Install the foundation tubes at locations 1 and 2.  Note that the soil plate (if used)
should be positioned on the downstream side of the post.

DO NOT DRIVE TUBES WITH WOOD POST INSERTED.

Installation options (best preference listed first):

A) If the soil is permeable, so water will drain from the tubes, the tubes may be
driven with an approved driving head.

B) For non-permeable soil, drill a 305 mm (12") pilot hole approximately 1450
mm (57") deep and force the soil plate/tube assembly to the appropriate depth
by impact or vibratory means with an approved driving head.

C) Same as method 2, except the slots for the soil plates (if used) may be cut out
by using a rock bar.

D) Same as method 2, except drill three adjacent 305 mm (12") holes or one 610
mm (24") hole to accommodate the soil plate/tube assembly.  Extra care must
be taken to prevent settlement or lateral displacement of the tubes.

Optional Installtion as defined by the Governing Specifications:

A) The installer may elect (if it is an option provided by the governing
specifications) to eliminate the soil plates and place the tubes in a 460 mm
(18") hole, approximately 1450 mm (57") deep and backfill with concrete.
Prior to installing the tubes, approximately 65 mm (2-1/2") of granular material
shall be placed at the bottom of the hole to prevent the concrete from sealing
the bottom of the tube and prevent it from draining.

The finished guardrail height will generally be 700 mm (27-1/2") above the edge of
the shoulder.  Site grading may be required to prevent the tubes from projecting
more than 100 mm (4") above the ground line.

Installing Wood Posts

Insert pipe sleeve (PC-705G) in post (PC-4147B) and install in steel tube at location 1.

Install other 1145 mm (3' 9") (PC-4147B) post in steel tube at location 2.



Installing the Strut

Place the slotted yokes of the ground strut (PC-9852A) over the foundation tubes
(PC-736G) at the base of posts 1 and 2.  A 16 mm x 240 mm (5/8" x 9-1/2") hex bolt
(PC-3497G), a hex nut (PC-3340G), and two round washers (PC-3300G) are used to
attach the strut to the foundation tube.  Note that the bolt goes through the strut, the
foundation tube and the wood post.

DO NOT OVERTIGHTEN AND DEFORM TUBES.

Installing Wood Blockouts and Guardrail

Note: Do not bolt the guardrail panels to posts 7 and 8.

At post locations 7 and 8 bolt the wood blockouts (PC-45075B) to the wood posts
(PC-4063B) using a 16 mm x 460 mm (5/8" x 18") post bolt (PC-3580G), a hex nut
(PC-3340G), and a round washer (PC-3300G).  The washer is installed between the
wood post and the nut.

Install 3810 mm (12' 6) guardrail panel (PC-9G) from location 9 to location 6, splice
bolted and post bolted to the standard run of guardrail with hardware provided by the
standard guardrail provider.

Install the next 3810 mm (12' 6) guardrail panel (PC-37G) from location 6 to location 3
with eight (8) 16 mm x 32 mm (5/8" x 1-1/4") splice bolts (PC-3360G) and hex nuts
(PC-3340G).

At posts 4, 5 and 6, bolt the rail to the post and block with a 16 mm x 460 mm (5/8" x
18") post bolt (PC-3580G), a hex nut (PC-3340G) and a round washer (PC-3300G).

NOTE:  Slot orientation.  Guardrail panel PC-37G has three (3) sets of slots.  Guardrail
panel PC-34G has two (2) sets of slots and holes for the cable anchor bracket.  Both
guardrail panels should be installed so that the slot guard attachment holes are at the
end of the slots away from the end of the terminal.  The cable anchor bracket holes on
PC-34G will be between post 1 and post 2.

Set the last guardrail panel (PC-34G) into place.  Connect the two guardrail panels
together at the splice with eight (8) 16 mm x 32 mm (5/8" x 1-1/4") splice bolts
(PC-3360G) and hex nuts (PC-3340G).  Bolt the rail to the posts at locations 1 and 2 by
using a 16 mm x 255 mm (5/8" x 10") post bolt (PC-3500G), a hex nut (PC-3340G), and
a round washer (PC-3300G).  The round washer is installed between the wood post
and the nut.



