
Publication No. FHWA-RD-90-052 

May 1990 

Aesthetic Bridge Rails, 
Transitions, and Terminals For 
Park Roads and Parkways 

US Deportment of Transportation 

Federal Highway Administration 

Research, Development, and Technology 
Turner-Fairbank Highway Research Center 
6300 Georgetown Pike 
McLean, Virginia 22101-2296 



Technical Report Documentation Page 

1. !!2S![S HOI J 2. FHVA-.0-9O-052 
~2v!rnmen~ Acce!sf2Q Hal 3. B~IRfent'l '.'1128 H2. 

4. I'Sle log l~tfSll 5. Bmi!rS DISI 
AESTHETIC BRIDGE RAllS, TRANSITIONS, AND TERMINALS May 1990 
FOR PAAK ROADS AND PAlMYS 

i 6. P~rf2c!!DS QrgaQil!tigD '29! 
I 

7. ~WSbot{!l I. flrf2M1iOSl OrSl!!iUtion !§;!2rt N2. I 
Kathleen l. Hancock, Allen G. Hansen and Joe B. Mayer 11600-' < 

I 

9. ffri2rmiDS org!Di'ISigo Nlme a~ Agg[~! 10. Work ~iS No: ,TRAI~2 
The Scientex Corporation NCP 31.5C0112 
Engineering Systems Division 
1750 New Tork Avenue, Northwest 11. ,go~rscS gr Grant 12; 
Washington, DC 20006 DTfH71-88-Z-0000S 

12. lcons2ring Agenc~ Name !nd Addre§§ 13. T~ of R!22rt and Period Covered 
Office of Safety and Traffic Operations R&o Final Report 
Federal Hiihway Adlninistration May 1988 ~ Oecerrber 1989 
6300 Georgetown Pike 
Melean,Vlrginla 22101-2296 14. 1~s2riDi ASenc~ ,ode 

15. l~temenIar~ N2tSi 

fHVA Contracting Officer's Technical Representative: Charles f. McDevitt, P.E. (HSI-20> 

16. Abstract 

The objective of this project was to test aesthetic bridge rails for park roads, parkways, .nd other roads under 
Federal jurisdiction. Four desl;ns were analyzed and evaluated: the Modified (ansas Corral bridge rail, the Forest 
Service ;lulam bridge rail, the Natchez Trace bridge rail, and the aluminu. tri-rail bridge rail with sidewalk. Two 
designs were tested and evaluated: the Forest Service glulam bridge rail end the Modified Kansas Corral bridge rail. 
Two full-scale crash tests were conducted with each desIgn. 

The Forest Service glulllll bridge raft and the Modified Kansas Corral bridge rait passed both small sedan and pick~ 
truck full-scale tests. Vehicle behavior during and after impact was, In all cases, acceptable. Carp.lter slllJlat;on 
on the Modified leansa. Corral bridge rail and the Natchez Trace bridge rail indicated that the vehicLe would be 
redirected with no vaulting. The All.lTlinun Tri -Rift bridge rail has a high snagging potential. 

loth the Modified (anses Corral and Natchet Trace designs should be submitted for certification as acceptable for use 
on Federal Lands highways, including Indian Reservation roads, National Park roads and parkways. and forest highways. 
Based on the analyses conducted, the Natchez Trace bridge rail should be tested in Its current design to Performance 
Level 1 of the 1989 AASHTO guide specifications. The .Ul.lTlil'Ull Trl-Rail bridge rail should be lIIOdified and stbnitted 
for full-scale testing to Performance Level 1. 

, 

i . 

17. ~Wo!3 18. Rilsrf~i2D It!semens 
Guardra'l Crash test No restrictiON. This doeunent is available to the pblic 
.rldge rail Highway, safety through the National Technical lnfo~tlon Service, 
Tranlftfon ~ingfleld, VirgInia 22161. 

19. lecurft~ ~11!lftl (2f Ihi! r!e2rU /20. S!£~ltx ~l!ll;f. (2f t~iI Deael /21. 12. of '!SIS! Izz, P[ice 
UnclassifIed Uncl ... tfled 145 

Facat.fla of Fona DOT F 1700.7 Reprocb:tfon of e~leted page authorized 



TABLE OF CONTENTS 

SECTION PAGE 

1. INTRODUCTION AND RESEARCH APPROACH........................... 1 

a. Statement of the Problell............................... 1 

b. Obj ect i yes and Scope................................... 1 

c. Research Approach and Report Organization.............. 1 

Task A. Barrier analysis and design................. 2 

Task B. Full-scale tests............................ 2 

Task C. Final report................................ 3 

2. SUMMARY OF ANALySIS.......................................... 3 

a. Desi gn Revi ews. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

b. Ana 1 yses Conducted..................................... 13 

c . F ina l' Des i gns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

d. Test Procedures........................................ 17 

e. Full-Scale Crash Tests................................. 17 

(1) Glu1am Bridge Rail................................ 17 

Test WB-I. Small sedan......................... 17 

Test WB-2. Pickup truck........................ 27 

(2) Modified Kansas Corral Bridge Rail................ 36 

Test KM-I. Small sedan......................... 36 

Test ,,"-2. Pickup truck........................ 44 

3. CONCLUSIONS AND RECOMMENDATIONS.............................. 52 

a. Conel us1ons. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 52 

b. RecOIIIDendat ions. . . • . • • . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 53 

APPENDIX A COMPUTER SIMULATION RESULTS.......................... 54 

APPENDIX B FULL-SCALE CRASH TEST REPORTS........................ 66 

iii 



APPENDIX C SUMMARY OF RESULTS, TEST W8-1........................ 82 

APPENDIX D SUMMARY OF RESULTS, TEST W8-2........................ 95 

APPENDIX E SUMMARY OF RESULTS, TEST KM-l ........................ 108 

APPENDIX F SUMMARY OF RESULTS, TEST KM-2 ........................ 122 

REFERENCES. . . . . . . . . . . . . . . . • • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136 

iv 



LI 5T OF F J GURE5 

Figure ~ 

1 Glulum bridge rail................................... 4 

2a Modified Kansas Corral bridge raiL.................. 5 

2b Modified Kansas Corral bridge rail (continued)....... 6 

2c Modified Kansas Corral bridge rail (continued)....... 7 

3a Natchez Trace bridge rail............................ 8 

3b Natchez Trace bridge rail (continued)................ 9 

3c Natchez Trace bridge rail (continued)................ 10 

4a Aluminum Tri-Rail bridge rail with sidewalk.......... 11 

4b Aluminum Tri-Rail bridge rail with sidewalk (cont.).. 12 

5 Graphic determination of snagging potential.......... 14 

6 Aluminum Tri-Rail recommended modification........... 16 

7a Test W8-1 pre-test details........................... 18 

7b Test W8-1 pre-test details (continued)............... 19 

8 WB-l small sedan test results........................ 21 

9a Test W8-1 post-test details.......................... 24 

9b Test W8-1 post-test details (continued).............. 25 

9c Test W8-1 post-test details (continued).............. 26 

lOa Test W8-2 pre-test details........................... 28 

lOb Test W8-2 pre-test details (continued)............... 29 

11 W8-2 pickup truck test results....................... 30 

12a Test W8-2 post-test details.......................... 34 

12b Test W8-2 post-test details (continued).............. 35 

13a Test KM-l pre-test details........................... 37 

13b Test KM-l pre-test details (continued)............... 38 

14 KM-l small sedan test results........................ 40 

y 



LIST OF FIGURES (CONTINUED) 

figure ~ 

15a Test KM-l post-test details .......................... 42 

15b Test KM-l post-test details (continued) .............. 43 

16a Test KM-2 pre-test details •....•...•................. 45 

16b Test KM-2 pre-test details (continued) ............... 46 

17 KM-2 pickup truck test results ....................... 48 

18a Test KM-2 post-test detai 1 s .......................... 50 

18b Test KM-2 post-test details (continued) .............. 51 

19a Modified Kansas Corral bridge rail with 1800-lb 
(817 kg) computer simulation results ................. 54 

19b Modified Kansas Corral bridge rail with 1800-lb 
(817 kg) computer simulation results (continued) ..... 55 

20a Modified Kansas Corral bridge rail with 5400-lb 
(2450 kg) computer simulation results ................ 56 

20b Modified Kansas Corral bridge rail with 5400-lb 
(2450 kg) computer simulation results (continued) .... 57 

21a Natchez Trace bridge rail with 1800-lb (817 kg) 
computer simulation results ...•...................... 58 

21b Natchez Trace bridge rail with 1800-lb (817 kg) 
computer simulation results (continued) .•............ 59 

22a Natchez Trace bridge rail with 5400-lb (2450 kg) 
computer simulation results .......................... 60 

22b Natchez Trace bridge rail with 5400-lb (2450 kg 
computer simulation results (continued) .............. 61 

23a Aluminum Tri-Rail bridge rail with sidewalk 1800-lb 
(S17 kg) computer simulation results ...•••...••..••.. 62 

23b Aluminum Tri-Rail bridge rail with sidewalk IS00-lb 
(S17 kg) computer simulation results (continued) ..... 63 

24a Aluminum Tri-Rail bridge rail with sidewalk 5400-lb 
(2450 kg) computer simulation results .•.••.•..••.•... 64 

24b Aluminum Tri-Rail bridge with sidewalk 5400-lb 
(2450 kg) computer simulation results {continued) .•.. 65 

vi 



LIST OF FIGURES (CONTINUED) 

figure 

25 Barrier construction details, test WB-I.............. 85 

26 Sequential photographs during impact, test WB-I...... 86 

27 Sequential photographs as viewed from behind 
the rai 1, test WB-1.................................. 87 

28 Summary of results, test WB-1........................ 88 

29 Wehicle acceleration plots, test WB-l................ 89 

30 Barrier construction details, test WB-2.............. 98 

31 Sequential photographs during impact, test WB-2 
(overhead view)...................................... 99 

32 Sequential photographs, test WB-2 
(view from downstream) ............................... 100 

33 Summary of results, test WB-2........................ 103 

34 Vehicle acceleration plots, test WB-2................ 105 

35 Summary of results, test KM-1 ........................ III 

36 Sequential photographs during impact, test KM-I 
(overhead view)...................................... 112 

37 Sequential photographs, test KH-I 
(view from downstream)............................... 113 

38 Summary of results, test KM-1 ........................ 114 

39 Vehicle acceleration plots, test KH-l................ 115 

40 Barrier construction details, test KH-2............. 125 

41 Sequential photographs during impact 
(overhead view),.................................... 126 

42 Sequential photographs during impact as viewed 
from downstream, test KM-2.......................... 127 

43 Summary of results, test KH-2...................... 128 

44 Vehicle acceleration plots, test KH-2............... 129 

vii 



1I ST OF TABLES 

1 T est mat r i x. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

2 After impact vehicle trajectory, test WB-I....... 22 

3 Permanent barrier deflections, test WB-I......... 23 

4 Vehicle damage measurements, test WB-I........... 27 

5 After impact vehicle trajectory, test WB-2....... 31 

6 Permanent barrier deflections, test WB-2......... 32 

7 Vehicle damage measurements, test WB-2........... 32 

8 After impact vehicle trajectory, test KM-I....... 41 

9 Vehicle damage measurements, test KM-I........... 44 

10 After impact vehicle trajectory, test KM-2....... 49 

11 Vehicle damage measurements, test KM-2........... S2 

12 After impact vehicle trajectory, test WB-I....... 90 

13 Permanent barrier deflections, test WB-I......... 91 

14 Vehicle kinetics data, test WB-I................. 92 

15 Occupant risk data, test WB-I.................... 93 

16 Vehicle damage measurements, test WB-I........... 94 

17 After impact vehicle trajectory, test WB-2....... 101 

18 Permanent barrier deflections, test WB-2......... 102 

19 Vehicle kinetics data, test WB-2................. 104 

20 Occupant risk data, test WB-2.................... 106 

21 Vehicle damage measurements, test WB-2........... 107 

22 After impact vehicle trajectory, test KM-I....... 116 

23 Vehicle kinetics data (film), test KM-l.......... 117 

24 Vehicle kinetics data (transducer), test KM-l.... 118 

vi ii 



Table 

25 

26 

27 

28 

29 

30 

31 

32 

33 

LIST OF TABLES (CONTINUED) 

Occupant risk data (film), test KH-l •............ 

Occupant risk data (transducer), test KM-l ...... . 

Vehicle damage measurements, test KM-1 .......... . 

After impact vehicle trajectory, test KH-2 ...... . 

Vehicle kinetics data (film), test KH-2 ......... . 

Vehicle kinetics data (transducer), test KM-2 ... . 

Occupant risk data (film), test KM-2 ............ . 

Occupant risk data (transducer), test KM-2 ...... . 

Vehicle damage measurements, test KH-2 .......... . 

ix 

~ 

119 

120 

121 

130 

131 

132 

133 

134 

135 



1. INTRODUCTION AND RESEARCH APPROACH 

a. Statement of the Problem . 
The work reported here is part of the Coordinated Federal Lands Highway 

Technology Implementation program. It is intended to serve the immediate 
needs of those individuals who design and construct Federal Lands highways, 
including Indian Reservation roads, National Park roads and parkways, and 
forest highways. The results of this study can be used for all of these 
entities. 

A varied assortment of bridge rails, transitions and terminals from 
approach guardrails to the bridge rail itself are being used on bridges under 
the jurisdiction of the National Park Service and other Federal agencies. 
These devices are intended to blend in with the roadside to preserve the 
visual integrity of parks and parkways. However, few have ever been crash 
tested. Therefore, this program was instituted to begin an evaluation process 
to ensure that devices used are safe for the traveling public. 

b. Objectives and Scope 
The objective of this effort was to crash-test aesthetic bridge rails for 

roads, under Federal jurisdiction. Four designs were analyzed and evaluated: 
the Modified Kansas Corral bridge rail, the glulam bridge rail, the Natchez 
Trace bridge rail, and the Aluminum Tri-Rai1 bridge rail with sidewalk. Two 
designs were evaluated by testing: the glulam bridge rail and the Modified 
Kansas Corral bridge rail. Two full-scale crash tests were conducted with 
each design. 

c. Research Approach and Report Organization 
This project was composed of three principal tasks which are discussed 

below. Section 2 presents a summary of the analyses and tests conducted, and 
section 3 lists the conclusions and recommendations. Drawings of the 
evaluated bridges are given in section 2. The results of the computer 
simulations are presented in appendix A. Appendix B includes a copy of the 
test report for each of the four tests. 
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Task A. Barrier analysis and design, Structural analysis and computer 
simulations were used to evaluate certain barrier designs before testing. 
These analyses led to some proposed changes in the rail designs to improve 
their safety performance without significantly affecting aesthetics, 
construction and/or maintenance costs. 

Task B. Full-scale tests. Four full-scale tests were conducted during 
this program, as shown in table 1. All test vehicles procured during the 
testing program were 1982 or later models. In addition, all test procedures, 
test instrumentation, and the test report contents were in accordance with the 
guidelines in National Cooperative Highway Research Program (NCHRP) Report No. 
230, and the American Association of State Highway and Transportation 
Officials (AASHTO) Guide Specifications for Bridge Railings, 1989. (1,2) 

Table 1. Test matrix. 

Impact Impact 
No. Vehicle Speed Mill Barrier Installation 

WB-l 1800 lb sedan 50 mi/h 200 Glulam bridge rail 

WB-2 5400 lb pickup 45 mi/h 200 Glulam bridge rail 

J<M-l 1800 lb sedan 50 mi/h 200 Modified Kansas Corral rail 

J<M-2 5400 lb pickup 45 mi/h 200 Modified Kansas Corral rail 

1 1 b = 0.454 kg 
1 mi/h z 0.447 m/s 

Reporting requirements included the vehicle maximum 50 m/s accelerations 
and changes in vehicle velocity and momentum. High-speed and real-time films, 
slides, and still photographs were made of each test. The vehicle crush depth 
was measured using a minimum of six points before and after each test. The 
depth measurement pOints were equally spaced along the length of the damaged 
area to generally describe the damage penetration profile. In addition, the 
maximum static crush was measured. The vehicle trajectory after impact was 
also measured. 
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One uninstrumented restrained anthropomorphic dummy was used in the 
driver's seat of each test vehicle to assess the probability of occupant 
injury. Each dummy was a 50th percentile male. An onboard camera was 
utilized to record the motions of the dummy. 

Task C. Final report. The final task for this contract was preparation 
of the final report, which describes the tests conducted, and a comprehensive 
discussion of conclusions and recommendations derived from the effort. In 
addition, a separate two page summary was prepared that highlights the 
objectives, research approach, results and conclusions, and which references 
the final report. 

2. SUMMARY OF ANALYSIS 
Design reviews, analyses conducted, final designs, test procedures, and 

test results are briefly described in this section. Detailed information on 
the test installations and results is contained in appendix B (Full-Scale 
Crash Test Reports). 

a. Design Reviews 
Four bridge rail designs were reviewed as part of this contract as listed 

below: 
1. Glulam bridge rail 
2. Modified Kansas Corral bridge rail 
3. Natchez Trace bridge rail 
4. Aluminum Tri-Rail bridge rail with sidewalk. 

Drawings of each system are presented in figures 1 through 4, a, b, and c 
respectively. A discussion of the different analyses performed on each system 
is presented in the next section and the suggested modification to the 
Aluminum Tri-Rail bridge rail is given in the following section. 

Glulam Bridge Rail. 
DeSign calculations were obtained from Wheeler Consolidated Industries, 

the manufacturer, for this system. These were reviewed prior to testing and 
no modifications were recommended. 
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Figure 2a. Modified Kansas Corral bridge rail. 
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Modified Kansas Corral Bridge Rail. 
Strength analyses were performed on this system prior to testing to 

ensure that this design is equal to or superior to the previously tested 
Modified Kansas Corral. ~ In addition, a computer simulation was performed 
to provide insight into vehicle stability while impacting this profile. After 
reviewing this information, it was determined that this design would perform 
satisfactorily with no modifications and it was correspondingly evaluated by 
crash test. 

Natchez Trace Bridge Rail. 
Two computer simulations were performed on this design to provide insight 

into vehicle behavior while impacting this profile. No modifications were 
recommended for this system. This was not confirmed because no full-scale 
tests were performed. 

Aluminum Tri-Rail Bridge Rail With Sidewalk. 
Two computer simulations were performed on this design to provide insight 

into vehicle behavior while impacting this profile. Because of limited 
modeling capabilities of the simulation program, additional review was 
performed based on guidelines provided in reference 3. From figure 5, this 
system indicates a high snagging potential. A blockout is recommended for the 
upper two rails to reduce this potential. This is shown in section 2-c. 
Full-scale crash tests were not performed on this design. 

b. Analyses Conducted 
Three types of analyses were performed during this study: strength, 

computer simulation, and wheel snagging using graphs. 

Strength. 
Elastic analyses were conducted on the Modified Kansas Corral bridge rail 

using the BRIDGE program (3) and the yield line analyses used by Hirsch and 
Bronstad. (4,5) Results from these were compared with the same analyses of 
the Modified Kansas Corral bridge rail that was tested and reported in 
reference 3. In all cases, the Western Bridge Rail was equivalent or stronger 
than the tested rail. 
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Computer Simylation. 
Computer simulations were performed on the Modified Kansas Corral bridge 

rail, the Natchez Trace bridge rail, and the Aluminum Tri-Rail bridge rail 
with sidewalk. NARD was the computer program that was used because of its 
three-dimensional capability. The impact conditions that were used correspond 
to Performance Level I from the 19S9 AASHTO guidelines, the ISOO-lb (SI7-kg) 
mini-sedan at 50 mi/h (SO.S kID/h) and a 20 degree angle and the S400-lb (2450-
kg) pickup at 45 mi/h (72.4 kID/h) and a 20 degree angle. The profiles of the 
railings were accurately modeled, while the rails themselves were simplified 
because of the limited number of barrier elements available in NARD and 
limited funding available for simulation. This limitation particularly 
affected the Aluminum Tri-Rail bridge rail. The results of the simulations 
are presented in appendix A and should be used sparingly to predict trends 
only. In all cases, the vehicles were smoothly redirected with no indication 
of vaulting. 

Graphs. 
Guides for wheel snagging were developed in reference 3. Figure 5 

presents the design guideline. This was used to determine the potential of 
the Aluminum Tri-Rail bridge rail for snagging. 

c. Final Designs 
Every bridge rail reviewed, with the exception of the Aluminum Tri-Rail 

bridge rail, remained unchanged. The drawings presented in section B 
represent the final design. The Aluminum Tri-Rail was modified to include 
blockouts at the top two rails as shown in figure 6. This configuration was 
not submitted to full-scale crash evaluation. 
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d. Test Procedures 
Two bridge rail designs were evaluated as part of this contract, the 

Glulam bridge rail and the Modified Kansas Corral rail. For each design, 
two tests were conducted, one with an 1800-lb (817-kg) sedan and one with a 
5400-lb (2450-kg) pickup truck. The test matrix is presented in section 1. 

