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1 INTRODUCTION

1.1 Background

Over the last several decades, the southwedii@ited Statesexperienced numerous
forest fires, prompting a need for more preventive technique2000, President Bill Clinton
initiated the creation of the Nahal Fire Plan, which focused diour main goals(1) improve
prevention and suppressidi2) reduce hazardous fuel8) restore fireadapted ecosystemand
(4) promote community assistancg.|

Historically, fuel managemeitas been a commonised technique for fire protectiolm.
the 1960s, th&).S. Department of Agriculture (USDA)Forest Service began nmaging fuels
by usingcontrolledburn techniqueswhich are generally effectivi2]. In order to remove the
smaltdiameter forest thinnings (SDT) from a certain area, fires were staitiedtentainment.
The thinnings, which could help fuel a fire in the future, consisted mostly of pine and fir species.
However, due to both the lack of economic benefits and the high risk involved with controlled
burn methods, more cesfficient methods we sought to remove the smdibmeter forest
thinnings.

Smaltdiameter trees can be used in a variety of ways, inclulliner, structural
roundwood, wood composites, wobider products, compost, mulchnd fuels 3]. By removing
the potential fuel and selling it as variqu®ducts the cost of SDT removal woulibpefullybe
recovered.Therefore, more uses for smdibmeter treeshould be developedn order to
increase the product potentjd]. In response to this need, researchers at the Midwest Roadside
Safety Facility (MWRSF), in cooperation with therEst Products Laisatory (FPL) and the
USDA - Forest Servicedeveloped an adaptation of the Midwest Guardrail System (MGS) that

utilized SDT materials as timber pos§.[The studydeterminé appropriate sizesf Southern
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Yellow Pine (SYP), Douglas Fir (DF), and Ponderosa Pine (PP) round posts feithisethe
31-in. (787mm) tall corrugated Weam system.

In recent years, several unexpected forest fires also harngedftaests of PP timber in
the gate of Arizona. With such vast forests of affected timber, local producers within the timber
industry deemed it necessary to further explore the use of PP material as posts in guardralil
systems.Two additionalW-beam guardail sysems were identified as systems that may be
compatible with PP posts: the U.S. standard G4(2W) guardrail system and the A2onA-
beamguardrail systemAlthough these guardrail systems utilize similar components to the wood
post version of th&1GS, differences in rail height and embedment depiktbetween the three
systems, as shown ifable 1. As a result there may ben different post performance
requrements for each systeriherefore further research was undertaken in a combined effort
between MWRSF, thelSDA-Forest Serviceand FPL to determine the appropriate dimensions
(diameter and length) and embedment depth of round PP posts for use wihitwbeMbeam
guardrail systems.

Phase | of this PP equivalency study incorporated 17 dynamic component tests on various
wood posts6 of theseon rectangular SYP posts add on round PP posts witbiameters
bet ween 8E in. and 8 |Basetan thé¢ rasll3 of these @ommbnelt B&s, mm)
an 8%in. (216mm) diameter PP post with a-8% (889mm) embedment depth was found to
provide strength and saibtationresistancequivalent tahe rectangular SYP posibedded 35
in. (889 mm) f]. Subsequently, this equivalent round PP post was recommended for use as a
surrogate post for use in the Arizona guardrail system, as noted Wabie 1. However, an
equivalent round PP post had yet to be determined for use in the U.S. standard G4(2W) guardrail

system.
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Tablel. Wood Post Options for Wdeam Guardrail Stems

Top Rail Rectangular SYP Post Option Round PP Post Option
System Height c
in. Ser(?tisosn Length | Embedment| Diameter| Length | Embedment
(mm) . in. Depth in. in. Depth
n. (mm) in. (mm) (mm) (mm) in. (mm)
(mm) ) '
MGS 31 6x8 72 40 8 69 37
(787) | (152x 203) | (1,829) (1,016) (203) (1,753) (940)
Arizona 28 6x8 64 35 8Y2 64 35
System (711) | (152x 203) | (1,626) (889) (216) (1,626) (889)
U.S. System| 27% 6x8 72 43Y,
G4(2W) (705) | (152x 203) | (1,829) (1,099)

LI Determined durindPhase | of project
™ To bedeterminedn this Phase 1l project

1.2 Objective

The objectivefor this project was to determinedlappropriate size and embedment depth
for round PP post to serveas a surrogate fahe 6-in. x &in. (152mm x 203mm) SYP post
used inthe U.S. standardG4(2W) guardrail systemThis component testing equivalency study
was conducted to determine an alternative round wood post for use in existing guardrail systems
that have met or been grandfathered under the impact safety standards published in the Nationa
Cooperative Highway Research Program (NCHRP) Report No. B50n[addition, the study
would examine th@ostsoil behaviorfor PP round postand SYP rectanguigostssubjected to
impact loading
1.3Scope

The research objective was achieved through the completion of severallnaghly,
preliminary PP post dimensions were determined based on the results obtained from Phase | of
the project. Next, a total afine dynamic component tests were conducted alanmgalar SYP

and round PP postsrer two rounds of testing he first round of testing was condedin a stiff,
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strong soilto compare thetrength of the twgost alternativeswhile round two of testingvas
conducted in anoderatelycompacted soil to compare theilsresistiveforces The test results
were analyzed, evaluated, and documented. Fuersus displacemerand energyversus
displacementharacteristics of the PP posts were compareithdee obtained forSYP posts.
Finally, conclusions and recommendations were made that pertain doatheter, length, and
embedment deptfor round PP postthat providecomparableperformance t&YP poss used

within the US. standards4(2W)guardrail system
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2 COMPONENT TESTING CONDITIONS

2.1 Test Facility

The test facility is located at the Lincoln Air Park on the northwest side of the Lincoln
Municipal Airport. The facility is approximately 5 miles (8 km) northwest from the University of
Nebraskalincoln city campus
2.2 Equipment and Instrumentation

Equipment and instrumentation utilized to collect and record data during the dynamic
bogie testsincluded a bogie, onboard accelerometers, optical speed trapsgegd and
standarespeed digital video cameras, and a stithega.

