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The opinions, findings and conclusions expressed in this
report are those of the wrlters, representing the Michigan
Department of State Highways and Transportaticn, and are

not necessarily those of the Michigan Department of State

Police nor local police agencies.




Information Retrieval Data

KEY WORDS: Accident Severity, Injuries, Guardrail Design, Roadside Structures.

ABSTRAGT: Teo gain information on the perfermance of W-beam steel guardrail in accidents,
investigating officars filed a supplemental form for each .vehicle/guardrail ageident an the Michigan
State Highway system over a six-month peried. Correlation analysis was conducted on the data so
obtained for 1,375 single-vehicle/guardrail accidents. The injury rate {proportion of accidents re-
suiting in persoral injury) was higher for 12.5 ft (3.87 m) post spacing than for 6.258 ft (1.90 mj
spacing. The injury rate was [ower for the vehicles that ware redirectad rather than vauliing or
breaking thvough tha guardrail. Appreach endings with a flared end shoe had a higher injury rate
than did buried end-sactions. There was no significant differerice in injury rates between approach-
enid and mid-rail impacts, '

HEFERENCE: Lampela, Alfen 4., and Yang, Arthur H., Analyses of Guardrail Accidents in
[Niichigan, Report TSD-243-74, Michigan Department of State Highways and Transportation,
Lensing, July 1974,
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In 1970 a fourth of all reported Ran~0ff-Road accidents on the
State Highway road network that resulted in a collision with

a f£ixed object on the roadside involwved the guardrail. A dis-
proportionate onme-third of the fatalities of all R.0.R. - fixed

object accilidents occurred im these collisions.

This study was designed. to learn from real experience if the
design of the guardrail or its placement might be improved by

an analysils of the factors involved.
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INTRODUCTION

Purpose of the Study

Guardrails are designed to prevent an errant motorist from
driving into arsas that are considered umnsafe. Guardrails
give a motorist a safe recovery by redirecting his vehicle
back to the direction of traffic flow or by restraining the
vehicle so that it will come to a gradual stop. In an ideal
stop the deceleration forces do not cause lnjuries. The goal
has not been attained however since 23 percent of the guard-
rail accidents result in injuries. Therefore, this in-service
guardrail accident study was undertaken for the purpose of
obtaining certa;u intelligence in guardrail design and place-
ment technology that has not been determined from the study of

controlled collisdions.

Te accomplish the purpose of this study, the Michigan Depart-
men# of State Police's Steering Committee for Bi=Level Report=-
ing, joinmtly with this Department, developed a supplemental

form (Appendix I) for collecting guardrail accident data. The
form was Eilled out by investigating officers at the scene of
the accident and attached to the official accident report. It
included the angle of impact, speed, result to tﬁe impacting
vehicle, other objects or vehicles hit, location of impact along
the rail, presence of curb, and type of guardrail post and

spacing.



The severilty of the accident, type of vehicle, area of impact
on the vehicle and other pertipment information was acquired
from the Cfficial Traffie Accident Report using the Code Sheet
(Appendix II). This knowledge with the additional information
from the supplemental report was statistically analyzed using
a 95 percent cénfidence lavel to detarmine certain functional
relationships froem which engineering conclusions related to

guardrail could be reached,

Data Collection and Mesthod of Evaluation

Approrimately 1400 single~vehicle guardrail accidents:were
recorded during the study period of Januwary 1 to July 1, 19273,
in addition to 200 guardrail accidents of the multiple-vehicle
type. Tn the multiple~vehicle accident the guardrall was

styruck in addition to a ecollisicon with another wvehicle,.

In any single-vehicle guardrail zccident, the colliding ve-
hicle may have had rctéry motion in addition to sliding and
skidding before striking the guardrail. Ia these accidents

the vehicle damage and passenger injuries are guardrail-related.
By comparison, in a multiple-vehicle collision the cause Qf

any resulting injury and vehicle damage is due to a series of
collisions. It is difficult, if not impossible, to determine
which injury and which vehicle damage was caused by a certain
impact. Consequently, emphasis was placed on statistical

analyses of the single-vehicle guardrail accidents due to the



known relationships and more accurate data. The data was
summarized from the Official Traffic Accident Reports and the
supplemental Guardrail Study form, and a field review of
guardrall-curb accidents to provide the detailed information

necessary for accurate analysis.

However, because the variables are not in linear order and
since there is difficulty in developing a mathematical model
containing the many variables, the data was tabulated and
antalyzed by pairs, independently. Correlation analysis be-
tween vehicle impact speed and angle of collision has been
included to coordinate other factors. Appendix III indicates
the statistical methods used in the report. It includes (4)
2 % 2 chi-square test to measure the rate difference between
two accident groups, and (B} goodness of fit to measure the

frequency differences between two accident distributions.

Analyses of the data are continuing. This report_will give
the engineer some valuable Insight to the actioms of guard-
rail in colliision, some methods of study, and a chance to seek
additional information from this or more data taken at differ-

ent locations and/or time frames.

If at the scene of the accident some specific information
such as angle of impact, or speed or result of impact could
not be determined accurately, it had been omitted. There-
fore the total number of accidents in any table can vary with

the total in the other tables.



CONCLUSZLIONS

Impact Speeds as Related to Guardrail Accidents

The distribution of impact speeds involving each type of guard-
rail showed no significant difference nor did the impact speeds

of nine types of vehicles studied.

The percentage of guardrail accidents resulting in injuries
ranged from 14 percent for impact speeds less than 10 mph to
56 percent for speeds equal to or greater than 70 mph with an
increasing rate of change at higher speeds. Also the severity
of injuries was determined to be directly proportional to the

estimated vehicle impact speed.

The percentage of vehicles stopped or trapped by guardrail de-
creased monotonically from 67 percent at 10 mph to 17 percent
in the 60 to 69 mph and over 70 mph and 70 mph ranges. Redi-
rected back toward roadwéy type accidents remained stable at

about 35 percént for speeds below 50 mph.

Area of Impact on Vehicle and Related Injury Rates

Thirty percent of the accidents occurred with the front, 20
percent with the right front, and 24 pexcent with the left
front., 8Six percent of the impacting vehiecle uvitimately re-
sulted in rollovers. Injury rates were: 40 percent head-on,
23 percent right front, 32 percent left front, and 60 percent

rollover.




A small percentage of the accidents occurred with the right
side (4 percent) and left side {3 percant); the injury rates

were 44 and 30 percent, respectively.

Injuries as a Function of Cuardrail Types

Injury rate and severity for impacts with Type A guardrail
was significantly higher than for the other types of guard-

rail. (Fig.4 )

There was a significantly higher proportion of injury aceci-
dents where the post spacing was 12 ft rather than 6 ft.
However, there was no significant difference in the severity

of the accidents in edther case.

There was a significantly highexr proportion of injury acci-
dents when the wvehicle resulted in hurdling or going over.
the rail than in the other vehicle reactions. Also when
impacting vehicles broké through the guardrail or .were hur-
dled by it there was a higher fatality rate than when they

were redirected, stopped or rode on the guardrail.

Results of Impact as a Function 0of Guardrail Type

Type € guardrail had a significantly higher percentage of

vehicles redirected and stopped or restrained.

Type A had a high percentage of breakthrough and hurdled

the guardrazil-type accidents.



Functional characteristics of B were superior to A but infe-

rior to Type C guardrail.

Guardrail with steel pocts had a higher number of vehicles re-
directed and a lower proportion of breakthroughs than rail
mounted on wood posts, It appears that steel posts may be

advantageous over woeod posts.

Injury Rate as a Function of Vehicle Type

Differences in the injury rates for the wvarious types of ve-
hicles were not statistically significant. Semi~trucks had

a significantly higher fatality rate.

Angles of Impact

The distribution of wvehicle typez involved at wvarious colli-

sfon angles did not change appreciably.

There was a consistent 'drop in the percentage of vehicles
redirected as the angle of impact increased; 51 percent for
angles less than 10 degrees to 24 percent for angles over

50 degrees. The correiation of speed as a function of impact
angle was not strong anough to predict length of guardrail in
advance of an object for certain lateral distances as velated
to speed. There was a significant indication that wvehicles
at high speeds left the roadway at flattef angles than those

traveling at lower speeds.



Curb in Combination Guardrail

The presence of curbs did not show significant evidence of a

vehicle being vaulted, hurdled or catapulted over the rail.

There was a notably greater tendency for vehicles to be re-

directed.

There was a significantly less chance of a vehicle breaking

through the guardrail.

Guardrail Approach Ending

A review of accidents involving tweo types of guardrail endings
(one sloped and arnchored to the ground and the other flared
with a curved panel without anchorage) reveals a significantly
higher injury rate and fatality rate for the flare type of

ending.

Thirty-two percent of the wvehilcles impacting with the flared

type ending were stoppad or trapped.

A relatively high percentage of vehicles Iimpacting with the
sloped end section (32 percent compared to 18 percent for the

other) rode either on tep or hurdled the rail.

At impact speeds of 40 mph or less mo injury accidents resulted

with the sloped eund section.

