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ABSTRACT

————The Texas Type T202 concrete bridge rail is-an extremely popular bridge rail in—
the state of Texas. The T202 rail consists of a concrete beam element 10 in. (25.4 cm)
wide by 14 in. (35.6 cm) deep, mounted 27 in. (68.6 cm) high on concrete posts located
10 ft (3 m) apart, center-to-center spacing. The concrete posts are 7 in. (19 cm) thick by
5 ft (1.5 m) long concrete walls with 5 ft (1.5 m) openings between them. The beam
element provides flexibility thus minimizing the need for frequent joints to control cracking.
Thus, the T202 rail can be placed in long continuous lengths (up to 200 ft or more), giving
good structural continuity and strength.

In 1979 the Modified T202 bridge rail (the T202 with an aluminum rail on top), was
successfully crash tested with an 1,800 Ib Honda at 59.4 mph (95.6 km/hr) and a 15
degree angle. The aluminum rail on top never contacted the Honda and thus had no
influence on the test results. In order to qualify the T202 bridge rail for use on federal aid
highways, it had to be crash tested with a 4,500 Ib (2,045 kg) car at 60 mph (96.6 km/hr)
and a 25 degree angle.

This report briefly summarizes the results of the Honda test conducted in 1979 and
also presents the results of the 4,500 Ib (2,045 kg) car at 60 mph (96.6 km/hr) and a 25
degree angle.

The bridge rail contained and smoothly redirected the test vehicle. This test and
the Honda test met all the safety evaluation criteria of NCHRP Report 230.
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INTRODUCTION

The Texas Type T202 concrete bridge rail is an extremely popular bridge rail in

the state of Texas. The T202 rail, shown by Figure 1, consists of a concrete beam -
element 10 in. (25.4 cm) wide by 14 in. (35.6 cm) deep mounted 27 in. (68.6 cm) high on
concrete posts located 10 ft (3 m) apart, center-to-center spacing. The concrete posts
are 7 in. (19 cm) thick by 5 ft (1.5 m) long éoncrete walls with 5 ft (1.5 m) openings
between them. The beam element provides flexibility (as compared to a solid concrete
wall), thus minimizing the need for frequent joints (every 35 to 40 ft) to control cracking.
Thus the T202 rail can be placed in long continuous lengths (up to 200 ft or more), giving
good structural continuity and strength. |

In 1979 the Modified T202 bridge rail, shown by Figure 2 (thé T202 with an
aluminum rail on top), was successfully crash tested with an 1,800 Ib Honda at 59.4 mph
(95.6 km/hr) and a 15 degree angle (1). This test corresponds to Test No. 12 of NCHRP
230 (5). The aluminum rail on top never contacted the Honda and thus had no influence.
on the test results. Therefore, in order to qualify the T202 bridge rail for use on federal
aid highways, it had to be crash tested with a 4,500 Ib (2,045 kg) car at 60 mph (96.6
km/hr) and a 25 degree angle (NCHRP Test No. 10).

This report will briefly summarize the results of the Honda test conducted in. 1979

-and also present the results of the Oldsmobile (4,500 Ib - 2,045 kg) test conducted in

1989.
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Figure 2. Cross Section of Modified T202 Bridge Rail used in Honda Test 2230-4.







DESCRIPTION OF BRIDGE RAIL

Figure 3 shows a cross section. of the T202 bridge rail and deck and Figure 4

shows a plan view of the 52.5 ft length of bridge rail and deck as installed for crash
testing. The concrete bridge deck was a typlcal 8 in. thick slab relnforced with No. 5 steel
bars at 4 75 in. center-to-center spacing at the top and No. 4 bars at 9.5 in. center to-
center spacmg on the bottom. The mstallatnon consisted of six posts and five 10 ft spans.

