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B SI* (MODERN METRIC) CONVERSION FACTORS i

APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
in inches 254 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in’ square inches 645.2 square millime
ft? square feet 0.093 square mete
yd? square yard 0.836
ac acres 0.405
mi* square miles 2.59
VOLUME
fl oz fluid ounces 29.57
gal gallons 3.785
ft cubic feet 0.028
yd® cubic yards 0.765 cubic meters
NOTE: volumes greater than 1,00 e shown in m®
MASS
0z ounces 28.35 g
Ib pounds 0.454 kg
T short ton (2,000 1b) ms (or “metric ton”) Mg (or "t")
°F Fahrenheit °C
fc foot-candles Ix
fl foot-Lamberts gla per square meter cd/m?
FORCE &
Ibf poundforce 0 N
1bf/in* poundforce per squargi kilopascals kPa
ONS FROM SI UNITS
Symbol To Find Symbol
inches in
feet ft
yards yd
miles mi
square inches in’
square feet ft?
square yard yd*
acres ac
square miles mi’
VOLUME
0.034 fluid ounces fl oz
liters 0.264 gallons gal
35.314 cubic feet £t
cubic meters 1.307 cubic yards yd?
MASS
0.035 ounces 0z
2.202 pounds b
or “metric ton”) 1.103 short ton (2,000 1b) T
TEMPERATURE (exact degrees)
°C 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix X 0.0929 foot-candles fc
cd/m? candela per square meter 0.2919 foot-Lamberts fl
FORCE & PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch 1bf/in*

*SI is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380.
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EXECUTIVE SUMMARY

ardware (MASH).

) was extensively reviewed and considered
or MSE walls. From a review, the MGS

Multiple design con¢ re considered for treating vertical drop-offs at the exterior face of
Wik of the brainstorming and selection process, several factors were
ol of overall project costs; (2) environmental impacts; (3) use of

dered \
ical b oncerns for MSE wall damage; (5) use 3H:1V fill slope at the

cconom

h-speed, high-energy vehicular impacts into semi-rigid guardrail
g concerns for constructability and repair, those barrier systems with

further develop a non-blocked version of the MGS with the posts placed at the slope break point
of a 3H:1V fill slope.

Dynamic component testing was utilized to determine the post-soil behavior of steel and wood
posts embedded in compacted, soil materials used for constructing wire-faced, MSE walls as
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well as to evaluate the effects of sloped terrain and different installation methods. Twenty-six
dynamic tests were performed to evaluate the propensity for MSE wall damage, select post
length, and determine post material and section. Following the post testing program

point of a 3H:1V fill slope adjacent to and on top of a wire-faced, MSE
installed using a 40-in. (1,016-mm) embedment depth. All other MG
including, rail splices at mid-span locations, 31-in. (787-mm) top mo
(1,905-mm) post spacing.

A full-size, MGS and MSE wall system was constructed fi
blocked MGS was constructed with the back side of the
—9in. (0.84 m) away from the inside edge of the wal
from the outer edge of the wire-faced, MSE wall. The em was crash tested
successfully using the 1100C small car and 2270P pickup s according to the Test
Level 3 (TL-3) safety performance guidelines provided in
was observed in the MSE wall system. Asgg
and full-scale vehicle crash testing prog
with wire-faced, MSE walls when placed
modified MGS reduces the required widt
construction costs.

ng and evaluation. The non
ed approximately

For this research study, th s g8 arc contained in two different reports. The
first report contains t STP design considerations, a summary of the
GS and MSE wall systems, the MASH
wo full-scale crash tests, as well as a

1 lateral barrier offset for wire-faced MSE wall systems which utilize a
-blocked MGS systems, the back side of steel posts are recommended
of 1 ft (0.30 m) away from the inside edge of the wall facing fill or 4 ft
e outer edge of the MSE wall, whichever results in the largest lateral offset
and exterior wall face. For this recommendation, the minimum lateral offset
face and outer edge of the MSE wall would be 4 ft — 9 %4 in. (1.45 m). For
varying thickness of select wall backfill and different widths for the 3H:1V fill slope, three
different configurations were prepared to demonstrate the recommended guidance regarding the
minimum lateral offset for the steel posts, as shown in Figures ES-1 through ES-3. This design
guidance is suitable for use under both TL-2 and TL-3 roadside applications.
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CHAPTER 1. INTRODUCTION

1.1 BACKGROUND

d for
or the high

Wire-faced, mechanically-stabilized earth (MSE) walls provide an economical
constructing nearly vertical walls adjacent to roadways where the local topo

require the installation of a barrier system.

The Federal Lands Highway Division (FLHD) of the
designs and constructs a large number of wire-faced,

dated August 18, 2008 provides significant 1nfonnat10n rega e general configuration of
welded wire face MSE walls, as shown 1 gto the CFLHD details,
MSE wall systems are constructed using
vertically placed on top of one another. | ica special compaction

top of the MSE wall system. However,
hickness for the combined layer of road

§ accepted practice is to install conventional,
2 ft (0. 61 m) laterally away from the slope break point (SBP), as
e wood posts. For this configuration, wood guardrail posts utilize a

MSE wall would conform to a 3H:1V fill slope. Assuming a 1 ft (0.30 m) thick layer of road
base and wearing surface above the top layer of select wall backfill in combination with a 3H:1V
fill slope, the slope break point would occur approximately 6 ft (1.83 m) laterally away from the
outer vertical edge of the MSE wall system. Therefore, a typical roadside cross section could be
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configured with 2-ft (0.61-m) wide level terrain behind the guardrail posts and a 6-ft (1.83-m)
wide 3H:1V fill slope extending to the vertical edge of the MSE wall system. The fill slope
would contain 2 ft (0.61 m) of road base, wearing surface, and top layer of select wald backfill.

Using this common configuration, CFLHD’s accepted practice would result in a il system
being installed 8 ft (2.44 m) away from the exterior face of the MSE wall, as ed to the
backside of the wood posts. Typically, wood-post, W-beam guardrail syste configured
with 6-in. x 8-in. (152-mm x 203-mm) posts and offset blocks in combin. 3%-in. (83-
mm) deep rail section. For this common roadside configuration, the fr -beam rail

a wire-faced, MSE wall were unavailable. As a resul existed a
ateral

develop an
offset to or near O ft
MSE walls or decrease
the overall width of the MSE wall structure. In addition, the ment of an economical
barrier system would possibly help to defing teral offset between the

adjacent to low- and medium-service level gl . impact event, these barriers
rely on energy dissipation associated with t z
significant dynamic deflegii he econom fwirc-faced, MSE wall construction would
e : shoulder, guardrail system, and soil fill
placed behind the g il. ‘ 3 f between damage incurred to the wire-
faced, MSE wal . i the initial cost of construction is an

oject team for review. This modified barrier system was configured
vertical surface of wire-faced, MSE walls and incorporated long,

ns, have not been previously crash tested and evaluated according to
t is our opinion that an exterior-mounted, crashworthy barrier system

90 m) centers. For this configuration, it would be extremely cumbersome to
construct W wall system when placing and compacting the select wall backfill material
around the teénsion elements. Secondarily, repair of these types of barrier systems would be
impractical. In addition, these systems would likely result in greater concerns for damage to the
MSE wall structure during vehicular impact events.

10
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Full-scale crash testing of strong-post, W-beam guardrails installed in rigid foundations, such as
solid rock, asphalt pavements, and concrete mow strips, has shown that preventing the posts
from absorbing energy by rotatmg in the soﬂ severely limits the barrler S ab111ty toc

than double that provided by standard W-beam guardr
MGS has also been shown to provide satisfactory safety
with curbs, culverts, slopes, and other roadside anomalies.
variations, as well as any potential designnodifications, were
shielding the hazardous, vertical drop-of :

hen used in combination
standard MGS, its existing
sidered for use in
wire-faced, MSE walls.

1.2 OBJECTIVE

The primary research objective was to deve
vertical drop-offs located
speed, high-energy imy
unreasonable dama

system for safely treating
aced, MSE wall systems. During high-
the new barrier system should not impart
positioned at the minimum lateral offset

between the pos . e new barrier system should be easily
maintained wji iri i SE wall structure. Several design
concepts were't em that was positloned closer to the exterlor

SC or modlﬁcatlon The new or modified barrier system was to be
lest Level 3 (TL-3) safety performance criteria set forth in the

s were achieved through the completion of multiple tasks within the
yment effort. First, a design review, comparisons, and evaluations were

! ous barrier concepts and systems. Dynamic component testing was then
utilized to ine the post-soil behavior of steel and wood posts placed in compacted soil
material representative of that typically used for the construction of wire-faced, MSE walls. This
post testing program was also used to evaluate the propensity for damage to the MSE wall
system, select the appropriate post length, and determine the post material type. After
considering various barrier concepts, the standard MGS was modified by removing the 12-in.

12
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(305-mm) deep wood spacer blocks and by incorporating steel W-beam backup plates.

Subsequently, the modified barrier system was installed at the slope break point of a 3H:1V fill
slope using a 6-ft (1.8 m) lateral offset between the steel post’s centerline and the outer edge of
the MSE wall as shown in Figure 4. The modified MGS was crash tested and eva
according to the TL-3 safety performance guidelines provided in MASH usin
and 2270P pickup truck vehicles striking at a target impact speed of 62 mp
target impact angle of 25 degrees. Finally, conclusions and recommendati ade that
pertained to the safety performance of the non-blocked, MGS installe
MSE wall system.

small car

13
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CHAPTER 2. REVIEW OF MIDWEST GUARDRAIL SYSTEM (MGS)

The MGS has demonstrated excellent safety performance when modified for use in
hazardous terrain. More specifically, full-scale crash testing has demonstrated tha

breakaway CRT posts, measuring 6 in. (152 mm) wide by 8 in.
mm) long and spaced on 6 ft — 3 in. (1,905 mm) centers, both upstream and down

GS contained a 2270P

The MGS was also modified to allow for post placement
slope.'”"®! This MGS design variation incorporated W6x9
ft (2.7 m) long and spaced on 6 ft — 3 in.
safely contained and redirected a 2270P,
deflection of 57.6 in. (1,463 mm) was ob

eak point of a 2H:1V fill
.4) steel posts measuring 9
is study, the modified MGS
imum dynamic barrier

Both MGS design variations were success ated according to the TL-3
safety performance guidelines provided in Sults, the research team
believed that the MGS sh considered TOr 1cation and use on top of or near the outer
edge of wire-faced, M

15
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CHAPTER 3. DESIGN CONSIDERATIONS

Multiple design concepts were considered for use in treating vertical drop-offs created with the

construction of wire-faced, MSE wall systems. As part of the brainstorming and S

MSE walls. These barrier designs used r
may have reduced concerns for inflicting

F prepared two simple barrier concepts for

or details,
i id 6. For these design concepts, long

Figures

and/or suppo rigid sleeves. In addition, the spacing of the

d be fairly close, or assumed to occur at 6 ft — 3 in. (1,90 m) centers.
esign concepts, the research team believed that it would be difficult
re while compacting fill around the long, sloped tension

ion. In addition, it was deemed impractical to repair any
orced concrete foundations within the MSE wall structure in
curred. After considering concerns for constructability and repair,
>ply-embedded reinforced concrete foundations in combination with
ents were eliminated from further investigation and comparison.

, MwWRSF prepared a baseline barrier configuration for use on top wire-faced
] FLHD’s accepted practice. For this baseline configuration, a wood-post, W-
beam guare system was installed 8 ft (2.44 m) away from the exterior face of the MSE wall,
as shown in Figure 3. Recall, this barrier system was configured with 6-in. x 8-in. (152-mm x
203-mm) wood posts and offset blocks in combination with a 3%-in. (83-mm) deep rail section,
thus positioning the rail face 9 ft - 7% in. (2.93 m) laterally away from the exterior edge of the
MSE wall.

17
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Using the design factors noted above, five additional barrier concepts were prepared for

consideration and discussion. Later, these barrier concepts were compared to one another using a
basic, incremental-cost analysis, which considered differences in system componentsaand varied
widths of MSE wall.

Four initial barrier concepts were configured using features from the MGS.
consisted of a standard MGS located 24 in. (610 mm) forward from the s

for use in the basic incremental-cost analysis. Concept no.
a non-blocked MGS located 24 in. (610 mm) forward ft;

wide, 3H:1V fill slope. Instead, the fina
slab and grade beam system that was plai
Concept no. 5 incorporated an aesthetic, g

which was placed at the top exterior edge o
mounting brackets which attached to the co

picted in Figure 11,
and post system
ystem using steel

Subsequently, the five ared using relative reductions in the required

and changes in the installation cost for the
various barrie . ). 1 se 1sis for comparison; since, the barrier face

Itina I ft (0.3 m) reduction in the height of the MSE wall. CFLHD

t for the MSE wall to be approximately $50/ft>. When considering a 1-ft
, a net cost reduction of $50 per linear ft of MSE wall was used in the
oncept no. 2 provides a 1 ft (0.3 m) reduction in wall width as compared

system andigesults in a cost reduction of $52/ft. When compared to Concept no. 1, the greatest
cost reduction for the MSE wall structure was determined as $450/ft for Concept no. 5.

20
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Table 1. Comparison of Barrier Concepts for Use on Wire-Faced, MSE Wall System.

Reduction | Reduction | Reduction Net Cost

Concept System Wall Wall Cost Reduction
No. Description Width (ft) | ($/linear ft) ($/1t)

Standard MGS - Steel Post
1 - 2 ft from SBP to Back of Post NA NA
- 6 ft Post Length

Non-Blocked MGS - Steel Post
2 - 2 ft from SBP to Back of Post 1 ft
- 6 ft Post Length
Standard MGS - Steel Post
3 - Post Centered at SBP 2.25 $112/1t $104/1t

- Est. 7 to 8 ft Post Length
Non-Blocked MGS - Steel Post
4 - Post Centered at SBP 3.25 ft
- Est. 7 to 8 ft Post Length

Glulam Timber Rail and Pos

($4/1t) $158/1t

> - 1 ft from Rail Face to Edge ($800/1t) ($350/8t)
When the costs of barrier construction were ; atpicr concept (Concept no. 2)
was found to be more ecqi : ¥S guardrail. The net cost reduction for this
concept was found to S d due to the removal of the timber spacer
blocks, the use of 3 dition of a steel backup plate. Concept nos. 3

and 4 were esti
increase post
barrier costs,

o. | as a result of the anticipated need to
no. 5 provided the greatest increase in

' This large increase resulted from the high
ctlon of a side-mounted, glulam timber beam

wall construction were combined to produce a net reduction in
ach of the MGS barrier alternatives (Concept nos. 2 through

slope break point) provided the greatest net cost reduction of $158/ft
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CHAPTER 4. BARRIER DESIGN ISSUES

The implementation of Concept no. 4 for use with a wire-faced, MSE wall system prgsents three
potential problems, including: (1) failure of the rail to release from the posts; (2)
arising from contact with a post flange; and (3) overly stiff guardrail posts.

If a guardrail fails to release from a post, the rail element can be pulled d

spacer block. The small button head is more easily pulled throu
wood behind the rail eliminates the risk of the rail becoming pi
the post flange. Elimination of the blockout could allow th

b

the stiff post would be more likely to be contacted by the
to the rail. In this situation, the post bolt could be pushed pa he rail without generating a
significant pull-out force.

The post bolt pullout problem was exam' S
shoulder on a standard post bolt was exa C i nt could actually

in order to rel¢
guardrail in conta
shown below:

= thickness of W-beam rail = 0.109 in.
= bolt diameter = 0.625 in.

Static compression tests with the W-beam rail pushed over the hardened cutters demonstrated
that out-of-plane tearing forces were generally below the estimated bearing yield force shown
above. Never-the-less, a 25 percent dynamic load factor was applied to the bearing force to
produce a tear-out force estimate of 4,200 1b (18.7 kN).
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The post was modeled as a cantilever with a 4,200-1b (18.7-kN) resistive force at the top and a
tire impact load applied 16 in. (406 mm) above the ground. This load condition was found to
produce a plastic moment at the base of the post when the tire load approached 13,000 1b (57.8
kN). This loading would produce approximately 5.5 g’s on the MASH 1100C tes le. Note
that this acceleration is only slightly higher than those experienced on some ro
Hence, the force required to reduce bolt tear out along the rail should not pr
decelerations, even for impacts with an 1100C small car vehicle.

The concern about tearing of the guardrail when it contacted a post fl
reviewing prior crash test findings. Historical testing has shown
in a W-beam guardrail when it becomes trapped between the
impacting vehicle.” The traditional solution to this proble

The final concern was that excessively stiff guardrail pos sorb enough energy and

thereby lead to rail rupture. Note that guardrail posts were e o be significantly stiffer
because the posts were driven into a well- ne soil material adjacent to
the baskets of large rocks and with the into the wire-mesh layers
of compacted, crushed limestone. The 1 ere essentially

constrained from any significant moveme cent to the baskets of
rocks and penetrating into the wire-mesh 13yets ained against lateral
movement and rotation, thus potentially res torsional buckling and
reduced energy dissipation der to investl
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CHAPTER 5. DYNAMIC COMPONENT TESTING

5.1 OVERVIEW

MSE walls. This post testing program was also used to: (1) investigate t
posts placed on 3H:1V fill slopes using alternative post installation m

A total of twenty-six dynamic tests were conducted durin of testing on 6-in. x 8-in.
(152-mm x 203-mm) wood posts, W6x16 (W152x23.8) stee 6x9 (W152x13.4) steel
posts, and W6x8.5 (W152 x 12.6) steel pgsts of multiple length oil embedment depths. The

For each bogie test, raw acceleration data
displacement and energy vs. displacement g

ompaction were evaluated. A summary of

test results for the fg testing aré8hewn in Tables 2 through 7.
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Table 2. Round 1 Summary - 6-in. x 8-in. (152-mm x 203-mm) Wood Posts with 40-i ) Embedment Depth at 25

mph (40.2 km/h).
Impact Peak Force Average
Test Soil Velocity | Force | Deflection | @ 15 i Failure
. ti T
No Gradation mph Kips in. ype
(km/h) (kN) (mm) (mm)
GWE-10 AASHTO Grading 24.7 14.6 1.9 2235 45.5 Rotation
B (strong soil) - Y (39.8) (64.9) (48) (25.3) (1,155) in Soil
GWB-11 AASHTO Grading 24.7 14.8 2335 45.8 Rotation
B (strong soil) - Y (39.9) (65.8) (26.4) (1,164) in Soil
Average 24.7 14.7 9 228.5 45.6
g (39.8) (65.3) ) 7.5) .8) (25.8) (1,159)

ONILS3IL LININOJINOD JINVNAQ 'S 431dVHD
600-¢T-dL/T14D-VMH4 'ON 1L40d3d YMHA
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Table 3. Round 1 Summary - 6-in. x 8-in. (152-mm x 203-mm) Wood Posts with 40-i
mph (32.2 km/h).