There are no significant differences in injury rate and severity
distributions of injury between accidents involving the approach

end as compared to a midrail section.



RECOMMENDATIONS

Basad on the findings of this study it 1s recommended:

That Type C guardrail be used on all highways =2xceeding 45 mph

running speed exclusive of traffic volume.

That guardrail be anchored to bridge structures and rein-
forced with additlonal posts in the immediate proximity for
about 12 to 15 £t: to provide a gradual change in stiffness

between the two barriers.

That all fragile bridge railings with relatively weak posts
and beams be replaced with sloped face concrete safety para-
pet. An alternative to the slope faced concrste parapet can
be continuous W-beams or some other system with structural
integrity mounted on posts of adequafte strength and reason-

able spacing.

That . on roadways with speeds of 40 mph and less the sloped-

end sections may remain in place.

That a program be adopted for removal of all Yexposed" or

flared type end shoe sections on the State Highway road system.

That accidents with the Breakaway Cable-Terminal end of
guardrail, a recently adopted standard by the Michigan De-
partment of State Highways and Transportation, be evaluated.
Since the Type C guardrail is designed with two W-beams, the
functional characteristics of BCT may be considerably differ-

ent than 1if fastened to a single rail system.



ANALYSES OF THE DATA

Types of Guardrails Studied

Approximately 25 percent of all ran-~off-the roadway accidents
on Michigan's 9200-mile state highway system invelve guardrail.
This study has bezn directed toward the evaluation of colli-
sions with three types of steel beam guardrails: Types A, B
and C as shown on Figure A. Type A, the most prevalent, con-
sists of a W-beam that has a top height of 24 in. and is
fastened directly to posts that are spaced at 12.5 ft. A
redesign of the section {about eight yvears ago) raised the
beam 3 in., doubled the number of posts (spaced at 6.25 ft),
and "blocked out”™ the beam away from the post with the use

of 6 in. cantilever blocks (later the blocks were increased

to 8 in.). This modified section is specified as Type B
guardrail.
: a" : & 1
, .
" H
= . ) b
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! : v
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FYICURE A. Types of Sieel Joap Cuardeatll



To further improve the functionmal characteristics and provide
more safety the beam was raised an additional 5 in., the block
depth increased to 8 in., and a lower beam fastened directly

to the posts. This section is known as Type C.

Distribution of Accidents by Guardrail Type

Frequency of guardrail accidents and related percentages in-
volving each guardrail type are shown in Table 1; 55 percent
involved Type A, 20 percent Type B, 12 percent Type €, and 13
percent other types (guard posts, guard posts and cable, bridge
rail, concrete median barrier and guardrail fastened to barrels
at a construction zene). The cothers, although some currently
classed as obseclete, were retained inm the overall evaluation
since they represent a percentage of accidents with guards de-

signed to protect the errant motorist.

TABLE }
DISTRIBYUTION OF ACCIDENTE BY IMPACT SPEED

AND TYPE OF GUARDRAIL

Iapact Speegd Type A Type 3 Iypa € Otheg Total

¥ < 10 mph & 4 2 2 ’ 14
{0.38)n {1.6% 1.3 (1.2) {1.1}

0 27 < I 22 i3 7 10 N 32
(3.4) (3.2} {4.7) (5.8} (6.1}

WLV < 66 22 10 15 113
(9.0 (8.8} (6.7) (3.8} (8.8}

EL I Y 103 43 ae % 210
{14.5) {17.2) {20.0} {19.%) (16.4)

i £V <50 179 %3 26 A% 283
(25.2) {17.6) {173y (25.7) (22.%)

50 &V < 80 168 5a 35 42 103
(23.7) (23.2) (23.3) (24.6) (23.7)

60 £ ¥ < 7o 42 17 196

111 26
{15.6) {16.8) (17.3) (9.9) (15.3)

MW EE] F 14 H 100
(7.7) (7.6) © (9.1 {4.1) (7.8)~"

Tocal 710 250 - 150 o 1281
{55) nw (20} {12) (13}

#Percentage ¢f colymn toral
A¥Parcentage of line toral

=t (=




To provide specific information on the effectiveness of the
various types of guardrails the speeds were grouped into 10
mph increments. Statistical evaluation has proven that there
is no difference in the speed distributions, meaniang that
speed distributions for the accidents involving each type of
guardrail are similar. A percentage frequency of the guard-

rail accidents as related to speed are shown graphically in

Figure B.

GUARDRAIL ACCDENT SPEED DISTRIBUTION

'5 e
7/
° aﬁ%ééé?a
ZZ 77

5 &4 §§ fﬁ' f? //

o 7777

Estimated Speed of Imgact s tues  Par o finwe

PICURE B. Dietridurion of Guaxdeaii Accldene
Av Relatwd co Spaod

Guardrail Accident Severity as a Function of Impact Speed

Guardrail accident severity as a function of impact speed is
shown in Table 2. The severity of injuries was determined to

be directly proportional to the estimated vehicle impact speed.
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The percentage of guardrail accidents resulting in injuries
range from 14 percent for impact speeds less than 10 mph to
56 percent for a speed equal to or greater than 70 mph with
an increasing rate of change at high speeds. This indicates
that guﬁrdrails provide motorists with uniform protectioen dur-
ing ran-off-roadway accidents with respect to the speed of the

impacting vehicle.

Although the ianjury rate is relatively high at higher speeds,
it does neot mean that the accident would not have been more
severe without guardrail; for example, abutment and pler acci-
dents in 1967, '68, '69% and '70 on Michigan's highways were

generally five times as severe as impacts with guardraill.

TABLE 2
ACCIDENT SEVERITY AS A FUEGCIION GF IMPACQT SFEZEDR

Injuyxy Cada?

Inpnct Speed X, A )] € D Totai
¥ < 10 mph 2 1 0 3 1z 14 N
{7.1)ne (7.1 (85.7) (.43
1005V 520 [ 1 4 3 46 54
{1.9) (7.4} {5.8) {85.2) 5.2}
2o ¥ < A0 3 10 12 91 116
{2.5) (8.6} (1.3 (78.4) (9.1}
W V< b0 1 3 13 18 169 210
(6.5 (6.3} (6.2} (8.8} (80.53 (16.4)
40 £ ¥ < 50 1 1% 29 12 106 287
(0.3} (6.6} {10.5)  (1l.1) (71.8)  (22.5)
56 £V < 60 z 29 43 38 180 101
(8.7} {9.5) (14.3) (12.6) {62.8} (23.8}
60 £V < 70 4 29 £ 103 196
(2.0)  {14.8) (15.8) {14.8)  (52.6)  (15.%)
WY 3 - 22 18 12 43 94
3.9y (22.4) (18.4) (12,2} {63.9) (7.1
Total 11 113 148 145 359 1276
(G.9)s8 (8.8} {11.8)  {11.4Y (67.3)

*Eajuxy Coda

PB ~ Propsrty damage.

A = Visible efigns of injury, as bleeding, vounded or dimrorted membtrer,
ar had te be carried [vom the scens.

B = Other visible Llajury, as brulsess, abrasion, swelling, liaping, etc.

£ - Yo wvisidhie Lojury but cooplainc of pain oz momantary unconsclousness.

K - Fatally injured.

*%Parcentage of fina total
e¥%Percentage of goluan cotai




A review of the accident speeds for free and limited access
roads (Figure C) indicated that the overall speeds were higher

on the limited access routes.

FRZE ACCESS
z : LIMITED AGCESS

15

20

13

10

0 i3 F31] 3¢ 40 30 60 ¥4 a0

H.7.H,

. Figure &
Geszdeatl Secidenk Spsads Por Frew &ad Limivsed Accuss Roads

Injuries as Related to Area of Impact on the Vehicles

The sketeh noted as the.impact code shown below Table 3 identgi~
fies the area of damage by the initial impact witﬁ guardrail
and/or the major resulelng dominant characteristic, such as
rollaver of the vehiclé in the accident. Thé table shows that
of all the guardrall accidents, 6 percent were rollover (desig-
nated by "0" in the sketch), 30 percent collided with the
guardrail at position 1 (front), 20 percent at peosition 2 (right
front side), and 24 percent at position 8 (left front side)}.

