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DISCLAIMER STATEMENT

The contents of this report reflect the views of the authors who are responsible for
the facts and accuracy of the data presented herein. The contents do not necessarily reflect
the official views or policies of the Iowa Department of Transportation or the Federal

Highway Administration. This report does not constitute a standard, specification or

regulation.



ABSTRACT

A second full-scale vehicle crash test was conducted on the Iowa W-Beam Approach
Guardrail Transition Section to the Concrete Safety Shape Bridge Rail. Test 16-2 was
conducted with an 1,8401b. vehicle at 22.0degrees and 64.5 mph. This installation has been
previously evaluated with a 5,400 Ib. vehicle (6).

The overall test length of the installation was 64 ft.- 6 3/4 in. The installation
consisted of four major components: (1) concrete safety shape, bridge rail end-section, (2)
the w-beam approach guardrail section, (3) the w-beam breakaway end anchorage, and (4)
the w-beam terminal connector.

The concrete end-section was 7 ft. long and 2 ft.- 8 in. high. A 6-in. concrete curb

was constructed 13 ft. beyond the end of the concrete end-section.

e —— —
e

The w-beam approach guardrail section consisted of 62 ft.- 6 in. of 12 gauge standard
w-beam. The top of the w-beam was installed at a mounting height of 27-in. The w-beam
was supported by 13 timber posts. The design consisted of three 10-in. by 10-in. posts, eight
8-in. by 8-in. posts, and two 6-in. by 8-in. posts. The post spacing between post 1 through
7 and 7 through 13 was 3 ft.- 1 1/2 in. and 6 ft.- 3 in., respectively.

The point of impact was 15 ft. upstream from the end of the concrete end-section
between posts 5 and 6.

The test was evaluated according to the safety criteria in AASHTO guide
specifications (2). The safety performance of the Iowa W-Beam Approach Guardrail

Transition Section was determined to be satisfactory.
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1. INTRODUCTION
1.1. Problem Statement

The Iowa Department of Transportation (IDOT) and the Federal Highway
Administration (FHWA) are concerned with the safety and structural adequacy of highway
and bridge railing systems installed on Iowa highways. The performance of certain Iowa
Railing systems, now in service, cannot be predicted or verified by conventional analysis.

The current AASHTO Standard Specifications for Highway Bridges permits the
qualification of railing systems by full-scale vehicle crash testing. The Federal Highway
Administration has directed that bridge railing systems be successfully crash tested before
their use on Federal Aid Projects is approved.

The Iowa W-Beam Approach Guardrail Transition Section is currently installed on
the Iowa Primary and Interstate Systems. Thus, full-scale vehicle crash testing was to be
performed to evaluate the structural adequacy, occupant risk, and redirectional
characteristics.

The results of this study will be used to assist the IDOT in the identification and

evaluation of procedures to improve the safety of the roadway environment.

1.2. Objective of Study

The objective of the research study was to evaluate the safety performance of the
Iowa W-Beam Approach Guardrail Transition Section by conducting a full-scale vehicle

crash test in accordance with the "Guide Specifications for Bridge Railings," AASHTO (2).



2. TEST CONDITIONS

2.1. Test Facility

2.2.1. Test Site

The test site facility was located at Lincoln Air-Park on the NW end of the west
apron of the Lincoln Municipal Airport. The test facility, shown in Figure 1, is
approximately S mi. NW of the University of Nebraska-Lincoln.

An 8 ft. high chain-link security fence surrounds the test site facility to ensure that
no vandalism occurs to the test articles or test vehicles which could possibly disrupt the
results of the tests.

