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EXECUTIVE SUMMARY 

The SENTRE impact attenuation device was evaluated by the 

Oklahoma Department of Transportation with two separate 

objectives. The first objective of the study was to determine if 

the devices were operating as their designers intended, to reduce 

accident severity when struck by vehicles, and if not, make the 

modifications necessary to "make the SENTRE's work". 

As units were struck, their performance was analyzed, and 

areas where improvement was needed were identified. 

Modifications in installation procedure or unit design were then 

made to improve their performance. Modifications made under this 

objective included: changing torque requirements on anchor 

bolts, adding reinforcing clips to post bases, and specifying the 

amount of cover required over redirecting cables. 

The second objective consisted of evaluating SENTRE 

performance, once necessary modifications were made. A total of 

10 accidents involving the SENTRE units were documented during 

the study. The first five accidents included situations where 

performance of the units indicated the need for design or 

installation changes. The remaining five accidents were cases 

where the units performed as intended, suggesting that they were 

effective in reducing the accident severity. 
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INTRODUCTION 

The Insurance Institute for Highway Safe ty reports that in 

1988, 1, 229 deaths cou ld be attributed to collisions with 

guardrails .
1 

With the trend toward smaller cars, untreated 

guardrail ends pose a very serious threat. 

Energy Absorption System's SENTRE end treatment had been 

tested under federal s tandards 

cars before ODOT's investigation 

for impacts by light and heavy 
2 

began. ODOT's investigation 

was conducted with the intent of satisfying two objectives: 

( 1) identifying any design or installation characteristics which 

could be modified to achieve better unit performance, making 

these modif ications, and (2) evaluating SENTRE performance under 

actual roadway conditions . 

A typical SENTRE un it installation is illustrated in 

F igure 1. The SENTRE reduces impact severity using a system of 

telescoping panels connected to the e�posed end of a guardrail or 

barrier .* The system gent ly slows an impacting vehicle while a 

redirecting cable guides the panels and the vehicle sideways, 

away from the guardrail "hard spot". Posts supporting the SENTRE 

unit are on slip bases which allow them to slide with the impact 

when hit. Also, SENTRE units have plastic sand containers 

*NOTE: This evaluation began in 1985. At that t ime, SENTRE 
units were used for protection on ends of both barriers and 
guardrail, with different transition rails used between the 
units and the protected structures. Since then, Energy 
Absorption Systems has developed the TREND unit to be used on 
barriers, while SENTRE units are now used only as end protection 
on guardrails. 

1 



mounted on the first three posts facing the traffic. These 

rupture during impact, which helps to dissipate the collision 

energy. 

A total of 21 SENTRE units were installed on I-40 in Oklahoma 

City, at the locations shown in Table 1. Bid price per unit, 

which included installation by the contractor was $4,100 each 

($86,100 total). This amount could probably be lowered somewhat 

on projects where larger numbers of SENTREs were installed. 

Maintenance and repair of the units has been done by the ODOT 

Interstate Maintenance Unit, 2901 East Reno, Oklahoma City. 

2 



Figure 1. SENTRE Unit. 
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Table 1. SENTRE Unit Locations 

SENTRE Units on I-40 Eastbound 

1. 

2. 

3 . 

4. 

5. 

Entrance ramp onto eastbound I-40 from northbound 

Immediately west of May Avenue Underpass . 

Immediate ly east of May Avenue Underpass. 

Agnew/Villa Avenue exit ramp . 

Immed iate ly west of Agnew/Villa Avenue Underpass . 

I-44. 

6. Agnew/Vi lla Avenue entrance ramp to eas tbound I-40. 

7 .  Immediately west of Pennsy lvnia Avenue Underpass . 

8. Virginia Avenue entrance ramp to eastbound I-40. 

9. Immed iate ly west of Western Avenue Underpass. 

10. Western/Reno Avenue exit ramp (north side of ramp) . 

1 1. Western/Reno Avenue exit ramp (south side of ramp) . 