The remainder of the accidents were distributed amoung the other

impact areas in percentages varying from 3 to 5.
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TABLE 3
ALCIDENT SEVERITY AS 4 PUNCTION OF IMPACT
ARZA OW VEHIGLE

Injury Coda
Iapact Coda

(988 skatch) x : A 3 < ED TOTAL

Rallover o 1 13 14 13 28 69

{1.4)= {18.8) {20.3) {L3.8) (a0.6) {5.9)82

Front 3 7 36 3l 46 216 358
{2.9) {18.1}) (14.0) (12.%}) (5e.7) (20,5}

Right Frong 2 X 17 21 15 134 38
{0.4) {1.1} {8.8}) {6.3) (77.3} (20.4)

Righe Side 3 @ [ & g 27 &8
{12.5) {11.5) (18.7) (56,27 (-5-_1)

Right Rear 4 9 1 1 3 [V " g2
{1.6} {1.6% {5.4) {91.9) {3.3)

Resrend 3 L 1 2 3 23 T
(3.3) _{3.3) (6.7 . €10.0) {76.7}) {2.6)

Lefr Racy 5 ] H o 3 40 &4
{2.3) (6.8) (90.9) (3.8

Lof: $ida 7 o ‘s 3 3 28 a
(10.0_) {7.5) {12.3) (7e.0) (3.5}

Lefe Fromt & 1 23 34 31 18% . 278
(0.%) ((8.3) {12.2) {11.2) {s8.0) {23.9)

TOTAL 1% 1oz 132 . 128 797 1163

(0.9} (8.7 {1L.3} (11.8) (58.0)

#Pegcoutage of Fias total
#Percentage of golumn tatal

There were no fatal accidents when vehicles hit guardrails at
pesitions 3, &, 6 and 7; these impacts contributed to APPTroOxX=

imately 18 percent of all the guardrail accidents.

The highest percentage of impacts (30 percent) occurred with
the front. This appears reasonable since the majority of the
vehicles would make first contact with the front bumpar unless

the vehicle was in some degree of rotating and/or sliding

motion.

The higher number of impacts with the left front {24 percent)

as compared with the right fromt {20 percent) indicates that

.




a relatively high number of the vehicles went off the road on
the left side. It is reasoned that vehicles travel faster in
the median lane or when passing on two-way roads and there-
fore tend to go out of control and off the traveled-way to

the left,

Injury rates for the three areas with the highest number of
impacts are 40 percent head-on, 23 percent right front and

32 percent lefr front.

Rollovaer accidents are not limited to impacts with the ap-
proach end when the vehicle is hurdled:; they may occur during
high-speed high~angle impacts with the mid=-section of guard-
ralil. In this case the guardrail may deflect excessively
causing the wvehicle to pocket and to be rapidly redirected
{either or both laterally and vertically) with high impact
forces that can send the vehicle ultimately into a voll or

spin.

Right-front impacts can be expected to occur with shallow
angles since the vehicle is in the outside lane near the
guardrail and result in lower deceleration foarces. The per-
centage of injuries (23 percent) in this type of accident was

relatively low.

Although the driver is sometimes thought of as being in the
safest seat during a collision, this does not appear to be

necessarily so with fmpacts to the left front. There the



the driver is in proximity te the vehicle impact area and is
susceptible te¢ injury from crushing and deflection of the

vehicle hardware,

In the rear-end accident the wayward vehicle had to hit the
guardrail with relatively direct backward motion, otherwise

a right rear or left rear impact would have occurred.

During right—- or left-side accidents, deflection and crushing
of the vehicle body hardware against the occupants is guite
likely; the result being the high percentages of injuries,

44 and 30 percent for the right and left sides, respectively.
In comparison there weze injuries inm only 8 perceant of the
right-rear and 9 percent of the left~rear typé‘accidents. In
these accildents guardrail coentact generally was of the glanc-

ing type with low impact forces.

It can be concluded that there is a high potential for serious
injuries and a high rate of injuries for rollover {60 percent),
head-on {40 percent), right side (44 percent), left side {30

percent) and . left front (32 percent).

The preceding comments, concerning rail impact with varilious
areas of the vehicles and related injuries, are representative
of a large sample; the result and sffect of any specific type
of acecident could vary extensively with othér accidents of a

similar type.
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Accident Severity as a Function of Guardrail Types

One of the important objectives of the study was to deter-
mine the effectiveness of each type of steel beam guardrail,
i.e. Types A, B and C. Table &4 shows the relationship of
the severity of injuries to the types of guardrail involved.
Although there was no significant difference in the sever-
ity of accidents among the types of guardrails, the injury
rate however was significantly higher for the Type A rail.
These rates were 36 percent foxr A, 32 gercent for B and 26
percent for Type C guardrail.

TaBLE 5

ACCIDENT SEVERITY AS A YUNCTION OF TTPE QUARPRAIL

Injury ésdﬂ

Type of Gnardeazl E_ A B_ T b} TOTAL
A 10 69 L a9 471 733
{1.4)7 (5.4} (1z.% (12.1) (64.2) (55.4)2
5 1 19 32 30 179 263
{G.b) (r.2) €1z.3} 11.5) {66.2) {13. 7%
5 1 15 12 11 1i% L0
(0.7} (14.0) (8.0} .1 {75.0) {1L.3)
OTHER Z. 3% . -7 13 126 ) 179
213 X511 T8 X333 83 (70.5) (13,5
TOTAL prs 887 1323

114 15% 153
(1.1} (8.6} (1.7 (11,6} (67.9)

AaPgrgentage of line Eogal
#¥Parceprage of column btotal

A cause feor the higher number of injuries could be the 12,5 ft
post spacing characteristic of Type A guardrail. The spacing
is too long for the stiffness of the beam to sustain an im-
pact without deflecting excessively and resulting in pocket-
ing as the rail fails in lateral strength. With decreased
post spacing (6.25 ft), typical of Type B and C guardrails,

l2-gauge W-beam provides a stiffer system that should result
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in a smoother redirection of the wayward vehicle, Table 5
indicates that injury rates were 27 percent and 35 percent
for the 6~ and 12-ft nominal post spaclngs, respectively.

Statistically there was a sigunificantly higher proportion

of injury accidents where the post spacing was 12 ft.

There was nc significant difference in the severity of in-

juries however with efther the 6- or 12-ft post spacing.

TASLE 3

ACCIDENT SEVEZRITY AS A FUNCTION OF POST SPACING

Ialuzy Coda

fost Spacing k., A B g PD TOTAL
6 2e 1 22 34 kL 258 ELY
(G.3v {6.0) (9.7} €10.8) (73.3) (30)an
12 fe 1 76 a8 S 533 820
(1.3) £%. 3y (12.9) {12.5) (65.0% {70)
TOTAL 12 7 150 132 791 1172
(1.0) (B.3Y £11.9) {1E.3) (67.5)

#P¢reantege of lins total
#eParconinga’ of colwen fetal

Another reason for the higher injury rate for the Type A
guardrail could be caused by the undercarriage Qf the im-
pacting vehicle snagging a post. This results from the

post rotating during the impact and thus exposing the lower
‘portion and making it vulneraﬂle to wheel and hub contact.
The offset blocks that are characteristic of Type B guard-
rail are designed to reduce or eliminate smagging. Gener-
ally snagging of the undercarriage by the post causes higher

decelaration forces to the impacting vehiecle.

The other types involved 34 percent guard posts and cable

and guard posts. These are often for the purpose of guiding
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the motorist and not necessarily in front of massive obstacles

so when the vehicle does go through the result is mot an in-

jury type impact.

Result of Twmpact as a Function of Guardrail Type

In an evaluation of the impact effects with type of guavrd-

rail, the Type A had a welatively high percentage of Broke

through Guardrail (8 percent) and Hurdled the Guardrail (14

percent) types of accidents {(See Table 6). Goling over the

rail igs conducive to a higher injury rate, as shown in Table

4, because of the resultant tumbling and rvolling of the ve-

hicle or because of a subsequent collision with a fixed

cbiect. The tendency of an impacting vehicle of going over

the Type A guardrail appears to justify raising of the beam

in Types B and C guardrails to reduce the suzceptibility of

an impacting vehicle from mounting and going over the rail.

TAALE &

LESULT OF TMPACT A3 4 PUNCTION OF CUARDRAIL TEPZ

Typa of Cuaxdrail

Rasgle of Tmpaek LA - [+ Other Total
Redirageed hack 281 120 81 . 57 539
to rosduay {37.9}» (45.8) (53.3) {31.9) (40.2)
Stoppad oF trapped na 74 57 52 322
by guardrail (20.0) {28.2) {37.3) {28.8) {29.2)
Broke through 59 o 2 49 12¢
guardeail (8.0} (3.8) {L.3} {26.8) (3.0)
Hurdled tha 101 22 3 13 142
guazrdraill {13.6} (8.4) 3.9 (7.0 (i0.85)
Rede on Tep of 23 16 5 12 147
Euazdrail (12,5} {13.7) {3.9) (5.53) (I1.0)
TeTAL 742 62 152 184 1340
(55.4) 7% {19.4) (11.3) (13.7)

%Porcantage of columa tazasl
awPereantage of lios eotsl

Ninety-one percent of the vehicles impacting with Type C

were either redirected or stopped and restrained; the
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combined percentages were 66 for Type A and 74 for Type B.
Eight percent of the wvehicles broke through Type A, one
percent broke through Type C. Fourteen percent hurdled and
12 percent rode on top of Type A; for Type C these results

were approximately 4 percent, respectively.

The Type ¢ desizn is meant to allow the vehicle's tire to

run undeyr the upper rail during high angle and high velocity
impacts, thus reducing the tendency of a vehicle to roll-

over and from being directed abruptly inteo the traffic stream.
Simultaneocusly, the lower beam is intended te act as a rub
rail and prevent snagging of the posts. These design char-
acteristics of the Type & appear to be a partial reason for

the lower injury rate.