2.1.2. Vehicle Tow System

A reverse cable tow, with a 1:2 mechanical advantage, was used to propel the test
vehicle. The distance traveled and the speed of the tow vehicle are one-half that of the test
vehicle. A sketch of the cable tow system is shown in Figure 2. The test vehicle was
released from the tow cable approximately 18 feet before impact with the W-Beam
Approach Guardrail Transition Section. Photographs of the tow vehicle and the attached
fifth-wheel are shown in Figure 3. The fifth-wheel, built by the Nucleus Corporation, was

used for accurately towing the test vehicle at the required target speed with the aid of a

digital speedometer in the tow vehicle.

2.1.3. Vehicle Guidance System

A vehicle guidance system, developed by Hinch (3), was used to steer the test vehicle.
A sketch of the guidance system is shown in Figure 2. The Guide flag, attached to the front

left wheel and the guide cable, was sheared off 18 feet before impact with the W-Beam
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FIGURE 3. PHOTOGRAPH OF TOW VEHICLE AND FIFTH WHEEL.
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Approach Guardrail Transition Section. The 3/8-in. diameter guide cable was tensioned
to 3,000 pounds, and it was supported laterally and vertically every 100 ft. by hinged
stanchions. The hinged stanchions stood upright while holding up the guide cable. When
the vehicle passed, the guide-flag struck each stanchion and knocked it to the ground. The

vehicle guidance system was approximately 1,000 ft. in length.

2.2. W-Beam Approach Guardrail Design Details

The design drawing details of the Iowa W-Beam Approach Guardrail Transition
Section are shown in Figures 4 through 12, and photographs of the installation before
impact are shown in Figures 13 and 14.

The overall length of the installation was 64 ft.- 6 3/4 in. The installation consisted
of four major components: (1) the concrete safety shape, bridge rail end-section, (2) the w-
beam approach guardrail section, (3) the w-beam breakaway end anchorage, and (4) the w-
beam terminal connector.

The concrete safety shape, bridge rail end-section was constructed with a Nebraska
Class 47-B-PHE mix design (see Appendix A). The concrete compressive strength at the
time of the crash test averaged about 3,700psi (see Appendix A). The concrete end-section
was 7 ft. long and 2 ft.- 8 in. high. The width of the concrete end-section varied relative to
the location of the cross-section, as shown in Figure 4. The concrete end-section was
anchored 15-in. into the existing airport concrete apron by 2 No. 5 rebar dowels, spaced at
13-in. on centers over the length of the concrete end-section. An epoxy grout material was

used as the bonding agent for the dowels.



A concrete curb was constructed 13 ft. beyond the end of the concrete end-section,
as shown in Figures 10 through 12. The curb was 6-in. high and had a top width and bottom
width of 4 1/2-in. and 7 1/2-in., respectively. The curb was constructed with a concrete slab
which was 10-in. deep and 24-in. wide. The concrete slab was anchored 9-in. into the edge
of the existing airport concrete apron by No. S rebar dowels, spaced at 30-in. on centers over
the length of the 13 ft. concrete curb and slab section. An epoxy grout material was used
as the bonding agent for the dowels.

The w-beam approach guardrail section consisted of 62 ft.- 6 in. of 12 gauge standard
w-beam. The w-beam section was 12 3/4-in. wide and 3 1/4-in. deep, as shown in Figure
6. The w-beam was installed at a mounting height of 27-in., as measured to the top of the
w-beam. This is shown in Figures 6 and 12. The back of the concrete curb was located 8-
in. behind the face of the w-beam guardrail.

The w-beam guardrail was supported by 13 timber posts, as shown in Figures 5 and
11. The first 3 posts adjacent to the concrete end-section were 10-in. by 10-in. by 72-in.
The next 8 posts were 8-in. by 8-in. by 72-in. The last 2 posts, which were part of the
breakaway end anchorage system, were 6-in. by 8-in. by 72-in. An 8-in. by 8-in. by 14-in.
timber spacer block was used for the first 11 timber posts. The spacer block attachment
detail is shown in Figure 6. The post spacing between posts 1 through 7 was 3 ft.- 1 1/2
in,, and the post spacing between posts 7 through 13 was 6 ft.- 3 in., as shown in Figures 5
and 11.