Figure 5 shows the brldge rail and Oldsmobile before the crash test. The

_automobnle impacted the bridge rail mudspan between post Nos. 2 and 3.
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Figure 5. T202 Bridge Rail and 1981 Oldsmobile before Test 1179-3.




CRASH TESTS

OLDSMOBILE CRASH TEST 1179-3

The 1981 Oldsmobile Ninety-Eight was directed into the bridge rail using a reverse
tow and guidance system. Test inertia mass of the vehicle was 4,500 Ib (2,043 kg). . The
height to the lower edge of the vehicle bumper was 11.0 in. (27.9 cm), and it was 19.0 in.
(48.3 cm) to the top of the bumper. Other dimensions and information on the test vehicle:
are given in Figure 6. The vehicle was free-whééling and unrestrained just prior to impact.

- The speed of the vehicle at impact was 59.2 mi/h (95.3 km/h) and the angle of
impact was 26.0 degrees. The vehicle impacted the bridge rail approximately 18 ft (5.5

;m) from the end. The right front wheel made contact with the bridge rail shortly after

impact. The vehicle began to redirect at 0.057 seconds. By 0.113 seconds the vehicle
had deformed to the A-pillar and the windshield broke. At 0.219 seconds, the vehicle
began to move parallel with the bridge rail, traveling at a speed of 44.5 mi/h (71.6 km/h).
The rear of the vehicle impacted the bridge rail at 0.224 seconds. The vehicle lost contact
with the bridge rail at 0.373 seconds traveling at 42.8 mi/h (68.9 km/h) and a 9.0 degree
exit angle. The brakes were then applied and the vehicle yawed clockwise and
SUbsequently came to rest 125 ft (30.5 m) from the point of impact. Figure 7 shows the
bridge rail and vehicle after the test. Sequential photographs are shown in Appendix B.

As can be seen in Figure 8, there were tire marks on the face of the bridge rail for
a distance of 11 ft (3.4 m). There were also marks on post 3 just downstream of impact.
Hairline cracks were also in evidence at various locations in the immediate vicinity of the
collision, along the top, front and rear side of the rail, and also in the bridge deck itself
(see Figures 9 and 10).

The vehicle sustained severe damage to the right side, as shown by Figures 11 and
12. Maximum crush at the right front corner at bumper height was 14.0 in. (35.6 cm).
The right A-arm, the tie rod, and the upper and lower ball joints were damaged and the
subframe was bent. The instrument panel in the passenger compartment was bent as
well as the floor pan and roof, and the windshield was broken. The right front rim was
bent and the tire damaged. There was damage to the hood, grill, bumper, right front
quarter panel, the right front and rear doors, the right rear quarter panel and the rear
bumper. -
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Mass - pounds Curb Test Inertial Gross Static
M] 2485 2527
M, 1637 1973
My 4122 4500

Note any damage to vehicle prior to test:

*d = overall -height of vehicle
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Figure 6. Test Vehicle Properties (Test 1179-3).
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Figure 7. Bridge Rail and Vehicle after the Crash Test.
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dge Rail after Test 1179-3.

Post 3 of T202 Br

Figure 8



Post 4

Figure: 8. Cracks in Bridge Rail at Posts 2 and 4.
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Figure

10.

Cracks in bridge deck at post 3.
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Figure 11. Damage to Windshield and Right Front of Vehicle after Test 1179-3.
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TEST RESULTS
Impact speed was 59.2 mi/h (95.3 km/h) and the angle of impact was 26.0
degrees. The vehicle exited the rail at 42.8 mi/h (68.9 km/h) and 9.0 degrees. NCHRP

Report 230 describes occupant risk evaluation criteria and places limits on these for
acceptable performance for tests conducted at 15 degree impact angles. These limits do
not apply to tests conducted at 25 degree impact angles but were computed and reported
for information only. Occupant impact velocity was 29.4 ft/s (9.0 m/s) in the longitudinal
direction and 23.6 ft/s (7.2 m/s) in the lateral direction. The highest 0.010-second
occupant ridedown accelerations were -5.8 g (longitudinal) and 5.9 g (lateral). These data
and other pertinent information from the test are summarized in Figure 13. Vehicular
angular displacements and vehicular accelerations versus time traces filtered with Class
180 filters are presented in Appendix C. These data were further analyzed to obtain
0.050-second average accelerations versus time. The maximum 0.050-second averages
measured at the center of gravity were -11.8 g (longitudinal) and 11.0 g (lateral).