12. Reno Avenue entrance ramp to eastbound I-40. 

SENTRE Units on I-40 Westbound 

13. Immediate ly east of Western Avenue Underpass . 

14. Immediately west of Sheridan Avenue ramp to westbound I-40. 

15. Immediately east of Virginia Avenue underpass. 

16. Pennsylvania Avenue e ntrance ramp to westbound I-40. 

1 7 .  Immediately east of Agnew/Villa Avenue Underpass. 

18 . Agnew/Villa entrance ramp to westbound I-40. 

19. May Avenue exit ramp . 

20. Imme diate ly east of May Avenue underpass. 

21. Exit ramp from westbound I-40 to northbound I-44. 
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INSTALLATION 

Site Preparation 
The appropriate location for a SENTRE guardrail/barrier end 

treatment includes an area extending forward from the end of 

guardrail or barrier, (see Figure 3 below) in the direction of 
oncoming traffic, for a distance of 20 feet. The site area 

should be level and free of obstruction. Any guardrail or posts 
extending into the site area should be removed.

3 

Figure 3. Straight and Flared SENTRE Unit Locations. 

Straight Unit Rared Unit 
Edge of roadway Edge of roadway 

Pad Construction 

Each SENTRE unit is constructed on a 4'-0" x 18'-0" x 0'-7" 

reinforced concrete pad. Pad design is illustrated in 

Appendix B. The first 3'-0" on the exposed end of the pad is 

3'-0" thick, the purpose of the thickened section is to furnish 

the weight and physical shape necessary for the pad to resist the 

collision forces specified in the §pecial Provisions, 

(Appendix F). Also, one end of the redirecting cable is anchored 

in the thickened section. Reinforcing steel must be placed 

accurately, (as shown in Appendix B}, to avoid interference with 

concrete anchor bolts. 



Rear Cable Anchor Unit 

The rear cable anchor is located as shown in Figure 1. 

Although the original plans (Appendix B) show this embedded 

anchor set in concrete in a rectangular hole, this was later 

modified. The anchor unit har dware remains the same, but it is 

embedded in concre te poured in a four foot diameter augered hole. 

The additional concrete furnishes greater mass, since depth 

remains the same. Also, the hole can be augered, where the 

rectangular hole originally called for, had to be dug by hand. 

Slip Base and Cable Anchor Installation 

The SENTRE unit may be installed on either straight guardrail 

or on guardrail that has been flared away from the traffic (see 

Figure 3). 

Two different types of slip bases are specified for SENTRE 

units ( Figure 4). The slip bases for posts 1 and 2 have flared 

slots, allowing for easier slip if hit at an angle. Posts 3, 4, 

and 5 have straight slots. 

During installation, the bases are arranged next to the 

proper post locations before proceeding to the anchoring process. 

The slip bases should be installed so that the ramp ends touch 

the slab. 

Figure :4. SENTRE Post Identification. 
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MODIFICATIONS 

Anchor Footing Elevations 

During the evaluation period, some SENTRE units failed to 

operate properly because the. posts did not slide along the 

directing cable as the designers intended. Investigation 

determined that this was due to the rear footings of many units 

being installed at improper elevations, leaving the cable buried 

under one foot or more of soil. 

This problem resulted from footings being poured to existing 

shoulder elevations at the time they were constructed. Later, as 

shoulders and slopes were "dressed" to their final elevations, 

the footings and cables were buried with whatever depth of soil 

was needed to shape the slope. Experience during the study, 

(after corrections were made), indicated that one to three 

inches of cover would not affect the performance of the units. 

To prevent the cables from interfering with maintenance mowing 

operations, this depth of cover should be provided. 

Retro-fitting 

Early in the evaluation period, many of the collisions 

involving the SENTRE units resulted in a failure of the anchor 

bolts to hold the base plates to the concrete pad. This was 

eliminated by a design change, made by the manufacturer. The 

"Molly Wedge" anchor bolts originally used, were replaced with 

Hilti MP3 anchors set in drilled holes, with "C- 10" a two-part 

epoxy system. "EASI" rei nforcing clips were installed on the 

8 



slip bases at the same time the MP3 anchors were installed. 