Impact events were recorded from transducers mounted on the vehicle. 
Extensive high speed and real time film coverage also documented the barrier, 
vehicle and dummy behavior. Color slides and black and white photographs were 
taken before, during and after the test to provide additional documentation. 

e. Full-Scale Crash Tests 
(1) Glulam Bridge Rail 
The Glulam bridge rail system was manufactured and provided by Wheeler 

Consolidated Industries, Inc., of St. louis Park, Minnesota. The barrier 
system consists of 18-ft (5.5-m) long by 7-ft (2.1-.) wide by 10-in (25.4-cm) 
thick laminated wood bridge deck panels. For each test, four panels were used 
to construct a simulated bridge 72 ft (21.9 m) in length. The panels were 
positioned and fastened to an existing reinforced concrete deck at the test 
site. The curb/scuppers, posts, and rail were attached to the deck, according 
to the instructions given by the manufacturer. Details of the system are shown 
in figure 1. 

Test WB-l. Small sedan. The purpose of this test was to investigate the 
dynamic interactions of a small car with the bridge rail and curb. The goals 
for this test were: (1) the vehicle should be smoothly redirected without 
exhibiting any tendency to snag or pocket; (2) the vehicle should remain 
upright throughout the event; and (3) the vehicle after-collision trajectory 
should not present an undue hazard to other traffic. 

The vehicle used in the test was a 1982 Volkswagen Rabbit. The gross 
test weight, including the dummy and instrumentation, was 1983 lb (900 kg). 
Figures 7a and 7b contain photographs of the barrier and test vehicle. 
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Modified Kansas Corral Bridge Rail. 
Strength analyses were performed on this system prior to testing to 

ensure that this design is equal to or superior to the previously tested 
Modified Kansas Corral. ~ In addition, a computer simulation was performed 
to provide insight into vehicle stability while impacting this profile. After 
reviewing this information, it was determined that this design would perform 
satisfactorily with no modifications and it was correspondingly evaluated by 
crash test. 

Natchez Trace Bridge Rail. 
Two computer simulations were performed on this design to provide insight 

into vehicle behavior while impacting this profile. No modifications were 
recommended for this system. This was not confirmed because no full-scale 
tests were performed. 

Aluminum Tri-Rail Bridge Rail With Sidewalk. 
Two computer simulations were performed on this design to provide insight 

into vehicle behavior while impacting this profile. Because of limited 
modeling capabilities of the simulation program, additional review was 
performed based on guidelines provided in reference 3. From figure 5, this 
system indicates a high snagging potential. A blockout is recommended for the 
upper two rails to reduce this potential. This is shown in section 2-c. 
Full-scale crash tests were not performed on this design. 

b. Analyses Conducted 
Three types of analyses were performed during this study: strength, 

computer simulation, and wheel snagging using graphs. 

Strength. 
Elastic analyses were conducted on the Modified Kansas Corral bridge rail 

using the BRIDGE program (3) and the yield line analyses used by Hirsch and 
Bronstad. (4,5) Results from these were compared with the same analyses of 
the Modified Kansas Corral bridge rail that was tested and reported in 
reference 3. In all cases, the Western Bridge Rail was equivalent or stronger 
than the tested rail. 
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Computer Simylation. 
Computer simulations were performed on the Modified Kansas Corral bridge 

rail, the Natchez Trace bridge rail, and the Aluminum Tri-Rai1 bridge rail 
with sidewalk. NARD was the computer program that was used because of its 
three-dimensional capability. The impact conditions that were used correspond 
to Performance level 1 from the 1989 AASHTO gUidelines, the 1800-1b (817-kg) 
mini-sedan at 50 mi/h (80.5 km/h) and a 20 degree angle and the 5400-1b (2450-
kg) pickup at 45 mi/h (72.4 km/h) and a 20 degree angle. The profiles of the 
railings were accurately modeled, while the rails themselves were simplified 
because of the limited number of barrier elements available in NARD and 
limited funding available for simulation. This limitation particularly 
affected the Aluminum Tri-Rail bridge rail. The results of the simulations 
are presented in appendix A and should be used sparingly to predict trends 
only. In all cases, the vehicles were smoothly redirected with no indication 
of vaulting. 

Graphs. 
Guides for wheel snagging were developed in reference 3. Figure 5 

presents the design guideline. This was used to determine the potential of 
the Aluminum Tri-Rail bridge rail for snagging. 

c. Final Designs 
Every bridge rail reviewed, with the exception of the Aluminum Tri-Rail 

bridge rail, remained unchanged. The drawings presented in section B 
represent the final design. The Aluminum Tri-Rail was modified to include 
blockouts at the top two rails as shown in figure 6. This configuration was 
not submitted to full-scale crash evaluation. 
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d. Test Procedures 
Two bridge rail designs were evaluated as part of this contract, the 

G1u1am bridge rail and the Modified Kansas Corral rail. For each design, 
two tests were conducted, one with an l800-1b (8l7-kg) sedan and one with a 
5400-1b (24S0-kg) pickup truck. The test matrix is presented in section 1. 

Impact events were recorded from transducers mounted on the vehicle. 
Extensive high speed and real time film coverage also documented the barrier, 
vehicle and dummy behavior. Color slides and black and white photographs were 
taken before, during and after the test to provide additional documentation. 

e. Full-Scale Crash Tests 
(1) Glulam Bridge Rail 
The Glu1am bridge rail system was manufactured and provided by Wheeler 

Consolidated Industries, Inc., of St. Louis Park, Minnesota. The barrier 
system consists of 18-ft (S.S-m) long by 7-ft (2.1-m) wide by 10-in (25.4-cm) 
thick laminated wood bridge deck panels. For each test, four panels were used 
to construct a simulated bridge 72 ft (21.9 m) in length. The panels were 
positioned and fastened to an existing reinforced concrete deck at the test 
site. The curb/scuppers, posts, and rail were attached to the deck, according 
to the instructions given by the manufacturer. Details of the system are shown 
in figure 1. 

Test WB-l. Small sedan. The purpose of this test was to investigate the 
dynamic interactions of a small car with the bridge rail and curb. The goals 
for this test were: (1) the vehicle should be smoothly redirected without 
exhibiting any tendency to snag or pocket; (2) the vehicle should remain 
upright throughout the event; and (3) the vehicle after-collision trajectory 
should not present an undue hazard to other traffic. 

The vehicle used in the test was a 1982 Volkswagen Rabbit. The gross 
test weight, including the dummy and instrumentation, was 1983 lb (900 kg). 
Figures 7a and 7b contain photographs of the barrier and test vehicle. 
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Figure 7b. Test W8-1 pre-test details (continued). 
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Test results are summarized in figure 8. Impact conditions were 59.2 
mi/h (95.3 km/h) at a 20.0° impact angle. The vehicle impacted the barrier 29 
inches downstream of post 5. The vehicle remained in contact with the barrier 
for 12.5 ft (3.8 m) before redirection at a -12.0° angle. During the impact 
sequence, the right front tire/wheel became engaged between the top of the 
curb and the bottom of the rail. Measurements of the tire/wheel path 
indicated a maximum of 5 in (13 cm) of lateral engagement. Since the curb is 
12 in (30.5 cm) wide, there was no propensity for the wheel to snag on a post 
during impact. 
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No significant pitch, roll or yaw was noted during impact and redirec­
tion. The vehicle came to rest 140 ft (43 m) downstream of the impact point 
and 50 ft (15 m) out from the barrier plane. The vehicle brakes were applied 
at approximately 100 ft (30 m) after impact. Table 2 presents the after 
impact vehicle trajectory. 

Table 2. After impact vehicle trajectory, test W8-1. 

Location' 

o 
10 
20 
30 
40 
50 
60 
70 
SO 
90 

100 

Oi stance2 

o 
-0.2 
1.5 
3.3 
5.2 
9.0 

10.5 
12.S 
16.1 
19.5 
24.5 

'Oistance measured in the downstream direction with 0 as the point 
of impact. 

2 Measured perpendicular to the barrier plane at the front tire on 
the impact side of the vehicle. 

All dimensions are in feet. 1 ft = 0.305 m 

Maximum dynamic barrier deflection observed from the overhead data camera 
was 6.3 in (16.0 cm). Measurements of the barrier after the test showed a 
maximum of 1.5 in (3.S cm) permanent deflection. Maximum 50 m/s average 
accelerations from transducer data were -5.0 g's (longitudinal) and 7.6 g's 
(lateral). These results are exhibited in table 3. 
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Table 3. Permanent barrier deflections, test WB-l. 

Post/Location Deflection 

3 0.3 
4 0.4 
5 0.5 
6 0.8 
7 1.5 
8 1.3 
9 0.8 

10 0.4 
11 0.2 

All dimensions are in inches. 1 in = 2.54 cm 

Figures 9a through 9c present photographs of damage to the vehicle and 
barrier. Damage to the barrier consisted of scuff marks and minor gouging on 
the rail and curb. Inspection of the barrier system revealed no fractured 
posts or beam members. Observation of the deck showed delamination between 
the second and third deck timbers in the impact area. The delamination of the 
deck occurred from the location of post 3 to post 9 with a maximum separation 
of 0.5 in (1.3 cm) on the top surface of the deck, apprOXimately 3 ft (0.9 m) 
downstream from post 6. Maximum separation observed on the bottom surface of 
the deck was 0.1 in (0.3 cm). Several drive spikes in the impact affected 
area of the deck showed evidence of minor pullout. 

Damage to the vehicle consisted of sheet metal deformation of the hood, 
right front fender, side, and rear fender. The windshield was cracked because 
of a pillar deformation. Both right side tires were blown out during impact. 
Vehicle damage was considered commensurate with the severity of the impact. 
Measurements of vehicle damage are given in table 4. 
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Figure ga. Test WB-I post-test details. 
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Figure 9b. Test WB-I post-test details (continued). 
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Figure 9c. Test WB-l post-test details (continued). 
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Table 4. Vehicle damage measurements, test WB-I. 

Before Test After Test Crush 

l 52 52 Not Applicable 
C-I 2.0 2.0 0.0 
C-2 0.0 5.6 5.6 
C-3 0.0 6.0 6.0 
C-4 0.0 7.5 7.5 
C-5 3.0 10.0 7.0 
C-6 4.0 12.1 8.1 

Maximum crush of 12.0 at a location of 15.0 to the right of vehicle 
centerline. 

All dimensions are in inches. 1 in & 2.54 cm 

Test WB-2. Pickup truck. The purpose of this test was to investigate 
the dynamic interactions of the pickup truck with the bridge rail and curb. 
Goals for this test were: (1) the vehicle must not penetrate or vault over 
the system; (2) the vehicle should remain upright throughout the event; and 
(3) the vehicle after-collision trajectory should not present an undue hazard 
to other traffic. 

The barrier selected was the same as that used in test WB-I. However, 
one deck panel with curb/rail was replaced in the impact area to ensure system 
integrity. The vehicle used was a 1984 Ford FI50 pickup truck. The gross 
test weight, including the dummy and instrumentation, was 5419 lb (2458 kg). 
Figures lOa and lOb contain photographs of the barrier and test vehicle. 

Test results are summarized in figure 11. Impact conditions were 47.5 
mi/h (76.4 kID/h) at a 20° impact angle. The vehicle impacted the barrier 
midway between post 5 and 6. The vehicle remained in contact with the barrier 

27 



Figure lOa. Test WB-2 pre-test details. 
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Figure lOb. Test W8-2 pre-test details (continued). 
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Figure 11. W8-2 pickup truck test results. 
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for 15.0 ft (4.6 m) before redirection at an angle of -4.9°. The vehicle 
showed no tendency to snag on the curb or posts during the impact sequence. 
No significant pitch, roll or yaw was noted during impact and redirection. 
The vehicle came to rest 130 ft (40 m) downstream of the impact pOint and 48 
ft (15 m) out from the barrier plane. The vehicle brakes were applied at 
approximately 100 ft (30 m) after impact. Table 5 presents the vehicle 
trajectory after impact. 

Table 5. After impact vehicle trajectory, test WB-2. 

Location' 

o 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Di stance2 

o 
-0.1 
0.2 
1.5 
2.0 
3.4 
1.4 
0.0 

-3.0 
-6.1 
11.2 

, Distance measured in the downstream direction with 0 as the point 
of impact. 

2 Measured perpendicular to the barrier plane at the front tire on 
the impact side of the vehicle. 

All dimensions are in feet. 1 ft = 0.305 m 

Maximum dynamic barrier deflection observed from the overhead data camera 
was 8.5 inches (21.6 em). Measurements of the barrier after the test, listed 
in table 6, show a maximum permanent deflection of 2.3 in (5.8 cm). Maximum 
50 ms average accelerations from transducer data were -3.2 g's (longitudinal) 
and 5.2 g's (lateral). 
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Table 6. Permanent barrier deflections, test WB-2. 

Post/Location Deflection 

3 0.5 
4 0.8 
5 1.0 
6 1.5 
7 2.3 
8 2.3 
9 1.5 

10 1.0 
11 0.5 

All dimensions are in inches. 1 in = 2.54 em 

Damage to the vehicle consisted of sheet metal deformation of the right 
front fender, side, and rear fender. The windshield remained intact, and the 
right front tire was blown out during impact. The tire remained on the wheel 
during redirection, but became detached during subsequent vehicle retrieval 
from the runout path. Vehicle damage was considered commensurate with the 
severity of the impact. Vehicle damage measurements are contained in table 7. 

Table 7. Vehicle damage measurements, test WB-2. 

Before Test After Test Crush 

L 58 58 Not Applicable 
C-l 0.4 0.3 -0.1 
C-2 0.8 3.3 +2.5 
C-3 0.0 2.5 +2.5 
C-4 0.0 4.0 +4.0 
C-5 0.0 7.1 +7.1 
C-6 1.5 1l.5 +10.0 

Maximum crush of 15.8 at a location of 2S to the right of vehicle 
centerline. 

All dimensions are in inches. 1 in • 2.54 em 
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Figures 12a and 12b present photographs of damage to the vehicle and 
barrier. Damage to the barrier consisted of scuff marks and minor gouging on 
the rail and curb. Inspection of the barrier system revealed no fractured 
posts or beam members. Observation of the deck showed delamination between 
the second and third deck timbers in the impact area. The delamination of the 
deck occurred from the location of post 3 to post 9 with a maximum separation 
of 0.8 in (2.0 cm) on the top surface of the deck about 3 ft (0.9 m) down­
stream from post 6. Maximum separation observed on the bottom surface of the 
deck was 0.1 in (0.3 cm). Several drive spikes in the impact affected area of 
the deck showed evidence of minor pullout. 
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Figure 12a. Test WB-2 post-test details. 

34 



l' ~. 

,;, ~'b.lj'>; .... 

Figure 12b. Test WB-2 post-test details (continued). 
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(2) Modified Kansas Corral Bridge Rail 
The Modified Kansas Corral bridge rail consisted of concrete posts, rails 

and a 6 in (15 cm) curb, and was constructed on a simulated bridge deck. The 
total length of the system was 69 ft (21 m). Details of the system are shown 
in figure 2. 

Test KM-I. Small sedan. The purpose of this test was to investigate the 
dynamic interactions of the small car with the bridge rail and curb. The 
goals for this test were: (I) the vehicle should be smoothly redirected 
without exhibiting any tendency to snag or pocket; (2) the vehicle should 
remain upright throughout the event; and (3) the vehicle after-collision 
trajectory should not present undue hazard to other traffic. 

The vehicle used in this test was a 1982 Honda Civic. Gross test weight, 
including the dummy and the instrumentation, was 1990 lb (902 kg). Figures 
13a and 13b contain photographs of the barrier and test vehicle. 
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Figure 13a. Test KH-l pre-test details. 
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Figure 13b. Test KH-l pre-test details (continued). _ 
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Test results are summarized in figure 14. Impact conditions were 51.0 
mi/h (82.0 km/h) at a 20.5° impact angle. The vehicle impacted the barrier 
midway between posts 7 and 8. The vehicle remained in contact with the 
barrier for 13.8 ft (4.2 m) before redirection at a -3.7° angle. During the 
impact sequence, the right front tire/wheel became engaged between the top of 
the curb and the bottom of the rail, with the wheel hub contacting post 8. 
Although post 8 exhibited minor gouging, observation of the test film showed 
no significant snag potential. 
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Maxl_ Deflectlona - In. [CIIJ 

Poet 

~ .. ,t ••• 
~te •••• 

Det.n. of the poet., blockoutl, curb, 
flgur. 14. 

• •••••••••• none 
• • • • • • • • • • • none 

end dick a,.. Included In 

Vehlcl ••••••• . . . . . . . . . . . . . . . . . 1982 Mondii CIvIc 

..... - lb [kll 
T_t InertIa. 
~ .... 
..... Tett Weight ••••••• • • • • 

...... - .1 Itt [kI\Ih) • • • • • • • • • • • • • 

• 1825 (lS2n 
• • 165 [75J 
• 1990 [902] 

51.0 [82.0) 

7 

Anll. • dig,.", 
IlIPKt •• 
ExIt ••• 

6 5 

Occupant IlIPKt Velocity· ft/' [11/,) 
forwel'd (f HII/eceel) • • • • • • • • 
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Occupant RI~ Aeeel.,.atlona • g" 
forwel'd (eceel) •••••••• • 
Llte,.el (eceel) ••••••••• 

MaJlI~ 50 -VI Ayg Aee.l.,.atlona • g'l 
LongitudInal (eceel) 
llt.,.al (eceel) ••••••••• 

Vehlcll D.-ge 
TAD 
VOl ••• 

Figure 14. KM-1 small sedan test results. 
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The vehicle remained stable during impact and redirection. It came to 
rest 150 ft (46 m) downstream of the impact pOint and 10.5 ft (3.2 m) out from 
the barrier plane. The vehicle brakes were not applied after impact. Table 8 
presents the vehicle trajectory after impact. 

Table 8. After impact vehicle trajectory, test KM-l. 

location' Distance2 

o 0 
10 -0.2 
20 0.8 
30 1.5 
40 2.3 
50 3.2 
60 4.0 
70 4.8 
80 5.6 
90 6.3 

100 6.9 

'Distance measured in the downstream direction with 0 as the point 
of impact. 

~easured perpendicular to the barrier plane at the front tire on 
the impact side of the vehicle. 

All dimensions are in feet. 1 ft = 0.305 m 

The barrier did not deflect during impact. The film data indicated 
maximum 50 m/s average accelerations of -2.8 g's (longitudinal) and 4.0 g's 
(lateral). Maximum 50 m/s average accelerations from transducer data were -
5.4 g's (longitudinal) and 8.1 g's (lateral). 

Figures 15a and 15b show photographs of vehicle and barrier damage. 
Damage to the barrier consisted of cosmetic scuff marks on the rail and curb. 
Minor gouging was noted on post 8. Inspection of the barrier system revealed 
no fractured posts or rail members. The barrier was considered undamaged. 
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Figure 15a. Test KM-I post-test details. 
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Figure 15b. Test KM-l post-test details (continued). 
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Damage to the vehicle consisted of sheet metal deformation of the hood, 
right front fender, side, and rear fender. The right front tire was blown out 
during impact, and the A-frame was displaced rearward to the fender well. 
Vehicle damage was considered commensurate with the severity of the impact. 
Vehicle damage measurements are contained in table 9. 

Table 9. Vehicle damage measurements, test KM-I. 

Before Test After Test Crush 

L 48 48 Not Applicable 
C-I 1.3 4.0 2.7 
C-2 0.0 2.8 2.8 
C-3 0.0 -0.8 +0.8 
C-4 0.0 8.8 8.8 
C-5 0.3 8.5 8.2 
C-6 0.3 10.0 9.7 

Maximum crush of 10.5 at a location of 22.0 to the right 
of the vehicle centerline. 

All dimensions are in inches. 1 in = 2.54 cm 

Test KM-2. Pickup truck. The purpose of this test was to investigate 
the dynamic interactions of the pickup truck with the bridge rail and curb. 
Goals for this test were: (1) the vehicle must not penetrate or vault over 
the system; (2) the vehicle should remain upright throughout the event; and 
(3) the vehicle after-collision trajectory should not present an undue hazard 
to other traffic. 

