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FOREWORD 

The information contained herein was developed on Research Study 

2-5-69-140 entitled 11 Evaluation of the Roadside Environment by Dynamic 

Analysis of the Interaction Between the Vehicle, Passenger, and Roadway. 11 

It is a cooperative research study sponsored jointly by the Texas 

Highway Department and the U.S. Department of Transportation, Federal 

Highway Administration. 

The basic objective of the study is to develop criteria to aid in 

the design of a safe highway. This is being accomplished through the 

application of mathematical simulation techniques and crash tests to 

determine the dynamic behavior of automobiles and their occupants when 

in collision with roadside objects or when traversing highway geometric 

features such as ditches, sloping culvert grates, etc. The study began 

in September, 1968. 

Several significant findings have resulted form the study and these 

are documented in the following reports: 

1. 11 Documentation of Input for Single Vehicle Accident Computer 
Program 11 , Young, R.D., et.al., TTI Research Report 140-1, 
July 1969. 

2. 11A Three-Dimensional Mathematical Model of an Automobile 
Passenger 11 , Young, R.D., TTI Research Report 140-2, August 
1970. 

3. 11 Criteria for the Design of Safe Sloping Culvert Grates", 
Ross, H. E., Jr., and Post, E. R., TTI Research Report 140-3, 
August 1971. 

4. 11 Criteria for Guardrail Need and Location on Embankments 11 , 

Ross, H. E. , Jr. , and Post, E. R., TTI Research Report 140-4, 
April 1972. 
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5. 11 Simulation of Vehicle Impact with the Texas Concrete Median 
Barrier 11 , Young, R.D., et. al., TTI Research Report 140-5, 
June 1972. 

6. 11 Dynamic Behavior of a Vehicle Traversing Selected Curbs and 
~edi ans 11 , Ross, H. E. , Jr. , and Post, E. R. , TTI Research 
Report 140-6, December 1974. 

7. 11 Comparison of Full-Scale Embankment Tests wi.th Computer 
Simulations••, Ross, H.E., Jr., and Post, E.R., TTI Research 
Report 140-7, December 1972. 
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SUMMARY 

This study involved the determination of the impact performance of 

the Texas Metal Beam Guard Fence median barrier (MBGF) and a comparison 

of its performance with that of the Texas Concerete Median Barrier (CMB). 

The MBGF consists of two standard W-shaped guardrails mounted back-to-back 

on a 6 WF 8.5 support post whereas the CMB is a solid concrete barrier. 

The impact performance of the MBGF was determined from a combination 

of crash tests and from crash simulations by the Highway-Vehicle-Object

Simulation-Model (HVOSM). Full-size automobiles (approximately 4,000 lb) 

were used in both the crash tests and the crash simulations. A close 

comparison of test and simulated results verified the accuracy of the HVOSM 

in simulating impacts with the MBGF. The impact performance of the CMB 

was obtained from another study. 

Inspections of 135 median barrier impacts on various urban freeways 

in Texas were made to determine the distribution of impact angles. These 

field measurements, supplemented by data from the HVOSM, provided impact 

angle probabilities as a function of median widths. 

The final product of this study was a selection criterion which 

provides an objective means of comparing the impact severity of the MBGF 

and the CMB as a function of the median's dimensions. The criterion is 

based on a design speed of 60 mph, and impacts with a full-size automobile. 
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IMPLEMENTATION STATEMENT 

The results of this study have been used by the Texas Highway 

Department to establish a policy on the selection of median barriers. 

This policy will appear in the next publication of the Highway Design 

Division Operations and Procedures Manual. 

The· following excerpt, taken from Section 4-302, page 4-93 and 

4-94 of the Manual, pertains to median barrier warrants. 

"Medi ans for urban freeway sections generally are 
non-depressed and relatively narrow. For new con
struction, an urban freeway usually includes a 24 
foot flush median (see Section 4-301.8 (g)) with 
either slope faced concrete or double steel beam 
median barrier. In determining the type of barrier 
to be used for any project, the primary consideration 
is safety, both for vehicular impacts and during 
any subsequent~aintenance activities. In this 
regard, extensive live and simulated crash testing 
of the two most prominently used median barriers 
have been conducted, and measurements were made at 
accident sites to establish frequencies of various 
angles of encroachment. Analysis of this information 
indicates that accident severity levels probably will 
not result in serious injury for unrestrained 
occupants for the following conditions: 

a. For concrete barriers, when installed 
in median widths of 24 feet (i.e., 
lateral distance from travel lane edge 
to centerline of barrier of 12 feet) 
or less. 

b. For double steel beam barriers, when 
installed in median widths of 30 feet 
(i.e., lateral distance from travel 
lane edge to centerline of barrier 
of 15 feet) or less. 

Field experience with concrete median barriers indicates 
that, unlike the double steel beam system, maintenance 
operations are not normally required following accidental 
vehicular encroachment. Accordingly, on new urban freeway 
sections with narrow medians (18 feet or less), a flexible 
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median barrier system should not normally be used, 
since resulting maintenance activities would (a) 
create unduly hazardous exposure of maintenance crews 
to high speed and volume traffic, (b) usually 
necessitate blocking a travel lane thereby significantly 
disrupting traffic, causing delay, congestion, and a 
hazardous driving environment, and (c) result in high 
costs~ Therefore, for projects involving new construc
tion or complete reconstruction of a highway section, 
the determination of median barrier type should be in 
accordance with the guidelines shown in Figure 4-91A. 

Median Width 

Up to 18 feet 
18 to 24 feet 

24 to 30 feet 

Figure 4-91A 

Barrier Type 

Concrete 
Concrete or double 

steel beam 
Double steel beam 

Where there is a frequent presence of fixed objects such 
as continuous illumination systems in 18 to 24 foot medians 
the concrete barrier system offers advantages over double 
steel beam and should be used. Where the double steel 
beam barrier system is used, consideration should be 
given to special design treatments to increase barrier 
stiffness at fixed object locations. Special circum
stances, such as the presence of blowing sand, may dictate 
deviation from the guidelines shown in Figure 4-91A ... 11 
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I. INTRODUCTION 

To prevent median crossover accidents, the Texas Highway Department 

(THO) uses, in most cases, one of two basic median barriers. These are 

the concrete median barrier (CMB) and the metal beam guardfence (MBGF). 

The CMB is for all practical purposes a "rigid" unyielding barrier, while 
' 

the MBGF is considered to be a "flexible" barrier, one that deforms upon 

impact. 

Several studies have been conducted to determine the impact perfor

mance of the CMB (l, _g_, 1, .i, i). It has been shown that for small 

impact angles the CMB can safely redirect an encroaching vehicle. How

ever, these studies also showed that as the impact angle increases the 

impact severity increases considerably. 

With regard to the MBGF, only a very limited amount of impact 

performance data existed prior to this study. One of the objectives of 

this study was therefore to determine its impact performance so that 

objective comparisons could be made between the CMB and the MBGF. Crash 

tests and the Texas Transportation Institute 1s version of the HVOSM* 

computer program were used to accomplish this objective. Before applying 

the HVOSM, however, an extensive validation study was performed. Crash 

test data were compared with the HVOSM predictions. Some modifications 

were made to the HVOSM in order to achieve an acceptable comparison. 

This study also investigated the relationship between median width 

and the probable angle of impact into a median barrier for errant vehicles. 

* HVOSM -- Highway-Vehicle-Object-Simulation-Model. Program was 
developed at CALSPAN Corporation, Buffalo, New York, for the 
FHWA. 
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This relationship was needed to develop a selection criterion for the 

two barrier systems. It has been postulated that the CMB is best for 

11 narrow 11 medians where high impact angles are improbable and that the 

MBGF shoul'd be used 'for 11wide 11 'medians. However, objective criteria to 

quantify what 11 narrow 11 and 11wide 11 means had to be developed. To accom

plish this task, a combination of field meclsurements and HVOSM computer 

simulations was used. THD personnel conducted the field meaS'Orements. 

Median barriers on selected urban freeways were inspected for impact 

damage. Where impacts had occurred, measurements of the angle of impact, 

median width, etc., were made. These data were then statistically analyzed 

to determine impact angle probabilities. The HVOSM was used to supple

ment the field data by defining "upper limits" on impact angles as a 

function of median widths. 

The end result of this study was an objective criterion which can 

be used in the median barrier selection process. The criterion, which is 

in the form of a graph, shows the relationship between impact severity and 

median width, on a probability basis, for the CMB and the MBGF barriers. 
! 

Other factors, such as installation and maintenance costs, must of course 
,, 

be considered in the selection process. However, an evaluation of these 

factors was not within the scope of this study. 
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II. CRASH TESTS OF MBGF 

Prior to the tests conducted in this study, only one full-scale 

crash test had been conducted on the MBGF (~, -1_). In that test, an 

automobile impacted the barrier at 57.3 mph at an encroachment angle 

of 25 degrees.* 

The impact conditions of two tests conducted in this study were 

60 mph at 8 degrees, and 63.4 mph at 14.7 degrees; These two tests 

and the one mentioned above provided considerable insight concerning 

the impact performance of the MBGF for 60 mph impacts. The tests also 

provided a data base from which the HVOSM could be validated. After 

validation, the HVOSM was used to determine the impact performance of 

the MBGF at speeds below and in excess of 60 mph (see Chapter IV). 

This chapter describes the details of the as-tested MBGF, the 

tests, and the test results. 

MBGF Details 

The as-tested MBGF barrier is shown in Figure l. The THD designation 

of the barrier is MBGF (B)-74. In some installations a 3/8 inch steel 

wire pedestrian control cable is placed below the guardrail. Also a 

headlite-barrier fence is sometimes placed on top of the barrier. How

ever, it is assumed that neither of these features will significantly 

affect the impact performance of the barrier. 

* That test was denoted "T4-l" in References 3 and 4 and is denoted 
the same herein. 
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The MBGF is designed along the "strong beam, weak post" concept. 

Upon impact the support post breaks away from its base, allowing the 

back~to-back guardrail to deform. The 3/8 inch fillet welds connecting 

the outer faces of the two post flanges to the 5/8 inch base plate are 

designed to fracture at relatively low impact forces. Since the posts 

shear off at the base at a relatively low impact force, the rail does 

not rotate significantly, minimizing the possibility of vehicle ramping. 

Crash Tests 

The two crash tests conducted in the study are referred to herein 

as MB-1 and MB-2. The MB-1 test _refers to the 60 mph/8 degree impact 

and the MB-2 test refers to the 63.4 mph/14.7 degree impact. 

Test vehicles. A 1965 Plymouth, weighing approximately 4200 pounds, 

was used in Test MB-1. Figure 2 shows the vehicle prior to and after the 

test. A 1964 Plymouth, weighing approximately 4200 pounds, was used in 

Test MB-2. Figure 3 shows the vehicle prior to and after the test. 

Further details of the two test vehicles are given in Appendix A. 

Data acquisition. Crash test data were recorded by electronic 

instrumentation placed in the vehicle and by high speed cameras which 

photographed the impacts. 

Three accelerometers were positioned near the center of gravity of 

the automobile (see Appendix A for locations). These accelerometers 

measured the longitudinal, lateral, and vertical accelerations, all with 

respect to a vehicle-fixed axis. A 50th percentile male dummy was placed 

in the driver's seat and lap belted. The force in the lap belt during 
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BEFORE TEST 

AFTER TEST 

FIGURE 2. MB- I TEST VEHICLE 
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BEFORE TEST 

AFTER TEST 

FIGURE 3. MB-2 TEST VEHICLE 
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impact was measured. Also, accelerometers were placed in the dummy's 

chest to measure accelerations in the fore and aft or longitudinal 

direction (eyeballs in or out) as well as in the left and right (lateral) 

direction. 

All electronic data were passed through an 80 Hz low-pass active 

filter for presentation in this report. 

One high speed camera was positioned with a field of view parallel 

to the longitudinal axis of the barrier and the other camera's field of 

view was perpendicular to the barrier's longitudinal axis. Film speed 

was approximately 500 frames per second. The film provided a time history 

of the vehicle's motion. Sequential photographs taken of selected high 

speed film frames are shown in Chapter III. 

Test Results 

The results of Tests MB-1 and MB-2 are sunmarized in Table 1. More 

detailed results of the tests are given in the next chapter in which the 

HVOSM is compared with the test results. Vertical accelerations were 

found to be small in comparison to the longitudinal and lateral acceler

ations and are therefore not shown herein. 

Dummy accelerations and seat belt loads for the two tests are shown 

in Figures 4 and 5. Peak and average acceleration values are shown in 

Table 1. 

The dynamic performance of the MBGF in these two tests was 

considered to be good. From a structural standpoint, the barrier contained 

and redirected the vehicle. From an impact severity standpoint, the 
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TABLE 1. SUMMARY OF MBGF TESTS 

TEST NUMBER 
DATA MB-1 MB-2 

VEHICLE 

Year 1965 1964 

Make Plymouth Plymouth 

Weight ( 1 b) 4200 4200 

FILM DATA 

Impact Speed (mph) 60.0 63.4 

Impact Angle (deg) 8.0 14.7 

Dynamic Barrier Deflection (in. ) 1.0 12.0 

Departure Angle (deg) 4.0 3.8 

Departure Speed (mph) 47.0 52.0 

ACCELEROMETER DATA 
VEHICLE DUMMY VEHICLE DUMMY 

Longitudinal 
Peak (G's) 2.0 5.3 5.5 5.4 
Highest Average (G's)l 0.03 4.2 0.90 4.3 

Lateral 
Peak (G's) 5.3 4.0 7.0 8.2 
Highest Average (G's) 1 3.2 2.9 4.7 6.3 

1 Averaged over 50 milliseconds. 
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AFTER MB- I TEST 

AFTER MB-2 TEST 

FIGURE 6. MBGF DAMAGE 
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accelerations at 7 degrees/60 mph are considered tolerable and no serious 

injuries are predicted. The impact severity at 15 degrees/60 mph 

indicates a marginal situation, i.e., the accelerations are near the 

limits (see Chapter IV) for an unbelted occupant. From a vehicle re

direction standpoint, the small departure angles of the two tests are 

considered to be very good. 