2.2.1Bogie

A rigid-frame bogievehiclewas used to impact the posés impact head, with aenter
height 0f21.65 in. (550 mm), was us@dthe testingorogram The impact headonsisted of &-
in. (203mm) steel pipe wrapped ith a ¥in. (19mm) thick reoprene belting to prevent local
damage to the posturing the impactevent The bogievehicle with impact head is shown in
Figure 1. The bogie weight includingimpact head andiccelerometersvariedthroughout the
testing progranbut remained betweeh,633Ib and1,928Ib (741kg and875 kg).

A pickup truck with a reverse cable tow system was used to propel the bogie to a target
impact speed. When the bogipproached the end of the guidance system, it was released from
the tav cable, allowing it to be fremlling when it impacted the post. A rematentrol braking

system was installed on the bogie, allowing it to be brought safely to rest after the test.



Figurel. Rigid-Frame Bogie/ehicle

2.2.2Accelerometess
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A combination of éur different environmental shock and vibration sensor/recorder

systemswere mounted on the bogieshicle near its center of gravity(c.g.) to measure the

accelerationsn the longitudinal, lateral, and vertical directiohowever, only the longitudinal

acceleration was processed and reporfdte specific accelerometers utilized during each

component test are shownTiable2.

Table2. Accelerometers Utilized During Each Component Test

Test No.

SLICE-1

SLICE-2

DTS

EDR-3

SYPUS1

X

SYPUS?2

X

X

PPUS1

PPUS2

PPUS3

PPW1

PPW2

PPSYPW1

PPSYRV-2

XX XXX | XX

The first two systems, the SLIGEand SLICE2 units, werenearly identicalmodular

data acquisition systems manufacturedDiyersified Technical Systems, IndDTS) of Seal
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Beach, California. The acceleration sensors were ntednnside the bodies of custdomilt
SLICE 6DX event data recorders and recorded data at 10,000 Hz to the onboard
microprocess@ Each SLICE 6DX was configured with GB of nonvolatile flash memory, a
rangeof N500 gos, a s a mpa 1650rHa (CEC 1600) aditasing Oitér. H z a
The ASLI CEWareo computer software program an.i
were used to analyze and plot the accelerometer data

The third accelerometer sgst the DTS unit, was a twearm piezoresistive
accelerometer systemmanufactured by Endevco of San Juan Capistrano, California. Three
accelerometers were used to measure each of the longitudinal, lateral, and vertical accelerations
independentlyt a samp rate of 10,000 Hz. The accelerometers were configured and controlled
using a system developed and manufactured by DTS. More specifically, data was collected using
a DTS Sensor Input Module (SIM), Model TDASIM-16M. The SIM was configured with 16
MB SRAM andeightsensor input channels with 250 kB SRAM/channel. The SIM was mounted
on a TDAS3R4 module rack. The module rack was configured with isolated
power/event/communications, 10BaseT Ethernet and RS232 communication, and an internal
backup battery. Boththe Slidnd modul e rack were crashworthy
computer software program and a customized Microsoft Excel worksheet were used to analyze
and plot the accelerometer data.

The fourth system,the EDR-3, was a triaxial piezoresistive accelerometgstam
manufactured bynstrumented Sensor Technology, IN&T) of Okemos, Michigan. The EDR
was configured with 256 kB of RAM, a range o
1,120 Hz lowpass filter. T h e ADynaMdy corhputdr Bdftware progm and a

customized Microsoft Excel worksheet were used to analyze and plot the accelerometer data.
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2.2.3Retroflective Optic Speed Trap

The retroreflective optic speed trap was used to determine the speed of the bogie vehicle
before impact. Three retroreflea targets spaced aapproximately 18n. (457#mm) intervals
were applied to the side of the vehicle. When the emitted beam of light was reflected by the
targets and returned to the Emitter/Receiver, a signal was sent to the data acquisition computer,
recording at 10,000 Hz, as wel the external LED bgactivating the LED flashed.he speed
was then calculated using the spacing betweenetinereflective targetand the time between
the signalsLED lights and higkspeed digital video analysis aralp used as a backup in the
event that vehicle speeds cannot be determined from the electronic data.

2.2.4Photography Cameras

OneAOS high-speeddigital video camergoneJVC digital video camerand one GoPro
Hero 3 digital video camenaere used to documenaeh testThe AOS the JVC, and the GoPro
digital videocamera hadframe rate of 500 frames per secon#9.97 frames per seconand
120 frames per second, respectivédameras were placddterally from the postvith a view
perpendicular to the bogi e s still gameracwaslsousedo f t r
to document preéestand postiest conditions for all tests.
2.3End of Test Determination

Whentheimpacthead initiallycontactghe test article the force exerted by the surrogate
test vehicle is directly perpendiculdiowever, a the post rotas, the surrogate test vehitle
orientation and path movestiaer fromperpendicularThis introduces two sources of error: (1)
the contact force betwedhe impact head and the post has a vertical component artlde(2)
impact headslides upward along theest article Therefore only the initial portion of the

accelerometer tracmay be usedsince variations in the data become significant as the system
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rotates and the surrogate test vehicle overrides the syStanthis reason, the end of the test
needed to be defined.

Guidelines were established to define the end of test time umnigighspeed videf
the crash test. The first occurrenceetther of the following events was used to determine the
end of the test(1) the test article fractures (2) the surrogate vehicle overrides/lesmntact
with the test article
2.4 Data Processing

The electronic accelerometer data obtained in dynamic testinfjltessd using the SAE
Class 60 Butterworth filter conforming to the SAE J211/1 specificati8hsThe pertinent
acceleration signal was extracted from the budlkhe data signals. The processed acceleration
data was then multiplied by the mass of the b
Law. Next, the acceleration trace was integrated to find the change in velocity versughgme.
initial velocity of the bogie, calculated from tlogtic speed tragata, was then used to determine
the bogi® sy el oci t vy, and the <calculated velocity
displacement. This displacement is also the displacenfette post. Combininghe previous
results, a force vs. deflection curve was plotted for each test. Finally, integration of the force vs.
deflection curve provided the energgrsis deflection curve for each test.