Installing Slot Guards

Install the slot guards (PC-9959G) at the locations shown on the drawings.  Slot guards
are installed on the downstream end of the slots (the deflector angle should be closest
to the elongated slots).  Each slot guard is bolted to the backside of the guardrail
panels with six (6) 16 mm x 32 mm (5/8" x 1-1/4") splice bolts (PC-3360G) and hex nuts
(PC-3340G).

Installing the Cable Anchor Assembly

The cable anchor bracket (PC-700A) is bolted to the backside of the guardrail panel
(PC-34G) using eight (8) 16 mm x 38 mm (5/8" x 1-1/2") hex bolts (PC-3380G), eight (8)
hex nuts (PC-3340G), and eight (8) round washers (PC-3300G).  The round washers
are installed between the bolt head and the guardrail on the face (traffic) side.

Slide one end of the cable (PC-3000G) into the cable anchor bracket (PC-700A) and
the other end through the sleeve (PC-705G) in post 1.  Place the bearing plate
(PC-775G) with the open side of the V-notch pointing upward and connect it to post 1
by driving two (2) nails (PC-5968G), through the holes provided , bending the nails to
attach the bearing plate.  Place the plate washer (PC-9961G) on the end of the cable.

Secure both ends of the cable assembly with 25 mm (1") hex nuts (PC-3910G) and
tighten.  Restrain cable with vise grips at the end being tightened to avoid twisting the
cable.  Make sure the nuts are tight and the cable is taut.

Installing the End Section

Install the end section (PC-907G) by connecting it to the end of the guardrail panel with
four (4) 16 mm x 32 mm (5/8" x 1-1/4") splice bolts (PC-3360G) and hex nuts
(PC-3340G).



SRT-350
INSTALLATION CHECK LIST

1. The rail height is in accordance with the plans (generally 706 mm [27-3/4"]
above the edge of the shoulder).

2. The steel tubes do not protrude more than 100 mm (4") above the ground line.

3. The bolts at the top of the steel tubes are not overtightened and collapsing the
walls of the steel tubes.

4. The 150 mm x 200 mm (6" x 8") bearing plate at post 1 is correctly positioned
and the anchor cable is taut and correctly installed (it should be re-checked after
installation to make sure it hasn't slackened).

5. The guardrail is not attached to the posts at locations 7 and 8.

6. No rectangular washers are used on the face of the rail.

7. Slot guards are in place and oriented correctly.

8. Guardrail panels are oriented correctly.



Maintenance Instructions
for

SYRO ROSS-350

Maintenance of the ROSS can be categorized as routine or repair.

Routine maintenance consists of periodically checking the system to see that the cable
is taut, the nuts have not been removed from the cable, and the blockouts have not
rotated.

Repair maintenance deals with the system after it has been hit.  Most hits on the ROSS
will require the replacement of 3/81 M (12' 6") to 11.43 M (25' 0") of rail and broken
posts, depending on the severity of the hit.  The following steps should be taken in
making the repairs:

(1) Check the anchor cable and bracket for damage.  The bearing plate, nuts,
washers and anchor bracket are rarely damaged.

(2) Make note of the number of broken posts and wood blockouts that need to
be replaced, along with any damaged bolts.  Inventory and pick up the reusable parts.
Bring necessary replacement parts from the maintenance yard.

(3) The two new slotted pieces (PC-34G; and PC-37G) brought to the repair
site should have the slot guards (PC-9959G) already bolted to them to minimize work
zone repair time.  The slot guards on the damaged rail can be removed back at the
maintenance yard.

(4) Disconnect and remove the damaged rail from the posts.
(5) Remove the broken posts in the steel tubes using one of the two post

removal tools recommended that can be assembled from "off the shelf hardware" items.
Pound the steel pipe assembly or screw the lag screws into the top of the broken post
and remove the remains of the broken post by pulling on the chain.  If necessary, place
a steel rock bar in the loop of the chain and use it as a lever arm to remove the post.