"EASI" clips, and instructions for their installation, are shown 

in Figure 5 on the following page. All SENTRE units being 

evaluated received these modifications. Instructions for 

installing MP3 anchors are reproduced in Figure 5. Another 

factor which contributed to unit failures early in the evaluation 

period, was th�t pinch bolts were frequently over-torqued by the 

installation crews, making it impossible for the slip bases to 

function as intended. Pinch bolts should have been torqued to 

between 60 and 70 ft-lbs. In most cases, they were uniformly 

torqued to 125 ft-lbs. This was corrected during the retro-fit 

phase. This effect can be seen from the collision listing, Table 

3, page 13. 
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Figure 5. Typical SENTRE Reinforcing Clip Installation. 

Step I: 

Step 2 :  

Step 3: 

Step 4: 

Step 5: 

Step 6: 

Step 7: 

Step 8: 

Thoroughly clean area surrounding posts to expos e a flat 
concrete s urface and post base plate. 
Remove nuts and washers on the (4) existing e'Xpansion 
anchors through base plate. (Do not remove slip base 
bolts.) 
Position reinforc ing clips over the edges of the base 
plate so that the slotted holes fit over the e'Xisting 
e'Xpansion anchor s tuds then push the clips as close to 
the base plate as po ssible . 

If possible, replace the expansion anchor washers and 
nuts and torque them down to hold the clips firmly in 
position . 

Using a rotary impact concrete drill with a 7/8" bit 
drill through the large holes in the clips to a depth of 
6 +/- 1/4" as measured from the surface of the concrete. 
Drill the holes at an angle to avoid interfering with the 
e'Xisting fender panels and sand bo'Xes. The holes mus t be 
drilled to a depth of 5 3/4" minimum, cutting through 
rebar may be required. 
Throroughly blow out the concrete dust from the hole, 
brush the hole and then blow it out again. Install the 
7 l/2u. long 3/4" diameter Grade 5 HD galvanized studs 
with the polyester chemical, carefully following the 
instructions on the package. Under no circumstances 
should the s tuds project more than 2" above the concrete 
surface. 
When the polye ster chemical has cured (see package 
instructions) torque the anchors to 1 25 +/- 5 ft/lbs to 
firmly secure the reinforcing clips. 
Conduct steps 1-7 for all 5 posts on the SENTRE. 

10 
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COLLISIONS INVOLVING SENTRES 

Individual collisions in which SENTRE units were hit during 

the study are listed on Table 3, page 13. Observations regarding 

the accidents and performance of the units, which led t o  

corrective actions taken during the retro-fit phase, are 

included, as are actions taken. 

Statistics regarding the ten accidents occurring during the 

study are listed in Table 2 below. It is the opinion of the 

author that dollar amounts for damages to attenuators could be 

lowered with installation of a greater number of units. 

Table 2 .  Accident Statistics - Damages Due to Vehicle Impacts 

ESTIMATED DAMAGE 
TO IMPACTING DAMAGE TO TOTAL 

VEHICLE (1) ATTENUATOR ( 2 )  DAMAGE 

Average $3,800 $ 950 $4,7 50 

Median $5,000 $ 566 $4,165 

Minimum $1,150 $ 169 $1,669 

Maximum $8,000 $2,665 $8, 300 

(1) Estimated by Oklahoma Highway Patrol Trooper investigating 
accident. 

(2) From ODOT Maintenance Crew records. Includes labor. 

NOTE: Average, Median, Minimum and Maximum damages to vehicle 
and attentuator did not occur during the same accidents. 
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DATE 

4-26-85 

12-13-85 

8-25-85 

8- 1 7-86 

4-26-87 

5- 12-87 

7-4-87 

Table 3. Collisions Involving SENTRE Units 

DESCRIPTION 

Unit at Virginia 
St. & I-40 (east 
bound) hit. 

Unit at May & 
I- 40 (eastbound) 
hit. 

Unit at Air Depot 
& I-40 (eastbound) 
hit. 

Unit at Engle Rd. 
& I-40 (eastbound ) 
hit. 

Unit at Klein & 
I- 40 (eastbound) 
hit. 

Unit at Klein & 
I-40 (eastbound) 
hit. 

Unit at Virginia 
Ave. & I-40 (east 
bound) hit. 

SENTRE PERFORMANCE 
CORRECTIVE 

MEASURES 

Posts did not come 
off slipbases as 
intended. Pinch 
bolts were over­
torqued. 