The barrier was the same as that used in test KM-1. The vehicle used was 
a 1984 Ford FI50 pickup truck. Gross test weight, including the dummy and 
instrumentation, was 5419 lb (2458 kg). Figures 16a and 16b contains 
photographs of the barrier and the test vehicle. 
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Figure 16a. Test KM-2 pre-test details. 
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Figure I6b. Test KM-Z pre-test details (continued). 
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Test results are summarized in figure 17. Impact conditions were 46.6 
mi/h (74.9 km/h) at a 20.0° impact angle. The vehicle impacted the barrier 
0.8 ft (0.2 m) downstream of post 7. The vehicle remained in contact with the 
barrier for 15.0 ft (4.6 m) before redirection at a -2.4° angle. The vehicle 
showed no tendency to snag on the curb or posts during the impact sequence. 
No significant pitch, roll or yaw was noted during impact and redirection. 
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Figure 17. KM-2 pickup truck test results, 
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The vehicle came to rest 190 ft (58 m) downstream of the impact point and 
35 ft (11 m) out from the barrier plane. The vehicle brakes were applied at 
approximately 130 ft (40 m) after impact. Table 10 present the vehicle 
trajectory after impact. The barrier did not deflect during the impact. Film 
data indicated maximum 50 m/s average accelerations of -2.7 g's (longitudinal) 
and 4.9 g's (lateral). Maximum 50 m/s average accelerations from transducer 
data were -3.4 g's (longitudinal) and 8.8 g's (lateral). 

Table 10. After impact vehicle trajectory, test KM-2. 

Location1 

o 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Di stance2 

o 
-0.3 
1.0 
2.3 
2.4 
3.3 
4.3 
5.2 
6.3 
7.5 
8.8 

1Distance measured in the downtown direction with 0 as the point of 
impact. 

~easured perpendicular to the barrier plane at the front tire on 
the impact side of the vehicle. 

All dimensions are in feet. 1 ft • 0.305 m 

Figures 18a and 18b present photographs of damage to the vehicle and 
barrier. Damage to the barrier consisted of cosmetic scuff marks on the rail 
and curb. Minor gouging from wheel contact was noted on the lower edge of the 
rail in the impact area. Inspection of the barrier system revealed no 
fractured posts or rail members. The barrier was considered undamaged. 
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Figure 18a. Test KM-2 post-test details. 
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Figure 18b. Test KM-2 post-test details (continued). 
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Damage to the vehicle consisted of sheet metal deformation of the right 
front fender, side, and rear fender. The front bumper was deformed inward at 
the impact area. The right front tire was blown out during impact. Vehicle 
damage was considered commensurate with the severity of the impact. Vehicle 
damage measurements are listed in table 11. 

Table 11. Vehicle damage measurements, test KM-2. 

L 
C-l 
C-2 
C-3 
C-4 
C-5 
C-6 

Before Test 

56 
2.0 
1.0 
0.0 
0.0 
1.0 
2.0 

After Test 

56 
3.8 
5.5 
4.0 
3.5 

15.6 
14.0 

Crush 

Not Applicable 
1.8 
4.5 
4.0 
3.5 

14.6 
12.0 

Maximum crush of 16.0 at a location of 25.0 to the right of vehicle 
centerline. 

All dimensions are in inches. 1 in - 2.54 cm 

3. CONCLUSIONS AND RECOMMENDATIONS 
Two bridge rail designs have been evaluated using full-scale tests 

employing both a small sedan and a pickup truck. Also, analyses of two 
additional designs have been conducted. Conclusions and recommendations based 
on the results of this effort are presented below. 

a. Conclusions 
The Glulam bridge rail and the Modified Kansas Corral bridge rail passed 

both the small sedan and the pickup truck full-scale tests. The rails did not 
fail in any of the tests, and the vehicle behavior during and after impact 
was, in all cases, acceptable. Analyses conducted on the Modified Kansas 
Corral bridge rail indicated that it was equally as strong or stronger than 
the Modified Kansas Corral rail tested in reference 3. 
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Computer simulation on the Modified Kansas Corral bridge rail and the 
Natchez Trace bridge rail indicated that the vehicle would be redirected with 
no vaulting. 

The Aluminum Tri-Rail bridge rail has a high snagging potential according 
to guidelines developed in reference 3. 

b. Recommendations 
Because the Modified Kansas Corral and Glulam bridge rail designs passed 

the full-scale tests, they should both be certified as acceptable for use on 
Federal lands highways. 

Based on the analyses conducted, the Natchez Trace bridge rail should be 
tested in its current design to Performance level 1 of the 1989 AASHTO guide 
specifications. 

The Aluminum Tri-Rail bridge rail should be modified as recommended and 
submitted for full-scale testing to Performance level 1. 
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APPENDIX A: COMPUTER SIMULATION TEST RESULTS 
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Figure 19a. Modified Kansas Corral bridge rail with 
lS00-lb (S17kg) computer simulation results. 
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IBOO-lb (BI7kg) computer simulation results (continued). 
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5400-lb (2450kg) computer simulation results. 
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Figure 21a. Natchez Trace bridge rail with 
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Figure 22b. Natchez Trace bridge rail with 5400-1b 
(2450 kg) computer simulation results (continued). 
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APPENDIX B: FULL-SCALE CRASH TEST REPORTS 

TO: Mr. Charles McDevitt, P.E., FHWA 

FROM: Ken Johnson 

SUBJECT: Timber Bridge Rail Details 

Transmitted herewith are the DRAFT calculations of the bridge rail. Please 
give me a call «218) 927-3370) to help explain any of those areas which may 
not be clear. 

Thank you, 

WHEELER CONSOLIDATED, INC. 

Kenneth Johnson 
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11.700 Ibs. 

lYPfCAl CROSS SECTION Of CURB AND RAIl!. 

The Indicated load of 17 Joo pounds Is the estimated maximum 
lateral load from a t ,800 pound vehicle traveling at eo MPH 
and strildng the rau at 2fr; 

TABLE NO.1 (lOAD ON POST BOll) 
pz 17,700 x C 

8 

DECK DIMENSION DIMENSION aMENStON LOAD ON POST 
THICKNESS m. e -2JS(T ~ USI A-a-US"" C-2O ... · .. 1 IOLTps.J.-P 

lV 12.1r· uZ' uss- 41,341 

12''' 13.517" SW' 33"'-' +t,~ 

1 ... · 14.13'" 8.51". ~.2t·· ~02" 

,'- te..r· 7'-· .,s' «»,ooa 

f,, ' fUlr us- n ..... "~1a 

NOTE: The. 1I..-.(jamefer by 2r Dome Held !oil cor.1eeting lie rail poIt tIJ 
fle.CIIb bas. RootArN 0( 0.890 IIJ il n. T~ Snss Areaot .H .... it. 

The minimum ~ Rea b-A S25 it tppIed IeNion it 120,000 pti (.25"" t-'die. boIII)' 
The minimIMft uIWaIe SI'eSS b-A 325 it appfied IP:nIion it 105.* pIi. ( ..... baftt 

The rnininun ulimalP: stbI (or A ~ it ~ tension it SO.OOO pili 
NIowabte load based «I Tensk Streu .... · .Nt Jl fOUOO· 101 .. 175 poII'dI. 

NoNabfe foGd bIIsed «I Tend, Sfta .... • .M' Jl 80.000 • 5IJ40 poundI 
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UL llMATE UNIT STf£SSES: Ref: UlbinItJI.Jb1uf H&1Au ""'" ~ ".,~. 
WOOOH4ndtJr»t.F'MA1/~ ~ 

Specie - Douglas-fir 

Modulus of rupture (Fb} = 12 .. 800 psf 
Modulus of efasticlty (E) = 1.970 .. 000 psI 
CompresJon parallel to graIn. max. crushlng strength = 7,200 psi 
CompressIon perpendIcular to graIn, at portionsl limit (Fe I = 870 psI 
Shear pararrer, to graln,. max. shearing strength (Fv) = 1.380 psi 

~()£SIGN:. 
8" x 12" Post ---, 

Rail post spacing 

,..----6· 0"---~--6' 0"---I~1---6' 0--..... 

/.3' crt 3' cr.j 
P 

17,700 fbs. 

'-fj x 103l4"GLUlAM RAIL 

BENIXNG'S11£SS COMPUTAllON5: 

Maxlrrummoment=M= t3PL = 13x17.700x6x12 s258.863In-Ibs. 
64 84 

t- Z 
SectIon modulus = S = -12!it: - 10.75 x 6 = 64.5 In~' 

6 6 

f •. - 258~ In.1t$. ,= 4,013 psi c 12.$)0 psi OK 
64.51t1.' 

HOAZONTAl Sf£Nt 

Check with load at 3d a 1/4 La 15 from support 
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POST DESIGN:. 
Check bending moment at 1 1/4- bolt hole. 
MaxImum moment = M = 17JOO x 20.38"'''' 360,726 In-Ills. 
Net section of pc6t = 8- • 1 1/4- :r: 6 3(4-

2' J 
Section modufus • S.~ • 6.75

8
'1. 12 • 162 in.3, 

fb'= ~ ... 360~: ~"ifbs. = 2;27 psi. < 12.800 psi OK 

t-K>IUONTAl SI-EAR 
V = 17 • .100 Ibs. 

f ... ~ =3 '1.17.700 = 277 r:st < 1,380 OK 
v: 2bd. 2 x8x 12 

LOAD ON 11/4" POST BOlT: 
Ultimate unit stress for A 325 steel bolt (1.25" dia.) in tension • 105.000 psi. 
Load on bolt (from sheet 1 Of 16 sheets) • 47,341 Ibs. 

Net ";" 'red 47,341 Jbs. 045 . 
5eCuvn reqtJl • 105.0J0 psi •. sq. In. 

Tensile Area of 1 1/4" bolt = 0.969 sq. In. (AJSC .. 8th. Ed., page 4--141)" 

WASI-ER DESIGN FOR POST BOlT: 
Try 6- X8" 

47,341 Ibs. = ~ psi > 870 psi NOT OK 
48 sq. in 

CUPB TO flOOR SPUT RNG CONNECIlORS: 
DesJgn ValuelUltimate Varue • 4.010 4.5 (page 7-18 WOOD Handbook1 
1. Seasoned lumber 3. Angle of load 10 grain = ~' 
2. Group -8" species 4. O-ter 3" 1h1ck both faces 
Allowable Joad on 4" spilt ring connector and 3(4" bolt = 3~360 x 4 = 13,440 Ibs. 

Number of bolts requIred = Alrc!.6Je • 17,700 :: 1 32 Bolts 13.440 ' 

Use 4 bolts •. two on each side. 

CUfBTO FlOOR BOCTS: 

Check bolts. in tension ,use ASTM A 325 eons· 
17,700 Ibs. x 20.38 In. .60 .. 121 pounds to be resisted· by bolts 

8 In. 
Tensile Stress Atea for 3/4" diameter bolt • 0.334 sq:1n. 
Allowable load tor 3/4" dJamerer bolt· 120J)OOx 0.334 • 40.080 Ibs. per boi 
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S-x a-x 10314.- Spacer BlOck 

