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1 INTRODUCTION
1.1 Background

Concrete box culverts are routinely instdllender roadways to allow water drainage
without affecting the motoring publid-he ends of these culverts and their associatedaffep
can also represent a hazard on the roadside when they do not extend outside of the clear zone and
often requireshieldng in the form of roadside barriers. The most common safety barriers utilized
to shield these areas areb#am guardrail systems. However, {bilvculverts with less than 40
in. (1,016 nm) of soil fill prevent the proper installation of standard guatqrasts due to a lack
of available embedment deptRrevious crash testing has shown that in some casbsawi
installations with shallow post embedment do not perform adequately and are prone to vehicle
override[1]. Therefore, lowfill culverts require specialized guardrail systems to safely treat the
hazard. Currentlythreetypes of guardrail systems are being used to treat-dragsag box
culverts:(1) long-span guardrail system&) guardrail systems anchored to the culvert headwall;
and (3)guardrail systems anchored to the top slab of the culvert

Long-span guardrail systems contain unsupported lengths-bé&kh rail that span over
the top of culved. These barrier systems do not require attachment to the culvert, thus allowing
the culvert and the barrier system to operate independentlyManaal for Assessing Safety
Hardware (MASH) compliant longspan system, developed at the Midwest RoadsidetySafe
Facility (MwWRSF), consists of a single layer of-g2uge (&%7-mm thick), 3%in. (787-mm) tall
W-beam guardrail centered over af2%7.6-m) unsupported span lengf2-3]. The longspan
systems do not require additional components for attachment to the culvert and provide a cost
effective method for shielding culverts. Howevénese longspan systems are limited to a
maximum unsupported span length of 25 ft (7.6 m).

For lowfill culverts of widths exceeding the maximum unsupported length ofspag
systems, few \Abeam guardrail designs are available for direct attachmethetea ul vert s
headwallsOne such guardrail system wasidemounted socket system for wepkstMidwest
Guardrail SystemMGS) attached to the outside face of culvert headwdEiselopedby MWRSF
in 2014 as shown irFigurel [4]. The posts were inserted into sid®unted, steel sockets that
would remain undamaged during impacts. The system utilized a top rail height of 31 in. (787 mm)
supported by S3x5.7 (S76x8.5) posts, spaced 37% in. (953 mm) on center and positioned within
H S S 4 x gteelEocket tubes attached to the outside face of the cubashivall.
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Figurel. SideMounted Configuration for Guardrail on Culvert Headwalls |

There are many installations where the culvert or roadway geometry is not compatible with the
sidemountedsystem. Additionally, there may be a fill slope between the edge of the roadway and the
culvert headwall, and the siheounted guardrail system wasilp designed for level terrain
applications. Thereforéhere was a need for guardrail systems attached to the top slab of fié low
culverts.One suclguardrail system was developegd MWRSFin 2002 as shown ifrigure2 [5].

This system utilizeda 273%in. (705mm) top rail height, a 37%n. (953 mm) post spacinga
deformablé/-in. (13-mm)thick steel plate welded to the bottom of each guardrail post Witk a

in. (8-mm) threepass fillet weld on the front (tension) flange and-a%46-mm) fillet weld on

the web and back (compression) flange. The post assembly was anchored to the culvert slab using
four 1-in. (25-mm) diameter through bolts. Finally, the systpwsts were spaced 3ift1% in.
(953mm) on centers, and the baclde of the postwere offset 18 i457 mm) from the inside

of the culvert headwall to prevent interaction between the posts and the rigid headwall as the
system deflects during an impact event. This system was successfully developed-scaleull

crash tested accordjrio the Test Level 3 (TH3) safety performance guidelines found in National
Cooperative Highway ResearBnogram (NCHRP) Report No. 356]
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Figure2. NCHRP ReporiNo. 350-Compliant,Modified G4(1S) Guardrail Attachment to Lew
Fill Culvert[5]

During evaluation of the barrier system it was shown that a potential exists for vehicular
instabilities or rollover to occur if the guardrail is placed too close to the culvert headwall. Thi
phenomenon was the result of the systemds post
with the top of the headwall, thus resulting in wheel snag on the postsahRadysis of the crash
test results, it was recommended that the {saaé face of the steel posts be positioned a minimum
of 10in.(254 mMm)away from the front face of theé cul ve
depth of 9 in(229 nm) to maintain acceptable barrier performaiske

For further investigation, an identical culvenbunted MGS was crash tested with-#o¥
pickup truck according to T-B safety performance criteria presented in NCHRP Report No. 350

[5]. For this design, the steel posts were spac
headwall. During vehicle redirection, the pickup truck rolled over and the test wanidet to
be unacceptable. The vehicleds instability wa

tire and suspension with the steel post immediatelynstreanirom impact The headwall of the
culvert prevented the post from continuing to tethackward, and subsequently caused a snag
point for the vehiclebds tire.

Following the NCHRP Report No. 350 evaluation of the cuwsstinted guardrail system,
a subsequent research effort was undertaken to determine alternatives to the original dattachmen
design[7]. The first objective was to determine if an alternative weld detail could be utilized to
simplify the threepass fillet weld on the front flange of the post. The second objective was to
develop an epoxy anchor alternative to bolting through the top Elhle culvert. These system

3
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modifications were evaluated through a series of four dynamic bogie tests conducted under the
same impact conditions utilized in the original development study. The study found that proposed
changes to the weld details were rfetsible, but that epoxy anchorages could be used
successfullyThis researcled to the development of an epoxy anchoring optiothipost anchor
utilizing 1-in. (25-mm) diameter, ASTM A307 threaded rods and ain.§203mm) embedment

depth Anchor pdlout was encountered for an embedment depth of 6 in. (152 mm), whilehan 8
(203mm) embedment showed no signs of anchor failure. Thus;ian(803mm) minimum
embedment depth was recommended for the epoxied anchorage design.