The timber posts were embedded into two different materials, as shown in Figure 12.

The upper layer consisted of a "native," silty-clay earth fill. The lower layer consisted of a



special gravel backfill. The special gravel backfill had the following gradation requirements:
100% passing the no. 1 1/2-in sieve, 45-80% passing the no. 4 sieve, and 4-12% passing the
no. 200 sieve.

The w-beam breakaway end anchorage system was located at posts 12 and 13, as
shown in Figures S, 8, and 11. The two posts were embedded in concrete footings, as shown
in Figure 8. The breakaway end anchorage system used a steel cable and anchor assembly
which increased the load carrying capability of the w-beam. A 10 gauge, Type "E" terminal
end section was used at post 13, as shown in Figures 8 and 9.

The w-beam terminal connector was used to attach the w-beam guardrail to the
concrete end-section, as shown in Figures 7, 9, and 12. A 10 gauge, Type "F" terminal

connector was installed. The section was 12 1/4-in. wide by 30-in. long.
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FIGURE . 13. PHOTOGRAPHS OF W-BEAM APPROACH GUARDRAIL
INSTALLATION.
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FIGURE 14. PHOTOGRAPHS OF W-BEAM APPROACH GUARDRAIL h
INSTALLATION.
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2.3. Test Vehicle

For Test 16-2, a 1986 Honda Civic weighing 1,840 Ibs. was used to evaluate the Iowa
W-Beam Approach Guardrail. Photographs of the test vehicle are shown in Figure 15.
Dimensions of the test vehicle are shown in Figure 16.

The front wheels of the test vehicle were aligned to a toe-in value zero-zero so that
the vehicle would track properly along the guide cable.

Three 8-in. square, black and white checkered targets were placed on the centerline
of the top of the test vehicle. The middle target was placed over the center of mass.
Additional roof targets were placed ahead and behind the center of mass. The targets were
used in the analysis of the high speed film. In addition to the roof targets, side and rear
targets were also placed at known positions to aid in the evaluation process.

Two 5B flash-bulbs were mounted on the roof of the test vehicle to record the time
of impact with the w-beam approach guardrail on the high-speed film. The flash bulbs were

fired by a pressure tape switch mounted on the front face of the bumper.
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FIGURE 15. PHOTOGRAPHS OF TEST VEHICLE.
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2.4. Data Acquisition Systems

2.4.1. Accelerometers

Six Endevco triaxial piezoresistive accelerometers (Model 7264) with a range of *
200 g’s were used to measure the accelerations in the longitudinal, lateral, and vertical
directions of the test vehicle. Two accelerometers were mounted in each of the three
directions so that there would be two readings to compare. The accelerometers were rigidly
attached to a metal block mounted at the center-of-mass. The signals from the
accelerometers were received and conditioned by an onboard vehicle Metraplex Unit. The
multiplexed signal was then radio transmitted to the Honeywell 101 Analog Tape Recorder
in the central control van. A flow chart of the accelerometer data acquisition system is
shown in Figure 17, and photographs of the system located in the centrally controlled step
van are shown in Figure 18. State-of-the-art computer software, "Computerscope and DSP",
was used to analyze and plot the accelerometer data on a Cyclone 386/AT, which uses a
high-speed data acquisition board.

2.4.2. High-Speed Photography

Three high-speed 16 mm cameras were used to film the crash tests. The cameras
operated at approximately S00 frames/sec. The overhead camera was a Red Lake Locam
with a wide angle 12.5 mm lens. It was placed approximately 62 ft. above the concrete
apron. The parallel camera was a Photec IV with an 80 mm lens. It was placed 250 ft.
downstream and offset 3.3 ft. from a line parallel to the barrier rail. The perpendicular
camera was a Photec IV with a 55 mm lens. It was placed 165 ft. from the vehicle point of

impact. A schematic of the camera locations is shown in Figure 19.
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A 20 ft. wide by 100 ft. long grid layout, shown in Figure 20, was painted on the
concrete slab surface parallel and perpendicular to the barrier. The white-colored grid was
incremented with S ft. divisions in both directions to give a visible reference system which
could be used in the analysis of the overhead high-speed film.