Manufacturer 
had anchor 

bolts on all 
units torqued 
to 65 ft-lbs. 

Posts did not come 
off slipbases. 1st 
post was torn off 
anchor plate. 

Posts did not come 
off slipbases. 
Anchor plate was 
pulled out of 
concrete pad. 

Anchor bolts 
failed. 

Slipbases performed 
as intended, but 
cable was buried too 
deeply for posts to 
slide down it. 

Car hit unit on 
nose & rolled down 
backslope. Only the 
1st two posts came 
off the sl ipbases . 

Both posts were 
bent. 

Unit was hit on 
nose. Car rolled over 
after hitting it. Unit 
collapsed as intended. 
Front 2 posts bent, 
but did slide off 
bases. Si� anchor 
bolts pulled out. 

13 

None. This was 
considered to 
be due mainly 
to the angle of 
the collision. 

Manuaf acturer 
was notified 
that earlier 
corrections 
didn't solve 
the problem. 

Manufacturer 
notified. They 
decided to ret­
rofit at this 
point . 

ODOT Mainten. 
crew will raise 
cables when 
their workload 
allows. 

None. Angle of 
impact appears 
to be the 
reason unit 
performed as 
it did. 

None. 



DATE 

8-24-87 

12-15-87 

12-15-87 

Table 3. Collisions Involving SENTRE Units 
{Continued) 

DESCRIPTION SENTRE PERFORMANCE 

Unit at Sunnylane Unit collapsed as 
Rd. & I-40 (east intended. Two posts 
bound) hit. were bent. 

Unit at Reno & Unit collapsed as 
I-40 (westbound) intended. Two posts 
hit. were bent . 

Unit at Klein & Unit collapsed as 
I-40 (eastbound) intended. Three 
hit. posts were bent . 

14 

CORRECTIVE 
MEASURES 

None. 

None. 

None . 



Repairs After Collisions 

When the evaluation began, it was thought that maintenance 

costs might be lowered with the use of SENTRE units. This was 

base d on the assumption that most principal components could be 

repositioned and reused after most impacts. According to the 

ODOT maintenance crew who did the repair work after collisions 

involving the units, and their records, their experience did not 

show this. 

Except for the pad, redirecting cable, and cable anchor which 

were not damaged during any of the accidents, all components 

actually involved in the collisions had to be replaced with new 

parts. Essentially, the only reuseable parts were those located 

far enough from the point of impact (i.e. Post 5, when first 

impact occurred on the nose), so that they were not affected. 

Typically, fender panels and posts bend, even when they do 

telescope and come off slip bases as designed. 

Also, a crew of three to five men is required for repairs, 

which in our experience, took approximately half a day. This 

amount of time is required because units must be disassembled for 

repairs, then reassembled with new componenents replacing those 

which are damaged. 

Repair Costs 

Components of a single SENTRE unit, and their cost, as of 

April 21, 1988, the date of ODOT's last replacement parts order, 

are listed in Table 4 on the following page. Nuts, bolts, 

washers, etc. are not listed. For a complete listing, including 

all hardware, see Appendix B. 
15 



NO. 

1 

1 

1 

1 

5 

4 

2 

2 

3 

5 

1 

5 

Table 4. SENTRE Component Costs 

COMPONENT 

Nose Cover 

Post, No. 1 

Post, No. 2 

Posts, No. 3, 4 & 5 

Blockouts 

Sand Containers, 100 lb. 

Sand Containers, 150 lb. 

Base Plates, No 1 & 2 

Base Plates, No. 3, 4 & 5 

Bolt Keeper Plates 

Redirecting Cable, 25' 
(threaded both ends ) 

Thrie Beam Fenders 

UNIT COSTS 

$ 65.00 ea. 

$ 95. 00 ea. 

$ 85.00 ea. 

$ 65.00 ea. 

$ 20.80 ea. 

$ 45.50 ea. 

$ 58. 50 ea. 

$ 31.50 ea. 

$ 19. 50 e a. 

$ 11. 70 ea. 

$299.00 ea. 

$279.50 ea. 

NOTE: Base d on price s  as of April 21, 1988. 