In 2011, he Texas A&M Tansportation Institute (TTI) developed and tested a slightly
different version of the stroRgost culvert attachment for use with ai1(787-mm)tall W-beam
guardrail with midspan splices at standard post spacing, as shéwguie3 [8]. For this design,

W6x9 steel posts were welded €@-in. (22-mm) thick steel base platemnd spaced 6 ft 3 in.

(1,905 nm) on centers with midspan rail splices. The posts were attached to the culvert using four
O-in. (22-mm) diameter rods that were epoxied into the concrete witina(@52-mm) minimum
embedment depth and a Hilti chemical adhesive anchoring system. The posts were also located 18
in. (457 mm)from the culvert headwallThe guardrail system was designed for use with a
minimum soil fill depth of 9 in.Z29 mn). Testing of this desiy under the MASH009TL-3
criteria[9] with the 2770P vehicle was successful. However, it should be noted that partial tearing
of the rail was observed in the ingpaegion, which indicated that the rail tensile forces vhagh,

and the pantial exists for rail ruptureThe thicker base plate used in this system may have
increased the stiffness of the barrier and led to the increased rail loads.

I |
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Figure3. MASH-Compliant, MGS Guardrail Attachment to Lowill Culvert[8]
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MwRSFprovided previousun-tested guidance on using thlevRSFversion of the strong
post attachment to meet MASH 20tf6teria [10] when used with the MGS. Based on the
successful testing of the TTI mounting system, it weieted that there would be a good potential
for the system to perform safely under the MASH 2016 criteria. However, MWRSF recommended
the following if the states wish to use the desigh):the haltpost spacing of the NCHRP Report
No. 350 tested systenebetainedand (2) he minimum offset from the back of the post to the
headwall be increased to 18 (457 mm).

These recommendations were made to provide a conservative approach to using the
MwRSF version of the strorgost attachment based on the oragjitesting of that system and the
subsequent testing the TTI design. However, the performance of the MwWRSF version of the strong
post attachment under MASED16TL-3 criteria could not be fully determined without fsltale
crash testing.

Based on the puous NCHRP Report No. 350 and MASA09 testing ofsimilar culvert
mounted guardrail systema/isconsin Department of Transportatidesirel to evaluate the MGS
installed on a culvert with the MWRSF version of the strpogt attachment, hatfost spacing
and a 12n. (305-mm) offset from the back of the post to the culvert headwall.

1.2 ResearchObjective

The objectiveof this researcleffort wasto conduct fulscale crash testing on the MGS
installed on a culvert with the MWRSF version of the strpogtattachmentsingthroughbolts
andepoxy anchorage, haffost spacing, and a 4a. (305mm) offset from the back of the post to
the culvert headwall. Alestswereperformed according to thEL-3 impact safety standards found
in MASH 2016[10]. Additionally, the transition from standard MGS to the cuhmedunted MGS
was to be analyzed and recommendations were made regarding the potential perfofrtrence
transition.

1.3 Scope

The research began widevelopment of the design details for thedified MGS installed
on a lowill culvert with the MWRSF version of the stroRgost attachment witthroughbolts
andepoxy anchorage, hatiost spacing, and &4in. (305mm) offset from the back of the post to
the culvert headwallvas recommended for fudicale crash testing. MASH 203Biidancewas
utilized to determine the critical impact poirits full-scale crash testingwo full-scale crash
tests were condtted according to the MASH 2016 test designation nd$. 8nd 311 to evaluate
the lengthof-need of the designed culvemounted, MGS attachmeiiiinally, the test results were
analyzed, evaluated, and documented. Conclusions and recommendations emematie
pertaining to the safety performance of the tested version of cahoemited, strongost MGS.
Additionally, the transition from the standard MGS to the culwestinted MGS was analyzed
and recommendations relative to that transition performaece given.
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA
2.1 Test Requirements

Longitudinalbarriers such asV-beamguardrail systems attached to concrete box culverts
must satisfy impact safety standards in order to be declared eligible for federal reimbursement by
the Federal Highway Administration (FHWA) for use on the National Highway System (NHS).
For new hardware, these safety standards consist of the guideloh@somedures published in
MASH 2016[10]. Note that there is no difference between MASH 2009 and MASH 2016 for
longitudinal barriers such as the system testedhis firoject, except that additional occupant
compartment deformation measurements, photographs, and documentation are required by MASH
2016 According to TL-3 of MASH 2016 Jongitudinal barrier systems must be subjected to two
full-scale vehicle crash testas summarized ifable 1.

Critical impact points (CIPs) for both impacts were determined based on calculated post
and guardrail beam strengths and the use of MASH 2016 Figldes@ 211 for the 1100C and
2270P veltle impacts, respectively.

Tablel. MASH TL-3 Crash Test Conditions for Longitudinal Barriers

Test Vehicle Impact Conditions
Test Desi e:ation Test Weight, Speed, Evaluation
Article g Vehicle Ib mon | Andle, Criterial
No. P deg
(kg) (km/h) '
2,425 62
Longitudinal | 10 1100C \ 1'100) | (100) 25 ADFHI
Barrier 5,000 62
311 2270P (2.268) (100) 25 A,D,F.H,I

! Evaluation criteria explained ifable2.
2.2 Evaluation Criteria

Evaluation criteria for fullscale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory aftisian. Criteria for
structural adequacy are intended to evaluate the ability afulvertmounted MGSo contain
and redirect impacting vehicles. In addition, controlled lateral deflection of the test article is
acceptable. Occupant risk evaluatesdbgree of hazard to occupants in the impacting vehicle.
Postimpact vehicle trajectory is a measure of the potential of the vehicle to result in a secondary
collision with other vehicles and/or fixed objects, thereby increasing the risk of injury to the
occupants of the impacting vehicle and/or other vehicles. These evaluation criteria are summarized
in Table 2 and defined in greater detail in MASBO16 The fullscale ehicle crash test
documented herein was conducted and reported in accordance with the procedures provided in
MASH 2016

In addition to the standard occupant risk measures, thellRpatt Head Deceleration
(PHD), the Theoretical Head Impact Velocity (TH)\and the Acceleration Severity Index (ASI)

6
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were determined and reported. Additional discussion on PHDY Tand ASI is provided in
MASH 2016.