The film was analyzed using the Vanguard Motion Analyzer. The camera divergence

correction factors were also taken into consideration in the analysis of the high-speed film.

2.4.3. Speed Trap Switches

Eight tape pressure switches spaced at S ft. intervals were used to determine the
speed of the vehicle before and after impact. Each tape switch fired a blue SB flash-bulb
located near each switch on the concrete slab as the left front tire of the test vehicle passed
over it. The average speed of the test vehicle between the tape switches was determined
by knowing the distance between pressure switches, the calibrated camera speed, and the
number of frames from the high-speed film between flashes. In addition, the average speed
was determined from electronic timing mark data recorded on the oscilloscope software

used with the 386/AT computer as the test vehicle passed over each tape switch.

2.5. Test Parameters

One full-scale vehicle crash test was conducted on the Iowa W-Beam Approach
Guardrail Transition Section, as shown in Figures 4 through 14.

Test 16-2 was conducted at a target impact speed of 60 mph with an impact angle of
20 degrees. A 1986 Honda Civic weighing 1,840 Ibs. was used as the crash test vehicle. The

location of impact was 15 ft. upstream from the end of the concrete end-section between

posts S and 6.
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3. PERFORMANCE EVALUATION CRITERIA

The safety performance objective of a highway appurtenance is to minimize the
consequences of a vehicle leaving the roadway to create an off-road incident. The safety
goal is met when the appurtenance W-Beam Approach Guardrail Transition Section
smoothly redirects the vehicle away from a hazard zone without subjecting the vehicle
occupants to major injury producing forces.

Safety performance of a* highway appurtenance cannot be measured directly, but it
can be evaluated according to three major factors: (1) structural adequacy, (2) occupant
risk, and (3) vehicle trajectory after collision. These three factors are defined and explained
in NCHRP 230 (1). There is no test designation in NCHRP 230 (1) for the 1,800 Ib. vehicle
being used on the Transition, so this test was evaluated according to the criteria provided
by AASHTO (2).

The test conditions for the matrix are shown in Table 1, and stated in Appendix B.
Also, the specific evaluation criteria used to determine the adequacy of the barrier are listed
and will be explained later in Table 2.

After each test, the vehicle damage was assessed by the traffic accident scale (TAD)

(4) and the vehicle damage index (VDI) (5).
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IOWA APPROACH GUARDRAIL TRANSITION SECTION

TABLE 1. CRASH TEST CONDITIONS AND EVALUATION CRITERIA FOR THE

Test
Agency

AASHTO

Performance
Level

PL-2

Appurtenance

Bridge

Impact Conditions

Evaluation Criteria®

Test Speed | Angle
Vehicle (mph) | (deg) Location | Required
1,800 Ib. 60 20 NCHRP 2 a b,
minicompact 230 ¢, d g
sedan Q)

Desirable

s€e

3.6 LB

Notes:

2 Criteria described in Table 2.




TABLE 2. AASHTO EVALUATION CRITERIA

The test article shall contain the vehicle; neither the vehicle nor its cargo shall
penetrate or go over the installation. Controlled lateral deflection of the test
article is acceptable.

Detached elements, fragments, or other debris from the test article shall not

penetrate or show potential for penetrating the passenger compartment or
present undue hazard to other traffic.

Integrity of the passenger compartment must be maintained with no intrusion
and essentially no deformation.

The vehicle shall remain upright during and after collision.

The test article shall smoothly redirect the vehicle. A redirection is deemed
smooth if the rear of the vehicle does not yaw more than S degrees away from
the railing from time of impact until the vehicle separates from the railing.