(6) Remove broken posts not installed in steel tubes.
(7) After the site has been cleared of damaged debris, the system can be

reconstructed following the construction installation instructions, at the front of this
manual.



ROSS - 350 Differences from SRT - 350 (9-Post)

ROSS - 350 SRT - 350 - 9
Offset 3'-0 (0.9 m) 4'-0 (1.2 m)

Length of Flare 29'-3 (8.9 m) 37'-6 (11.4 m)

Length of System 37'6 (11.4 m) 37'6 (11.4 m)

Number of Posts 8 9

Number of Sets 5 4
  of Slots

Not Bolted at Posts: 7,8 2,3,4,6,7,8, & 9

Back up Plates 0 5 or 6*

Slot Guards new (5) Old (4)

Soil Tube 6'-0 (1.8 m)** 5'-0 (1.5 m)

Soil Plate No** Yes

End Section Small Buffer One Piece
Wrap Around

* Depending on 25'0 or 12.5' Option
** Option for 4'6 Tubes with Soil Plates





C-A-T 350

B1

Contains:

Internet Information

CAT Plan Sheet

CAT on Shoulder

CAT in Median



For general and the latest information on C-A-T 350, please refer to www.trin.net.

The following is in addition to the information provided at the above website.

http://www.trin.net












BRAKEMASTER

B2

Contains:

Internet Information

BRAKEMASTER General Assembly



For general and the latest information on Brakemaster, please refer to
www.energyabsorption .

The following is in addition to the information provided at the above website.

http:\\www.energyabsorption.com




QUADGUARD
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Contains:

Internet Information

QUADGUARD Photos

QUADGUARD Design Criteria

QUADGUARD Plan Sheets



For general and the latest information on QuadGuard, please refer to
www.energyabsorption.com .

The following is in addition to the information provided at the above website.

http://www.energyabsorption.com
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Contains:

QUADGUARD CZ Photos

QUADGUARD CZ Design Criteria

QUADGUARD CZ Plan Sheets

QUADGUARD CZ Foundation Specifications

QUADGUARD CZ Limitations & Warnings

















QUADTREND-350
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Information on QUADTREND-350



At the present time, information on Quadtrend-350 is not available.

We hope to have information in the near future.



ADIEM II
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Contains:

Internet Information

Intended Use

Placement Details

ADIEM II on Median or Shoulder

ADIEM II Erection Details

ADIEM II Base Repair Procedures

ADIEM II Module Repair Procedures



For general and the latest information on ADIEM II, please refer to www.trin.net.

The following is in addition to the information provided at the above website.

http://www.trin.net


INTENDED USE

ADIEM (Advanced Dynamic Impact Extension Module) is a high-performance,
redirecting, energy-absorbing crash cushion and end treatment for portable and
permanent protection of concrete barriers, bridge parapet rail, bridge piers and other
hazards.  It is simply installed with pins on a smooth surface in the same plane as the
barrier on soil, asphalt or concrete (ADIEM does not require any jobsite forming or
pouring of a concrete pad).

For temporary or construction zone applications, the system may be easily relocated as
the work zone changes, and from project to project.

The energy absorption elements of the ADIEM are lightly reinforced, ultra low strength
perlite concrete modules.  The ADIEM dissipates the energy of an impact as the
light-weight modules are crushed.  Clean up and restoration of the system into full
service are quick and easy.  Simply replace the damaged modules and minor sweep up
of debris.

The redirection element of the system is a heavily reinforced concrete, variable height
curb with automobile hub-height tube rails.

   TL-3      TL-2   

Length - 9145 mm 5485 mm
Maximum width -   710 mm   710 mm
Height - varies (sloped base)
Design speed - ALL NHS   75 km/h

CONTACT INFORMATION

TRINITY/SYRO
Highway Safety Systems Division

Dallas, TX                        Girard, OH
(800) 644-7976                 (800) 321-2755











ADIEM Base Repair Procedures

Tools required: Normal concrete or masonry tools (trowels, brushes, forms, etc..)  If needed
specific tools can be listed, depending on severity of damage.  A helpful hint:
for most minor chips or damages try using Styrofoam forming which can be
easily torn away after drying.