Table2. MASH 2016 EvaluatiorCriteria for Longitudinal Barrier

A. Test article should contain and redirect the vehicle or bring the vg
Structural to a controlled stop; the vehicle should not penetrate, underrig
Adequacy override the installation although controlled lateral deflection of
test article is acceptable.

D. Detached elements, fragments or other debris from the test i
should not penetrate or show potential for penetrating the occ
compartment, or present an undue hazard to other traffic, pedeg
or personnel in a work zone. Deformatiaisor intrusions into, thg
occupant compartment should not exceed limits set forth in Seg
5.2.2 and Appendix E of MASH 2016.

F. The vehicle should remain upright during and after collision.
maximum roll and pitch angles are not to exceedétiiees.

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.
MASH 2016 for calculation procedure) should satisfy the follow

Occupant limits:
Risk Occupant Impact Velocity Limits
Component Preferred Maximum
Longitudinal and Lateral 30 ft/s 40 ft/s

l. The Occupant Ridedown Acceleration (ORA) (see Appendix
Section A5.2.2 of MASH 2016 for calculation procedure) shg
satisfy the following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum
Longitudinal and_ateral 15. 0 ¢ 20. 49

2.3 Soll Strength Requirements

In accordance with Chapterahd Appendix B of MASH2016 foundation soil strength
must be verified before any fedicale crash testing can occur. During the installation of a soil
dependent systemy6x16 (W150x29 postswereinstalled near the impact region utilizing the
same installation proceduresthe system itself. Prior to fuicale testing, dynamic impact tesf
was conducted to verify a minimum dynamic soil resistance of 7.5 kips (33.4akNbost
deflections between 5 and 20 in. (127 and 508 mm) measured at a height of 25 in. (@&mwam)
theground line If dynamic testing near the system is not desired, MRS8t6permits a static test
to be conducted instead and compared againstshég®f a previously established baseline test.
In this situation, the soil must provide a resistancatdéast 90%of the static baseline test at
deflections of 5, 10, and 15 in. (127, 254, and 381 mm). Further details can be found in Appendix
B of MASH 2016
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3 DESIGN DETAILS

For test NnoSCMGS-1 andCMGS-2, asimulated fourcell concrete box culvert system was
construct e dutdoorTemt@t® IHe dosrcell system was selected to ensure that the
research results were representative of actual box culvert site condit@nstrong post MGS
was henmounted on the culverin the following sectionsjesign details for the test installation
areprovided.

3.1 Culvert Design and Construction

The basic design of the box culvert was based on the design used in the original NCHRP
ReportNo. 350 fullscaletesting and evaluation of the strong post culvert attachment-foeakh
guardrail p]. In this study, the researchers reviewed a variety of culvert design used by state DOTs
and selected a culvert configuration with-an7(178mm) thick concrete top slab. Additionally,
the smulated test culvert utilized no. 4 steel reinforcement bars spacedion(325mm) centers
and placed in two rows throughout than7 (178 mm) thick slab. This combination of slab
thickness and steel reinforcement were believed to provide -@ammevative slab design for
resisting dead and live loads but still provide sufficient capacity to minimize concrete damage.
Therefore, if satisfactory barrier performance were observed in the crash testing program, then
comparable barrier performance wouldebgected for top slab designs with capacities equal to
or greater than that used in the crash tests. Review of Wisconsin standard culvert details found that
their culvert designs utilized a minimum thickness of 8 in. (203 rmoyx.der to be consistent thi
the Wisconsin details while still providing a relatively roonservative design, the simulated
culvert design for the barrier systems evaluated herein was constructed with the satagdssic
and reinforcement as the original NCHRP Repaot 350 tesed system, but ani@. (203mm)
thick slab was utilized to match the Wisconsin standadditionally, the vertical support width
was increased to 12 in. (305 mm) to provide increased soil bearing beneath the supports.

A soil test pitwas excavated ta depth ofapproximately66 in. (1,674 mm) to provide
enoughclearance for constructing the concrete box culdter the soil was excavated from the
test pit, five reinforced concrete vertical support walls and a soil retaining wall were constructed
onthe bottom of the test pias shown ifrigure4. Design details of the culvert and bill of materials
are shown in Figure$throughl7. Construction photographs of the culvert are shown in Figures
18through2l.

Thethree innerconcrete vertical supports had a cemtecenter spacing df27in. (3,226
mm). The vertical suppis were constructed perpendicular to the roadwayshown inFigure8,
the inner vertical supports measuredii2(305 mm) wide, 60 in. (1,524 mm) long, and48 in.
(1,219 nm) high.The two exterior concrete vertical supports measiiged. (305mm)wide, 128
in. (3251 mm) long, and48in. (1,219 nm) high, as shown irFigure9. The soil retaining wall
measured in. (203 mm) wide, 43 ft- 4 in. (13.2m) long, and48 in. (1,219 m) highandwas
constructed on the front of the culvert to prevent the soil fiibimg in beneath the simulated
culvert as shown ifrigurel4.

The top slabmeasure®8in. (1,727mm) wide 8 in. (203mm) thick, and43 ft- 4 in. (13.2
m) long as shown irFigure 11. The headwall, constructed above the top slab, measuried 10
(254mm)wide, 10in. (254mm) high and43 ft- 4 in. (13.2m) long and was located at the back

8



November 22020
MwRSF Report NoTRP-03-383-20-R1

side of the deckA 9-in. (229mm) deepsoil fill was used to create a level ground surface for
testing.

