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For many years, ost design engineers assumed that a curb in front of a.w-peam
guardrail was 2¢-zptable if the curl was no closer to *raffic than tho Tace of
the w-beam. “hidever, it has been’s.own that such curb: can still ‘enrade
barrier perrérmance. This happoos because the semi-i*gid guardraii will
deflect uicer relatively severe impact conditions  tnereby allowing wheel
contact with the curb and ~ossible vaulting over »nr onto the L rrier.

A s ries of tests wereic<.ducted recently tc .uantify barr er performance wh:n
the guardrail was behi.:a a curb. (Note: "umary sheets /or each of the
following tests are zttached for your information. Facii sheet includes a
sketch of the cur' with dimensions and its locatior 1. relation to the
guardrail.)

In Test Number 1862-1-88, a 2,453 kg (5,400-pound) pickup truck va.'ted over a
G4(1S) v-beam on strong post rvardrail afte. an impact at 100 k~.' (60 mi/h),
and 20 (eyrees. The guardr:,) had a 20 cw (8-inch) high conciete curb (AASHTO
Type £’ installed behind %n> face of tha w-beam rail. In Tes:c Number 1862-5-
89, » 2040 kg (4,500-pc 'nl) sedan imracied at 100 km/h (60 .i/h), and 25
d:crees, and vaulted over a G4(1S) cuardrail with a 15 cm (6-inch) high
«sphalt dike. In hoth tests, ths yuardrail deflected »nough for the whee':s-co
impact the curb. (t.e resultiry cumpression of the suspension systems produced
upward forces ~n the vehicles viat caused them to cault over the guardriil.

In Test Numhey 1862-4-89. the same guardrail/a.znalt dike combination smoothly
redirectes an 820 kg (}.5u0-pound) car that..npacted at 100 km/:. (60 mi/h),
and 20 cr.irees. In tnis test, the guardai! did not deflect ~zvugh for the
wheel: o contact thi'curb.

In Test Number '¢52-12-90, the G4().) guardrail had a 17 <an (4-inch) high
concrete curl (NASHTO Type H). W.2u a 2040 kg (4,500-y>und) sedan impact:
this combina.ion at 100 km/h (6uv wi/h), and 25 degree:, the car became
airborne but did not vault the rail. This test shuired that reducing e curb
height o 10 cm (4-inches) a:'less is one solution to the vaulting pc udlem.
Howevzsy, stiffening the onirdrail to reduce iis deflection, as not(d below,
may bc a better approazh ~ecause the vehicles in these tests werc edirected
ir. % more stable manne.-



€

In Tezu dumber 1862-13-91, a G4(1S) guardrail w:ih a 15 cm (6-inch) usphalt
diks vas stiffened by b. ting an extra w-besm ‘o the back of the steel posts.
Tuis retrofitted guarrdiail successfully ret.rected a 2040 kg (°.500-pound)
scdan impacting at 19 km/h (60 mi/h), anc 25 degrees. In Tose Number 1862-
14-91, a G4(1S) ore-drail with a 15 cm (o-inch) asphalt din> was modified by
adding a C6x8.2-hLc¢-rolled channel rub rail. This desion <1so worked well,
smoothly rediracting a 2040 kg (4 700-pound) sedan impaciing at 100 km/h

(60 mi/h), drl 25 degrees.