The smoothness of the vehicle-railing interaction is further assessed by the
effective coefficient of friction u, where p = (cose - VP/V)/sine.

L Assessment
0.0 - 0.25 Good
0.26 - 0.35 Fair

> 0.35 Marginal

The impact velocity of a hypothetical front-seat passenger against the vehicle
interior, calculated from vehicle accelerations and 2.0 ft. longitudinal and 1.0 ft.
lateral displacements, shall be less than:

Occupant Impact Velocity - fps
Longitudinal Lateral

30 25

and for the vehicle highest 10-ms average accelerations subsequent to the instant
of hypothetical passenger impact should be less than:

Occupant Ridedown Accelerations - g’s

Longitudinal Lateral
15 15

Vehicle exit angle from the barrier shall not be more than 12 degrees. Within
100 ft. plus the length of the test vehicle from the point of initial impact with
the railing, the railing side of the vehicle shall move no more than 20 ft. from
the line of the traffic face of the railing.
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4. TEST RESULTS

4.1. Test No. 16-2

Test 16-2 was conducted with an 1,8401b. Honda Civic under the impact conditions
of 64.5 mph and 22.0 degrees. The location of impact was 15 ft. upstream from the end of
the concrete end-section. A summary of the test results is shown in Figure 20. The
sequential photographs are shown in Figure 21.

The vehicle was smootly redirected with no noticeable snagging or rolling action.
The vehicle became parallel to the installation at approximately .155 seconds after impact.
At this time the vehicle was moving at a speed of 51.0 mph. The vehicle exited the
installation at approximately .295 seconds after impact at a speed of 46.3 mph and an angle
of 13.3 degrees. The vehicle came to rest 160 feet downstream from the point of impact.

Photographs of the vehicle damage are shown in Figure 22. As evident, the vehicle
damage was marginal. The TAD and VDI damage classifications are shown in Figure 20.
Photographs of the satisfactory damage to the approach guardrail transition section are
shown in Figures 23 and 24.

After the test, the permanent set was measured and is shown in Figure 25. The
maximum permanent set was 7.2-in. which occurred at post 4. The maximum lateral
dynamic deflection was 14.0-in. as determined from the overhead high-speed camera.

Graphs of longitudinal and lateral deceleration, vehicle change in speed, lateral
occupant impact velocity, and longitudinal and lateral occupant displacement versus time

are given in Appendix C.
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FIGURE 22. PHOTOGRAPHS OF VEHICLE DAMAGE.
34



FIGURE 23. PHOTOGRAPHS OF DAMAGE TO APPROACH GUARDRAIL
TRANSITION SECTION.
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FIGURE 24. PHOTOGRAPHS OF DAMAGE TO APPROACH GUARDRAIL
TRANSITION SECTION.
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5. CONCLUSIONS

One full-scale crash test was conducted to evaluate the safety performance of the

Iowa W-Beam Approach Guardrail Transition Section. The performance of this Transition

Section has been previously evaluated with a 5,400 Ib. vehicle.

Test 16-2 was evaluated according to the safety performance criteria given in

AASHTO (2). The safety evaluation summary is presented in Table 3.

The analysis of the crash test revealed the following:

1.

5

The Iowa W-Beam Approach Guardrail contained the test vehicle.

The test vehicle did not penetrate or ride over the installation.

The controlled lateral deflection of the test article was acceptable.

There were no detached elements or fragments from the test article which
showed potential for undue hazard during and after the collision.

The integrity of the passenger compartment was maintained.

The test vehicle remained upright during and after the collision.

The occupant risk values for impact velocity and ridedown decelerations were
acceptable during impact.