Although the acceleration data was applied to the impact logdtie data came from the
center of gravity of theigid bogie. Erromay bepotentially inducedy the datasince the bogie
may not be perfectly rigid and sustasnvibrations. The bogie may rotate during impaeents
causing differences in acceleratiobhetween the bodiegenter of mass and the impact head.
While these issues maptentially affect the data, theffects are believed to be very small for

such shorduration events. Thus, th#ata was stilldeemedvalid for comparative purposes
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Filtering procedures were applied to #lectronicdata to smooth out vibrationiBherotations of
the bogie were minolOne useful aspect of using accelerometer data was that it inchedtadl
influencesin thep o sresBtveforce.Mass effectsvere considred beneficial as they caiffect
barrier performance as well asfluencetest resultsThe accelerometer data for each test was
processed to obtain acceleration, velocity, and deflection curves, as well asvéosce

deflection and energyersis deflection curves

10
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3 DYNAMIC COMPONENT TESTING ROUND 1 T STRONG SOIL

3.1 Purpose

Both the Manual for Assessing Safety Hardwaf®ASH) [9] and its predecessor,
NCHRP ReportNo. 350 [7] require fll-scale crash testing of salependent systems to be
conducted within a stiff, strong soil. Thus, it was logical to conduct bogie testing on the guardralil
posts within a strong soil that satisfies the MASH requirgnfdthough three bogie tests were
conducted on the U.S. standard rectangular SYP post in strong soil during Phase | of this project
[6], additional bogie testwere desired to coincide with the testing of the round PP posts to
ensure similar soil strength/stiffness in which to draw comparisons. Therefore, RouRtidsef
Il component testing consisted of both standard rectangular SYPapdstsund PP posts.
3.2 Smpe

Round 1of the Phase Idynamiccomponent testingonsisted of five tests. Two tests,
tests nos. SYPUS and SYPUS, were conducted on U.S. standard G4(2W).& &-in. (152
mm X 203mm) rectangular SYPostsembedded 43%a. (1,099 mm) in strong shias shown in
Figures2 and3. The other three tests, test nos. PRUBrough PPUS , wer e conduct ec
in. (219mm) diameter round PP posts embedded 36 in. (914 mm) in strongsaihown in
Figure4 through6. These PP post dimensiomdlected theestimatedequired post siz#& match
the strength and soil resistance of the.l$t8ndard G4(2W) rectangula¥ B postbased on the
resultsobtained during Phase | of this projelttshould also be noted that the PP round post
grading criteriawere updated after Phase | of this @at to include limits on the size and
location of checks on the post® compacted, coarserushed limestone material, as

recommended by MASHD], was utilized fo all component tests.

11



February 42015
MwRSF Report NoTRP-03-315-14

The target impact conditiorsonsisted oan impactspeed of 20nph (32 km/h) and an
impactangle of90 degr ees, cr e a-b n afygllefmntatimpact and strangxisit h e a d
bending.To satisfy theU.S. G4(2W) standardsthe posts were impacted1.65 in. (550 mm)
above the groundlinéor all tests This load application height corresponded to the center of
metricheight, Wbeam guardrail system3he complete test matrix for the first round of
dynamic component testing is stio in Table 3. Material specifications, mill certifications, and

certificates of conformity fothe SYP and PP poshaterias areprovidedin Appendix A

Table3. Phase IIRound 1 Component Testing Matrix

Post Post Embedment Orientation Target Speed
Test No. Material CrossSection Depth (deg) mph
in. (mm) in. (mm) 9 (km/h)

6x8 43, 20

SYPUSL | SYP 1 152 x 203) (1,099) 90 (32)
6x8 43, 20

SYPUS2 1 SYP 1 152 x 203) (1,099) 90 (32)
?8.68 36 20

PPUS1 PP (2220) (©014) NA (32)
?8.59 36 20

PPUS2 PP (©218) (014) NA (32)
?8.56 36 20

PPUS3 PP (@217) (014) NA (32)

12
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Note: (1)

3'-0" [914] Diiigtar—" |
Augered _hole with
AASHTO™ M147—-65 Grade B
compacted
acceptable alternative

Test Quantity Post Species e % ?r:m 2152": mm] Bogie No. r?)%%\ie[l?rg?hﬁ
2 Southern Yellow Pine 6x8 [152x203] 3 20 [32.2]
a
- = = = =
K 1 | v,

/—Groundline

@ MwRSF Bogie No. 3—Small Bogie
28 L/4" /
[730]
Soil
43 /4"
[1099]
L]

soil or

For the load height of 21.65"” [550], the rear bumper of the small bogie
may be used as the impact head.

Midwest Roadside
Safety Facility

Southern Yellow Pine
Post for U.S. Standard

Test Setup
DWG. NAME. [SCALE: 1:44
SYP-US_R2 UNITS: in[mm][KAL

Figure2. Bogie Testing Matrix and Setppest NosSYPUS1 and SYPU&
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ltem No.

QrY.

Description

Material Specification

Hardware

al

6"x8"x72" [152x203x1829] Southern Yellow Pine (SYP) Post

SYP Grade No. 1 or better PDEO2

Vi

£ 2
&
[152]

T "
A s -

72"

[1829]

Part a1

Midwest Roadside
Safety Facility

Southern Yellow Pine
Post for U.S. Standard

Bill of Materials/Wood Post
Details

DWG. NAME. : 1:16
SYP-US_R2 : in.[mm][KAL

Figure3. PostDetails Test NosSYPUS1 andSYPUS2
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Groundline

Embedment Top of Post Post Lénath Load Heiaht Bogie S
Test Quantit Post Species Diameter, Depth Height 08t Lol i s Bogie No. ogie Spe
¥ " inl. mm in. [mm] in. [‘?nm] s Lmm 0 [nm ’ mp?\ [km/eh(i
3 Ponderosa Pine | 8 5/8 [219] 36 [914] 29 [737) 65 [1651] 21.65 [550] 3 20 [32.2]

MwRSF Bogie No. 3—Small Bogie

/Groundline

3'-0" [914] Diameter
Augered _hole with

AASHTO' M147—65 Grade B [ 2
compacted soil or [76]

acceptable alternative

Notes: (1) For the load height of 21.65" [550], the rear bumper of the small

bogie may be used as the impact head.

(2) Round posts shall be soaked before testing and allowed to air dry
for two days in a warm environment.

(3) The critical zone diameter, measured 37" [940] from_the top of
post, shall be greater than or equal to 8 5/8" [219]. It may be
occef:toble for ihe qroundlme diameter to measure greater than or
equal to 8 1/2" [216] as long as critical zone diometer is met and
Pl approves post selection.

