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For many years, most design engineers assumed that a curb in front of a w-beam
guardrail was acceptable if the curb was no closer to traffic than the face of
the w-beam. However, it has been shown that such curbs can still degrade
barrier performance. This happens because the semi-rigid guardrail will
deflect under relatively severe impact conditions, thereby allowing wheel
contact with the curb and possible vaulting over or onto the barrier.

A series of tests were conducted recently to quantify barrier performance when
the guardrail was behind a curb. (Note: summary sheets for each of the
following tests are attached for your information. Each sheet includes a
sketch of the curb with dimensions and its location in relation to the
guardrail.)

In Test Number 1862-1-88, a 2,450 kg (5,400-pound) pickup truck vaulted over a
G4(1S) w-beam on strong post guardrail after an impact at 100 km/h (60 mi/h),
and 20 degrees. The guardrail had a 20 cm (8-inch) high concrete curb (AASHTO
Type A) installed behind the face of the w-beam rail. In Test Number 1862-5-
89, a 2040 kg (4,500-pound) sedan impacted at 100 km/h (60 mi/h), and 25
degrees, and vaulted over a G4(1S) guardrail with a 15 cm (6-inch) high
asphalt dike. In both tests, the guardrail deflected enough for the wheels to
impact the curb. The resulting compression of the suspension systems produced
upward forces on the vehicles that caused them to vault over the guardrail.

In Test Number 1862-4-89, the same guardrail/asphalt dike combination smoothly
redirected an 820 kg (1,800-pound) car that impacted at 100 km/h (60 mi/h),
and 20 degrees. In this test, the guardrail did not deflect enough for the
wheels to contact the curb.

In Test Number 1862-12-90, the G4(1S) guardrail had a 10 cm (4-inch) high
concrete curb (AASHTO Type H). When a 2040 kg (4,500-pound) sedan impacted
this combination at 100 km/h (60 mi/h), and 25 degrees, the car became
airborne but did not vault the rail. This test showed that reducing the curb
height to 10 cm (4-inches) or less is one solution to the vaulting problem.
However, stiffening the guardrail to reduce its deflection, as noted below,
may be a better approach because the vehicles in these tests were redirected
in a more stable manner.
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In Test Number 1862-13-91, a G4(1S) guardrail with a 15 cm (6-inch) asphalt
dike was stiffened by bolting an extra w-beam to the back of the steel posts.
This retrofitted guardrail successfully redirected a 2040 kg (4,500-pound)
sedan impacting at 100 km/h (60 mi/h), and 25 degrees. In Test Number 1862-
14-91, a G4(1S) guardrail with a 15 cm (6-inch) asphalt dike was modified by
adding a C6x8.2 hot-rolled channel rub rail. This design also worked well,
smoothly redirecting a 2040 kg (4,500-pound) sedan impacting at 100 km/h

(60 mi/h), and 25 degrees.

Except for specific guardrail-to-bridgerail transition designs that include a
curb and have been successfully crash-tested, the continued use of any
guardrail/curb combinations should be discouraged at locations where high-
speed, high-angle impacts are likely. Where there are no feasible
alternatives to guardrail/curb combinations, the use of a low curb no higher
than 10 cm (4-inches) and/or one of the modifications to the w-beam guardrail
described above will usually prove satisfactory. On lower speed facilities, a
vaulting potential still exists, but since the risk of such an occurrence is
lessened, a design change may not be cost-effective. Such locations are best
analyzed on a case-by-case basis, taking actual or anticipated operating
speeds into account and considering the consequences of vehicular penetration.

T 7 A

L. A. Staron
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Contract Number: DTFNE1-07-C-00126 13J. Vehicle Anslysie:
Date: ¢ Deceaber 1980
Usather: Clear 60° ¢ HCHRP 2203
Test Vehicle: 1982 Chevrolet €20 Pickup Longitudinals

Device Contiguration:

2.

3.

G4(18) W-Deam with AASHTO Typs A

curb In Cront of barrier, 219 ft

total length,

Vehicle Weight:

Planned, Insrtial:

Actusl, Inertials
Actual, Gross

Mumber of Occupante:
Occupant Model:

Occupant Locations:

Impact: tpand
Planned: 60.0 wi/h
Actusl: 61.) al/n

'l'glonncou Speed:

Angle:

Redirection Angle:
Redlirection Speed:
Tota) Speed Change:
Total Nomentus Change:

Vehicle Domags Index:
{SAE J224s)

NCURP 230 Test Muaber:
AASHTO Test Type:

37.3-¢t oCcT

3400
5417
S742

Tvo

Part 572,
50 percentile male

Oriver Beat, Restrainsd
Passenger Seat, tinrestrainsd

location
Midspan poste 16 and 17
Widspan posts 16 end 17

=1.0, 2.5 ai/h
<1.0, ¢2.9 degrese

n/a
n/a
n/a
n/s

OIRFEE2

Speclal
rl2

Figure 4.

14.

15.

Delta-V at 2 ¢
Ridedown Acceleratlon:

Lateral:

Delta-V st ) ft:
Ridedown Acceleration:

IBC 191

Peak 50 me acceleration:
Longitudinals
Lateral:

22 23 24 25 28 27 28 20 30131 32 33 34 35 3¢ 37

13a
Design/
Qbaerved Liuit Yalug
=16.) ft/s 30/40 ft/o
-2.9 9's 15/20 g9's
10.2 ft/s 20730 ft/n
3.5 g's 1%/20 g's

-5.2 g's
3.0 g's

Vehicle-Railing Interaction Coefficlent of Priction:

pY

o - Sin theta

Test Results Conclusion:

(evaluated using June 1,
1988 revislon of "AASHTO
Standard Specifications
for Highvay Pridges®)

] Assecapent QGRADE

n/s n/a

8. The vehicle was NOT
contained by the test
article, b. There were no
dotached elementn.

c. Integrity of the
paseonger compartaent was
ssintained. d. The
vohicle remalned upright.
e. The vehicle was not
redirected. f. Mot
evaluated. g. Not
required, see above for
data. h. Mo exit angle,
vehicle exited on the
fleld side of rail. e
TE8T ARTICLS FAILED DUR
TO VEBEICLE PENETRATION
AND VERICLE VAULTING
RAIL.