Material required: Any standard highway concrete epoxy (10,000 psi or greater).
Dry cement (for aesthetics only, brand and strength not critical).
Clean cool water.
Sand

1.  ADIEM base features: The ADIEM base unit has #6 reinforcing bars running longitudinally
continuous from the front to the rear of the unit.  The unit has #4 reinforcing
bars running laterally placed every 6" on centers.  The track in the center of
the unit is made of 3/16" continuous  material with 1/2" x 4" studs
approximately every 6" on centers.  There are redirecting bumpers on each
side of the unit made of 3/16" material with 1/2" x 4" studs approximately
every 6" on centers.  The base is firmly held together with a concrete
mixture of 4,500 psi or greater.

2.  ADIEM base utility: The ADIEM base serves the purpose of providing a secure holding line for
the energy absorbing ADIEM modules.  The unit is designed with the intent
of having performance features based on specific angles and dimensions
being held constant.  In repairing the unit it is important to realize that minor
chips and cracks, though aesthetically displeasing, should not affect the
performance of the system.  If the damage is greater than 2" deep or 6" long,
a Syro technical representative should be contacted for assistance.

3.  ADIEM base repair: Use a brush to remove all loose material.  Dampen area with sponge or cloth
prior to application.  If needed create a form to hold the mixture constant
while drying occurs.  Mix the highway concrete epoxy according to the
directions given from the manufacturer.  Apply mixture to damaged area and
allow drying to occur per the manufacturers recommendations.  Upon drying
use a hammer or other rigid device to firmly strike the patched area,
checking the are to be sure that proper bonding has occurred.  After
satisfactory testing is complete, mix the cement, sand, and water to create a
"slurry," which can be applied with a brush and blend with existing concrete
on the ADIEM base.

For additional information regarding repair procedures or obtaining materials please call:

Syro, Inc.
A Trinity Industries Company
2525 Stemmons Freeway
Dallas, Texas  75207
1/800-644-SYRO (7976)



ADIEM Module Repair Procedures

Tools required: 4" to 6" putty knife (to spread repair mixture)
Small 1 to 2 gallon bucket or pan (to mix repair mixture)
3 to 5 gallon bucket (to mix the finish coat)
Paint Roller (to apply the finish coat)

Material required: ADIEMcrete mixture
Perlite Granules
ADIEMcoat
Clean cool water

1.  Surface preparation: Remove loose material.
Dampen area with sponge or cloth prior to application.

2.  ADIEMcrete mixture: Mix approximately 1 pound of "ADIEMcrete" with approximately 6
ounces of clean cool water.
Mix thoroughly until "ADIEMcrete" mixture reaches a stiff paste
consistency.

3.  ADIEMcrete application: Using putty knife or similar tool pack the "ADIEMcrete" mixture the
damaged area bringing the mixture to a smooth level finish with
surrounding area.  If the damage penetrates past the reinforcing cage or
is no longer than six inches, a Syro technical representative should be
contacted for assistance.
"ADIEMcrete" mixture will set in approximately 45 minutes.

4.  ADIEMcoat application: Insure that the "ADIEMcrete" mixture has set prior to applying the
"ADIEMcoat" finish.
Mix the Perlite granular material with the liquid "ADIEMcoat" until a
semi-stiff consistency is achieved.
Using a paint roller apply the "ADIEMcoat" finish to the repaired area
applying additional coats as necessary to match the texture of the
surrounding area.