Numbers of individual components actually 

TOTAL COSTS 

$ 65. 00 

$ 95.00 

$ 85. 00 

$ 195. 00 

$ 104.00 

$ 182.00 

$ 117.00 

$ 63.00 

$ 58.50 

$ 58.50 

$ 299. 00 

$1,397. 50 

used for 

replacement during the study (other than nuts, bolts and 

washers), are tabulated on page 12. Note tha t 14 nose covers and 

hazard markers were used when only 10 collisions .were reported. 

Also, some of the sand containers replaced were damage d by 

vandalism in addit ion to those damaged by vehicle impacts. 

16 



NUMBER 
USED 

33 

12 

23 

14 

14 

11 

10 

6 

8 

2 

Table 5. Replacement Components Used 

COMPONENT 

100 lb. Sand Containers 

150 lb. Sand Containers 

Blockouts 

Nose Covers 

Hazard Markers 

Fender Panels 

Post No. 1 

Post No. 2 

Posts No. 3' 4' & 5 

Base Plates 
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ACCIDENT STUDY 

In an attempt to compare accident history prior to 

installation of the SENTRE devices to that after installation, a 

study of fixed object accidents covering the area where the 

SENTREs were installed was requested from the ODOT Traffic 

Engineering Division. Time periods used in compiling this 

information were: April 25, 1982 through April 25, 1985, and 

April 26, 1985 through April 26, 1988. This represented roughly 

three years before SENTRE installation, and three years after. 

These tabulations are shown in Appendix E. 

Information regarding guardrail accidents, extracted from 

this study, is summarized in Table 6, below. 

TIME 
PERIOD 

4-25-82 
to 

4-25-85 

4-26-85 
to 

4-26-88 

Table 6. Guardrail Accidents 

TOTAL NO. 
OF GUARDRAIL 

ACCIDENTS 

64 

2 1  

TOTAL 
PROPERTY 

DAMAGE 

$220,675 

$ 70,565 

NO. OF 
ACCIDENTS 

W/INJURIES 

23 (35 .9%) 

11 (52.4%) 

NO. OF 
ACCIDENTS 

W/FATALITIES 

2 (3.1%) 

0 

It should be noted that construction was in progress during 

most of the 1985 - 1988 study period, on various p arts of the 

study area. Speeds were lowered on some sections, some exits were 

closed, and some traffic was rerouted. These factors contributed 

to less traffic, and less accident exposure over much of the 

18 



second half of the s tudy period. These factors are the likely 

reason for the marked reduction in property damage, injuries, and 

fatalities. 

As can be seen from Table 6, the percentage of the guardrail 

accidents resulting in injuries actually increased, although the 

number of accidents decreased. 

The first five accidents involving SENTRE units ocurred 

during the phase of the study when the units were being 

developed, and modifications discussed earlier, were made after 

accidents ocurred. The next five accidents ocurred after all 

modifications had been made and no corrective action was 

required. Although the accident study could not show this 

statistically, it is the opinion of the author, that the SENTRE's 

did reduce accident severity. During the last five accidents 

(those ocurring after modifications), the units operated as the 

designers intended during every impact. 
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CONCLUSIONS 

The modifications to the installation procedure, discussed 

earlier, are now addressed in the current version of the 

manufacturer's installation manual. The changes in the type of 

anchor bolts and reinforcing clips used are now standard 

features. 

It is an important point that pinch bolts must be torqued to 

between 60 and 70 ft-lbs, or slip bases will not function 

properly. This has also been addressed in the current 

installation manual. 

Although the 

modifications was 

number -of collisions occurring after 

limited, SENTRE unit performance during those 

collisions suggests that the SENTREs do contribute to reducing 

accident severity. 

Repair of the units, once a collision has occurred, can be 

expected to require approximately four hours, for a three to 

five-man crew. Also, repairs done during the study indicate that 

any components actually involved in the collision must be 

replaced. With the exception of the pad, re directing cable, and 

cable anchor, the only reuseable parts are those located far 

enough from the point of impact so that they are not affected. 

To repair a SENTRE, the entire unit must be disassembled, the 

damaged parts replaced , then the unit must be reassembled. 
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RECOMMENDATIONS 

1. Consideration should be given to using SENTRE units on future 

projects where guardrail end protection is desired. 