In general, the operational characteristics of Type B were

superior to Type A but inferior to Type C.

Result of Impact as a Function of Post Type

Wood posts have been reasoned to be superior to steel be-
cause there is nore bearing surface against the soil and
therefore a reduced tendency for shirting. Wood has also

been reasoned to be more resilient in sustaining an impact.

A review of Table 7 however reveals that rail mounted on
steel posts had a higher number of vehicles redirected and

a lower proportion of breakthroughs. The breakthroughs

=2



may have resulted to a certain degree because of the wood
having deteriored; some of the guardrail has been in place
for ten years or more. Perhaps the steel posts have more
energy absorbing capacity than wood posts. It appears

that posts of steel may be used in place of wood.

TABLB 7

BZSULE OF INPALT AS A PUNETION OF POST TYRE

e of P
Revult of
lmpnce Yoad Sreal Toenl
Radirsctad back to 247 2462 439
toadway (38.6)* (44,43 (4%,3)
Stoppod oF Srapped 198 153 355
by guardrail {31.0F (28,2 €29,3)
Broke through 56 22 78
guaszdeagl (2.8} {4.0) (6.6}
HBuxdlad ths guardvail [3:3 65 130
(10.2% (11.9) {11, 0)
. Beda om zop of 73 523 135
. guazdrail {11.4) (12.6% {11.5)

EOTAL 45 1184

632 3
{3&.0)%% {46.0)

wPoreantage of column Eotal
ahpgreentcaga of ling tofal

Distribution of Accidents by Impact Speed and Vehicle Type

Guardrail accidents included a distribution of nime types
of vehicles...passenger to service vehicles. This distri?
bution revealed the following percentages: 45 percent full-
size, 21 percent intermediate, 15 percent compact, 5 per-
cent sportscar, 6 percent pick-up and panel and 4 percent

semi-truck combiﬁations {(Table B).

An evaluation of speed distributions of the most prevalent
typaes = full, intermediate and compact size passenger ve=
hicles - (comstituting 82 percent of the sample) shows that
there are no significant differences in speed distributions

of ali wvehicles in this study.
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TABLE 8
DISTARIBUTION OF AGCIDENTS 3Y IMPACT $PEZD

AND YERICLET IYFE

bf n
o 5 " 3 S I e
, 3 3 : : =3 s g3 5,
Vehicla Typa = i g a Y & Bt £a. 1 3
- - ] w ak |.| £ fgiy o~ D
— ) o b ] o CE a1 ] ]
2 - o TRl - d —~ g - &t
P o 2 a e ot e o o2
- @ o Pa P -1 Y ow a @
[z o H e 3
M =
Impact Spasd '} L H 3 5 & ? 8 9 TOTAL
< ¥ < 10 mph 42 14 7 & o 6 4 5 e &7
{6.718 (4.8} (3.3) (11,3 {16.7)  (B.0) (15.4)  (6.9) (6.3)
WY ¢ 20 26 12 10 0 o Q 3 1 3 ] 55
. {5,2) {4-1) (&.7) {6.0} (93] {3.4) {6.0)
0 ¢ ¥ <30 58 27 15 T8 1 [ [ 2 3 ] 117
(9.3) (3.3) (7.1 - (3.6) (8.3} (8.0) {r.7y (0 (8.5)
3LV < 40 101 43 33 6 1 1 13 5 9 1 213
{18.2} §{i4.8) (15.6) {28.3} (3.3} (156.7) {(17.3) (19.2) {16.1} {50.9) (15.5)-
40 ¢ v < 50 128 56 44 13 3 H 14 8 1B b 297
{20,5) {22.7) {20.9) (18.3Y {25.0) £33.3) (xa.m {30.9) {32.1) - (50.8) {2L.6)
50 £ ¥ < 60 141 80 51 15 5 ) 413 4 14 0 106
{22.6)  (20.8) (26.2) {22.5) (1. {33y (1.3 (15.6)  (25.0) (22.23)
60 £ v < 70 1] 44 a8 18 1 [ 13 1 3 Q 199
(12.8)  (15.%) (18.5)  (25.5) (8.3} (17.3) (3.8 {5.4) (14.5)
b I ‘ 49 25 12 [ 1 Q 7 1 '8 '3 1138
£7.8% {B8.5) $3.7) (2.5} {8.3} (9.3} £3.8) (7.3}
TOTAL 625 91 211 i 12 6 13 16 56 2 1375

(45.3)@n  (21.2} {15.3) {5.2) .9 (D.53 {5.53) {1.93) (5.1} (0.1

aParcantaga of column Lotal
ArPgrecontage of lioe total

Accident Severityvy as a Function of Vehicle Type

Injury rates of all ﬁypes of vehicles varied from 20 percent
to 41.7 percent: station, bus and carryall had the highest
rate; single~unit truck 38.5 percent; semi-truck 37 percent
and compaect car 36.4 percent; full size, intermediate and
pilckup or panel had rates of 32 percent; however, the injury
rate differences were not statistically significant.

(Table 9).

Semi-trucks had significantly higher fatality rates due to

a greater number of these large vehicles going through the
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TAMLE 9
ACGIDENT SEVERITI AS A FUNCTIGH OF VEHICLE TTIPE

INJURY CoDE

Vshisle Typa x_ A 3. [ R TOTAL

Full Slza 7 57 63 66 418 £11
(L.1)% (9.3 L{10.5) (1p.8) (68.1) (45.5) 80

Incarmedliace 1 1% 29 42 194 87
{0.3) (6.6) (10.4) (18.8) {68.3) (21.3})

Compact 2 14 L . 26 133 R o6
(1.0} {7+, 8) (15.0) (1z.5) (63.6) {13.3)

Sporescar 13 2 10 ] b4 69
{LL.5) {14.5) (7.2} {66.7) {5.1}

Seacdon bus, carTyall a & L] i 7 12
(33.3) {8.3) (58.3r {6.9}

Jazp type 3 ‘L o 3 § 5
£€20.0) (80.9) {0.4}

Pickup ar pansl 2 5 11 7 51 75
(2.6 (5.23) (156 F (9.3 {68.0) (5.6)

Singlie unic, dusp o H 4 4 ) 26
van, flathed, otc. (7.7} (15.58% {15.5) (61.5) (1.9)

34

Iruck troctoex {(seai) 2 7 ¥ & 34
- (3.7» {1%. 0} (33.0} (7.4) {53.0) (4.0}

other o7 not knove b 3 o 1} 2 F]
{100.0)  $0.1}
T TOTAL L 1La 137 153 203 1347
{1.%» {8.8> (11.6) {11.3) (67.0)

Apgpreantage of Lllaa total
“#Parcontsge of column tokal

guardrail. The ratio of the tractor weight to the gross
weight (particularly when loaded) and the related kinetic
enargy is s0 great that survival duve to the crushing ef-

fect 0of the load against the driver compartment is improbable.

On most passenger vehicles the engine {the concentrated
l10ad) is in fromt with the powar train fastened te 1t.

The remainder of the weight consists of only relatively
light hardware surrounding the passengerAcompartmentn Thus
during longitudinal impacts the occupants are not crushed
by a shifting or sliding of 2 load from behind as with a

loaded truck.

Table 10 displays distribution of nine wehicle types at
angles of collision in 10-degree increments. Almost one-

third of the impacts occurred at angles of 10 degreaes or
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less. There was a relatively uniform decrease in the per-

centage of vehicles involved as the angles of impact in-

creased as shown in Figure D.

AHGLES DP IMPAET BY VEHICLE TYPES

a

TABEE 10

Angle af Collisioa

43%430

¥ehigle Type 0°-10 11%-2p 21°-30 311%-i0 51%and sver IOTAL
Full asize 248 Herd 111 a5 41 41 615
(+8.0)" (46.23) {43.1) {43.4) {4%.1) (23.3) {45.5)
Intarsedints a6 59 50 39 12 25 291
(19.9) {12.7} £24.4) {19.2) (23.1N {23.4) {11.2)
toppant 60 49 a7 35 146 14 211
{13.9) {16.3) {15.0) {17.92 {17. %) (L3.1) £15.3)
Sporszcar 17 15 14 13 & & T
(3.2) (3.0} (3.7) {6.8) (4.3) {7.5) (5.2
Statioa, bus, savryall 3 1 4 2 2 [+ 12‘
(0.7) {¢.3) {1.8) (1.0} (2.2) ) (G.9)
Jeap type 1 1 1 . H 1 ]
{6.5) {0.3) {0.4) {0} 1.1} T (0.9} (0.4}
Piekup ox panal ki1 15 11 9 2 14 73
(6.5) {5.0) ¢4.5) (5.8} {2.D) {9.3) i5.4)
Sipgle usit, dump, 7 8 . @ 3 3 3 5
ven, fiatbed, ake. 3.6% (2.9 {0} {2.6) {31.2) {2.8) (1.9}
Truck traever {semi) 22 13 L} 7 2 4 36
s (5.1% {4.3) (3.3} {3.4}) (2.2} {3.7} {6.1)
Cther or unkmown 9 1] ] 1 a 1 2
() [4:3] {0) £0.5) £a) (2.93 (0.1)
TOTAL 433 300 246 196 91 107 1373
(31.5y%e (21.3) {17.2) {14.2) {6.8) {7.8)

sPercentage of columa fof

affPercencaga of !ine roza
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Result of Impact as a Function of Impact Speed

Speed has an important role in affecting the reaction of the

impacting vehicles in guardrail zceccidents. {(Table 11). It

appears that percentages of Stopped or Trapped by Guardrail
type accidents are monotonically decreasing from 67 percent
at less than 10 mph to 17 percent im the 60 to 69 mph and
over 70 mph ranges. It also indicates that Redirected Back
to Roadway type accidents stay relatively stable at about

35 percent at speeds below 50 mph. At higher speeds the per-
centage increased to about 45 percent. At speeds higher than
30 mph Break Through the Guardrail type accidents remained

in a spread between 6 and 9 percent.