17.700 Ibs. 

... Spat Rlngs ---If----4--C 

~. X 15-

Dowels O·---.J-----
p 

......... "'.~'-f"" ... ~"""""" .. "'~",," ... 
12" O.c. r 

T 
Top & Bottom. 

~~~~t::~t:::l~~~~~~~iU 

3 each 314" x 30" Orlw SPIll<8S'v 
One placed at the center d deck ttvu 
the post and the other two praced 
on each sIde d post at centsr of deck 

\ Check for sepration between 
deck planks at 1his joint. 

TYPICAL CROSS SECTION Of CURB AND RAIl!. 

CHECK \WIl£R\WAl fOfaS IN DECK: 
Compute withdrawal resistance d 3/4" x 30" Drive Splkes 

p w • Ultimate withdrawal resistance U1X'O Handbook. pege 7-6' 

f?- 6,600 x G2x 0 x L Where G- Specific gravity·.49, 0 -,Diame(er· .75-

2 
Pw= 6,600 x.49 x .75 x 1 = 1.188lbsJ1n. UlUmatB Value.. 

pw& 1,188 x (6 + 11 + 17) = 47,520 pounds >- 17,700 pounds OK 

Compute withdrawal resistance d W x 15" Deck Oov.eIs 
Pw • Urtimafe withdrawal resistance WOOD Handbook..JJ8!l6 7-.6· 

pw• 6,600 x G 2X 0 Where G - Specific gravity - .49 •. 0 -, Diameter • .315." 

pw.= 6.$)0 x.J x .375 x 1.0 = 594 JbsJ1n. UltimateVafua. 
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Deck Dowel DImensIons 

31C"·dia. x 30-' 
Drive SpllGls 
3 each IJf post Ioc.1dfon 

t 
Point or Rotation 
for Moment in [)edt 

S· of centar Drive Spb 
and 1r'ot·oI\eIt.Yo SplJau 
RU5t t3r 'NfftrdrfMII 

T 0 

10" :r' 
12" :r 
1. ... :r 
1a- :r' 

34- 18" :r' 

318-oa. Jt 11'" 
rung Shank Oowef. 
'"4"·O.C . .1op iI'Id Bolam 
Tot eidl Do\.wf Resist 
wi1fr:taNII 

E 

:r 
:r 
S 
:r 
:r' 

TYPICAL CROSS SECTION. Of CURB AND RAIl!. 

TABLE NO.2 (DECK RESISTANCE TO BENDfNG MOMENTJ: 

TOT,t.L MOMENT. RESlST1HG MOMEWt TOTAL 
DECK. TO BE ReSISTED FROII 00WEl.S f'ROM DAM SAKES . RESISTING. 

THlCl<NESS c.r .. aqp t:." 12x4..151 S ((J1.2)) 40 a 1.118) MOM£T 
il n ..... iI._ ft.Ia. A_ 

10'" 1aJS1. .c9UIO 712100 UI1.71O 

t2"" 71tJU SN,75I ISUIO· 1..454J12 

14'"' 754.551 .544 
m_ 

1.89G. .... 

1 .. ' 7att51 791.- 1.1«JM1)- 1.Sl3U1' 

t .. · 12US1 '9IJa 1autO 2J,1J8I 
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DECK 

TYPICAL CROSS SECTION OF CURB'AND RAIIl. 

The indJcatad.Joad d 32LOOO pounds Is the estimated.maxfrnum, 
lateral load from a 5,.,400 pound V&hJcfe traveling at 60 MPH 
and striking the rafl.at~: 

TABLE NO.1 (lOAD ON POST BOlT) 
p= 32.000xC 

B 

DJMENSIOt4 DIMENSION OWENSlOrl LOAD ON POST 
THICKNESS m: 8 • 2t'!(T .. '..25J A- 8-1.25- C-20,W .. 8 BOLT I-SS.I· P 

10" 12.1r' Str' uss- a5.sae. 

12'"' 1450'" S2S'" 3S#" eo.304 
1("" 1,(13'" &Sr. S,21!"" 75.,7e 

W· 14.11'" 7N· 35.ss- 72.331 

1r 17.' us- ~7'" 69.-
NOT!; The 111 .... ciamefer br 2S-1)Qme Head 8ofl~ng tae tal post_ 

tle C\I'b has. RootArea 01 0.190 54 in.1nd I TensiJe ShsIlftaol.96t Iq. h 
The niMnura utrmae mil br A 325 illWied b'lsion il12O,ooo psi (.25""" 1-'. boh:Il 
the mininuD uffmae Rea tit It 32$ i\ IppIed tension il10$,D00 psi. (> 1-era bcIfIt 

The mini1un urfmat! H1esI far A 301 illppied ~sion if 80 .. 000 .... 
NfowaIhfoad based on Tensie Sftss"" ·.tet x 105jOO· 101J75 pot.fIdL 
~ load based on Tenile s.esslfta· .Mtx SOJOO- 58 .. 14O~, 
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Deck Dowel Ofmens'ons 

t 
Potnt of Rotation· 

3fA'''dla x 30'" Ibr Moment in [)edt 
OtWeSpikas 
3 NcI\ It. post Ioc:aIIon 
'R'of <:en_ 0tMt SpItal 

and 1T'ot oe.er1Wo SpIkM 
Ra!lst1br~ 

T 0 

10" :r 
12" :r 
W· :r 
16' :r 
18" :r 

304-

W-c:fia.,l( 1,." 
Rin; Shank Dowels 
1·~O,C .• Top and Boaom 
r'ofeach DovRI AesiIt 
~Ma¥II 

E 

:r 
:r 
:r 
:r 
3" 

TYPICA1. CROSS SECTION Of CURB AND RAIl:. 

TABLE NO.2 (DECK RESISTANCE TO BENDING MOMENT): 

TOT,t,LMOMENT RESlsnNG ",ouarr TOT .... 
DECK TO BE AESlSlE'C FROM DOWELS FROM 0RlV! $PIKES ReSISTING 

THICKNESS U .. 2 • . t3tP ~ .. ,\ 12x4,'se 3 (1I2))I..co x 1 .. taI MOlEr 
iL iL .... ft. .... n .... iL .... 

ler ' fJ3S..1tO. .,..., 712JOO 1,211,710 

1Z" Uoo.,eo 5.152 ISS.- 1..6f.,U2 

14''' ',3&Ueo. 89U44 "'nil 1.196.. ..... 

18" 1,421..'. 191,S31S 1, 1<40'" 1,",,11 

1r' 1,~1" 89(.121 t;4U40 2.1 • ..,88 
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314" 018. Dome Head: Bolls K '(,25" 018. PlatII Washer Top and 4" X .. • 

·- SpfitRngs· 

to I: .: .. 
,:t. 
I .~ 

t .• 1 
1Pl- .-- .... -.,-: .. ' ......... -

.~, .:.~ t." ';': , .. ~ ~ .. ~ 

.:t.: .:f., .•. " 

..... I'-I:, t· 

... _' ... f.: _ •• .J~'" .. J_'., p. 314- X :J:1' .,..... • ... l!f'I 
SPI'''- -------\..------l+---fr.---r-----C .. : :::: 

J\Iii' ';'~ 

ELEVATION VIEW 
CURB AND SCUPPER' 
ASSEMBLY DETAIL 

--- Prefab TItnber 0ecJc Panels 

NOTE: 
The prefabricated deck panels b be dowef. 
laminated using 31r' x 15" gafVan;zEd dowels.. 

DeSIGN NOTes: 
RaIl posts IPaced Inaldmum of e ftt 

,~ ,: 
'.': 
,;JI 

':'~ ,:r: , ..... , .. : 
t. I. ,:,: . .~ 
'0 .: 

PREFAB 
DECK PANELS 

TabufaIed·design dues for f1e .trqth propmies 0( 1he timber componema 
are b be mocilecf whete appropriale ustng DwaIion-ot-lDad Facmr (:1.e5[b 
5 minule biding and horimntilf shur adjusCl11ent tactDr of 1.'7. 

74 



42,poQ Ibs~ 

~ .. :r~; _--~r-~-t~rrnnn1IrA-

• 
12 (JOO Ibs.· "2,000 x·el . 

. 20.38 l' 8.25 

TYPfCAL CROSS SECTION OF CURB·AHD RAIl!. 

The Indicated road. of SO,pro pounds is the estimated maximum. 
lateral Ioad.from a 18,000 pound vehicle traveling at 50 MPH' 
and strikIng the ran at roo'with center of mass 49"' above bridge deck. 

TABlE NO.1 (lOAD ON POST BOll) 
p", 72.000 x C 

B 

DECK DIMENSION DIMENSION DIMENSION ~ONP06T 
'MCKNESS 01 a -2I3(T .. U5J; A-a-uS''' C·20 ... ··a· 8OL.T J,aS.l- P 

W' 12.1r U~· 32055''' lta.572 

11''' 1UO"" uS' .. ".a.- 180IN 

W". tur' ,.sr' ~r' 17U45 

W' 1I.1T' 7 .. · .... te2j<Ce 

w- 17." 125'" sur 15U41 

NOT!; TIle t 1K"·tJIarrIeWr bJ'W Ocxne Hud· Bolt cor.nedl18 !he nti poll It 
Iwcurf) has a RootAteaot UfO tq. in.1ttd a Tensiit Stell ArNot.tet III- it 

Tbtlllilimum uftimaIt Itea tat A 32S it ippIedtlnlion • 120.000 pIi (.JnJ r'cN. ~ 
tile IDi1ir1uIt uIImdt IhM ~ AU5 it "PPfied IeftIion •. 105100 peL ~ r_ boIIt 
n..1IIhirnum""1t'llsa b It S01 it ~.bIeioft is ",000,. 
..,. bid bald Oft TenIIe StrftI ke& - .Nt .10$J00· 101J75 pMdI. 
~!oId baedon·Tendt ~ Area - •••• 10.000· 51.1..0 ooutIdI· 
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ULTIMATE UNrr STIESSES! Ref. V1/Jin61J1.ff/aJ$ ~ Ihlm P4/l11 ",,~. 
WOOOllcflJ~.Nnut~~ 

SpecIe· Douglas-ftt 

Modurus of rupture (fbI- = 12.800 psi: 
Modulus of erasdcfty (~= 1..970.000 psi 
Compreslon parallel to grain" max. crushing strength = 7.200 psi 
Compression perpendlcurar" graIn,. at portiona' "mit (fe.)" = 870 psi 
Shear paranel'to gra'n~ max. s"earing strength. (Fv J = 1.380' psi 

FWUNG DESIGN:, 
~x17Post -~ 

Ran post spacing. 

,..,..~ 1-. --6' 0"--....---6· (1'----1...,...1---6' O"-~ 

/.3'0"+~3'0"~ 
P 

72,000 rbs. 

'-- 6' x 10 1I4' GLULAM RAIl:. 

BEtONG STPESS COMPUTAllONS: (bnnufa I'tcIm AlSc.. all Ed .. page 2-124) 

Maxth'lJm moment = M = 13 Pl = 13 x 72.0CJ0 x 6 x 12 :a 1,053.000 In-lbs. 
84 6( 

2' 2' 
Section modUfus:: S :: + -10.,,; x 6 = 64.51h.3: 

f.- 1,053.000 ~Ibs~ a f~326 psi ,. 12,800 psi NOT OK 
64.5 tt." 

HORIZONTAl. SfENt: 

Cf1ecJc with load: It 3cfa 1M L- 1 B from suppotl 

76 



ULTIMATE ~IT STfESSES! Ref. VIlhnIIJl.lfJ1U4 ~ #om P4l. -I-,J. 
WOOOH~,Frn.l/~~ 

Specie - Dougras-ftt 

Modulus of rupture (Ib J' = 12.800 pst: 
Modulus of efastfclty (~= 1..970,000 psi 
Compresfon parallel to grain" max. crushing strength = 7,260 psi 
Compression perpendlcurarto grarn ... at portiona' "mit (Fel = 870 psi 
Shear paranef'to gra'n~ max. shearing strength. (Fv 1- = 1,3BO'psI 

FWUNG DESIGN:. 
8" x 12" Post ---, 

Ran post spacIng. 

~JIIIIII~ 1-. --6' O"----~--6' (j'----oI~1---6' 0 .. - .... 

/.3'0"+~3'0"~ 
P 

72.000 fils. 

~ 6" x 103'4" GLUIAM RAIl 

BENlXNG STF£SS COMPlITAllON8: 

Maxlirum moment = ad :: '~ Pl:: 13 x 72,:' x 6 x 12 ,. 1,053,(0) In-Ibs. 

2' 2' 
SecrJon modUlus = S = + -10.7: x 6 :: 64.5 rn.3: 

f.- 1 ,053,000 ~~ '" 16..326 pst > 12.800 psi NOT OK 
44.5.,," 

HOAlZONTAl SIENt-

Check wftt\ Joad •• 311'- 1M L- 18 from support. 
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POST DESKiN:. 
Check bendlng'moment at t 1/ .. - bort hole. 
Maximum moment = II - 72,fXYJ x 20.38'" - 1 .. 467.~ In-Ibs. 
Net section d post- 8"". 1 114-'= 8 ~", 

.t" J. 
Section modulus, • S • ~ • 6.75 x,12 • 182 in.'; 

8' 8 

f .. ,= ~ = 1,467,300 I~.'bs. = 9058.-1. C '" BOO. psi OK ., ~ 162 in.3, t ~ c., 

HOAZONfAL~' 
V = 72aOOO Ibs. 

_ 3V _3 x 72.000 'v- 2bd: -2x8x12 == 1.125ps1 < 1..380 OK 

LOAD ON 1114- POST BOlT: 
Ustimate unit stress for A 325 Steef bolt (1.25- dial' in tension • 105,000 psi. 
Load on bolt (from shoot 11 Of 16 sheets)· 192.5721bs. 

Net section required • ~::= =~ · 1.83 sq. in. » 0.009 NOT 00, 

Tenslre Area d 11/4- bolt = 0.009 sq~ In. (A#SC.8th. Ed .• ,page 4--141} 

WASI-£R DESIGN fOR POST BOlT: 
Try 6· X 8." 

192.572 Ibs. = .. 012 psi > IITO.-l, NOT OK 
48 sq. in. t ....... 

CLfI3 10 R.OOR SPUT RNG CONNECT1ORS! 
Design VafuelUltfmata Varus • -(.0 to 4.5 (page 7 .. 18 WOOD Handbook)' 
1. Seasoned lumber 3. AngJe dIoadIDgraln,= gy.' 
2. Group -8'" species 4. CNer ~ thick bo(h fooes 
AJJowable road on 4- spilt ring connector and :r4- bolt = 3.~ x.4 = 13,440 Jbs. 

Number or bolls requIred' = A1lo~abl. • 42,000' = 3.13 Bolls 
13.~ 

Use 4.~, MOO on,each side. 

ClR3TO ROOR Ba..1S:' 

Check bolls in Cension .use ASTM A 325 BoI1s. 

72"OOOJbs. x ro.381n. .244.560 pounds to be resisted by boltS 
Sin. 

TenslUJ Stless' Area,forat,c- diameter bok • 0.334 sq. In. 
Allowable Joad,for ~"·'dlametar. bolt - 120,000 x 0.334 == 4OJ)80 Ibs. per bolt 
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5- x 8'" x 10 3{4"' Spacer Block ~rx 10.75"'01\1 I.JIm R1i1142.000 Ibs. , 
12,OOO·lbs. 

4- Split RInGS ----tI-----t--4 

~"'x 1S' 
Dowels ",-=---1----. !.·~ ...... ~"~ •. J. ........ ,, .. , ...... .,~~~~:r_ ... ·"i~~~~~~~~~~~~~I;.·J 
12" O.c. 
Top' Bottom 

3 each 3'4" x 30- Orfve c:. ...... ,, __ 

One placed at tile cenIBr d deck thtu' 
the post and the other two placed 
on each sk1a dpost at center d deck 

1YPICAL CROSS SECTION OF CURB AHD.RAII!. 

Q£CX ~WAlfO(US ~~. 

CompufB wlthdrawaf reslstanCe of :Yip- x 3(T Ortve SpIkas-

p. • Uftimate withdrawal resistance ~ H8I1(J'lJoa,t, page 7-6 

-1 
T 

+ 

Pw· 6,000 x G
2
X 0 x L Where G· SpecifJc gr~tv·.49 •. 0 -, Ciameu-· .75"' 

pw .. e,aoox.dx.75X 1:a 1,,1881b5m. Uldmaf8Vaha 

p.- 1 .. 188 X f8 fI 17 + 17},- 47 /«J pounds> 42..000 pounds OK 

Compute withdrawal resistance cI W ·x·16"' Deck Oowafs 
P. • Ultimate withdrawal resistance. HtXl7~~ ?-6' w 

~- 8.800 x G~ x D· Where G: - SpecifiC. wavftV·· .Gl •. D - .. Diameter. • :s15. 

~. fJ,f!tXJ x .J x .375 x 1".0 - 594 rbs.t1rL URfma1BVaka 
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Deck Dowel Ormenslons 

t 
Point of Rotarion 

3/.r ·~a x 30-' lor Moment in Deck 
0rlIte Sp/JcM 
3 MCh II. past bcIIJon ,-'or CS\W OM SpIca 
.nd 1T'or OChert.Yo SplkII 
ReJl5tbr~· 

T 0 

10" :r 
12" :r 
1"· :r 
18" :1" 

34-' 18'" :r 

318-'clL JI fr' 
RinQ Shank Ooweb 
1'4'·O,C . .TOP and 80Gxn 
r 'o( each Oov.et AesiIt ' 
~; 

E 

:r 
:r 
:r 
:r 
:r 

TYPfCAL CROSS SECTlOH OF CURB AnD·RAJt. 

TABt£ NO.2 (DECK RESISTANCE TO BENDING MOMENT): 

TOTJLUOMENr RESlsnNGMOMaIT. TOTAL 
OECK TO BE RESlSlEC fOOM DOWE\.S FROM ~ SPlj(S AESlsnNG 

TlfJCKNESS (T~28.t3)P e .. fIt 12x4 •. 151 $ ( (T/2l)t ~ x 1.181[ fIOr.tET 
a il-k n« a-a. il_ 

"'" 2.7" •• 498.- 712.800 ';2' t.7'tO 

12''' 2.m* 598.152 .ss.- 1 .. .cs..Jf2 

1.f" 3.969,350' 898,544 tWJ2/)' 1._~: 

1 .. ' U13J50 798_' 1,t-40tftO t.P38.ltl 

11'" $..$51.-' "'2I~ .;sue· 2J8Ue8 
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5/8" )( 26" Dome Head Bolt 
1- Plate Washer Each Bolt 

1 1/4" x 26" Dome Head Bolt 
(ASTM A 3251· 

2- S"'x S"'x 1/4" Plata Washers 

11' x 12'" 
Rail Post 

5" x 8" x 10 ~4' 
Spacer Blodc 

11' x 10 ~ .. ~ Glu 
lamInated, Ram 

~_6' 
S 

... Split Ring' 

Connectors ---I---t~~~~~~ 

~4" X XI' Dome Head.DrIve Splkes,. 
Deck Reln1'orcement at each Post Location 
Tlie spike through the post Is at center of deck. 

NOTE: 

CROSS SECTlON,Al 
RAIL POST 

All timber b be Douglas Fit. The stress grade' 
asfofJows: 

Rail Posts - Post and lJinber,Dense Sefect StructunII 
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APPENDIX C: SUMMARY OF RESULTS, TEST WB-l 

Test No. .......... . . • . • . WB-l 
Sept. 21, 1988 

. . . . 72 [22] 
Test Date ........ . 
Installation Length - ft [m] 

Beam 
Member .. 6" x 10-3/4" laminated wood 
Length - ft [m] 18.0 [5.5] 

Maximum Deflections - in. [cm] 
Permanent 
Dynamic 

.. 1.5 [3.8] 
6.3 [16.0] 

Post 
Details of the posts, blockouts, curb, and 
deck are included in Figure 1. 

Vehicle ..... . 

Mass - 1 b [kg] 
Test Inertia 
DUIllllY 
Gross Test Weight 

Speed - mph [km/h] 

1982 V. W. Rabbit 

1818 [825] 
165 [75] 
1983 [900] 

. 59.2 [95.3] 

Angle - degrees 
Impact ... 
Exit . . . . 

. . . . . . . . . . .• 20 
-12.0 

Occupant Impact Velocity - fps [mjs] 
Forward (accel) . . . .. -10.6 [-3.2] 
Lateral (accel) .... -18.6 [-5.7] 

Occupant Ridedown Accelerations - g's 
Forward (accel) ..... -0.7 
Lateral (accel) ..... . . 7.6 

Maximum 50 msec Avg Accelerations - g's 
Longitudinal (accel) ....•.. -5.0 
lateral (accel) ..•.• • • 8.5 

Vehicle Damage 
TAD 
VOl 
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TEST WB-l 

Barrier Installation 
The barrier evaluated in the test was a G1u1am Prefabricated Bridge 

section. The barrier system consists of 18-ft (5.49 m) long by 7-ft (2.1 m) 
wide laminated wood bridge deck panels. The thickness of the deck panels used 
in this test was 10 in. (25.4 cm). For this test, 4 panels were used to 
construct a simulated bridge 72 ft (21.9 cm) in length. The panels were 
positioned and fastened to an existing reinforced concrete deck at the test 
site. The curb/scuppers, posts, and rail were attached to the deck according 
to the manufacturer's instructions. Figure 25 presents details supplied by the 
manufacturer of the system. 

Test Purpose 
The purpose of this test was to investigate the dynamic interactions of 

the small car with the bridge rail and curb. Goals for this test were: (1) 
the vehicle should be smoothly redirected without exhibiting any tendency to 
snag or pocket, (2) the vehicle should remain upright throughout the event, 
and (3) the vehicle after-collision trajectory should not present undue hazard 
to other traffic. 

Test Vehicle 
The vehicle used in the test was a 1982 Volkswagen Rabbit. Gross test 

weight, including the dummy and instrumentation was 1983-lb (900-kg). 

Performance 
Impact conditions were 59.2 m/h (95.3 km/h) and a 20-degree impact 

angle. As shown in figure 26, the vehicle impacted the barrier 29 in. (73.7 
cm) downstream of Post 5. The vehicle remained in contact with the barrier 
for 12.5-ft [3.8-m] before redirection at a -12.0 degree angle. During the 
impact sequence the right front tire/wheel became engaged between the top of 