2. Installation of SENTRE units should be planned, and then 

checked by construction inspectors, to insure that the 

redirecting cable anchors are placed at the proper elevation, 

so that the cable has 1 to 3 inches of cover. 

3 .  A torque wrench should be used during installation of slip 

bases. Nuts holding slip bases should be tightened to 

between 60 and 70 ft - lbs torque. This should be checked by 

inspectors during construction. 

4. Maintenance forces attempting to estimate numbers of 

components for repair stockpiles should consider: 

a. Nose covers and hazard markers can be e�pected to require 

replacement in 100% of the accidents involving SENTREs. 

b. Sand containers may be damaged by vandalism as well as by 

vehicle impacts. 

c. Components placed toward the end 

traffic are more likely to sustain 

of the unit facing 

damage, and require 

replacement than those on the "transition" end. 
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APPENDIX A 

PHOTOGRAPHS 



Figure 1. SENTRE unit after installation on guardrail end. 

Figure 2. SENTRE unit after installation on barrier end. 
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F i gur e 3 .  Dr i l l ing ho l e s f o r  "MP - 3 1'  an chor s dur ing r e tr o  t .  

F i gur e L� . P l a c in g l'MP - 3 1 1 an c h o r s a ft e r c l e an ing 
pha s e . 

l e r e t r o  t 



gur e 5 .  Re in s t a l l a t i on o f  s l ip b a s e , r e tr o f i t  p ha s e . 

F i gur e 6 .  S l ip b a s e  r e t r o f i t , nMP - 3 1 1  an chor s r e thr e ade d .  

A - 3 



F i gur e 7 .  A f t e r  c o l l i s i on - un i t  func t i on e d  a s  in t en d e d . 

F i gur e 8 .  Un i t  a f t er c o l l i s i on - un i t  fun c t i one d a s  int end e d . 
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F i gu r e  9 .  A f te r imp a c t , f i r s t t h r e e  s l i p b a s e s  p e r f o rme d a s  
i n t e n d e d . 

F i gure O .  SENTRE u n i t  a f t e r  i mp a c t .  S l i p  b a s e s  f a i l e d  to 
wo rk due to o v e r - t o rqu e d  p i n c h  bo l t s . 
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F 1 1. 

F i gur e 1 2 . 

S l  b as e  a f t er imp a c t , b a s e  did no t p e r  

I' /  

' / ' "  

. .., 

- - . .  .''� · 
S E'NTRE uni t a f t e r  imp a c t , un i t  g enera l p e r 
as inten d e d , b u t  anchor b o l t s we r e  pulle d o u t  o f  
s l ab . 
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OKLAHOMA DEPARTMENT OF TRANS PORTATION 
SPEC IAL PROVISIONS 

FOR 
EXPERIMENTAL SAFETY BARRI ER END TREATMENT 

( SENTRE ) 
ON 

FEDERAL AID PROJECT IR- 4 0 - 4 ( 3 0 4 ) 1 4 7  
OKLAHOMA COUNTY 

The s e  Spec i a l  Provi s ions revi s e , amend , and where in con­
f l i c t , supers ede app l ic ab l e  S e c t ions of S t andard Spe c i f i c at ion s 
for Highway C ons truc t ion , Edit ion o f  1 9 7 6 . 

DESCRIPT ION . The SENTRE uni t  sha l l  c on s i s t  o f  int e r l o ck ing 
c o l lap s ib l e  thrie b e am f ender pane l s , wide f l ange po s t s , s l ip 
b a s e s , s and c onta iner s , and a redir e c t ing c ab le . The s e  compo ­
n en t s  sha l l  form a cra shworthy end treatment which sha l l  mee t  the 
minimum te s t  requiremen t  s p e c i f ie d  in the Na t ional Coop e r a t ive 
H ighway Re s ea r ch Program ( NCHRP ) r eport 2 3 0 : 

1 .  Impac t  a t  2 5  degree s  int o  the beg inning of l ength of need 
( i . e . , b e g inning o f  t en s i oned guardra i l  and / or c oncre te 
p arap e t )  at 60 mph w i th a 4 5 0 0  lb . c ar . 