The concrete used for the concrete vertical suppibressoil retaining wall, top slab, and
headwallconsisted of Nebraska 4BD Mix with a minimum compressive strength of 4,000 psi
(27.6 MPa).The actual concrete compressive strength of the vertical supports on test day, as
determined from concrete cylinder testing, i@snd to be approximatel,66 psi 2.1 MPa).

A minimum concrete car of 1%2in. (38 mm) was usefibr all rebar placed within the concrete
vertical supportssoil retaining wall top slab and headwalbll steel reinforcement wa&STM
A615 Grade 60 epoxgoated rebar.

The steel reinforcement for the vertical supportsagdi No. 4 bars for the transverse,
vertical, and bent vertical bars, as shown in Figatbsough9 and12throughl6. Thetransverse
barsof the inner vertical wall supportgere 76in. (1930mm) long and spaced 15% in. (394 mm)
apart as shown ifrigure8. Thebent vertical barsf the inner vertical supportgere64in. (1,626
mm) long and spaced 12 in. (305 maparton center, as shown in Figures 9, 11, andThé
transverse barsf the exterior ertical wallswere130%in. (3,321 mm) long and spaced 6% in.
(425 mm) aparton center, as shown kigure9. The vertical dowel bars in thexteriorvertical
supports werd5in. (1,143mm) long and spaced0 in. 608 mn) aparton centerThelong and
short bent vertical baisf the two exterior vertical supporngere64 in. (1,626mm) and60%zin.
(1,537mm) long, respectively, antthey werespacedl8in. (457 mn) aparton center, as shown in
Figure9.

The steel reinforcement for the soil retaining wall also utilized No. 4 bars for the
longitudinal and vertical baras shown in Figure$4 through16. Each of the six longitudinal
rebar in the soil retaining wall w&s ft (13.1m) long. The length of the longitudinal bar can be
varied as long as the minimum lap lengthl8fin. (457mm) is maintained. The vertical dowel
bars weré4 in. (1,626 mm) long andspaced?2 in. @13 mn) aparton center, ashown inFigure
14.

The steel reinforcement for the top slab utilized No. 4 bargherlongitudinal and
transverse barss shown in Figures 11, 15, and16. Each of thdourteenlongitudinal rebar in
the top slab wad3 ft (13.1m) long. The transverse bars in the top slab vi&éran. (1,448mm)
long, and theispacing varied longitinally. At the outside vertical supports, the loop bars were
spaced 113n. (298 mm) aparton centeras shown irFigure5. The loop bar spacing on either
side of theinside vertical supports was 10 in. (254 mm) on center. Between the supports, the
spacing of the loop bars was 12 in. (305 naparton centerThe vertical spacing between the
transversdars wast¥z in. (114mm) aparton center.

The steel reinforcement for the headwall utilized No. 4 bars for the longitudinal and loop
bars Each of the four longitudinal rebar in theadwallwere43ft (13.1m) long. Theheadwall
loop bars werés 3 k. (1,356 mm) long, and their spacing varied longitudinalas shown in
Figuresb, 11, 15, and16.
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Figurel5. Rebar DetailsTest NosCMGS-1 andCMGS-2
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- Bill of Bars
Bar Qry Size Total Unbent Length Material
alo 18 #4[13] 76"[1,930] ASTM AB15 Gr. B0
all 34 #4[13] 647[1,625] ASTM AB15 Gr. B0
al2 12 #4[13] 130 3/47[3,320] ASTM AB15 Gr. B0
12 1/2"[318] al3 90 #4[13] 577[1,448] ASTM AB15 Gr. B0
@27[51]
S (P
\
-' L L
\"" ral #T ]
1 1
64 1/2"[1638] v |
Part al0
12 1/2"[318]
@2"[51]
/_ (TYP)
i \
\ ] 1 1
S - .
“ “
! 52 1/2"[1334] Ny —‘
Part al1
7 1/47184 ®27[51]
/47184] D
T+ 1 1
\_ L Lr |
1 T
1 1
124 1,/2"[3162] -
Part al12 SHEET:
Culvert for MGS 13 of 14
Attachment DATE:
. ! 0B /02 /2017|
[ ]
‘ | “ ‘ Reb Datai DRAWN BY:
" 5 . ebar Details
| 65"[1651] | Midwest Roadside e
HH CWG. NAME. SCALE: 1.7 |REV. BY:
Part al3 Safe ty FGClllty WI_Culvart_Details_R13 UNITS: . [mrm] |EWB/JEK/C

Figurel6. Rebar Details (Cont.)fest NosCMGS-1 andCMGS-2
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Item