) Embedment Depth at 20

Impact Peak Force Average
; Velocit .
Test Soil Y| Force | Deflection | @15i Failure
No. Gradation Type
mph kips in. .
(km/h) (kN) (mm) (kJ) (mm)
GWB-1 AASHTO Grading 20.7 9.7 1.6 222.0 48.5 Rotation in
B (strong soil) - Y | (33.3) | (43.0) (40) (25.1) (1,233) Soil
GWB-2 AASHTO Grading 19.8 12.3 205.0 45.9 Rotation in
B (strong soil) - Y | (31.8) (54.9) (232) (1,165) Soil
GWB-6 AASHTO Grading 19.6 8.7 177.3 40.5 Rotation in
B (strong soil) - X | (31.5) (38.9) (20.0) (1,029) Soil
GWB-7 AASHTO Grading . 207.5 40.8 Rotation in
B (strong soil) - Y (26.4) (23.4) (1,036) Soil
Average 5.9 202.9 43.9
g (26.4) (22.9) (1,116)
. . 3.5 126.3 56.2 Rotation in
GWB-5* (33) (16.1) (15.6) | (14.3) (1,428) Soil

*Embedded ig ge of strong soil tests

ONILS3IL LININOJINOD JINVNAQ 'S 431dVHD
600-¢T-dL/T14D-VMH4 'ON 1L40d3d YMHA
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Table 4. Round 1 Summary - 6-in. x 8-in.(152-mm x 203-mm) Wood Posts with 40-i

mph (24.1 km/h).

) Embedment Depth at 15

Peak Force Average
Impact
Test Soil Velocity Force Deflection | @ 15 i Failure
No. Gradation Type
mph kips in.
(km/h) (kN) (mm) (kJ) (mm)
GWB-3 AASHTO Grading 15.1 8.3 1.1 141.9 52.8 Rotation
B (strong soil) - Y | (24.4) (36.9) (27) (16.0) (1,341) in Soil
GWB-4 AASHTO Grading 14.3 10.2 129.3 44.9 Rotation
B (strong soil) - Y (23.1) (45.2) (14.6) (1,140) in Soil
GWB-8 AASHTO Grading 15.1 8.7 144.9 433 Rotation
B (strong soil) - Y (24.3) (38.5) (16.4) (1,101) in Soil
GWB-9 AASHTO Grading 14.5 127.7 42.7 Rotation
B (strong soil) - Y (14.4) (1,085) in Soil
Average 136.0 45.9
verag (15.4) (1,166)

ONILS3IL LININOJINOD JINVNAQ 'S 431dVHD
600-¢T-dL/T14D-VMH4 'ON 1L40d3d YMHA

¢T0Z AdvNdd34d



Table 5. Round 2 Testing Results - W6x16 (W152x23.8) Steel Posts v.s 6-in. x 8-in. (15
(1,016-mm) Embedment Depth at 20 mph (32.

-mm) Wood Posts with 40-in.

€

Impact Peak Force
Test Velocity Force | Deflection Failure
No. Type
mph kips
(km/h) (kN) (mm)
19.0 12.8 33.8 Rotation
GWB-12 (30.6) (57.1) (860) in Soil
19.2 12.8 31.3 Rotation
GWB-13 (30.8) (57.1) (795) in Soil
Averase 19.1 12.8 32.6
g (30.7) (57.1) (828)
19.3 31.7 Rotation
GWB-14 (31.0) (805) in Soil
19.6 30.0 Rotation
GWB-15 (31.6) (761) in Soil
Average 11.5 10.4 228.8 30.8
g (51.0) (46.2) (25.8) (783)

ONILS3IL LININOJINOD JINVNAQ 'S 431dVHD
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Table 6. Round 3 Testing Results - 6-in. x 8-in. (152-mm x 203-mm) Wood Posts W152x13.4) and W6x8.5

:1V Slope Break Point.

Embedment | Impact Peak Force
Depth Velocity .
lllleoSt Force | Deflection Failure Type
in. mph kips in.
(mm) (km/h) (kN) (mm)
6-in. x 8 in. (152-mm x 203-mm
52 20.5 11.1 1.6 4.1
GWR4-1 (1,321) (33.1) (49.5) (104) Post Fracture
GWRS.L! 52 20.0 15.1 . 354 | SeiRoution
(1,321) (32.1) (67.2) (93 (900) Post Yielding
CWRSA 52 20.8 2512 | 332 | SoiRouton
(1,321) (33.4) (28.4) (844) Post Yielding
Steel Posts
CWRS.3 46 90 | 2215 34y | SeiRowtion
(1,168) (40.0) (25.0) (883) Post Yielding
GWRSA 40 . . 9.9 9.3 237.1 345 | SeiRoution
(43.9) (41.5) (26.8) 877) Post Yielding

'Post driven.

ONILS3IL LININOJINOD JINVNAQ 'S 431dVHD
600-¢T-dL/T14D-VMH4 'ON 1L40d3d YMHA
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Table 7. Round 4 Testing Results — W6x9 (W152x13.4) Steel Posts vs. W6x8.5 (
Embedment Depths and Posts Driven at 3H:1V Slop

teel Posts with Varying

G¢

Embedment | Impact Peak Force Average Force
Test D?pth Velocity Force Deﬂection @ 15 in Failure
No. In. mph kips in. kips Type
(mm) (km/h) (kN) (mm) (kN)
W6x9 (W152x13.4) Steel Posts, 52-in. (
52 211 16.2 2.7 10.1 Soil Rotation,
GWBRS-1 (1,321) 34.0) | (72.0) (70) (44.9) (724) Post Yiclding
52 22.3 15.1 34.2 Soil Rotation,
GWBRS-4 | (1 301) 35.9) | (67.1) (869) Post Yielding
Averase 52 217 15.6 31.4
g (1,321) (349) | (69.6) (797)
bedment Depth
46 9.3 2408 35.0 Soil Rotation,
GWBRS-2 1 163) (41.5) (27.2) (889) Post Yiclding
46 8.9 2445 385 Soil Rotation,
GWBRS-5 1 168) (39.4) (27.6) (978) Post Yielding
Averase 46 9.1 242.7 36.7
g (1,168) (40.4) 27.4) 933)
16-mm) Embedment Depth
9.4 3054 43.7 Soil Rotation,
GWBRS-3 (41.9) (34.5) (1,109) Post Yielding
9.3 251.7 38.2 Soil Rotation,
(41.2) (28.4) (969) Post Yielding
Averase 13.6 3.4 9.8 9.3 278.6 40.9
g (60.7) (85) @3.6) | (416 (31.5) (1,039)

ONILS3IL LININOJINOD JINVNAQ 'S 431dVHD
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5.2 ROUND 1 TESTING

Eleven tests were performed on 6-in. x 8-in. (152-mm x 203-mm) wood posts embedded 40 in.

this round of testing. First, the resistance to post rotation provided by the 2-in.
102-mm) wall-facing rock was dramatically less than that observed in stand,

5.3 ROUND 2 TESTING

Four dynamic posts tests were performed - two tests on 6-in.
posts and two tests on W6x16 (W152x23 8) steel posts A W6

(152-mm x 203-mm) wood
152x23.8) steel section was

embedded guardrail post. The heavier po
reduced concerns for plastic deformation
a well-compacted, strong soil and impacted he test results showed that the
post-soil resistance for standard wood and st :

post types provide equivalent post-soil
csearcher’s opinion that the standard MGS
able manner when supported by 6-in. x 8-in.
ength and a 40-in. (1,016-mm)

-mm) wood post with a 52-in. (1,321-mm) post embedment
tus could not provide the required energy absorption for an

t tests resulted in similar resistances to post rotation regardless of the
plastic bending of the posts during all of the tests. Due to a failure
within Round 3, the wood post test matrix was temporarily aborted. As a
8t-soil behavior and an acceptable length for a 6-in x 8-in. (152-mm x 203
ot determined for MSE wall applications. Further bogie testing of wood

and testingprogram to determine an acceptable post length. If that wood post testing program is
successful, the implementation of wood posts into the barrier system may be hindered unless an
acceptable post installation method is developed for MSE wall applications.
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The cross-sectional area is much larger for wood posts than for steel guardrail posts. Thus, it may
be difficult to either drive wood posts or install them using the auger, backfill, and tamping
method due to the roller-compacted, strong soil and steel wire mesh found within thegupper
surface of a wire-faced, MSE wall. Based on post-soil performance, reliability, a of
installation, steel posts versus wood posts were recommended for continued ey, on for a non-
blocked, MGS installed on a wire-faced, MSE wall system.

5.5 ROUND 4 TESTING

The posts were driven into a roller-compacted, strong soil
slope. Multiple embedment depths, ranging from 40 in.
again evaluated. From the test results, these steel pos ovide similar post-
soil behavior (i.e., force versus deflection curves) thro
408 mm) or within the expected performance for typical rail systems. However,
the 6-ft (1.8-m) long posts with a 40-in. (1,016-mm) embed th provided improved

i i ths of 46 and 52 in. (1,168

From the Rou : pgrams, post-soil forces and energy dissipation
characteristics fo S C 2 ose results obtained from the original MGS
ogram. [See references 4-6, 24.] From that original study, the
istance for standard steel posts installed in level terrain was found
8.5 kN) over 15 in. (381 mm) of deflection. From the FHWA

a standard 6-ft (1.8-m) long steel guardrail post installed at the
wall system provided an average post-soil resistance of 9.8
. (381 mm) of deflection. Thus, the research team believed that the 6-ft
ould allow the MGS to perform in an acceptable manner and meet
dards but with reduced barrier deflections from those observed in the

plates; (2) 6-1t (1.8-m) long posts manufactured from either W6x8.5 (W152x12.6) or W6x9
(W152x13.4) steel sections; (3) posts driven at the slope break point of a 3H:1V fill slope
adjacent to and on top of a wire-faced, MSE wall; and (4) posts installed using a 40-in. (1,016-
mm) embedment depth.
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Bogie Testing on the Gabion Wall
Force vs. Deflection
) |
16 f
14
12 W6x9 (GWBR5-5) —
W6x8.5 (GWBR5-6)
T 10
=
1]
b
e B8
[TH
3
a4
2
0
0 5 45 50

Figure 12. Graph

Figure 13. Photo. Tcal Damage - 6-ft (1.8-m) Long, W6x8.5 (W152x12.6) Post at
Breakpoint of 3H:1V Fill Slope.
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CHAPTER 6. SYSTEM DESIGN DETAILS

The standard MGS formed the basis for the barrier system utilized with the wire-fac
mechanically-stabilized earth (MSE) wall system. However, the MGS was modifi

mounting height, as well as the 75-in. (1,905-mm) post spacing. The
installed at the slope break point of a 3H:1V fill slope using an appro

The test installation was 175 ft (53.3 m) long and consiste
thick) corrugated W-beam guardrail supported by steel

Photographs of the test installation are shown in Fi rial specifications,
mill certifications, and certificates of conformity for th are shown in Appendix
A.

The entire system was constructed with twenty-nine guardrall ost nos. 3 through 27 were
galvanized ASTM A36 W6x8.5 (W152 ee 2 in. (1,829 mm) long.
Post no. 1, 2, 28, and 29 utilized timber Bréaka : osts measuring 5%

in. wide x 7% in. deep x 46 in. long (140 ere placed in 72-in.
(1,829-mm) long steel foundation tubes, a :

E wall. Wood spacer blockouts were not used to offset the rail
e steel posts. However, 12-gauge (2.66-mm thick) W-Beam

Standard 12-gauge
pacing intervals we

-mm thick) W-beam rails with additional post bolt slots at half-post
aced between post nos. 1 and 29, as shown in Figures 14 and 25. The
he W-beam guardrail was 31 in. (787 mm) with a 247z in. (632 mm)

es were placed at the mid-span locations between posts, as shown in
guardrail splice connections between the rail sections were lapped in the

The actual, wire-faced, MSE wall system measured 84 ft (25.6 m) in length and was configured
with a 3H:1V fill slope at its outer edge. The MSE wall system was positional longitudinally
between post nos. 8 through 22, as shown in Figures 16 and 17. The MSE wall system was
placed within an excavated pit measuring 11 ft — 10 in. (3.6 m) wide by 7 ft (2.1 m) deep with
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three 2-ft (0.6-m) thick layers of roller-compacted, course, crushed limestone material. The soil-
aggregate material met the Grading B specifications of AASHTO M147-65 denoted in MASH

and NCHRP Report No. 350, which also closely conformed to the select wall backfill materials
denoted in Sections 255 and 704 of the 2003 FHWA Standard Specifications for uction of
Roads and Bridges on Federal Highway Projects.!"****) The outer region of t

Appendix B.

For test no. MGSGW-1 (1100C small car test), the W-bea
through 17 were longitudinally shifted to different positi

slot alignment, or mis-alignment, affects post bolt rel . The bolt heads
were also positioned at different locations within the g i , ost nos. 14 and 16, the
guardrail slots and W-beam backup plate slots were mis- st nos. 15 and 17, the
guardrail slots and W-beam backup plate slots were aligned another. The four post bolts

and rail slots are depicted in Figure 42.

For test no. MGSGW-2 (2270P pickup ttuel e were positioned at
different locations within the guardrail sld t ree different
locations were considered - the upstream e . cam end of the slot, and
centered in slot. These configurations are sh in Ei
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12" [305]
Minimum

Cap Mat,
Part No. a1

ilter Fabric,
o. a

Prongless Mat,
No. a

Backing Mat,
Part No. a3

Standard Mat,

Part No. a4
3 12"[305]
[914] Minimum — 1
SHEET:
DETAIL E FHWA Gabion Wall 4 of 17
Full—Scale Test Program [,
6/30/2010
. . Soil Details o
Midwest Roadside e
Safety Facility [ ™« SOAE iz [REV. v
fhwa gaobion wall_v18 UNITS: In.[mm] [RKF /KAL

chematic. Soil Details, Test Nos. MGSGW-1 and MGSGW-2.
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Note:

(1) One backing mat will be cut in half and placed

1/2 Backing Mat

at the end sections of the soil

——{Backing Mat
|

1/2 Backing Mat

Backing Mat ’———

in
art l\?o. Sta Mat,
Backing Mat, tandard Mat, Pa at
Part No. a3 Part No. a4
Hog Rings HHEHE SRS EE S S I R R RE Be S En S S IS SRS ERE SE R S
Parf No."a 3
8"
[203.2]
DETAIL G
SCALE 2 : 115
2
(533] ] SHEET:
FHWA Gabion Wall Biat 7
Full-=Scale Test Program [,
6/30/2010
Soil Reinforcement Placement  [oRawN BY:
Midwest Roadside and Spacing — First Lift EAVRIT/
|L‘F Sofety FGCIllty DWG. NAME.‘ SCALE: 1:115 [REV. BY:
. 5 fhwa gobion wall_v18 UNITS: In.[mm] |RKF /AL
Figure 18. atic einforcement Placement and Spacing, Test Nos. MGSGW-1 and MGSGW-2.
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Pror:_?less Mat,

No. a2
H 1 it
L 1l
1 1
l 1 111 11
H
Ll 1L 1l 1l
1 1] H 1 Ll 3
T 1 T # e
Standard Mat B % 3
andar at, . a
Part No. a4 [203]
Soil Cap,
Part No. a1
Note: (1} The soil cap is attached to
the pronﬂless mat by hooking
one of the transverse wires
on the prongless mat with
the hooks on the end of the
soil cap.
Backing Mat Prongless Mat,
Part No. a Parf No. a2
verlap Standard and
Prongless Mats
DETAIL |
5 Standard Mat,
SRELE T G 8 Part No. a4
SHEET:
FHWA Gabion Wall 6lof 17
Full—Scale Test Program [,
6/30/2010
DRAWN BY:
H 3 . Gabion Wall Mat Assembly CHIRT
;12 Midwest Roadside i
Sofety FGC”ity DWG. NAME. SCALE: 1:45 |REV. BY:
fhwa gaobion wall_v18 UNITS: In.[mm] [RKF /KAL

tic. MSE Wall Mat Assembly, Test Nos. MGSGW-1 and MGSGW-2.
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12"
[305] “‘ |‘

11 |_On
I [3352.8]

Soil Cap,
art No. ail

Notes: (1) All wire mesh is 7/3

7 g
[2235.2]

Midwest Roadside
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Full-Scale Test Program

SHEET:
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DATE:
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Prongless Mat,
Part No. o2

8”
-1 1203

Midwest Roadside

SHEET:

Scafety Facility |0 we

FHWA Gabion Wall g1z
Full—Scale Test Program [,
6/30/2010
DRAWN BY:
Prongless Mat
e
SCALE: 1:30 |REV. BY:
fhwa gabion wall_v18 UNITS: In.[mm] [RKF /KAL

schematic. Prongless Mat, Test Nos. MGSGW-1 and MGSGW-2.
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Schematic. Backing Mat, Test Nos. MGSGW-1 and MGSGW-2.
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_{ Ground :

Post Nos. 7-23

SECTION C-C

Line
T~

SECTION D—D
W6x8.5 [W152x12.6] Steel Post
Fart b1

Midwest Roadside

SHEET:

Sofety Facility [ nwe

FHWA Gabion Wall 17
Full-=Scale Test Program [,
6/30/2010
Post Details i
yrar/
SCALE: 1:15 |REV. BY:
fhwa gaobion wall_v18 UNITS: In.[mm] [RKF /KAL
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7'-3 1/2"
"7 [2222.é]

3—7 3/4"
L'_ [1111.{1;] ]

6'—3" [1905] W—Beam Section, 12 gauge [2.7
[1905] iR gauge [2.7]

136 1/2"
[4127.!] '

6'73”
[1905]

L
18

4'—g 1/2"
[14605]

—0" [305] W—Beam Backup
Part b8

SCALE 1

DETAIL M
SCALE 1 : 15

@1"x1 1/4
[25.4x31.8] Slot

(Typ-)

FHWA Gabion Wall

e, 12 gauge [2.7]

Rail Section Details

Midwest Roadside

Full-=Scale Test Program

SHEET:
12 of 17

DATE:
6/30/2010

DRAWN BY:

i

Sofety Facility [ nwe

fhwa gabion wall_v18

SCALE: 1:35
UNITS: In.[mm]

REV. BY:
RKF /KAL

ematic. Rail Section Details, Test Nos. MGSGW-1 and MGSGW-2.
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SECTION P—P
SCALE 1 : 25
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DETAIL A
SCALE 1 : 35
SHEET:
FHWA Gabion Wall 13617
K Full-=Scale Test Program [,
\ - 6/30/2010
\‘!_! _/ . . Foundation Details ;R::;J;Y:
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ETAIL R afe GCi i DWG. NAME. SCALE: 1:25 |REV. BY:
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DETAIL N

Ground
e

Midwest Roadside
Safety Facility

FHWA Gabion Wall

Full-=Scale Test Program

Foundation Details

SHEET:
14 of 17

DATE:
6/30/2010

DRAWN BY:

i

DWG. NAME.

fhwa gaobion wall_v18

SCALE: 1:5
UNITS: In.[mm]

REV. BY:
RKF /KAL

ematic. Foundation Details, Test Nos. MGSGW-1 and MGSGW-2.
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2 3/4" 3 3/4"
I—‘ [69./9] [95./3]

ﬁsﬂ'] (Typ.) |

23 7/8"
[sosét]

1345y —

S A
152.4 [203.2]
Foundation Tube

PTEOB

art ¢

FHWA Gabion Wall
Full-=Scale Test Program

BCT Post Sle

Bacs

SHEET:
15 of 17

DATE:
S/SG/ZO‘IO
. ; End Anchor Components Detail m
Midwest Roadside By
Safety Facility [ e SCALE: 1115 |REV. BY:
fhwa gaobion wall_v18 UNITS: In.[mm] RKF /KAL

End Anchor Components Details,

Test Nos. MGSGW-1 and MGSGW-2.
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Three Sides

[1905]
5'—6"

T [1981.2]