Damage to the MBGF after each test is shown in Figure 6. As can be 

seen, damage to barrier after Test MB-1 was negligible and no repairs are 

necessary. Repairs to the barrier after Test MB-2 would consist of re

placing two 25-foot-W-beam guardrails, three support posts, and the 

necessary bolts, nuts, etc. Based on previous studies (1), it is estimated 

that libor and material costs to repair the barrier after the MB-2 test 

would be $530.00. 

Damage to the automobile after each test is shown in Figures 2 and 3. 

The test car in MB-1 was still operable after the test. However, damage 

to the left front wheel assembly of the vehicle in Test MB-2 prevented its 

operation after the impact. It is estimated that the repair costs for 

the MB-1 vehicle would be $490.00 and that it would cost $1330.00 to repair 

the MB-2 vehicle. Further discussions of costs are given in Chapter V. 
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III. VALIDATION OF HVOSM FOR MBGF IMPACT SIMULATIONS 

The three full-scale crash tests described in the previous chapter 

provided impact performance data for the MBGF when impacted by a 

standard size automobile at approximately 60 mph. It was desirable how

ever, to obtain more data on its performance since impacts in the field 

could be expected to occur at speeds both below and above 60 mph. 

In lieu of additional crash tests (which were not within the budget), 

it was decided to determine if HVOSM could simulate an automobile im

pacting the MBGF. To make this determination, the three MBGF crash tests 

(MB-1, MB-2, and T4-l) were simulated by HVOSM and the results were com

pared with the test results. 

In the initial attempts at simulating the MBGF tests, errors were 

uncovered in the coding of some of the barrier impact subroutines of 

HVOSM. These problems and the changes made to the routines to rectify them 

are discussed in Appendix B. 

Validation Process 

The validation process actually involved a trial and error procedure. 

Adjustments were_~ade in the vehicle and barrier stiffness parameters 

until the HVOSM simulation converged on the results of the MB-2 test. 

However, these same stiffness parameters were used in the simulation of 

the other two tests (MB-1 and T4-l) and the resulting comparisons were very 

good. With the exception of the coefficient of friction between the ve

hicle and the barrier, it was not necessary to adjust parameters in each 

test simulation. As a consequence, it was felt that these parameters could 
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be used in HVOSM to simulate impacts with the MBGF at speeds above and 

below 60 mph. 

With regard to the vehicle-barrier friction coefficient, it was 

found that its value had to be adjusted upward as the angle of impact 

increased. The reason this adjustment was needed is believed to be as 

follows. The HVOSM barrier impact subroutines cannot directly account 

for the effects of a barrier "pocketing" a vehicle. During impacts with 

the MBGF at relatively large impact angles, a vehicle will deflect the 

rail considerably but this deflection will occur over a reasonably short 

length of the rail. For example, in Test T4-l (57.3 mph/25 degrees), 

the vehicle deflected the rail 18 inches. However, the deflection occurred 

over only about 25 feet of the rail. As a result, the barrier tends to 

pocket the vehicle. The effects of pocketing on vehicle behavior are 

primarily two-fold: (1) it increases the longitudinal impact force (vehicle 

ax.is system) and (2) it decreases the rate at which the vehicle is re

directed (yaw rate), at least during the initial phases of the impact. 

It was found that these effects could be simulated by HVOSM by increasing 

the vehicle-barrier friction coefficient. 

The procedure used to converge on the vehicle and barrier parameters 

and the value of the parameters themselves are given in Appendix B. 

Comparisons Between HVOSM and Tests 

Comparisons between HVOSM and the test results were based on two basic 

types of data. These were accelerations at the vehicle's center of gravity 

(C.G.) and vehicle motion. 
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Vehicle motion comparisons. Figures 7, 8, and 9 contain comparisons 

of vehicle motion for the three tests. The HVOSM perspective drawings 

were generated by a computer program(.§) whose input is the HVOSM output. 

Hidden lines were removed from the perspective drawings by hand for clarity. 

The test photos are prints made from selected high speed film frames. It 

can be seen that the general motion of the HVOSM compares well with the 

test results. Note that the automobile does not roll appreciably after 

impact with the MBGF. 

Figures 10, 11, and 12 show the path of the vehicle after impact with 

the MBGF. Very close correlation occurred between HVOSM and the test 

results for tests MB-1 and MB-2. In test T4-1, considerable damage was 

done to the left front tire assembly, causing the vehicle to turn more to 

the left after impact than did the HVOSM (which cannot simulate such a 

failure). 

Acceleration comparisons. Plots of acceleration versus time for the 

three MBGF tests are shown in Figures 13 through 18. Also shown on each 

plot are the corresponding HVOSM accelerations. Accelerations in the 

vertical direction were small in comparison to the lateral and longitudinal 

components and were therefore omitted from c~nsideration. 

In tests MB-1 and MB-2 the accelerometers were located at the C.G. of 

the vehicle. Location of the accelerometers are given in Appendix A. Lon

gitudinal accelerations refer to the fore-aft direction of the vehicle and 

lateral accelerations refer to the left-right direction of the vehicle. 

In test T4-l the accelerometers were located on the frame members, 

near the rear axle. Their position is given in Appendix A.' Due to a mal

function, the lateral accelerations in test T4-1 were not recorded. 
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It can be seen that the HVOSM accelerations generally follow the 

trend of the test accelerations. In some instances (see Figure 15 for 

example) the test data are characterized by rapid changes while the HVOSM 

values are somewhat smoother. This high-frequency vibratory nature of the 

test data is attributed in part to "ringing" or high-frequency response of 

the sprung mass of the vehicle. HVOSM does not have the capability to 

simulate this type of response. However, the contribution of such motion 

to overall impact severity is not considered significant. Another reason 

for sudden and large changes in the test values is that as the vehicle 

crushes, various members of various stiffnesses are encountered. HVOSM 

can simulate this effect to a small degree by "hard points". 

A su1T111ary of the acceleration data is given in Table 2. Shown in the 

table are peak accelerations and the highest average accelerations oc

curring over any 50 millisecond period. The times at which the peak accel

erations occur and the periods over which the highest average accelerations 

occur are also given in the table. 

Although some disparity occurs between test values and the HVOSM 

values for peak accelerations and the times at which these occur, the 

average accelerations are in reasonably close agreement. In most cases, 

more significance is placed on the highest average accelerations rather 

than the highest peak accelerations. This is especially true when vehicle 

accelerations are used as a measure of severity {to the occupant/occupants 

of the vehicle). 

After evaluating the validation efforts, it was concluded that HVOSM 

(as modified) could be used to supplement crash test data for the MBGF. 
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TABLE 2. ACCELERATION COMPARISONS 

TEST NUMBER 

Peak Lateral Accel
eration (G's)/Time (sec) 

Peak Longitudinal Ac-
celeration (G's)/Time (sec) 

Highest Average Lateral Ac-
celeration (G's)/Time Period 
(sec) 

MB-1 

Test 
Results --

5.3 
0. 16 

2.8 
0.08 

3.2 
. 14-. 19 

MB-2 -
HVOSM Test 

Results Results 

4. 1 7.0 
0.19 0.070 

1.4 5.0 
0.07 0.080 

3.6 4.7 
.045-.095 . 17-. 22 

Highest Average Longitudinal 1.0 1.2 2.5 
Acceleration (G's)/Time .045-.095 .045-.095 .035-.085 
Period (sec) 

* Right frame member 

HVOSM 
Results 

6.2 
0.113 

2.8 
0.058 

4.8 
. 173-. 223 

2.6 
.048-.098 

T4-1* 

Test HVOSM 
Results Results 

not 9.4 
available 0.25 

12.0 11. 0 

o. 13 o. l 03 

not 7.2 
available 0.23-0.28 

10.0 10.0 
0. 10-0. 15 . 088-. 138 



When considering the very complex nature of the MBGF impacts, HVOSM 

predicted the gross motion of the vehicle and vehicle accelerations quite 

accurately. 
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IV. PARAMETRIC STUDIES 

Metal Beam Guard Fence 

To supplement the MBGF crash test data, nine HVOSM simulations were 

made. Impacts at speeds of 50 mph, 70 mph, and 80 mph, in combination 

with impact angles of 5 degrees, 15 degrees, and 25 degrees, were simulated. 

Table 3 summarizes the results of these nine simulations {runs 1 

through 9). Also shown in Table 3 are the results of the simulations of 

the three crash tests (runs 10, 11, and 12). The accelerations given in 

Table 3 are the highest average accelerations occurring over any 50 milli

second period. A small utility computer program was written to compute 

these maximum averages as well as the maximum severity index (discussed 

in a following paragraph). The program scanned the data, computed the 

average accelerations and the severity index for all 50 millisecond periods, 

and selected and printed the maximums. It is noted that the time period 

over which the maximum average longitudinal acceleration occurred did not 

necessarily correspond to that for the average lateral acceleration. Also, 

the time period over which the maximum severity index occurred did not nec

essarily correspond to that for the maximum average longitudinal accelera

tion or to that of the maximum average lateral acceleration. 

A severity index (S.I.) was used to quantify the severity (to an 

occupant) of the vehicle impacts with the MBGF. It is defined as follows 

(Z): 

S. I. = ( 1 ) 
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TABLE 3. PARAMETRIC STUDY RESULTS, MBGF 

IMPACT MAXIMUM AVERAGE 
CONDITIONS ACCELERATIONS (G 1 s)2 

EXIT MAXIMUM MAXIMUM 
SPEED ANGLE ANGLE 1 ROLL ANGLE 

6Long Glat 
SEVERITY 3 

RUN NO. ~ (deg) (deg) (deg) INDEX ( S . I. ) 

1 50 5 1.9 1.8 0.56 1.92 0.39 
2 50 15 5. 1 5.0 2.45 4. 14 0.90 
3 50 25 12.2 9.6 7.80 5.50 1.57 

4 70 5 1.2 1.5 o. 76 2. 70 0.55 
5 70 15 2.9 2.3 2.87 5.51 l. 15 
6 70 25 7.8 10. l 12.03 8.98 2.49 

7 80 5 1.0 1.6 0.88 3.15 0.64 
8 80 15 2.7 3.0 3.41 6.60 1.39 
9 80 25 7.0 9.7 15.30 11.53 3. 17 

10 60 8 2.5 1.8 1.20 3.60 0.73 
11 63.4 14.7 3.6 5.0 2.59 4.80 0.98 
12 57.3 25.0 9.2 8.4 9.03 6.83 1.88 

1 Angle when vehicle lost contact with barrier. 
2 Averaged over 50 milliseconds, at C.G. The maximum average longitudinal and lateral accel

erations do not necessarily occur during the same time period. 
3 As computed over 50 milliseconds. 



Where 

Glong = average longitudinal acceleration; 

Glat = average lateral acceleration; 

GVert = average vertical acceleration; 

GLong = tolerable average longitudinal acceleration; 

GLat = tolerable average lateral acceleration; and 

G\lert = tolerable average vertical acceleration. 

The terms in the numerator of Equation l are the average accelerations on 

the vehicle, and the terms in the denominator are the limiting vehicle ac

celerations an occupant can withstand without serious or fatal injuries. 

It is assumed that an S.I. greater than one indicates that an occupant 

would sustain serious or fatal injuries. A detailed description of the 

index is given in the literature (]_, §_). 

Limiting accelerations used in this study were as follows (]_): 

G' = 7 Long 

Glat = 5 

G' = Vert 6 

For the MBGF, the vertical accelerations were negligible and therefore 

only the first two terms of the S.I. were included. However, the severity 
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indices on the CMB (provided in subsequent parts of this report) 

involved all three tenns since all three acceleration components were 

significant. 

Concrete Median Barrier 

In the following chapter, the S.I. for the MBGF is compared with 

that of the CMB. Values of the S.I. for the CMB were obtained from a 

previous study (1, 2), with two exceptions. To adequately compare the two 

barriers, it was necessary to simulate two impacts with the CMB which 

were not in the previous study. Impacts at 50 mph and 25 degrees and at 

70 mph and 25 degrees were simulated. The results of these two runs, to

gether with all other CMB data, are given in Table 4. 
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TABLE 4. PARAMETRIC STUDY RESULTS, CMB (l) 

IMPACT MAXIMUM AVERAGE 
CONDITIONS ACCELERATIONS (G's}2 

EXIT MAXIMUM MAXIMUM 
SPEED ANGLE ANGLE 1 ROLL ANGLE 

GLong Glat 6Vert 
SEVERITY 3 

RUN NO. ~ (deg) (deg} (deg} INDEX (S.I.) 

l 50.0 5.0 1.1 1. 3 0.49 1.61 o. 12 0.33 

2 70.0 5.0 0.3 2.2 0.72 2.53 0.43 0.52 

3 80.0 5.0 0. 1 3.3 0.21 2.90 0.54 0.58 

4 50.0 1 o. 0 2.5 4.2 1. 13 2.99 0.94 0.64 

5 70.0 10.0 1.2 19.5 0.16 5.06 2.03 1. 07 
~ 
N 6 80.0 10.0 1.2 34.6 1. 92 6.42 2.61 1.38 

7 50.0 15. 0 3.6 15.0 0.47 4.29 1.38 o. 91 

8 70.0 15.0 (4) ( 4) 2.81 6.44 3. 16 (4) 
9 80.0 15 .o (4) ( 4) 3.24 7.49 3.29 (4) 

10 50.0 25.0 ( 5) ( 5) 4.45 7.41 4.28 1. 76 

11 63.0 25.0 5. 1 37.0 6.47 11. 23 4.38 2.54 

12 70.0 25.0 ( 5) ( 5) 9.37 12.27 1. 78 2.81 

1 Angle when vehicle lost contact with barrier. 
2 Averaged over 50 milliseconds, at C.G. The maximum average longitudinal and lateral acceler-

ations do not necessarily occur during the same time period. 
3 As computed over 50 milliseconds. 
4 Vehicle rolled over upon exiting from barrier. Severity considered intolerable. 
5 Data unavailable. 