For additional information regarding repair procedures or obtaining materials please call:

Syro, Inc.
A Trinity Industries Company
2525 Stemmons Freeway
Dallas, Texas  75207
1/800-644-SYRO (7976)
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Explanation of REACT 350

REACT 350 Foundation Details

REACT 350 Inspections

REACT 350 Instructions for Repositioning

REACT 350 Instructions for Replacing Stabilizer Rods









THE REACT 350 SYSTEM:

The REACT350 refers to a unique family of crash cushions that feature reusable "smart"
plastic cylinders.  The system attenuates head-on impacts and redirects angle impacts.  It can
sustain multiple impacts without the need for costly repair.  The system is designed to protect
obstacles up to three feet wide.  The REACT 350 system is available in three models to
accommodate different speeds.

REACT
Model

Qty.
cylinders

Design
speed

Unit
length

Unit
weight

350-4 4 45 mph 15' - 8" 2590#
350-6 6 55 mph 21' - 8" 3400#
350-9 9 65 mph 30' - 8" 3980#

The REACT350 can be used for permanent locations or temporary construction zone
applications.  The device can be assembled in the field or in the yard and transported
completely assembled.  The system can be fastened to a variety of pavement assemblies.

The REACT350 has met the NCHRP 350 test criteria for levels I, II & III and has been
approved by the FHWA.  For information on individual state approvals contact the local
distributor or Roadway Safety Service.

DESIGN FEATURES:

Assembled REACT350 units are self contained and need only be anchored to the pavement.
They are not connected to the obstacle in any way.

The REACT350 system can withstand bi-directional impacts without any special parts.  Simply
follow the installation instructions paying close attention to the bi-directional installations
paragraph on page 2.

REACT350's ability to sustain multiple impacts without the need for costly repair or immediate
servicing provides a much improved solution for construction zone applications.  The contractor
has the option to prefabricate a concrete pad and attach the REACT unit off site.  A then
completed unit can be transported to the site thus reducing exposure to traffic and installation
costs.

The REACT350-4 is shipped fully assembled.  The 350-6, and 350-9 require only minimal
assembly making installation quick and simple.

CORRECT INSTALLATION OF THE REACT350 SYSTEM
IS ESSENTIAL TO ENSURE PROPER PERFORMANCE.

READ THESE SIMPLE INSTRUCTION COMPLETELY
BEFORE PERFORMING ANY WORK.



TOOLS & EQUIPMENT:

The following equipment will be required to install REACT 350:

1. Lifting & Moving capability (minimum 5 ton capacity)
2. Roto Hammer
3. 3/4" Drill bits to drill 7" deep into hard concrete.
4. Impact wrench & 1 1/8" deep socket
5. Set of open end wrenches & pliers
6. Screw gun
7. 1/4" Hex head socket
8. 30" Crescent wrenches or 18" pipe wrenches (2)
9. Sledge hammer & long pry bar
10. Screw drivers

SITE PREPARATION:

Permanent Installation;
The manufacturer recommends the REACT350 be anchored to an 8" concrete slab with a 28
day cure strength of 4,000 psi.  No reinforcement is required for permanent installations.

Temporary Installations;
For temporary construction zone applications, a prefabricated slab may be used that requires
reinforcing as per the manufacturers details on page 3.

Soil substrate requirements;
Compacted base with a grade of 6% or less.

BI-DIRECTIONAL INSTALLATIONS:

Special attention should be given to the fixity of the (CMB) Concrete Median Barrier
which is to be shielded.  Frequently CMBs in work zones are not restrained in any way.  In
these cases, angled impacts from the reverse direction could result in dislodging the CMB,
permitting the errant vehicle to impact the rear anchor structure of the REACT350.  Hence,
extreme care must be taken to ensure that the CMB is positively and securely restrained for at
least 25 feet behind the REACT350 installation.

Similarly, when protecting double faced guardrail in bi-directional applications, it is most
important to gradually decrease the post spacing in accordance with the AASHTO guide
(pages 7-17) to ensure that no snagging behind the rear anchor can occur.

NOTE: FOR FOUNDATION OPTIONS IN
CONSTRUCTION
ZONE APPLICATIONS REFER TO PAGE FOUR.