The test vehicle’s change in speed was marginal (18.2 mph > 15 mph). The
speed change is a trajectory hazard factor only when the redirectional barrier is

very near the traffic stream or when the vehicle is redirected abruptly back into

the traffic stream.
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9. The test vehicle’s exit angle was marginal (13.3 degrees > 12 degrees [60% of
20° )).
Based upon the above listed items, the results of Test 16-2 are acceptable according

to the AASHTO (2) guidelines.
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TABLE 3. SAFETY PERFORMANCE RESULTS

AREA Required Desirable

a. The test article shall contain the vehicle; neither the vehicle nor its cargo shall penetrate
or go over the installation. Controlled lateral deflection of the test article is acceptable. S

b. Detached elements, fragments, or other debris from the test article shall not penetrate

or show potential for penetrating the passenger compartment or present undue hazard S
to other traffic.

c Integrity of the passenger compartment must be maintained with no intrusion and S
essentially no deformation.

d.  The vehicle shall remain upright during and after collision. S

e.  The test article shall smoothly redirect the vehicle. A redirection is deemed smooth if
the rear of the vehicle does not yaw more than 5 degrees away from the railing from S
time of impact until the vehicle separates from the railing.

. The smoothness of the vehicle-railing interaction is further assessed by the effective
coefficient of friction p, where p = (cos® - V,/V)/sin®.

T Assessment Marginal
0.0 - 025 Good (0.36)
0.26 - 0.35 Fair

> 035 Marginal

g The impact velocity of a hypothetical front-seat passenger against the vehicle interior,
calculated from vehicle accelerations and 2.0 ft. longitudinal and 1.0 ft. lateral
displacements, shall be less than:

Occupant Impact Velocity - fps
Longitudinal Lateral

30 25

and for the vehicle highest 10-ms average accelerations subsequent to the instant of
hypothetical passenger impact should be less than:

Occupant Ridedown Accelerations - g’s
Longitudinal Lateral

15 15 S

h.  Vehicle exit angle from the barrier shall not be more than 12 degrees. Within 100 ft.
plus the length of the test vehicle from the point of initial impact with the railing, the

railing side of the vehicle shall move no more than 20 ft. from the line of the traffic face M
of the railing.

S - Satisfactory
M - Marginal
U - Unsatisfactory
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6. RECOMMENDATIONS

The Towa W-Beam Approach Guardrail Transition Section has met the required
performance evaluation criteria set forth by AASHTO (2). Thus, it is our recommendation

that the Federal Highway Administration approve this installation for service.
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8. APPENDICES
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APPENDIX A.

CONCRETE COMPRESSIVE STRENGTHS

AND DESIGN MIX SPECIFICATIONS
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TELEPHONE

GEeNERAL TESTING LABORATORIES

402-464-6384

To: Ray Ayars

P. O. BOX 28208
LINCOLN. NEBRASKA €8529

September 15, 1989

Ready Mixed Concrete Co

6200 Cornhusker Hwy

Lincoln, Nebraska 68529

RE: State Mix Design,

MATERIAL

Portland Cement,
Type 111, Grey

47B Limestone (SSD)
47B Sand & Gravel (SSD)
Air Entraining

Admixture, Prokrete AES

Water Reducing
Admixture, Prokrete N

Total Water

47B-PHE

WT/CU YD SUPPLIER

682 1b Lone Star Cement
Bonner Springs, KS

880 1b Kerford Limestone
Weeping Water, NE

2040 1b Western Sand & Gravel
Ashland, NE

3.5 0Z Prokrete Industries

Denver, CO

135 oz Prokrete Industries
Denver, CO

34 gal Lincoln Water System
Lincoln, NE

General Testing Lab,

o

Bill Fuller, Manager
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GEeNERAL TESTING LABORATORIES