Midwest Roadside
Safety Facility

No QTy. Description Material Spec Galvanization Spec
ai 1 520"x17"x60" [13,208x432x1,524] Reinforce Concrete Culvert Min. f'c = 4,000 psi L[)Z?.G MPa] _
Deck,/Headwall NE Mix 47B
a2 1 [127x48"x120" [305x1,219x3,048] Reinforced Concrete Exterior Support Wall | M- fe = £.000 g?iﬂ[[}”-ﬁ MPa] -
a3 3 |[12°x48"x60" [305x1,219x1,524] Reinforce Concrete Interior Support Wall ~ |Min- fe = 4,000 g?imgz?-a MPa] -
a4 | 1 |8"x48"x520" [203x1,219x13,208] Reinforced Concrete Soil Wall Min. fe = 4000 psi 127.6 MPd] -
as 45 |#4 [#13] Bent Rebar, Vertical Loop, 53 3/8" [1,355] Total Length ASTM AG15 Gr. 60 Epoxy Coated éASTM A775 or
nbent A934)
- n Epoxy Coated (ASTM AV7S or
ab 12 |#4 [#13] Straight Rebar, 45" [1,143] Long ASTM AB15 Gr. 60 Py AQ:E‘I—)
a7 8 4 [#13] Bent Rebar, Support Wall Hook, 60 1/2" [1,536] Total Length ASTM AG15 Gr. B0 Epoxy Coated g:qsm A775 or
nbent A934)
a8 sg |#4 [#13] Bent Rebar, Suppert Wall Hook, 64" [1,626] Total Length ASTM AG15 Gr. 60 Epoxy Coated :EASTM A77S or
nbent A934)
" " Epoxy Coated [(ASTM AV7S or
a9 | 24 |#4 [#13] Straight Rebar, 517" [13,132] Long ASTM AB15 Gr. 60 poxy Ag§4)
al0 | 18 |#4 [#13] Bemt Rebar, Support Wall Hook, 76" [1,930] Total Length ASTM AB15 Gr. 60 Epoxy C“"‘efg:gﬂ?m AFIS er
all | 34 |#4 [#13] Bent Rebar, Soil Wall Hook, 64" [1,625] Total Length ASTM AB15 Gr. 60 Epoxy C“"‘efgéﬁ?m AFIS er
- Epoxy Coated [(ASTM AV7S or
al2 12 |#4 [13] Bent Rebar, Support Wall Hook, 130 3/4" [3,320] Total Length ASTM AB15 Gr. B0 poxy A9§4)
al3 | 90 |#4 [#13] Straight Rebar, 65" [1,651] Long ASTM A615 Gr. 60 Epoxy C““‘efgéﬂgm ATTS or
al4 | 1 |12°x48"x120" [305x1,219x3,048] Reinforced Concrete Exterior Support Wall |Min- fe = 4,000 ﬁ?imgz_"-a MPa] -
SHEET-
Culvert for MGS 14 of 14
Attachment oATE:
08,/02,/2017]
DRAWN BY:
Bill of Materials MES,/JEK

DWEG. NAME
WI_Culvert_Details_R13

[SCALE: Mone
UNITS: in[mm]

REV. BY:
RWE,/JEK/ K
AL

Figurel7. Bill of Materials Test N&. CMGS-1 andCMGS-2
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Figurel18. Concrete Culvert Support Walls Framewoflest

NosCMGS-1 andCMGS-2
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Figure19. ConcretelTop Slab, Headwall, and Soil Retaining Wialamework Test NosCMGS-1 andCMGS-2
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Figure20. Concrete Top Slab and Headwall Constructibest NosCMGS-1 andCMGS-2
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e e e S | IR

Figure21. ConcreteCulvert Superstructure, Top Slab, Headwall, and Vertical Suppass
Nos.CMGS1andCMGS-2
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3.2 Culvert-Mounted, Strong Post MGS

The test installation consisted of 182.3 ft @) of MGSsupported by steel gtswith a
top mounting rail heighof 31 in. (787 mm), as shown in Figure&2 through 40. The test
installation is shown in Figuretl through43. Test nosCMGS-1 andCMGS-2 were conducted
on the same installation; however, post nos. 14 through 21 were replaced before conducting test
no.CMGS-2.

Anchorage systems similar to those used on tangent guardrail terminals were utilized on
both the upstream and downstream ends of the guardrail system. Thewggsteomstratedusing
41 posts. Post nos. 3 through 12 and 27 through 39 were galvanized AS3%ktkel W638.5
sectiongneasuing 72in. (1,829mm) long. Post nos. 13 through 26 were ASTBPBAsteel W6x9
sections measung 40% in. (1,029 mmlpng.Post nos. 1, 2, 4@nd 41 wer&CT posts measuring
5%in. X 72in. X 46in. (140mm x191mm x 1,168mm) and were placed iasteel foundation
tube. Post nos. 1 through 8 and 32 through 41 were spaced Z®05mm) aparton center. Post
nos 8 through 32 were spaced 37% in. (8%@) aparton centeras shown irFigure22. For post
nos.3 through 12 and 27 through 39, the soil embedment depth was(@@®i6 mm). For post
nos. 13 through 26, the soil embedment depth was 9 in. (229 mm). The posts were placed in a
compactegdcoarse, crushed limestone material vattrength that satisfied MASH 2016 critri
For all posts, 8n. x 12in. x 14%in. (152mm x 305mm x 362mm) wood blockouts were used
to offset the rail away from the front face of the steel posts.

Post nos. 13 through 26 were anchored to the top of the concrete culvert using welded steel
plates.A Y-in. thick x 8%in. wide x 12in. long (13mm thick x 216mm wide x 305mm long)
ASTM A572steelplate was welded to the bottom of each pblseé thickness of the baseplate was
selected to allow some deformation of the base plate and corresponding energy abkogptien.
to fully develop theconnection between the baseplate andwgx9 post sections, a special weld
detail was utilized that incorporated @8ss;/16-in. (8-mm) fillet weld on the front flange of the
post and &=in. (6-mm) fillet weld on the web and back flange of the pdke backside of these
postswaspositionedl 2 i n. (305 mm) from the culvertds he

Post nos. 13 through 15, 17 through 22, and 24 through 26 were anchored to the top
concrete slab using four througpolts, as shown ifrigure 24. Four %in. (25mm) diameter by
10%zin. (267mm) long ASTM A307 hex head bolts were placed through each top base plate and
the concrete deck and were held in place &#hin. wide x 12in. long X ¥#in. (216mm wide x
305mm long x Bmm) thicksteel washer plates below the sd@b.Note that the onpiece washer
plate below the top slalsed for testingouldbereplaced by individual 3%hn. wide x 3%in. long
X Yrin. (89-mm wide x893-mm long x 6mm) square washer plates if desirBdst nos. 16 anzi3
were anchored usin@0-in. (254mm) long epoxied threaded rodwith an 8in. (203 mm)
embeddedlengiue t o the presence of ,asklswnididgure2br t 6 s i
This alternative anchorage detail was developed in previous research@ffort |

A concrete culvertas previously described in Secti8ri, was constructed at the center of
the system. The maxi mum di me6Om.i(lbdsnmavideanch e c ul
8 in. (203 mm) thick with a10-in. (254mm) wide x 9-in. (229-mm) high headwall positioned
flush with the backside of the top slab,psviouslydescribedThe length of the culvert wak3
ft - 4in. (13.2m) long and the culvert spanneaim 16%in. (413mm) upstream from the center
of post no. Bto 16%in. (413mm)downstream from the center of post n6. 2
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2187 1/2"[55563]

520713208

PLAN VIEW

Concrete Culvert /

{See WI_Culvert_Details
Drawing for details)

3—10 of MAZH criteria.