CONCLUSIONS

The bridge rail contained and smoothly redirected the test vehicle with minimal
lateral movement of the bridge rail. There was evidence of slight cracking in the bridge
rail and the bridge deck in the immediate vicinity of the collision. The vehicle remained
upright and relatively stable during the collision. The vehicle trajectory at loss of contact
indicates minimum intrusion into adjacent traffic lanes (exit angle 9 degrees). This test
met all the safety evaluation criteria of NCHRP Report 230.
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Exit Trajectory .
Vehicle Accelerations
(Max. 0.050-sec Avg)
Longitudinal

59.2 m1/h (95.3 km/h)
26.0 degrees

44.5 mi/h (71.6 km/h)

42.8 m1/h (68.9 km/h)
9.0 degrees

-11.8 g
11.0 g

Occupant Impact Velocity
Longitudinal

29.4 t/s (9.
23,6 ft/s (7.

0 m/s)
2 m/s)

Occupant Ridedown Accelerations
Longitudinal

-5.8¢9 |
5.9 9 |




HONDA CRASH TEST 2230-4

Figure 14 presents a summary of the HgﬁQg crash test conducted in 1980 and

reported in Research Répdh 230-3 (reference 1). The 1,800 Ib (817 kg) Honda impacted
the bridge rail at 59.4 mi/h (85.6 km/h) and a 15.0 degree angle. The impact point was
at midspan between two posts. The vehicle exit speed was 43.4 mi/h and 6.5 degrees.

The safety evaluation guidelines of NCHRP Report 230 (see Appendix D) apply to
this particular test since it would be Test No. 12 in the recommended minimum test matrix.

The summary of the crash test data presented in Figure 14 meets these
requirements with only one exception--vehicle trajectory--ltem I. This item says, "In tests
where the vehicle is judged to be redirected into or stopped while in adjacent traffic lanes,
vehicle speed change during test article collision should be less than 15 mph and the exit
angle from the test article should be less than 60 percent of test impact angle, both
measured at time of vehicle loss of contact with test device." The exit angle was 6.5
degrees which is less than the 9 degrees recommended and the change in speed of the
vehicle was 16 mph which is 1 mph greater than the 15 mph recommended overall. This
test 2230-4 is considered to meet these safety evaluation criteria.
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| |
Test No. . . . . . . . . 2230-4 Impact Speed . . . 59.4 mi/p (95.6 km/h)
Date . . . . . ... .. 02/06/80 Impact Angle . . . 15.0 degrees
Speed at Parallel . 47.4 mi/n (76.3 km/h)
Test Installation . Mod.T202 Bridge Rail Exit Speed . . . . 43.4 mi/h (69.9 km/h)
Installation length . . 101 ft (31 m) Exit Trajectory . . 6.5 degrees
‘ Vehicle Accelerations
F' {u .| |Vehicle . . . . . . . . 1974 Honda Civic (Max. 0.050-sec Avg)
1 % |Vehicle Weight Longitudinal . . -6.6 g
(VY Test Inertia . . . . . 1,800 1b (817 kg) Lateral . . . . . 12.2 g ‘
T Vehicle Damage Classification Occupant Impact Velocity 1
|3 0" |y TAD . .. ... ... OlRFQ4 Longitudinal . . 23 ft/s (7 m/s)
SR ] S CbC . . . . . ... . OIRFEE7 Lateral . . . . . 22 ft/s (6.7 m/s)
POST - 5' LONG [ - Occupant Ridedown Accelerations
€ 10°-0" ee = Ly ' Longitudinal . . -1g

Lateral . . . .., 4g

Figure 14. Summary of results for test 2230-4.