INSPECTIONS:

Because the REACT 350 is designed to sustain multiple impacts with little or no
refurbishment, it is sometimes difficult to detect whether or not the device has been hit
or if it requires servicing.  A simple drive-by inspection is usually sufficient to determine
if an impact has occurred.  Look for the following:

Damage to the reflectors mounted on the front or sides of the cylinders.
Scrape marks on the black finish of the cylinders.
Sagging cables.

If any of these conditions are present, a more complete inspection is warranted to
determine if any servicing is required.  The following check list should also be used for
periodic inspections:

1. Anchor Bolts:
Check all anchors to see if any have worked loose.  There should be no
clearance under any of the nuts.  Re tighten nuts and add washers if necessary.

2. Lateral Resistance Cable:
The steel cables should be taut.  If loose, tighten the nuts at the rear anchor.
Frayed cables should be replaced.

3. Stabilizer Rods & Lateral Support Chain Assemblies:
The stabilizer rods are inside the steel channels that run under the cylinders.  If
the rods are severely  deformed (bent 6" from their original shape) they must be
replaced.  Refer to the repair instructions.
Check the chain assemblies to ensure they can slide on the stabilizer rod freely.
Check the shackles to ensure the pins are secure.

4. Length of the Device:
Verify the cylinders have returned to their original shape by checking the overall
length of the device.  Check the dimension from the back of the rear cylinder to
the front of the first cylinder.  This dimension should be approximately three feet
x number of cylinders in the device.  If the actual length is less than that
dimension by a foot or more then the cylinders must be repositioned.  Refer to
the repositioning instructions.

5. Cylinders:
Inspect the condition of the individual cylinders for signs of material failure.  Any
creaked or split cylinders should be replaced.  Check for tears at bolt
penetrations or discolorations which may indicate material fatigue.



INSTRUCTIONS FOR REPOSITIONING:

The vast majority of impacts will require no maintenance to the system.  There are
however, certain severe impacts that may require repositioning the cylinders.  After a
high velocity impact on the nose of the device the cylinders may return to only about
90% of their original shape.  The cylinders must then be overextended to return to the
precollision configuration.  The procedure requires the following:

TOOLS -
1. Truck with 2 ton hauling capacity.
2. REACT 350 pull out tube assembly included with every unit.
3. Approximately 10 feet of chain.
4. Long pry bar.
5. 30" crescent wrenches or 18" pipe wrenches (2)
6. Broom.
7. Screw driver.

PROCEDURE -
1. Set up traffic controls as required by the local jurisdiction.  Back up to the

REACT 350 unit nose firth with a 2 ton capacity vehicle.
2. Sweep the area clean of debris.
3. Remove the cable nuts and washers and pull cables out of the rear steel anchor

post; replace the nuts and pull the cables forward until the nuts stop against the U bolts
on the side of the cylinders.  Loop loose cable as pictured  so that the cylinder pull out
will not snag the cable swagging.

4. Place the pull out tube inside the first cylinder so that the threaded rod
penetrates the wall of the cylinder at the predrilled holes in the front of the cylinder.
Fasten the eye bolt on the threaded rod and attach the pull chain.

5. Attach the chain to the truck at or above the height of the eye bolt (27" above
grade).

6. Slowly draw the pull chain taught and over extend the cylinders as follows:
4 cylinder units . . . . . . . . 6" beyond the front edge of the anchor plate
6 cylinder units . . . . . . . . 9" beyond the front edge of the anchor plate
9 cylinder units . . . . . . . . 12" beyond the front edge of the anchor plate

Maintain the taught position for 3-5 minutes by standing on the brakes.
7. Slowly release the chain' remove the chain and pull out tube assembly.  Align

the cylinders on the base tracks using a pry bar as required.
8. Pull the cable back to the rear anchor post and reattach, hand tighten the nuts

only.  Then torque the cables down with the wrench to about a 1/4" slack when
depressed by hand.



INSTRUCTIONS FOR REPLACING STABILIZER RODS:

A high velocity impact on the side or rear of the device may bend the stabilizer rods that
run parallel to the steel angle under the cylinders.  The procedure to replace these rods
is as follows;

TOOLS
1. Replacement bar provided by the manufacturer.
2. 30" Crescent wrenches or 18" pipe wrenches (2).