ELEVATION VIEW

Mote: (1) Test shall be performed accerding te test designation no.

(2) The impact location is 84" [2,134] upstream of the splice at

post no. 19.

(3) BCT anchors are placed in @3 [914] holes, then backfilled

and tamped with seil
(4) Critical region is between post nos. 13 and 29.

B4 [2134]
41 40 39 38 37 36 35 34 33 32 30 28 |26 24 22 20|18 |16 14 |12 10 B 7 6 5 4 2 1
i i i i i IiliillLllllilllllllllllllllllgIIIII Ivlllh i i i i
11 Ll
) " — - 37 1/2"[953
75"[1905] 21 1/4 [539]_.| - ~—_ 25 mé) [for ]
TYP) for L Post Nos. 8-32
Post Mos. 1-8 Impact
& 32—41 1100C

Midwest Roadside
Safety Facility

MGS Strong Post on

Culvert
Test No. CMGS—1

System Layout

CWG. NAME.
WI_MEZ_pn_Cuhvert_R12

SCALE: 1:230 |REV. BY:

UNTS: in[mm] ﬁtﬂ%ﬂa;

Figure22. System Layout, Test NGMGS-1

TH-02-€88-€0dH [ON Hodoy 4SHMA

0202¢ 18quisnoN



0€

' 2187 1/2"[55563]

520" 13208]

/

Concrete Culvert
(See WI_CuIvert_Details_/ ELEVATION VIEW

Drawing for details)

1327[3353]
41 40 39 38 37 36 35 34 33 32 30 28 (|26 24 22 20|18 16 14 |12 10 B8 7 6 5 4 3 2 1
i i i i i I . I IIIIIIIIHIF f Jhulllq w fLJl_ i 1 A i i i i i i
Ll LU L -
“ — 25 37 1/2"953]
n 21 1/4"[539 ~.
75"[1905] /41538] e ~L, L—L (TVP) for
TYP) for T Post Nos. 8-32
Post Mos. 1-8 Impact
& 32—41
2270P
PLAN VIEW
r_kEEJ ‘ {alr ‘ {o1) ‘ 1D ‘ ot ‘ (a1} ‘ {al) {(a1) ‘ {al y=—al} i (al) ‘ {al) ‘ LEl)“rEEW'_{EZ}_'
C B A
Ground
: T EETEEEEEE ==
Line nn 7 1 10 | ||||||y|r||||rr|:||||1.:||||:||||||| [ 1 1 Inﬂ
| | Ll | |
L_..C =B LA

Mote: (1) Test shall be performed according to test designation no.
3-11 of MASH criteria.
(2) The impact location is 1327 [3,353] upstream of the splice at

post no. 19.

(3) BCT anchors are placed in 3" [914] holes, then backfilled
and tamped with seil

(4) Critical region is between post nos. 13 and 29.

TEFEET:
MGS Strong Post on 1of 18
Culvert e |
Test No. CMGS—2 R/
[OREWN BY- |
. . System Layout MES /JER
Midwest Roadside bR/
SGfEty FCICI|Ity DWG. NAME [SCALE: 1:230 |REV. Br:
WI_MGS_on_Culvert=2_R2 UNITS: in.[rmm] |RWE

Figure23. System Layout, Test NGMGS-2
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Concrete Culvert
(See WI_Culvert_Details
Drawing for details)

I
>\\’ 31"[788]
305]T e )

Compacted Soil

Ground

\& Line

48"1219]

Subgrade

g S ——

Ground Line

18"[457]

DETAIL D

SCALE 1

8

SECTION A—A
Post Nos. 13—-15, 17-22
& 24-26

Native Soil

Note: (1) A 1" [25] dia., 12" [305] long threaded rod was
substituted for belt €3 at post nos. 14,

22, 24, and 25 to

with deck saq.

15, 17, 18, 21,

allow for proper installation in areas

Safety Facility

WI_MGE_on_Cuhert_R12

UNTS: in.[mm]

[EFEET:
MGS Strong Post on 2 of 18
Culvert CATE:
Test No. CMGS—1 e Gl
DRAWN B
) ) Post Nos. 13—15, 17—-22 &
Midwest Roadside| 24-26 Detail Hpa/ =/
DWG. NAME. SCALE: 1:30 REV. @Y:

JE¥ /RWB,
KAL;'{JCHI

Figure24. Post Nos. 13 through 15, 17 through 22, and 24 through 26 DéwgsNe. CMGS 1 andCMGS-2

TH-02€8€-€0dHION Hoday 4SHMA

020¢Z 19quanoN



(A

Concrete Culvert

Drawing for details)

(See WI_Culvert_Details —__

Compacted Sail

Ground

=
le?)
N S —
——
S,
12"[305] - 31"[788]
(a1}
8d)
“'\-\_\_\ *
-
\‘\

-_;]I @g& \g[ %EQ] \ Line

N i i | M
T . g S F——.
i — 7 i i | i
1 i 1 1 I:I:
II:I
'IIII
Illll \.H
48"[1219] Il ~<
Subgrad i .
unqra e_ :I . ) .
Ground Line T e B o it o= — Mative Sail
" I
8 [45?] 1 I [} Il 1 I:
1 i I i I i |l
1 1 1] I Ul

SECTION B-B

Post MNos.