- SUMMARY and CONCLUSIONS

The basic 27 in. high Texas Type T202 concrete bridge traffic railing has now been
crash tested in-accordance with NCHRP 230 Tests No: 10-and No. 12, therecommended |

minimum test matrix required for Service Level 2. The bridge rail contained and smoothly
redirected the test vehicle and has met the safety evaluation criteria of NCHRP 230.
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Vehicle Damage Classification
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0.088 s

1179-2

12/01/87

C202 Bridge Rail
with C4 Steel Rail
101 ft (31 m)

1979 Cadillac

4,400 1b (1,998 kg)

01RFQ6
01RYAS4

Impact Speed . . . . . . . .. 59.4 mi/h (
Impact Angle . . . . . . . .. 25.9 deg
Exit Speed . . . . . . . . .. 44.5 mi/h (
Exit Angle . . . . . . . . .. 2.0 deg
Vehicle Accelerations at C.G.
(Max. 0.050-sec Avg) ‘
Longitudinal . . . . . . . . -9.7 g
Lateral. . . . . . . . . .. +14.3 g
Occupant Impact Velocity
Longitudinal .. . . . . .. 23.9 ft/s (
Lateral. . . . . . . .« . .. 27.3 ft/s (
Occupant Ridedown Accelerations
Longitudinal . . . .". . .. -4.9¢g
Lateral. . . . . . . . .+ . . -16.7 g

Figure 17. Summary of results for test 1179-2.
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APPENDIX A

Instrumentation and Data Analysis







INSTRUMENTATION AND DATA ANALYSIS

- The vehicle was equipped with triaxial accelerometers mounted near the
: é_nigr;nf;grayiiywto,measurewxjgywandmzﬂcomponentsfoffaeeeleration7ﬁ~anadd%t%on,
yaw, pitch, and roll rates were measured by on-board instruments. The electronic
signals were telemetered to a base Station for recording on magnetic tépe and
for d{splay on a real-time strip chart;. Provision was made for transmission of
calibration signals before and after_the test, and an accdrate time reference
signal was simultaneously recorded with the data. |

-Contact switches on_the bumper were éctuated juSt prior'to impact by wobden_
do@e]s to indicate the elapsed time over a known distance to. provide a
measurement of impact velocity. The initial contact also produced an "event"
- mark on the data record to establish the instant of impact. Data from the
electronic transducers were digitized, using a microcomputer, for analysis and
evaluation of performance. | |

Analog data obtainedvfrom the e1ectrohic transducers were digitized and
then analyzed on a microcomputer using three computer programs: ﬁIGITIiE,
VEHICLE, AND PLOTANGLE.

The DIGITIZE program uses digitized data from vehicle-mounted linear
acce]erometers to compute occupant/compartment impact velocities, time of
occupant/compartment impact after vehicle impact, final occupant displacement,
highest 0.010-second average of vehicle acceleration after occupant/compartment
impact, and time of highest 0.010-second averége. The DIGITIZE program also
calculates a vehicle impact velocity and the change in vehicle velocity at the
end of a given impulse period.

The VEHICLE program also uses digitized data from vehicle-mounted linear
accelerometers to compute vehicle accelerations, areas enclosed by
acceleration-time curves, changes in velpcity, changes in momentum, instantaneous
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forces, average forces, and maximum average accelerations over 0.050-second

intervals in each of three directions. ~ The VEHICLE program also plots

acceleration versus time curves for the longitudinal, lateral, and vertical
directions. |