- TABLE 11

RESBLT OF IMFACT AS A FUNCTION OF INPACT SPEEDL

Resukit of Trapact Spaad (HEd)
lzpace 4 o & 1 to 1% 20 e¢n 2% 30 co 19 &0 to 49 50 ko 59 4D to B2 10 & ogver TOTAL
Redizected hack 3 i 34 58 96 121 4 49 137
to roaduay (25.0)*  (23.3) 3.7 {38.0) (3B, 43 (45.7) (46.4) (43,5 {43,0)unn
Scappad oF Lxappad ) 25 13 23 76 68 30 16 13
by guavdrall (66.7) {55.5) {53.3) {36.9) {30.4} {25.7) {16.5) (17.4) {23.8)
Broke through 1 z 3 13 20 i6 11 8 74
guardrail (8.3} (4.6  (J.0) {7.3) (8.0) {6.0) LIS Y 8.1 {6.4)
Zurdled che a (] & 13 H 8 (31 T 18 i2e
guardrail £7.9) {7.3) {7.23 {i0.6) (22.63 {19.6) {11.2)
Rosd en tep of 1] a 10 19 40 32 15 18 129
guardrail {6.7 2.9 {i0.6) {16.0) (12.1) (8.3} (19.9) (1.5
Total ¥} 43 10t i79 250 265 181 92 1125
{1.1)a® (4.0) {2.0} {15.9) (22.2) {231.5) {15.1) (8.1}

APepcentage of column Eotal
AftPercontage of lins zotal
setParcentage of coluan total

Result of Impact as a Function of Impact Angle

The effectiveness of guardrail and the result of the colli-

sion to the impacting vehicles were evaluated similarly as

with speed. With the exception of angles between 41 and
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50 degrees, there was a consistent drop in the percentage of
vehicles redirected as the impact angle increased. The per-
centages ranged from 49 pevcent for the angles less than 10
degrees to 24 percent for angles over 50 degrees. No dis-
tinct trends were datected.as related to angles of impact

in the performance of the guardrail. (Table 12).

TABLE 12

RESULT OF INPACT AS A FUBCTLON OF INPACT AMGLE

Resulz of Impact Impact Anzle

Easaec B8 20 10 1L ta 20 21 co 30 31 _to 40 41 to 50 51 & Over I0TAL
Redireczed back 172 122 B3 63 3L 23 492
ta roadway (38.63m (67,3 (32.3) (35.8) (33,3 (23.5) (42.2)
Stoppad or Erapped 102 [3] 52 54 37 44 39
by guardrait (28,5) (23.5) {25.5) (31.6) (45.7) t4s.97y (29,9
Jdroke through 20 i6 3 L 1 i3 78
guardrail {5.6) {7.0) (6.4} (5.3 (1.2 {13.3}) (6.5}
durdled the 3 24 35 27 5 19 H
puardrall £8,7) (9.3) {17.1) (15.8) (4.9} {10.2} {11.2}
Rode en Lap 30 3 23 13 a & Lig
of guardrall. (2,35) 17 8% ES A 30 1) L0 5 [T I b} £8.,.5) {10, 5}
TOTAL 354 258 204 174 81 [£] 1366

{30.4)0n {22.1) {17.%) (16.7) 16.9) (8.4}

®Peregataga of column total
A% Parceptage of line total

It is conceivable that there is no éistinct pattern in
guardrail performance for a certain impact angle or a small
spread of impact angles since the accldents occurred in a
wide range of speeds, in any of eight general arsas of ve-
hicles, and in some cases where the guardrail was in com-

bination with curb.

Accident Severity as a Function of Angle

Of all the guardrail accidents the following are percentages
of vehicles impacting at wvarious angles: 31 percent occurred
at angles of 10 degrees or less, 22 percent from 11 degrees

to 20 degrees, 18 percent from 21 degrees te 30 degrees, 14
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percent from 31 degrees to 40 degrees, 7 percent from 41
degrees to 50 degrees and 8 percent over angles of 50 de-
grees. Table 13 displays accident severity distribution

and type of injury due to various angles of collisicn.

TABLE 13
ACCIDERT SEVERITY AS A FUNATION OF IMPALT ANGLE

Injury Code
Impact

Anale 1.9 AL a_ £ k=3 I9IAL
e%-10° 3 3z 48 54 281 (33}
{1.8)% {7.5> 1%.6) (12.8) (68.7) {31,432
11%-20° 2 Co 15 28 200 95
(0.7) (18.2  {11.9)  {9.5) {57.8Y (22.9}
21%-1309 3 25 20 34 158 239
(a3 (1e.6> (8.5 {14.2) {66.2)  (17.7)
N*=s0" 2 18 25 1% 139 198
£1.0) (3.1 (12.%r (9.8 £67-0)  {14.4)
412 30% [ 7 3 2 69 52
(1.6} (8.7} (2.7 (7.8 (6.5}
51%and ovar 0 7 21 12 635 105
(6.7} {20.0) (32.4% (61.9) £7.8%
Torad 13 118 137 155 903 1386
(2.9 (9.8} €13.7)  (Ri.S) £67.1})

*Puccantage of lime tocal
FAParcentage of solums Kobal

There is a significant indication that vehicles at high
speeds left the roadway at flatter angles than those travel-
ing at lower speeds. - The correlation of speed as a function
of impact angle however was not strong enough to predict

adequate length of guardrail in advance of an object for

certain lateral distances as related to speed.

Severity as a Function of Result of Impact

0f all the single-vehicle guardrail accidents, 42 percent
were redirected back to the roadway, 29 percent were stopped
or trapped, 3.5 percent broke through, 1l percent ware

hurdled and 11.3 percent rode on top of guardrail. {(Table 14).

-7



TADLE 14

ACCIDENT SEVERITY AS A FUNCTIOHN OF RESULT OF YMPACT

Reaulg of Injury Coda

Inpact X A 3 . C FT Total
Redirected back & 43 52 56 134 591

to roadway {0.28)n (9.2} {10.8) {11.4}) (s88.0) (42.3)8%
Scopped or

trapped by 1 23 33 3 261 33
guardeall (0,3} {7.5) {9.9) {9.8} {724} (28,7}
Broka thyough 2 11 & . 7 p1 8 74
guardrail {2.6) €14.5) ?.93 (7.2} {(55.8} (6.3)
Hurdled tha 3 18 n 22 85 126
guardrail {2.4) {12.7) (13,9} {15.21 (SC.8} (18.9)
Rode or Top H 7 21 12 95 . 134

of guardrall {0.7} ~ (5.2) (35.2) {8.2] . (ia.1) {11.52
¢

Toeak 1046 b)) 136 783 1i40

X%
(0.9) (9.9) (11,43 {12.2) (67.%)

"Parcentaze of line LoEal
anPayrcantage of golumn fofal

Ia these various categories injuries resulted in 32 percent
of those redirected back to roadway, 28 percent stopped or
trapped by guardrail, 34 percent broke through guardrail,
49 percent hurdled the guardrail, and 30 percent in rode on
top of guardrail. There was a significantly higher propor-
tion of injury accidents in the hurdled the guardrail type

than in the others.

There was no significant differences in the severity of in-
juries (when comparing the percentage of Type A injuries to

Types B and C) in the various results of impacts.

Vehicles that broke through the guardrail or were hurdled had
a highey fatality rate than when they were redirected, stopped

or rode on the guardrail.

Curb in Combination with Guardrail

There are two gemeral classes of curbs: mountable or barrier.
The mountable is usually lower with a rvelatively graduate as-
cending sleope (Figure E, Types B and D); the barrier is usu-

ally higher with a vertical (Type K) or relatively steep face
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FIGURE 2. Trpical Conevets Curb asnd Gucter Desigos

(Types A and C). The barrier is not considered as a barri-

cade but as definite demarcation and control ofrnormal

traffic movement.

Both types confine roadway water runoff, restrain ease of
traffic movemeﬁt to some degree and sérve to delineate the
edge of roadway. At least one purpose of curb, and the
primary purpose of guardrail, is redirecting the impacting
vehicle. Curb redirects by wheel contact only, guardrail

redirects with both vehicle body and wheel contact.