3/167[4.8]

Strut

3/167[4.8]

Strut and Yoke Assembly
Assembly c

557

(@)1

5 5/8"
[142.8]

Anchor Bracket

PAO1T)

Assembly c6B

s

Q

$7/8"[22.2] x 27[50.8] Slot

@1 1/8"
[28.5]

Anchor Bracket Bearing Plate

=
[12)—54;] >\\[25-4

[an

3 8”
[9.5]

Midwest Roadside
Safety Facility

FHWA Gabion Wall
Full—=Scale Test Program

Strut and Yoke Assembly Detail

SHEET:
18 of 17

DRAWN BY:

DATE:
6/30/2010

EAJ/RAT,
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DWG. NAME. SCALE: 112
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ltermn

Hardware

No. | QTY. Description Material Specifications an Guide
= — |Wall Facing Fill -
al 11 [Cap Mat -
a2 10 |Prongless Mat =
a3 20 |Backing Mat -
a4 10 |[Standard Mat =
ad 180 [Hog Rings .
ab . Filter Fabric -
b1 25 |W6x8.5 x 6’ long [W152x12.6, 1829 long] Steel Post -
b2 1 |6'-3" [1905] W—Beam Section RWMO1a
b3 14 [12'-86" [3810] W—Beam MGS Section RWMO04a
b4 2 [12’-8" [3810] W—Beam MGS End Section -
b5 4 [5/8" [15.9] Dia. x 10" [254] long Guardrail Bolt ang FBBO3
b6 | 137 |5/8” [15.9] Dia. x 1 1/2” [38] Guardrail Bolt and N FBBO1
b7 | 44 |5/8” [15.9] Dia. Flat Washer FWC16a
b8 25 |W—Beamn Backup Plate RWBO1a
cl 4 [BCT Timber Post — MGS Height PDFC1
c2 4 |72" [1829] Foundation Tube ASTM A53 Grade B PTEOB
c3 2 [Strut and Yoke Assembly ASTM A36 Steel Calvanized PFPO1
c4 2 [5x8x5/8" [127x203x15.9] A Bearing PId ASTM A36 Steel FPBO1
c5 2 |BCT Anchor Cable Asse [19] 6x19 IWRC IPS Galvanized Wire Rope FCA01-02
cB 2 |Anchor Bracket Asse ASTM A36 Steel FPAQ1
c7 2 |2 3/8" [60] 0.D. x ASTM AS3 Grade B Schedule 40 FMMO2
c8 4 |5/8”" [15.9] Dia. x 10" ASTM A307 FBX16a
c9 16 |5/8" [15.9] Dia. x 1 1/2" ASTM A307 FBX16a
c10 | 4 ASTM A307 FBX22a
el 8 ASTM A153 FWC22a
SHEET:
FHWA Gabion Wall 17 of 17

Bill of Materials

Midwest Roadside

Full-=Scale Test Program |,

6/30/2010
DRAWN BY:
EAJ/RJT
/e

Safety Facility [eenee

fhwa gabion wall_v18

SCALE: None [REV. BY:
UNITS: In.[mm]|RKF /KAL

ematic. Bill of Materials, Test Nos. MGSGW-1 and MGSGW-2.
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a. Sec ayer Wire Mat |

Figure Photo. Construction of Wire-Faced, MSE Wall. (continued.)

aalle

Scond Layer Wire Mat Installed, Upstream End
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d. Second Layer Fiber Filter Positning

Photo. Construction of Wire-Faced, MSE Wall. (continued.)
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A2 b P<

eveling Rail d. Non-Blocked MGS Installation, Driving Posts-1

Construction of Midwest Guardrail System (MGS) on MSE Wall.
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ing Post No. 3 d. Non-Blocked MGS Iﬁstallation, Driving Post No. 5

uction of Midwest Guardrail System (MGS) on MSE Wall. (continued.)
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a. MGS on MSE Wall, Upstream Quarter View ‘ Wall, Downstream Quarter View

b. MGS'0n MSE Wall, Rear Oudrter View d. MGS on MSE Wall, Upstream Quarter View

re 38. Photo. Test Installation — MGS on MSE Wall.
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a. MGS on MSE Wall, Rear Quarter View on MSE Wall, Front View

T e—————

- -

Quarter Viw d. MGS on MSE Wall, Donstream Rear View

. Photo. Test Installation — MGS on MSE Wall. (continued.)
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E

a. Upstream Inline View c. Downstream Inline View

b. iew of Downstre Anchor

d. Front View of Upstream Anchor

Eigure 41. Photo. Test Installation — End Anchorage System.
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cBolt Location at Post 15
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5t 13

d. Upstream Vlew of Post 13

p. Post Bolt Locations at Post Nos. 12 and 13, Test No. MGSGW-2.
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a. Downstream View of Post 16

~ X9

of Post 1
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CHAPTER 7. TEST REQUIREMENTS AND EVALUATION CRITERIA

7.1 TEST REQUIREMENTS

Longitudinal barriers, such as W-beam guardrails, must satisfy impact safety s ds in order

The two full-scale crash tests are noted below.

1. Test Designation No. 3-10 consists
impacting the system at a nominal speed 2 mph (100 km/h) and 25
degrees, respectively.

2. Test Designation No. 3-11 -kg) pickup truck
impacting the system at g ph (100 km/h) and 25
degrees, respectively.

The test conditions of TL-3 longitudinal ba

ASH TL Test Conditions.
Impact Conditions
Test Test Test peed Evaluation
Article Designatig Vehicle Angle Criteria'
No. km/h (deg)
: 1100C 62 100 25 A,D,F,H,I
nal
2270P 62 100 25 A,D,F,H,I
- Evaluation cri xplain able 9.
EVALUATION TERIA
E ion critert ll-scale vehicle crash testing are based on three appraisal areas: (1)
struc e 7 (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for
structur. y are intended to evaluate the ability of the guardrail to contain and redirect
impacting cles. In addition, controlled lateral deflection of the test article is acceptable.

Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle. Vehicle
trajectory after collision is a measure of the potential for the post-impact trajectory of the vehicle
to result in multi-vehicle accidents. This criterion also indicates the potential for safety hazard
for the occupants of other vehicles or occupants of the crash vehicle when subjected to secondary
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collisions with other fixed objects. These three evaluation criteria are described in greater detail
in MASH and are summarized in Table 9. Finally, the full-scale vehicle crash tests were

conducted and reported in accordance with the procedures provided in MASH.

In addition to the standard occupant risk measures, the Post-Impact Head Dece

the Theoretical Head Impact Velocity (THIV), and the Acceleration Severit
determined and reported on the test summary sheets. Additional discussi
ASI is provided in Reference 14.

THIV, and

Table 9. MASH Evaluation Criteria for Longi

A. Test article should contain and redirect t icle or bring the vehic
Structural controlled stop; the vehicle should no rate, underride, or override
Adequacy installation although controlled la deflection the test article 1
acceptable.

D. Detached elements, fragments or other e test article should not
penetrate or show potential for penetrat occupant compartment, or
present an undue hazardgto other traffic, pe s, or personnel in a work
zone. Deformations of; sions into, the occ ompartment should not

ision. The maximum
Occupant
Risk Maximum
30 ft/s 40 ft/s

(9.1 m/s) (12.2 m/s)

idedown Acceleration (ORA) (see Appendix A, Section A5.3
ulation procedure) should satisfy the following limits:
Occupant Ridedown Acceleration Limits
Component Preferred Maximum
itudinal and Lateral 15.0¢g’s 20.49 g’s

7.3 SOIL

NGTH REQUIREMENTS

In order to limit the variation of soil strength among testing agencies, the foundation soil must
satisfy the recommended performance characteristics set forth in Chapter 3 and Appendix B of
MASH. Testing facilities must first subject the baseline soil material to a dynamic post test to
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demonstrate a minimum dynamic load of 7.5 kips (33.4 kN) at deflections between 5 and 20 in.
(127 and 508 mm). If satisfactory results are observed, a static test is conducted using an

identical test installation. The results from this static test become the baseline requirgment for
soil strength in future full-scale crash testing. On the day of the full-scale crash te
steel post is to be statically tested in the same manner as used for the baseline
static test results reveal a post-soil resistance equal to or greater than 90 per
test result at deflections of 5, 10, and 15 in. (127, 254, and 381 mm), the

est. If the
the baseline

where the guardrail posts were driven.
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CHAPTER 8. TEST CONDITIONS

8.1 TEST FACILITY

The testing facility is located at the Lincoln Air Park on the northwest side of t
Municipal Airport and is approximately 5 miles (8.0 km) northwest of the U,
Nebraska-Lincoln.

8.2 VEHICLE TOW AND GUIDANCE SYSTEM

The distance traveled and the speed of the tow vehicle wer alf that of the test vehicle!
test vehicle was released from the tow cable before imp the barrieg system. A digital
act speed.

st vehicle.*”! A guide-
flag, attached to the left-front wheel and the guide cable, wa off before impact with the
barrier system. The ¥z-in. (9.5-mm) diameter gulde cable was t ed to approximately 3,500

vehicle was towed down the line, the guid
ground.

8.3 TEST VEHICLES

. ; sed as the test vehicle. The curb, test
inertial, and gross i A b (1,044 kg), 2,427 b (1,101 kg), and 2,596

For test no. MGS 903 Dodge Ram Quad Cab pickup truck was used as the test vehicle.
oss static vehicle weights were 5,081 1b (2,305 kg), 4,999 1b (2,268

ent of the center of gravity (c.g.) was determined using the measured
small car and pickup truck. The Suspension Method was used to
mponent of the c.g. for the pickup truck.?® This method is based on the
any freely suspended body is in the vertical plane through the point of

e was suspended successively in three positions, and the respective planes
ere established. The intersection of these planes pinpointed the c.g. location
for the tes al condition. The c.g. height of the 1100C vehicle was estimated based on
historical c.g” height measurements. The location of the final c.g. for each vehicle is shown in
Figures 47 and 49 through 51. Data used to calculate the final location of the c.g. is shown in
Appendix C.
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c. Front View

Figure 46. Photo. Test Vehicle, Test No. MGSGW-1.
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*(All Measurements Refer to Impacting Side)

¢

vehicle

Mass Distribution

Gross Static LF

‘Weights

b (kg) Curb Test Inertial Gross Static

1407 (638) 1489 (675)

1020 (463) 1107 (502)

427 (1101) 2596 (1178)

Dummy Data

amage prior to test: none

Date: 10/20/2009 Test Number: MGSGW-1 Model: Rio Sedan (1100C)
Make: Kia Vehicle 1.D.#: KNADC125336269907
Tire Size: 175/65 R14 Year: 2003
Tire Inflation Pressure: 29 psi

Type: Hybrid 2
Mass: 170 Ib

Seat Position: Passenger

(1626)  b_55:

166.75 (4235)  d_ 383

(2419) f 33.25

(998)

(248) i 22 (559)

(260) 1 2175 (552)

56.5 (1435  n_56.75 (1441)

(711) p_3 (76)

(572) r 155 (394

t_ 63 (1600)

enter Height Front__10.75  (273)
el Center Height Rear 11 (279)

Wheel Well Clearance (F)__24.5  (622)
Wheel Well Clearance (R) 24 (610)
Frame Height (F) 10.75 273)
Frame Height (R) 16 (406)
Engine Type 4 cyl.
Engine Size 1.6 Liter

Transmition Type:

Automaﬁc
RWD  4WD

Figure 47. Schematic. Vehicle Dimensions, Test No. MGSGW-1.
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Figure 48. Photo. Test Vehicle, Test No. MGSGW-2
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Date: 11/20/2009 Test Number: MGSGW-2 Model: _ 2270P (RAM 1500)
Make: Dodge Vehicle 1.D.#: 1D7HA18N13S298692
Tire Size: 265/70 R17 Year: 2003 224685
Tire Inflation Pressure: 35psi
*(All Measurements Refer to Impacting Side)

T — jf— i ‘

n n
t  Wheel Wheel a (1981) b

Trock Trock
(5766)
[— 3

Test Inertial CM.

....x..l

Mass Distribution

2865 (1 2787 (1264)

q —=}=—1re D18

(3569)

(1575)

(387) j_27.25  (692)
T WHEEL D (552) 1 29.875 (759)
i (1740) n__ 68 1727)
(1124) p__3 (76)
r 21.625 (549)
t_ 755 (1918)
enter Height Front  15.25 (387
Vheel Center Height Rear  15.25  (387)
Wheel Well Clearance (F)  35.5 902)

Gross Static LF Frame Height (F) 18.125  (460)
LR Frame Height (R) 26.25  (667)
Engine Type Gas V-8
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 4.7L

Wheel Well Clearance (R)  38.5 978)

2873 (1303) Transmition Type:

(1005) 2212 (1003)

2296 (1041)

305) 4999 (2268)

FWD 4WD

5169 (2345)

GVWR Ratings

Front 3650
3900
6650

age prior to test: None

Dummy Data

Type: Hybrid 11

Mass: 170 1b

Seat Position: Passenger

Figure 49. Schematic. Vehicle Dimensions, Test No. MGSGW-2.
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TEST #: MGSGW-1
TARGET GEOMETRY-- in. (mm)

34.5 (876) I 2175 (552)

F 3725 (946) J 28 (711)

(1232) G 3925 (997) K 285 (724)
(279) H 95.25 (2419)

Figure 50. Schematic. Target Geometry, Test No. MGSGW-1.
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TEST #: MGSGW-2
TARGET GEOMETRY-- in. (mm)

(1619) 63.875 (1622) I 40 (1016)
2527) F  42.625 (1083) J 295 (749)
(1089) G 63.75 (1619) K 43.25 (1099)
(1626) H 76.25 (1937) L 61 (1549)

Figure 51. Schematic. Target Geometry, Test No. MGSGW-2.
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Square black- and white-checkered targets were placed on the vehicles to aid in the analysis of
the high-speed digital videos, as shown in Figures 50 and 51. Round, checkered targets were
placed on the center of gravity on the left-side door, the right-side door, and the roof @f the
vehicles. The remaining targets were located for references so they could be view the
high-speed cameras for video analysis.

The front wheels of the test vehicles were aligned for camber, caster, and ues of zero so
that the vehicles would track properly along the guide cable. A 5B flas
the left-side windshield wiper and was fired by a pressure tape switc

corner of the bumper. The flash bulb was fired upon initial impactf
visual indicator of the precise time of impact on the high-spee
controlled brake system was installed in the test vehicles s

to a stop after the test.

al videos. A remote
ehicles could be brought s

8.4 SIMULATED OCCUPANT

For test nos. MGSGW-1 and MGSGW-2, A Hybrid II 50"
equipped with clothing and footware, was placed in the right-
the seat belt fastened. The dummy, whig
by model no. 572, serial no. 451, and wa
California. As recommended by MASH,
location.

Adult Male Dummy,
t of the test vehicle with

8.5 DATA ACQUISITIOZ2

8.5.1 Acceleromete

was a two-arm piezoresistive accelerometer system manufactured
ano, California. Three accelerometers were used to measure each

ntly at the same sample rate. The accelerometers were configured and
developed and manufactured by Diversified Technical Systems, Inc.
\lifornia. More specifically, data was collected using a DTS Sensor Input
DAS3-SIM-16M. The SIM was configured with 16 MB SRAM memory

: et and RS232 communication, and an internal backup battery. Both the SIM and
module rack"were crashworthy. The “DTS TDAS Control” computer software program and a
customized Microsoft Excel worksheet were used to analyze and plot the accelerometer data.
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The second system, Model EDR-3, was a triaxial piezoresistive accelerometer system developed
by Instrumented Sensor Technology (IST) of Okemos, Michigan. The EDR-3 was configured
with 256 kB of RAM memory, a range of £200 g’s, a sample rate of 3,200 Hz, and ag,120 Hz
lowpass filter. The computer software program “DynaMax 1 (DM-1)” and a cust
Microsoft Excel worksheet were used to analyze and plot the accelerometer da

8.5.2 Rate Transducers

software program “DTS TDAS Control” and a custo
to analyze and plot the angular rate sensor data.

8.5.3 Pressure Tape Switches

For test nos. MGSGW-1 and MGSGW OLC -acti itches, spaced at
approximately 6.56-ft (2-m) intervals, C ermi the vehicles before
impact. Each tape switch fired a strobe lig g i
acquisition system as the right-front tire o g
were determined from electromc tlmlng markdata rg : Point and LabVIEW
computer software prograa C eed video analys1s are used only as a
backup in the event t ermined from the electronic data. However,
due to technical di ollected with the LabVIEW computer

digital video cameras, three high-speed AOS X-PRI digital video
ideo cameras, and two Canon digital video cameras were utilized to
amera operating speeds, lens information, and a schematic of
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Operating Speed

No. Type (frames/sec) Lens Setting
= 2 AOS Vitcam CTM 500
3 o AOS Vitcam CTM 500
E E 5 AOS X-PRI 500
.é" 6 AOS X-PRI 500
7 AOS X-PRI 500
1 JVC — GZ-MC500 (Everio)
§ 2 JVC — GZ-MG27u (Everio)
> 3 JVC — GZ-MG27u (Everio)
% 4 JVC — GZ-MG27u (Everio)
A 1 Canon ZR90
2 Canon ZR10

600-2¢T-dL/140-VMHL "'ON 140d3d YMH4

SNOILIANOD 1S31 '8 431dVHD
¢T0Z AdvNdg34d
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Operating Speed

No. Type (frames/sec) Lens Setting
- 2 AOS Vitcam CTM 500 -
85; o 3 AOS Vitcam CTM 500 20 mm
E o 5 AOS X-PRI Gigabit 500 *lesar 135 mm Fixed
2 “ | & AOS X-PRI Gigabit Sigma 50mm Fixed
7 AOS X-PRI Gigabit
1 JVC — GZ-MC500 (Everio)
,g.) 2 JVC — GZ-MG27u (Everio)
> 3 JVC — GZ-MG27u (Everio)
= 4 JVC — GZ-MG27u (Everio)
2 |1 Canon ZR90
2 Canon ZR10

Camera Locations, Speeds, and Lens Settings, Test No. MGSGW-2.

600-2¢T-dL/140-VMHL "'ON 140d3d YMH4

SNOILIANOD 1S31 '8 431dVHD
¢T0Z AdvNdg34d
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CHAPTER 9. FULL-SCALE CRASH TEST NO. MGSGW-1

9.1 TEST NO. MGSGW-1

test are shown in Figures 57 and 58.

9.2 WEATHER CONDITIONS

Test no. MGSGW-1 was conducted on October 20, 20 '
conditions as per the National Oceanic and Atmosphe inistrag tation 14939/LNK)
were documented and are shown in Table 10.

Table 10. Weather
Temperature
Humidity
Wind Speed
Wind Direction
Sky Condition

between post nos. 1

Lhe vehicle came to
ally in front of th

am. The vehi

d 15. A sequential description of the impact events is shown in Table 11.
31 ft- 1 in. (9.5 m) downstream from impact and 11 ft — 3 in. (3.4 m)
affic-side face of the barrier and oriented with its front end facing
ajectory and final position are shown in Figures 54 and 60.
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Table 11. Sequential Description of Impact Events, Test No. MGSGW-1.