V. COMPARISON OF CMB AND MBGF IMPACT PERFORMANCE 

Impact Severity 

Shown in Figure 19 are plots of the S.I. versus impact speed for the 

CMB and the MBGF for three different impact angles. Data in Figure 19 

were taken from Tables 3 and 4. 

It can be seen that for small impact angles, the two barriers are 

approximately equal in impact severity. However, as the impact angle 

increases, the difference in impact severity of the two barriers is more 

pronounced, with the MBGF providing the less severe impact. This result 

was expected since the MBGF does have flexibility and can dissipate a 

considerable amount of the energy of the impacting vehicle. The CMB is 

for all practical purposes a rigid barrier. 

It can be seen from Table 3 that the MBGF can redirect a vehicle 

without introducing large roll angles, i.e., the potential for roll over 

appears to be minimal. This could be a significant factor when comparing 

the MBGF with the CMB since at high speeds and large impact angles the 

latter has shown a tendency to cause the impacting vehicle to roll over (_g_). 

Damage Costs 

Evaluation of the impact performance of a barrier should include a 

consideration of repair costs to both the barrier and the vehicle. The 

following cost figures, which admittedly are based on very limited data, 

give a quantative measure of the damage costs incurred after impact with 

the MBGF and the CMB. 

With regard to barrier damage, the CMS requires no repair for all 

practical purposes, at least for the impact conditions investigated. 
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Damage to the MBGF for an impact at 60 mph and an impact angle of 7 

degrees was negligible. Damage to the MBGF for 60 mph impacts at 

impact angles of 15 degrees and 25 degrees is approximately the same. 

Repair cost in these cases is based on previous estimates (l) with a 

factor of 1.2 being applied to estimate cost increases since the 

referenced data were ,published. The barrier repair costs are shown in 

Table 5. 

Also shown in Table 5 are the estimated costs to repair the 

automobiles after impact with the respective barriers. Automobile 

repair costs were obtained in each case from a local auto appraiser. 

The appraiser's estimates, given in Appendix C, were rounded off to 

the nearest ten dollars. 

Based on the estimates and the corresponding impact conditions, 

impact with the CMB will cause more damage to the automobile than the 

MBGF. However, it is pointed out that at impact angles less than 7 

degrees, the CMB will redirect an automobile with little or no sheet 

metal damage, which reduces or eliminates damages. The MBGF does not 

have this capability and some automobile damage can be expected for 

any impact. 
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TABLE 5. ESTIMATES OF DAMAGE COSTS FOR 
60 mph IMPACT (DOLLARS) 

IMPACT ANGLE 

7 Degrees 15 Degrees 25 Degrees 

MBGF CMB MBGF CMB MBGF CMB 
--

Barrier 
Damage NIL NIL 530.00 1 NIL 530.001 NIL 

Vehicle 
Damage2 490.00 615.00 1330.00 1550.00 1430.00 1500.00 

1 Taken from reference 3 with a factor of 1.2 being applied for increases in cost. 

2 As obtained from an auto appraiser. 



VI. IMPACT ANGLE PROBABILITIES 

The study up to this point provided objective criteria for comparing 

the impact performance of the CMB and the MBGF for a given set of impact 

conditions, i.e., impact speed and angle. However, data in this form are 

of limited value if one cannot relate impact conditions (or probability 

thereof) to the particular median geometry in question. The objective of 

this phase of the study was therefore to determine the impact condition 

probability as a function of median width or the distance from the road

way to barrier's face. 

To accomplish this objective, the researchers relied on both field 

data and on data as determined by use of the HVOSM model. A description 

of each of these two approaches follows. 

Field Data on Barrier Impacts 

Very valuable work on the nature of vehicle encroachments has been 

done by Hutchinson and Kennedy(~). However, the referenced work involved 

all encroachments and there was no apparent way to predict what number of 

these encroachments would have impacted a barrier, had there been one in 

tpe median, and what impact angle. It was decided that a number of field 

evaluations would be made to determine actual impact angles. 

The field data were gathered by meml&ier:is of the THO Research Oivistol'l. 

The field sites were urban freeways of several large cities in Texas. The 

collection procedure involved the location of sites where median barrier 

accidents had occurred (as judged by barrier damage) in which impact angles 

could be measured, either through skid marks or tire tracks. In some cases, 

47 



the barrier deflection (permanent set) was measured. However, there was 

no attempt to relate barrier damage to any other parameters, such as 

vehicle speed. 

Median widths investigated ranged from 13 feet to 56 feet. A total 

of 135 cases were recorded. However, a large portion of these (111) fell 

in the 22-foot to 26-foot median width range. In a few instances, the 

barrier was located on a raised median. However, in such cases a roll 

curb was used (5-3/4 inch height or less) and as a consequence it is 

doubtful that the curb would have a significant effect on the vehicle's 

path, at least for the short distance between the curb and the barrier. 

Inspections of impacts with barriers on narrow raised medians were 

also made by the THO investigation team. The following statement by 

Hustace of the THO concerns this phase of the inspection. 

"The narrow median, although sustaining numerous 
impacts, had frequently not provided tire tracks due 
to the airborne tire after having struck the curb face. 
Although curb scuff marks and barrier damage is usually 
readily apparent, the nearness of the barrier face and 
overhang of the vehicle would normally result in an 
over conservative angle from a calculated value. This 
factor, combined with the extreme hazard of angle 
measurements on narrow medians, leads me to feel that 
the data generated by Hutchinson and Kennedy for vehicle 
departure angles should be adequate to represent the 
narrow median situations since vehicle-driver recovery
response would be minimum due to the close proximity of 
the barrier. Also, in turn, the absence of wide median 
barrier sites and the lack of serious consideration for 
median barrier installations in the wide median does 
not demand the same urgent attention as does the barrier 
installation for the medium and narrow width medians. 11 

A statistical analysis of the 135 cases led to the following conclu

sions: 

(a) There was enough data to determine a relation between impact 

angle and probability of occurrence for median widths between 
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22 feet and 26 feet. The relation is shown in Figure 20. Note 

that the data from the 22-foot, 24-foot, 25-foot, and 26-foot 

medians were combined to develop this curve. There was not a 

significant variation in the distribution to warrant a curve for 

each of these four widths. 

(b) There was not enough data to develop distributions of impact 

angles as a function of median widths. This was due to the fact 

that most of the data was for median widths between 22 feet and 

26 feet. 

(c) Based on the data for the 22-foot to 26-foot medians, it appears 

that the distribution of impact angles for a given median width 

can be approximated by the "normal distribution". The mean 

impact angle for the data was 10.8 degrees with a standard devi

ation of 6.2 degrees. It can be seen in Figure 20 that a normal 

distribution having a mean impact angle of 10.8 degrees and a 

standard deviation of 6.2 degrees correlates well with the field 

data. 

HVOSM Simulations of Encroachment Angles 

A series of HVOSM runs were conducted to supplement the field data. 

The objective of these runs was to develop relationships between encroach

ment angle and median width for different probability levels. 

The research approach and its rationale were as follows: 

(a) The HVOSM was used to establish extreme encroachment angles 

(95th percentile values) for any given median width. Further 

details of the procedure used to determine these angles are 

given in a subsequent part of this chapter. 
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(b) Using the extreme angles from part 11 a11 and assuming a zero 

impact angle at the 5th percentile, a normal distribution was 

constructed for various median widths ( a normal distribution 

is uniquely defined, given any two points on the curve). Use 

of the normal distribution in this manner appears reasonable 

due to its close correlation with field data (see Figure 20). 

(c) From the data generated in part 11 b11 , curves were drawn depicting 

impact angle versus median width for different levels of 

probability. 

It is important to note that the ability of the HVOSM to simulate an 

automobile during steering maneuvers has been demonstrated by other 

researchers (}l). The referenced validation studies involved sinusoidal 

steering inputs. 

Extreme encroachment angles. Much speculation has occurred concerning 

the highest angle an automobile can impact a barrier located a given 

distance from the roadway. This investigation did not provide data to end 

all speculations, nor did it purport to, but it did shed some light on 

the problem. 

Basically, the HVOSM was used to determine the response and the en

croachment angle of a standard automobile with standard tires as it was sud

denly steered off the roadway while travelling at 60 mph. The automobile 

was assumed to be in a "coast" mode, i.e., with no traction after the 

steering maneuver began. The steering maneuver was an attempt to simulate 

an emergency avoidance maneuver. It consisted of steering from a zero steer 

angle to a prescribed angle in a prescribed time at a uniform rate. The 

turning rate was determined by observing the highest rates at which drivers 

had performed similar maneuvers in full-scale tests at TTI. 
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Figure 21 shows the four steering conditions which were input to the 

HVOSM. As shown, the steer angle was increased up to a selected value at 

a constant rate and then held constant. It is noted that most automobiles 

have a steering wheel angle to steer angle ratio between 20 and 25. For 

example, an eight-degree steer angle would require between 160 and 200 

degrees of steering wheel turn. 

A total of 12 simulation runs were made. For each of the four steering 

conditions shown in Figure 21, three tire-pavement friction coefficients 

were simulated, namely 1.0, 0.75, and 0.5. The results are presented in 

two basic forms; plots of the vehicle path and plots of encroachment angle 

versus lateral distance. 

Figure 22 shows plots of the path of the center of gravity of the 

vehicle for a tire-pavement friction coefficient of 1.0 for four steering 

maneuvers. The "lateral distance" is a distance from the roadway tangent 

on which the steering maneuver began (roadway parallel to "longitudinal 

distance" axis). The four HVOSM plots are the paths of the vehicle for 

each of the four steering maneuvers of Figure 21. Note that an increase in 

the steer angle does not result in a proportionate increase in the path 

curvature, especially beyond steer angles of eight degrees. This is due 

primarily to the saturation of the side force capabilities of the front 

tires after the steer angle exceeds approximately eight degrees. It is con

jectured that the curvature approaches a limiting value for steer angles of 

16 degrees. It is possible that other forms of steering input (e.g., non

linear rates of steer application) could result in paths of larger curva

ture, but it is doubtful that the differences would be significant. 
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Also shown on Figure 22 is a path plot of the vehicle as simulated 

by a simple "point mass" model. For a point mass the maximum available 

side force, Ff' is computed as follows: 

where 

F = µW 
f 

µ=friction coefficient, and 

W = weight of vehicle. 

(2) 

As the point mass vehicle corners in a circular turn (with no pave

ment superelevation) its centrifugal force, Fe' is determined as follows: 

where 

v = vehicle velocity, 

g = gravitational acceleration, and 

r = radius of turn. 

(3) 

The minimum radius the point mass can follow is computed by equating Ff 

and Fe' and then solving for rmin as follows: 

Wv 2 
= µW ( 4) 

gr 
and 

v2 
r min = gµ (5) 
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From Figure 22, it can be seen that the actual paths (as determined 

by HVOSM) differ considerably from that of the point mass. This is due 

to the inability of the point wass model to accurately represent the 

transient nature cf vehicle handling. Whereas the point mass model as

sumes ar. instantaneous steady state turn once the turn has been initiated, 

t~e HVOSM accounts for the transient period of the vehicle's response. 

Plots similar to those of Figure 22 for values ofµ of 0.75 and 0.5 are 

included in Appendix D. 

Figure 23 shows plots of vehicle path for a steer angle of 16 degrees 

as a function of the friction coefficient. Similar plots for steer angles 

of 4 degrees, 8 degrees, and 12 degrees, are included in Appendix D. , 

Shown in Figure 24 are encroachment angles as a function of lateral 

distance. Coordinates of each of these curves were determined by computing 

the arctangent of the slope of the appropriate curve in Figure 22 as a 

function of lateral distance. The encroachment angle is the angle between 

a tangent to the C.G.'s path and the roadway tangent. 

It is interesting to note that although the point mass model does not 

accurately simulate the vehicle's path, it does predict the encroachment 

angle quite accurately, at least for the extreme steering maneuvers and for 

lateral distances up to about 40 feet. For lower friction coefficients, 

the cowparison is even better (see Appendix D). It is also interesting tc 

note that many people felt that the point mass representation gave very 

excessive encroachment angles, i.e., the vehicle could not attain the angles 

predicted by the point mass model. Such is not the case. In fact, for 

bigh skid-resistant pavements where large lateral distances are accessible 

e.g., a wide median, the point mass predictions are too lcw. 
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Figure 25 is a plot of encroachment angles for the three friction 

coefficients and for a steer angle of 16 degrees. Similar plots are given 

in Appendix D for steer angles of 4 degrees, 8 degrees, and 12 degrees. 

To arrive at a relationship between extreme encroachment angle and 

median width (lateral distance), the values as determined for a steer angle 

of 16 degrees and a friction coefficient of 1.0 were selected. In most 

cases these conditions would be extreme and as such they represent what is 

considered to be limiting values. 