(4) Post tests shall not be performed when temperatures are below
freezing or with frozen, compacted soil.

Soil

Midwest Roadside
Safety Facility

Ponderosa Pine Post
Alternatives for U.S.

Standards
Test Setup

DWG. NAME. ISCALE: 1:44 REV. BY:
PP-US_R7 JUNITS: in.[mm]|KAL/RKF

Figure4. Bogie TestingMatrix and SetupTest NosPPUS1 throughPPUS3
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@8 5/8"
[219]

oT

65"
(1651]

Part a1

Midwest Roadside
Safety Facility

Ponderosa Pine Post
Alternatives for U.S.

SHEET:
2 of 3
DATE:

Standards 11/3/2014
DRAWN BY:
Wood Post Details <pB
DWG. NAME. ISCALE: 1:16 REV. BY:
PP-US_R7 UNITS: in.[mm] | KAL/RKF

Figure5. Post DetailsTest NosPPUS1 throughPPUS3
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ltem No. QTY. Description Material Specification Hardware

al 3 8 5/8" [219] Diameter by 65" [1651] Long Ponderosa Pine (PP) Post See fabrication criteria below -

PP Round Post Grading Criteria

General:
o posts shall meet the current quality requirements of the American National Standards Institute (ANSI) 05.1, Wood Poles, except as supplemented
erein:

Manufacture:

posts shall be smooth—shaved by machine. No ringing of the posts, as caused by improperly adjusted peeling machine, is permitted. All outer
and inner bark shall be removed durinq the shaving process. All knots and knobs shall be trimmed "smooth and flush with the surface of the posts.
The 8 5/8—in. (219) diameter guardrail post will be a minimum of 65—in. (1651) long. The use of peeler cores is prohibited.

Groundline:
e groundline, for the gur?ose of applying these restrictions of ANSI 05.1 that reference the groundline, shall be defined as being located 36—in.
(914) from the butt end of each pos?.

Size:

he size of the posts shall be classified based on their diameter at the gr undline and_their length. The groundline diameter shall be specified by
diameter in 1;8—in. 3 breaks. The length shall be specified in 1—in. Ses} breaks. Dimension “shall apply to fully seasoned posts. When measured
between their extreme ends, the post shall be no shorter than the specified lengths but may be up to 3—in. (76) longer. The minimum groundline
diameter of the PP posts shall be 8 5/8—in. (219) with an upper limit of 9 1/8—in. (2328.

Scars:
Scars are permitted in the middle third as defined in ANSI 05.1, provided that the depth of the trimmed scar is not more than 1—in. (25).

ShaBe and_Straightness:
imber posts shall be nominally round in cross section. A straight line_drown from the centerline of the top to the center of the butt of any
post shall not deviate from the centerline of the post more than 1 1/4—in. (32) at any point. Posts shall be free from reverse bends.

Splits, Checks, and Shakes:

Splits or nng shakes are not permitted in the top 2/3 of the post. Checks are not permitted in the top 2/3 of the post if wider than 1/3 of the
diameter if dry and wider than 3/8 o e diameter if not dry. Splits exceeding the diameter in length are not permitted in the bottom 1/3 of the
post. A shake or check is permitted in the bottom 1/3 of the post as long as it is not wider than  1/2 of the butt diameter. (Note — check size is
determined as the average measured penetration over its Iengths

Knots:
Knot diameter for Ponderosa Pine posts shall be limited to 3 1/2—in. (89) or smaller.

Treatment:

reating — American Wood—Preservers Association (AWPA) — Book of Standards (BOS) U1-05. Use category system UCS: user specification for
treated’ wood; commodity specification B; Posts; Wood for Hi?hwofy Construction must be met using the methods outlined in AWPA BOS T1-05 Section
.2. Each treated post shall have a_minimum sorwood depth o 37 —in. (19), as determined by examination of the tops and butts of each post.
Material that has been air dried or kiln dried shall be insrected for moisture content in accordance with AWPA standard M2 prior to treatment. Tests
of representative pieces shall be conducted. The lot shall be considered acceptable when the average moisture content does not exceed 25 percent.
Pieces exceeding 29 percent moisture content shall be rejected and removed from the lot.

Decay:
owed in knots only.

Holes:
Pin holes 1/16—in. (1) or less are not restricted.

Slope of Grain:

T in 10.

Compression Wood:

Not allowed in the outer 1—in. (25) or if exceeding 1/4 of the radius.

Ring Density:
ing density shall be at least 6 rings—per—inch, as measured over a 3—in. (76)
distance.

Ponderosa Pine Post
Alternatives for U.S
Standards

o % Bill of Materials and Gradin
Midwest Roadside| Criteria v

Safety Facility i m ] i

Figure6. Ponderosa Pine Graudy Criterig, Test nos. PPU% through PPUS
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3.3 Test Results

Results fromall five of the dynamic component testse discussed in the following
sections.The force and displacement data shown in this section were calculated from the DTS
and SLICE2 accelerometer units.eRults for all accelerometeused on each teare provided
in Appendix B

3.3.1Test No.SYPUS1

During testno. SYPUS], the bogie impaatdthe 6-in. x &in. (152mm x 203mm) SYP
post @ a speed of 22 mph @7.3 km/h). Upon impact the post began to rotate backward
However,the post fractured).034 secondsafter impact at a deflection df2.2 in. (310mm).
Posttest examinatiomevealedthe posthad fractured approximately . (127 mm) below the
groundline Additionally, the bottormhalf of the possplit vertically into two pieces

Forceversusdeflectionand energyersusdeflectioncurves from theDTS accelerometer
data are shown ifrigure7. A peak force of 1.7 kips (78.7 kN) was observeat 4.0 in. (102
mm) of deflection Following this peakthe post began ttrack and the force declined@he post
continued to provide resistanaatil fracture was completed at a deflection of 12.2 in. (310.mm)
A total of 146.0kip-in. (16.5kJ) of energy was absorbed by the post andspilhe conclusion

of post fractureTime-sequential angostimpactphotographs are shown gure8.

18
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SYPUS

20 200

[ N N ——
12 / / \/ 120
l: / / \ 100

—Force

/ / eveng \ 60

Force (kips)
Energy (kipin.)