22?)5 EVENT

0.000 The vehicle impacted the system.

0.018 The right-front bumper of the vehicle underrode the rail,

0.022 The right-front tire contacted the front-upstream fla

0.03 The rail disengaged from post no. 14.

0.044 The engine block contacted the rail at splice b

0.058 The vehicle rolled away from the barrier

0.068 The center of the front bumper contag

0.070 The right-front tire deflated.

0.074 The rail disengaged from post no.

0.078 The right-front tire became airborne.

0.112 ght-front side window,
0.116 The right-rear tire b

0.128 The front bumper ov

0.158 The center-front bumpg ed the cam flange of post no. 16.
0.174 The

0.188

0.272 orrugation just downstream of post no. 16.

0.276

0.282

0.306

corner of the engine hood lost contact with the rail at post
18, and the vehicle exited the system at an angle of 58.3 degrees with a
ycity of 10.2 mph (16.3 km/h).

front of vehicle yaws toward barrier.

ont of vehicle continues to yaw toward barrier.
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9.4 BARRIER DAMAGE

Damage to the barrier was moderate, as shown in Figures 61 through 66. Barrier da
consisted of contact marks on and deformation to the guardrail posts and W-bea
length of vehicle contact along the barrier was approximately 24 ft — 2 in. (7.4

26 in. (660 mm) upstream of post no. 18.

Damage to the W-beam rail occurred between posts nos. 13 and 18.
just upstream of post no. 13. Sheet metal from the vehicle body
near post no. 14. A Y4-in. (6-mm) gap was found at the splice

bottom of the backup plate was crushed upward with
The guardrail bolt and backup plate were still attache
ed at post nos. 17 and 18.

A 2%s-in. (64-mm) soil gap was found at the front of post no. 1 nos. 14 and 15 twisted and

flange of post no. 14. The guardrail bolt te ge . 14 through 16. Posts

nos. 16 and 17 were completely removed re mesh being exposed at
the bottom of the hole at post no. 16. The fra was deformed due to contact
with the vehicle. Post no g and at the location of vehicle contact,

and it was severely twi 0 i ream, and its front flange buckled due to

he front of post no. 18.

set rail and po
and 20% in. (51

deﬂectlons were 274 in (696 mm) at the mldspan between post nos.
mm) at post no. 14, respectively, as determined from high-speed

e was moderate, as shown in Figures 67 through 70. The maximum
eformations are shown in Table 12 with the deformation limits

d deformation limits were not violated. Complete interior occupant
ations as well as other vehicle deformations, along with the corresponding

The majority of the damage was concentrated on the right-front corner and right side of the
vehicle where the impact occurred. The front bumper was completely detached and fractured.
The front frame was deformed inward toward the engine compartment and fractured on the right
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side. The metal headlight assembly frame was deformed inward, and the headlight was

disengaged from the vehicle. The right-front A-arm assembly was disengaged from the frame.
The right-front fender was torn back to approximately the midpoint of the wheel an
detached. The engine support bowed downward and backward. Both front tires w
Two gouge marks were found along the right side, measuring 27% in. (692 m
mm) in length. The hood and radiator were crushed inward at the right bum

right-front side of the interior floor panel was deformed inward
doors were partially detached at the hinge.

MGSGW-
MASH ALLOWABLE
LOCATION DEFORMATION

in. (mm)
Wheel Well & Toe Pan <9(229)
Floor Pan & Transmission Tunnel <12 (305)
Side Front Panel (in Front of A-Pillar) <12 (305)
Side Door (Above Seat) <9(229)
Side Door (Below Seat) 174 (32) <12 (305)
Roof NA <4(102)
Windshield NA <3(76)
9.6 OCCUPA

act velocities (OIVs) and maximum 0.010-sec occupant ridedown
he longitudinal and lateral directions are shown in Table 13. It is
ere within the suggested limits provided in MASH. The

ues are also shown in Table 13. The results of the occupant
e accelerometer data, are summarized in Figure 54. The
celerometers and the rate transducers are shown graphically in

ecorded data from t
ppendix E.
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Table 13. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MGSGW-1.

Transducer
Evaluation Criteria
EDR-3 DTS set 1
o -22.62 -25.87
oIV Longitudinal (-6.89) (-7.89)
ft/s
(m/s) -16.51 -17.07
Lateral (-5.03) (-5.20)
ORA Longitudinal -9.94 <20.49
g's Lateral 6.54 <20.49
THIV .
ft/s (m/s) NA not required
PI-,ID not required
g’s
ASI 78 not required

ents nor fragments which showed potential for penetrating the
esented undue hazard to other traffic. Deformations of, or

ersely influence occupant risk safety criteria nor cause rollover. After
d the barrier at an angle of 58.3 degrees as it spun-out. The vehicle’s
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1

0.000 sec 0.112 sec 0.238 sec .154 sec
31'-1" [9.5 m] ~10-11}" [3.3 m]
y sy
25§\ p 1 / 14-g" |[4.5 m] 3
’ A | . 11
2 3 45 6 (78 91011 12131415 1617 1B 19 2021 22 23 24 25 2627 28 29 .\
3—4"
[10186)
—{32'-94" [10.0 m]
Test Agency
Test Number
Date T Moderate
MASH Test Designation 3-10 1-FR-5
Test ATticle ..ovvevervrieirierieienne MGS without blockouts on MSE wall with a 3:1 slope - ~-01-FZEW4
Total Length 175 ft (53.4 m) ior Deformation ............coceereeererseerseenenenns 1Y in. (32 mm) Right Toe Pan
Key Component — Steel W-Beam Moderate
Thickness
Top Mounting Height Permanent Set 20% 1n (511 mm)
Key Component — Steel Posts Dynamic..... 27.4 in. (696 mm)
POSE N10S. 327 woveeeeeeeeeeeeeeeeeeseeereseeeen Working Width 35.7 in. (906 mm)
Post Location Maximum Angular Displacements (DTS)
Spacing Roll -11.2° < 75°
Blockout Pitch -5.4° < 75°
Key Component — Wood Posts Yaw 126.0°
Post nos. 1-2,28-29..................... by 7% by 46 in. (140 IS 58.97 kip-ft (80 kJ)
Key Component — Foundation Tube . Transducer Data —
Soil Type 0 Strong Se - A ransducer MASH
Vehicle Model B3 Kia Rio Sedan Evaluation Criteria EZDZR6_ ; DT2S5 586; 1 DTZSZ Tst 5 Lil’;l(i)t
Curb 7. 2,302 b (1,044 kg) o 2. 5. 7. =
Test INCHtal ... oo . 2427 1b (1,101 kg) ?é:’ Longitudinal (-6.89) (-7.89) (-6.84) (12.2)
Gross Static ..., 2,596 1b (1,178 kg) (ms) Lateral -16.51 -17.07 -16.53 <40
Impact Conditions (-5.03) (-5.20) (-5.04) (12.2)
ph (98.2 km/h) ORA Longitudinal -9.94 -13.78 -10.25 <2049
""""""""" g’s Lateral -6.54 -7.81 -7.40 <20.49
30.10 not
10.2 mph (16.3 km/h) THIV — s (mfs) NA 0O.17) NA required
: 58.3 deg PHD - g’s NA 14.55 NA not
..... Fail (Not required) required
Satisfactory ASI 0.74 0.92 0.78 not
Vehicle Stopping WISEANCE...............c.ooovrverieninenrne. fobstatatay ... 31 ft - 1 in. downstream required

aterally from traffic-side face

T-MOSON 'ON 1S31 HSVYHD 31VIS-11Nd '6 43LdVHO

600-2¢T-dL1/140-VMHL 'ON 140d3d YMH4

¢T0C AdvNdg34
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~a. 0.000sec

~b. 0.030 sec

~ k. 0.586 sec

f. 0.572 sec I. 1.092 sec

Figure 55. Photo. Additional Sequential Photographs, Test No. MGSGW-1.
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k. 0.30 sec

"j ]

2

£ 1.252 sec L 0.492 sec

Figure 56. Photo. Additional Sequential Photographs, Test No. MGSGW-1.
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Figure 57. Photo. Documentary Photographs, Test No. MGSGW-1.
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d. " h.
Figure 58. Photo. Documentary Photographs, Test No. MGSGW-1.
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a. Impact Location, O

e - 4

c. Impact Location, Close-up

Figure 59. Photo. Impact Location, Test No. MGSGW-1.
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b. Vehicle rajectory f\‘/larks

Figure 60. Photo. Vehicle Final Position and Trajectory Marks, Test No. MGSGW-1.
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c. Downstream View

Figure 61. Photo. System Damage, Test No. MGSGW-1.
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c. Back Side

on

ire 62. Photo. System Damage, Test No. MGSGW-1.

T-MOSON 'ON 1S31 HSVYHD 31VIS-11Nd '6 43LdVHO

600-¢T-dLl/T74D-VMH4 'ON LHd0d3d VMHAS

¢T0Z AdvNdd34d
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ail at Post No. Bac ew d. Backing Plafe at ost No. 14

ire 63. Photo. System Damage, Test No. MGSGW-1.

T-MOSON 'ON 1S31 HSVYHD 31VIS-11Nd '6 43LdVHO

600-¢T-dLl/T74D-VMH4 'ON LHd0d3d VMHAS

¢T0Z AdvNdd34d
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a. Post No. 13, Front Side

Figureg Photo. Post Nos. 13 and 14 Damage, Test No. MGSGW-1.

o. 13, pstramiew

d. Post No. 14, Post Bolt Hole Tear

T-MOSON 'ON 1S31 HSVYHD 31VIS-11Nd '6 43LdVHO

600-¢T-dLl/T74D-VMH4 'ON LHd0d3d VMHAS

¢T0Z AdvNdd34d
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¢T0Z AdvNdd34d



901

a. Post Nos 17, Top Portion

d. Post No. 18, Rear View

Fig 96. Photo. Post Nos. 17 and 18 Damage, Test No. MGSGW-1.

T-MOSON 'ON 1S31 HSVYHD 31VIS-11Nd '6 43LdVHO

600-¢T-dLl/T74D-VMH4 'ON LHd0d3d VMHAS

¢T0Z AdvNdd34d
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d. RearMGSGW-1

re 67. Photo. Vehicle Damage, Test No. MGSGW-1.

T-MOSON 'ON 1S31 HSVYHD 31VIS-11Nd '6 43LdVHO
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" p

‘ "4 - ‘r;?’ﬁ,r

/

J

= W

erlock

Figure 68. Photo. Vehicle Damage, Test No. MGSGW-1.
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YW . s

c. Impact Side

Figure 69. Photo. Vehicle Undercarriage Damage, Test No. MGSGW-1.
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b. Impact Side Tunnel

Figure 70. Photo. Vehicle Occupant Compartment Damage, Test No. MGSGW-1.
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CHAPTER 10. FULL-SCALE CRASH TEST NO. MGSGW-2

10.1 TEST NO. MGSGW-2

sequential photographs are shown in Figures 72 and 73. Documenta
test are shown in Figures 74 through 76.

10.2 WEATHER CONDITIONS

y 2:20 pm. The
Stration (station

Test no. MGSGW-2 was conducted on November 20
weather conditions as per the National Oceanic and A
14939/LLNK)) were reported and are shown in Table 14.

Y at approximg
heric Ada

Table 14. Weather Eonditions, Test No. W-2.
Temperature ~ °F
Humidity . 0 N
Wind Speed D
Wind Direction

Sky Conditions ) y
Visibili tatute Miles

pitation

0 in.
1pitation i

m.

cur 16 ft (4.9 m) upstream of the splice between post nos. 14 and
tual point of impact occurred at the target impact point. A
events is shown in Table 15. The vehicle came to rest 103 ft
tream from impact and 16 ft - 3 in. (4.9 m) laterally in front of the

ctory and final position are shown in Figures 71 and 78.

-4%1in. (31.5 m) do
barrier. The vehicle 1
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Table 15. Sequential Description of Impact Events, Test No. MGSGW-2.

T(gggE EVENT
0.000 The right-front corner of the vehicle impacted the guardrail.
0.070 The rail separated from post no. 13. The vehicle rolled t the barrier.
0.078 The right-front tire contacted post no. 13.
0.084 The vehicle began to redirect.
0.104 The right-rear tire contacted the guardrail at
0.108 The right-front d(_)or of the vehicle beca
pulled through rail.
0.148 The right-front tire ruptured.
0.152 The front-right tire contacted po
0.184 The left-rear tire became airborne.
0.190 The left-front tire became airborne.
0.230 The vehicle begame % elogity qf 46.7 mph (75.2
' km/h). The vehicle
0.248 The right-front tire
The rail separated fro
0.252 from the Vghicle.
0.398 The yeli
0.404 pst no. 15 and became airborne.
lost contact with the rail at the midpoint
0.452 the vehicle exited the system at an angle

0.700

elocity ©F43.8 mph (70.5 km/h).
with the ground, and the vehicle continued to

he negative direction.

weshaft folded and detached from the vehicle.

ant tire contacted the ground.

ire became airborne again.

e left-front tire contacted the ground again.

left-rear tire contacted the ground.
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10.4 BARRIER DAMAGE

post no. 14. The bottom of the rail folded from post no.
of post no. 15. The rail disengaged from post nos. 13
bottom of the guardrail slots at post nos. 13 through 1

backward, and soil gaps of 47 in. (114 mm) a ' ] t the front and back
faces of the post, respectively. Post no. 13 1 83

the front flange of post no. 13 encountered 1€ act marks, and a sharp kink
was found on the back flaa )
deformations and con : st no. >nt downstream and had a 5-in. (127-mm) soil
gap at its front flang ire of i 0 rest on top of post no. 15. Post no. 16
rotated slightly
was slightly de

ier system is shown in Figure 79. The maximum lateral permanent
yere 22'4 in. (565 mm) at post no. 14 and 26% in. (667 mm) at post

MASH- esta ished deformation limits were not violated. Complete interior occupant
compartment deformations as well as other vehicle deformations, along with the corresponding
locations, are provided in Appendix D.
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The majority of the damage was concentrated on the right-front corner and the right side of the

vehicle. The right-front wheel was detached, and the brake lines were cut. The right control arm
was sheared off, and the upper A-arm was bent downward. Denting occurred to the 1
front wheel well. The lower-right side of the front bumper was crushed upward, a
sustained contact marks. The right-front quarter panel was crushed slightly in nd the right
headlight was fractured. The hood was slightly ajar, and cracking occurred
the grill. The right-front door was crushed inward at the lower hinge and

rear tire.
Table 16. Maximum Occupant Compartmen i ation, Test No.
MASH ALLOWABLE
LOCATION DEFORMATION
in. (mm)
Wheel Well & Toe Pan <9 (229)
Floor Pan & Transmission Tunnel <12 (305)
Side Front Panel (in Front of A-Pillar) <12 (305)
Side Door (Above Seat) %2 (38) <9 (229)
Side Door (Below S 72 (13) <12 (305)
Roof NA <4 (102)
Windshield NA <3 (76)

10.6 OCCUPANT

¢ within the suggested limits provided in MASH. The
and ASI values are also shown in Table 17. The results of the occupant

ded data from ccelerometers and the rate transducers are shown graphically in

x F.
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Table 17. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MGSGW-2.

Transducer MASH
Evaluation Criteria s
EDR-3 DTS set 1 DTS set 2
o -17.25 -17.85
Longitudinal
orv 8 (-5.26) (-5.44)
ft/s (m/s) Lateral -17.71 -18.26
(-5.40) (-5.57)
Longitudinal -11.15 -11.99
ORA
g’s
Lateral -8.76 -8.9
THIV .
ft/s (m/s) NA not required
PI-,ID NA not required
g’s
ASI 0.7 not required
10.7 DISCUSSION
The analysis of the tes | 5t NO. -2 showed that the non-blocked MGS placed
at the slope break p of a wire-faced, MSE wall adequately

olled lateral displacements of the barrier.

ompartment that€ould have caused serious injury did not occur.
ictrate nor ride over the barrier and remained upright during and after
h, and yaw angular displacements were deemed acceptable

as it spun-out. However, the exit box criterion is preferable
erefore, test no. MGSGW-2 (test designation no. 3-11) was determined
g to the TL-3 MASH safety performance criteria.

be acceptable acco
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MASH Test Designation

MGS without blockouts on MSE wall with a 3:1 slope

Key Component — Steel W-Beam

911

Top Mounting Height
Key Component — Steel Posts

Key Component — Wood Posts
Post nos. 1-2, 28-29
Key Component — Foundation Tube

5,081 Ib (2,305 kg)
4,999 b (2,268 kg)
5,169 Ib (2,345 kg)

Impact Conditions

Fail (Not required)

34"
(1016]
Moderate
1-RFQ-3
01-RDEW2
aterior Deformation ..........c.cccoeeevveennee. 1 1/4 in. (32 mm) right toe pan
Moderate
Test Article De
Permanent Set 26" in. (667 mm)
Dynamic 35.7 in. (907 mm)
Working Width 45.2 in. (1,148 mm)
. Maximum Angular Displacements (DTS)
Roll 16.4 deg <75°
Pitch -15.7 deg <75°
Yaw 38.0 deg
IS 132.3 kip-ft (180 kJ)
. Transducer Data
Evaluation Criteria Transducer MASH
DTS set 1 DTS set 2 Limit
o -17.85 -16.91 <40
%I/Z Longitudinal (-5.44) (-5.15) (122)
(m/s) Lateral -18.26 -17.56 <40
(-5.57) (-5.35) (12.2)
ORA Longitudinal -11.99 -10.98 <20.49
g’s Lateral -8.91 -10.37 <2049
24.1 Not
THIV - ft/s (m/s) (1.35) NA required
PHD - g’s 1273 NA Not
required
ASI 0.81 0.84 Not
required

Vehicle Stopping 4 ' in.(31.5 m) downstream

ly in front of traffic-side face

atic. Test Results and Sequential Photographs, Test No. MGSGW-2.
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| g i
s | A S0 e e

a. 0.000 sec

f. 0.576 sec I. 0.826 sec

Figure 72. Photo. Additional Sequential Photographs, Test No. MGSGW-2.
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a. 0.000 sec

b. 0.034 sec

§ 0.506 sec

e. 0.468 sec

1.190 sec

Figure 73. Photo. Additional Sequential Photographs, Test No. MGSGW-2.
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d. o N h,
Figure 74. Photo. Documentary Photographs, Test No. MGSGW-2.