To compute actual impact angles it was necessary to account for the 

dimensions of the automobile. With reference to Figure 26, it is obvious 

that the vehicle will impact the barrier before the C.G. crosses the 

barrier plane. The vehicle dimensions given in Figure 26 are typical of 

a medium-weight sedan. From geometry, 

or a= 22.13 degrees. 

Thus, 

or 

LT - LcG = (95.54)[SIN(a + e)] 

LT= (95.54)[S1N(22.l3 + e)] + LcG 
12.0 

with LT and LCG in feet. 
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The "LcG" curve of Figure 26 is identical to the curve of Figure 24 for a 

steer angle of 16 degrees. The "Lr" curve is a plot of Equation 8, with 

e and LcG determined from the "LcG" curve. 

Figure 27 shows the relationship between the extreme impact angle 

and the median distance, D, for two conditions; impact from lane 1 and 

impact from lane 2. Note the median distance, D, is not the half-median 

width but rather is the distance from the edge of the roadway to the barrier 

face. It was assumed that the vehicle was in the center of the 12-foot 

lane when the emergency steering maneuver began. The curves of Figure 27 

are simply an application of the "Lr" curve of Figure 26. For example, for 

a median distance of 10 feet and an encroachment from lane 1, 

LT= 10 + 3 + ~ = 16 feet 

From Figure 26, 

e = 16.3 degrees. 

Note that the "impact from lane l" curve will intersect the vertical 

axis above zero for a zero median distance, i.e., there can be an impact 

angle even though there is no median distance. This is due to the assumed 

three-foot gap between the vehicle and the face of the barrier for a 

vehicle travelling in the center of the lane. 

Impact angle probabilities. The probability distribution of impact 

angles for a given median distance was assumed to be a normal distribution, 

as has been discussed earlier in this report. To determine the distribu

tion for a given median distance, the 95th percentile value of the impact 

62 



25 V=60 MPH 

<.!) 
f'MPACT FROM 

w 20 LANE 2 
C .. r-- D ~121~12'1 It> 

CJ::,(1) 
I .. 
I w 

...J 
<.!) 

z 15 <( (\J 

t- LLJ LLJ u z z 
~ <( <( 

:E ['MPACT FROM ...J ...J 

LANE I 

w 10 
...J 

t- BARRIER z 
w FACE u 
a:: 
w 
Q. 

:I: 5 

D D . t-
I{) 
a, 

~ 6 
0 

0 5 10 15 20 25 

MEDIAN DISTANCE, D, FEET 

FIGURE 27. NINETY-FIFTH PERCENTILE IMPACT ANGLE 
VERSUS MEDIAN DISTANCE 

63 



angle was assumed to be that as determined from the "lane 111 curve of 

Figure 27 and the 5th percentile impact angle was assumed to be zero. These 

two points uniquely defined the distribution. 

Where 

For a normal distribution, 

e = aX + S p p 

ep = impact angle for probability 11 p11 ; 

a = standard deviation; 

X = a parameter determined from tables of normal distri
P 

bution function, for given probability 11 p11 ; and 

s = mean of distribution. 

As assumed, 

From the tables (lQ), 

Therefore, 

or 

From the tables (lQ), 

Thus, 

e = o 5 

x5 = -1.65 

0 = -1.65(0) + s 

x95 = +l.65 

695 = 1.65(0) + 8 
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Substituting cr from Equation 10 into Equation 11 gives 

So, 

895 = l.65(1.f5> + s 

895 s = -2.0 { 12) 

Thus, for known values of 095 , 8 and cr can be determined from Equations 12 

and 10, respectively. 

For example, the distribution of impact angles for a median distance 

of 12 feet {or a median width of approximately 24 feet) is computed as 

follows. From Figure 27, 

095 = 17.8 degrees {"impact from lane 111 curve). 

From Equation 12, 

and from Equation 11, 

Therefore, 

8 = 17.8 = 8 9 2.0 . 

a= 8 ·9 = 5.39 1.65 

Values of 8P are shown in Table 6 as a function of p, and Figure 28 

shows a plot of p versus 8P. Also shown on the figure is a plot of the 

field data {same as shown in Figure 20) which has been discussed earlier. 

The field data was gathered on medians ranging in width between 22 feet 
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TABLE 6. IMPACT ANGLE DISTRIBUTION FOR 
12 FOOT MEDIAN DISTANCE 

PERCENT! LE, p 
(percent) Zp 

0 -4. 00 · 

5 -1. 65 

10 -1.28 

20 -0.84 

30 -0.52 

40 -0.25 

50 0.00 

60 0.25 

70 0.52 

80 0.84 

90 1.28 

95 1.65 

100 4.00 
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and 26 feet, or an average median distance of approximately 12 feet. Al

though there are some differences in these two curves, the degree of cor

relation is considered to be good. 

There are several factors which likely contributed to the differences 

that did occur in the curves of Figure 28. The first of these, and 

probably the most significant one, is the speed of the impacting vehicle. 

Unfortunately, there was no way to determine impact speeds from the field 

measurements. It is conjectured that the low angle impacts occurred at 

speeds higher, on an average, than did the higher angle impacts. It is 

also conjectured that most of the impacts occurred at speeds less than 60 

mph. The theoretical distribution is based on an initial encroachment 

speed of 60 mph. Some slight decrease in speed occurred in the HVOSM 

simulations during the encroachment, but it was not considered significant 

(less than 2 mph). 

Another factor which could cause differences is that some of the 

barrier impacts likely occurred after the vehicle impacted another vehicle 

or object. Actions of the driver during the encroachment, such as braking, 

could also have a significant effect on vehicle path. 

The number of lanes can also have an effect on the distribution of 

encroachment angles. The field data were taken on urban freeways having 

various numbers of lanes. As assumed, the theoretical distributions were 

based on encroachments from the inside lane. 

It was concluded, however, that the effect of the combination of these 

factors can be represented by the as-formulated theoretical distribution. 

Figure 29 shows the theoretical impact angles as a function of median 

distance for various percentiles, where the 95th percentile curve is the 
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same as the "impact from lane 111 curve of Figure 27. Coordinates of the 

90th percentile, the 80th percentile, and the 70th .percentile curves are 

given in Table 7. 
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TABLE 7. COORDINATES OF VARIOUS 
PERCENTILE CURVES 

IMPACT ANGLE {Deg) 

MEDIAN MEAN IMPACT STANDARD 
II STANCE, D ANGLE, S DEVIATION, cr 670 680 690 (ft) (Deg) (Deg) 

2 4. 20 2.55 5.53 6.34 7.46 

3 4.85 2.94 6.38 7.32 8. 61 

4 5.35 3.24 7.03 8.07 9.50 

5 5.95 3. 61 7.83 8.98 10. 57 

7 6.90 4. 18 9.07 10.41 12.25 

9 7.75 4.70 10. 19 11. 70 13. 77 

10 8.15 4.94 10. 72 12. 30 14.47 

12 8.90 5.39 11. 70 13.43 15.80 

14 9.70 5.88 12.76 14.64 17.23 

16 10.40 6.30 13.68 15.69 18.46 

18 11.10 6.73 14.60 16. 75 19. 71 

20 11. 70 7.09 15.39 17.66 20.78 

22 12. 25 7.42 16. 11 18.48 21. 75 

24 12.80 7.76 16 .84 19. 32 22.73 
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VII. SELECTION CRITERION 

Impact performance data and impact angle data needed to formulate a 

selection criterion were now available. Impact severity of the two 

barriers was presented in Chapter V, and impact angle data were presented 

in the preceding chapter. 

The criterion is based on a design speed of 60 mph and relates to 

full-size automobiles. Shown in Table 8 are values of the severity index 

as related to impact angle. These values were obtained from Figure 19. 

The criterion is presented graphically in Figure 30. Coordinates of the 

S.I. versus impact angle curves were taken from Table 8 and the plots of 

median distance versus impact angle were taken from Figure 29. 

It is pointed out that the criterion referred to is based on safety 

considerations only and does not include cost and maintenance factors. 

It is also pointed out that the criterion is dependent on the design 

speed. For example, if the design speed were 50 mph, the severity curves 

of Figure 30 for the two barriers would have been much closer together. 

It may be desirable to develop a different criterion in such a case. 

Figure 30 allows one to objectively compare the impact severity of 

the two barriers as a function of the median distance. For example, assume 

that one is interested in the impact severities of the two barriers when 

placed 12.5 feet from the roadway (a median width of approximately 25 feet), 

for the 80th percentile impact. Application of the curves is as shown on 

Figure 30. The results are as follows: 

S.I. 
MBGF 0.90 

CMB 1.09 
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TABLE 8. SEVERITY INDEX OF BARRIERS 
AT 60 mph IMPACT SPEED 

IMPACT 
ANGLE (deg) 

5 

15 

25 

SEVERITY INDEX 

MBGF 

0.47 

0.96 

2.00 

73 

CMB 

0.42 

1.18 

2.39 
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The results indicate the MBGF to be about 21 percent less severe for the 

given conditions. 

As mentioned previously, the selection process involves the con

sideration of other factors, such as initial and maintenance costs of the 

barrier and the hazard to repair crews and motorists while the barrier is 

being serviced. It is the author's belief that a selection procedure based 

on a "cost-effective" analysis can be formulated which incorporates the 

effects of all these factors. Such a formulation, however, was not within 

the scope of this work. 
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VIII. CONCLUSIONS 

The following conclusions were drawn as a result of this study: 

1. The Texas standard metal beam guardfence will contain and 

redirect an automobile impacting at 60 mph at impact angles 

of 7 degrees, 15 degrees, and 25 degrees. There is no 

tendency for the automobile to become unstable after impact 

with the MBGF and the exit angle of the vehicle is not large. 

Serious or fatal injuries are not predicted for impacts at 

angles less than 15 degrees and speeds less than 60 mph. 

2. The as modified version of HVOSM can be used to simulate 

automobn£! impacts with the MBGF. Close correlations between 

test and simulated results forms a basis for this conclusion. 

3. The severity of impact with tile Texas standard concrete median 

barrier is approximately equal to that of the MBGF for angles 

of impact of 7 degrees or less. However, as the angle of 

impact increases, impacts become progressively more severe with 

the CMB than with the MBGF. 

4. The CMB is practically maintenance free whereas it costs 

approximately $500 to repair the MBGF after a 60 mph, 15 

degree, impact. Based on gross estimates, automobile repair 

costs resulting from an impact with the CMB are slightly higher 

than that for the MBGF at an impact speed of 60 mph and an 

impact angle in excess of 7 degrees. 
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5. Sufficient field data was obtained to determine the percentile 

distribution of impact angles for a barrier placed in the 

center of a 24-foot median. A theoretically derived dis

tribution, obtained by application of the HVOSM, compared 

favorably with the field data. Percentile distributions of 

impact angles as a function of median distance (distance from 

roadway edge to barrier face) were obtained by the theoretical 

analysis. 

6. An objective barrier selection criterion was developed from 

which the impact severity of the MBGF and the CMB can be 

determined for any given median distance. The criterion is 

based on a design speed of 60 mph and impacts with a full-size 

automobile. The Texas Highway Department used this criterion 

to develop warrants for the use of these two barriers. 
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TABLE Al. TEST VEHICLE PARAMETERS 

TEST NUMBER 

____ _!TEM ___ MB-1 MB-2 T4-l 

Make '65 Plymouth '64 Plymouth '63 Plymouth 

Model 2 dr Hardtop 2 dr Hardtop 4 dr Sedan 

Total Weight (lb) 4200 4200 3640 

Wheel Weights (lb): 

Left Front 1100 1150 970 

Right Front 1130 1090 900 

Left Rear 990 970 870 

Right Rear 970 990 900 

Dimensions ( in)l 

Ll 32.0 34.0 35.6 

L2 54.5 44.75 N.A. 

L, 55.0 53.0 52.4 
,J 

L4 21.0 21.0 N.A. 

L5 8.0 8.0 8.0 

L6 26.0 27.0 26.0 

L7 N.A. N.A. 25.0 

La 72.0 · 72.0 72.0 

Lg 117 .0 117 .o 116.0 

LlO 36.0 36.0 N.A. 

Li, N .A. N.A. 15.0 

1 See Figure Al. 
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APPENDIX B 

MODIFICATIONS TO HVOSM 

Initial attempts at simulating Crash Test MB-2 were unsuccessful. 

After the program reached a certain point in the simulation, the 

solution process would enter an endless loop. Write statements were 

placed in the program to isolate the problem, which was found to be 

in subroutine SFORCE. 

A listing of the as modified subroutine SFORCE is given in Figure 

Bl. The problem and its correction was as follows. 

The problem occurred when the barrier started to reload, after 

it had been initially loaded and then partially unloaded. At this 

point, the values of EPSL and DELX*SET were such that loop 38 became 

endless. The value of YBP in card 250 was always such that the solution 

would go to statement number 40 (card 404), bypassing the calculations 

of the vehicle crush force FNX. 

was never satisfied (card 407). 

As a consequence, the force balance 

Upon leaving loop 38, the logic would 

result in the solution being sent to statement number 250 and thence 

back to loop 38. 

The modification to correct this problem is given in cards 462A, 

462B, 462C and 4620. Statement number 100 limits the values of YBP, 

i.e., the position of the barrier can never be less than YPBO (its 

initial position). 