the curb and the bottom of the rail (see figure 27). Measurements of the 
tire/wheel path indicated a maximum of 5 in. (13 cm) of lateral engagement. 
Since the curb is 12 inches (30.4 cm) wide, there was no propensity for the 
wheel to snag on a post during impact. No significant pitch, roll, or yaw was 
noted during impact and redirection. The vehicle came to rest 140 ft (43 m) 
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downstream of the impact point and 50 ft (15 m) out from the barrier plane. 
The vehicle brakes were applied at approximately 100 ft (30 m) after impact. 
Table 12 presents after impact vehicle trajectory. Maximum dynamic barrier 
deflection observed from the overhead data camera was 6.3 in (16.0 cm). 
Measurements of the barrier after the test, tabulated in table 13, showed a 
maximum of 1.5 in (3.8 cm) permanent deflection. 

Maximum 50 m/s average accelerations from transducer data indicated 50 
m/s averages of -5.0 g's (longitudinal) and 7.6 g's (lateral). Figure 28 
presents a summary of test results. Vehicle kinetics from onboard transducers 
is tabulated in Table 14. Plots of vehicle accelerations are presented in 
Figure 29. Table 15 presents occupant risk data derived from the on-board 
transducers. 

Barrier Damage 
Damage to the barrier consisted of scuff marks and minor gouging on the 

rail and curb. Inspection of the barrier system revealed no fractured posts 
or beam members. Observation of the deck showed delamination between the 
second and third deck timbers in the impact area. The delamination of the 
deck occurred from the location of post 3 to post 9 with a maximum separation 
of 0.5 in (1.3 cm) on the top surface of the deck about 3 ft (0.9 m) 
downstream from post 6. Maximum separation observed on the bottom surface of 
the deck was O.I-in (0.3 cm). Several drive spikes in the impact affected 
area of the deck showed evidence of minor "pullout." 

Vehicle Damage 
Damage to the vehicle consisted of sheet metal deformation of the hood, 

right front fender, side, and rear fender. The windshield was cracked from 
A-pillar deformation. Both right side tires were blown out during impact. 
Vehicle damage was considered commensurate with the severity of the impact. 
Vehicle damage measurements are contained in table 16. 
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103'4. SPACER 

6·X12"CURB 

1"4" 0 BOL T 

4"0 SPLIT 
RINGS 
6"x12' 

SCUPPER 

5/ 8 " X 30" 
~++-__ ---;;a..c 

DnHdOrSpk 

10"DECK 

12"DECK 

a b 
6.6S" 14.9'" 

8" 16.25" 

6 • x 1 0 3'4 • 

-----jGLU-LAM RA I 

10.0001 

J ~ ," MAX.~B TO RAIL 
, OFFSET 

c 
:30.66" 

32" 

co 
W'\ . ,.... 

• 
~ 

• .. .... 
III - • 

n 
n . 
n 
n 
• 
0 

Figure 25. Barrier construction details, test WB-l. 
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(' . ~:~" lWJ . ,~ 
',' . 

Figure 26. Sequential photographs during impact, test W8-1. 
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Figure 27. Sequential photographs as viewed from behind the rail, test W8-1. 
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... _________ 140'·0" __________ -+1 

50' O' 

T .. t ... •••••••••. 
T.t Det ••••••••••• 

..... w-, 
... 21, I_ 

n [22) tnet.H.tton leneth - ft r.o ... 
........ • • • •• 6-In (".2 aa) 1110-3/4-ln (27.3) 1.lneted *lOcI 
lenetll - ft r.o • _ ••••••••••••• _ ".0 [5.5) 

.... ,_ Defl.ctl_ - In. [a.) 
' ___ It ••••••••••••••••••••• 0 1.5 [3.') 
~Ie o. 0 •• 0 0 0 0 •••• 0 0 • 0 •••• 0 • 6.3 (16.0) 

.... t 
Det.lla of tile poeta, btockouta, eurb, .nd deck .re Inch.ted In 

ft .... 1. 

v.IIlel. • • • • • • • 0 1912 VoW ... bblt 
..... - lb (kg) 

Teet I ..... tt. • 0 0 0 • • •• 111. [125) 
~ ••••••• 0 • • • • •••• 165 [15) 
IroIe 'eet Wlllht •••••••••••••• 0 • •• 1913 rPOQJ 

...... - "/II a.t111 • 0 •••••••••••• 0 • • •• 59.2 (95.31 

AnIle - detreee 
Il!pIICt 0 0 • 0 0 

Ellit • 0 •• 

Occ\tpent Il!pIICt Velocity - ttl. '-Ia) 
F_rd (eccel) ••••••••• 
late,..t (aceel) •••••••• • 

Occupant .Idedown Acceteretl_ - "e 

•• 20 
-12.0 

-10.6 [-3.2) 
-1 •• 6 [-s.n 

For ... rd (aceel) ••••••••• -0.7 
leterel (eccel) ••••••••• 7.6 

....,_ 50 .,a A'll Aceeleretl_ - ,'. 
lontltudlnet (eccel) -S.O 
leterel (eccel) ••••••••• ..S 

Vehicle 0 .... 
TAD •• 0 ••• 0 ••••••• 0 0 ••••• o. 01-F.-4 
YO I _......................... 0".E6 

Figure 28. Summary of results, test W8-1. 
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Table 12. After impact vehicle trajectory, test WB-1. 

Location' 

o 
10 
20 
30 
40 
50 
60 
70 
SO 
90 

100 

Di stance2 

o 
-0.2 
1.5 
3.3 
5.2 
9.0 

10.5 
12.S 
16.1 
19.5 
24.5 

'Distance measured in the downstream direction with 0 as the point 
of impact. 

~easured perpendicular to the barrier plane at the front tire on 
the impact side of the vehicle 

Note: All dimensions are in feet. 1 ft = 0.305 m 
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Table 13. Permanent barrier deflections, test WB-l. 

Post/Location 

3 
4 
5 
6 
7 
8 
9 

10 
11 

Deflection 

0.3 
0.4 
0.5 
0.8 
1.5 
1.3 
0.8 
0.4 
0.2 

Note: All dimensions are in inches. 1 ft = 2.54 m 
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Table 14. Vehicle kinetics data, test W8-1. 

TEST ID ••••••• \08-1 
TEST OATE .. --- 09-2.1-88 
vEHICLE CLASS - ,·tINI 
lJ'PACT SFEEO -- 36.83 FPS 

\.1EHICLE KDI£TZCS SUl~V 
NOTE: VALUES MRE DIS TAN TMNE ous AT Tll''£ 

TD'£ QCCEL. (G'S) I-£AO.ANG. ')ELOC:ITV(FPS ) O:ISP. (F) 

(5) LONG. LAT. 0E6 LONG. LAT. X Y . _.-._- .-._.- . ......... -- -._ .... - ............... . ...... _- --- .. --
.000 ·.30 - .a8 20.00 136.83 .00 .00 .00 
.0.10 •• 97 1..14 .19.96 86.es •• 06 .82 .30 
.020 '3.04 -.19 19.93 86.76 .14 1.63 .59 
.030 -4.71 U.2.1 20.00 96.15 .1.18 2.44 .88 
.040 - .47 -';.5.1 .19.95 es.24 2.66 3.25 .1.15 
.050 -2.48 11.16 .19.8S 83.19 4.52 4.06 1.41 
.060 -8.73 10.11 19.69 81.03 6.82 4.85 1.64 
.070 -8.51 8.36 19.28 79.92 8.88 5.64 1.83 
.080 .03 10.24 18.69 78.&9 11.25 6.42 1.99 
.090 -2.93 6.23 17.84 77 .5.1 .12 • .16 7.19 2 • .L2 
.100 -1.59 4.3.1 16.66 77.32 13.29 7.97 2.23 
.110 1.72 9.46 .15.17 76.71 .13.63 8.75 2.31 
. .120 -4.60 5.69 13.19 76.27 12.84 9.52 2.37 
. .130 -2.8.1 5.09 .10.80 76.32 12.09 10.29 2.41 
. .1..0 ·5.22 .45 9.16 75.67 11.05 11.06 2.Q 
.150 S.!6 8.04 7.54 74.78 .10.31 11.82 2.43 
.160 3.24 1.32 5.46 75 . .10 8.65 12.57 2.42 
.170 1.27 6.34 3.5! '74.90 7.92 .13.33 2.39 
.180 -.1.67 4.0S .1.09 73.86 ':'.24 .14.07 2.36 
.190 4.26 1.37 -. \)7 73.82 4.87 .14.8.1 2.31 
. zoo - .30 . be -1.61 ~4.ae 3.24 .15.55 2.26-
.2!0 -.1.08 3.67 -3.00 74.36 1.93 .16.30 2.20 
.220 -.30 -.74 -4.32 74.09 .28 .17.04 2.14 
.230 .20 -.1.02 -5.&4 74.37 -.1.4.1 17.78 2.0. 
.240 -.62 - . .19 -6.54 74.38 -3.07 .18.52 2.03 
.250 -3.04 -2.39 ''''.49 74.0.1 -4.23 19.26 1.'7 
.260 -.1.53 •. 97 -8.39 73.83 -5.66 20.00 .1.92 
.270 -1.20 - .24 -9.30 73.83 -6.96 20.74 1.87 
.280 .1.95 .27 -10.28 74.34 -8.08 21 • .a 1.82 
.290 '3.09 -1.38 -.11.15 74.17 ·9.2.1 22.22 1.7'6 
.300 .43 -.38 '.12.0.1 74.02 -.10.57 22.97 1.71 
.3.10 -1.S7 -c.80 -.12.78 74.10 -11.49 23.7.1 .1.66 
.320 .65 .n -.13 .6& n.7S '.12.77 24.46 1.61 
.330 .60 -1.06 -.14.48 n.S2 -.13.90 25.20 1.&6 
.3..0 1.27 -1.24 -.1&.31 73.4.1 -.1S.4! 2Si,9S 1.U 
.3&0 3.13 .91 -16.14 n.Z3 '.16.46 H.70 1.47 
.360 l.62 1.5.1 -.16.97 73.13 ·!7.17 27.46 1.43 
.3:"0 3.41 -1.66 -.17.83 72.73 -.18.82 ze.20 1.38 
.l80 2.68 .50 -.18.65 72.77 -19 •• .1 za.95 .1.34 
.390 .71 -.15 -19.til 72.43 -!l.ll 29.70 1.29 
• .aoo .93 -.16 -20.38 71.97 -22.36 3O.~ 1.2& 
.410 -.02 -.65 -21.19 7.1.69 -23.41 31.21 1.21 
.420 -.08 -.15 -21 •• 71.52 -24.62 31.96 1 .... 7 
.430 .09 '.28 -22.74 71.33 '25.&3 32.72 1.13 
.440 -1.20 -1.15 -23.62 70.99 '26.&3 33.47 1.09 
.4&0 -1.70 -.97 -24.30 70.57 -27.62 34.23 1.05 

HIGHEST 50.0-MS AVe. ACCEL. 
TlJ't! (SEC) 

G'S STAAT END ------ ---- .. 
LCNi. -S.03 .041 .091 
~T. 8.49 .04& .Ofi 
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Table 15. Occupant risk data, test WB-l. 

TEST ID -.,.--- WI-l 
TEST CATE .,--. 09-21·98 
\JEHXCLE CL.~SS • r1IN:I 
I1"f>AC T SPEED •• S6 . 63 !'"Pi 

OCCuPANT I:US": SI.J/"f"MY 
NOTE: INSTANTHNEOUS lv'/'"!$ AVERAGE ACCEL.ERAr.tONS 

( ••••• ~~ICL.E •• ----)(.-.-.--.- •• OCCUPANT ••••••• ----) 
TlJ'"£ ACCEL.. (G' S) ~. VEL. vn.. (!'"Pi) OX$P. (,., 

(5) L.Ot-G. un. (RAO/S) LONG. LHT. L.ONG. !..AT • ------- ------- ------- ._--_.-
.000 
.010 
.020 
.030 
.040 
.050 
.060 
.070 
.080 
.090 
.100 
.110 
.120 
.130 
.140 
.150 
.160 
.170 
. 1BO 
. 190 
.200 
.210 
.220 
.230 
.240 
.250 
.260 
.270 
.280 
.290 
.300 
.310 
.320 
.330 
.340 
.350 

.360 

.liO 

.380 

. .l9O 

. .aoo 

.. uo 

.4aO 

.430 
• ....0 
.480 

...... _---- ..... _---
- .30 
.17 

-1.16 
-4.15 
'2.81 
-4.7'9 
-6.32 
-5.45 
-2.11 
-3.30 
-J.SU 
-2.64 
-1.30 
-1.27 
'4.37 
•. 96 

'1.82 
-.!.47 
-4.13 

1.7'1 
.98 

-.70 
.24 
.67 

-.15 
-1.39 

.OS 

.16 

.54 
- .43 
1.24 
-.79 

.17 
- .01 

.13 

.63 
- .03 

.93 

.66 .. 4' 

.U 

.J.2 

.41 

.17 
-.as 
-.43 

· .sa 
.57 
.91 

&.04 
2.63 
7.38 
9.61 
9.08 
7 .• 
8.34 
6.90 
6.89 
6.34. 
5.eo 
2.70 
5.28 
3.15 
5.06 
2.26 
.a.. 52 
1.62 

.94 
• .26 
- .17 
• .22 
-.73 
·.47 

.53 
- .34 
- .41 
- .31 
-.03 
- .33 
• .92 
-.70 

.&3 
.04 

-1.16 
.18 

-.83 
-.17 
-.44 
-.43 
.47 

-,71 
-.07 

OCCUP. RlSlC FACTORS 

-.07 
- .02 

.15 

.02 

.13 
-.32 
-.34 
-.99 

-1.28 
-1.72 
-2.39 
-2.72 
-4.39 
'3.66 
-2.49 
-3.26 
-3.SS 
-3.32 
-2.'4 
'2.83 
-2.&4 
-2.46 
-2.29 
-1.90 
-1.67 
-1.&' 
-1.60 
-1.68 
-1.37 
-1.49 
-1.47 
-1.33 
-1.51 
-1.34 
-1.50 
-1 •• 
-1.47 
'1.54 
'1."'" 
-1.11 
'1.44 
-1.38 
-l.le 
-1 • .J<4 
-1.38 
-1.33 

.00 

.OS 

.36 

.79 
1.85 
3.32 
5.46 
5.-n. 
6.71 
7.1' 
6.4& 
6.49 
4.54 
4.90 
6.57 
6.00 
4.56 
~.27 
4. 9ft 
~.2S 
2.72 
2.54 
2.22 
1.65 
1.25 
1.07 

.60 
-.17 

-1.02 
-1.6' 
-2.20 
-2.73 
-3.43 
-3.59 
-4.39 
-4.90 
'5.57 
-6.05 
.... 7S 
-7.32 
-7.'1 
-•• 06 -.... 
-•• 23 
-•• 74 

-10.09 

)LONIJ •• JIl.. • .:F~ 2.0 FT. OlSP. 
>LAT. V€L. AF'T£It 1.0 FT. OZSP. 

~X. ACCEl.., .:FTP occuPANT ll'I'ICT 

)L.ONIJ. ACCIl ERATlDN 
) LAT. ACCE\.ERATlDN 
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.00 
·.07 
•. 51 

-1.28 -, .. 
-4.41 

·i." 
-•. 90 

'11.83 
'.13.11 
'15.68 
'17.85 
'18.12. 
-U.81 
'24.58 
-25.34 
·'i.43 
-2'.~ 
-30.1' 
-31.47 
'32.37 
-33.10 
-33.49 
-33.93 
-33.90 
-34.12 
-33.88 
-33.6' 
-34.22 
-34.08 
'33.86 
-34.09 
-33.61 
-33.'1 
-33.11 
-33.19 
-~3.46 
·12.-:t. 
-32 •• 
-32. 47 
'32.33 
-32 • .19 
-32.03 
-31.97 
-31.78 
-31.1' 

.00 

.00 

.00 

.01 

.02 

.OS 

.09 

.14 

.21 

.27 

.33 

.le 

.41 

.41 

.43 

.46 

.43 

.41 

.38 

.34 

.30 

.24 

.18 

.U 

.OS 
-.02 
·.09 
-.17 
- .28 
- .38 
-.SO 
- .61 
-.7S 

-." 
-1.04 
-.1.20 
-1.37 
-1.56 
-1.75 
-1 .• 
-2.11 
-2.40 
-2.62 
-2 •• 
-3.09 
-3.34 

TD'£ vn.ocrrY 
cS, (FPS) ._.-.-. .. __ ._ .. -

.460 -10.56 

.122 -11.60 

.00 

.00 

.00 
·.01 
-.03 
-.06 
- .1.2 
-.20 
- .31 
-.44 
-.n 
-.71 
-.96' 

-1.18 
-1.43 
-1." 
'1 •• 
·'.25 
'2 •• 
,2 •• 
-3.11 
,3."" 
-3 •• 
-•. n 
-4 •• 
-4.to 
'5.24 -,.a 
-•• 91 
-6.25 
'6.61 
-6.'1. 
-7.14 
-7.117 -7." 
-•• 20 
· •. 52 
· •.• 3 
-'.13 
.,.43 
-,.72 

-10.01 
-10.30 
-10.M 
-10." 
-U.14 

TJ:M[CS) ACe. (81) -_._ .. - ---_._.---.. ' 
7.62 



Table 16. Vehicle damage measurements, test W8-1. 

Before Test After Test Crush 

L 52 52 Not Applicable 

C-l 2.0 2.0 0.0 

C-2 0.0 5.6 5.6 

C-3 0.0 6.0 6.0 

C-4 0.0 7.5 7.5 

C-5 3.0 10.0 7.0 

C-6 4.0 12.1 8.1 

Maximum Crush of 12.0 at a location of 15.0 to the right of 
vehicle centerline. 

Note: All dimensions are in inches. 1 in = 2.54 cm 
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APPENDIX D: SUMMARY OF RESULTS, TEST W8-2 

Test No. . ......... . 
Test Date ........ . 
Installation length - ft [m] 
Beam 

. . . . . . WB-2 
Sept. 27, 1988 

. .. 72 [22] 

Member . . . 6" x 10-3/4" laminated wood 
length - ft [m] 18.0 [5.5] 

Maximum Deflections - in. [cm] 
Permanent 
Dynamic 

Post 

2.3 [5.8] 
8.5 [21.6] 

Details of the posts, blockouts, curb, and 
deck are included in Figure 1. 

Vehicle 

Mass - 1 b [kg] 
Test Inertia .... 
Dunvny 
Gross Test Weight 

Speed - mph [km/h] 

Angle - degrees 
Impact . . . 
Exit . . . . 

1984 Ford F150 Pickup 

5254 [2383] 
. . 165 [75] 

5419 [2458] 

47.5 [76.4] 

. 20 
. -4.9 

Occupant Impact Velocity - fps [m/s] 
Forward (accel) .... 8.1 [2.5] 
lateral (accel) ...... -17.2 [-5.2] 

Occupant Ridedown Accelerations - g's 
Forward (accel) ......... -1.7 
lateral (accel) ........ 6.9 

Maximum 50 msec Avg Accelerations - g's 
longitudinal (accel) .... -3.2 
lateral (accel) ..... 5.2 

Vehicle Damage 
TAD 
VOl 
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TEST WB-2 

Barrier Installation 
The barrier evaluated in the test was a Glu1am Prefabricated Bridge 

section. The barrier system consists of 18-ft (S.49 m) long by 7-ft (2.1 m) 
wide laminated wood bridge deck panels. The thickness of the deck panels used 
in this test was 10 in. (25.4 cm). For this test, four panels were used to 
construct a simulated bridge 72 ft (21.9 cm) in length. The panels were 
positioned and fastened to an existing reinforced concrete deck at the test 
site. The curb/scuppers, posts, and rail were attached to the deck according 
to the manufacturer's instructions. Figure 30 presents details of the system 
supplied by the manufacturer. The barrier was the same as that used in test 
WB-l. One deck panel with curb/rail was replaced in the impact area to ensure 
system integretry. 

Test Purpose 
The purpose of this test was to investigate the dynamic interactions of 

the pickup truck with the bridge rail and curb. Goals for this test were: (1) 
the vehicle must not penetrate or vault over the system, (2) the vehicle 
should remain upright throughout the event, and (3) the vehicle after­
trajectory should not present undue hazard to other traffic. 

Test Vehicle 
The vehicle used in the test was a 1984 Ford FISO Pickup. Gross test 

weight, including the dummy and instrumentation was S4I9-1b (2458 kg). 

Performance 
Impact conditions were 47.5 m/h (76.4 km/h) and a 20-degree impact 

angle. As shown in figure 31, the vehicle impacted the barrier midway between 
Post 5 and 6. The vehicle remained in contact with the barrier for 15.0-ft 
[4.6 m] before redirection at a -4.9 degree angle. The vehicle showed no 
tendancy to snag on the curb or posts during the impact sequence. No 
significant pitch, roll, or yaw was noted during impact and redirection. 
The vehicle came to rest 130 ft [40 m] downstream of the impact point and 48 
feet [15 m] out from the barrier plane. The vehicle brakes were applied at 
approximately 100 feet [30 m] after impact. Table 17 presents after impact 
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vehicle trajectory. Maximum dynamic barrier deflection observed from the 
overhead data camera was 8.5 inches [21.6 cm]. Measurements of the barrier 