16 & 23

Note: (1) Posts nos. 16 and 23 are epoxied in the concrete culvert at a depth
of B” [203] with Powers Fasteners AC100+ Gold epoxy or an equivalent
epoxy with a minimum bond strength of 1,305 psi [9.0 MPa].

The holes for the 17 [25] threaded reds (part e¢9) that interface only
with the B" [203] concrete deck need to be taped on the bottom side
of the deck to retain the expoxy in the hole.

(2)

SHEET:
MGS Strong Post on § of i@
DETAIL E Culvert oyezaon
SCALE 1 : 8 Test MNo. CMGS—-1
Post Nes. 16 & 23 Detail e
. . ost Nos. etn

Midwest Roadside ' e/ e/

Sﬂfety FCICi”ty DWG. NAME QC.»\LE:-l:]G REV. BY:

WI_MGS_on_Cuhvert_R12 UNITS: in_[mm] ﬁﬁm{

Figure25. Post Nos. 16 and 23 Detailggst N&. CMGS1 andCMGS-2
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DETAIL F
SCALE 1 : 8

Mote: (1) Guardrail belts (part ¢5) on the upstream side of the web.

FRONT SIDE
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| ] | ]
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|| L La
Post No. 4 Post No. 3
SECTION C—-C
(o8 SPLICE DETAIL
e

Midwest Roadside
Safety Facility

MGS Strong Post on
Culvert
Test No. CMGS—-1

Splice and Post Detail

WG, NAME.
WI_MGE_on_Ouhvert_R12

Figure26. Splice and Post Detail$est N&. CMGS-1 andCMGS-2
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BACKSIDE (TYP) i
Culvert CATE:
Test No. CMGS—1 HERE
) i End Section Details ez
o Midwest Roadside i
& 2) is mirrored. CWG. NAME [SCALE: 1:20 |REV. &Y

Mote: (1) Downstream end section (post nos. 1

Safety Facility

WI_MGE_on_Cuhvert_R12
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Figure27. End Section Details[est N&. CMGS-1 andCMGS-2
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DETAIL 1

m
1
1
1
1
1

o)

-
1 L -
J______d_a- -
DETAIL H

Note: (1) Additional washer (part d1) on the opposite
side under the head of belt (part e1).

e SHEET:
I — MGS Strong Post on & of 16
DETAIL G Culvert [BATE: |
Test No. CMGS—1 il
BCT Anchor Detail o
. . nchnor elals
Midwest Roadside B/
SL’JfEty FCICI|Ity DWG. NAME [SCALE: 1:6 REV. BY:
WI_MGE_on_Culvert_R12 UNTE: in.[mm] ﬁ'fﬂ?ﬁf

Figure28. BCT Anchor DetailsTest N&. CMGS1 andCMGS-2
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Figure29. Foundation Tube and BCT Timber Post Detdilsst N&. CMGS1 andCMGS-2
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Figure30. Post Nos. 1 through 12 and 27 through 41 Component D&tagsN®. CMGS-1 andCMGS-2
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PLAN VIEW
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4

ELEVATION VIEW

Notes: (1) Welding is to be completed using the Gas—Metal Arc Welding (GMAW)
process with ER705-3 welding wire and argon oxygen or COZ cover gas.

(2) Requires certified welder.

Weld, "X" Weld, "Y"
in. Emm] in. [‘mm]
1/4" [6] — Single Pass [5/16" [8] — Triple Pass
40 1/21029] 41"[1041]
1/2"1313
PROFILE VIEW
[SHEET:
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Post Nos. 13—26 Assembl ey
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Figure31. Post Nos. 13 through 26 Assemblyt8its, Test N&. CMGS-1 andCMGS-2
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Figure32. Post Nos. 13 througbk6 Component Detail§,est N&. CMGS-1 andCMGS-2
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Figure33. BCT Anchor CableTest N&. CMGS-1 andCMGS-2

TH-02€8€-€0dHION Hoday 4SHMA

020¢Z 19quanoN



144

3"[76] 5/8"[16]~ |—
@1 1/829] 1 1/2"[38] 3/3"[10]4‘ —87203]— |
*\ 31 1/829]
2 3/4"[?01\%}——*—» H .
1 3/8735] 8"203] ) ]
f f (_r;__L -B-
3"[76]
ELEVATION WVIEW PROFILE VIEW ‘
. i -
Ancher Bracket End Flate ‘|4 [102]L’
ELEVATION VIEW PROFILE WVIEW
Three FPart e3
Sides = = ~——Anchar Bracket
ide 1/4" [6]l75 1/2" [138] // End Plate
P
13/16"T21
o & . 13/16721]
- F
p3/4"[19]
(TYP)
—@2 3/8"[60]
PLAN VIEW 7
— >
g — N
" 5/32"[4
#T102] L 61527 /327[4]
#1102] #1102] 55 ELEVATION VIEW PROFILE VIEW
2“[51]_|"_‘ "_“'_2"[51] \/ Part e2
=] = =) =) %\,\
1 3/4"[44] _QJ,'
________________ S
=] (=] =] =] ’
5 5{3"[143]j
SHEET:
ELEVATION VIEW PROFILE VIEW MGS Strong Post on 12 of 18
Part f2 Culvert |oATE: |
Test No. CMGS—1 /ey
BCT Post C ts & T
Midwest Roadside| Anchor Brocket Y=
Sr:lfety FCIC”ity DWG. NAME ﬁmLE:_hE REV. B:
WI_MGS_on_Cubert_R12 UNTS: in.[mm] |JEX /RWE,"
KAL/JCH

Figure34. BCT Post Components and Anchor BracRetst N&. CMGS1 andCMGS-2

TH-02€8€-€0dHION Hoday 4SHMA

020¢Z 19quanoN



A%

= Strut Yoke —,
~3/16" [5] \
— 7/ \

PLAN VIEW
3/16° [5] I~

I 787[1981] y
75"[1905] ‘

Eli [ =l

ELEVATION VIEW
Part f1

67°[1702]