—
\
|_—T

0 2 4 6 8 10 12 14
Displacement (in.)

Figure7. Force vs. Deflection and Energy vs. Deflectibast No.SYPUS1
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Figure8. Time-Sequential and Po$npactPhotographs, Test N&YPUS1
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3.3.2Test No.SYPUS2

During testno. SYPUS?2, the bogie impaatdthe 6-in. x &in. (152mm x 203mm) SYP
postat a speed of 19.6ph @1.5 km/h). Upon impact, the post began to rotate backward.
However, the post fracturddl020 secondsafter mpact at a deflection of 7.8 in. (198 mmRpst
test examinatiorrevealedthe posthad fractured approximately #. (203 mm) below the
groundine.

Forcevs. deflectionand energys. deflectioncurves from theDTS accelerometer data
are shown irFigure 9. A peak force of 12.7 kips (35kN) was observed at 6.0 in. (152 mm) of
deflection. Following this peakhe posfractured, and théorce rapidly dropped to zerd\ total
of 63.6 kipin. (7.2 kJ) of energy was absorbed by the pgsthe conclusion of post fracture at

78 in. (18 mm) of deflection Time-sequential angostimpact photographs are shown in

FigurelO.
SYPUR
20 200
18 180
16 —Force 160
——Energy
14 140

/N 120

1\

=
o
o

Force (kips)
© 5
/
[o0)
o
Energy (kipin.)

J T .
S A L W N e
o ] \ /\ \ A o

Displacement (in.)

Figure9. Force vs. Defletion and Energy vs. Deflectiomgst No.SYPUS2
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A
N

0.120 sec

0.150 sec

FigurelO. Time-Sequential and Pesinpact Photographs, Test NBYPUS2
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3.3.3Test No.PPUS1

During testno. PPUSL, thebogie impaatdthe 868-in. (220-mm) diameter Ppost at a
speed oR21.6 mph (3.8 km/h). Upon impact, the post began to rotate backward. However, the
post fractured0.029 secondsafter impact at a deflection of 10.1 in. (257 mrRpsttest
examinatiorrevealedhe posthad fractured approximatelyi®. (76 mm) below the groundline

Force vs.deflectionand energy vs. deflectioourves from the SLICE2 accelerometer
data are shown iRigure11. A peak force of 18.0 kips (80.1 kN) was observed at 6.3 in. (160
mm) of deflection. Shortly following this peathe posfractured, and thércerapidly dropped
to zero A total of 128.6kip-in. (14.5 kJ)of energy was absorbed by the plgtthe conclusion
of post fracture at 10.1 in. (257 mm) of deflectidime-sequential angostimpactphotographs

are shown irFigure12.

PPUSL
20 200

18 180

/ AN

16 / \ 160
14 140

~~ C-
0 12 / X/' 120 @
g J v °<
g / / 3
8 10 \ 100 &
2 / / —Force 0

6 / / i i 60
4 / / \ 40
/) \ yaum
N \ N,

0 2 4 6 8 10 12 14

Displacement (in. )

Figurell. Force vs. Deflection and Energy vs. Deflectibast No.PPUS1
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Figurel2 Time-Sequential and Posthpact Photographs, Test NePUS1
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3.3.4Test Na PPUS2

During testno. PPUS2, the bogie impaatdthe 85%in. (218 mm) diameter PP post a
speed 0fl9.0mph @0.6 km/h). Upon impact, the post began to rotate backward. However, the
post fractured0.032 secondsafter impact & a deflection of 9.6 in. (244 mm)Posttest
examinatiorrevealedhe posthad fractured approximatelyi@. (51 mm) below the grounihe.

Force vs.deflectionand energy vs. deflectioourves from the SLICE2 accelerometer
data are shown iRigure13. Theresistiveforce slowly increased until a peak force of 14.6 kips
(64.9 kN) was observed at 7.8 in. (198 mm) of deflection. Following this, pbak post
fractured, and théorcerapidly dropped to zerd total of 100.7kip-in. (11.4kJ) of energy was
absorbed by the pobl the conclusion of post fractue 9.6 in. (244 mm) of deflectiomime-

sequential angostimpactphotographs are shown gure14.

PPUS

20 200

18 ——Force 180

16 —Energy 160

14 \\ 140
— =
2 12 - 1208
4 <
3 10 / \ 100 2
$ 4 /r 2
L

8 / e 80

o] P "
4 / — \ 40
2 / e \ 20

0
0 2 4 6 8 10 12 14
Displacement (in. )

Figurel3. Force vs. Deflection and Energy vs. Deflectibast No.PPUS2
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(51 sec
Figurel4. Time-Sequential and PosinpactPhotographs, Test NEPUS2
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3.3.5Test No.PPUS3

During testno. PPUS3, the bogie impaatdthe 856-in. (217-mm) diameter PP post a
speed 0f19.5 mph (31.4m/h). Upon impact, the post began to rotate backward. However, the
post quickly fractured.013 secondsafter impact at a deflection of 4.4 in. (112 miAysttest
examinatiorrevealedhe posthad fractured approximatelyi®. (203mm) below the grouniche.

Force vs.deflectionand energy vs. deflectioourves from the SLICE2 accelerometer
data are showim Figure15. Theresistiveforce increased rapidly to a peak of 9.3 kips (41.4, kN)
observed at 2.7 in. (69 mm) of deflection. Following this péiaé posfractured, and theorce
rapidly dropped to zerd\ total of 23.9kip-in. (2.7 kJ) of energy was absorbed by the pogthe
conclusion of post fracturat 4.4 in. (112 mm) of deflectioMime-sequential angbostimpact

photographs are shown gure16.
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16 160
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14 140
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Figurel5. Force vs. Deflection and Energy vs. Deflectibast No.PPUS3
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IMPACT

0.0 sec

0.08 sec

0.090sec

0.120 sec

0.19 sec

Figurel6. Time-Sequential an&ostimpactPhotographs, Test NEPUS3
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3.4 Discussion

Round 1 of component testing consisted of five tests condudtieth strong soil two of
thesetests org-in. x &in. (152mm x 203mm) SYP postsvith 43%in. (1,099mm) embedment
depths and threedet s nn(218nmgm) diametelPP posts with 3. (914mm) embedment
depths Results from the Round 1 tests are summarizethbie 4. Force versus deflection and
energy versudeflection plots are shown in Figurégand18, respectively.