The PLOTANGLE program uses the digitized data from the yaw, pitch, and roll
rate charts to compute angular displacement in degrees at 0.001-second intervals
and then instructs a plotter to draw a reproducible plot: yaw, pitch, and roll
versus time. It should be noted that these angular displacements are sequence
dependent,with the sequence being yaw-bitch-ro]] for the data'presented herein.
These displacements are in reference to the vehicle-fixed coordinate system with
the initial position and orientation of the vehicle-fixed coordinate system being
that which existed at initial impact._

Still photography, real-time cine, and video were used to record conditions
of the test vehicle and bridge rail before and after the test. Video and
'real-timé and high-speed cine were used to document the test. One high-speed
camera was placed to have a field of view parallel to and aligned with the bridge
rail at the downstream end; one was placed over the bridge rail to have a field
of view perpendicular to the ground; another was placed perpendicular to the
front of the bridge rail; and one was placed behind the bridge rail. The films
from these cameras were used to observe phenomena occurring during collision and

" obtain time-event, displacement and angular data.



APPENDIX B

Sequential Photographs of Test 1179-3







0.000 s

0.050 s

0.100 s

0.149 s

Figure B-l. Sequential photographs for test 1179-3.



k3

0.373 s

Figure B-. Sequential photographs for test 1179-3 (continued).

B-2



APPENDIX C

Electronic Accelerometer, Roll, Pitch, and Yaw Data Test 1179-3







Axes are vehicle fixed.

.y SPUCH ﬁ .
\\\\\-» i (L_:> - Sequence for determinin

(E;E> <7 orientation is:
ROV 1. Yaw
— \\\\\ 2. Pitch
l 3. Roll
o
3 -
o Yaw
*
"
3
gg«a
w
wl
a
E&
wt
=
wl
(&
a .
Jo
a’-—
ip]
—
Q
Rg]l
o Pitch
t . .3 . .8
TIME (SECONDS)
o
'T .

Figure C-1. Vehicle angular displacements for
test 1179-3.
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TEST 1179-3

Class—180 Filter~Near Center=of=gravity

LONGITUDINAL. ACCELERATION (G's)

50

11.8 ¢

Maximum 0.050-second Ayjerage =

30

20

10

0.1

0.2 0.3 0.4 0.5 0.6
TIME (SECONDS)

'Figure C-2. Vehicle longitudinal accelerometer trace for

test 1179-3 (near center-of-gravity).
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LATERAL ACCELERATION (G's)

50

TEST 1179-3

Class-180-Filter~Near-Center—of—gravity

[T
|

40

30
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|

| M_‘

=

Maximum

0.050-sec

e —

nd Averag

Figure C-3.

TIME (SECONDS)

C-3

Vehicle lateral accelerometer trace for
test 1179-3 (near center-of-gravity).



TEST 1179-3

Class 180 Filter~Right Rear of Vehicle

< Maximum 0.050Fsecond Average

e o e

LONGITUDINAL ACCELERATION (G’a)

e s .....L— B et s e s el
[ S MR A SIS S SN SA S

0 0.1 0.2 0.3 0.4 0.5
TIME (SECONDS)

Figure C-8. Vehicle longitudinal accelerometer trace
for test 1179-3 (right rear of vehicle).
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TEST 1179-3

Class 180 Filter—Right Rear of Vehicle

LATERAL ACCELERATION (G's)

70

k-
-

Maximum |0.050-sec¢nd

Average =18.9 g

60 1

40

-
Lam a3
T
4
I

30

20

—  Sa——

10

0 0.1 0.2 0.3 - 04 0.5
TIME (SECONDS)

Figure C-9. Vehicle lateral accelerometer trace for
test 1179-3 (right rear of vehicle).
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- TEST 1179-3

Closs 180 Filter~Right Rear of Vehicle

VERTICAL ACCELERATION (G's)

| |
1 i

I‘-—-P"-———— Maximym 0.050-second Aver%ge =-5.9¢

Bl R WES————

B e L ESSy—" TN S —
— | — —s —— e —

0 0.1 0.2 0.3 0.4 0.5 0.6

TIME (SECONDS)

Figure C-10. Vehicle vertical accelerometer trace for
test 1179-3 (right rear of vehicle).
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LL=J

ACCELERATION IN G's

-20
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+20

+30
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o et e | | ]

# \
-11.8 g's ~11.8 g's L11.8 gs

o A r i Longitudinal |[Acceleration

Ld
-
-

at C.G.