Sometimes guardrail 1s used in combination with curb for

redirection and restraint of wayward vehicles. Usually
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during low speed small angle impacts the curb redirects with
iicttle, if any, wvehicle damage. During larger angle and high
speed impacts, where the impacting vehicle mounts the curb,
it has been profferredthat the curb tends to act as a vault-
ing device, causing the wvehicle to bounce er jump., This
results in an impact with the adjacent guardrail at a higher
than normal elevation, perhaps in some instances directing

the vehicle ovser the rail,

Result of Impact as a Function of Curb

In a review of 212 guardrail accidents that also involved
curb, 7.5 percent o¢f the impacting wvehicles went over the
rail; without curb the percentage was 12 percent. Table 15%
involves W-beam guaxrdrail accidents only; other types of
guards have been excluded. There was sigunificantliy less

chance of the vehicle riding on top or breaking through the

TABLE 15
Impact Effects Hith and Without Curb

Result of Impact iithout Corb Hith furb Jotal

Redirected back 37% 1o7 482
te roadway £39.7)¢ [50.5) {41.7})

Stopped or trapped 274 6% 139
by guardrail {28.67 {32.5} {29.3)

groks through 57 4 7t
guardrail (7.1} 1.9} {5.1)

Hurdled thne guardrafi

113 1€ 123
{1g.0) (7.3} (1.2}

kode on top ot 119 16 115
guardrail (12.5} (7.5} (11.7)

IOTAL 934 212 Ti53
{a1.7)e" (1s8.1}

*percentige of colump total
**Percentage of 1ipe tolal

*This result and other curb impact results agree with those
in the report Investigation of the Dynamic Impact on Roadside
Obstacles, College of Lugineering, Wayne State Universicy,
Detrodit, Michigan (1972).
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rail. Also a significantly higher percentage of the ve=

hicles were rvedirected and stopped where curb was present.

Evaluation of accidents involving a combination of curb and
guardrail is continuing. Results will be in a subsequent

report.

Types of End~-Sactions

Two types of guardrail approach ends were studied; one being
sloped and anchored to the ground surface {(popularly known
as the Texas Twist) and the other terminating with a curved

panel and amn end shoe without anchorage. (Figure ¥).

T
ANCHORED END SECTION

TOP ViIEW,

Type 2 or C Guardrai @ 1

R e = —— e S
Yoy vy oy oy by
ELEMATION VIEW

CURVED END SECTION

12'-6" Past
- Specing
j’“/“’"’ o
%‘n o A ' TR 7" Offset
_ TOP VIEW
|- Type &  Guardrel = End Shoe
&; 1: P o rem 17 ke
NOTES : " ELEVATICN VIEW TR -

 The anchored end section has aiso
been wsad with Type A Guardrait wilh
-6 oftset,

&2in_later designs the posis undernagth
the raii wera nat included,

TYHCALSTEELBEAMEUARDRA&
APPROACH ENDS

FIGURE F. Typienl Scewl Beam Ouazdrall Approack dads
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The W-beam, bhecause of its stiffness to resist lateral
deflection, also is very rigidrin resisting end impacts
and has the potential of spearing. The 50-ft radius eund
panel, to whichlthe end sheoe is fastened, has been de-
signed te redirect a vehicle or to collapse thus decel-
erating the wveshicle over a distance. From the study of
the impacts it is not rea&ily conceivable what length of

the guardrail was damaged in stopping specific vehicles,

The purpcese of the sloped-end is to eliminate spearing

of the impacting vehicle and provide longitudinal strength
to the guardrail. There is however the probability of
vaulting dering high speed impacts. Obviously the pur-
pose of the guardrail to absorb energy is lost if the

vehicle is airborne.

Result of Impact as a Function of Guardrail End=Section

Table 16 reveals that 32 percent of the vehicles impact-
ing with the flared type ending were stopped or trapped.
One of these impacts resulted in a fatality. In ancthery
instance the wvehicle was speared, cutting off the driver's
| ' TABLE 16

leg.

Result of Impact as a Function of Guardrai}l

End-Saction

Besuit of Imnact $lopead Flared Jotal

Redfrected back 2% &5 90
to roadway {38.5)* {38.1 (38.5)

Stopped or trapped 14 4 1]
by guardrail {23.5) {32.1) (29.2})

Broke through 19 24

5
7.n (11.3) {1a.3}

Hurdled the guardra$) 12 1z 24
{18.%) (7.1} {10.3

Rode on top of g 18 27
quardrail {13.8) {18.7) {11.6}

TGTAL

§5 168 FRE]
(27.91#= {72.1)

*Parcantage of colump total

a*fercentage of line totatl -3 -



There were three other fatalities where the impact was with
the end or within 25 ft of the end (Table 17): one mounted
and went over the rail into a pier; in anmother the wvehicle
impacted 25 ft from the end, was hurdled, continued down

an embankment and the victim was pinned under the car;

and in a third the vehicle (semi~truck) impacted 15 ft

from end, broke through and hit a pier.

FABLE 17
Aceidankt Sewority Ap A Fumetlon of Typas of End Seciion
’ Injury Coda

Type ef
End Sacsion X A )] e 4] Tatgl

Siaoped & k] [ 3 3 64 =2

&F
Anchorad (9.4 {L2.53 (5.7 £73.4) (27.8)
Eud -

Miehigan 5 13 15 24 110 166
Ead Shos (2.6} (7.8 {9.0) {14.3) (68,3} (72.2)

Tobzl 23 27 157 230

4 19
{:.72 {8.3) (10.0} {1173 {66.3)

eParcantega of Iiaa Eegal
2tPergengpge of eoluen toral

For a brief description of these and other fatal accidents

sees Appendix IV.

About 28 percent of‘the end impacts (within 25 ft of the
beginning} were with the sloped ending. A relatively high
percentage of vehicles impacting with the sloped end sec~
tion {32 percent compared to 18 for the other) either

rode onto or hurdled the rail.

The use of the sloped end appears permissible on lower
spead roads where there is a lower potential for the ve-
hicle to become airborne, overturn or tumble, and impact

with the obstacle if riding on the rail.
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At impact speeds below 40 mph or less no injury accidents

resulted with the sloped-end section.

The injury rate and the fatality rate were both higher for

the flared type ending.

Accident Severity as a Function of Location cof Impact
on Guardrail

Table 18 shows injury rates of 32 percent for guardrail
approach end collisions and 34 percent for collisions elge-
‘where aloang the guardrail. Evaluation of these collisions
proved that there are no significant differences in injury
rate and severity distributions of injury between acci-
dents Invelving the approach end as compared to a mid-vrail
sectlon. The 25-ft peoint was chosen since that includes

the length of sloped-anchored type ending.

Tabla 18
Accldant Severfty As A Functlion of Locatfon of Impact on Suardrail
Injury Coda

Izpact Loco, X A 3 i ) Tocal

Withén 25 ft. 4 19 23 7 157 230an
of Leading {(1.1n {8.3) (10.90) (18.7) {68.3) (E9.1)
Zod

deyoud 23 fe. 8 3] 115 i0s 610 936
of Lsading {8.8) {9.4) £12.3) (1.2} (66.2) (80.3)
Zod.

Tetal 1z 107 138 132 777 1156
(1.0 (9.2} {11.3) (1E.3) {56.6)

4Percentage of line togal
**Perceatage of column total

The accidents beyond the 25~ft point do include accidents
at the trailing end just in advance of a structure., Unless
the rail is anchored to the structure and reinforced with

additional posts for a distance of 12 to 15 ft, the rail
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during impact is often deflected or displaced éxposing the
structure to a direct fmpact. These direct impacts usu-
ally result in serious imjuries and could be partial cause

for the higher accident rate beyond the 25-ft point,

A review of Tables 15 and 16 show that 11.2 percent of the
total impacts with steel beams were hurdled; the percentage
hurdled for the end-sections is 10.3 percent. An inspec-
tion of Table 8 indicates that 13.6 percent of the vehicles
with Type A rail were hurdled, 8.4 percent with B and only
3.9 paercent with C Type rail. It can be concluded that

the Type A rail (top height of 24 in. and sometimes less

if settlement has occurred) has a higher potential for

hurdling of impacting vehicles than Types B or C guardrail.

Suggestions for Improvement of the Study Form

Since it is likely that guardrail studies will ceontinue,
the following are suggestions for improvement in the study
form (Appendix V):

Item 3b: the word frapped be replaced with contained.

Item 6: was curb placed in fromt of or near the
guardrail? Removal of the word near elimin-
ates a decigion by the recorder. UHVear could
indicate a sheort distance in advance of or
beyond the point of impact at the guardrail,

Item 7: Estimate distance between point of vehicle
impact and guardrail beginning or ending.
Since the primary concern is the beginning,
it should be spelled out as approach end.
Although impacts near the trailing end are
of importance particularly when at the
approach to an obstacle such as bridge rail-
ing, abutment or piexr, these details are
generally revealed in the drawing and descrip-
tion on the related official accident report.
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Item 9: the cross sectiens should have 2 beam and block
shown (dashed) on the opposite side since double-
faced guardrails are used in median areas. This
eliminates an unnecessary decisieon during re-
cording since the double-faced might be recorded
as other which it 1is not, Also add below word
other: sketch or explain.