TELEPHONE
402-464-6384

P. O. BOX 29208
LINCOLN. NEBRASKA 68529

September 15, 1989

AGGREGATE DATA
47B LIMESTONE:
Screen i, 374" . 1/2" 3/8" 4 #8 #16 #20 #200
Spec: 0/8 10/34 55/85 88/100 94/100
% Retained: 6 1.9 33 57 87 94 96 97 98
Bulk Specific Gravity (88D):. _2.:656
24 Hour Absorption: 1.1%
47B SAND & GRAVEL:
Screen: 348 s b4 #8 #10 6T #3230 7 50 #1007 §200
Spec: 3/23 30/50 60/84 97/100
% Retained: 1 154 29 36 51 76 93 99 99.8
Bulk Specific Gravity {(SSD): . 2.62

24 Hour Absorption: 0.6%
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; PROKRETE Industries
PROKHETE ProChemTechnology, Inc.

l”] ‘ 3990 Havana Street « Denver, Colorado 80239
Telephone: (303) 375-0990

Telefax: (303) 375-8306

January 20, 1989

MANUFACTURER'S
CERTIFICATION

Lincoln Ready Mix
P. O. Box 82114
Lincoln, NE 68501

RE: ProChemTechnology, Inc. Air Entraining Solution (Regular)

Gentlemen:

We hereby certify that ProChemTechnology, Inc. Air Entraining Solution
is manufactured to comply with the requirements of the Department of
Transportation, Bureau of Reclamation, U.S. Corps of Engineers

Specification CRD C-13-79, as well as ASTM Specification C-260-86 and
AASHTO Specification M-154-79.

It is further certified that ProChemTechnology, Inc. Air Entraining
Solution does not contain any form of Calcium Chloride.

It is also certified that the above stated material has not been
changed or altered in any way.

Prokrete Industries
PrecChemTechnology, Inc.

Lafry J. Kern
Director of Research and Development

NOTICE— All orders are subject to each of the following conditions: 1. Quotations are for immediate acceptance subject to change without notice.
2. Prices quoted are based on present freight rates, purchaser agrees o pay any increase therein. 3. Fire, strikes and other contingencies beyond our
control. 4. Ability to obtain necessary raw malerials 5 Liability for damages shall in no case exceed the purchase price of the material shipped
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PROKRETE Industries

R ProChemTechnology, Inc. '
3990 Havana Street « Denver, Colorado 80239
— DA
Telephone: (303) 375-0990

Telefax: (303) 375-9306
January 20, 1989

MANUFACTURER'S
CERTIFICATION

Lincoln Ready Mix
P. O. Box 82114
Lincoln, NE 68501

RE: ProChemTechnology, Inc. Pro-Krete N

Gentlemen:

This is to certify that ProChemTechnology, Inc. Pro-Krete N conforms
to the requirements of ASTM C-494-86, AASHTO M-194-84 and CRD C-87-86,

Type A admixture when used at the rate of two fluid ounces per 100
pounds of cement.

ProChemTechnology, Inc. Pro-Krete N is a highly purified and
multiple-component admixture which does not contain any form of
Calcium Chloride.

Prokrete Industries
ProChemTechnology, Inc.

Director of Research and Development

NOTICE— All orders are subject to each of the following conditions: 1. Quotations are for immediate acceptance subject to change without notice
2. Prices quoted are based on present freight rates, purchaser agrees to pay any increase therein. 3. Fire, strikes and other contingencies beyond our
control. 4. Ability to obtain necessary raw materials 5 Liability for damages shall in no case exceed the purchase price of the material shipped
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APPENDIX B.

RELEVANT IDOT CORRESPONDENCE
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A
-

lowa Department of Transportation

800 Lincoln Way, Ames, Iowa 50010 515/239-1206

April 16, 1990 Ref. No. State Wide Safety
BRF-000S(2)--38-00

D EdwardaR . Post

Civil Engineering Department
University of Nebraska

W348 Nebraska Hall

Lincoln, Nebraska 68588-0531

Dear: - Dri tRosts

Enclosed is a copy of the supplemental agreement to continue
the evaluation of Iowa bridge rail systems.