2 .  Impa c t  a t  0 degr e e s  into c en t er no s e  o f  the device ( 0 " 
o f f s e t  from c ente r l ine o f  vehi c l e ) a t  6 0  mph wi th a 4 5 0 0  
lb . c ar . 

3 .  Impac t at 1 5  degr e e s int o  s ide o f  the dev i c e  midway 
b e tween no s e  and b e g inning of l ength o f  need a t  6 0  mph 
with an 1 8 0 0  lb . car . 

4 .  Impac t  at 0 degree s int o  no s e  o f  the dev i ce (with 1. 25 
ft . o ff s e t  from c ente r l ine o f  vehi c le )  a t  60 mph with an 
1 80 0  lb . c ar .  

When h i t  he ad- on , the unit sha l l  b e  c apab le o f  s imul taneous ly 
c o l lap s ing and moving lat er a l ly t o  re- dire c t  an impac t ing vehic l e  
away from the end o f  the down s tream traf f i c  b arrier . 

The redire c t ing cab l e  sha l l  b e  anchor e d  a t  both ends with 
anchor s  that are capab le o f  wi th s t anding a minimum pu l l out force 
of 5 0 , 0 0 0  lb s .  

The base p la te o f  e ach SENTRE po s t  sha l l  b e  rigi d ly he l d  in 
p la c e  by anchor s  that are capab l e  of wi th s tanding a 1 5 , 0 0 0  lbs . 
s he ar and 2 6 , 5 0 0  ft - lb s  moment in the l ongi tudinal axi s  of the 
SENTRE and 2 7 , 0 0 0  lb s . o f  shear and 4 9 , 5 0 0  f t - lb s  o f  moment in 
the l a t eral axi s  o f  the SENTRE . 

MATERIALS . ( a ) General .  Al l SENTRE component s  sha l l  b e  
a s s emb l e d  in accordance wi th the manufa c ture r ' s standard s  and 
requirement s . 

1 .  Fender Pane l s . The f ender pane l s  sha ll b e  f abric·a t e d  
f rom 1 0  gauge s tee l t r ip l e  corrugat e d  guardrai l  s ect ions which 
mee t  AASHTO' Gui de M- 1 80 spec i f i c a t ions . E a ch fender pane l shal l  
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b e  dri l le d  and s lo t te d  in ac c or danc e  wi th the manufacturer ' s  
s p e c i f i c a t ion s . When a s s emb le d  in the f ie l d , a l l  fender p ane l s  
sha l l  be b o l t e d  t o  a bre ak away p o s t  by means o f  two bol t s . The 
b ack end of e ach t r ip le corrugated f ender p ane l sha l l  ove r l ap and 
b e  connec t e d  t o  the fender p an e l  o f  the next b ay b y  means o f  a 
b o l t  and mus hroom wa sher wh i ch f i ts through the l ong horiz on t al 
s lo t  in the fo rward fen der p ane l and the short vert ica l s lo t  in 
the underly ing p ane l . Thi s  c onnec t ion me tho d sha l l  permi t  
movement ,  front to b ack , o f  o n e  s e t  o f  fender p ane l s  re l a t ive t o  
t h e  p ane l s  i n  the underlying s e c t ion . 

2 .  Redire c t ing C ab le . The front po s t  of the SENTRE shal l 
have one 7 /8" diame te r , 6 x 1 9  galvaniz e d  s te e l , wire rope 
p a s s ing through i t . The wire rope mat e r i a l  sha l l  b e  made from 