Additional Study and Research

Obviously guardrail is a hazard and should be used only when
striking it is less severe than striking the object or leaving
the roadway. Therefore, the goal is to use the least amount

of guardrail without sacxificing the safety of the errant motor=-
ist. Since vehicles travel slower on many of the state highways
and since the study indicates that there is some correlation

of speed as a function of impact angle, the area needs further
study and research to provice the maximem utility to Michigan's

continuing roadside safety program.
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Guardrail Study Form 1508



STATE OF RICHIGAN Investigating Dept.

DEPARTMENT QF STATE HIGHWAYS GUARDRAIL STUDY

TRAFE(C & SAFETY DIYISION Form 1508 {New 12/72) Comglaint Mo,

Place an "X’ gver ths box or boxas, ond fill

. i it drail
1. Estimagte angle of collision with guardrai n soch blank lims, as relates 1o ems 1~11-

B

2. Estimate vehicle speed of impact : mph

3. Was vehicle a. Redirected back to rocdway
b. Stopped or tropped by guardrail [_] r {'—']
Did vehicle c. Break through guardrail - E l
d. Hurdle the guardrail g b € d 2

e. Ride on top of guardrail i

4, Did vehicle collide with other vehicle or object besides guardrai}? g Yes l Hea
5. What other object was his? ' !
| RN
. i{
a. motor vehisle c. tree J !
b. bridge pier d. ofher i a b c d
4, 'Was curbing pleced in front of or neer the guardrail? Yoz Mo
[ —— _— u
- . - | |
7. Esztimare dizionze betwesn gpoint of vahicis impact and guardrail H
baginning or 2nding . FT.

8. Type of end sectien

T e 1 ; ]

N7 7 7 NS4
i
9. Cross section of guardrail i
L) L
a. b. <. 4.0ther ) ‘
a h c d
i a4 N vy : Ve |
10. Post spacing c. 3 . b 6 £, e 12 ! } ! } t }

0

3

R i

b
B N Er
1. Type of guardraii post g, wood b. steel { i
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APPENDIX 1T

State of Michigan
0fficial Traffic Accident Report
and

Coding Key



. P Qepartment NOT USE
UL-10 171 Srate of Michigan DO NOT USE
- ANITE B L]
OFFICIAL TRAFFIC AGCITENT {E20an
g |[Couniy Tty ’ Twi. Data Tirme
<
E Route MNOo. Nume Ft. intuerseation Route No.
g ON ' NSEW
; Statae Deivars Licenne 208 Hazardous Aclion HEBO L HM {Test Ei
z E ; 1 | :
2 Oriver No, First M. Last Address City Srate Age {Sex | lng o
2 23
E Yeor [Liawa | . = Jrraeier R, Vr/atole Hemoved to/by
o, Mame “Address P03 | Aye ) Sex | ing
? Du;:l-'e\n
11213
41 5] 6
Totai Local Use/Qwnar injurad (oken to
Sceuoants
Statle Drivers Livense 0B | Hazardous Action HBU HN [Tust o
o | | i 2
2 {Driver Mo, 2 First M. Last Address City State Age|sex | inj 2
Q
=z "
; Yeoar Muxz |[Tvee Tratier Reg. ¥r.'State Removed (0/by
Mame Address Pos i Age| Sex | in
Saat
Position _
1121 3
41 51 6
Total Local Uses/Cwnaer lnjured taken o
Qeoupants
WEATHER LIGHT ROAD SURFACE ROAD CONDITION pVISIONC3STRUCTION|] VEHICLE DEFECTS
T 1Clear [ Rain Tibay  [1Dark 3Dy [:}?nowy [TiEnginearing [ 1Vehicle i1 T IVehicle #3
T Clow ’ c . . “ . .
Claudy " OV IT1Maintenance [T ivehicle #2 Ty Vehicle #2
TIFo - Snow T1Dawn [TiStreet Wet ther - . - . R
(AR e T — Dusk - Lights [ L [JCanstruction Zone 1 none {Expizin [ Mune {Explain)
o .| AR ek & B &, ARl O . e o " T
IPACT CODE TOTAL LARES DRIVER RE-EXAM,  |V2mays Frooulty Ubior Than Vohicles
| ! £ Divided (T3 Driver f#1
veh.=t veh.#2 Tamat [ Limited ) Driver #2 Ownar : Address
veh. Access ,
: ACCIDENT DESCRIPTION & AEMARKS ’
H North
. * .‘ ’ : ’-
., , : "~ é -
P rearsend [
". ," a
srrretstes s D T TIT
K ) P ] . T
.7 i &
: : “_ Inciude p
- : N . All Traific P
. : : *. Contrel Davicns EM
: E‘\
: : Describe of! unusnal conditwns aud circumetanses _
{raie Aecsivug ima BETIJAL " e g =
frate Recsin IT' Ivestigsiers 1 2  POLICE ACTION Rovigwar -
. |
: ';: 1 [TICied far Hazardous Viao, i
: : e B - —1 3 O Tieed for Other Violation g i
- . omp. Status 5
£J [TiNe Enfarcansnt Action _;p
—ml ) RO SO 2 O
(1] %] investigated at Gcena opon clooed

FORVIARD COPY TO:

chigin Seate Polica This form is prescribed by Sirecter, tlichigan State Pohice
Safaty & Troltic Divizion - St ¥ or, REehigan State Police

East Lunsing, Stich. 45823 =36~ pursuunt o Sectinn 822, Act 300, P.A. 1249, as amended.




INTERMEDIATES SPORTS CARS
AMERICAN MOTORS
REBEL . .. . ... o THE MACHINE
AFREL 55T
CHARYSLER
COLGE CORONET DELUXE . . | SUPER BEE
OODGE CORONET 340 . .. L . R-T
DODGE CORGMNET 560
PLYMOUTH BELVEDERE, . . . .. ROAD RUNNER
PLYMOUTH SATELLITE . . . ., GTX
PLYROUTH SPORT SATELLITE
FORD
FORD FAIRLANE
FORD TORING ... v Lo v - COBRA
MERCURY MUNVEGO & MX. . . .1 CYCLONE
GENERAL NOTCRS
BUICK SKYLARK, . . . . ... ... GS
CHEVROLET CHEVELLE MALIBU 85 336
QLOSMOBILE F-85 & CUTLASS | 442
PONTIAC TEAPEST. ... .. . .. G110
PONTIAC LEMANS . .. ... ... JUDGE

IMPAGT GODE

ldentify the arsa of damage by the position of the FIRST
HAPACT __ONLY for each vehicle,

in chain reaction accidents, the vehicles in the center
shall show resulting damage to both front {1) and rear (5),

YEHICLE MAKE

TRUCKS

20 Chevrolet
21 Duwnond T
22 Dodyoe
23 Fedueraf
24 Foud
25 GMC
28 Intamational
27 Mack
28 Peterbiit
29 Reo
30 Wikte
31 Wiilye
32 thru 38
not assigned
38 COther Trucks

SPECIAL VEHICLES
40 Motorcycles
41 Schoot Bus
42 Commercial Bus
43 Farm Equipment
44 Construction Equip.
45 Fire Equipment
46 Ambulance, Hearse
47 Police Equipment
48 Spowmobile
49 Qther o6r not known
50 Dune Buggy

TRAILERS

1 Two wheel assembied
2 Mot assigned

3 Not assigned

4 Not assigned

5 Single Bottom Semi

6 Double Oottom Semi

7 House Trailer

PASSENGER CARS

{0 American Molors
01 ik

02 Catitlac

03 Chevrolnt

04 Chryslers

05 Dadge

06 Ford

07 tmperial

08 Jeep

09 Lincoin

10 Morcury

i1 Oidsnwobite

12 Plymouth

13 Pentiac

14 Veolkswagen
15 Not assigned
i6 Not assigned
17 Not assigned
18 Other foreign
19 Other domestic

YEHICLE TYPE

0 Full size

1 intermediate

2 Compact

3 Sports car

4 Carryal}

5 Jeep type

6 Pickup or panel

7 Straight Truck. Dump,
Van, Fiat Bed. Etc.

8 Truck Tractor {semi)

9 Qther or not known

Use the necessary and appropriate codes to fully identify

the vehicies involved.

GCODE OF iHJuRy
K-FATAL INJURY-=Any iniury which resuits in death.

A—INCAPACITATING INJURY—Any injury other than fatal
which prevents normal activities and generally requires

hospitatization,

B —-NON-INCAPACITATIMG INJURY-Any injury not incapac-

itating but evident (o others at the scene,

C-POSSIBLE INJURY—No visible injury but complaint of pain

or momentary unconscinusness,
O-NO INJURY—-No indicatien of injury,
{Refer to training manual for injury details)

HAZARDOUS ACTION
indicate the specific violation for each pedestrian,
bicyclist, or driver which contributed most to the
accident. Record only the specific violation even though

no enforcement action is token,

LOCAL USE/OWNER
Identify the ownur when other than driver,

This {ine may be used by tocal depariments for additional

information-witnesses, insuratte co., eic,

POLICE ACTION
HMazardous Violation — That moving violation which
contributed to the cause of the accident. Ex. (left of
center - disreqgard stoplight. sign, careless or reckless
driving, DUIL, etc.