PROCEDURE
1. Remove the nuts at both ends of the rod to be replaced (see figure below).
2. Remove the bent rod by sliding it through the end connection.  If the rod is too

badly deformed to slide out, cut the rod as required with a welding torch.
3. Install the new rod by sliding it into place from one end.  Be sure to pass the rod

through all the shackles on the chain assemblies as you slide it into place.
Replace the end nuts and tighten.



WIDE REACT
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Information on WIDE REACT



At the present time, information on WIDE REACT is not available.

We hope to have information in the near future.



ENERGITE SYSTEM
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Contains:

Internet Information

Design Criteria

Wide Hazard Protection



For general and the latest information on Energite Systems, please refer to
www.energyabsorption .

The following is in addition to the information provided at the above website.

http://www.energyabsorption.com


DESIGN CRITERIA

Before selecting inertial
barriers as the attenuator
for any given site, certain
conditions of the site and
the system must be taken
into consideration.  Table 1
lists the recommendations
of the Federal Highway
Administration (FHWA) and
the Energy Absorption
Systems, Inc., for these site
conditions.

The Energite III System is a
nonredirective crash
cushion and should be
used appropriately.

SPECIAL SITE CONDITIONS

Other special conditions
warrant consideration in
the design and installation
of inertial barrier systems.
The following conditions
and recommendations for
treatment are based on
performance observations.

In cold climates, sand
having a moisture content
of 3% or more should be
mixed with 5% rock salt (by
weight) to prevent the sand
from freezing into
potentially dangerous solid
blocks.

On structures where the
vibrations from moving
traffic may cause modules
to shift, steel or formed-in-
place asphaltic concrete
half-rings placed on the
downhill side of the
modules will prevent such
movement.  Also, nails or
bolts through the bottom of
the outer container and
into the roadway will
prevent module
movement.

When a vehicle contacts
less than the full width of a
module, the module’s
deceleration effectiveness
is equivalent to the
percentage of the module
contacted.  If half of the
module is impacted, then
only 50% of that module’s
weight is effective and
should be kept in mind
when placing an array.

You may find that there
are other conditions
unique to a particular site
that must be considered
to ensure a properly
designed and functional
inertial barrier system.

1.  Freezing temperatures:

2.  Modules placed on
structures:

3.  Partial impacts:

4.  Other unique conditions:
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TRAFFIX
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Contains:

Internet Information



For general and the latest information on TrafFix, please refer to
www.traffixdevices.com .

http://www.traffixdevices.com


NEAT

D1

Contains:

Internet Information



For general and the latest information on NEAT, please refer to
www.energyabsorption.com .

http://www.energyabsorption.com


TRITON BARRIER
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Contains:

Internet Information

TRITON BARRIER Specifications

TRITON BARRIER Length of Need



For general and the latest information on Triton Barrier, please refer to
www.energyabsorption.com .

The following is in addition to the information provided at the above website.

http://www.energyabsorption.com


Triton Barrier Specifications

The following are general specifications for the Triton Barrier.  Additional information is
available in the Product Manual for this system.  Contact Energy Absorption SYstems
for details.

Length 2 m (78")
Height 0.8 m (32")
Width 0.5 m (21")
Empty Weight 65 kg (140 lb)
Full Weight (water) 610 kg (1,350 lb)
Water Ballast 550 liters (145 gall







GUARDIAN SAFETY
BARRIER

D3

Contains:

Internet Information

Views of the GUARDIAN SAFETY BARRIER



For general and the latest information on Guardian Safety Barrier, please refer to
www.barriers.com.

The following is in addition to the information provided at the above website.

http://www.barriers.com






CUSHION WALL

D4

Contains:

Internet Information



For general and the latest information on Cushion Wall, please refer to
www.energyabsorption.com .

http://www.energyabsorption.com


BARRIERGATE

D5

Contains:

Internet Information



For general and the latest information on BarrierGate, please refer to
www.energyabsorption.com .

http://www.energyabsorption.com
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