119



FEBRUARY 2012
FHWA REPORT NO. FHWA-CFL/TD-12-009
CHAPTER 10. FULL-SCALE CRASH TEST NO. MGSGW-2

d. T h
Figure 75. Photo. Documentary Photographs, Test No. MGSGW-2.
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o T h
Figure 76. Photo. Documentary Photographs, Test No. MGSGW-2.
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c. Closeup View

Figure 77. Photo. Impact Location, Test No. MGSGW-2.
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b. Brod iew

Figure 78. Photo. Vehicle Final Position and Trajectory Marks, Test No. MGSGW-2.
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line View

c. Front View

Figure 79. Photo. System Damage, Test No. MGSGW-2.
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sure 80. Photo. System Damage, Test No. MGSGW-2.
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a. Posto. 11 Topiew

d. Post No. 12 Downstream View
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PostNo. lv Fon View

YPost No. 13 Rear View

d. Post No. 14 Rear View

. Photo. Post Nos. 13 and 14 Damage, Test No. MGSGW-2.
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a. Post No. 13 c. Post No. 15

b. Post No. 14

d. Post No. 16

ost Bolt Location Rail Damage Photographs, Test Nos. MGSGW-2.
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c. ft Sle

sure 85. Photo. Vehicle Damage, Test No. MGSGW-2.
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c. Left Quarter

Figure 86. Photo. Vehicle Damage, Test No. MGSGW-2.
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Ry

>,
. © 7
P
1
—F A
P'j"

a. Rear Axle/Su

, (Y

c. Right Side Supension

Figure 87. Photo. Vehicle Undercarriage Damage, Test No. MGSGW-2.
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- .

b. Impéct Side Door

Figure 88. Photo. Vehicle Occupant Compartment Damage, Test No. MGSGW-2.
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CHAPTER 11. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

concrete foundations and long, sloped tension elements, five barrier conce
further investigation and analysis. During the evaluation process, a cost

break point of a 3H:1V fill slope (Concept no. 4) was found to
reduction, or $158/ft, when compared to the baseline config
posts and a 2-ft (610-mm) lateral offset to the slope break

for further development and consideration for protecti
faced, MSE walls.

e appropriate post
gity for damage to occur to

auger, backfill, and tamp method versus d
length, determine the preferred post materl
wire-faced, MSE walls during
bogie tests were performe g ]
this effort, a 6-ft (1.8 t i ith a 40-in. (1,016-mm) embedment depth

ent testing effort, a non-blocked version of the MGS was

d, MSE wall system. The modified MGS utilized 6-ft (1.8-m)
(1,905 mm) centers, a top mounting height of 31 in. (787 mm)
steel W-beam backup plates at the steel post locations. The 12-in. (305-
r offset blocks were not utilized in this barrier system.

was successfully crash tested using both the 1100C small car and 2270P

according to TL-3 safety performance guidelines provided in MASH, as

8. After the first full-scale crash test, the deformed posts were removed from
aced, MSE wall. Subsequently, the soil region surrounding the locations of the

damaged posts were filled with soil and recompacted. Then, new steel posts were driven into the

wire-faced, MSE wall at the slope break point in order to repair the MGS and for use in the

second full-scale crash test. Following both crash tests, no damage was observed in the wire-
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Table 18. Summary of Safety Performance Evaluati

Test No.

Faluation Evaluation Criteria 1| MGSGW-2
(2270P Test)
Structural Test article should contain and redirect the vehicle o
Ad U controlled stop; the vehicle should not penetrate, S
cquacy installation although controlled lateral deflection of
Detached elements, fragments or other debris from i ould not
penetrate or show potential for penetrating the occupant t, or present
an undue hazard to other traffic, pedestrians, or person S
Deformations of, or intrusions into, the
limits set forth in Section 5.3 and Ap
The vehicle should remain upright d roll S
and pitch angles are not to exceed 75 de
ot MASH for
Occupant its, ft/s (m/s) S
Risk
Maximum
F'm/s) 40 ft/s (12.2 m/s)
S
Preferred Maximum
15.0¢g’s 20.49 g’s

ctory  NA - Not Applicable

SNOILVANINNODTY ANV ‘SNOISNTONOD ‘AYVANINNS "TT ¥3LdVHO
600-2T-dL/140-VMHL 'ON 140d3d YMH4
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faced, MSE wall system for the backside of the steel posts positioned 5 ft — 9 in. (1.75 m)
away from the MSE wall’s outer face.

Based on the research program described herein, the non-blocked MGS (Concept

as depicted in Figure 3, is to install the face of conventional,
7% in. (2.93 m) away from the exterior face of the MSE w.
surface behind the posts, an adjacent 3H:1V fill slope,
base and wearing surface. Therefore, the implementatg

Thus, the non-blocked, steel post MGS provides (1) an ec
alternative for use on wire-faced, MSE walls, (2) satisfacto e containment under the TL-
3 MASH impact conditions, (3) reduces the i i -faced, MSE wall structure
with the elimination of a timber blockot wide level terrain
behind the posts, and (4) results in decrea
faced, MSE wall and barrier systems.

facing fill or 5 ft — 9 in ¢ outer edge of the wire-faced, MSE wall. For this
baseline configurati
crash test (test ng
35.7 in. (907 Tamsa A
of the MASH ests. 0 rash testing program on the finalized

mitigating damage to the MSE wall. Therefore, it was deemed necessary
lateral offset between the backside of the steel posts and the rock

Recall, the non-blocked, steel post MGS performed in an acceptable manner when backside face
was positioned 2-ft 9 in. (0.84 m) laterally away from the inside face of the wall facing fill.
When possible, it would seem reasonable to accommodate this lateral barrier offset. However,
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special scenarios will occur in actual field installations in which this lateral barrier offset will not
be available. Therefore, the recommended minimum lateral barrier offset should be 1 ft (0.3 m)

between the back side of post to inside edge of the wall facing fill or 4 ft (1.22 m) b
side of post to outer edge of the MSE wall, whichever results in greater lateral of]
post and exterior wall surface. For high-energy, vehicular impact events, this m lateral
placement recommendation would provide the most economical barrier sys d MSE wall
configuration, assure adequate safety performance, and mitigate conce
wall structure.

As noted above and for TL-3 applicatio
tested, and evaluated with the front face
in. (1.99 m) away from the outer edge of
safety performance evaluations of the two & S pamic barrier deflections,
and the configuration of the MSE wall, the '

Under TL-2 imp iti ic rai ¢ s for the non-blocked MGS would be
reduced fro C tions. As such, the recommended barrier
placement for C
4 ft — 9% in. (1.43
the ground line
eve

er than those deflections observed during comparable TL-3 impact
TL-2 impact conditions, a 6-in. (152-mm) lateral barrier shift

ard the ov
a1l face would B iti pximately 4 ft — 3% in. (1.30 m) away from the wire-faced,

| structure as well as reduced constructability in driving steel posts if the
r of larger stones) extends beyond the common width of 3 ft (0.91 m).

reported herein. From the successful MASH crash testing program reported herein, it is the
researcher’s opinion that a non-blocked MGS would also perform satisfactorily when installed in
standard soil placed on level terrain. However, the safety performance of a non-blocked MGS
installed on level terrain can only be verified through full-scale crash testing.
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Previously, it has been demonstrated that wood blockouts used in combination with the MGS
greatly increases barrier capacity, reduces occupant risk, and improves the vehicle post-impact
trajectory. Thus, the researchers recommend that 12-in. (305-mm) deep wood space

guardrail system with increased width.

Concrete curbs or asphalt dikes often provide drainage control at the ed
shoulder. Occasionally, curbs and vehicular barrier systems are both .

alternatives.
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The material specifications for the critical components in the system are contained in,this
appendix.
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I;Ie(r)l'l ?{T Description
Wall Facing Fill
al 11 Cap Mat

a2 10 Prongless Mat
a3 20 Backing Mat
a4 10 Standard Mat
a5 180 Hog Rings

a6 - Filter Fabric

bl 25 W6x8.5x6' long [W152x12.6, 2134 long] Steel Post

b2 1 6'-3"[1905] W-Beam Section

b3 14 12'-6"[3810] W-Beam MGS Section

b4 2 12'-6"[3810] W-Beam MGS End Section

b5 4 5/8"[15.9] Dia. x 10" [254] long Guardrail Bolt and Nut
b6 137 5/8"[15.9] Dia. x 1 1/2"[38] Guardrail Bolt and Nut

b7 44 5/8"[15.9] Dia. Flat Washer

b8 25 W-Beam Backup Plate

cl 4 BCT Timber Post - MGS Height
c2 4 72"[1829] Foundation Tube

c¢3 2 Strutand Yoke Assembly

c4 2 5x8x5/8"[127x203x15.9] Anchord
c¢5 2 BCT Anchor Cable Assemb

c¢6 2 Anchor Bracket Assembly

c¢7 2 23/8"[60]0.D.x6"[152] Long B
c8 4 5/8"[15.9] Dia. x 10 ]

c9 16 5/8"[15.9] Dig

clo 4 7/8"[22.

clt 8 7/8"[ Dia. Flat Washer

Material Specifications and/or heat #
10843/11046
737960
na
Posts 2-6(Uncert), Posts 7-
27(002)
111813
4614
4614
7261611/545770
7366484/545770
CcocC
180 4614, 3390
Grade No. 1 or better 9999
ASTM AS53 Grade B Y85912
STM A36 Steel Galvanized CcocC
ASTM A36 Steel 6106195
RC IPS Galvanized Wire Rope 43073
ASTM A36 Steel 4153095
ASTM A53 Grade B Schedule 40 280638
ASTM A307 CcocC
ASTM A307 443270/15100302
ASTM A307 Head Markings
ASTM A153 na

Hardware
Guide

RWMO1la
RWMO04a
FBBO03
FBBO1
FWCl6a
RWBO0O1la
PDFO1
PTEO6
FPBO1
FCAO1-
02
FPAO1
FMMO02
FBX16a
FBXl16a
FBX22a
FWC22a

600-¢T-dL/T74D0-VMHH 'ON L40d3d VYMHA
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gy Lof L0093 L3 L3 QUL LLOLL L=

TestReport:

Clomtral Number: 7024240

" Weld Shear: STX12 W4.S/W3.5 88Tux600F

Minimum Weld Shear (Lbs.): 1575.0
Actual Values (Lbs.):
2184 2475 1830 2279
: . 4'W4.5 For S & C 017045128
:mrgmpwmmwmm.mmmnn
mmmmummwmdmm

QCNumber Dizmeter (Tn.) Break (Lbs,) Temsile (KPSD

‘mawds . 238 4457 101
wirmess 29 4986 m
3 182191 238 4250~ 96 '/"
‘su182172 238 4551 100 sl
182198 239 - 5342 119
& € 017025128 .
e

Figu_re 93. Photo. Cap Mat and Prongless Mat, Material Specification.
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CERTIFICATE OF COMPLIANCE

Shipped Date: 2008-11-19
Control Number: 702420
Customer PO Number: 283%

SOLD TG:

HILFIEER RETAINING WALLS
(707)443-5053/CAROLYN

3900 BROADWAY

BUREKA CA 95502

PCS: MATERIAL DESCRIEPTION:
19Rolls @10 SF 8312 W4.5/W3.5 BSINXEO00F
HEAT Mm&

455908, C=.06, MN®=.50, P=.00&, §=.017, §1=.15 (Bt Fab 2394 W4.5 For
451008, C=,08, MN=.48, P~,005, §~.016, SI=.15 (Brt Fab 2111 W3.5 For 5)

REQUIRED SPECIFICATION:
ASTM A-82/A-185,

B melted g produced in the Unitsd

e this Nov 19, 2008, ic Cummings, Novary Public in and for the stato
sty My cammission expixes TUNE 20, 2011.

1XBy

@oal cAl ann? aY armi
AAL AL

Figure 94. Photo. Cap Mat and Prongless Mat, Certificate of Compliance.
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p9/28/2009 13:29 4024722822 MWRSF : PAGE 14
T T T, I [ T
Tklahome Bteal ornd Wire
- Zighway 0 Souik
Madill, OK 73446

{580} 735-7311 (800} 6544164 Fau (58C) 795-7d2%

Physical Test Report

Date: 09/26/2006
Customer Name
Customaer Addrass:

Custorner Qrder Mumber: 207384
FOkumber:

ltem Number: 6025-6

fiern Description: 8X10.5XwW4.5XW3.E 74"X700° BK

Bresking
Strength  Strength  Strength

* Original
Description  Diameter 188 . LBS
LineWire 0238 0.045 3978 78212

5% 85924

Crose Wie 0211 C.035

CHEMICAL PROP
Mzriganese

Mwmummmm
25th Day of September, ZGOQA.D.
o~
Notary Public

- Btnmy ey -
7 Riidinh el T S S,

e TING DiAx

22 Commiosion # 05002273
’ =il Ca., Ghlakoms
Comvmission Grm, Odaigp:

il dnriadot £ i

W e

hike Biurphy

Oklahome Steal and Wire G

Figure 95. Photo. Standard Mat, Material Specification.
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NinsInel rRCLaitiniyg I'dllb I'IUHUL[IU[I

Y/

— &
L . d ) 3 [
Bundle No. _{ Bundle No. 2 Bundle No é
b Initial cg : 12 i
“E,_, 32 Longeh i Vs Size ok, | 8| teean § Wirs Siza R, 5B Lomatn H e s
™ — [ P® S
SL0 10,575 | 4D | |aummem Do | 07 |P| &
: Cpo | pt C] s g
Bundie No. Bundie No. Bundle No-
Imiyiat 2 & 2 : -
::ﬁ ;gl h_mh' i Wira Slze M;H E.g Lenglh ’E ; I Langih § Wire Skze
Bundle No. 0. ' Miscelianeous Items
E item :
lotgai | £ : % Inttla) si % Oty Qty. Itern 5
Date 85| Lo § Wire D:t E 3§ Wire Slze P
L) Backing Mats Hog Rings
20 oo |tos t B>
Hardware Cloth { Hog Ring Pliers '~ — - "
' (g | Tiket Fabricin L F. { Spacers !
Wicwen o Bon-Wowen i
Stiffener Mats Other: i!
: S = Standard, It.ns, c = Flat « OSW = Olchlmma Steel & Wire, DW = Davis Wire, TI = Tree Island, BEK =
e mwsmn
Figure 9 oto. Hog Rings and Filter Fabric, Materials Specification.

600-¢T-dL/T74D-VMHL 'ON Ld40d3d YMHA

SNOILVIIHIOFdS TVIHILVIN 'V XIANIddV
¢T0Z AdvNdg34d
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99/28/2889 13:29 482472?322 \ MWRSF e PAGE 12
Hilfik ; J } o , :
T peny Packing Slip No. 16353 ;

Eureka, CA 95503 USA

Phone:  707-443-5093
Fax: 707-443-2891
Email: info@hilfiker.com

Invoice To:  University of Nebraska
- at: Mr. John Rohde
527 Nebraska Hall
Lincoln, NE 68588
Phone: 402/472-8807

HRW.Job # 0902230 ShipDete: 3749/2009
Customer #: 52154 : Ship Via: FEDEX FRT.LTL
Ssilesperson:  Gary Thompson FOB: DESTINATION
Terms: NET 30
4£80.00 - 480,00 WWW SF

0.00 Welded Wire wall

Fart.iD
STANDARD MAT
PRONGLESS MAT
CAP MAT
B21BM
HOG100B Bik Hog Rings (b of 100)

o * Pliers for Hog Rings
MISC-Fiiter Fabric 4551-7.5'w-

3/19709

¥ Carrier/FedBx Freight

Figure 97. Photo. Hog Rings and Backing Mat, Material Specification. (continued.)
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@3/28/2009 13:29  4B247220922 MWRSF PAGE 11

- Hilfiker Company
1902 Hilfiker Lane -~
Eureka, CA 95503 USA )

FPhone: 707-443-5083 -
Fax: 707-443-2891
Email:  info@hilfiker,com
Fed ID: 94-1251372

Sold 0 University of Nebraska Ship to: FOB:MidWaest Roadside
at: Mr. John Rohde
527 Nebraska Hail
Lincoln, NE 6ES88
Phone: 402/472-8807

Ship Via: FEDEX FRT.LTL

Invaice Date Due Date HRW #
3/19/2009  3/19/2009  090223DW

480.00 480.00 www -
. Welded Wire Wall

" Al payments io be in USD
FHWA Crash Test Wall Tnvice Sub-total $2,880,00
Total WT: 1,866# / Total Shigping & Handling $1,000.00
: Tax $0.00
NE - Nebrasia @ 0% .
Invoice Total $3,970.00

ORIGINAL

- Fi:gure 98. Photo. Cap Mat, Backing Mat, Standard Mat, & Prongless Mat, Material
Specification.
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UI/ L0/ LOUF L3 LY qauza r22u22 MWRSF

YNXIIHFT
Martin Marietta Materials ?pz 10f1
P.O. Bax 30013 ' '|- i..FORBILLING QUESTIONS PLEASE

Raleigh, NG 27622-0013

Visit eRocks™ at www.martinmarietta.com e

Mm_c_a

SOLDTO: 3 01647 02491 MISCGELLANEOUS JOB
——  UNIV OF NEBRASKA-LINGOLN 4800 NW 35TH ST/LIN
MIDWEST ROADSIDE SAFETY CURT :
WEST 348.1 NEBRASKA HALL . WEEFS
LINCOLN NE 685880529 ‘
PAYMENT
QrderNo. | ~ Customer PO Dest | Job No. | Dist | Business | Business Unit
Na. No. Unit
5085431 SO po1 | 828801 | B1 | 38101 |Weeping
?Ln;g' Date | Product Description Quantlty | UM| Unit Priea Freignt|  F &| TOTAL
Nﬂ. m. m
04714709 0615 [t BASE MATL
70653 597.69
70721 596,75
70783 26 598,44
70851 1 806 00
. . *SUBTOTAL* 2,380.88
{oarsie 0615 [ BASE MATL
X 71083 3 .20 598,26
598,28
598.44
1,794.96
'596.57
59826
599.75
1,794.58
5,078.42
$5,978.42
MARTIN MARIETTA MATERIALS
CUSTOMER NUMB BRASKA-LIN | PO Box 93188 :
INVOICE NUMBER: . ; Chicago L B80673-3186

ics violations to the Martin Marietta Materials Corporate Ethics Office
ot e ; 1-800-209-4508 or see www.maninmarietts.com,

NOTIFY US OF ANY ALTERATIONS YOU MAKE TOWARDS THE INVOICE AMOUNT

Figure 99. Photo. Fill Material, Material Specification.
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@9/28/20809 13:29 4824722022 MWRSF + By [ SR

Martin Marietta Materials A ﬁ _ ] ’ H*I 0379325’.,,.1;".

P.C. Box 30013
Raleigh, NC 27622-0013
Visit eRocks 3t www.martinmariatta.com ;

soLbTO: e 01408 02325
* UNIV OF NEBRASKA-LINCOLN 1
MIDWEST ROADSIDE SAFETY
WEST 348.1 NEBRASKA HALL
- LINCOLN NE 885880529

Invoice No.

Order No. Cusbom’erPO Dest | Job No, | Dist | Business

5279626 S0 001 888801 81 38101 7911202
Ship Date Product Description - | Quan TOTAL
Car_fg_i.rgg No. No. il
08/05/09 0615 [ BASE MATL
1 586.06

REMIT TO:
MARTIN MARIETTA MATERIALS

PO Box 93186

Chicago IL. 60673-3186

CUSTOMER NUME
INVOICE NUMBER:

PAYMENT DUE

H ‘vathManﬁMCmEﬂ»mDﬂuﬁ&&Mamm.m
Manmmmmm«m

Figure 100. Photo. Fill Material, Material Specification.
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—

B89/28/2009 13:29 4024722822 MWRSF FAGE  us

HYPUTIY 2

SOLDTO: 01560 02388 MISCELLANEOUS JOB
UNIV OF NEBRASKA-LINCOLN ) 4800 NW."35th STRE|
. MIDWEST ROADSIDE SAFETY .

WEST 348.1 NEBRASKA HALL
LINCOLN NE 685880529

Invoice No.

Qrder No. Cusbg:r PO Dest | Job No. | Dist | Business

1508 SO 001 | 888802 | a1 33101

Ship Date Pm.ggﬂ Description Quantity | UM} Unit Price

0615

MARTIN MARIETTAMATERIALS
L B0673-3186

CUSTOMER NUMBER'\248880 UNIV O
INVOICE NUMBER: 9

BRASKA-LIN

$4,108.19 |

AYMENT DUE |

iics violations o the Martin Marista Materlals Gorparate Ethi '
i it .hmrmOﬁmimmwseemmﬁnmm.m

L PRERPF NOTIFY US OF ANV AL TERATIONS YOU MAKE YOWARDS TETniGioe AMOEE]

Figure 101. Photo. Fill Material, Material Specification.
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P L]

GRDER DATE ARG Y ; PAGE NG
06/03/2009 16:44 10F1

VISA | 1082399564 61035238
: 1082399564 6103523

©9/28/2009 13:29 4824722022

WUETOACNT 807879150

o ApIsTRATION

. INC.
DR.