Other Viclation — Those violations which are present
at the scene of the accident, but do not contribute to. -
the cause. Ex. {No Operators License on person, Mo
Proof of insurance, etc.)

No Eaforcement Action — To be checked X when after
investigalion no vinlation was indicated and no enforce-
ment action taken,

DRINKING CONBITION

HBD—Had been drinking
HN--Had not been drinking
TEST—When chonncsl test s taken record the
results iy the test sncce,
Record officer s considuiod upomon for each driver and
peduestrian when no st laken

SPECTAL ATTENTION
1. Review youwr reporl for compledeness,
2. The following items JMUST be ineluded in,
Drnking Condition
Vialatron
Pohice Action
Refer to the Tradning Manual for Dotails

po g s

o s ()
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Statistical Methods Used



Statistical Methods Used in the Repoxrt

(1) 2 x 2 Chi Square Test

Data
Class 1 Class 2
Population 1 A A
i1 12
Population 2 ‘ A A
_ 23 22

Assumptions:

1. E£ach sample is a random sample.
The two samples are mutually independent,

Each observation may be categorized either into
class 1 or class 2

Hypotheses: Let the probability that a randomly selected

element will be in class 1 be denoted by P
in pepulation 1 and Pz in population 2.

H 2 P < P
i} ) S 2

H s P > P
1 1 2

Test Statistics

(A A - A A Y2 (A +A + A + A )
T = 1y 22 12 21 11 12 21 22

(A + A ¥ (A + A ) (a + A Y (a + A )]
i1 12 21 21 11 22 12 21

{2) 7The Chi-Square Test for Goodness of Fit

Data: The data consist of n independent observations of a

random variable ¥. These n observations are grouped
into ¢ classes and the numbers of observations in each
class are presented in the form 1 ®x ¢ contiangency table.
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Assumptions:
1. The sample is a random sample.
2. The measurement scale is at least nominal.
Hypotheses: Let F {¥X) be the true but unknown distribution
function of X and let G (¥) be some completely specified

distribution function, the hypothosized distribution
function.

Ho: F OO = 6 0 for all ¥

HE:-F xy 4 6 00 for at least one

Test Statistics:

Let Q be the probability of a random observion on x being

in class j, under the assumption that G (yx) iz the distri-

bution function of x. Then define E as '
_‘

c (£, = E, )?
T = E J d
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Summary of Tatal Accidencts

There were 14 fatal accidents with guardrails during the

study period. The following is a brief summary:

1. Description: Excessive speead resulted in the wvehicle

striking guardrail and going end-over-end coming to
rest on a concrete culvert., The guardrail was struck
about 2Z5 ft from the end.

Guardrail Type: A

End Section Type: Curved end

2. Description: Excessive speed resulted in the driver

losing control of the wvehicle. The wvehicle hit the
guardrail 56 ft from the end and then followed the
guardrail for 143 ft aand flipped over onto the oppos-
ing traffic lane. The guardrail was struck 23 £t fron
the beginning of the end section.

Guardrail Type: A

End Section Type: Curved end

3. Description: Excesgive speed resulted in the wvehicle

striking the guardrail, being redirected, striking the
guardrail again and going over the rail, rolling down
an embankment and landing om its top in a swamp. The
guardrail was first struck 59 ft from the beginning
of the end section.

Guardrail Type: A

End Section Type: Curved end

—ly 3



4., Description: Excessive speed resulted in the vehicle

striking and going over the guardrail. The guardrail
was struck 85 ft from the beginning of the end section,
Guardrail Type: A

End Section Type: Curved end

5. Descripticon: The driver lost control of the wehicle

causing it to hit the median guardrail; it was then

redirected across the median and hit a bridge pier.

There was no guardrail at the pier. The guardrail was

struck 130 ft from the beginning of the end section.
Guardrail Type: A

End Section Type: Curved end

6. Description: A tire blew out causing the vehicle to
leave the roadway, enter the median and breazk through
the guardrail and then strike a concrete pillar. The
guardrail was struck 15 ft from the beginning of the
end section.

Guardrail Type: A

End Sectien Type: Curved end

7. Description: Due to excessive speed the vehicle went

0off the left side of the roadway and first hit the
trailing end of guardrail and then a bridge abutment.
The railing was not attached to the abutment and
collapsed. The vehicle hit the guardrail 96 ft from
the beginning of the end section and 24 ft from the

bridge structure.

A

Guardrail Type: A

End Section Type: Curved end

bty -



8. Description: The vehicle passed another vehicle on the

median while traveling at an excessive rate of speed.
The vehicle then came back across the roadway and
struck the guardrail and bridge pier, and it was then
redirected back across the road. The guardrail was
struck 41 ft from the beginning of the end section.

Guardrail Type: A

End Section Type: Curved end

9. Description: The wvehicle was going at a rate of speed

too fast for conditions; it passed another wehicle,
lost control, struck the guardrail and followed it to
a bridge support. The guardrail was struck at the

begianning of the end section.

L0. Desgcription: The wehicle ran off the roadway and hit

the beginning of the guardrail end section. The guard-"

rail went through the wehicle,
Guardrail Type: A

End Section Type: Curwved end

11. Description: At an excessive rate of speed the vehicle

slid into the guardrail backwards, rolled over, became
‘alrborne and landéd_iﬁ a creek on its top. The guard-
rail was sgtruak 50 ft from the beginning of the end
section,

Guardrail Type: A

End Section Type: Curved end

.
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12. Description: The vehicle was traveling too fast for

conditions as it came arocund a curve. The driver lost
control and the vehicle slid sideways, hit the guard-
vail, flipped over and went down a hill,

Guardrail Type: Guardposts

End Section Type: None
13. Description: Traveling at an excessive rate of speed
the driver lost control of the vehicle. The vehicle

struck and rode onto the curb header, then the guard-

rail, then the bridge railing, then went over the

bridge railing into a river and burst into flames.
Guardrail Type: Guardposts

End Section Type: Trailing end at the structure

14. Descriptiocn: Vehicle struck guardrail 166 ft morth

of (overpassing) crossover or U-turn structure, slid
along guardrail, then jumped 1t, landing on right
gside and caugﬁt fire. Vehicle apéroximateiy 25 fc
south of crossover (overpass).,

Guardrail Type: CD

End Section Type: Curved end

wdy o



APPENDIX V

Suggested Revislon Of
Guardrail Study Form



STATE OF RICHICAN
DEPARTHMENT OF STATE HIGHWAYS
AFFIC & SAFETY DIVISION

TIA

LA

GUARDRAaIL STUDY

Form 1508

Investigating Dept

{Naw ¥2/72)
{Rev.

}%omplainr Me.

677774

i,

Estimate angle of collision with guardratl

Place an *"X'" over the bax or boxes, and fil}
in each blank line, cs relates 'o items 1-11.

i H

Estimate vehicle speed ¢t impact

mph

Was vehicle

Redirected back to roadway

L. Contained by cuarirail r l ] I ¥ f
Did vehicie c. Break through guardrail Lol
d. Hurdle the guardrail a b < d e
g. Ride on top of guardrail
{_r....\....‘..w.._ e b ot - - - e oo hrm
Lo Ridovahicle coillde with othor vehizle ar eblscr bevides guardraii? E C Y B
! = —
. I
3. What othar ohjact was hit? |
i ' §
; [ -
a. mater vahicle o, tree o L et
; b hridge oler do other i a 5 - !
i
i
Y e s T LE(AE T e ¢ sl e a4 B~ ve St o T i aE T S b by g o 43 L S L A s A Rt At A8 TR £ B 4 el i A b D 1
H —
1 1
3 . . | % l ]
Pog, Vas cuvbing ploczd ia front of  the ouspdrail E ) | l fio
| i
) i
et er . s — e v
!
H 7 ol aditas 04 A
“ ? FT. |
i 1
! ! f
! S v b A e A 1= rADRS FTRSCS e A U o L U R e s um b i e S PR
8. Type of end section
) i D {j
= = e ~— - Fases B i ’ .
¥ T 7 T4 [ ‘J | ¢ ®
{ L i P I T \,_.,\__H | i l i
e —— it
— —
9. Ciass zeciion of guardrsil
1
_ J—
IR AT EEEEEEE
e D d.Cther -
{skekon ! a b < d
ar i
2 VA v N7 exnlain) i
1F
e . .
i . " f T o ¥
10. Post spacing ¢, 3 c. 12 | l l i [ f
1 I o h <
e+ AR o gyl sl ety oy oo o gD T 41, ARy ma e "t PRI £ 4 I 8 AT - (L ot e - 3} e —_— - n s g At e e =
i I T
PN, Toypen of gugdrali post 2, wood &, steel i P !
i o N ' T S S
i booa b
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