Each of the five tests resulted in the timber post fractugirigkly with only minor soil
displacementsSubsequently, it was difficult to malemergy absorptiomomparisons between
the posts However,the peak forces (fracture loadsd)m the tests provided a good comparison
of the ultimate strength of the two post typ8&s shown inTable 4, the average peak force
observed for the8 ein. (219mm) diameter PP posts was within 8 percent of the G4(2W)
rectangulaiSYP postsAdditionally, there was only a 20 percent difference between the average
displacements at the time of fracture between the two post types.

Looking more closelyat the individual tests, the extremely quick fracture of the post in
test no. PPUS appearedat be significantly different from the other test results. Test no. PPUS
3 had a peak force over 30 percent lower than the other PP posts, and the displacement at the
time of fracture was less than h#ifat ofthe other posts. Thus, the post from testRPRUS3
was thought to be an outlier. If the results from test no. PPEI® removed from consideration,
the average peak forces and displacements at fracture for the PP posts become 16.3 kips (72.5
kN) and 9.9 in. (251 mm), respectively. These valuegdffom the SYP post values by only 7
percent and 2 percent, respectively.

To strengthen the argument that the two post types have similar ultimate capacities,

results from testing on similardgized posts were sought from the previous phase of this projec
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[6]. As shown inTable5, three tests on-t. x &in. (152mm x 203mm) SYP posts with 434

in. (1,099mm) embedment depths and five tests on round PP posts with diameters between 8%
in. (216 mm) and 8% in. (222 mm) were conducted during Phase | of the project. Although some
of the PP posts had slightly different embedmentttdgpthey still provided insight to the
strengthcapacity of the round PP crossection. With the inclusion of these eight tests, the
average peak forces for the rectangular SYP posts and the round PP posts were very similar at
15.8 kips (70.3 kN) and 15M8ps (69.4 kN), respectively. Additionally, the post displacement at
the time of fracture differed by only -h. 2 in.
(219mm) diameterPP post was deemed to have strengfjuivalent to the U.S. standard

rectangular SYP post utilized in the G4(2W) guardrail system.
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Table4. Round 1 Component Testimesults- Strong Soil

Average Force kips Absorbed Energy Deflection at| Deflection at
Post Post Impact Peak (kN) kip-in. (kJ) Post-Soil Fracture Fracture
Test No. Wood Specieq Cross-Sectionf Embedmen| Velocity Force p-in. Behavior \nitiation Completion
in. (mm) in. (mm) | mph (km/h)| kips (kN)] @ 5 @ 10 @ 15 @ 20 @5 @ 10 @ 15 @ 20 in. (mm) in. (mm)
SYPUS-1 SYP 6x8 43 1/4 23.2 17.7 12.7 13.2 NA NA 63.6 131.6 NA NA Post Fracture 10.3 12.2
(152 x 203) | (1,099) (37.3) (78.7) | (56.4) | (58.7) (7.2) | 14.9 (262) (310)
6x8 43 1/4 19.6 12.7 8.2 41.1 6.0 7.8
SYPUS-2 SYP NA NA NA NA NA NA Post Fract
(152 x 203) | (1,099) (31.5) (56.5) | (36.5) (4.6) ostirracture (152) (198)
AVERAGE 15.2 10.4 13.2 52.4 131.6 10.0
(67.6) | (46.4) | (58.7) (5.9) | (14.9) 254
@ 8.68 36 21.6 18.0 11.3 12.9 56.1 128.6 7.8 10.1
PPUS-1 PP NA NA NA NA Post Fract
(@ 220) (914) 348 | (80.1) | (50.3) | (57.2) ©.3) | (145 ostirraciure (198) (257)
PPUS-2 PP 2 8.59 36 19.0 14.6 9.2 NA NA NA 45.7 NA NA NA Post Fracture 8.0 9.6
(2 218) (914) (30.6) (64.9) | (40.9) (5.2) (203) (244)
@ 8.56 36 19.5 9.3 4.6 23.2 2.7 4.4
PPUS-3 PP NA NA NA NA NA NA Post Fracture
(@ 217) (914) (31.4) (41.4) (20.5) (2.6) Y (69) (112)
14.0 8.4 12.9 41.7 128.6 8.0
AVERAGE (62.1) | 37.2) | (57.2) ) ) 4.7 | a45) i i 204
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Figurel7. Force vsDisplacement PloRound 1 Testing ResultsStrong Soil
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Table5. Peak Force Comparison for Similar Posts, Phases | and Il

Timber Post Post Peak Failure Deflection at
Test No. Species CrossSection | Embedmen{ Force Mechanism Fracture
P in. (mm) in. (mm) | kips (kN) in. (mm)
6x8 43Y4 18.5 5
* -
AZSYP-1 SYP (152 x 203) (1,099) (82.3) PostFracture (127)
6x8 43Y, 13.5 8.5
* _
AZSYP-2 SYP (152 x 203) (1,099) (60.1) Post Fracture (216)
6x8 43Y, 16.4 L .
* _
AZSYP-3 SYP (152 x 203) (1,099) (73.0) Rotation in Soil NA
6x8 43Y, 17.7 12.2
SYPUS1 SYP (152 x 203) (1,099) (78.7) Post Fracture (310)
6x8 43Y, 12.7 7.8
SYPUS2 SYP (152 x 203) (1,099) (56.5) Post Fracture (198)
Rectangular SYP Post Average (%g'% (2'12)
@ 8.67 37 14.3 L .
* -
AZPP-2 PP (@ 220) (940) (63.6) Rotation in Soill NA
@ 8.55 35 17.0 57
* .
AZPP-4 PP (@ 217) (889) (75.6) Post Fracture (145)
@ 8.55 35 14.2 L .
* .
AZPP-5 PP (@ 217 (889) (63.2) Rotation in Soil NA
@ 8.67 35 16.5 6.4
* .
AZPP-7 PP (@ 220) (889) (73.4) Post Fracture (163)
" ?8.71 35 20.5 L .
AZPP-8 PP (@ 221) (889) (91.2) Rotation in Soill NA
@ 8.68 36 180 10.1
PPUS1 PP (@ 220) (914) (80.1) Post Fracture (257)
@ 8.59 36 14.6 9.6
PPUS2 PP (@ 218) (914) (64.9) Post Fracture (244)
@ 8.56 36 9.3 4.4
PPUS3 PP (@ 217) (914) (41.4) PostFracture (112)
15.6 7.2
Round PP Post Average (69.2) (184)