after the test, tabulated in table 18, showed a maximum of 2.3-inches [5.8 cm] 
permanent deflection. 

Maximum 50 m/s average accelerations from transducer data indicated 50 
m/s averages of -3.2 g's (longitudinal) and 5.2 g's (lateral). Figure 33 
presents a summary of test results. Vehicle kinetics from onboard transducers 
is tabulated in table 19. Plots of vehicle accelerations are presented in 
figure 34. Table 20 presents occupant risk data derived from the on-board 
transducers. 

Barrier Damage 
Damage to the barrier consisted of scuff marks and minor gouging on the 

rail and curb. Inspection of the barrier system revealed no fractured posts 
or beam members. Observation of the deck showed delamination between the 
second and third deck timbers in the impact area. The delamination of the 
deck occurred from the location of Post 3 to Post 9 with a maximum separation 
of 0.8 in. [2.0 cm] on the top surface of the deck about 3 ft [0.9 m] 
downstream from Post 6. Maximum separation observed on the bottom surface of 
the deck was 0.1 in. [0.3 cm]. Several drive spikes in the impact affected 
area of the deck showed evidence of minor "pullout." 

Vehicle Damage 
Damage to the vehicle consisted of sheet metal deformation of the right 

front fender, side, and rear fender. The windshield remained intact. The 
right front tire was blown out during impact. (Note: The tire remained on the 
wheel during redirection but became detached during subsequent vehicle 
retreivial from the run-out path.) Vehicle damage was considered commensurate 
with the severity of the impact. Vehicle damage measurements are contained in 
table 21. 
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Figure 30. Barrier construction details, test WB-2. 
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Figure 31. Sequential photographs during impact, 
test WB-2 (overhead view). 
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Figure 32. Sequential photographs, 
test W8-2 {view from downstream}. 

100 



Table 17. After impact vehicle trajectory, test W8-2. 

Location' 

o 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Oi stance2 

o 
-0.1 
0.2 
1.5 
2.0 
3.4 
1.4 
0.0 

-3.0 
-6.1 

-11. 2 

'Oistance measured in the downstream direction with 0 as the point 
of impact. 

2Measured perpendicular to the barrier plane at the front tire on 
the impact side of the vehicle. 

Note: All dimensions are in feet. 1 ft = 0.305 m 
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Table 18. Permanent barrier deflections, test W8-2. 

Post/Location 

3 
4 
5 
6 
7 
8 
9 

10 
11 

Deflection 

0.5 
0.8 
1.0 
1.5 
2.3 
2.3 
1.5 
1.0 
0.5 

Note: All dimensions are in inches. 1 in = 2.54 cm 
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Table 19. Vehicle kinetics data, test WB-2. 
TEST Ie .. _ •.•• \..8-2 
TEST OATE ---.- 09-27'88 
VEHICLE CL~SS - OTHER 
IMPACT SPEEO·- 69.67 F"PS 

t)EHICLE I(DJETICS SUM'1ARY 
NOTE: IJALLIES ARE INSTANTANEOUS AT Tl1'£ 

Tl1'£ 
(S) 

ACCEL.(G'S) HEAO.ANG. VELOCITY(F"PS) 
LONG. LAT. OEG LONG. LAT. 

.000 

.010 

.020 

.030 

.C,40 

.OS(­

.060 

.070 

.080 

.090 

.100 

.110 

.120 

.130 

.140 

.150 

.160 

.170 

.180 

.190 

.200 

.210 

.220 

.230 

.240 

.250 

.260 

.270 

.280 

.290 

.300 

.310 

.320 

.330 

.340 

.350 
.360 
.370 
.380 
.390 
.400 
.4J.0 
.420 
.430 
.440 
.460 
.460 
.470 

·.73 
- .01 
•. 62 
-.17 

.39 

.OS 
-.J.7 
•. 68 

'2.24 
.50 
.05 

1.57 
-1.74 
-.01 
1.40 

-11.20 
1.29 

-5.21 
-.62 

-4.59 
- • .12 

-3.25 
-4.54 

- .68 
- .68 

-2.47 
3.43 

.OS 

.94 
-2.02 

- .62 
-4.03 
1.52 

-.1. 46 
-.90 
2.42 

'4.82 
2.91 
.1.12 

-1.96 
-2.52 
-.73 
1.97 
-.73 
-.J.7 
J..J.2 
1.0.1 

-1.63 

.47 

.20 
- .09 
-.09 
.43 
.57 
.38 
.61 

2.92 
'.31 
.57 

-7.48 
5.09 
4.16 
- .03 

.94 
5.40 
7.20 
6.23 
2.73 
2.82 
5.13 
3.93 

.11 
2.59 

-4.92 
-2.91 
12.31 
1.17 
- .49 

-13.47 
-1.40 
7.24 
9.99 
5.68 

.75 
1.67 
2.45 
1.90 
- • .12 
-.81 
-.63 
1.76 

.SO 
-.12 

-2.23 
-.8.1 

-.1.13 

20.00 
19.96 
19.90 
19.84 
19.79 
19.76 
19.74 
19.72 
19.71 
19.74 
19.97 
19.92 
19.85 
19.53 
19.99 
19.48 
17.96 
17.22 
16.48 
15.61 
14.65 
13.55 
12.39 
11.12 
9.74 
8.27 
6.87 
5.37 
3.92 
2.67 
1.52 

.44 
- .66 

-1.86 
-2.82 
-3.34 
-3.72 
-4.00 
-4 • .16 
-4.38 
-4.66 
-4.94 
-5.05 
-5 • .10 
-5.04 
-4.98 
-4.90 
-4.92 

69.67 
69.45 
69.31 
69.23 
69.2'7 
69.40 
69.31 
69.30 
68.74 
69.12 
67.75 
67.18 
66.64 
65.63 
64.69 
63.83 
63.72 
62.99 
62.28 
61.18 
60.24 
59.46 
59.36 
57.68 
57.71 
57.SO 
57.52 
57.38 
57.23 
57.12 
56.12 
55.61 
56.01 
55.92 
56.36 
56.37 
55.82 
55.37 
55.95 
55.69 
55.27 
54.94 
55.08 
55.06 
54.93 
55.13 
55.Z9 
55.19 

HIGHEST 5O.0-f"S ~. ACCEl... 

LONG. 
LAT. 

T:lJ'£ (SEC ) 
G'S STAAT EN) 

-3.2.1 
5.23 

.180 

.152 
.230 
.202 
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.00 
- .08 
- . .17 
- .26 
- .22 
- .09 
- .08 
- .01 

.69 
1.23 
1.66 
1.04 
1.50 
1.62 
1.75 
1.87 
2.91 
3.95 
5 • .18 
5.66 
6.02 
6.32 
6.16 
5.99 
5.70 
4.89 
4.96 
4.90 
4.24 
3.25 
1.11 
-.98 

-2.03 
-1.98 
-.98 
- .24 
1.01 
1.82 
2.00 
2.35 
2 • .19 
2.14 
2.26 
2.33 
2.49 
2.29 
2.05 
1.84 

O:ISP. (F") 
x y 

.00 

.65 
1.31 
1.96 
2.61 
3.26 
3.91 
4.56 
5.21 
5.96 
6.50 
7.14 
7.78 
8.41 
9.03 
9.65 

10.26 
10.88 
11.49 
12.10 
l2.70 
13.30 
.13.88 
l4.47 
.15.05 
15.62 
16.20 
16.78 
17.35 
17.93 
19.49 
19.05 
19.61 
20.17 
20.73 
21.30 
21.85 
22.41 
22.96 
23.52 
24.07 
24.61 
25.16 
25.7.1 
26.25 
26.80 
27.36 
27.90 

.00 

.24 

.49 

.71 

.95 
1.19 
.1.42 
1.66 
1.99 
2 • .11 
2.32 
2.54 
2.76 
2.97 
3.J.7 
3.36 
3.53 
3.69 
3.93 
3.95 
4.05 
4.14 
4.21 
4.27 
4.32 
4.36 
4.39 
4.39 
4.39 
4.39 
4.39 
4.39 
4.41 
4.42 
4.41 
4.39 
4.34 
4.29 
4.23 
4.17 
4.10 
4.03 
3.96 
3.89 
3.82 
3.75 
3.68 
3.6J. 
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Figure 34. Vehicle acceleration plots, test W8-2. 
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Table 20. Occupant risk data, test W8-2. 

TEST 10 ------- WB-2 
TEST OATE ----- 09-27-ee 
VEHICLE CLASS - OTl-iER 
lJ'PACT SPEED - - 69.67 FPS 

OCCuPANT R:ISI< SlH-MY 
NOTE: ZNSTANTANEOUS 10 -1'6 AVERAGE ACCELERATDJNS 

(----- VEHICLE ------)(----------- OCCUPANT -----------) 
T:!J"£ ACCEL • t G • S ) AN6 .I,,£L VEL. • ( FPS ) O:ISP • (F ) 

(5) L.ONG. LAT. (RAO/S ) LONG. LAT. LONG. LAT • 

.000 

.010 

.020 

.030 

.040 

.050 

.060 

.070 

.080 

.090 

.100 

.1.10 

.120 

.130 

.140 

.150 

.160 

.170 

.190 

.190 

.200 

.210 

.220 

.230 

.240 

.250 

.260 

.270 

.280 

.290 

.300 

.310 

.320 

.330 

.340 

.350 
.36C1 
.37(' 
.380 
.390 
.400 
.410 
.420 
.430 
.440 
.4&0 
.460 
.470 

-.73 
- .52 
- .39 
- .04 
.24 
.19 

-.18 
-.62 

-2.30 
-2.03 
-.73 

-1.'32 
-2.14 
-2.02 
-2.67 
-1.71 
-2.60 
-2.44 
-a.S5 
-J.7,., 
-2.71 
-4.06 
-1.46 
-1.74 
-2.54 

.69 
-1.00 

- .J~ 
-1.76 
-1.69 
-3.23 
1.95 

-1.41 
1.75 

.15 
-1.08 
-1.63 
1.42 
- .09 

-J..36 
-1.40 

- .2J. 
.&2 

- .84 
.46 
.64 
.23 

-.98 

.47 
- .17 
- .02 

.J.7 

.38 

.39 

.12 

.eo 
2.76 

.09 

.99 
-2.42 
2.45 
3.16 
2.26 
3.08 
4.94 
6.35 
s.;'" 
4.00 
4.24 
4.20 
3.23 
2.93 
5.27 

.95 
3.2,:'-
6.4~ 

.95 
- .92 

-4.28 
-2.sa 
2.62 
6.01 
5.12 
3.70 
4.54 
1.92 

.'J! 
1.33 

.46 

.9V 

.:31 
-.22 

-l.U 
-.40 

-1.00 

-.OS 
- .06 
-. J.O 
-.0'" 
- .05 
- .05 
-.03 
-.02 
-.03 
.15 
.17 
.OJ. 

-.48 
-.68 
-.. 
-.97 

-1.24 
-l.05 
-1.38 
-1.59 
-1.8J. 
-1.96 
-2.12 
-2.32 
-2.49 
-2.34 
-2.6J. 
-2.61 
-2.31 
-2.07 
-.1..<;19 
-J..77 
-.l. <;19 
-2.05 
-1:18 

- .3'3 
- . s.z 
- .28 
- .25 
-.41 
- .63 
- .40 
-.13 

.2.1 
.OS 
• J.2 
• J.2 
-.~ 

.00 

.25 

.33 

.42' 

.45 

.32 

.44 

.48 
1.02 
1.93 
2.33 
2.65 
2.36 
3.04 
3.68 
4.33 
3.97 
4." 
5.10 
5.79 
6.24 
6.64 
7.2'7 
7.42 
6.83 
6.66 
6 . .13 
5.83 
6.01 
6.0S 
6.79 
7.23 
6.01 
5.46 
6.01 
7 • .10 
6.7'5 
-:-.97 
7.3v 
-:".23 
7.14 
7.72 
7.98 
a.53 
8.43 
8.38 
8.26 
7.'38 

iL.0N6. \.'£\... HFTEA 2.0 FT. o:tSP. 
> LAT • tJE\.. • AF'TEA 1.0 FT. D%SP. 

.00 

.04 

.04 

.05 
- .02 
-.17 
- .20 
-.28 
-.9'3 

-1.37 
-1.64 
-1.07 
-1.98 
-2.64 
-3.57 
-4.3'3 
-6.38 
-7.97 

-10.43 
-12.13 
-.13.83 
-15.56 
-16.'36* 
-18.45 
-.19.95 
-ZO.77 
-22.62 
-24.42 
-25.25 
-25.54 
-24.67 
-23.66 
-24.03 
-25.51 
-26.92 
-27.65 
-~9.65 
-30.3'7 
- 30.:"3 
-31.42 
-31.73 
-).1.aa 
-2.1.96 
-3.1.-:-3 
-31.,4 
-31.62 
-31.30 
-31.28 

TlJ'£ 
(S) 

.48V 

.221 

TD1[(S) 

H .. ONG. ACCEL.ERATION 
>LAT. ACCEl.ERATION 
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.00 

.00 

.00 

.01 

.01 

.02 

.02 

.02 

.03 

.05 

.07 

.09 
• .12 
• .15 
• .17 
.2.1 
.25 
.2'" 
.34 
.39 
.43 
.48 
.53 
.SS 
.62 
... 5 
.67 
.69 
.6S 
.69 
.70 
.71 
.7! 
.69 
.69 
.7! 
.7S 
.S! 
.97 
.92 
.97 

!.Ol 
J..VS 
.1 • .16 
J..25 
.1.34 
.1..43 
.1..5.1. 

VEL.OCrrv 
(FPS) 

S.U 
-.17.1' 

ACe. (8$) 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
-.01 
-.02 
- .04 
-.05 
-.06 
- .08 
-.12 
- .16 
-.22 
-.29 
-.39 
- .51 
- .64 
- .80 
- .97* 

-1.16 
-1.37 
-1.59 
-1.83 
-2.0S 
-2.35 
-2.62 
-2.98 
-3.14 
-3.3'3 
-3.65 
-3.93 
-4.21 
-4.50 
-4.80 
-S.U 
-5.43 
-5.7$ 
-0.07 
-6.39 
-~. 71 
-7.03 
-7.34 
-7.65 
-7.97 



Table 21. Vehicle damage measurements, test WB-2. 

Before Test After Test Crush 

L 58 58 Not Applicable 

C-1 0.4 0.3 -0.1 

C-2 0.8 3.3 +2.5 

C-3 0.0 2.5 +2.5 

C-4 0.0 4.0 +4.0 

C-5 0.0 7.1 +7.1 

C-6 1.5 11.5 +10.0 

Maximum crush of 15.8 at a location of 25 to the right of vehicle 
centerline. 

Note: All dimensions are in inches. 1 in = 2.54 cm 
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APPENDIX E: SUMMARY OF RESULTS, TEST KM-l 

Test No. ..... ... . 
Test Date .... ... . 
Installation Length - ft [m] 

Beam 

• . • . KH-l 
Nov. 18, 1988 
. . . 69 [21] 

Member 9-by 10-in [25.4 cm by 22.8 cm] 
. . reinforced concrete 

Length - ft [m] 2 @ 24(7.3) and 
. . . . . . .... 1 @ 16{4.9) 

Maximum Deflections - in. [cm] 
Permanent 
Dynamic 

Post 

none 
none 

Details of the posts, blockouts, curb, and 
deck are included in figure 35. 

Vehicle ..... . 

Mass - 1 b [kg] 
Test Inertia 
Dummy 
Gross Test Weight 

Speed - mph [km/h] 

Angle - degrees 
Impact .. . 
Exit . . . . 

1982 Honda Civic 

1825 [827] 
165 [75] 
1990 [902] 

51. 0 [82.0] 

20.5 
-3.7 

Occupant Impact Velocity - ft/s [m/s] 
Forward (accel) .. 10.6 [3.2]/9.2 [2.8] 
Lateral (accel) -15.6 [-4.8]/-16.7 [-5.1] 

Occupant Ridedown Accelerations - g's 
Forward (accel) ..... -1.1 
lateral (accel) ..... 10.0 

Maximum 50 msec Avg Accelerations - g's 
longitudinal (accel) -2.8/-5.4 
lateral (accel) • . . . .. . 4.0/8.1 

Vehicle Damage 
TAD ••• 
VOl 

lOS 

• 01-FR-4 
. 01FREE6 



TEST KM-l 

Barrier Installation 
The barrier evaluated in the test was a Modified Kansas Corral bridge 

rail. The barrier system, which consisted of concrete posts, rails and a 6-in 
(IS-cm) curb, was constructed on a simulated bridge deck. Total system length 
was 69 ft (21 m). Figure 3S presents details of the system tested. 

Test Purpose 
The purpose of this test was to investigate the dynamic interactions of 

the small car with the bridge rail and curb. Goals for this test were: (1) 
the vehicle should be smoothly redirected without exhibiting any tendency to 
snag or pocket, (2) the vehicle should remain upright throughout the event, 
and (3) the vehicle after-collision trajectory should not present undue hazard 
to other traffic. 

Test Vehicle 
The vehicle used in the test was a 1982 Honda Civic. Gross test weight, 

including the dummy and instrumentation was 1990 lb (902 kg). 

Performance 
Impact conditions were SI.O m/h (82.0 km/h) and a 20.S-degree impact 

angle. As shown in figures 36 and 37, the vehicle impacted the barrier midway 
between posts 7 and 8. The vehicle remained in contact with the barrier for 
13.8 ft (4.2 m) before redirection at a -3.7 degree angle. During the impact 
sequence the right front tire/wheel became engaged between the top of the curb 
and the bottom of the rail and the wheel hub contacted post 8. Although post 
8 exhibited minor gouging, observation of the test film showed no significant 
snag potential. The vehicle remained stable during impact and redirection. 
The vehicle came to rest 150 ft [46 m] downstream of the impact point and 10.5 
ft [3.2 m] out from the barrier plane. The vehicle brakes were not applied 
after impact. Table 22 presents after impact vehicle trajectory. The barrier 
did not deflect during impact. 

109 



Film data indicated maximum 50 m/s averages of -2.8 g's (longitudinal) 
and 4.0 g's (lateral). Maximum 50 m/s average accelerations from transducer 
data indicated -5.4 g's (longitudinal) and 8.1 g's (lateral). Figure 38 
presents a summary of test results. Vehicle kinetics from film and onboard 
transducers are tabulated in tables 23 and 24. Figure 38 contains photographs 
of vehicle and barrier damage. Plots of vehicle accelerations are presented 
in figure 39. Tables 25 and 26 present occupant risk data derived from film 
and the on-board transducers. 

Barrier Damage 
Damage to the barrier consisted of cosmetic scuff marks on the rail and 

curb. Minor gouging was noted on post 8. Inspection of the barrier system 
revealed no fractured posts or rail members. The barrier was considered as 
undamaged. 

Vehicle Damage 
Damage to the vehicle consisted of sheet metal deformation of the hood, 

right front fender, side, and rear fender. The right front tire was blown out 
during impact and the A-frame was displaced rearward to the fender well. 
Vehicle damage was considered commensurate with the severity of the impact. 
Vehicle damage measurements are contained in table 27. 
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Figure 35. Summary of results, test KM-I. 
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Figure 36. Sequential photographs during impact, 
test KM-1 (overhead view). 
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Figure 37. Sequential photographs, 
test KM-I (view from downstream). 
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Figure 38. Summary of results, test KM-l. 
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Table 22. After impact vehicle trajectory, test KM-l. 

Locat ion' 

o 
10 
20 
30 
40 
50 
60 
70 
SO 
90 

100 

Di stance2 

o 
-0.2 
O.S 
1.5 
2.3 
3.2 
4.0 
4.S 
5.6 
6.3 
6.9 

'Distance measured in the downstream direction with 0 as the point 
of impact. 

~easured perpendicular to the barrier plane at the front tire on 
the impact side of the vehicle. 

Note: All dimensions are in feet. 1 ft = 0.305 m 
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Table 23. Vehicle kinetics data (film), test KM-I. 

VEHICLE KI~ETICS sUKMARY--FROK rILM ANALYSIS 

TIME ACCEL. (G'S) HEADING VlL. (r") DISP. (r) 

(S) LONG. LAT. ANG. (DEG) LONG. LAT. X Y 