Appendix A of this agreement describes the task desired for
testing and also excerpts from the proposed AASHTO Guide

Specifications for Highway Bridges that shall apply. Appen-
dix B as mentioned in this agreement will be the agreed upon

fee proposal required to evaluate the rail system indicated
as the task.

Please return a copy of the supplemental agreement and ap-
pendix A with your comments and also include information

that will become Appendix B, the fee proposal, for our re-
view.

Please call if you have any questions.

Sincerely,

R

William A. Lundquist
Bridge Engineer

WAL:rcw

ATTACHMENT

cc: R. Humphrey
G. Anderson
Hes'o-Sc hii el
G. Sisson
B. Brakke
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APPENDIX A
DETAILED WORK STATEMENT

Project No. BRF-000S(2)--38-00

Work to be performed under this supplemental agreement as provided for in Section iII,
"Scope of Services" of the original agreement, dated May 2, 1988, and as amended by this
agreement shall consist of Mobilization and an Evaluation Task. Mobilization shall
include the procurement of materials, and the reconstruction necessary to provide the
installation suitable for testing. The task shall evaluate the performance of a specific
Iowa rail system subjected to crash testing. The nature and extent of Mobilization and
Evaluation Task are defined in the following text. The Task as set out in this Appendix

may be modified or expanded as provided for in Section VIII of the original agreemént
dated May 2, 1988.

MOBILIZATION

This work shall include the procurement, delivery and installation of replacement
materials for those damaged in Task 6 and the repositioning of existing material that is
misaligned. All construction activities, including labor and materials necessary to re-
establish the physical facilities ready for the evaluation task are to be included in this
work unit. The facility to be reconstructed as shown on sheets 7A through 7F of
Appendix A of the Supplemental Agreement No. 2, dated the 12th day of September
1989. The costs for removal of this test facility are included in the mpbilization costs
for Task 6 of Supplemental Agreement No. 1 dated the 5th day of July 1989 as described
in Appendix B; Table 2. All construction and materials, unless specifically excepted by
the Engineer, shall comply with current lowa Department of Transportation Standard

Specifications for Highway and Bridge Construction.
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PAGE 2

EVALUATION TASK NO. 7

This task shall evaluate the transition section of the W-beam approach guardrail to the
concrete safety shape bfidge rail as it is now installed on the Iowa Primary and Interstate
systems. The test shall be performed using a seven foot special concrete end section
that has already been constructed and a 62'-6 lineal feet of W-beam approach guardrail
installed in an earth environment built as described in the mobilization. This task shall
consist of testing and reporting the adequacy of the transition section as prescribed in
Section ITI of the original contract and as modified by AASHTO Guide Specifications for
Bridge Railing, a portion of which is part of this Appendix. This task will require one
test with a 1.8 kip small automobile in accordance with the PL-2 matrix in the guide
specifications. The impact point shall be 15 feet upstream from the end of the concrete

rail, which is a point between guardrail posts 5 and 6.
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C-2
c3
C-4
c-s
C-6

C7

C-10

C-11

C-12

C-13

C-14

APPENDIX C.

ACCELEROMETER DATA ANALYSIS

Graph of Longitudinal Deceleration, Test 16-2
Graph of Longitudinal Deceleration, Test 16-2
Actual Vehicle Velocity, Test 16-2

Actual Vehicle Velocity, Test 16-2

Vehicle Change in Speed, Test 16-2
Vehicle Change in Speed, Test 16-2
Graph of Longitudinal Occupant Displacement, Test 16-2
Graph of Longitudinal Occupant Displacement, Test 16-2
Graph of Lateral Deceleration, Test 16-2
Graph of Lateral Deceleration, Test 16-2

Graph of Lateral Occupant Impact Velocity, Test 16-2

Graph of Lateral Occupant Impact Velocity, Test 16-2 . ..

Graph of Lateral Occupant Displacement, Test 16-2

Graph of Lateral Occupant Displacement, Test 16-2
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