* Tests Conducted during Phase | of Projégt [
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4 DYNAMIC COMPONENT TESTING ROUND 2 1 WEAK SOIL

4.1 Purpose

Round 1 ofthe Phase licomponent testing demonstratdd & t am (28-e:m)
diameterPP post has an ultimate strength equivalent to that of-thex68-in. (152mm x 203
mm) SYP post utilized in the G4(2W) guardrail system. However, each of the component tests
resulted in post fracture and preventetbepleteassessment of the sodsistiveforces applied
to the different cross sections and embedment depths. Therdaigonaltesting was desired
with both post types installed inless stiffsoil that would allow the posts to rotate and absorb
more energy. Additionally, it was felt thatess stiffsoil may be more representative of the soil
conditions supporting reavorld system installations.
4.2 Scope

Round 2 of dynamic component ine @9 mMm)g cons
diameter PP posts with 36. (914mm) embedment depths atwlo tests on 6n. x &in. (152
mm x 203mm) SYP posts with 43%a. (1,099mm) embedment depths. All four posts were
installed in a coarse crushed limestone soil similar to the previous Round 1 installations.
However, the soil wasnly moderatelycompacte to obtain a soil resistance with approximately
30 percent less strength than the strong soil usdéhase [IRound 1. The impact criteria
remained the same with a targeted impact speed of 20 mph (32 km/h) and an impact height of
21.65 in. (550 mm). Firdly, the same PP grading criteria was carried over from the previous
round of testingThe bogie testing matrix and thest setu@mreshownin Table7 andFigures19
through 21, respectively Material specifications, mill certifications, and certificates of

conformity for theroundPP posmaterialareprovided inAppendix A
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Post Post Embedment Orientation Target Speed
Test No. Material CrossSection Depth (deg) mph
in. (mm) in. (mm) 9: (km/h)

@855 36 20

PPW-1 PP (@217) (914) NA (32)
@848 36 20

PPW-2 PP (@215 (914) NA (32)
6x8 43Y4 20

PPSYPWL | SYP | (152x203) | (1,099) 90 (32)
6x8 43Y4 20

PPSYPW2 | SYP | (152x203) | (1,099) 90 (32)
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Groundline Embedment Top_ of Post Post Leridh Load Height Boaie. Siaed
Test Quantit; Post Species Cross—Section Depth "X” Height "Y” ol o Bogie No. i R o o
4 P i [mmﬁ in.p[mm] in.g[mm] in. [mm in. [mm 9 mp%\ [km/h]
Ponderosa Pine | @8 5/8 [219] 36 [914] 29 [737] 65 [1651] 21.65 [550] 3 20 [32.2]
2 S.Y.P. 6"x8" [152x203] | 43 1/4 [1099] | 28 3/4 [730] 72 [1829] 21.65 [550] 3 20 [32.2]

e Il =S =

N '| |
a1l or a MwRSF Bogie No. 3—Small Bogie
/
VAR. Y"

3'—0" [914] Diameter
Augered _hole with
AASHTO” M147—-65 Grade B
soil backfill.

/Groundline

VAR "X”

— »

[76]

Notes: (1) Soil shall be compacted such that strength lﬂqproximctely ranges
I

between 60—80

method with P.L. pri

prior

percent

of H.E.—8 strength.
to installation/testing.

scuss compaction

(2) For the load height of 21.65” [550], the rear bumper of the small

bogie may be used as the impact head.

(3) The critical zone diameter for round posts

from the top of the post, shall be 8 5

approximate allowable tolerance of 1/8" [3].

(4) Rfecta/ngul;:r 6"x8” L152x203] SYP Posts have an allowable tolerance
of +/—

/8" [3]

or cross section dimensions.

measured 37" [940
8" [219], with on[ s

Midwest Roadside
Safety Facility

PP-SYP-US_R3

[SHEET:
Ponderosa Pine and Va2
Southern Yellow Pine oarE |
Post Alternatives for U.S. [ii/5/2014
Standards
T s DRAWN BY:
est Setup e/ ra/
DWG. NAME. ISCALE: 1:44 REV. BY:

UNITS: in.[mm]|SKR/RKF

Figurel9. Bogie Testing Matrix and SettipTesting in Weak Soil
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Part a1
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Post Alternatives for U.S.

Standards
Wood Post Details

DWG. NAME.
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Figure20. Post Detail Testing in Weak Soill
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Iltem No. QrY. Description Material Specification Hardware

al 2 8 5/8" [219] Diameter by 65" [1651] Long Ponderosa Pine (PP) Post See fabrication criteria below -

a2 2 6"x8" by 72" Long [152x203x1829] Southern Yellow Pine (SYP) Post CCA Treated SYP Grade No. 1 or better PDEO2

PP _Round Post Grading Criteria

General:
Khll posts shall meet the current quality requirements of the American National Standards Institute (ANSI) 05.1, Wood Poles, except as supplemented
erein:

Manufacture:

posts shall be smooth—shaved by machine. No ringing of the posts, as caused by improperly adjusted peeling machine, is permitted. All outer
and inner bark shall be removed durinq the shaving process. All knots and knobs shall be trimmed 'smooth and flush with the surface of the posts.
The 8 5/8—in. (219) diameter guardrail post will be a minimum of 65—in. (1651) long. The use of peeler cores is prohibited.

Groundline:
The groundline, for the dpur?ose of applying these restrictions of ANSI 05.1 that reference the groundline, shall be defined as being located 36—in.
(914) from the butt end of each post.

Size:

e size of the posts shall be classified based on their diameter at the gr undline and_their length. The groundline diameter shall be specified by
diameter in 1/8—in. (33 breaks. The length shall be specified in 1—in. $ ?5 breaks. Dimension “shall apply to fully seasoned posts. When measured
between their "extreme ends, the post shall be no shorter than the specified lengths but may be up to 3—in. (76) longer. The minimum groundline
diameter of the PP posts shall be 8 5/8—in. (219§ with an upper limit of 9 1/8—in. (2323.