----- ------ ------ -------- ------ ------ ------ ------
.000 -2.71 3.51 20.51 74.75 3.11 .99 -4.67 

.010 -2.14 3.66 20.05 73.17 3.74 1.69 -4.45 

.020 -2.17 3.71 19.49 72.99 4.21 2.40 -4.24 

.030 -2." 3.17 11.12 72.12 4.60 3.10 -4.04 

.040 -2.15 3.93 11.06 71.26 4.91 3.79 -3.16 

.050 -2.'0 3.96 17.22 70.42 5.13 4.41 -3.69 

.060 -2.74 3.97 16.29 69.61 5.2' 5.17 -3.54 

.070 -2.65 3.95 15.30 68.14 5.36 5.15 -3.40 

.010 -2.55 3.90 14.25 68.10 5.37 6.53 -3.2' 

.090 -2.43 3.'4 13.15 67.40 5.32 7.20 -3.17 

.100 -2.31 3.75 12.02 66.74 5.21 7.16 -3.01 

.110 -2.11 3.64 10.15 66.12 5.06 •• 52 -3.00 

.120 -2.05 3.52 9.67 65.54 4.15 9.11 -2.93 

.130 -1.91 3.37 •• 49 65.00 4.61 9.13 -2.17 

.140 -1.71 3.21 7.30 64.50 4.33 10.41 -2.13 

.150 -1.65 3.04 6.13 64.04 4.03 11.12 -2.79 

.160 -1.53 2.16 4.91 63.60 3.70 11.76 -2.77 

.170 -1.41 2.66 3.17 63.20 3.35 12.40 -2.76 

.110 -1.30 2.45 2.79 62.12 2.99 13.03 -2.75 

.190 -1.20 2.24 1.75 62.U 2.61 13.65 -2.76 

.200 -1.11 2.03 .77 62.13 2.23 14.2' -2.77 

.210 -1.02 1.11 -.15 61.12 1.16 14.90 -2.7' 

.220 -.94 1.59 -1.01 61.53 1.41 15.51 -2.11 

.230 -.17 1.37 -1 •• 0 61.26 1.11 16.13 -2.'3 

.240 -.11 1.16 -2.51 61.00 .76 16.74 -2.17 

.250 -.75 .95 -3.15 60.76 .41 17.35 -2.90 

.260 -.70 .75 -3.72 60.53 .09 17.95 -2.94 

.270 -.65 .55 -4.21 60.31 -.22 11.55 -2.91 

.2.0 -.60 .37 -4.62 60.11 -.51 19.15 -3.03 

.290 -.55 .19 -4.96 59.92 -.77 19.75 -3.07 

.300 -.51 .03 -5.22 59.74 -1.01 20.35 -3.11 

.310 -.47 -.12 -5.42 59.5' -1.23 20.95 -3.16 

.320 -.43 -.26 -5.54 59.43 -1.42 21.54 -3.20 

.330 -.39 -.31 -5.60 59.30 -1.59 22.13 -3.24 

.340 -.35 -.49 -5.61 59.1' -1.73 22.72 -3.29 

.350 -.30 -.51 -5.56 59.0' -1..5 23.31 -3.32 

.360 -.26 -.65 -5.46 51.99 -1.96 23.90 -3.36 

.370 -.22 -.71 -5.33 51.92 -2.04 24.49 -3.40 

.310 -.11 -.75 -5.16 51.16 -2.10 25.0' -3.43 

.390 -.13 -.76 -4.97 51.12 -2.14 25.67 -3.46 

.400 -.09 -.76 -4.76 5'.79 -2.11 26.25 -3.49 

.410 -.05 -.74 -4.54 5 •• 71 -2.20 26.14 -3.52 

.420 -.01 -.71 -4.32 5'.77 -2.21 27.43 -3.54 

.430 .03 -.65 -4.11 5 •• 79 -2.21 2,.02 -3.56 

.440 .06 -.57 -3.91 51.11 -2.20 2,.61 -3.5' 

.450 .10 -.47 -3.74 5'.14 -2.19 29.19 -3.60 

.460 .13 -.36 -3.59 5 .... -2.11 29.71 -3.f! 

.410 .15 -.23 -3.41 5 •• " -2.1' 30.31 -3.13 

.4.0 .11 -.0' -3.41 5,.99 -2.14 30.'6 -3.64 

.4'0 .20 .09 -3.39 59.05 -2.11 )1.55 -3.66 

.500 .21 • 27 -3.42 59.11 -2.0 • 32.14 -3.67 

.510 .23 .47 -3.U 59.11 -2.04 32.14 -3.61 

.520 .24 .69 -3.63 59.25 -l.ft 33.33 -3.70 

HIGHES"l' 50-KS AYG.ACCIL. 
TId (SIC) 

G-' START END 

------ .----- ------
!..OIIG. -2.13 .0050 .0550 

LAt'. 3.96 .0350 .0150 
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Table 24. Vehicle kinetics data (transducer), test KM-l. 

VEHICLE KINETICS SUMMARY 
NOTE: VALUES ARE INSTANTANEOUS AT TIME 

TIME ACCEL. (G'S) HEAD.A.NG. VELOCITY (FPS) DISP. (F) 
(S) LONG. LAT. DEG LONG. LAT. X Y 

----- ------- ------- ------ ------- ------- ------- -------
.000 -3.58 -.09 20.51 74.75 3.18 .99 -4.67 
.010 -.49 2.95 20.22 73.46 4.46 1. 70 -4.45 
.020 -2.82 10.36 19.77 72.41 6.98 2.40 -4.25 
.030 -12.16 9.51 19.06 71.25 8.23 3.11 -4.08 
.040 -.97 19.84 18.18 68.45 9.93 3.80 -3.94 
.050 -4.61 5.86 17.00 67.00 11.63 4.48 -3.85 
.060 -.14 8.05 15.55 65.94 11. 47 5.15 -3.77 
.070 -3.71 9.75 14 .00 65.89 11.21 5.81 -3.71 
.080 2.62 -.76 12.45 65.42 9.90 6.48 -3.67 
.090 1.10 .52 10.91 ·65.45 9.12 7.14 -3.63 
.100 -2.27 3.56 9.40 64.11 7.92 7.80 -3.60 
.110 .41 1.12 7.98 65.05 6.51 8.45 -3.57 
.120 -.90 5.93 6.59 64.75 5.59 9.10 -3.55 
.130 -5.84 7.93 5.27 64.17 6.76 9.75 -3.54 
.140 -1.65 1.73 4.14 62.91 8.18 10.39 -3.57 
.150 1.79 -1.06 3.21 63.20 8.51 11.02 -J.61 
.160 -2.48 2.'3 2.48 62.50 7.95 11.65 -J.66 
.170 -1.16 -2.70 1.76 61.93 6.92 12.28 -J.71 
.180 .82 .09 1.20 61.75 6.22 12.90 -3.76 
.190 -.49 .15 .68 61.40 5.29 13.51 -J.81 
.200 .06 -1.98 .24 61.16 4.14 14.13 -J.86 
.210 .82 -2.46 -.11 61.25 4.21 14.74 -J.90 
.220 -.97 -.03 -.41 61.06 3.91 15.35 -J.94 
.230 -.21 -.15 -.70 60.97 3.56 15.96 -3.99 
.240 -.90 .03 -1.00 60.92 3.30 16.57 -4.03 
.250 -1.65 -.09 -1. 31 60.69 3.06 17.17 -4.01 
.260 -.76 .15 -1.58 60.41 2.71 17.78 -4.12 
.270 -.21 .03 -1.84 60.52 2.48 18.38 -4.16 
.280 .96 .46 -2.01 60.52 2.26 18.99 -4.21 
.290 -.21 -.58 -2.31 60.51 1.97 19.59 -4.25 
.300 -.01 -.15 -2.53 60.46 1. 72 20.19 -4.29 
.310 -.14 -.21 -2.75 60.43 1.52 20.80 -4.34 
.320 .82 -.21 -2.95 60.48 1.31 21.40 -4.J8 
.J30 -.69 .33 -3.16 60.45 1.16 22.00 -4.43 
.340 -.62 .33 -3.38 60.26 .89 22.61 -4.47 
.350 .68 -.52 -3.57 60.14 .71 23.21 -4.52 
.J60 .48 -.12 -3.74 60.06 .59 23.81 -4.56 

.370 2.21 -1.00 -3.90 60.0' .40 24.40 -4.61 

.3'0 -1.24 -.15 -4.07 59.94 .10 25.00 -4.65 

.390 .62 •• 2 -4.22 59.67 -.22 25.60 -4.69 

.400 -.76 ••• -4.35 59.66 -.16 26.20 -4.73 

HIGHEST 50.0-MS AVG. ACCEL. 
TIME (SEC) 

G'S START DD ------ ------ ------
LONG. -5.42 .016 .066 

LAT. •• 13 .002 .052 
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Table 25. Occupant risk data (film), test KM-I. 

OCCUPANT RISK SUMMARY -- FROM rIue ANALYSI. 
NOTE: AVG. ACCEL. rOR PRIOR 0.010 SEC. CALCULATED 
FROM VEHICLE VELOCITY CHANeI 
RELATIVE VAWES- (OCCUPANT ". It. T. VEHICLE) 

(------- VEHICLE --------) (-------- OCCUPANT ---------) 
TIME ACCZL. (G") ANG. YEL VEL. (rPl) DISP. (r) 

(S) LONG. LAT. (RADIS) LONG. LAT. LONG. LAT. 
---- ------ ------ ------ ------ ------ ------
.000 
.010 
.020 
.030 
.040 
.050 
.060 
.070 
.010 
.090 
.100 
.110 
.120 
.130 
.140 
.150 
.160 
.170 
.110 
.190 
.200 
.210 
.220 
.230 
.240 
.250 
.260 
.270 
.280 
.290 
.300 
.310 
.320 
.330 
.340 
.350 
.360 
.370 
.310 
.390 
.400 
.410 
.420 
.430 
.440 
.450 
.460 
.470 
.480 
.490 
.500 

-2.77 
-2.84 
-2.17 
-2.81 
-2.15 
-2.'0 
-2.74 
-2.65 
-2.55 
-2.43 
-2.31 
-2.11 
-2.05 
-1.91 
-1.71 
-1.65 
-1. 53 
-1.41 
-1.30 
-1.20 
-1.11 
-1.02 
-.94 
-.17 
-.11 
-.75 
-.70 
-.65 
-.60 
-.55 
-.51 
-.47 
-.43 
-.39 
-.35 
-.30 
-.26 
-.22 
-.11 
-.13 
-.09 
-.05 
-.01 

.03 

.06 
.10 
.13 
.15 
.1' 
.20 
.21+ 

3.51 
3.66 
3.71 
3." 
3.93 
3.96 
3.97 
3.95 
3.90 
3.'4 
3.75 
3.64 
3.52 
3.37-
3.21 
3.04 
2.16 
2.66 
2.45 
2.24 
2.03 
1.11 
1.59 
1.37 
1.16 

.95 

.75 

.55 

.37 

.19 

.03 
-.12 
-.26 
-.31 
-.49 
-.51 
-.65 
-.71 
-.75 
-.76 
-.76 
-.74 
-.71 
-.'5 
-.57 
-.47 
-.36 
-.23 -.0' 
.09 
.27 

OCCU,. nsJC rACl'OItS 

.36 

.35 

.34 

.33 

.32 

.30 

.2' 

.27 

.25 

.23 

.21 

.19 

.17 

.15 

.13 

.00 .00 

.65 -.t4 
1.32 -1.95 
1.99 -3.02 
2.65 -4.15 
3.2' -5.32 
3.89 -6.54 
4.46 -7.'0 
4.ft -9.0' 
5.47 -10.39 
5.89 -11.70 
'.27 -13.03 
6.59 -14.34-'.If -15.64 
7.09 -16.92 
7.27 -11.16 
7.42 -19.36 
7.54 -20.51 
7.63 -21.61 
7.70 -22.65 
7.77 -23.62 
7." -24.52 
7.89 -25.35 
7.96 -26.10 
1.04 -26.71 '.14 -27.31 
'.25 -27.tO '.39 -28.,34 
'.54 -2'.72 
'.72 -29.01 
'.91 -29.24 
9.12 -29.40 
9.34 -29.49 
t.5I -29.52 
t.11 -29.49 

.11 

.09 

.07 

.05 

.03 

.01 

.00 
-.02 
-.03 
-.04 
-.06 
-.06 
-.07 
-.0' 
-.09 
-.09 
-.09 
-.10 
-.10 
-.10 
-.10 
-.10 
-.ot 
-.09 
-.Ot 
-.0' -.0' 
-.01 
-.07 
-.07 
-.07 
-.06 -.0' 
-.06 
-.06 
-.06 

10.05 -29.41 
10.29 -29.2' 
10.51 -29.11 
10.72+ -28.90 
10.91 -2'.67 
11.0' -28.41 
11.22 -2'.13 
11.32 -27.15 
11.40 -27.57 
11.43 -27.30 
11.43 -27.04 
11.)9 -26.11 
11.32 -26.62 
11.20 -2'.47 
11.05 -26.37 
10.16 -26." 

toDG 
(S) 

<LOJIG. VEL. AnD 2.0 rr. DI.'. -­
<Llt'. VEL. Arm 1.0 ". DU.. --

.311 

.130 
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.00 

.00 

.01 
.03 
.05 
.01 
.11 
.15 
.19 
.24 
.2' 
.33 
.31 
.43 
.48 
.52 
.57 
.61 
.65 
.69 
.73 
.76 
•• 0 
.13 
.17 
.91 
.95 

1.00 
1.05 
1.11 
1.11 
1.25 
1.33 
1.42 
1.51 
1.62 
1.73 
1.15 
1.91+ 
2.11 
2.25 
2.40 
2.54 
2.69 
2.13 
2." 
3.12 

.00 

.00 
-.02 
-.04 
-.0' 
-.13 
-.19 
-.26 
-.35 
-.45 
-.57 
-.70 -.14-

-1.00 
-1.17 
-1.36 
-1.56 
-1.77 
-loft 
-2.22 
-2.47 
-2.72 
-2.91 
-3.25 
-3.52 
-3.11 
-4.09 
-4.31 
-4.67 
-4.97 
-5.26 
-5.56 
-5.16 
-6.16 
-6.45 
-6.74 
-7.03 
-7.32 
-7.61 
-7.19 
-'.17 -'.44 -'.71 -'.tI 
-t.24 
-t.51 
-t.77 

'.25 '.37 
3.49 

-10.03 
-10.at 
-10.55 

'.59 -10.12 

VELOCIn 
(rPl) 

10.75 
-15.64 



= 

Table 26. Occupant risk data (transducer), test KM-l. 

OCCUPANT RISK SUMMARY 
NOTE: INSTANTANEOUS 10-MS AVERAGE ACCELERATIONS 

(----- VEHICLE ------) (----------- OCCUPANT -----------) 
TIME ACCEL. (G'S) ANG.VEL VEL. (FPS) DISP. (F) 

(S) LONG. LAT. (RAD/S) LONG. LAT. LONG. LAT. ------ ------- ------- ------ ------- ------- ------- -------
.000 
.010 
.020 
.030 
.040 
.050 
.060 
.070 
.080 
.090 
.100 
.110 
.120 
.130 
.140 
.150 
.160 
.170 
.180 
.190 
.200 
.210 
.220 
.230 
.240 
.250 
.260 
.270 
.280 
.290 
.300 
.310 
.320 
.330 
.340 
.350 
.360 
.370 
.380 
.390 
.400 

-3.58 
-.90 

-4.19 
-8.83 
-6.75 
-5.33 
-1.76 
-loll 
-1.97 
-1.66 
-1.03 
-.71 

-1.61 
-4.12 
-loll 
-.15 

-3.00 
-1.64 
-.41 

-1. 72 
-.01 
-.28 
-.68 
.00 

-.46 
-.77 
-.29 

.08 
-.07 
-.20 
-.05 
-.05 

.29 
-.49 
-.60 

.11 
-.59 
-.09 
-.45+ 
-.56 
-.36 

-.09 
6.86 
8.98 
7.16 

12.07 
4.35 
5.54 
3.13 
2.38 
2.77 
-.94 
1.88 
5.04 
9.59* 
6.40 
1.45 

.79 
-1.78 
-.21 

.05 
-1.27 
-.18 

.29 
-.28 

.37 

.26 
-.04 

.12 
-.25 
-.10 

.16 
-.01 

.14 
-.05 

.05 
-.05 

.15 
-.17 
-.35 
.09 
.46 

OCCUP. RISK FACTORS 

-.39 
-.63 
-.96 

-1.18 
-1. 77 
-2.63 
-2.49 
-2.81 
-2.70 
-2.77 
-2.69 
-2.28 
-2.37 
-2.13 
-1.10 
-1. 38 
-1.42 
-1.03 
-.94 
-.88 
-.67 
-.57 
-.46 
-.52 
-.53 
-.51 
-.46 
-.42 
-.41 
-.41 
-.38 
-.37 
-.34 
-.38 
-.36 
-.31 
-.30 
-.27 
-.28 
-.24 
-.22 

.00 
-1.39 
-4.10 
-6.04 
-'.20 

-10.45 
-12.36 
-13.75 
-14.61 
-15.75 
-16.61* 
-17.51 
-11.28 
-21.42 
-24.67 
-26.60 
-26.99 
-27.32 
-27.43 
-27.22 
-27.57 
-27.55 
-27.70 
-27.64 
-27.74 
-27.90 
-28.02 
-28.08 
-28.16 
-28.16 
-28.23 
-28.29 
-28.38 
-28.43 
-2'.45 
-28.56 
-28.67 
-28.71 
-2'.59 

.00 
1.00 
1.59 
2.56 
4.63 
4.98 
6.14 
5.66 
6.08 
5.73 
6.18 
6.14 
5.97 
6.47 
7.79 
7.73 
8.11 
8.91 
8.98 
9.20 
9.52 
9.42 
9.62 
9.51 
9.41 
9.54 
9.69 
9.59 
9.41 
9.38 
9.37 
9.31 
9.20 
9.0' 
9.19 
9.28 
9.28 
9.23+ 
9.27 
9.51 
9.48 

-21.51 
-21.74 

.00 

.01 

.02 

.03 

.07 

.11 

.16 

.21 

.25 

.29 

.33 

.36 

.39 

.42 

.46 

.51 

.56 

.61 

.67 

.74 

.80 

.88 

.95 
1.03 
1.10 
1.17 
1. 24 
1. 31 
1.39 
1.45 
1. 52 
1.59 
1.66 
1.73 
1.79 
1.86 
1.93 
2.00+ 
2.06 
2.13 
2.21 

flD VEU>CITY 
(I) (FPS) 

------- --------->LONG. VEL. AFTER 2.0 FT. DISP. 
>LAT. VEL. AFTER 1.0 FT. DISP. 

.370 9.11 

.101 -16.69 

MAX. ACCEL. AFTER OCCUPANT IMPACT 

>LONG. ACCELERATIOlf 
> LAT. ACCELERATIOif 
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TDII(S) ACC. (OS) 

------- --------~ .113 
.131 

-1.13 
9.99 

.00 
-.01 
-.03 
-.08 
-.15 
-.25 
-.37 
-.51 
-.66 
-.82 
-.99* 

-1.17 
-1.35 
-1.56 
-1.80 
-2.07 
-2.34 
-2.62 
-2.90 
-3.18 
-3.46 
-3.74 
-4.02 
-4.30 
-4.59 
-4.87 
-5.15 
-5.44 
-5.73 
-6.01 
-6.30 
-6.59 
-6.88 
-7.17 
-7.46 
-7.75 
-8.04 
-'.34 
-'.63 
-8.92 
-9.21 



Table 27. Vehicle damage measurements, test KH-1. 

Before Test After Test Crush 

L 48 48 Not Applicable 

C-1 1.3 4.0 2.7 

C-2 0.0 2.8 2.8 

C-3 0.0 -0.8 +0.8 

C-4 0.0 8.8 8.8 

C-5 0.3 8.5 8.2 

C-6 0.3 10.0 9.7 

Maximum crush of 10.5 at a location of 22 to the right of vehicle 
centerline. 

Note: All dimensions are in inches. 1 in = 2.54 em 
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APPENDIX F: SUMMARY OF RESULTS, TEST KM-2 

Test No. ........ . 
Test Date . . . . . . 
Installation Length - ft[m] 

Beam 

.. KH-2 
Aug. 17, 1989 

69 [21] 

Member .. 9- by lOin. [25.4cm by 22.8cm] 
Length - ft[m] . 2 @ 24(7.3) and 
.............. 1 @ 16(4.9) 

Maximum Deflections - in [cm] 
Permanent ... 
Dynami c . .. .... 

Post 

. none 

. none 

Details of the posts, curb, and deck are 
included in figure 40. 

Vehicle ..... . 

Mass - lb [kg] 
Test Inertia 

1983 Ford F150 Pickup 

DUDIIlY • • •• .•.. 
5245 [2379] 

. . . 165 [75] 
5410 [2454] Gross Test Weight . 

Speed - mi/h [km/h] 46.6 [75.0] 

Angles - degrees 
Impact ... 
Exit . . . . 

ft/s [m/s] 

. . 20.0 
. -2.4 

Occupant Impact Velocity -
Forward (film/accel) 
Lateral (film/accel) 

2.3 [0.7]/7.2 [2.2] 
.. -18.2 [5.5]/ 
. -21.3.3 [-6.5] 

Occupant Ridedown Accelerations - g's 
Forward (accel) .... . 
lateral (accel) ........ . 

Maximum 50 .sec Avg Accelerations - g' 
Longitudinal (film/accel) 
lateral (film/accel) 

Vehicle Damage 
TAD ••• 
VOl • • • 
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TEST KM-2 

Barrier Installation 
The barrier evaluated in the test was a Modified Kansas Corral bridge 

rail. The barrier system, which consisted of concrete posts, rails and a 6-in 
(IS-cm) curb, was constructed on a simulated bridge deck. Total system length 
was 69 ft (21 m). Figure 40 presents details of the system tested. 

Test Purpose 
The purpose of this test was to investigate the dynamic interactions of 

the pickup truck with the bridge rail and curb. Goals for this test were: (1) 
the vehicle must not penetrate or vault over the system, (2) the vehicle 
should remain upright throughout the event, and (3) the vehicle 
after-collision trajectory should not present undue hazard to other traffic. 

Test Vehicle 
The vehicle used in the test was a 1984 Ford FISO Pickup. Gross test 

weight, including the dummy and instrumentation was S4I9-lb (2458 kg). 

Performance 
Impact conditions were 46.6 m/h [74.9 km/h] and a 20.0-degree impact 

angle. As shown in figure 41, the vehicle impacted the barrier 0.8 ft [0.2 m] 
downstream of Post 7. The vehicle remained in contact with the barrier for 
15.0 ft [4.6 m] before redirection at a -2.4 degree angle. The vehicle showed 
no tendency to snag on the curb or posts during the impact sequence. No 
significant pitch, roll, or yaw was noted during impact and redirection. The 
vehicle came to rest 190 ft [58 m] downstream of the impact point and 35 ft 
[11 m] out from the barrier plane. The vehicle brakes were applied at 
approximately 130 ft [40 m] after impact. Table 28 presents after impact 
vehicle trajectory. The barrier did not deflect during impact. 

Film data indicated maximum 50 m(s averages of -2.7 g's (longitudinal) 
and 4.9 g's (lateral). Maximum 50 m(s average accelerations from transducer 
data indicated -3.4 g's (longitudinal) and 8.8 g's (lateral). Figure 43 
presents a summary of test results. Vehicle kinetics from film and onboard 
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transducers are listed in tables 29 and 30. Plots of vehicle accelerations 
are presented in figure 44. Tables 31 and 32 present occupant risk data 
derived from film and the on-board transducers. 

Barrier Damage 
Damage to the barrier consisted of cosmetic scuff marks on the rail and 

curb. Minor gouging from wheel contact was noted on the lower edge of the 
rail in the impact area. Inspection of the barrier system revealed no 
fractured posts or rail members. The barrier was considered as undamaged. 