Another modification to subroutine SFORCE concerned the computation 

of the hardpoint forces. Previously the hardpoint forces were computed 
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at the beginning of loop 38 (see Appendix B of reference 2). The 

computation, done in loop 91, is now done just prior to the computation 

of the vehicle crush force (just after card 399). The hardpoint 

force computation involves cards 245 through 249 (moved without re

numbering). Note that in addition to the previous limitation, the 

hardpoint force is not computed if the lateral velocity of the 

hardpoint (VPT) is negative (see card 247). To accommodate this change, 

the value of VPT in SFORCE was brought, through the common block 

HARDPT, from subroutine RESFRC. 

Upon completion of the above changes, simulation test MB-2 was 

again attempted. Various combinations of barrier and vehicle stiffness 

parameters were used in an attempt to simulate the crash test results. 

The results, however, were still not satisfactory. Since the problem 

appeared to involve the non-linear force-deflection algorithm used in 

the program, it was decided to use a simplified version of the al

gorithm. In effect, the algorithm assumed that the barrier was 

completely elastic, although the non-linear force-deflection relationship 

(5th order polynominal) was retained. A listing of the simplified 

NLDFL subroutine is given in Figure B2. 

As a result of this modification, the researchers were able to 

converge on a set of vehicle and barrier parameters which resulted in 

good correlation between HVOSM and test results. 

The values of the pertinent vehicle and barrier parameters were 

as given in Table Bl. 
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(X) 
U1 

TABLE Bl. VEHICLE AND BARRIER STIFFNESS PARAMETERS 

SPRUNG MASS-BARRIER IMPACT DATA 
BARRIER DIMENSIONS 

(Y8')0 =2400.000 I NCH ES KV = 2.000 LB/IN**3 
!JE L YB' = 0.500 ' ' SET = 0.900 OEFL.RATIO 

BARRIER LOAD DEFLECT. 
SIGMAR O = o.o 
S IGMAR l = l 3466. 0000 

ZB T' = -21.000 • t CONS = 0.100 ENERGY RATIO SIGMAR 2 =-2763.0000 
ZBd' = -14.750 t ' MUB = 0.300 SIGMAR 3 = 250. 8900 

VEHICLE DIMENSIONS EPSILON V= l.OJO IN/SEC S IGMAR 4 = -9.8195 
XVF = 88.500 I NCH ES EPSILON B= 500.000 LB SIGMAR 5 = 0.140230 
XVR =-115.~00 t I OELTB = J .0025 SEC SIGMAR 6 = o.o 
YV = 36.000 t I (INTEG.INCR) SIGMAR 7 = o.o 
ZVT = -14.000 •• SIGMAR 8 = o.o 
ZVB = 13. 75 0 • • SIGMAR q = o.o 
INDB = 3 ( = l R I G I D B A RR I E R , FINITE VERT. DIM.) SIGMARlO = o.o 

=2 I I I I INFINITE ' . I t ) 

=3 DEFORM.BARKIER,FINITE t • . ' ) 

=4 I t I t INFINITE t I I I ) 

STRUCTURAL HAKOPOINTS RELATIVE TO C. G. 
X y l STIFfNESS 

{INCHES) LB/IN 
POINT 1 81. 000 16.500 5.000 2500.000 
POINT 2 54. 500 34.000 o.o 2500.000 
POINT 3 -62. 50 0 34.000 o.o 2500.000 



It is important to note that, with the exception of the barrier 

to vehicle friction coefficient MUB, these same values were also used 

in the simulation of tests MB-1 and T4-l and all runs described in 

Chapter IV. In both MB-1 and T4-l, correlation between HVOSM and test 

results were considered good. 

As has been discussed in Chapter III, the value of MUB was different 

in each of the three test simulations. Those values were as follows: 

TEST 

MB-1 
MB-2 
T4-l 

MUB 

0.2 
0.3 

0.6 

In the parametric studies of Chapter IV, the value of MUB was as follows: 

* See Table 3. 

RUNS* 

1 , 4, 7 

2, 5, 8 

3, 6, 9 
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MUB 

0.2 
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I: 1 t: L;> '.: , V ti i:-( 1_ ,) l I , ( "' f:: L 3 , V AR ( l : I I , I r, r: L ? n , V AR ( ! 2 l I , I\J L 
( P H ! ~- , '' .t. ~ I 1 3 I l , I P H IP C- , V I\ P ( t 4 l ) , ( T 1-'E- TT P , \/ t. I< ( 1 5 l I , NL I 
( r; H 1 T ~, V ~;; ( 16 l I , ( P <;IT P, Vt. P ( l-, l I, ( X ( P, V ~P ( l '111, NL 

FIGURE B2. LISTING OF AS-MODIFIED SUBROUTINE NLDFL 
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5 ill) 

1 

f v r P , Vt, r, ( l c; I l , ( 7 C P , VAR ( 7.0 t t , ( Pc; If I , VA P ( 71 t I , ~!LDF 
~ ('><;!Fl[J,VJ\l:P?t) IIJU)F 
(f)•!J\l,l '(! (1; 1J,')fi:( 1)) ,(Ul/,r)f J:·(211,(Dw,er:R(3) 1,(DP,nFR(41), NLoi:: 

l ( r Q , '-~ :· P ( S I I , ( C: t< , ') f P ( 6 I I , ( PD f L 1, D ~ R. ( 7 ) I , I f) () F L l rJ , f E: r:; ( H t t NL D F 
2 ,('~"' L?,()•=[(91 l ,('1f'Jf-l2f),l')~P(10t),(SCCL3,Cr.J: (11)1, IIJLf)F 
~ I 'l r:-: L : '."", , ~ F t1 ( l 2 I t , ( rJP HI R , DE D. ( l 3 I l , ( [i PH I O D, n f: q l 4 l I , NL r) i: 
4 1:nHTTP,')ff:;·(l5ll,(CPHITP,nn11611,(rPSITP,!"J!-.P(l711, 'ILDF 
5 ( : X ( P , J f ~ ( 1 ~ I l , lD Y C P , nr. Q ( l q l t , ( r} lC P , n E- ~ (?. il I I , NL n F 
f. LJ P S t F I , ') ~- R ( 2 l I I , I DO D SF I , fi f. R ( 2 71 l 1\1 L I') i: 

f'!:,·r-sr ~··J Y(J!'.'(?I NLoi:: 
r:r)IJTV~l '=f\1r:· (YCI~,YClP) "JLOF 
•'JIIJV',L~~:ri (l(JVP,l(T4fo.(l.ll,(~PI-TC,XTPA(2)1,((PHIC,l<Trcl.(3lt NL')F 
r()itl'Ji;f :-r·U (YP,OTP,XTPA(7)),(P'.:IR,XT1'.'ll81),(P(~A,XTPA(911, NLOF 

( PC G ~ , X T t. t ( ! () I l , ( o PP R , l< T < f\ ( 11 I I , ( (.AR l , X TP A f l?. I l , ~J LO F 
? ((f.<dl,XTOA(l3ll,(('G81,XTRAl14)1,(RF\l,XTf.-t.(l~ll 11..JLOF'. 

~ '~Ul Vfl_ '· ~,r.r (\:d"L:J ,XTPA ( 1'> I l :\JLDF 
r:r;i1qlltl'.~1cr-p,u.r::rt:,XH/l(l 71) 'IILDF 
·~ n 11 I V /.L c:r C: ( V '.J: i: , X Tc A ( 1 q I I , ( D V -, f.: F, X H, A f l 9 ) I I\IL ') i: 
LQr,YC..tL trr.1,trn~ r!LDF 
r [, ~",n'1 I It; D '! '.' /' 4, Y 'lP 11, 7 P TP , 7 BA P , XV F , XVJ: , V V , 7 VT , Z VR , f' KV, SI(; P ( 11 I , Sf T NL n I= 

1 , r , f..J c; , A ~, U u, , f: P S V , t:: o 5 9 , X M , F P S T , 0 DD , I N n P , [)FL Y J, P , NL n F 
2 ).::Lrr-, t.O, f')1H~V(g), XINPTflOOl r,..jlf'JF 

( f' "IM r~; / .,_ L ~ ! -::::. /Fr..·, H HIT, J 9 HI T, X C Pr.JD ( 3) , YC P ~!P ( 3 I , 7C P NP ( 3 ) , X C PN ( 3 ) , ML ')r: 
1 Y r; o r..; ( 3 I , l C P l\l ( 1 ) , 1 i\ 1 ( 1 7 ) , B R l ( 1 7 I , C (' 1 ( 1 7 I , R R 1 ( 1 7 ) , ~J L !} r: 
2 ~:-2(17),KP.,?(l 71,((2(17),PR2(17) ,U.R,CAA,(GK,(ABT, NLOF 
3 C'iKT,CG~T,pµ,, xn.T,YIH,ZRT,XR~,YBA,l!:'\R,Pc;7.p(l 71, l\llf)F 
4 v~~T,XNN(17),YNN(l71,ZNN(l71,XMTX(3·,4),!CPT(l71,IPT NLOF 
5 ,PJI~H',:J"Jf:(17),VNPf171,to'"'JD(l71,V~AX(4l,Il,I2,I3,l4, NLDF 
A X(PTD,V(DTP,Z(PTP,XCPBP,YCPRP,ZCPRO,Y(P~D,A!I\ITI, NL')F 
7 i\ l 'J TD , S X P , SY f< , S 7 R , S rH: 1\1 , X P I , YR I , l R I , F P IC T , r r.: u~ P, VT A r-i , N l I) F 
q i: ~ ,1 o , F n , IJ F, P , V 0.. P , W :>. P , E P St , XL O P , 0 r: L X , V l , ~ 1r, Y C , f: f: F , F 1\1 P G Y , NL f) F 
<, S'll::1r.l(,SPf.:.N1;v,crsc..rPtM,Ilf'!.O NLf'lF 

( rw ~i r, , l / H t. > f') P T / r r, T ,:. F ( 4 ) , '.JD T ( 4 I , V P T ( 4 I , W P T ( 4 I 
r1'.4r'\1Srr•., J',;IJXPT(4) 
, !J U I V t I · -- ~Jr r· ( T !\! l' X O T , I l t 
pr fl "R !LI'-'l/'IJl".'P''.;{•/,e.LT.,1 2/'Lnw':R'/,XLJM 
i...ntlfVH•~·v. ()(F,X Tt.A(51 l, (f:[L~RP, XTPAUil I 
WPIT;~(h,5tlf;I Y1J:'T,VI-\PTP,D~:Ll-lP. 
Ff'!::-"' !i T f I , 'T .:< , 1 -.; L 1 !:'" L ' , 2 X, 7r: 1? • 6 , / I 
XLP = V'';~l(ll 
V<;fG~ "' 11. 0 
VMdX~l == (y,,D~-Y1PTP)/llT 
IF(t~C.(V~AXlll.LT.~.00! I V~AXl.l = O.O 
V'-1 AX ( l I = VM 6. X l l 
XL = [, ;:- L '3 t.\ 
cp<;o = ""O<;L 
XVLP = VI_ 

"ILOF 
NL·!Ji: 
NLDF'. 
"JL oi: 
NLOF 
I\JL['IF 
NLni: 
NL nF 
t-:LnF 
Nl[)I= 
~LDC 
Nlf)F 
"JLOF 
NLDi: 

? VL = Xt.-rn<;L 
r:P = SJ'.;o<( l) 

xx = \It. 

NLDF 
NL r,r: 
"ILDF 
NL rJI= 
r-1L oi: 

YY = VPT ( l ) 
4 l)r, 'i I =?, 6 

J = I +5 
FR-: ::n+<;IC~(ll•XX+S!(;P(J)•·YY 
X l< = '(X •:Vt. 
VY: YV•VPT(}) 

'i rnl\:Tl',Jll!'" 
IL ran = 11 
r,r Tr 1-:: 

l ~ >"'JGY = (xr·+r->,)u(VL+tP~l.->:PSP-XVLP)/2.0 

FIGURE 82. CONTINUED 
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NLnr: 
NL oi: 
'llnf
NL'.:'F 
NI.OF 
i~Lf)F 
NL I) r: 
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74 
7 '5 
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77 
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R4 
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87 
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1 () g 
110 
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11 R 
11g 
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121 
12 2 
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124 
12 '5 
lZn 
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l:' ~JR r· v = ; · 1 r, r, v + c • J ,; v 
J:PL.,, p,r;y 
F._, I = 0. n 
r,., rn J'i 

l 11 r- ,~ r = r ~.J r; y 
l=PL = o.r) 

1 S r-r· F = H '- + ( lN c.; .,, t PI+ F. ~ I 
3Ut) XF = FP, 

1,,;. IT r· t t- , 4 H) 1 i: n , ~ n \ L , D c: L x , c no , co 1 , co~, vs I r;"' , n ~ un~. , I u1 t c 
4 on F IJ o ~· r, T 1 1 , ? x • ~ F 1 ~ • <+ , ? x , I ? , 1 1 

;::, ~ TIJ>1') 

f"JTPV ~1trJF~1, 

16 WL = n~L~~-rPSL 
!•(Ill.U).~.Ji:-.OlG'l Til lC: 
XX = WL 
YY=\IPT(l) 
FR = SIG'( 1) 

l 7 nr: l H ! =? , 6 
J = T + 5 
FP, = t:fH<:;I(F(I Ji>-<X+SIG~.>(Jl•YV 
xx = xx·,wL 
Y Y = Y Y* VD T ( l ) 

1 q rr tlJT It~ur 
r,r, Tr ?O 

lG IF(~L-srr•crLX.GT.O.OlGr rn 100 
F~ = o.n 
Ri:rur.~, 

100 FH = C·-)O+Cfi,.1,.L+CC?.>.- 1~L':,..~ 
7 () F R = A •.1 .\ X 1 ( r:: F1 , 0 • () I 

qi:.; TUR"J 
E~l C 

FIGURE 82. CONCLUDED 
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OWN!.R 

Jack Winslow Body Shop 
COMPLETE BODY WORK* WRECKS Rf-BUILT* WRECKER SERVICE 

HIGHWAY 6 S AT GKAHAM RD - P O BOX 908S 

COLLEGE STATION, TEXAS 77840 

OATE 

JACK WINSLOW. Sr. 
JACK WINSLOW. Jr. 