+13.5 g's

Figure C-11. Graph of max. 0.050 sec averaqe accelerations alona vehicle Tenqth
at 0,100 sec after imnact of test 1179-3.







APPENDIX D

Bridge Rail Safety Evaluation Guidelines







HCHRP 230

TABLES. SAFETY EVALUATION GUIDELINES

Appllcable to Minlmum

Evaluatlon Mattlx Test Condlitlons
Factors Evaluation Crlicdla {see Table )
Structural-Adequacy @ Testarticte shiall smoothily vedirect the velilele; the velitcle | 10,11, 12,30, 40

shall not penctrate or go over the Instollation although con-
trolled tateral deflection of the test article Is acceptuble.

B, The test article shali readily activate in 8 prediciuble man- €0, 61, 62, 63
ner by breaking away or ylelding,

C.  Acceptable test article performance may be by redirection,

controtled penctration, or contiolicd stopping of the
vehicle

41, 42, 43, 44, 45, 50, 51,
52,53, 54

Detached elements, fragments or othet debels from the test
article shull not penetrate or show potentlat {or penctiating
the passenger compatrtinent or prescnt undue hazard to
other tralflc,

AN

Occupant Risk

The vehicle shall cemaln upright during and afier collision
alihough moderate soll, pliching and yawlng are sccept-

able. Integrity of the passenger compariment must be:

malntained with essentlully no deformatlon ot Intrusion,

All

Impact veloclty of hypothetical front scat passenger agalnst
vehicle Interlor, colculated from vehicle accelerations and
24 In, (0.61m) forward and 12 in. (0.30m) lateral displace-
ments, shall be less thany
Occupanl Impact Velocity-(ps
[onlllsdlnal 1. aisng—li__
40/} 30/':.
and vehlcle highest ‘0 ms average accelerations subsequent
to Instant of hypothetical passenger hnpact should be less
than: .
Occupant Ridedown Accelerations—g's
Longliudinal Lateral
20/F, 20/F,
whete Fy, Fy, F), and F are approptiate scceptance factors
{sce Tuble 8, Chapter 4 for suggested values).

11, 12, 41, 42, 49, A, 45,

50, 81, 82, 34 60, 61, 62,
€3 :

{Suppicmeniary) Anthropomeiric dummy responses shouid
be Jess than those specltied by FMVSS 208, Le,, resultunt
chest acceleration of 60g, ilead Injury Criterla of 1000,
and femur force of 2250 1b (10 kN) and by FMVSS 214,
Le., resultant chest acccleration of 60 g, Head Injury Crite-
tia ol 1000 snd ovcupant lateral Iimpact velocity of 30 [ps
{9.1 m/s).

TN, 12, 41,42, 40, 44, 48,

30, 51, 52, 34, 60, 61, 62,
&3

Vehicle Trajectory

After collision, the vehicle trajectory and final stopping po-
sitfon shall intrude a minkmwmn distance, If at sit, Into adja-
cent trallic lanes,

Al

In test where the vehicle Is Judged to be reditected into or
stopped while in adjacent trafflc tanes, vehicle speed
change dusing test article colliston should be less than 18
mph and the exit augle from the test article should be less
than 60 percent of lest inpact angle, both measured at time
ol vehicle loss of contact with test device,

10, 14, 12, 30, 40, 42, 44,
53

Vehicle trajectory behind the test article Is acceptable.

41, 42, 4), 44, 45, 50, S1,
53, 54, 60, 61, 62, 63
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