Except for specific guardraii-co-bridgerail trans..ion designs that .~ iude a
curb ~>d have been succesci:ily crash-tested, the continued use of vy
guarirail/curb combinatias should be discov aged at locations wh:ve high-
sousu, high-angle impucis are likely. Whers there are no feasiile
‘v“iernatives to guaru.uil/curb combinatiuns, the use of a 124 ~urb no higher
<han 10 cm (4-inches) and/or one of the riodifications to tho w-beam guarurail
described above i1l usually prove sa‘i{sfactory. On lower speed facililles, a
vaulting poter*,al still exists, bu. since the risk of such an occursence is
lessened, a '=>ign change may r.t Ye cost-effective. Cuach locaticns are best
analyzed o1 4 case-by-case basio, taking actual or a.cicipated operating
speeds i1ty account and considering the consequen-¢s of vehicular penetration.
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Contract Mumber: DTTNEL-07- .- 20426 ] Vehicle Analysie: ohasrved Liuit Value
Date: [ ) [ ] | ]
Marther: Clear € ' 7 HCHRP 2203
Te - /ehicle: 1983 Asvrolet €20 Pickup Longitudinal:
= +ice Contiguration: Ge '5) W-Deam with AASHTO Type ° Delta-v at 2 - ~16.. &t e 30/40 ft/n
<Hzb In Cront of barrier, 29 ‘¢ Ridedown Acce!7: tlon: =20 s 15/20 g's
‘otal length, 37.3-ft BCT
Lateral:
1. Vehicle Weight:
PlanneA, Inertisl: 3400 Delta-V st 1 ft: 10.2 ft/s 20/30 (t/n
~J Actusl tnertial: 5417 Ridedown Accelerstion: 3.5 g's 13/20 g's
Actual .cose S742
2. Mumber ( * ' ~_upante: Tvo ™ 4918
3. Occup( ». Rodeld: Pert 8. veak 50 me acceleration:
50 parcentile male Longitudinals 5.2 9's
Lateral: J.0 g's
4. <. vpant Locations: Oriver Best, Restrainsd
“assenger Seat, tinrestrainsd
14. Vehicle R ‘sing Interaction Coefticlent r. ¥riction:
<. Impacti Gonsd lecation
Planned: 60.0 mi/i 30° Nidspan posts *~ ur? 17 mu = (v, theta - Yo/v »n 7 Jaesawent QGRADE
Actual: 61.) al/~ 20° Nidspan posts ¢ ' nd 17 Sin thets n/s n/a
'l'glonncou Spe a: -1.0, +2.5 ai/h 15. 7 . Resulte Conclusion: a. The vehicle was NOT
Ay e, <1.0, ¢2.5 degress contained by the test
tevaluated using June 1, rticle, b. There were no £ o UTIER
6. Redirection Ap~) - n/a 1988 revislon of "AASHTO dotached elements.
Standard Specification: c. Integrity of the
7. Redlirecti ., 8¢ eds n/a for Highway Pridges®) passonger compartment «ae
ssintained. d. The
8. Tota) Speeu Changs: n/a vohicle remalned uprigue.
| e. The vehicle was not
9. Total Nomentus Change: n/s redirected. f. Not
evaluated. 9. ‘ot
10, V. n ~le Domags Index: O'a. “E2 required, see a. we for
.4AC J224s) data. h. Mo ~w . angle,
vehicle ~x ¢} on the
1y «CUHRP 210 Test Muaber: speclal fleld sic  u¢ rail. e
AASHTO Test Type: P2 TEST A7 . .78 FAILED DUR
TO VBN, *.& PENETRATION
AND ¢2ICLER VAULTING
T2l A%
Figure 4. Tes: summary, test ;%52-1-88.
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Number
Data: 28 Marck ) 79
Heather . Clear 80 &
Teat vehicle: 19680 ¢ “-south Gran Fury
svice Contiguration: € ta_y W-Basm with AASHTO 6-In,

vy 4 G asphalt dike In front ¢
S.rrier, 219 ft total length

17.5-Ct BCT
Vehicle Welght:
Planned, Insrtisl: 4500 ¢t 200
Actusl, Inertlal: 4310
P2 \nned, Gross: 4500 ¢t )00
Ar_ s\1, Groee: 4629
Nusher L7 pante: Two
Zopoat Model: 't 2,
50, gercantile male,
uninstrusented
Occupant Location: Driver Geat, Restrained
Passenger Seat, Unrestya’~w
lepact: Spesl Anals_(a) lacat).
Planned: 60.0 N, . 25° Midopan po-*s  and 17
Actual: 60. 7 a /h 5 & in dc¢ e’ roam of
denis * point
Rodlicctlion 2a ‘g ~5*e
Redirect) | peod: -39.0 mi/> '~56.4 (t/e)e®
Tuta' Spred Chaige: ~20.% 13, h (-)0 It/m)e
Total Momentus Change: -4 b-as
vehicle Lamage (ndex: ~IRUEN2
{SAE 1224a)
HNUNE 200 Test Humber: s1)
AASITO Test Typo: n/a

HUNHE 200 Empraect Ses o ! ys

a{V sin ay? 9).4 KA 'L
2 {Spec: 9 to 114 kip-(t)

Figure 4.