PHONE 846-1415 

HRS. PARTS NET 

Quarter A. f-,''"u~'ll 
~ Quarter L. N 07 {j 

Quarter Ext. 

Moulding "'\., •r-.. ='" ="'-'"...-l..._..L+---+'1/lC..«..:J .• :__:<:.+--J __ . 
PHON[ -----·---t - __ ., ------- .___ ... __ ____,,_ __ 

Yt..AR MAKE BODV STYLE Rocker Pnl 

MIL[ACa LICENSE NO IOENTlf"ICATION NO. 
Moulding 

t---+------- - -·--lt-------,t---

Cent·r Po!tl APPRAl~E...U FOR: 

Door -P.f.- ·.:-:- If, U I ____ _ 
Glas!» _ i:L~~_!!_·_ _!1-----+----

APPRAISE:: R: 

f RON T HRS. ~PARTS NET HRS. PA,<T ~ 
t-/--+-B-u_m_p_e_r----1-l/-/j-=-lf.-~.,.,..~-1,----f---f-B--a-tt-e-,v-

- - ---··---- -~-------...... ··--·-
NET 

Door Handle 

Arms Aerial Moulding 
·-·-+----·- ----f---lt------1---- --t--··--+---·---- - ~-----t<l----·+-----+---+--·--

Guard HP.adl,tmp 

Guard Add 
··---~-----~---- f-------- -

Gravel Guard 

"""'"----·--·- -· - 1--------- -
REAR 

--1--·--tt--
Bumper 
+-------+-- - -· ··- -- --

Arm!t 
- --- - I-- -- - -- ---·· 

Guard 

__ , J 
Se~led Beam 

Door 

~l- !-~~~ .-g L!~P __ _ 
Side Lamp 

---I--+ 

---·· -------· ....... 
I\, ··7..1 --~~ -z __ _ Door HdntU,: 

Mould•nq 

--------

-----
--- ----··· 

---- T T~1i L1gh-, "'-~ - -~--- --·----------- ·- ----- -----+---
Guard Rail 

L1cen)e Lt 
f---+--------+--~---+----1---1---------Jr+---l+----+----+---+-------- -----or-----,,--

Frame Horn Trunk Lid. 

Wheel 

/ Grill Panel I, U "} I( t) C.' Huh Cap Medal!,on 
f--L-+:__.;,_ ___ -+'-'...__....,,.,....,,_-+------1•----+-------.... - -- ,..._ .. -+----11----11---------+--- -----+----

t----+--M_o_,_,l_d_rn~g~----+---++-----+-----1--1-F_R_O_N_T_S_u_S_P_ . ..__ ...... +----+-----+--+----------- -~----1--~ 

,-~/-+--M_e_d_a_11_,o_n ___ --+---oo-.t..,/,A.,_<. ...... '_ :~:c!l~rum -- --- .:-.·--f_-__ ·-+_s~;-~u.w_ote_:_P_.~el __ -~-~---fl. --ic---
Extens,on - · - UpCon1.Arm·Shaft _ 

--·-1--· .. ------+---tt-------··--'------ -- ~--·--- ---->--- ·-
Lr.Cont.Arm-Shaft 

Rad1a1'r Core . ~- -8-al-1 -J~;nf~ -- - ----- -- ---·-· Seat AdJ. 1 ---- -----
-----<-C-o_r_e_S_u_p_p-',-t--+- I . 

~------1---
C ore Baffle Frt Svstem "' Painting 1 ~ 

1--+--------+--~---------1-------+----!+----+----t---------- --'~ 
Fan Tie Rod Under C_oat 

---."!Y-•-•_er_Pu_m-'-p-----+---~---t----+--t:D~r~a~g~L~1n=k.:_ __ --t---it----t---t,,,="""G~R~OSS,,,,;,,,,.T~O~T~A=L5,~.,...,,'!,,.._==";=""""""= 

__ ,__fi __ o~•~e------+--it-----+---+--+'S~t-ee_r~·q~G~•-•_r ___ ·+----tt----!---iLABOift.7. J HRS. ~,t· i, U? 14 /j 
,_--+---- ----+---++----+----->--+Steer'g Wheel-----++-----+----- PARTS 1 __ . _,, / / ")-- , / 

Atr Cond. Horn Ring LESS % $ - - __. 
--- -C~~-de-n-,-er----1--- ____ ,__ Tire ------- ~----+----===--------~----;---

---- NET u· /1-""f.J 
__ Rec:e1ve_r ·--------+----tt----+----t~-+--------1- ---· --t---·- _ ~ 

i I /, /__ L,ne REAR $USP. 
--- ----- - ~ ---~-+--------+ TAX 

>--·-----------+-
WRECKER ,q--- Hood·----- Jf'i 

1'-~-+----"------...... ------+---if---ff----·-----
Hood Mould'g Eng.Tran, &Fuel _ _!OT~;-~ f::ZJ2~ Hood Lock Pit. ---+----------+---t+-----+--___.-___. ______ ---1-·---++ -·-·· - ----
Hood Hinges 

Medallion 

·- '-~~-- (._ t) 7/,.n;~ ___ _ 

Motor Supp'! 

Tail P•P• 

Ga, Tank 
...... ---

Moulding 
,- - --+----=------1---it----,!---+--+---------------- -------

Name Plate 

Fender 

Moulding 

Windsh'ld 

Moulding 

Mould,ng 

-- --- -·----+---1 
Name Plate Top 

~--+--------+--1-1------+---l---i--'------+---lr---··· - -----

LESS DEPRECIATION 

NET TOTAL 

ON AUTHORIZATION BY OWNEH, WE AGREE 
TO COMPLETE A.ND GUARANTEE REPAIRS 
AS PER APPRAISAL 

GARAGE 

ACCEPTED BY 

Code: A-Altgn 

OH Overhaul 

1-2-New 

Sk ,rt R Repair --·· 
FIGURE Cl. REPAIR COSTS, MB-1 AUTOMOBILE 

{60 MPH/8 DEGREES) 
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Jack Winslow Body Shop 
COMPLETE BODY WORK* WRECKS RE-BUILT* WRECKER SERVICE 

HIGHWAY 6 S. AT GRAHAM RD. - P O BOX 9085 

COLLEGE STATION, TEXAS 77840 

JACK WINSLOW. Sr. 
JACK WINSLOW. Jr. 

PHONE 84G- l 4 I 5 

HRS. PARTS NET 

--- ~-- ----- -·--

OWNER DATE 

<>.nnRESS PHONE -----------r---- _____ ,..... ____ _ 

VEAR MAKE BODV STVLE Rocker Pnl. 

Moulding 
MILEAGE LICENSE NO. IDENTIFICATION NO. e---+----~-- -- ----...... ---+---

-- ---- - -------~----
APPRAISED FOR. -- J\PPRJ\l<-,f R· --

··---~----·-

-------
Door 

f---+---R-E_A_R _ ___,e---tt-----+---t---+---------·-- -~-- ----- G1ass --fTj1H -
Bumper -rPark-"'g:..cL:_a_m_:p, __ -1=-'-=""-wl-.a~--.::::.~---~= --- - E~~~~~- ,-~ ... "----tt-----+--
Arms S,de Lamp 

-- - - ·----e------+--+ 
Mouldtng 

Guard 
l--+--------,f----1+-----+-- -- ----· f--------------- - ---- - ---- ------ -~-------+----ft-----+-----

Guard Ra,I T •Ii Light 

License Lt. 
---~~ ... S...--+--F-ra-me-----.+:'f.,.-, .,.l),-tt-----,r------1r----+-H-o_r_n------+---tt---t----+--+--T-ru_n_k_L-,d-·- -----11---+----

H 1nge 

/ Wheel 
Gr,11 Panel Huh Cap 

t---+--------,f----1+-----+----+--+---'-----+-· - r------+----+---+-------+-- ---+----,f----
Mould,ng FRONT ltUSP. • 

t-
-,-ce-~~---t-----tt-----t----;---L-/-t--H~u-b-&-O-ru-m---t-----it,,;i~....-.0~\:"t, -----1--+-L-o_we_,_P_•_n_•_l---t---------~1_-__ --+-----

Medall,on / Knuckle .. u ::i,.• ~'?.:.£ Floor ~ 
Extension / UpCont.Arm-Shaft ·~ j '<I 

1--+--------1----<t-----+-----+--·_L~Lr.Cof!t,Arm-Shalt __ ~ 0.1' _ ----+----+-'S~e_a_t __ _ 
..,___+-R_ad_•_a_r_r_C_o_re _ ___,.._ _____ -+-----+---B_a1_1_Jo_,_n_ts ___ +----....,..----+-------1---+-S_e_a1_A_d1 ____ +-·-·----+----

l--+--~-:-::-:-~-~.;..l~-:-'-·---,f---"*---·+----+c/l,.---+F~Sy;;;;; - ---- 1---- --t-~-l°=·7;,_ ... \.,f"<V-+-P-a1_nt_on_g ____ ~----\ll----+-P)--1.,..· ---s~-r-v. 
l---+-F_a_n-----1---i.----l----,a=,~-T-,e-R--od----+---~f- Under Coat -(-= ~ 

Water Pump "/ Drag Link GROSS TOTAL ·t-· 
- ----- ----- -··--- ----+-----+-~+--~~-----+·-- 1-- - ---lf----f,,,,-.!,,,;;=,,;,,.,,,,,,,...,,,.;;;;~!e=~~==-~== 
__ H_os_e ________ .__ _ _... ___ ___,,___ ___ ,__ ...... _s_,e_e_,~·g~G_e_a_r __ -+----++---+-----<LA~OF,Vr-?,qHRs.fef'nt.i,,4_-_··_3~/ __ J_r, __ 

Steer'g Wheel ~ 

Aor Cond. Horn Rong r~~51 / / i' /% $ !:: I// } ! ) 
Condenser I Tore ll..1./Y(. ,_.-...,'--'--,.-F----

Rece,ver ; 1/. J_ ~ '.'.}· ,\-1 NET '.) '/, ~ ~ ..,.-
---+.:..:..:..~~--"-1--ft-----f-----+--+-hl'-'l"'"~~~-t---<ft-'6...IHF----t----- --------1---- ,--

1----.._L_,_n_• ____ -+---r----,1------1-+_~E_A_A_s_u_s_P_.-+---+t----e---- TAX -4 :2... lo/I 
t---+-------t----tt---------1c----+--------+----tt---·-·· --- WRECKER 

I 
J 

I 

Hood 

Hood Mould'g 

Hood Lock Pit. 

Eng.Trans.& Fuel 
____ TOT~ LJ 1 () I 7 

Hood Hinges LESS DEPRECIATION -----+----+t-----+------+---+--------+----t+----~ ----

Medallion Motor Supp't NET TOTAL 

Fender pf"' ? 0 r?·,.,, -7-:---ll,,;:----:=:tt::::---c::t----t---t-:T-a_,l-,,P_,p_e ___ -+--tt--·-+-- - ON AUTHORIZATION BY OWN Er;. WE AGREE 
-6-<----11"---"::±A~'-:"'--"t--·- ··-· >--G..'.'_'_T_a_nk ___ --+--+1----t----1TO COMPLETE AND GUARANTEE REPAIRS 

Moulding ~- ~~ ?l" 
Name Plate 

I\ AS PER APPRAISAL. 
-::c=----+~"--fll"--4"-~---1o~...--1--::1_.,_,...ec=--,~-f-~~,--:-.-1 uir--,---1 

Skorl ~· "? '1''1 D ~----+-,--,itt--~~+---~-,--+'Wk1~n~d,~h-'l~d--'----'~)~=-l,~l~.~.~~,-.l----~GARAGE ---------·-- ---·-----
Moulding ACCEPTED BY 

Fender Moulding 

Name Plate Top 

Code: A·Ahgn ----__ ,__ __________ ........ 
OH-Overhaul 

Moulding 

-- -·~-~- -·-·-·-111--··· .. :~::P•:r 

FIGURE C2. REPAIR COSTS 5 rm-2 AUTOMOl3ILE 
(63.4 MPH/14.7 DEGREES) 

100 

1-2-New 

S-Stra1ghten 



Jack Winslow Body Shop 
COMPLETE BODY WORK* WRECKS RE-BUILT* WRECKER SERVICE 

HIGHWAY 6 5 AT Gi<AHAM RD. - P O BOX 9085 

COLLEGE STATION, TEXAS 77840 

T,I·/ 

JACK WINSLOW, Sr. 
JACK WINSLOW. Jr. 