Scars:
Scars are permitted in the middle third as defined in ANS| 05.1, provided that the depth of the trimmed scar is not more than 1—in. (25).

Shoge and_Straightness:
imber posts shall be nominally round in cross section. A straight line_drawn from the centerline of the top to the center of the butt of any
post shall not deviate from the centerline of the post more than 1 1/4—in. 325 at any point. Posts shall be free from reverse bends.

Splits, Checks, and Shakes:

S%ﬁfs or rmg shakes are not permitted in the top 2/3 of the post. Checks are not permitted in the top 2/3 of the post if wider than 1/3 of the
diameter if dry and wider than 3/8 of the diameter if not dry. Splits exceeding the diameter in length are not permitted in the bottom 1/3 of the
post. A shake or check is permitted in the bottom 1/3 of the post as long as it is not wider than 1/2 of the butt diameter. (Note — check size is
determined as the average measured penetration over its IengthB

Knots:

Knot diameter for Ponderosa Pine posts shall be limited to 3 1/2—in. (89) or smaller.

Treatment:

Treating — American Wood—Preservers Association (AWPA) — Book of Standards (BOS) U1-05. Use category system UCS: user specification for

treated” wood; commodity specification B; Posts; Wood for Hi?hwc?' Construction must be met using the methods outlined in AWPA BOS T1-05 Section
Each treated post shall have a_minimum sapwood depth o 3?4—in. 19), as determined by examination of the tops and butts of each post.

Material that has been air dried or kiln dried shall be inspected for moisture content in accordance with AWPA standard M2 prior to treatment. Tests
of representative pieces shall be conducted. The lot shall be considered acceptable when the average moisture content does not exceed 25 percent.
Pieces exceeding 29 percent moisture content shall be rejected and removed from the lot.

Decay:
Allowed in knots only.

Holes:
Pin holes 1/16—in. (1) or less are not restricted.

Slope of Grain: — .| Ponderosa Pine and

in 10. Southern Yellow Pine
Corbraasion Woads Post Alternatives for U.S.
Not allowed in the outer 1—in. (25) or if exceeding 1/4 of the radius. Standards
Ring Density: . . Bill of Materials and Gradin

ing density shall be at least 6 rings—per—inch, as measured over a 3—in. (76) Midwest Roadside| Criteria h
dimianoe. Safety Facility [ ™« = e

Figure21. Bill of Materialsand PP Grading CriteriaTesting in Weak Soil
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4.3 Test Results

Results from all four dynamic component tests diseussed in the following sections.
The force and displacement data shown in this section were calculated from the-ZSLICE
accelerometer unit. Results for all accelerometers used on each test are pro&ujsehiix B

4.3.1Test No.PPW-1

During testno. PPW 1, the bogie impaatd the 8.55-in. (217-mm) diametelPP posiat a
speed 0f20.0 mph (32.Z&m/h). Upon impact, the post began to rotate through the Bost
rotaion continued until théogie overrode the po6t140 ms after impadit a displacement of
31.8in. (808 mm). The round PPpost showed no signs of fracture when examined after the
impact event.

Force versusdeflectionand energy versudeflection curves are shown irFigure 22.
Early on, the resistive force quickly increasad reached a peai 9.9 kips (44.0 kN) at 6.1 in.
(155 mm) of deflection. After thisgak, theresistiveforce steadily decreased for the remainder
of the impact eventA total of 165.9 kip-in. (18.7kJ) of energy was absorbed by the post before
the bogie overrode the post3it.8in. (808 mm). Time-sequential anghostimpactphotographs

are shown irFigure23.
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PPW1
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Figure22. Force vs. Bsplacemenand Energy vs. BplacementTest No.PPW-1
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IMPACT
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0.120 sec

0.1 sec

Figure23. Time-Sequential and PesthpactPhotographsTest NoPPW-1
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4.3.2Test No.PPW-2

During testno. PPW2, the bogie impaatdthe 8.48in. (215mm) diameter PP post at a
speed of 20.6 mph (38.km/h) Upon impact, the post began to rotate through the soil. Post
rotation continued until the bogie overrode the post 0.144 ms after impact at a displacement of
36.6in. (930 mm). The round PP post showed no signs of fracture when examined after the
impact event.

Force versugleflectionand energy versudeflection curves are shown irFigure 24.
Initially, the resistive force quickly increased and reached a peak of 9.8 kips (43.6 kN) at 4.7 in.
(119 mm) of deflection. The force was held relatively constant at aroinkigs (4Q0 kN)
through 12 in. (305 mm) of displacement, after whichrdsstiveforce steadily decreased for
the remainder of the impact eveAttotal of 180.5 kipin. (20.4 kJ) of energy was absorbed by
the post before the bogie overrode the post at B1.8808 mm). Timesequential angost

impactphotographs are shown kigure25.
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/I // \\ — 80
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Energy (kigin

\'\’_\M\ 0
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Displacement (in. )

Figure24. Force vs. Bsplacemenand Energy vs. BplacementTestNo. PPW-2
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Figure25. Time-Sequential and PostnpactPhotographs, Test NEPW-2
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4.3.3Test No.PPSYPW-1

During testno. PPSYPWL, the bogie impaatd the 6in. x &in. (152mm x 203mm)
SYP post at a speed of 20.1 mph (32.3 kndpon impact, the post began to rotate through the
soil. Post rotation continued until the bogie overrode the post 0.160 ms after impact at a
displacement of 37.ih. (958 mm). The rectangular SYP post showed no signs of fracture when
examined after the ipact event.

Force versugleflectionand energy versudeflection curves are shown irFigure 26.
Initially, the resistive force increased quickly and reached a pebB.4fkips (46.3 kN) at 4.7 in.
(119 mm) of deflection. Theesistiveforce was held relatively constaat approximately0.0
kips (4Q0 kN) through 10 in. (254 mm) of displacement, after which the force steadily decreased
for the remainder of the impactent. A total of 204.7 kipin. (23.1 kJ) of energy was absorbed
by the post before the bogie overrode the post ati7 (®58 mm). Time-sequential anghost

impactphotographs are shown kigure27.
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Figure26. Force vsDisplacemenand Energy vs. BplacementTest No.PPSYPW1
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IMPACT
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Figure27. Time-Sequential and Postpact Photographd,estNo. PPSYPW1
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