TELEPHONE #
PO NUMBER
ATTENTION
PROJECT/IOR ¥ |
DEPARTMENT # i

PO RELEASE # KE S ¢ cauzn KENNETH KRENK

Figure 102. Photo. %-in. (15.9 mm) x 10 in. (254 mm) Hex Nut, Material Specification.
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@#3/28/2009 13:29 4024722022

B rom e chas mzcorn ooat |

June 03, 2009

Order # : 027022122
Here is your ordér detail.

Final Shipping Destination

First Name: kenneth
Last Name: krenk

Company: MidWest Roadside Safety Facility

Address: 4800 nw 36th st
Address2:

City: lincoln
State/Province: NE

Zip Code: 88524
Country: US

Phone: 4027709121
Fax: 4024729464
E-mail:  kkrenk1@unl.ody

Delivery Opfions

Shipping Method:  UPS Ground - Standard Shipping *

Price
$6.94 $13.88
" *Total Cost: $1388
w eTainger. com/Grainecr/wwe/orintablePO.shtmi%ordernumber=027022122 6/3/2009

rFRat o«

Page 1 of 1

Figure 103. Photo. %-in. (15.9 mm) x 10 in. (254 mm) Hex Nut, Material Specification.

(continued.)
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99/28/2089 13:29 4924722822 ! MWRSF ] PAGE BS
- )
5 La———_—
-r"""h ,
Yankee Hill Landscape Co., Inc.
11855 Yankee Hill Road
Lincoln, NE 68526
({-02) 416-2611
Bill To n
Jim Ha.lloway E
4800 NW 35th Street i
Lincoln, NE 68524 b
|
i

Due Date !
T/22009

3,600.00

 Total .- ss,ém.oo :

ice, A finance charge of 1 1/2 % per month will be

Figure 104. Photo. Wall Facing Fill, Material Specification.
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89/28/2089 13:29 4824722822 7 MWRSF PAGE 82

. YANKEE HILL LANDSCAPE CO. INC.
: 11855|YANKEE HILL RD.
2-416-2611

i it Y
L AT
New

Figure 105. Photo. Wall Facing Fill, Material Specification.
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B89/28/2083 13:29 4824722022 MWRSH > . Ay

56y

\ Yaokee Hill Landseape Co., Inc. Inv
11855 Yankee Hill Road ,

\SIE - Lincoln, NE 68526 : | R o 1 4
LT (a02) 4162611 :
. 82172 1046
‘Bill Te ‘
Jim Helloway - ol ! .
4800 NW 35th Street | e o
Lincoln, NE 68524 ] i [ i i} g
Due Date
8/21/2009
Amount
.00 541.80
J Total L $54180

nvoice. A finance charge of 1 1/2 % per month will be

Figilre 106. Photo. Wall Facing Fill, Material Specification.
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Page: 003-¢93

® 91 216 641-1637

3/13/2008 Time: 3.58 AM  To:

Certified Test Re

6767 County Road 9

Delta, Ohio 43515

Telephone: (888) 822-2112

Customer:

Lawson Steel, Inc.

3238E. 82nd St Order Number 171137 Orde 1454.150 /57 250

Cleveland, OH 44104 Line tem Number 1 Ordered G n) 2.438/0.096

Customer P.O.: 021336 Heat Number 111813 Material Des: ASTM A568, 1018 CQ Modified

Cust. Ref/Part # r/a Cail Number Production r 12008 5:41PM

He alysis
Type C Mn P s Si Al Sn B v Nb Ti Ca
Heat 019 | 0.73 {0092 0.003 | 003 | 002 0.04 > 00 0.005 | 0.0000 | 0.000 0.000 | 0.002 | 0.002
Mech st Report
All mechanical tests ona from the tail of a ccil.
Strength % Elongation in 2 inches
,860 psi psi ' 23.5% _I
This material has beery in accordance with ing applicable € 1806-96, ASTM E 415-98a, ASTM A TS101, ASTM A 370-03a, J1S 72201:1888, JiS 2 2241:1998,
report cedifies that the ag are rep; of, ined in the records of muwtmmmmuummuwhmmwh

requirements of the mataria Namlsl:rﬂhesmp- not responsible for the inabil ummmdmuﬁu&mmmmhﬂsmﬂuﬂmumdﬂmﬂth
vaidty of this lest repart, must have the Steel, Product mmu.mmmmmmmalmmmxdrwwmhum
?‘m‘ BlusScope OPk;;:t;m Is liquid at amb . [ wd‘ '@ or while in Narth Star Pessession
cakulated in accordance with mufm a4 m.:::u L“‘::onm s e o

i Date Issued: Mar 12, 2008 11 00:32
Tim Manager Quality Assurance and Technology Revision#: 01

to. 6-ft 3-in. (1,905-mm) W-Beam Section, Material Specification.
010. 0- -1n. (1,

600-¢T-dLl/T1dD-VYMH4 'ON 1d0d3d YMHA

SNOILVIIHIO3dS TVIHILVIN 'V XIANIddV
¢T0Z AdvNd4g34
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GREGORY HIGHWAY PRODUCTS, INC.
4100 13th St. P.O. Box 80508
Canton, Ohio 44708

Test Report
Customer: * UNIVERSITY OF NEBRASKA-LINCOLN BOL. # 39963
401 CANFIELD ADMIN BLDG Customer P.O. 4500204081/ 04/06/2009
P O BOX 880438 Shipped to: UNIVERSITY OF NEBRASI
LINCOLN, NE. 68588-0439 Project : TEST PAMELS
GHP QOrder No 106271

HT # code c. Mn. P. S. Si. Tensile Yield Elong.
4614 0.21 0.84 0.011 0.003 0.03 89432 67993 19.8

Bolts comply with ASTM A-307 8

Nuts comply with ASTM A-563 speB

All other galvanized material conforms

All steel used in the manufacture is of Do

All Guardrail and Terminal Sections me

Uelted in the United States”
80, All structural steel meets AASHTO M-183 & M270

of Transportation
lions meet ASTM AG06, Type 4.

Gregory Highway Products, Inc.

Description
12GA 12FTBINI3FT1 1/2INWB T2

STATE OF OHIO: COUNTY OF STARK
Sworn to and subscribed before me, a Notary Public, by
Andrew Artar this 8th day of May, 2009.

CYNTHIA K. CRAWFORD
Notary Public, State of Ohio
# My Commission Expires 09-16-2012

-ft 6-in. (3,810-mm) W-Beam and Backup Plate, Material Specification.

600-¢T-dLl/T1dD-VYMH4 'ON 1d0d3d YMHA

SNOILVIIHIO3dS TVIHILVIN 'V XIANIddV
¢T0Z AdvNd4g34
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| Certified ..nalysis
~
B Trinity Highway Praducts, LLC
¥
| § 2SENE280SE Order Number: 1104828
O FtWorth, TX Customer PO: 2095
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 264
P. 0. BOX 81097
LINCOLN, NE 68501-1097
Project:  RESALE

Gy Past# Description

MIDWEST MACHINERY

482-761-3288

:
:
:
E
-
{E
2
%
g

oto. W6x8.5 (W152x12.6) Steel Posts, Material Specification.

SNOILVIIHIO3dS TVIHILVIN 'V XIANIddV
600-¢T-dLl/T1dD-VYMH4 'ON 1d0d3d YMHA

¢T0Z AdvNd4g34
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MIDWEST MACHINERY

ae/Ba/2083  16:36 4A82-761-3288

T

MID WEST

PABRICATING CO.

GERTIFICATE OF COMPLIANG
WE CERTIFY THAT ALL BOLTS ARE MADE AND MANUF,

TC: TRINITY INDUSTRIES INC,
Plant #55
425 E, O'Connor
Lima,Ohio 45801
SHIP DATE:.11/6/2008
MANUFACTURER: MID WEST FABRI
ABTM: A30TA
- GALVANIZERS: Columbus/Piolt

126266BR74

QTY PART NG, HEAT NO,
3,524  S/BX 106 7251134 A .
1,076  5BX10-6* ' BBR7T8 7

8900  5/8X10-8"
Y15 4500 1262668R74
2,550 126266BR84 i
4,500 128266BRE8
1262665R84

85157 126286BR74

9.536 65018
130 7368618 85156 126266BR74 I
7368618 85148 128266BR74

85146 126266BR74 -
88018 126268BRE2

LE: QUALITY CONTROL
JATE: 11/8/2008

eot » Amaneds, Ohin 43102 » 74G1967% 4410 » FAX: 7400967-4433

Figure 110. Photo. %-in. (15.9-mm) Guardrail Bolts, Material Specification.
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BE/D4/2009 16:36  482-761-3288 MIDWEST MACHINERY Fan o ve

w1
TREERIR OBD: 17438 FURCHARE GRDER, DRTE
ART NOWNEE. €n724 ACCOTNT WOVBER:
HDER. SOMEER- 15390685 - 01 RCETIRILE

BAT: Y2E1ELL . RAYTSIR:

mmee SRRGE AUDRESE SHID

TEESER STEEL COMPALY LoG
i3580 W7 25TH AvE
METRURE SARR. 1L S01EC .o E

-

------- MATERINE, DESCRITHIMT ommne oo oo

OT AOLLED STEGl OOTLE SASECH ATISY-101§ SL KITLED FLOS GRATH COLD WORRDNT gitar
TEE: ROE .5Ta9 DI X COIL

BIE 14.@B1EMN DIEM X COTL

CL T P a—

I ceemmany ~r LADLE CREMRSTR
L B g
a8 0.52 8.408 6.053
<o) 8% L
D.o02 5.0a 0.00% 5.4z
e ~-~ CALEWTATED THS

EDUCTION RATro 137.2 10 &
URTEMITIC GRATIH S7IB § CR FINER EASED 0N A TOTAL ALTMDS

6 SEECIEICATIONS,
f THTY DOCUMENT HAY BE BURISHED

------------- B e 8 R e

EOT ROLL SCUECE: LORRIN 2,20, T.S.A

e O mmssasampnemssssess BTG OF CATA --c-== P——
L ARABECLIDES

Figure 111. Photo. 3%-in. (15.9-mm) Guardrail Bolts, Material Specification. (continued.)
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4p2-761-3288 MIDWEST MACHINERY PAGE B7/b2

Pge 2255

B6/04/2005 16:36

Ak, 248

BRL4 2005 12:78 KREMER.STEEL + 17425214433

ARen0d T2:42 . L. T 1!;___1!' _“ czn.'r:;t:ch'rn o
* P/0 Wo 63744 . "
& .7 xeemBReTERLCO, gég_
S5H5 PG.A. Dr, 5200 /0 We 4 1753e2-001
WALLED LAKE, | 43390 B/ No 1 146%03-001
Inv No
Sald T, { 7887) ghip To:
MID WEST FABRICATING CO. WEST
31% FWORTHE JOHWS STREET 313 EORTE
AMANDR OB 43102 AMANDA O

Tel: 740~%563-4431 Fax: T740-269-4433

A s e e o o o D D ek e B e i S o B R g

CERTIFICATE of AMALYSIS snd TESTS 874E3

14Bugos
rare Wo
0T ROLLED ROUND COIL, 1LULE ERrc were
5780 GREEW 50,8%¢C

ATl Cofne

{UYER ; AWM

TR

HIP +\» 10% OF ORDER QUARTTTY

eat Wumlber w+ Chewploal Analysis
261811 Co=0 1500 Momd . 5300 Pea. 0080

¥i=0.0600 Cred, $n Mom(l, D40 L001s

Wae ., B040> GRe

har&hy cervify that th
entained in the :y rREOEd
ith or no weld reps
hile in :

Figure 112. Photo. %-in. (15.9-mm) Guardrail Bolts, Material Specification. (continued.)
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' PAGE  ©89/52 '

MACHTNERY
p6/6d4/2089 16:36 4p2-761-3298 MIDWEST

. V&S COLUMBUS
-~ - -GALVANIZING LLC

QUALITY ASSURANCE CERTIFICA]

CUSTGMER NARE
Midwest Fabricating Company SHOP ORDER MO
3115 W, Fair Avanue
Lantaster, OH 43130

. &3%/
i X999

_-Z TUE .Perl-. [d"“_q?

——em. TUB

TF

g

VA& Colsmbiss Galvanizing LLG

\ﬁiﬂ Hoeden

Figure 113. Photo. 3%-in. (15.9-mm) Guardrail Bolts, Material Specification. (continued.)
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WEST MACHINERY ~ ™ -
g6/04/2009 16:36  482-761-3288 MIDWEST

Lancaster, DH 43130
(740} 683-4411

TN Mid Wast Fabricating Company
% Rocionili Division
3115 Waest Fair Avenus

pate; 24-5ep-08
Part Number; 10-5
Descrfption: 10" POST BOLT W/E" THRD
le‘m 85217
Cuztomer: Trinity
Fest Type: Permiscope
Heal Number; 7261811
Processor: Columbus
Yesting Standard: ASTM=A153-A153/98
Reguirernentz 1,77 Mil

aprodiced, Sxcept in fulf, without the veritten spprovel of
Fabricating Company's Quality

Figure 114. Photo. 3%-in. (15.9-mm) Guardrail Bolts, Material Specification. (continued.)
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PAGE 11/24

MIMT MACHINERY
AG/B4/ 2083 16:36 4p2-751-32688

Mid West Fabrimszg Company )
Rockmill Division :
3115 Wast Fair Aven

Lancaster, N AR130 Lab Test Repo

{740) 821-4411

Diste: 24-Bep-08
Part Mumber: 108
Description; 10" POST BOLT W/E" THRD
Lot Nember: B5247
" Customer: Trinity
Yast Type: Permlscope
Heat Number: 7261614
BProcessor: Golumbus
Tusting Stendarn; ASTM=ALS3-A158/08

Perrormed By:  D.Smith

raproduced, aesept in full, without the wiitten approval of
£t Fabricating Company's Quality Deparbment.

Figure 115. Photo. %-in. (15.9-mm) Guardrail Bolts, Material Specification. (continued.)
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GE/p4/ 2009 16:%  462°761-3208 MR e

'- Mid West Fabricating Company _
Rg:shnm Division :
Lancastar, ON 43130 Lab Test Report

(740) 681-4413

Date: 24-Sep-08
Part Murmber: 10-8
Pescripfion: 107 POST BOLT W/8" THRD
Lot Numbers 35217
Customer: Trinity
| TestType; Parmiscope
Heat Number: 7261811
Processor: Goluimbus
Tasiing Standord: ASTM=A153-A153/98
Reguirement: 1.77 Mil
Sample Qty: 10

0.90 -

2.78

L

Figure 116. Photo. 3%-in. (15.9-mm) Guardrail Bolts, Material Specification. (continued.)
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- S PR s ——

[ DWEST MACHINERY
ac/n4/0669 16:36 4p2-761-3288 '."I

Micd West Fabricating Comparny
% Rockmlil Division

3115 West Fair Avenue

Lancaster, OH 43330

(740) 621-49142

Date: 2/-Sep-0S
Part Number: 10-6 _
Destription: 10" POST BOLT W/&" THRD
(ot Humber: 85217
Customer: Trinity
Tast Type: Rockwell
Heat Numbar: - 7264812
Frocessor: Columbus
| Tasting Standard: ASTM=EXE-58
Regquirainent: 65-150 8"

§5.80

oduead, except in full, withowtk the writhen approval of

' ng Compeny's Guality Department,

Figure 117. Photo. %-in. (15.9-mm) Guardrail Bolts, Material Specification. (continued.)
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MIDWEST MACHINERY —

ac/nd/oa09  16:36 482-761-3288

M W&ét Fabricating Company

Rockmill Bivision
3115 West Fair Avenua
tapcaster, OW 43130

(740) 683-4413

Datar 24-Sep-08
Part Number: 168
Description: 19" POST BOLT W/6" THRD
Lot Number: 85237
Customer: Trinky
Test Type: Rodiowell
Hent Noumber: 7251614
Processor: Columbus

aproduced, oxcept in full, Without tha wilttan approval of
Fabricnting Company's Quality Departmant. |

Figure 118. Photo. 3%-in. (15.9-mm) Guardrail Bolts, Material Specification. (continued.)
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MACHINERY I
/@(Iam’zaas 16:36 ap2-761-3288 MIDWEST
z"ﬂ

TRINITY HIGHWAY PRODUGTS, LG, &

425E. o'mug:samvz q ?

Lima, OH 45801
419-227-1296

MATERLAL CERTIFICATION

CUSTOMER: STOCK DATE: Mareh 10, 2009

LOT NUMBER: 0511288
PART NUMBER: _3360G  QUANTITY: 167,458
DESCRIPTION: 5875 { 44" GR BOLT DATE SHIPPED:

SPECIFICATIONS: ASTM A307-A /AIS3 HEAT#H: 7366484726231

MATERIAL CHEMISTRY

|
C I MN| P S—[Sl Ni {CR AL

v
la.aaaﬁ‘mn.mmm
HEFIEIEEF IR En. W
PLATING AND/OR T r
l’wmﬁa -
i
\ 4

FED STATES OF AMERICA%*#

ND MANUFACTURED IN THE

INFORMATION _-

-

STATE OFC DUNTV OF ALLEN
EWORN AND £ JED EEFORE ME
s 10°%/DA

A Y
7  NOTARY PUBLIC

415 E. O [NOR AYVENUE LibiA, OH 45801 419-227-1296

Figure 119. Photo. 3%-in. x 174-in (15.9x38-mm) Splicebolts, Material Specification.
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e m—— it

5 B.O'Oomor

& Lima, @H

¥ Costomer: MIDWEST MACH.&: SUPPLY 0O. Sales Order: 1003497
P. 0. BOX §1007 Customer PG; 2030

8 . BOL# 4307

L Document # 1

LINCOLWM, NE 68501-1007
Trinity Highwav Producis

E Pieces Description
zZ 3 12/12'6/8 SRT-1
32 12/25'0/SPEC/S SRT-2
g 32 3/16X12.5X16 CAB ANC BRKT
32 2"X 5 1/2" PIPE (LONG) -
64 6'0 TUBE SL/.188X38X6
@32 5/8 X 6 X 8 BEARING PLATE
2 32 12/BUFFBR/ROLLED
32 CEL 3/4X6'6/DBL SWG/NOEWD
640 5/8" RD WASHER 1 3/4 OD
1,728 5/3" GR HEX NUT
1,152 5/8"%1.25" GR BOLT
256 5/8"X1,5* HEX BOLT A307
k54 5/8"%9.5" HEX BOLT A3(
Upon defivery, all materials subject to

as-761-19A8

ml.LSTBELUSEDWAEMBLTEDAND R ENUS&&NDCOWLIBSWHHTHBBUYAMICAACI'

X RAL STEEL MEETS ASTM A36

H ASTM-123,

ARE GALVANIZED IN ACOORD)\N(E“TI’H ASTM A-153, UNLESS OTHERWISE STATED.
GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.