PHONE 846-1415 

NET HRS. PARTS 
Ouarte_r_R __ ..., h"l""'\"flc-""'tRr+---

~ O~ar ter L. b,..u'Vti ~,U,.__---+-----
~-il----,-----

,______ Oua_r_t_e_r _E_•_'-__ ...____ t--· __ .. 1-----

Mouldmg ~------------- ---- 1------+----
OWNLR DATE 

---r---- --~- --- ---- r---~-- ------ ----
----------- PHONY--__ _ 

- .. - ----- - ---It-----+---· 

YEAR MAKE BODY ',IYLf 
~ ... ----- --- .... ---- ~- ----tt-----1r-----

Rocker Pnl 
t---r------------- -- -. t-·----- - -----

------··- ·--- ----- ----------- --- ---- - __ Moulc1rnq __ 
MIL( AG[ l lCEN~E. NO ll)f:Nllf ICAll()N NO .-----------

- ------
APPRA15lo FuR .i\PPHHI'-.~. H CentrPot v l:.f'-- Doo, p· · ~l ~4 - --- - --

.--..-------.---..,.,..----,----,--,--------,---'TT'"---.---+JJI-"°--- -- 'r. I - -
Glass [L1_~..!!._1 ! _ _ __ _ HHS PAi~ l:., NE. T F RON T HRS P~_TS NE 1 

f---~--=----+-r---.dl-,Ah:air---~-t- ------ -
1-,,-..J~-+-B_u_m_pe __ r ___ 1/. (.. '4 ~ ,1 ___ _ Battt!ry Door Handle 

---~------ ---
.J Arms / _,• /,- '1 

>--~+---- -- ----+-----ljf+---cJ-""---!C----- ----- - ---- ---- ----,c-+t,-~....--.1----•-
Aerial Moulding 

~---+-------------
----~----

Guard '' - • j Headl.imp 1 ~ 1 J, _C, ( 
__ Guard __ R_a_d ___ --+--tt-- --··-- -···---- ---l-~~- _ . _______ '~' J J fl.~i'.0+----+- --~---·-- ___ _ ------ -- --+---

Gray_el ~}i.liard .,,. Sealed Beam 
- ---·--------l----tt-----+----1f-~c----1---~~--+---t------t----

-~ 11_,__J..~L,___,,h11Y--~--------<~-~-'___,'/...,_, _:J_l_,,_ ___ t---<-R-e_1a_,_"e_r _____ --+-----<>+-- _ _____ IJ_ !}~orJI /1~--- /, ,,I 

~EAR Glass __ _l:_"/1!l 
-_--___,_B_u_m_p_e_r ----+-----<._ ____ --·--~ !-;~·k_-;9-La~p-·- - ·- -·-:~ 1~ --- Door Handk 

Side Lamp .r - - - ··- - - M-~~l;:t~n~-- -Arms ----+--------1----- ----<>-----4------- -+--tt---+-----+---+------ -

I 
I 

I 
I 
~ 

I 
.._.. 

I 

J 

Guard 
----- ~- -- - --~- ----------~---+----

Gu)lrp Ra,1 

Yli<-,.~" .LCW~ License Lt 

Fram~/,4, ,\/ I . .i :J.41)0 Trunk L,rt 

I< l~--
' 

·~ ..( ':,.)6 ' I - '1.17 Hinge 

1;.---. J':I. . '""' """ I Wheel 

Gr,11 anel l.f' ~- I Huh Cap I.? CJ 
Moulding ~'----+----it----+---+---+-F_R_O~N-'T_S~u~SP_.-tr----i1~-----:,.+---+--+-------+- --!r----+----

1 Hub & Drum /J..tJ (Tl) Lowe, P,rnel I 
-----+---+t----+---+---t-+---------t-;-711!"-::c-"---,t---t-------,f----------- ----il-----+----1 Knuckle ',./ .f tt:; 11(,.. Medallion 

Extension 

Rad1at'r Core 
--

--r--L__tJPCont.Arm Shaft It l-.j Ji. 
____ J Lr.Cont.ArmSha~---- ~-~ 

Ball Joints 

Floor 

-- >------- ~-~-- -------. - -

Seat ----~---
Seat Ad1. T Wo-1 

Core Supp'rt :, r. 
Core Baffle 

Fan ' ltt:.J . .I.J t ... 
Water Pump 

---l----+l----+-----+1x=4_F_~_-s_-~-_st_;.;,_· _----+-----i+--------¥-l,,.t,__J-YL---1...::..+\~+-P"_" __ ,,_,_ng=---=:f-b-1_- -
1 Tie Rod Under Coot 

J Drag Lrnk GROSS TOTAL - ----- ----i---

Hose 
T -

'-'-----+--""*---+----+-+S_t_ee_r'~gG_ea_r ---t---t+------+----t LABO~..-..¢.. ~RS. ~- #-r> 1..-.,{~ 2' [7 D 
-----+--++----+-----+---+-s_,_ee_r_·g_W_h_ee_1 _--<f-----tt-----+---1PARTS I . ..,, 

Air Cond. 

Condenser 
------+---tt----+----+--r:::H_o_rn_R_,n~g---t---tt---:r.;-:;:;..1---JCL:..:E:..:S:..:S:..._ ______ %=$--- , ~ g f C..,. _.. (i 

J T,r e I,{ ;-rt, -r- , 
Receiver :;:_;_:.__ __ t---41---+--+-'+-----f--#--·+---t-N-E_T _______ -t'"_~ )_ ~ ~ / 

------+---++-----+--->------+--R_E_A_R_S_U_S_P_. ,._ .. _ _ _ _ TAX J..J.. 41. & <I Line 

Hood I I 1' ll tN 
c--ti.-.--::-,..,..<t------ I-- ------~1---- . -

Hood Mould'g Eng.Trans.&Fuel 
--"--+----It---+---+--+-~-----+---- -

Hood Lock Pit. 
-----+----lt---+---+--+--------+---""1t-~- ---

Hood Hinges 

Medall,on J Motor Supp'! J .._\ l,UJ.r. 
Tad Pipe 

-----------+--
WRECKER 

---- TOTA;:-/"l_ ).J $:) 
---------- :..._..._ ---

LESS DEPRECIATION 

NET TOTAL 

ON AUTHORIZATION BY OWNEf<. WE AGREE 
1_r_---4-_F_en_d_e_r ___ ~l"ir~-'\~7,-c.,JJuf1""--'t.+- __ _ G_"s _Ta_n_•-----+--tt---+-----1TO COMPLETE AND GUARANTEE REPAIRS 

Moulding / AS PER APPRAISAL. 

Name Pl~e I 
/ Sk_µ;t '?AA_ GARAGE W1ndsh'ld 

I 11/.IV AJ Moulding ACCEPTED BY 

Fender \ Moulding 

Moulding 
----"----+--11+----+----+---+--- -- ----

Code: A Al,gn 
- +--..... -----if-------t 

OH·Overhaul Name Plate Top ------ __ __....,__ ___ ..._ __ --+--+---- -----+----<tt--- -
R-Repau ---~···· . . . 

FIGURE C3. REPAIR cos-rs~ "fA-1 AUTm~nRILE 

(57 .3 tW~:/25 UECltEES) 
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....._ 

Jack Winslow Body Shop 
COMPLETE BODY WORK* WRECKS RE-BUILT * WRECKER SERVICE 

HIGHWAY 6 S AT GRAHAM RD - P O BOX 9085 

COLLEGE ST.ATiOM, TEX.AS 77840 

JACK WINSLOW, Sr. 
JACK WINSLOW, Jr. 

PHONE 84G-1415 

HRS PARTS 

~ 0-;;arter R b'u'Yt\ ~.;:,.--_----------... 
..,,i __ ~~;;i~_!illYt'E .\ l~ 

Ouanar Ext. 

NET 

OWNlR DATE ·------ 0= ~~ul~-;-n-; /A ~-= =~ !22~ 
t-----·- ~----------- p----- --~--·· 

PHONE 

AR MAKE BODY STYLE . 

M--,L-E_A_G_E ______ L_I_C_E_N_S_E~N-0-.--------.,,L!.~,=D~{ F 1&+,JNO 
------T---·----- - _______ ___, __ _ 

Rocker P11I. 
,--,-..-----·--------~---1---

Mouldrng 
r---i.-----~- - -------1---

... ~--t---
··-----A-P_P_R~\~15'"E~R~------------- .. ~ C-;r~'r Po:~·-·-- r 

~,-Door--Jf.-- __ J. 
~---F-R_O_N_T ____ H_R_S ... .-P-A_R_l_',...--N-l-,--.---.---------.--lt-R-S~-P-A-,-, -, -• .-N-l-1 ....... Glass I "/ \,I'' ~tl 

.. ! '"J_ __ Bumper J,f , ~+-L ~--~ ,- -- Batlt·•v ·:· ~_D_oo~-H_an~l_e ~ -

2' Arm~ LL., ~::;1 Ati11JI Molild,ng 
.-41-- G:;d,,lt!IE __ -- ·- • IJ.L - Hradl.1mp -- ·--·------- ··' --------- --- -~--- ------·-·--Guard Rail Dou, 
f-~----- -·--

···---· _..,_ __ _ --t-----t-------· ---- ···- --------Gravel Guard Sealed Bedm 
/ f-,{J I Rei"a1ner --r---;t----;---;--.-~"""t-:::-----r-::r-7'1.--· /..-;7 ~--~----

---#+-P,,L--."'-'f-----+--1------·--· .. - t----- . - .. . ~c,c,rR[ '--r4, 7 -i 
·- __ _ Glass__ CL£AB 

Bumper Park 'g Lamp 
-----+----- ---.--···-- -----·----·--·· 

Door Hdndll~ 

Arms Side Lamp Moulding 

Guard -----+-----1+----·+------.,._ ___ ,_ ___ .. - -- --- -·----- -----,-.----·---·----- ,-.----- -·--- --·---·· 
Guard Rail Tail Light 

. 
k) frame .J la - ,:__ l 

L1cense Lt . 
--!'\---h,--.i+------t-----;--+----------t---- ·----....------~- -----·- --~r----·-··- ----t-- ·-·-

Horn Trunk L1rl 

Grill Panel 

Moulding 

Medallion 

...... _ _,_ _______ ..._._.....,._ --+---+~--+-:_:1_:·_~_a'"/_± __ -+- L u..1Jn1 ______ :~-1 ~---: 
1---4-"===---~--1+----1---1---:'""u'""~-"~"-'N..;..D..a.:-'u:'--U=S'-P'-. +---1-----f----~-- Lo~;,-;;~ -- - - f --- -----

Knuckle -·-- -·-··· --- - - · -1tt•--·- ~--
1---+--"-----~--1+----i-··--i··---+--------+- _ ,_ ---···-- ·-···. Floor ___ -_ ! . _ __ _ -· _ Extension UpCont.Arm-S~~~---- ~- ~ _ • 

--
Rad1at'r Core 

Lr,_fo11t _Arm _S_ha_!!,-..... ~~a.t \. 1 

' Core Supp'rt - J. r 
Ball Jornts Seat Ad1 

h--+:---::---,------<11,.----::::ff------+----+---+---------+-- - t-- t--··--- ---- - I'" ,........_..... __ __,,_ __ _ 

~----fA"" Frt:-sv;;;;;;--·-- .·:LA.::r_--""4..1'-='""":r-"'1 ... ~/:+--Pa_:_;;_~_'"...:.g ---- )1, l r ---+l.d_(_~~ Core Baffle 

Fan 

Water Pump 

1 Tie Rod Under Coat 1' , 
-+----+--+o=-ra-g..,L-1-nk----t---tt---T--- ~- GROSS~ -r 

Hose 

A11 Cond. 

::::;::-~-~ae-'e1------+----++------ ~----- ~:=~:]/ (.HRsffo iJ ·,<~}~JI~ 0i) f---+--------~--*-----+----+--+-H-o-rn~R-m-g---+----i!-----,1------1 LESS % _ $ : ~ o<. '";', J , 
Tire ·---·····-,---.. ·-- -;-··· . ·-/ Condenser 

Receiver 

Line 

l----4----+---------+--·--+---+----+----+-----iNET ± 4.J f ~ 
RE AR SUS P. . ... ___ _ __ ~T __ A_X _______ __,,_ - j ~ ~ 

u Hood 
----;,-)......,I _____ ·-- - -------

Hood Mould'g 

Hood Lock Pit. .. ____ !~T j j- l.2) Eng.Trans.&Fuel 

I Hood Hrnges 11f--
Medallion 

----· -- WRE_CKE~---- ~:t'·-~--
1-£---~--.-..-..-..\~_,_ 7.....,. f_t .... )_· ---+--+--------r----tt-----------+-----<>-L-E_S~ DE PR EC I A Tl ON _ _ _ ,_____. 

f---+-------f..----1+---.--+---+--+-M_o_t_or_Su_P_P_·t__ __ ,--- _ ... NET TOT 

I 

; 

Fender .,+. ~ -
Moulding"' 

Name Plate 

Skirt :rl-

Tail Prpe F= -s •. =~===: 
Gas Tank ON AUTHORIZATION BY OWNEH, WE AGREE 
__ -------- +---ii.------ ----. TO COMPLETE AND GUARANTE f REPAIRS 

AS PER APPRAISAL. 
-------,1-----tt-----+----t 

W1ndsh'ld GARAGE 

Fender 
-----·-+----+t----+----+--+-M_o_ul_d_in~g----1-----tt-----+--- tA_:,C.:.C.:.E_P_T.:.E.:.D_B_Y_: ..::::.====::::.....::::.=.:::::=:::..::..;, 

Mouldmg I" 

Mouldrng 

Name Plate 

Skirt 

Top 

Code: A-Align 

----+----!OH-Overhaul 
----+-----i+---+ 

A-Repair -11--
Fir~URE C4. REPAIR COSTS, CMB-3 AUTOMORII.F. 

(~0.9 ~PH/7 DEfiREES) 
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Jack Winslow Body Shop 
COMPLETE BODY WORK* WRECKS RE-BUILT* WRECKER SERVICE 

HIGHWAY 6 S AT GRAHAM RD. - P O BOX 9085 

COLLEGE STATION, TEXAS 77840 

OWNER 

----------------------
MILEAGE LICEN',E NU 

APPRAISl.O FOR 

FROlljT Hrl', PAflT', Nll 

~ ~'.'_'P_'" ~ j~.t C ~"(!J----- ~ -- -
I >-,.. Arms · -V 
1----'L.-+--------- ------ -- -- . -- -- -- - . 