Vehicle Damage 
Damage to the vehicle consisted of sheet metal deformation of the right 

front fender, side, and rear fender. The front bumper was deformed inward at 
the impact area. The right front tire was blown out during impact. Vehicle 
damage was considered commensurate with the severity of the impact. Vehicle 
damage measurements are contained in table 33. 
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Figure 40. Barrier construction details, test KM-2. 



Figure 41. Sequential photographs during impact (overhead view), test KM-2. 
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Figure 42. Sequential photographs during impact 
as viewed from downstream, test KM-2. 
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Figure 43. Summary of results, test KM-2. 
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Table 28. After impact vehicle trajectory, test KM-2. 

Location1 

o 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Di stance2 

o 
-0.3 
1.0 
2.3 
2.4 
3.3 
4.3 
5.2 
6.3 
7.5 
8.8 

1Distance measured in the downstream direction with 0 as the point 
of impact. 

2Measured perpendicular to the barrier plane at the front tire on 
the impact side of the vehicle. 

Note: All dimensions are in feet. 1 ft = 0.305 m 
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Table 29. Vehicle kinetics data (film), test KM-2. 
ACCEL. (C") HEADI~ VlL. ('PI) DIS.. (') 

x , TIKI 
(5) LONG. LAT. AlfG. (DEC) U)JfG. LAT. ----- ------ ------ -------- ------ ------ ------ .-----

aO.04 
20.03 
19.n 
19.77 
19.50 
19.14 
11.69 
11.15 
17.5a 
u.n 
16.04 
15.ao 
14.30 
13.36 
12.31 
11.31 
10.'7 

-2.00 ... 31 
67.79 
67.27 
66.76 
66.2' 
65.71 
65.32 
... 90 
64.50 
... 15 
n.1l 
n.sa 
n." 
n.n 
n.96 
n.t2 
n.70 
n." 
62.49 
n.39 
n.n 
62.15 
n.Ol 
61." 
61.66 
61.4' 
61.33 
'0.99 
60.73 

-1.'0 -4.90 
.000 
.010 
.oao 
.030 ' 
.040 
.050 
.0'0 
.070 
.0.0 
.0'0 
.100 
.110 
.120 
.130 
.140 
.150 
.1'0 
.170 
.110 
.1'0 
.aoo 
.210 
.aao 
.a30 
.240 
.no 
.a,o 
.270 
.a.o 
.uo 
.300 
.310 
.320 
.330 
.340 
.350 
.)60 
.370 
.310 
.390 
.400 
.410 
.420 
.430 
."0 
.no 
.460 
.470 
... 0 
.490 
.500 
.510 
.5ao 
.530 
.540 
.550 
.5'0 
.570 
.5.0 
.590 
.'00 
• '10 
.uo 
.630 
.'40 
... 0 
.660 
.670 
.610 . .,0 

-1.61 
-l.,a 
-1.59 
-1.57 
-1.53 
-1." 
-1.43 
-1.36 
-l.at 
-1.21 
-1.14 
-1.0' -." -.,a 
-." 
- •• 1 
-.77 
-.75 
-.74 
-.74 -.7' 
-.71 
-.11 
-.'4 
-.17 -.'0 -.,a 
-.'3 -.,3 -.,a -.,0 
-." -.'1 
-.75 -.,7 
-.5' -.4' 
-.40 
-.30 
-.al 
-.n 
-.05 

.01 

.05 

.0' .0' .0' 

.00 
-.07 
-.11 
-.3a 
-.4' -." -.,a 

-1.16 
-1.42 
-1.70 
-1.97 
-a.23 
-2.4' 
-2.'4 
-2.75 
-2.16 
-2.'4 
-2.35 
-1.17 
-1.14 
-.12 
1.24 
2." 

1.04 
1.72 
a.36 
2.'4 
3.4' 
3.'1 
4.2' 
4.57 
4.71 
4.'0 
4.96 
4.'4 
4.'5 
4.70 
4.49 
4.24 
3.'5 
3.63 
l.29 
a.,4 
a.5' 
2.22 
1." 
1.53 
1.21 
.'2 ... 
.42 
.22 
.07 

-.0' 
-.14 -.1. -.1' 
-.15 
-." • 01 

.14 

.29 

.45 

.'4 
.Il 

1.02 
1.21 
1.39 
1.55 1." 
1..0 
1.17 
1.'0 
1. •• 
1.12 
1.70 
1.53 
1.31 
1.03 

.71 

." -." -.15 
-1.04 
-1.55 
-2.06 
-2.'7 
-3.04 -3." -'.71 -'.tI 
-4.00 
-3.7t 

'.35 '.ll 7.34 
'.36 
5.42 
4.53 
3." 2." 
2.14 
1." 

.11 

.2' 
-.19 -.'2 -." -1.29 

-1.14 
-1.75 
-1.92 
-2.05 
-2.15 
-2.2' 
-2.'0 
-2.36 
-2.U 
-2.50 
-2.59 
-2.71 -2." 
-3.01 
-l.21 
-3.45 
-3.72 
-4.02 
-4." 
-4.72 
-5.10 
-5.50 
-5.'0 
-'.30 -, ... 
-7.04 
-7.35 
-7.'2 
-7." 
-7.96 
-'.01 
-7.97 
-7.'4 
-7.62 
-7.'1 -.. ., 
- •• SO 

.59SO 
• 08 SO 
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'0." 
60.20 
St.93 
St." 
St." 
St.22 
St.02 ..... 
".71 ..... 
... 52 ... ., ..... ..... ..... ..... 
".52 
... 55 
... 57 ..... 
... 55 
...50 
.... 0 
".24 
".01 
57.72 
57.'4 
56.17 
56.32 
55.67 
54." 
54.14 
Sl.2 • 
52.40 
11.13 
50.72 
50." .,.ts 
".'4 

-1." 
-1.01 
-.36 

.37 
1.14 
1.94 
2.75 
3.55 
4.32 
5.05 
5.70 
6.29 
'.79 
7.19 
7.50 
7.71 
7.'2 
7.1l 
7.74 
7.57 
7.32 
7.00 
6.63 
'.21 
5.76 
5.21 
4.'0 
4.32 
3." 
'.40 
2.99 
2.'1 
2.at 
2.02 
1.11 
1.66 
1." 
1.56 
1.'1 
1.72 
1.19 
2.11 
2." 2." 
3.02 
3.)7 
3.73 
4.0' 
4.41 
4.71 
4." 
5.U 
5.30 
5.35 
5." 
5.21 
5.00 
4." 
4.29 '.71 '.17 
2 • .-
1.67 
•• 0 

-.13 
-1.11 
-2.10 .'.13 -,.ot 

50.2' -,., • 

.6450 

.1350 

-1.17 
-7.5. 
-'.91 
-'.2' 
-5." 
-5.04 
-4.41 
-3.79 
-3.1' 
-2.53 
-1.'0 
-1.21 -.'5 
-.02 
•• 1 

1.24 
1." 
2.51 
3.13 
3.76 
4.3' 
5.01 
5.64 
'.26 
'.17 
7.4' 
'.10 
'.71 
9.32 
'.'2 

10.52 
11.12 
11.71 
12.30 
12." 
13." 
14.07 
14.65 
15.24 
15.12 
1'.41 
16.99 
17.57 
11.1' 
1,.74 
19.32 
19.90 
20." 
21.07 
21.65 
22.U 
22.11 
U.lI 
23.95 
14.52 
25.01 
25.'4 
26.1' 
26.7) 
27.27 
27.19 
2'.31 
2 •• " H." H." , •. n 
30.11 
31.31 
n.11 

-4.65 
-4.41 
-4.11 
-l.n 
-3.74 
-3.54 
-l.l' 
-3.19 
-).04 
-2.90 
-2.71 
-2." 
-2.59 
-2.52 
-2.4' 
-2.42 
-2.39 
-2.37 
-2.36 
-2.)6 
-2.)7 
-2.39 
-2.42 
-2." 
-2.41 
-2.51 
-2.55 
-2.59 -2." 
-2.67 
-2.71 
-2.75 
-2.79 -2." 
-2.17 
-2.91 
-2.94 -2." 
-'.02 
-'.06 
-3.10 
-).15 
-'.2' -'.25 
-).31 
-'.37 -'.U 
-'.51 
-).St 
-3.67 
-3.76 -3." 
-3.96 
- •• 07 
-4.11 
-•. 2' 
- •• 41 
- •• 52 -4." 
- •• 75 -.... 
-•• '5 
-5.05 
-5.U 
-5.10 
-5.26 
-5.n -5." -5.n 



Table 30. Vehicle kinetics data (transducer), test KM-2. 
.-

VEHICLE KINETICS SUMMARY 
NOTE: VALUES ARE INSTANTANEOUS AT TIME 

TIME ACC!L. (G'S) HEAD.A.NG. VELOCITY (,PS) DISP. (P') 
(5) LONG. LAT. DEG LONG. LAT. X Y ----- ------- ------- ------ ------- ------- ------- -------
.000 .79 .11 20.04 61.31 -2.00 -1.10 -4.90 
.010 -5.44 3.99 20.05 67.'1 -1. 34 -1.17 -4.65 
.020 .12 -.'0 20.11 67.59 -.91 -7.53 -4.41 
.030 -1.63 5.64 20.10 67." .45 -6.90 -4.17 
.040 1.11 -1.19 19.94 66.91 .63 -6.26 -3.95 
.050 .04 3.14 19.66 67.23 .42 -5.63 -3.72 
.060 -10.66 6.03 19.17 65.33 .59 -5.00 -3.51 
.070 .45 9.93 11.47 64.95 1.79 -4.39 -3.31 
.0.0 -7.39 11.35 17.70 64.42 3.16 -3.77 -3.14 
.090 -7.32 11.0' 16.90 62.20 6.75 -3.15 -3.00 
.100 -3.05 •• 75 16.0' 62.03 9.59 -2.53 -2.90 
.110 -.25 3.04 15.10 61.79 10.25 -1.91 -2.'3 
.120 -2.73 .22 13.97 61.13 9.61 -1.29 -2.71 
.130 -.91 4.36 12.77 61.40 ' •• 3 -.67 -2.72 
.140 -6.35 7.54 11.51 61.10 '.23 -.05 -2.61 
.150 -2.10 2.12 10.23 60.91 7.06 .56 -2 .. 64 
.160 -.91 -.70 '.91 60.19 5.61 1.11 -2.60 
.170 3.47 -.76 7.50 61.32 3.19 1.79 -2.56 
.110 -2.51 1.11 6.04 61.49 1.91 2.40 -2.52 
.190 -.25 5.54 4.60 n.21 3.43 3.01 -2.49 
.200 .64 3.24 3.39 61.09 4.0' 3.62 -2.41 
.210 -2.57 -4.04 2.29 60.92 2.37 4.23 -2.49 
.220 2.74 1.21 1.21 60.19 1.25 4.14 -2.41 
.230 -4.11 6.52 .30 59.43 1.32 5.44 -2.49 
.240 -1.91 14.43 -.57 59.'5 2.67 6.03 -2.50 
.250 -6.07 9.97 -1.11 59.73 4.19 6.63 -2.55 
.260 -7.23 5.37 -1.53 51.49 5.23 7.22 -2.61 
.270 4.73 1.19 -1.71 57.76 5.19 7.'0 -2.61 
.2.0 -1.63 3.01 -1.99 57.19 6.74 '.31 -2.76 
.290 -3.20 .19 -2.16 57.53 6.53 •• 95 -2.15 
.300 -4.0' 1.17 -2.31 57.20 6.19 9.52 -2.94 
.310 -2.92 2.22 -2.42 56.90 6.59 10.09 -3.03 
.320 -.12 1.57 -2.47 56.96 6.71 10.66 -3.12 
.330 .10 -1.39 -2.45 56.94 6.91 11.22 -3.21 
.340 -1.2' 2.45 -2.41 56." 6.19 11.79 -3.30 
.350 -.91 .94 -2.37 56.51 7.12 12.35 -3.40 
.360 -1.13 .42 -2.35 56.40 6.95 12.92 -3.49 
.370 .10 .42 -2.32 56.37 6.61 13.41 -3.51 
.3.0 .3' -.30 -2.31 56.31 6.'1 14.04 -3.67 
.390 -.75 -.14 -2.27 56.22 6.66 14.60 -3.76 
.400 -1.00 .29 -2.25 56.17 6.67 15.15 -3.'5 
.410 .01 -.27 -2.24 55." 6.73 15.71 -3.94 
.420 .01 .02 -2.26 55.93 6.76 16.27 -4.03 
.430 .79 .16 -2.2' 55.19 6.92 16.12 -4.12 
.440 .29 -.37 -2.27 56.09 6.93 17.31 -4.21 
.450 -.12 -.11 -2.25 56.02 6.94 17.94 -4.30 
.460 -.50 1.07 -2.22 55." 7.17 1'.50 -4.39 
.470 -.62 .45 -2.11 55.'4 7.50 19.05 -4." 
.410 -.62 .29 -2.12 55.73 7.64 19.61 -4.51 
.490 .31 1.21 -2.07 55." 1.04 20.16 -4.61 
.500 -.50 1.07 -2.00 55.54 •• 54 20.71 -4.79 
.510 -.62 .42 -1.t2 55.43 '.79 21.26 -4.19 
.520 -.03 .71 -1.'3 55.24 t.ll 21.'1 -5.00 
.530 -.50 1.21 -1.74 55.12 t.49 22.36 -5.11 
.540 .13 .19 -1." 54." t.'O 22.tl -5.22 

HIGHEST 50.0-MS AVO. ACCZL. 
TIME (SIC) 

G'S STAIt'I' DO ------ ------ ------
LONG. -3.42 .051 .101 
lAT. 1.12 .0St .10t 

132 



Table 31. Occupant risk data (film), test KM-2. 

OCCUPANT RISK sUMMARY -- FROM FIUI ANALYSIS 
NOTE: AVG. ACCEL. FOR PRIOR 0.010 SEC. CALCULATED 
FROM VEHICLE VELOCITY CHANG! 
RELATIVE VALUES-(OCCUPANT N.R.T. VEHICLE) 

( _______ VEHICLE --------) (-------- OCCUPANT ---------) 
TIM! ACC!L. (G'S) ANG. VEL VEL. (FPS) DISP. (F) 

(S) LONG. LAT. (RAD/S) LONG. LAT. LONG. LAT. ---- ------ ------ ------ ------ ------ ------ ------
.000 
.010 
.020 
.030 
.040 
.050 
.060 
.070 
.080 
.090 
.100 
.110 
.120 
.130 
.140 
.150 
.160 
.170 
.180 
.190 
.200 
.210 
.220 
.230 
.240 
.250 
.260 
.270 
.280 
.290 
.300 
.310 
.320 
.330 
.340 
.350 
.360 
.370 
.310 
.390 
.400 
.410 
.420 
.430 
.440 
.450 
.460 
.410 
.4.0 
.490 
.500 

-1.63 
-1.62 
-1.59 
-1. 57 
-1. 53 
-1.48 
-1.43 
-1.36 
-1.29 
-1.21 
-1.14 
-1.06 
-.98 
-.92 
-.16 
-.81 
-.77 
-.75 
-.74 
-.74 
-.76 
-.78 
-.11 
-.84 
-.87 
-.90 
-.92 
-.93 
-.93 
-.92 
-.90 
-.16 
-.81 
-.75 
-.67 
-.5' 
-.49 
-.40 
-.30 
-~21 
-.13 
-.05 

.01 

.05 

.0' .0' 

.06 

.00 
-.07 -.1' 
-.32 

1.04 
1.72 
2.36 
2.94 
3.46 
3.91 
4.2' 
4.57 
4.78 
4.90 
4.96 
4.94 
4.'5 
4.70* 
4.49 
4.24 
3.95 
3.63 
3.29 
2.94 
2.5' 
2.22 
1.86 
1.53 
1.21 

.92 

.65 

.42 

.22 

.07 
-.06 
-.14 
-.11 
-.19 
-.15 
-.09 

.01 

.14 

.29 

.45 

.64 
•• 3 

1.02 
1.21 
1.39 
1.55 
1.69 
1.'0 
1.11 
1.tO 1." 

OCCUP. RISK nero_ 

.35 

.35 

.35 

.35 

.34 

.33 

.33 

.32 

.31 

.29 

.2' 

.27 

.25 

.23 

.22 

.20 

.11 

.16 

.15 

.13 

.11 

.09 

.0' 

.06 

.05 

.04 

.03 

.01 

.01 

.00 
-.01 
-.02 
-.02 
-.03 
-.03 
-.03 
-.04 
-.04 
-.04 
-.04 
-.04 
-.04 
-.04 
-.05 
-.05 
-.05 
-.05 -.0' -.0' 
-.06 
-.01 

.00 

.35 

.68 

.99 
1.27 
1.53 
1.76 
1.96 
2.12 
2.25 
2.33 
2.36 
2.36 
2.31 
2.23 
2.12 
2.00 
1.'5 
1. 71 
1.57 
1.45 
1.35 
1.2' 
1.24 
1.25 
1.30 
1.3' 
1.51 
1.67 
1.16 
2.07 
2.29 
2.52 
2.75 
2.97 
3.17 
3.35 
3.49 
3.60 
3.67 
3.69 
3.67 
3.61 
3.52 
3.31 
3.22 
3.03 
2.'4 
2.'4 
2.44 
2.27+ 

.00 
-.61 

-1.44 
-2.48 
-3.71 
-5.10 
-6.63 
-8.26 
-9.9' 

-11.74 
-13.52 
-15.30 
-17.05* 
-11.74 
-20.35 
-21." 
-23.29 
-24.59 
-25.75 
-26.71 
-27.67 
-2'.42 
-29.03 
-29.52 
-29.19 
-30.15 
-30.30 
-30.3' 
-30. " 
-30.31 
-30.21 
-30.08 
-29.93 
-29.71 
-29.65 
-29.54 
-29.47 
-29.45 
-29.49 
-29.59 
-29.77 
-30.02 
-30.35 
-30.75 
-31.23 
-31.77 
-32.36 
-33.01 
-33.68 
-34.)7 
-35.07 

!'IMB 
(S) 

.00 

.00 

.01 

.02 

.03 

.04 

.06 

.07 

.09 

.11 

.12 

.14 

.15 

.16 

.16 

.16 

.15 

.14 

.12 

.09 

.06 

.03 
-.01 
-.05 
-.08 
-.12 
-.16 
-.20 
-.23 
-.26 
-.28 
-.29 
-.30 
-.30 
-.30 
-.29 
-.27 
-.25 
-.23 
-.20 
-.11 
-.15 
-.12 
-.10 
-.09 -.0' -.0. 
-.09 
-.10 
-.13 
-.17+ 

.00 

.00 
-.01 
-.03 
-.06 
-.11 
-.17 
-.24 
-.33 
-.44 
-.57 
-.72 
-.88* 

-1.06 
-1.26 
-1.47 
-1.70 
-1.95 
-2.20 
-2.46 
-2.74 
-3.02 
-3.31 
-3.60 
-3.90 
-4.lt 
-4.49 
-4.80 
-5.10 
-5.40 
-5.70 
-6.00 
-6.30 
-6.60 
-6.19 
-7.19 
-7.41 
-7.77 
- •• 07 
- •• 36 
-8.66 
-'.96 
-'.26 
-9.57 -9." 

-10.19 
-10.51 
-10.'4 
-11.17 
-11.51 
-11.16 

VELOCITY 
(rlS) 

------- ---------
<I.DIIG. VEL. APTD 2.0 ft_ DIS •• -­
<IA'f. VEL. APTZIt 1.0 ". 011.. --
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.500 

.127 
2.21 

-18.15 



Table 32. Occupant risk data (transducer), test KM-2. 
OCCUPANT RlsJ( StJMKARy 
NOTE: INSTANTANEOUS 10-MS AVERAGE ACCELERATIONS 

(----- VEHICLE ------) (----------- OCCUPANT -----------) 
TIME ACCEL. (G'S) ANG. VEL VEL. (FPS) OISP. cr) 

(S) LONG. LAT. (RAO/S) LONG. LAT. LONG. LAT. 

.000 

.010 

.020 

.030 
.040 
.050 
.060 
.070 
.080 
.090 
.100 
.110 
.120 
.130 
.140 
.150 
.160 
.170 
.110 
.190 
.200 
.210 
.220 
.230 
.240 
.250 
.260 
.270 
.280 
.290 
.300 
.310 
.320 
.330 
.340 
.350 
.360 
.370 
.310 
.390 
.400 
.410 
.420 
.430 
.440 
.450 
.460 
.410 

.79 
-1.09 
-1.20 

.06 
-1.46 
-2.66 
-6.58 

.n 
-4.58 
-1. 70 
-2.55 
-.94 

-1.42 
.42 

-.23 
-1.94 
-.94 

.25 
-.07 
-.57 
-.62 

-1.42 
-2.33 
-2.06 
2.55 

-2.39 
-2.77 
-2.61 

.80 
-2.13 

.01 
-.92 

.39 

.09 
-.96 
-.48 
-.57 

.25 
-.70 
-.2' 
-.21 
-.37 
-.27 

.49 

.25 
-.42 
-.25 
-.30 

.410 -.24 
.490 -.)7 
.500 -.19 

.11 
2.03 
1.59 
4.43 
-.35 
1.58 
3.71 
8.36 

10.46 
10.51 
9.67 
3.14 
1.15 
2.43 
1.85 

.10 
-.36 

-1.35 
4.30* 
7.14 
2.04 

-2.11 
3.23 
4.41 
8.30 
4.51 
4.30 
2.41 
2.20 
-.64 

.04 
1.71 

.68 
-.71 

.70 

.11 
-1.28 
-.06 
-.08 
-.20 

.15 

.05 

.34 

.28 
-.12 

.31 
.94 
.56 
.4' 

1.3' 
1.03 

OCCUP. RISJt rACl'OJtS 

-.01 
.04 
.0' 

-.15 
-.34 
-.61 

-1.00 
-1.36 
-1.36 
-1.37 
-1.60 
-1.14 
-2.07 
-2.19 
-2.lt 
-2.22 
-2.40 
-2.51 
-2.54 
-2.27 
-2.00 
-1.17 
-1.75 
-1.64 
-1.31 
-.79 
-.57 
-.38 
-.29 
-.30 
-.24 
-.16 
-.03 

.07 

.05 

.04 
.05 
.03 
.04 
.05 
.05 

-.01 
-.05 
-.01 

.04 

.04 

.05 

.01 

.11 

.01 

.14 

.00 

.56 

.84 

.30 

.91 

.22 

.00 
-.60 
-.90 

-2.54 
-3.14 
-3.66 
-4.78 
-7.24 

-10.22 
-14.09 
-11.16 
-20.26 
-21. 30* 
-22.02 
-22.90 
-23.27 
-23.63 
-23.60 
-23.35 
-26.20 
-27.92 
-27.27 
-27.16 
-28.19 
-30.12 
-31.69 
-32.'5 
-33.5' 
-34.55 
-34.53 
-34.29 
-34.72 
-34.11 
-34.80 
-34.76 
-34.96 

1. 70 
1.59 
2.07 
4.19 
3.99 
3.11 
4.01 
3.38 
3.43 
3.22 
2.76 
1.80 
1.14 
1.27 
1.29 
1.20 
1.67 
2.15 
1.76 
2.25 
3.61 
4.45 
4.34 
4.60 
4.93 
5.2' 
5.36 
5.51 
5.56 
5." 
6.07 
6.09 
6.17 
6.29 
6.35 
6.47 
6.46 
6.54 
6.40 
6.49 
6.5' 
6.76 
6.92 
6.99 
7.21 

-34.76 
-34.42 
-34.59 
-34.3' 
-34.37 
-34.49 
-34.51 
-34.72 
-34.67 
-34.65 
-34.'3 
-35.01 
-35.U 
-35.50 
-35.17 

.00 

.00 
.01 
.02 
.02 
.03 
.03 
.05 
.07 
.10 
.14 
.16 
.19 
.20 
.20 
.20 
.19 
.16 
.12 
.07 
.02 

-.02 
-.06 
-.11 
-.14 
-.17 
-.17 
-.15 
-.12 
-.10 
-.06 
-.02 

.02 

.00 

.00 
-.01 
-.03 
-.06 
-.09 
-.13 
-.19 
-.28 
-.40 
-.57 
-.76 
-.97* 

-1.19 
-1.42 
-1.66 
-1.90 
-2.14 
-2.38 
-2.63 
-2.90 
-3.11 
-3.45 
-3.72 
-4.01 
-4.32 
-4.64 
-4.97 
-5.31 
-5.65 
-6.00 
-6.34 
-6.69 
-7.04 
-7.39 
-7.74 
-8.08 
-'.43 
- •• 77 
-9.12 
-9.46 
-9.11 

.0' 

.14 

.20 

.26 

.33 

.39 

.46 

.53 
.59 
.65 
.72 
.71 
•• 5 
.'2 

-10.15 

1.00 
1.01 
1.U 
1.24 

-10.50 
-10.'5 
-11.19 
-11.54 
-11.19 
-12.24 
-12.59 
-12.95 

TID VELOCIft' 
(I) (I'PS) 

>LONG. VEL. APTER 2.0 rr. DISP. -- .500 7.21 
>IAT. VEL. AFTER 1.0 FT. DISP. -- .121 -21.31 

MAX. ACCEL. Al'TER OCCUPANT IXPAC!' TID(') ACe. (GI) 

>IAT. ACCZIZRATIOII .116 9.65 
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Table 33. Vehicle damage measurements, test KM-2. 

Before Test After Test Crush 

L 56 56 Not Applicable 

C-1 2.0 3.8 1.8 

C-2 1.0 5.5 4.5 

C-3 0.0 4.0 4.0 

C-4 0.0 3.5 3.5 

C-5 1.0 15.6 14.6 

C-6 2.0 14.0 12.0 

Maximum crush of 16.0 at a location of 25.0 to the right of 
vehicle centerline. 

Note: All dimensions are in inches. 1 in = 2.54 cm 
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