B"[152]

ELEVATION VIEW
6"x3" [152x76] 10 Gauge

8 1/2”[215T—
N

T 1T 5 1/27140]
. J| N
RS{TIYSPJ[S] ' L:s/15"[5] f
PLAN VIEW
1 1/27[38]
1 1/2"[38] [i
/27131 j _L

- . 3°[76]
4 1/4"108] \_R1/2713] \._r

A\
#7/8"%2" [22x52] Slot—

ELEVATION VIEW PROFILE VIEW

Yoke

R1/2"1
(TYF)
PROFILE VIEW
[3.4] Strut
[SHEET:
MGS Strong Post on A
Culvert | ra—
Test No. CMGS—1 11,422,207

Midwest Roadside

DRAWN BY-
Ground Strut and Bearing Plate [yes ey
o

Safe-ty FGCility DWG. NAME. [SOALE: 1:16 REV. BY:
WI_MGE_pn_Culvert_R12 UMTS: in_[rmm] .ﬁlﬁ:‘;\l}?&f

Figure35. Ground Strut and Bearing Plafeest N&. CMGS-1 andCMGS-2

TH-02€8€-€0dHION Hoday 4SHMA

020¢Z 19quanoN



ev

87 1/272223]

43 3/4"[1111]—

162 1,/2"[4128]

12 Gauge [2.7]7

K

—— F——=\

|

= = = =1/
37 1/2"5953] .

= e — $3/4"x2 1/2"[19x64] Slot
(Tve)
ELEVATION VIEW
Part a3

@17

:

PROFILE VIEW
@3/4"x

1 1/4"[25x32] Slot
(TvP)

2 1/2"[19x64] Slot
(TvP)

43 3/471111]——37 '{T\%PBQT’]_..

“s 1{%";2)216]"

6 1,(/;{&)159]

DETAIL K
SCALE 1 : 10

12 Gauge [2.7]

o]
b 2751]

= = = E‘l =
\\_93/4&2 1/2"[19x64] Slet
ELEVATION VIEW (TYP) PROFILE VIEW
Part al .
o e »3/4"[19] 4(%2)2]
(TvP)
162 1/2"[4128] \'\,
L 93"2362] 57 1/2°1461]—+| 12 Gauge [2.7] fi}
A s s & =
—_— = = = — E
— - - DETAIL L
" A 3/4"x2 1/2"[19x64] Slot
Lfofa 3/4" 1111 ]—=p Y7 '(fgpg%?’]_. \_93/4"x {TYF!:} x64] Slo SCALE 1 : 15
PROFILE VIEW
ELEVATION WVIEW
Part a2
MGS Strong Post on ?:E:m
Culvert CATE:
Test No. CMGS—1 /e
i ) Rail Section Details vz
Midwest Roadside bl
nget Facilit DWG. NAME. SCALE: 1:30 REV. BY:
y y WI_MGE_en_Oulert_R12 UNITS: in_[rmm][JEx,/RWE,/
KAL/JCH

Figure36. Rail Section DetailsTest N&. CMGS 1 andCMGS-2

TH-02€8€-€0dHION Hoday 4SHMA

020¢Z 19quanoN



14%

107[254]

5/8"=11 UNC—, [t——9/16714]

i i R

1 3/4"[44] 1

Part e1

87203] 3/4"[19];‘-——'
7/8"-9 UNC—

- — 5

2 1/47[57]

Part c2

10 1/2"[267] |

1"—8 UNC ‘ 7/8722]

s ——————

2 1/2"[54]————|

Part c3

/—l —8 UNC —

1 1/2"[35]4'-—-‘
jS/B"—11 UNC

T

7/8722]

9/16" 14]<‘_-‘

Part c4

&)

= = === =% === === 1l SHEET-
= MGS Strong Post on 15 of 16
. - - ) Culvert TATE:
107[254] 11,/22/2017
" Test Mo. CMGS—1
Part c9 Part c10 ’
DRAWN BY:
" . System Hardware
Midwest Roadside Hhi/
SGfEty FCICIlIty DWG. NAME [SCALE: 1:3 REV. BY:
WI_MGS_pn_Cubert_R12 UNTS: in.[ram] ﬁﬁlm?/

Figure37. System Hardware Detail$est N&. CMGS-1 andCMGS-2

TH-02€8€-€0dHION Hoday 4SHMA

020¢Z 19quanoN



14

i 14"[356]

9/167[14]
]

B

‘ 10"[254]

5/8"-11 UNC—\
{

4"1102]

Part <8

’-——'71 1/4732] _179/15"[ 14]
5/8"-11 UNC
(= &

Part c6

@2 1/27[64] —"—_3/16“[4]

—-t—t—--r -H-

)

e

1 1/16"[2?]V--_!_--<
Rl

Part d3

47102]—

Part 5

’.__'79/1 6 [14]

‘@‘ —@1 3/4"[44]
1

£
{1

@11/15“[17]J2::"/

Part

®2 1/4"[57
/ [57]

®15/16"724] -
e

-H-—us“[a]

_"_73/15“[4]

di1

Part d2

Midwest Roadside
Safety Facility

SHEET-
MGS Strong Post on 16 of 18
Culvert TATE:
Test No. CMGS—1 /s

DRAWN BY:
System Hardware MES /JER

O™

REV. BY:

DWG. MAME. [SOALE: 1:3
WI_MGE_pn_Cublvert_R12 UNITS: in_[rmm]

JEK /RWB,
K.lL;”IrJCHI

Figure38. System Hardware Detail$est N&. CMGS-1 andCMGS-2

TH-02€8€-€0dHION Hoday 4SHMA

020¢Z 19quanoN



14

Figure39. Bill of Materials, Test N&. CMGS-1 andCMGS-2
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