Test summary, test 1862-1-88.
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Number
Data: 28 March 1989
Heather: Clear 80° F
Teat vehicle: 19680 Plymouth Gran Fury
hevice Configuration: G4 (1S) W-Basm with AASHTO 6-In,
Type G asphalt dike in tront of
barrier, 219 ft total length,
37.5-Ct BCT
Penign/
1. Vehicle Welight: 13. vVehicle Analyeis: Ohegryed Linit volue
Planned, Insrtisl: 4500 ¢t 200
Actusl, Inertlal: 4310 longltudinal:
Planned, Gross: 4500 ¢t )00
Actual, Groees: 4629 Delta-v at 2 ft: -21.7 ft/s 30/40 tt/R
Ridedown Acceleration: -4.7 g's 15/20 Q'n
2.  wusber of pante: Tvo
~ Lateral: ' 22,
3.  Occupant Model: Pacrt 572, ¢
50th percentile male, Delta-V at 1 ft: 17.2 (t/s 20700 tt/s '
uninstrusented Ridedown Accelecatlion: 9.0 q°s 15/20 q‘'s ’
]
4. Occupant Location: Driver Geat, Restrained TRC_191: Y
Passenger Seat, Unroott-lned GRADE
Peak 50 me acceleration: t
3. lepact: Speed Angle_(a) Location Longitudinalt -4.3 q's - 140 —‘I
Planned: 60.0 ni/h 25° Midopan posts 16 and 17 lateral: 5.6 9's
H Actual: €0.) mi/h 25° & in downstream of TYPE G-
o desicred point 14. Test Resulta Conclusfon: ASPHALT
. OE
B 6. Rodhicction Angle: ~5°e NCHRP 210: NEETS ALL CRITERIA.
Although the teot hars ler
O] 7. Redirection Speod: -39.0 mi/h (~56.4 (t/e)® succeasfully redirected
# the vehicle, it Ia clear
2 8. Tutal speed Change: ~20.% mi/h (-)0 (t/e)e the barrler 1o ot ftn
:3 pectormance |imit.
i 9. Total Momentus Change: -430% lb-as
3 L
3 10. Vehicle Gamage (ndex: 01 RDEN2 * e to the yawing and pitching of the vehlcle, exact
{SAE 1224a) meagures of the redivectlion angle and speed are not
posasible. .
1. HUBHRE 200 Test Humber: s1)
AASITO Test Typo: n/a

V2. HUNHE 210 ket Seves ity

a{V sin ay? 9).4 Kip-ft
b {Spec: B9 to 114 kip-(t)

Figure 4. Test summary, test 1862-5-89.



Date:
Neathor:

Test

Device Conflguration:

4.

|3 9456 7 8 9 10 11 92 13 14 15 18 17 18 l.!OZI!Z!Q?C 2520272.2030313233343538{7

PEE =

31 3 %

17 March 1989

Vehicle:

Clear 60° F
1982 Hlonda Clvic

G4(15) W-Beam with AASNTO 6-in,

Type C asphalt dike In front of

barrier, 219 ft total lenqgth,
37.3-ft bCY
vehicle Weight:
Planned, Inertial: 1800
Actual, Inertlal: 1799
Planned, Gross: 1950
Actual, Grose: 1946
ber of pants: One
Occupant Model: Part 572,

Occupant Location:

Impact: Gpecd
Planned: 60.0 ai/h
Actuals 62.2 ai/h

Toler H Speed:

Angle:

Redirection Angle:
Rediroctlon Speed:
Total Speed Change:
Total Momentuam Change:

Vehicle Damage Indox:
(SAE J224a)

RUURP 270 Tesnt Ruamber:
AMSUTO Test Typo:

NUI 230 Impact Severity:

(v gin a)2
2

angle_(a)
20°

S0th percentlile male,
tully Instrusented

Oriver Seat, Restrained
Llecatlon
Midspan posts 16 and 17
20 Midspan posts 16 and 17

2.5 wi/h
2.5 degrees

P
45.% ni/h (66.8 (t/8)
16.7 mi/h (24.4 (t/6)
1475 1b-8

OIRFEN2

81
Pl2

27.2 xip-1t
Spec: 21 to 2% kip-ft)

Figure 4.

Asphall Dike

1). Vehicle Analysis:
Lomgltudinal:

Delto-V at 2 ft:
Ridedown Acceleration:

Lateral:

Delta-V at 1 ft:
Ridedown Acceleration:

TBC .121:

Peak 50 ss acceleration:
Longlitudinal:
Lateral:

] s 8 [ ] & [ &

Deolgn/
Observed Idstit. Yolue
-22.8 (t/s 30740 ft/s
-2.4 9's 15/20 g's
23.7 /0 20730 t1t/8
12.5 g's 15/20 g's
-5.8 9's
10.0 g's

14. Vehicle-Ralling Interaction Coefficlent of Frictlon:

cga-:hs!a_--vpty

wa - Sin thota

V, = 49.4 mi/h (72.4 (t/0)

P
15. Test Results Conclusion:

AASHTO Bridge Ral)
Specification:

NCHRP 2)0:

Test summary,

test

L] opocegeent
0.4 Marginal

MEETS ALL RPQUIRED CRITERIA.

NEETS ALL CRITERIA.

1862-4-89.
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