. improved p low s te e l  wi th a minimum load l imi t o f  7 1 , 0 0 0  lb s .  
3 .  S and Conta ine r s . The front three pos t s  sha l l  b e  f i t t e d  

with sand con t a iner s  whi ch ho l d  e ither 1 00 or 1 5 0  p ound s  of s and . 
Two sma l l  ( 1 0 0  pound ) s and con t a iner s sha l l  b e  f a s ten e d  t o  e ach 
of the front two p o s t s . Two l arge ( 1 5 0 p ound ) s and c onta iner s 
sha l l  b e  fa s t ene d t o  the third p o s t . The s an d  c onta iner s  sha l l  
b e  mo l de d  from a b l a ck p l a s t ic hav ing suf f ic ien t  U . V . s t ab i l iz e r s  
and ant i - oxidan t s  t o  prov ide goo d  wea therab il i ty . Each s and 
c ont ainer sha l l  have a h inge d  p la s t ic l id wh i ch snap s f irmly in 
p l ac e  after the container s have b e en f i l l e d  with s and . Sand mas s 
for the c on t a ine r s  s ha l l  mee t  the r e quiremen t s o f  Sub s e c t ion 
7 0 1 . 0 5 and sha l l  c ont a in not more than two percent mo i s ture by 
dry we ight o f  the aggr egate at the t ime of p la cemen t . 

4 .  No s e  Cover . The front o f  the SENTRE shal l  b e  f i t t e d  with 
a grey p la s t i c  "bul l no s e" . The no s e  sha l l  b e  mo l ded from a 
p l a s t i c  having suff i ci en t  U . V .  s t ab i l iz er s  and ant i - oxidan t s  t o  
provi de good we atherab i lity . The no s e  shal l  interface to the 
fron t  triple corrugated f ender p ane l . The no s e  s ha l l  have a f la t  
surface on i t s  forward s e c t ion whi ch sha l l be suitab l e  for 
mount ing reflec t ive she e t ing . 

5 .  Fa s t ener s . All b o l t s , nut s , and wa she r s  u s e d  to a s s emb l e  
the SENTRE shal l  b e  z inc c o ated , commerc i a l  qua l ity "American 
National S t an dard" unle s s  o therwi s e  s p e c if ied . 

6 . Me tal Work . Al l me t a l  work sha l l  b e  fabricated from 
e i ther Ml 020 Merchant Qua l i ty or ASTM A- 3 6  s t ee l . Af t e r  f ab r i ­
cat ion , a l l  me t a l  work shal l b e  ho t dippe d  galvaniz e d  in ac cor ­
dance with ASTM A-1 2 3 . Al l welding sha l l  b e  done by or under the 
dire c t ion of a certified we l de r . 

( b ) Materials Cert ificat ion . A type " D" Materia l s  Cert i f i ­
cat ion sha l l  b e  require d  i n  ac c ordan c e  wi th Sub s ec t ion 1 06 . 1 2 .  

CONSTRUCTION METHOD S .  Ins t a l l a t ion o f  the SENTRE sha l l  b e  
accomp l i shed b y  experien c e d  workmen in a c cordance with the recom­
mendat ions of the manufac turer . As a rep lacement supp ly , the 
C ontrac tor sha l l  furn i sh a s pare p ar t s  package . The quan t i ty and 
mat er i a l s o f  thi s  package wil l  be a s  shown on the Plan s . The s e  
unas s emb le d , ma te r i a l s  wi l l  b e c ome the p rope r ty o f  the Oklahoma 
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Department of Tran sport a t ion and sha l l  b e  de l ivere d  t o  the 
Department Warehous e  de s ignated by the Engineer . 

METHOD OF MEASUREMENT . Each SENTRE ins t a l l at ion wi l l  b e  
mea sure d  b y  the un i t  for e a ch ins tal l a ti on a s  shown on the P lans . 
Rep l a c ement p a ckage s wi l l  b e  me a sur e d  by the uni t  del ivered to 
the de s i gna t e d  warehouse in a c cordanc e  wi th the s e  Spe c if i c a t ions . 

BAS I S  OF PAYMENT . Accepted SENTRE and r ep l acement p ackage s , 
mea sur e d  as prov i de d  above , wil l  b e  p a i d  for a t  the c ontract unit 
price for : 

SP . 

SP . 

SAFETY BARRIER END TREATMENT 
( SENTRE ) 

SAFETY BARRIER END TREATMENT 
( SENTRE ) ( REPLACEMENT PACKAGE ) 

EA . 

EA .  

whi ch sha l l  be ful l  compen s a t i on for furni shing a l l  con t a iner s ,  
guardra i l s , p o s t s , and a l l  other material s ,  equipment , l ab or and 
inc identa l s  to c omp lete the work as spec if ied . 
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