L ANNEALED STUD 1" DIA ASTM449 AASHTO M30, TYPEII BREAKING

’ \
mwmmwmﬁé
Certifisd By: A

0. Photo. 7-in. (15.9-mm) Washers, Certificate of Compliance.

SNOILVIIHIO3dS TVIHILVIN 'V XIANIddV
600-¢T-dLl/T1dD-YMH4 'ON 1d0d3d YMHA

¢T0Z AdvNd4g34
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AUGUST 4, 2009

MIDWEST MACHINERY & SUPPLY
PO Box 81097
LincoLN, NE 68501

THE FOLLOWING MATERIAL DELIVERED ON 8/3/09 ON BILL OF LADIN
BEFORE AND AFTER TREATMENT AND IS IN FULL COMPLIANCE WITH

ACCEPTANCE OF EACH PIECE BY COMPANY QUALITY CONTROL I5

OF EACH PIECE.

MATERIAL

CERTIFICATE OF COMPLIANCE

19477 HAS BEEN INSPECTED

X
X

6xBx14"  Blockout (CD)

6x8x6" Line Post
51/2x71/2-46" TB Bullnose
6x6x8"  Blockout

6x8x22"  Blockout

SIGNED BEFO

CHARGE # DATE QUANTITY
09-283 70
283 175
> 48
100
70

P.0. Box 99, Armuchee, GA 30105 Fax: 706-235-8132

Figure 121. Photo. BCT Timber Posts, Certificate of Compliance.
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~oaral BC I ML L
Plant No. : 1
Address
5.1 Storey Lumber Co.
285 Sike Storey Rd.
Armuchee, GA 30105
PH: 706 234-1605
Fax.706 235-8132

EPA Reg. No. 3008-35

wnarge ; /=3

Treatment : drail Type 1
Date : 7/£9/09 12:42:23PM
Chemical : CCA
Target Retention : .60
Cylinder: 1 ( 9,090 )
Tank: 3

Operator : Richard
Total Time : 2:06:43
Turn Around Time (min): 2,676

Volume Finish =
Volume Used :
Penetration Sampled :
Penetration Failed :

Time/Date Off Drip Pad : Treat By Tally :
Step Time Pressure njection | Retention al Time ] Reason
| Min Max_ Act |Min_ Max_ Act! Min Max Act | Min__ Max _ Act M Act R tart End End |
Initial Vacuum | 0 17 17 0 =23 -23[000 000 000 | .00 .00 00 0. 0. 12:42:23 123925 [~ 8616 | Time
_Fil 0 10 7 0 23 10/000 000 000 [ DO .00 .00 0.00 0.0 12:5925 13:06:05 3.281 f Full
Raise Press 0 2 0 0 75 78/000 000 008 | 00 .00 01 0.00 13:06:06 13:06:26 3159 PSI
Pressure 1 45 45 | 75 140 128/ 000 320 197 { 00 .00 32 000 0. 1 13:0626 13:51:27 2219 ’ Time
Press Relief 0 1 1 0 25 13[/000 000 193 | 00 .00 3 000  0.00 1 13:51:27 13:32:15 2249 | Psi
~ Emply 0 10 ] 0 0 0000 000 281 i 00 .00 42 000  0.00 0 13:52:15 14:00:55 7.3M i Empty
Final Vacuum 0 45 45 0 -2 -26/000 175 210 | .00 34 000 000 14:00:55 14:45:37 7588 | Time
Final Empty 0 1 2 <1 1 1000 000 209 | .00 000 000 14:45:57 14:48:02 7.593 Empty
Finish 0 1 1 0 -1 0]000 000 207 | .00 0.00  0.00 0. 14:48.03 14:49:06 7.598 ’ Time
Solution Percent T Total Lbs. ion Assay
8 e 3 3 b heo Absorbed Ga Absorbed Ain Rete ood
CCA 1.90% 1.90% 1624 1624 1624 3 337 2 p
Totals: | 1.90% | 1.90% | .i624 | 1624 1624 | 337 33 | .60 | 1
Additive List u 'ormation
3 alie get'Va R 3 A i Differe
Water Gals. -Gals. | 1,319 Gais. | 1,311 Gals. 8 Gals. |
CCA % | 190% 1 25 Gals. | 25 Gals. | - Gals. |
1 _ 02100102160 Pieces: 175 Pa 5 @_3 sc. 6x8x6 Line gh Nebraska #1 Dense BF: 4200 CF: 350 HW:_ - % Moist. Cont: - %
Std.: B0 Mill: Num: Retreal?: Chg#: 0 Species: SYP Rem1: None
2 _ 021.001008.60 Pieces: 70 Size : @ _7 esc: 6x 8 x 0- out Rough BF. 329 CF 27 HW: - % Moist. Cont: - %
Std.: B0 Mill: Cust Num: etreat?. Fa ha#: 0 Species: SYP Rem1: None
3 9999 Pieces: 48 ize : T8 Bullnose Post BF:_720 CF: ANALYSIS REFPORT
Std.: 50 Mill; um: Chg#: _ 0 Species: SYP
4 9999 Pieces. 70 Pa 70 Desc. 6 x 8 x 0-22" Rough Blockout BF. 513 cr. RETENTION
Std.: i n Retreat?. _False  Chg#: _ 0 Species: SYP CROS =  8.32 pct
100 Desc: 6 x6 x 8" Post Block CCA .60 BF: 275 CF: o = 6.2 pct
Cust Num: e Retreat?. _False  Chg# _ 0 Species: SYP A5205 = 8.23 ect
TOTAL TENTION
B8.67 Fcf :
Printed o Charge Number: 283 - Page 1of 1

Plant Number : 1

122. Photo. BCT Timber Posts, Material Specification.

SNOILVIIH4IO3dS TVIHILVIN'Y XIANIddV

600-¢T-dL1/T7dD-VMHL 'ON Ld0d3d YMHA

Z¢102¢ AdvNdd3d
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PAGE 46/52

MIDWEST MACHINERY

462-761-3288

96/04/2063 16:36

Trivity Highway Products, LLC
425 E. O'Connor
Lima, OH

Costomer: MIDWEST MACH.& SUPRLY CO.

P. 0. BOX 81097

LINCOLN, NE 68501-1097
Projectt  STOCK

Gty Partd Description

Lernneg Analysis

COrder Number: 1108107
Castomer PO: 2132
BOL Nombzr: 48341

Docunent #: 1
Shipped To: NE
Use Stafe: KS

Spee CL  TY Heat Code/ Bestit

]

Si ©Cu O Cr Ve ACW

M-180 A 2 CA037

212 021 100,000 0.030 0.080 0.0000.060 0010 4

25 736G SYTUBE SL/IRI"XG"X8'FLA  A-500 ' YE3RIZ 7.0 o218 Q. 0406 0016 0010 080 0620 0OO1 4
& F42G 60 TUBE SLL1EEXENS A-500 VE5012 4016 0.000 000 0020 COOY <
26 T64G 1M4"X24"X24"SOIL PLATE A-df 120032 g 0012 0.003 D20 GOS0 000 G040 0000 4
¥ price] mﬁn%'\\'lﬂ Be-180 A 2202 0 0015 0004 0020 0,110 000 0040 0000 4

D ARE GALVANIZED It ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.

ANNEALED STUD [ DIA ASTh{ 449 AASHTO M30, TYPE II BREAKING

Photo. 6-ft (1.8-m) Foundation Tube, Material Specification.

274 0210 0950 0017 €.005 D.O3C 6.050 0.00 0.036 0082 4

4 of 7

600-¢T-dL1/T7dD-VMHL 'ON Ld0d3d YMHA

SNOILVIIH4IO3dS TVIHILVIN'Y XIANIddV
Z¢102¢ AdvNdd3d
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£25 E. O'Connor
Lims,0H -

| Customer: MIDWEST MACH.& SUEPLY CO. Sales Order: 1093497
[ P. 0. BOX 81057 Customer PO: 2030

| BOL# 43073

| Docoment# 1

f LINCOLN, NE 68501-1097

i Trinitv Highwav Products. LLC
j ' Certificate Of Compliance For Trinity Industries, Inc. ** SLO
J NCHRP Report 350 Compliant
i

‘Becw  Deptin
% SAFX10" GR BOLT A307
.92 5/8"X18" GR BOLT A307
32 1" ROUND WASHER Fad4
64 14 BEX NUT A563 ,
j 192 WD 60 POST 6X8 CRT CSDR
1192 . WDBLX 6X8X14 DR
{64 NALL 164 SRT
-£4 WD 3'9 POST 5.5K7.5 BAND
132 STRUT & YOKE ASSY
128 SLOTGUARDYE  * * - ‘
2 3/8X3XAPLWASHER Crownd Serut

CacH53 -8

Jpon delivery, all materials subject to Trinity

82-761-3288

AL VANIZED IN ACCORDANCE WITH ASTM A-153, UNLBSS OTHERWISE STATED.
IZED I ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
ALFD STUD 1" DIA. ASTM449 AASHTO M30, TYPETI BREAKING

e, 2008 .
smpgrmmmn SO\ G5
Certified By:
2 of

4

600-¢T-dL1/T7dD-VMHL 'ON Ld0d3d YMHA

SNOILVIIH4IO3dS TVIHILVIN'Y XIANIddV
Z¢102¢ AdvNdd3d
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PAGE 52/52

MIDWEST MACHINERY

492-761-3288

86/84/26689 16:36

Certified Analysis

Trinfty Highway Prodeets, LLC

2548 N.E, 28th St. Crder Number: 109519%
it Worth, TX Qustomer PO: 241
Custerser: MIDWEST MACH.& SUPPLY CO. BOL Number: 24481

P. Q. BOX 81097 Document # 1
Shipped To: NE
LIMCOLN, NE 68561-1097 Use State: K8

Projectt  KESALR

Gty Pastd Description Spi CL TV HeatCode/ HA
L] 6 TTE3 VT A B

-0 ToLA 2SKILISH16 CAB ANC A36
i 742G &0 TUBE SLL1B3XEX6 A-500 670 0.013 G005 0.030 0220 0.000 0060 0.021
=M TE2C SAXE"XE" BEAR PLIOF 235 0920 0.830 000 0005 0020 0.230 0060 0Q70 04006 4

507G 12BUFFER/ROLLED 73,500 250 G160 0700 0011 0608 Q020 0.200 G.000 0.000 QN0 4

B GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED. l
ANNEALED STUD i" DIA ASTM 449 AASHTO M30, TYPE I BREAKING

‘ Trinity Highway Products , LLC o -
. _ Cedtified By: %tﬂk}m;g Ol . a

T Anchor Plate and Anchor Bracket Assembly, Material Specification.

SNOILVIIH4IO3dS TVIHILVIN'Y XIANIddV
600-¢T-dL1/T7dD-VMHL 'ON Ld0d3d YMHA

Z¢102¢ AdvNdd3d
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| Customar

SPS - New Cantury
401 Mew Carmumy Parkway
Maw Coatury K §E8037

Crsgme: Orser b

45007041388

Haat Mo Yiatd Tsasile Eiongation

i P.&.L £Ed % 2 inzh

i 280538 61,500 6,400 23.00
Hast Mo C Y P Wil
2B0E3E 0.040 0,230 ¢.010 0.015

Gua matsrial was many
our company. All 12

prapartiss OMLY

STEEL VENMTURES, LLC dbs EXLTUBE

1

L 7

ST (R

R -
Vi
&
s
L 1
=i

Figure 126. Photo. 2¥s-in. x 6-in. (60x152-mm) BCT Post Sleeve, Material Specification.
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‘ Trinity Highway Products, LLC
425 E. O'Connor
Lima, OH

Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 51169

P. 0. BOX 81097

LINCOLN, NE 68501-1097
Project: RESALE

Qty Part# Description

Certifie¢ \nalysis

Order Number: 1114174
Customer PO: 2213

Document #:

Spee CL TY Heat Code/ Heat # Yield P 8 §i Cu Cb Cr Vi ACW

7: 750 545G 60 POST/DB:DDR

50 14662G  6'6 POST/E.5#/DB:DDR

A-36 TEE4E0 50,565 68,8 1 0.090 0950 0.010 0.040 0.200 0.290 0.00 0.160 0.003 4

50,565 68,830 0.550 0.010 0.040 0.200 0290 0.00 0.160 0003 4

, LLC Storage Stain P . LG-002.

UY AMERICA ACT.

MIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
ATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.

END AISI C-1035 STEEL ANNEALED STUD 1" DIA  ASTM 449 AASHTO M30, TYPE Il BREAKING

this 16th day of September, 2009 Trinity Highwkiyr
Certified By:

1ofl

SNOILVIIHIO3dS TVIH3LVIN'Y XIANIddV
600-¢T-dL/T74D-VMHH 'ON L40d3d YMHA

¢T0Z AdvNdg34d
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/ \

Jun=16-2009 DB:12am

Certiication provided by-PFC. To;NEBRASKA BOLT Order:124841

From-Portaous Denver

1 303 E76 0533 T-510 P.002/003 F-ddd

— - - - p—

FASTENER DIVISION
CUSTOMER NO/WARE

267 PORTEOUS FAST ‘co. MUCOR QRDER W 08934

TEST REFORT SERIALE FBZ85180 CUST PART & 0219-4000-00%
TEST REPONT ISSUE DA 4/20/07
DATE SHIFPED A0/067507 CUSTOMER P.O, m 17078232
MAME OF LAD SANPLER: SHIRRY STANTZ, LAB TECHMICIAN
WO NN IFIED HATERIAL TEST REPORTRA®ANVARNERANEES N
HUCDR PART MO QUANTITY  LOT NO. DESCRIPTION
175887 7208 EZ2045A 1-8  CR DM Illl' M.D.E.

ACTURE DATE /9,07 — WX WUT H.D.G
=g : ' PMATERTAL GRADE -1095L
HATERIAL HEAT nmm mmmu AT MEAYT ANALYSIS) BY lﬂl’

c 3 ST
RHE 23448 WU ARAS. A5 :: .m_ 021 .18
2 i
N §385¢ 25 |mx 55 -850

- ~WECHAMICAL PROPERTIES IN ACCOROANCE WITH ASTH AS63-06GA
SURFACE CORE TENSILE STREMETH
WARDNESS ~ HARDWESS 40900, LBS

(LEs)
'k

A e A e
AMD TESTED IN THE U.S.A.

ERIAL ER.
LISTED On THIS

Page 1 of 1

XHd 13Ir¥y3su dH e22:6 B0ODZ 4T unr

Figure 128. Photo. BCT Anchor Cable Assembly, Material Specification.
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as/B6/ 2003 16:36 482-761-3288

AN
N

TRINITY BIGHWAY PRODICTS, LLC.

425 E. 'CONNOR AVENUE
LA, OHIO 45251
219-257-1296
. MATERIAL CERTIFICATION
CUSTOMER: STOCK DA 2008
JISEEINA |
LOT # 9612298
| PARTNUMBER: 33896 | QUANTITY: 103,15
DESCRIPTION:
5~ Xi¥kERBOLT -
TE SHIPPED:
SPECIFICATIONS:
ASTM A307-A/A153 0

LIMA, OIND 45801 419-227-11%6

Figure 129. Photo. %-in. x 1%2-in. (15.9x38-mm) Hex Bolt and Nut, Material Specification.
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@e/na/2009 16:36 4p2-761-3268 MLUWES | munzimes s

Fooep TREATVMETALT ABIRAT Y T2 CHETITT A MASH 12 42 54 Par 142072007
TRINITY METALS LABORATORY
A DIVISION OF TRINITY INDUSTRIES
4004 IRVING BLVD 75247 - PO, BOX 568087 Rectives Data | 311912007
DALLAS, TX 75388-2887 -

. Phone; 214-868-7891  FAX 214-588-7554 Heat Number - 34%173 & ME550
LABORATORY TEST CERTIFICATE RECHTS i TR M
Lan.ne.:  T1104560F ’ e
CHERITY A, MASON Test SpecHfitetion : FARG-ABTM METHODS
TRINITY HWY PRODUGTS, LLC #55 Mntortal Type © ASETA
ROLLFORM - 425 £, O'CONNOR AVENUE watmlal Size ; 38 x40 WY

: Weld Spekiication :
L4, OH 45801 Compigtion Date © 19202007

TESTS/ADDITIONAL INFORMATION

Test TypalAdditionsl information: HARDNESS ROCKWELL BW
Findings: A} 81 . 88 -90 - 90

B) 91-91-91-91
C) 91-90-91.90
D) $8.-88-89-88
E) 62.91-91 -84

Tost TypafAdditional Information:
Findinge: TRN  USA

b

LI 2 ] A
‘,a; ;af.»-'-\-‘l'-"*'-“f-"‘{' Mo

Figure 130. Photo. %-in. x 174-in. (15.9x38-mm) Hex Bolt and Nut, Material Specification.
(continued.)
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o = " . 5

as/04/2083

W/

A

mmmmvmmmmwmmtasg:ﬂm y

Dinelon of
Chartér Manutectudng Company, Inc. Aeverie Has Text And Codes

PAGE  33/52

16:36 4@2-761-2288

GHARTER STEEL 8ALE 03802

CHARTER b
STEEL

CUHARYER STEEL TEST HEPORT

Titnlty Industiias, ine,
£.0. Bon 555087

2522 Stemimons Fresway
Daflas, T3 7H368- 8287
Admn: Aun: ChariiCasol

stantas ¥sted bajow and on the raveise sids,

Lah Cofie: 7368
Cremisry c WM = % =
wis 082 43 0O GU0S O oS

CHEM. DEVIATION SRT.- QREEN =

Al N 8 T Wa
D0 0ODS0 00001 G001 0401

ROCIWELL B (HEE)
HOGKMELL © (VRS .

Figure 131. Photo. %-in. x 1%2-in. (15.9x38-mm) Hex Bolt and Nut, Material Specification.

(continued.)

187



FEBRUARY 2012
FHWA REPORT NO. FHWA-CFL/TD-12-009
APPENDIX A.MATERIAL SPECIFICATIONS

© MLDWED | P s s

ae/04/2089 16:36 4p2-761-3268

% E ) CHARTER
) STEEL

CHARTER STEEL TEST REPORT
A T Reverse Has Taxt And Codes
¥ Charter Mamsacnring Company Inc

P g a1 i
5.00T QO  Q.000 QO
AL 13 B T na
0023 00070 0.0007 0007 D007
CHE®R. DEVIATION BT -8REER - iR

.t 5 a
ROCKYELL 2 (HREVD 3
ROGHWELL © (MRG) o
OF DEVIATION BXT-8RESN -~ N/R

Tim Leshy
of Quslity A
TO 182

Figure 132. Photo. %-in. x 1'2-in. (15.9x38-mm) Hex Bolt and Nut, Material Specification.
(continued.)

188



FEBRUARY 2012
FHWA REPORT NO. FHWA-CFL/TD-12-009
APPENDIX A.MATERIAL SPECIFICATIONS

as/@a/2003 16 a5

262 268 2570 CHARTER STEEL GALE 15:05:88  10-19-2008

MIDWEST MACHINERY

PaGE 38/52

4a2-761-3288

mmmwmammmmammmmmsm =

1. Excepl as noted, the steel supplied for ihis mrmmwﬂ,mﬁedandpmaii ha

2. mwm@mmeQOmuhmwmhmumrwasmasteelm
processing.