1. Vehic’ A -iyele:
tongly. _anal:

Delta-v at 2 ft:
Ridedown Accelerati .

Lateral:

Delta-Vv at 1 ft:
Ridedown Acceleration:

TRC_191-

Peak 5, me acceleration:
o, Ltudinalt
b oral:

14 Test Resulta Conclusion:

NCHRP 2130:

Asphal’ ks

Penign/
Vheotyed Linit value

-21.7 ft/s /40 /R
-4.7 g's 1%/20 9 ~

17.2 ft/s e Jf 10 /8

9.0 g's *+/20 q9°'s
(27
Y BUAT'Y I ‘
8.5 g's [ *41’:-
« 3PHALT
[ 3

NEETS ALL CRITERIA.
Although the teot har b o
succeasfully redlrel ‘e
the vehlicte, it 1. ) oar
the barrler e 3t tin
pertormance | mi” .

* fmo to the “a ‘g and pitching of the vehilcle, exact
meagures -  NYe redivectlion angle and rored are not

posasible

rest summary, ‘-est

1862-5-89.
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Nuxber
Asphall Dike
Date: 37 March 198,
Weatheor: Clear 60°
Tert Vehicle: 1982 #o w» Clvic
Ue ‘v Contlguration: G4(2 'V -Beam with AASITO 6-in,
Ty, . asphalt dike In front of
da rser, 219 ft total length,
> -
7.3t BCY Deoign/
1. vehicle Weight: 13. Vehicle Aruiyr.a: 0« rved 14l Yolue
Planned, Inartial: 1800 p
Actual. Inertial: 1799 Longltudinals
Planne- Gross: 1950
) Delta-V at 2 ft: -22.8 (t/s 30740 ft/s8
AetupQrone: 1946 Ri. down Acceleration: -2.4 9's 15/20 q°'s
2. Number .’ | “_upante: One viral:
. v¢ Mode) : - ]
3. Occupi ¢ odel 0th percentile mole Delta-V at 1 ft: 23.7 ttse 20700 fasm '
1] . . 5 L]
tully Instrusented Ridedown Acceleration: 12.5 q9°o Y /e g's .
l .
4.« vupant Location: Triver Seat, Restrained TBC.192:
) Impact: Specd rale. (a) tlen Peak 57 & /cceleration:
“’ af - M‘ - +
Planned: 60.0 mi/, 20 Midspan posts *< W@ 17 :::‘:,l:l‘:'m“ l:': :.’
Actuals 62.2 »i S 20 Midaspan posts 16 nd 17 *
Tolecancos: Sprid: -1.0, 12.5 ui/h 14. Ve ‘i lo-Ralling Interaction Coefficient of Friction: T ourae
H 01 -1.o, . s
gt 1.0, 12.5 degrees w - Sve_theta_- Vpy sy ppecageent E
6. Redirection A~ : 6* in thota 0.43 Harginal
7. Redirect!m Ssed: 45.5 ni/h 13l C1/6) Vp = 49.4 ml/h (72,4 £3/00
s. Yotal Speea mm; 16.7 al N 24.4 (t/e) 15. Test Resgults Conclus c.st
p p AASHTO Bridge Ral
9. Total Nomentua Change: HrsmbTe speclfication: NEETS ALL REQUIRED CRITERIA.
. ":S:é‘.ll!’;::?e I LY MCHAP 2)0: NEETS ALL CRITM «. .
LIS BUURP 230 Test Rumber: 81
AMSUTO Test Typo: vi2
12, NClIRE 290 Impact Severity:
v gin a)? 21.2 kighs
2 (Sper . 20 G0 2% Kip-1t)

Figure 4.
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