Guard 

Guard Rad ,-~~----------
/ Gravel Guard 

I _,,, ii -l 

lEAR 
>- ------------· ~ ---··· 

DATE 

PHONE 

BODY STYLE 

__ --(' ~ l:i'_ 41 ____ _ -- _ 
IOENTlf !CATION NO 

/\PPP/t,,l',t H 

B,tttf'ry 

At!r•c:tl 

ttH~ PAr~ I·, Nt. T ----- ,___ ____ -· ----

__ ... B_u_m_p_e_r ___ ---+---~ -~- ---->----~~~-·~~~]--

Arms Side Lamp 
-----+----+--- ----~ --

Guard 

JACK WINSLOW, Sr. 
JACK WINSLOW, Jr. 

PHONE 84G- 1415 

HRS. PARTS ~ 

r--~-ua;~er A. H'tr'\~l~ 
~-

r,-.I Quarter L -" J ._ u • i 
Quarter Ext. 

/Moulding - i ,•-, /"":iJ-
---------------t-~__,.__-'-'-'"+-

I 

,___.. ~-------.---.. ---+-

-- ----- - ------,1--- ---*"----+-

-~ ~-~;:::.»· -·~. ~. {.t 
~~I~~- ·--· ~:.!: i,.!I ! 
Ooor Handt 

Moul<11nq 
- ---

Mouldtnq 

t--+-------1-----tt------+--- ~---- --- --- - -- ---- t--~~-------+---it----+-
Guard Ra,I 

_/ License Lt 

--,.._~ Frame Hot"l Trunk L,rt 

I ~ :,\;.--L I) {r'I~ Hinge 

---,r+.,..----=----+-----t1f.c-.--c-r.-t--------+--/~t-w_h __ ee_1 ----+----+l".!ls.:~::,,-.,0"'-__,(!'->----+---+-------+- ---1+------+-
I Grlil Panel --+---4+--=}.1'-.'-'(J'--l-+---+---+---H--=u-h--'C'-'a-"p----+-- _____ --------1~--;-M_e_d_a_11_1o_n ___ -t--- ----lt-----,-

Mould,ng FRONT SUSP. ·' t---t----~---1-----1+------+------t--,,-;--~--~~--------,=+-----+--+-------~- - -fr·- -
1-----t--------l-----*"-----+-----+-'-7-/+--H-u_b_&_D_r_um __ ...,~---IF.~~'/..'i---·" i:' Lowe, Panel I ___ _ 

~:::~~
0

1:~ __ --=0-~:~:ArmShaf: U1 T :~~"Ii ~~==--Flo:-_---_-_ ~-:.1l~--1--~ 

I r-·L .__.,,. f-· v• _ _ J__ Lr C:ontArm S_h~ft __ _:_ ___ :.i-bll'-U ___ , _ ~~t _ !'' _ _ __ _ 
Aad1at'r Core ____ h.!.._ µ t.. ___ ;;z. 8.ill .Jorng ___ _ __ ~ '-t'A ~"" ________ -~~- Ad1 _. _ _____ -~-- _ ' ___ ,_ 

I Core Supp'rt ) ,.._ 2Q.J __ _ /i.J_ tJ.):?:;j,- ... 1 ___ i/J.C C __ ~-- -----+. ___ 1 _,_ 

Core Baffle _ _:_____ _, Fri !,yste __'._ ______ [:'-.. ~fL_'{_ Pa1nt1nq _ ----/.-<-.£ --~ 
~;~~~P~rn" .,, ,'}~.I!'___ ·-' li'.~;::::,k----- ,/h ·- ---- -- ~;'i~~AL + # ----~=~- ----------- --- - -~{::::~ ~~~:.1 - --~~~ ~:~ -~:~~?ii!~V1, · ,.Cii.. j 

An Cond. Horn Rmg LESS ~- .~ _, '-/ ~ I -----c;~~~-r --- Tire -- ------ --- --- ... ___ ----;-- -

Rece1v~-;---- ---- -----NET----------t~ ~~ 
Lone REARSUSP. _______ TAX _'.J-:J/ 

- / 
1------t---------+----lt-------- - - -+---1--------~p------------

WRECKER Hood ---------------1-----~, 
Hood Mould'g Eng.Trans..& Fuel __ _ TOT~_Jy --,.(f 
Hood Lock Pit. 

t---~--;-H-o_od_H_1_n_ge-,--t-,-,-,-)'"*1---= _!_,.,,.-----,-.j {j-------11--+--------+---tt- · ---- - ---·- LESS DEPRECIATION 

Medallion 

I Fender 

I Moulding 

Name Plate 

Sk1rt 

;:) Motor Supp't 

Tali Pope 

Gas Tank 

NET TOTAL 
~~~~~~~==~~==~- ~· 
ON AUTHORIZATION BY OWNEH, WE I 
TO COMPLETE AND GUARANTEE RI 
AS PER APPRAISAL. 

~, 7' "II,, U I I w,ndsh'ld " /) ',J,,/7 r'1 GARAGE 
+~------4-~'4"""'.:.::..!'.~---+~+-------f-r-4~f----------l-~I-J.~ 

/ A h-1 ) Moulding 

I 
Lr-,1. I 

u 
ACCEPTED BY 

Fender Jllb Moulding 
Code: A Allgn Moulding 

Name Plate 
--,,--------+----t+----+----+--+::T-o_p _______ ---+----------~ OH- Over hau I 

Sk,rt A-Repair ·----·~---, ....... . 
P.FPAIR COSTS" r,r•t-11 '"f1T01'0~TLF 
( fn. 7 rqPH/15 .DEriRF.:F.S) 
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Jack Winslow Body Shop 
COMPLETE BOOY WORK* WRECKS RE-BUILT* WRECKER SERVICE 

HIGHWAY 6 S AT G~AHAM RD. - P 0. BOX 9085 

COLLEGE STATION, TEXAS 77840 

JACK WINSLOW, Sr. 
JACK WINSLOW. Jr. 

PHONE 84G-1415 

HRS. PARTS 
Guarte-,-R-~~'11',lh~-'1:R-+---

r--f-=='°'=.:..:.:.~~>G-f-- ...----+-- ------
Quarter L. h'"l~ic:'A -+' 

NET 

1---+=~--=.:_,,~...ui-- ---- -- --- -- - -
Quarter Ext 

Moulding 
O_W_N_L_R----------------------~D~A~T~E~---------~t----,-- ------------ --- - --

1---- ----------- -- - -----

PHONE 1---- I--·- --- --··----------- ~----~-------

MAKE ) 
,. 

BODY STY~ 
--------r-··-------- -·---- --- ----

Rocke, Pnl 

MILEAGE LICENSE NO 
- /VJ /j I 

IDENTIFICATION NO. I ,____._M_ou_1,_1,_ng __ ··- ---·- ---+t----+-----

FRONT HRS. j'ARTS 

Bumper () ,,,,(ll)I) 
-...>,.. Arms 

A 
q·I ) 

( 
~ ,u. "1 Ji-/_) ,... 
Guard Rad 't 

I Gravel Guarl p I 0 O.TIL 
--- - ----~t-------#-----+---------<>--..... ------------

Door J ~-+------'IL----,~----#--------+------+--+--------+--++----- .........- -. --·--- ----- ·-fiNf
C::U-.!'J! REAR GlctS':. 

Door Hand!.! ,-~ Bu~~~-, ------>+------+----- 1-!~~~~~-;~-~ =-~-~ :~==- ~D --· 

1--+-A-r m_s -------+-/---g_--+-+--£_-_? __ -,.--.-+~-~--~----.----------+E:-:-i-h:--:----------_ --1--_--_-__ -_""*-_ -_-_-_-__ +_--_-=-~--------l .... _----_-+_-:_:;_"_:.-'~-·:-':-, _--------+~ c ~f ~ Guard 

G()ard Ra,! 

"~ ll. 
----.... 

I I-Brame I"\'\" . 
Hinge 

l--+-------1------+1--------+------+--+-W-h-ee-l-----+--fft,-,-/--r-.. )-+----+---+--~---- --+----,II-------+----

Grill Panel / I ) ,-vp Hut, Cap • Medallion 
r----+---------"*'r--..-ti..c=-~,.........f-----t---+-F-R-0-N-T-SU-S-P-. +-- --- ----+---/---+---------<>----------+-~ --i1-----+-----

1-----+----------11-------t1--------+------+---+-H_u_b_&_D_r_u_m __ +--;------,>t-i,.,<~--.;-0..,bJ~------1t-----1-·L_o_we, Panel ~-- =~ _-j ________ _ .. Moulding 

:===:============::===::=====:=---~--....... L~, ....... -~~~.·A,m-Shaft .JJ_ I r~ ~;,: _:~:. __________ j_ ___ J ----
1-----+-----------,ec,------.,t-,.,.7~.L.j,= 1 lr~C:ont Arm_~~- [ ·~' -~ _ _ l j'. _______ _ 

Medallion 

Extension 

I Aad1at'r Core i. ,.. I - _ 'j Ball Joints If Y""'\--:' / Seat Ad1. · ,._' ---------,1------

l--+------------,1-------.,--#--------,---,--...+------+_,__1--+-------+--tt-------l'I'-' ,. j-~~1,._.'"+-l'_,J~t--~-a-~-::-:-n~-O~t - ~ · u 1: :J~ I ~O ; 

GaOSSTOTAL -r·- n--

I Core Supp'rt 

Core Baffle 

I Fan 

'\ .. t~ I 

~fl 
---- Frt. System 

~-" ""-I,, [ Toe Rod 

I Water Pump , n ,~ ~ -~ Drag Link 

Hose 

Air Cond. 
---

Condenser 
---~-

Receiver 

Line 

~----t-----+1-----t----t-----t--~~-------,)------------tt-----+---- LABof. / (1 HAS. ,711 ,) I , ('°.1./_/_ /) ') 
-------+------++------+---+--+----"------+------+1--------,--------iPARTS' I -. ?' 

LESS % $ ; , / j '/ / -'j 
----t---t-:::-----------+---tt----+-----;.-=----. ____ ~--- --1--- L . 

------+---------H---+-- NET __ _}2l ~~ 
,U,.j. &-\-

/ 
Steer'g Gear 

Steer'g Wheel 

Horn Rmg 

Tue 
-

REAR SUSP. 
-------+------++-------+---+---t-------+----+t------ --- TAX 

I , ~ '{/( 1 
,t--------------::=::1--,,..,..----i---i----- -----+-------<+----~i---·- WRECKER Hood 

Hood Mould'g Eng. Trans.& Fuel 
+==-----4-+---"''G~"-----'~--+-+-----+----H----+-----t---------------4--- ---t;,-;--· 
+---'---'--'-----'~~-----#-----+----+--+--"'------+----ff----+-------f __ ___ TOT AL_ ~-4~ / -,$ 

Hood Lock Pit. 

Hood Hinges 
-+-------+------.+------+---+--+---------+------++-------+-----t LESS DEPA ECI AT I ON r 

I 

--=--------,~---t+--------+------+--+-------+--tt------+----+----------+-----t-----
Medallion 

I 

Fender/// 
Moulding 

Motor Supp't 

Gas Tank 

• I 

NET TOTAL 

ON AUTHORIZATION BY OWNEH, WE AGREE 
TO COMPLETE ANO GUARANTEE RE:PAIRS 
AS PER APPRAISAL. 

Name Plate 
--,------11---=1-------t----it---r-----,t-------- ~-JJ_~~------+.-f----il~~ ·~,-,tt~--i--:------..."9GARAGE 
/ Skirt tJ j ({ \ - Wondsh'ld / , 1 i?A _v ------------

-"' / J.... I~~ ,,.....11.:..,....f_;V'-f__.,l.,,__.,~.__·'...J~ljD __ T_f.M;;;-o~u-:;-ld~1::ng'.':-___ T_--1t __ 1 __ i,:..A:.:C:.:C.:E.:.PT.:_E:D:_:B..:.Y.:_. -==========::: 
Fender l I Moulding 
Moulding Code: A-Align 

t----+-------1------++------+-----t--+--- --- ~--- ---+------41--------+-------i 
Name Plate Top OH-Overhaul 

Skirt 

FIGURE C6. REPAIR COSTS, CMB-1 AUTOMOBILE 
(62.4 MPH/25 DEGREES) 
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APPENDIX D. PATH AND ENCROACHMENT ANGLE PLOTS 
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~Ct,GI TUOIN::i:... !JISTRt;CE lF Tl 
c:Jl.00 20.00 ~0.00 60.0C 80.00 ,00.00 120.X l'I0.00 t6'J.OO lB0.00 200.00 220.00 2'10.00 260.00 280.00 300.:JO 320.00 

8 --~ 
r ,..,i 
Dot 
--,. ' . ~gt 
r I 

D I 

~~+ --;g, 

a t 
=;; git 
--o i 
-o l 

d 
t -------1 _______ _ _ 1 

~ 
8 

FIGURE Dl. VEHICLE PATH,µ= 0.5 

* ~ POINT MASS 
HVOSM 

STEER ANGLE (DEGREES) 
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0 
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FIGURE D2. VEHICLE PATH,µ= 0.75 
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LO~GITUOINRL DISTANCE (FTl 
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FIGURE D3. VEHICLE PATH, STEER ANGLE= 4 DEGREES 

* ~ POINT MASS 

HVOSM 

= 0.5 
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0 
U) 

LONGITUDINAL DISTANCE lFTJ 
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