3. Unless cliracted by the customar, there are no welds in any of tho aoiia prodused §

4. The lagoratory thet generated the analylical or test rasults can ba identifled by

Carificais
. Numper | Lab Dode
gage-0t | 7888 CSMD

cassoe | BiTd CERD/

035302 1236833 Pa
0285-04 126544 CBC

- "

-

5. When run by s Charter Staal labaratory, the follo
revigions of the specificallons fisted below, as

Brier Steel faboraiory tha on the frent of this report, Fany,
gloped by Gierier Steel and are not accrediied

report are the true values

to any oiher sampie.

frodused or disiributed exoept In full withoul the written permisslon of Charter

hiose name and addrese appear on the front of this form may reproducs this
reatrictions:

sured on the samples laken fram lhe

customers

nduced in full )
s and candlitions of sale provided in Charter Bisel's
mmpn.:)mmmmmmsam_m
B8 ron i gt of this

; e aamﬂlﬂﬁmp‘iﬁmmuﬂsmemmofmhbﬂmwm"nm
otherwise noted on this test report.

Figure 133. Photo. %-in. x 1'2-in. (15.9x38-mm) Hex Bolt and Nut, Material Specification.

(continued.)
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APPENDIX B. INSTALLATION GUIDE

The MSE wall installation guide obtained is contained in this appendix.
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M.S.E RETAINING

Constructio

707.443.2891
.8962

nail: info@hilfiker.com

er M.S.E. Systems are covered by the following patents:
t no. 4,117,686; 4,329,089; 4,505,621 and others
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HILFIKER MSE WALL SYSTEMS

Welded Wire Wall and
Eureka Reinforced Soil (E.RS.)

The Hilfiker MSE System is a the backfill prior tg
composite mechanically stabilized construction sh
earth structure, designed for strength,
durability and ease of construction.
The welded wire mats reinforce the
backfill, providing the tensile strength
to make the compacted soil a stable
structure. The superior pullout
resistance of the wire mesh
potentially allows a wide range of
backfill soils. Properly installed, the
Hilfiker MSE System is exceptionally
strong, resilient and economits

protect the bacK
If it does get wet,

Under no circumstances
Backfill should preferab se of saturated backfill eve
granular material with a itte

strength.

ALWAYS FOLLOW YG
PROJECT SPECIFICATIC

Compaction of the backfill is ve
|mponant to prevent unanticipatel
he wall. Ninety to
at compactlon is

have any questions about
constructlon or suitability of
on, contact Hilfiker Retaining

he backfill is not
mended,
r, and may distort

settiement
the wall fg

D COND'ITfONS NATURALLY VA."?Y. THE OWNER'S DISCRETION AND
LXPERIENCE MAY NECESSITATE MODIFICATIONS WITHIN REASON.
IKER ASSUMES NO LIABILITY FOR COMPLIANCE, OR LACK THEREOF.
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HAND TOOLS NECESSARY

TO BUILD YOUR WALL
(NOT PART OF HILFIKER SUPPLIED COMPZ

RING LINE
AND GRADE
STAKES
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I THINK YOU'LL FIND HILF IKERA
WALL SYSTEMS TO BE THE
RETAINING WALLS YOU'LL EVER B
WIRE MATS ARE DESIGNED T&
PROPER STRENGTH. IT'S UP
THE BACKFILL STRONG. BE
RIGHT DENSITY AND CQ
IT DRY! QUESTIONS?

SUGHS
UNLOADING

WHEN YOU UNLOAD THR
AT THE JOB SITE, HOO
THE CHAINS
AS SHOWN

CHECK OFF "WALL PARTS" FROM
YOUR BILL OF LADING AS YOU UNLOAD.
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SUPPLIED WALL PARTS

PRONGLESS o

MAT

CAP MAT

FABRIC

(FILTER
FABRIC OR
HARDWARE CLOT

ON MUST BE SOLID
D ABLE TO SUPPORT
THE WEIGHT OF
THE WALL

IF EILL IS
REQUIRED,
PLACE IT AS
DIRECTED BY

THE SOILS
ENGINEER.
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MAKE SURE THE . A LE
WALL FOUNDATION _—~ T NT
IS TO LINE por e = ILL
AND GRADE __~~ LOT OF
g LATER!
g T T
f/'n/ e
N
=2 b
s B DS
oF. QR INTO
| SOL UND.
|
I THIS PR
i SETTLIN
EROSION OF
= NDATION L
START UR
ACCURACY OF THE i S ESSE !

T4 XTRA CARE
AND PLACE

OFFSET
D GRADE
STAKE

E THE FOUNDATION
LIFT ACCURATELY.

SURVEY TO STRING
LINE FOR GRADE
AND ALIGNMENT

GRADE
STAKE

3" = 76MM
6"=152MM

3' = 9l4MmM
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BE SURE YOU HAVE THE REQUIRED BERM |
OF THE WALL. SEE YOUR PROJE
FOR THE MINIMUM WIDT
CONDITIONS DO NOT &

MINIMUM WID
PROJECT

BERM WIDTH ENGINEER.

T T

E YOU MAY CUT THE
MATS TO FIT

YOUR EXCAVATION
IF NEEDED.

DO NOT
SHORTEN THE
BASE DEPTH

S

FOLLOW YOUR PLAN
THE MATS BY BASE D

CH MAT BUNDLDO

=

LL EQUAL THE SPACE
BE E LONGITUDINAL WIRES.
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BERM

FOR A CONVEX CURVE,
OVERLAP THE BACK
OF THE MATS

FOR A SMOOTHER
CURVE, YOU CAN
SPLIT THE MAT

BASES AND BEND
THE FACES.

TO FORM ANGLES

AT MID-MAT, CUT TH
TRANSVERSE WIR

IN THE MATS.
BACKING MATS AN
HARDWARE CLOTH
MUST BE CONTINUOU
AT THE ANGLE!

BEND THEM TO FIT.
IF THEY ARE NOT
CONTINUOUS, THEY ™M
B PPED AS SH

SEE STEP S

I
ATS

ORM
ONCAVE
A RVE,
SPREAD THE
BACK OF
THE MAT

I THE
SVE
L-EE

-oV ACK

OF M

.5' ™M
EACH S
OF ANGL

RLA
G
AND
FABRIC IF
NECESSARY

B CKING M
d

ATS ARE

TOP WIR

STALLATION.

INSTALLED

WITH TH T

WIDER

TRANSV|
SPAC
H

ACKING MAT

I
TYP.

3" = 76MM
35 = 89MM
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INSTALL THE BACKING MATS INSIDE THE FIR

T

IMPORTANT! CHECK STANDARD MAT M SIZE!
8"x2!" MESH .,"?5',’;2 8"x12" MESH TOP
HOG RING vSPACE | HOG RINg o, LIIRE
SECOND TOP MAT_
TRANSVERSE ToP | TRANS FACE
WIRE ON L WIRE | WIR
BACKING MAT N oN BACF
MAT
SPACE FACE

HALF
BACKING

AND ENDING

SPAN OPEN VERTICAL SF
ITH BACKING MATS

MA

das-

ACES ..

(NN, -

OF THE SOIL REIN-
E VERTICAL WIRES

R

OF EACH LIFT

O SPACE
BETWEEN
BACKING

THIS WILL
INSURE A
UNIFORM
SPACING
BETWEEN
THE REIN-
FORCEMENT
MATS

Y= 203MM

24" = 610MM
8

= 2.438M
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— Z—r
"-‘“”".‘f‘-' ARy
2 NROI_L A -
- THE Y =
“FABRIC -““""
-AGAINST THE __\—

- BACKING MATS.
FKEEP T

- AS TIGHT
-AS POSSIBLE

1 3 PLACE AND COMPACT BACKFILL 1|
DENSITIES SPECIFIED IN YOUR PROJE
THIS IS WRONG M) THIS IS RIG

FUTURE BULGING Q' TO I" ABOVE TF

BE CAUSED BY UN B WIRE ON TH

FILLING OR UNDER ACKING MAT

COMPACTION Y =—=NL]] ]
e ol

ILL AND COMPACT UP

\THE FACE OF THE WALL.

OP COMPACTING AT

WHEN THE MAT FACE

AMTES TO THE CORRECT
R

A VOID IS LEFT HERE,
OU WILL FILL IT WHEN
Oou FILL THE NEXTF LIFT.
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BEGIN THE NEXT LIFT OF REINFORCEMENT
MAKE THE SPACES BETWEEN THE MAIRS
UP WITH THE SPACES IN THE PR

HOOK THE BOTTOM
TRANSVERSE
WIRE OF THE
BACKING MAT
OVER THE

VERTICAL PRONGS
ON THE LOWER

REINFORCEMENT MAT

IFT BY SLIDING THE
AT FORWARD OR BACK.

E LEVEL IS HELD
INST THE BOTTOM OF
VERTICAL WIRES.

E BATTER IS RIGHT,
NCHOR THE MATS AS
SHOWN IN STEP |18

4 INCH PER VERTICAL FOOT
2 INCH PER VERTICAL FOOT
CHES PER VERTICAL FOOT
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MAY BE

LIFT:

4 (=]
0 .

STRINGLINE

PLACED BEHIND
THE WALL

FACE ABOVE
THE FIRST

2 STAKES Q

CLIP IT WITH HOG RINGS
O THE TOP WIRE ON THE
BACKING MAT. CUT A
VERTICAL SLIT IN THE
BOTTOM OF THE FABRIC
0T EACH LONGITUDINAL

OVERLAP INTO THE
PREVIOUS LIFT.

76MM TO 1S2MM
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WHEN THE
MATS ARE
WEIGHTED
WITH FILL,
YOU CAN 7,
REMOVE 2. «
THE STAKES  +

i

o

BEGIN BACKFILLING AGAIN. DO NOT OPER
HEAVY EQUIPMENT ON THE BARE WIR

Or———1))

STEP 12

INST.
= R\}
P

D
EUY
Ayo0

o

FILL THE VvOID, IF
ANY, IN THE FACE
OF THE LIFT BELOW

(o I [
~

. PREVIOUS
v LIFT voib .

PLACE THE
FALLS THROU
E BASE WIRE
VOID BELOW.

ILL PA
SH.

USE A HAND
COMPACTOR
TO COMPACT
THE FILL IN
THE FACE OF
THE WALL

KEEP A 2" TO 3"
CUSHION OF
FILL UNDER
THE TAMPER
TO PROTECT
THE WIRE.

SiMM TO 76MM
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BACKFILL AS
SHOWN IN
STEPS I3

U

CONTINUE STEPS IS
THRU 22 TO THE
TOP LIFTS OF
YOUR WALL
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TOP OF WALL DETAILS

THE ENDS OF THE TOP LIFTS NEED N
BACKING MATS TO CONTAIN THE F
RTANT!
MAKE A RETURN IN T > LIFTS
BACKING MAT BY
BENDING AN 8' ONL RING THE
IRE ON THE,
BACKING MAT IN AR b g
HALF AS SHOWN. SNHE DR
NGLESS
i >< 4 EE f
< v 4 )
ROLL
FABRIC
AGAINST
BACKING
MAT
o
HO G
e LESS
LON INAL
WIRE
S YOUR WALL S HE TOP, USE A
RN BACKIN CLOSE THE END
H STEP.
L RE BACKING
MA
CONTINUOUS
TI] FABRIC
MM L' = 1.22M
M 8' = z.4LM
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BACKFILL TO THE TOP OF THE TOP LIQT.
BEFORE YOU PUT THE CAP ON, COMP,
AND ALIGN THE PRONGLESS MAT.

r~

THIS LAYER IS COMPACT
IMPORTANT!

THIS IS THE FINAL
MAT LAYER, AND

WHL I BETHE FOR ‘|

ALIGN THE
PRONGLESS
MAT

OF THE WALL

A

28 COMPLETE THE FINAL LIFTY !, AP
AND CATCH THE FRONT HOEY THE
s MIDDLE WIRE ON THE PRO MAT

LAY THE CAl O
\ THE FILL. CHE
ALIGNMENT, S

\]
‘i TER, AND ANG

E

HE COVER

va < Y,
E FACE HE.
LIFT BELOW
COMPACT THE
BACKFILL AS
SHOWN IN STEPS

21 AND 22.
3k

BACKFILL TO THE
TOP OF THE FINAL
GRADE PER YOUR
PROJECT PLANS.
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PROJECT-SPECIFIC DETAILS

OMITTED. ROCK LARGER THAN Tk
IN THE BACKING MAT MESH IS P,

L A

FILTER X

FABRIC- "
o

R

FACING

-

3 A MINIMUM SHO
INSTALL THE BACK

SHOWN IN YOUR PLANS.

MARK THE PRONGLESS
MATS AND BACKING
MATS, AND CUT THEM
TO FOLLOW THE

SLOPE. INSTALL THE
CAP MATS AND HOG
RING TO THE FACE.

PLACE AND COMPACT
THE FINAL LAYER
OF FlkL:

208



FEBRUARY 2012
FHWA REPORT NO. FHWA-CFL/TD-12-009
APPENDIX B. INSTALLATION GUIDE

WOOD GUARDRAIL PENETRATIQN

32 IF THE PLANS CALL FOR GUARDRAIL
NEAR THE FACE OF THE WALL, IT
NECESSARY TO CUT HOLES IN THE

bk MARK T, AT AT THE
EEJLEEERAIL A">  PROPES XCING ALONG
POST THE & OF THE WAL
CHE AND MARK

: : T SET TO T
R R : FAR THE WA

MA OR
PO 2

IF DISTA

A

PRONGLESS THAN 5°,
MAT 1 IN THE CAP
‘l POST PENETR
CUL VERENT

IF A CULVERT
THE FACE OF

TO FIT AROUND

AT THE LOWER SURF Al 4
OF THE CULVERT, CUT - cUMTHE

TRAR RSE WIRES BACKING
MAT AND

FABRIC TO
FIT SNUGLY
AGAINST
THE
CULVERT

BASE OF
MAT (DO
NOT CUT)
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CULVERT THROUGH WALL (CONTIN

34 AT THE UPPER SURFACE OF THE CU 4
THE TRANSVERSE WIRES IN THE B THE
MATS ARE CUT AND BENT AGAIN
CULVERT AS SHOWN.

CUT T CKING MAT
DO NOT AND C TO FIT
CUT OFF THE AG THE CULVER

LONGITUDINAL \1 |
WIRES! ‘

CUT THE TRANSVERSE I
WIRES ONLY.

A

A

LIFT AND BEND
THE LONGITUDINAL
WIRES TO FIT
AGAINST THE
CULVERT

3 THERE MAY BE RGE GAl E OF
THE WALL AT OP OF

CUT A BACKING MAT FAB

AND FE IC TO FIT i BACKING MAT

DOWN
TANDARD | i
AND BEND | ~T=
SHOWN TO,
AGAINST
CULVER
THE T
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EUREKA REINFORCED SOl
M.S.E. WALL DETAIL

THE HILFIKER E.R.S. WALL BEGINS AS A WELD WALL.
AFTER COMPLETION AND ANY POTENTIAL SETTLE "ERMANENT
FACING IS INSTALLED. THIS MAY CONSIST @ T-IN-PLACE
CONCRETE, OR FULL-HEIGHT PRECAST CONg PANELS. THE
PROJECT CONSTRUCTION PLANS WILL GIVE [ SPECIFIC DETAI

WELDED

CAST-IN-PLACE
WWIRE CONCRETE
WALl | PERCES

A LEVELING COURSE
THE WELDED WIRE WAL
AND ALIGN THE FORM:?
WILL HAVE A KEYWAY
OF THE TOE OF THE PR

1
| KEYWAY
Am LEVELING | For

COURSE | PRECAST
FOR C.I.P. 1| FULL-HEIGHT
FACING | PANELS

]
AL e

|

A T LEVELING

COURSE
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ANCHORS FOR C.I.P. FORMS
ANCHORAGE BOLTS ARE INSTALLED AS THE WE WIRE
WALL IS BUILT. THE DESIGN MAY VARY FROM T, OWN
HERE. SPACING, SIZE AND PROJECT-SPECIF| AILS OF
THE ANCHORS WILL BE SHOWN IN THE CONST] N PLANS.

SOIL REINFORCEMENT MAT, | TER FABRIC
BACKING MAT AND FILTER ; R COAL-TAI
FABRIC PITCH EMULSI
NUT AND BARRIER
WASHER
48 > FOR

A

7™

CONCRETE THREADED ~
OR STEEL ROD R
ANCHOR BLOCK

ANCHORS FOR 57 PRECAST )

ANCHORAGE BOLTS AF

ANCHORS WILL BE SHO

COMPACT THE BACKFIE
TO FORCE THE TOP O
THE CLOSURE MAT

MAT FACE IF
REQUIRED FOR
——  CLEARANCE

, FULL-HEIGHT
PRECAST
PANEL

| WELDED
WIRE WALL

CONNECTION
it BRACKET

VOoID
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FINISHING THE E.R.S. C. L2 G

FORM

ATTACH T} DRMS
TO THE 2 ORAGE
BOLTS AST THE
CONCE ACING.

STH 1E FORMS

3 ILLE- AT THE
S FINAL GR

FINI TG

THE PE
—ﬂ:-l © 77 PROJE
[

LEVELING CO

ANCHORAGE
BOLT

CAST FA

FINISHING THE
CLOSURE MAT

HE PRECAST PANEL
RTICAL AND ATTACH IT
HE ANCHORAGE BOLTS

DCKFILL AT THE TOE

SH THE TOP OF THE
PER THE PROJECT
US.

R WORK OF ART! SEND
TO H ING WALLS FOR POTENTIAL
ON (WITH YOURSKPPROVAL, OF COURSE!)

LEVELING ¢ RSE

20
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WIRE SIZE COMPARISON TABI

"W" SIZE
NUMBER

WI2.0
We.5
W7.0
WL.S
WL. 0
W3.5

NOMINAL
DIAMETER
(INCHES)
.391
.34L8
.299
.239
226
211

NOMINAL
DIAJ(VFE 'EE R

WIRE SPECIFICATIONS

TENSILE
STRENGTH

WELD
SHEAR
~ STRENG TH

35,000

S0 MPA) (240 MPA)

21

)R MORE INFORMATION ON WELDED WIRE

INFORCEMENT (WWR) CHECK THE WEBSITE
R THE WIRE REINFORCEMENT INSTITUTE:
WWW. WIREREINFORCEMENTINSTITUTE. ORG/
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OTHER HILFIKER PRODUCTS

ArtWeld Gabions are factory-assembled of galvanized 9 or 11 ga
Welded Wire Mesh, and are shipped folded flat. Standard sizes
are available, and non-standard sizes can be supplied.
The mesh can be field-cut to any size or shape without
losing structural strength. In comparison to
conventional gabions, the larger wire diameter and
welded grid gives greater strength, longer life and
easier installation. "Spiral" binders, used in field
assembly of the gabion edges, and preformed
stiffeners, are fast and simple to install.

mats are interlocked with bent facing mat§
. a1:1slope. The slope may be flattened, if
, stegping each layer back. Behind the facin

REINFORCED SOIL EMBI
The R.S.E. Smooth Face Retaini
most of the advantages of the Weld
while providing the additional durabl
face panels. Panels can be cast to m:
of archi al treatments, as well as 3

nailing systems. Spiralnails
he soil, eliminating

and grout". They can be used
ects, including retaining walls,
slopesta on, tie-backs for cast-in-place or
precast concrete panels, repair of existing retaining
structures, and can be designed to act as soil
drains. They can also be faced with welded wire,
gabions, and "spider" slope reinforcing.
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APPENDIX C. VEHICLE CENTER OF GRAVITY DETERMINATION

The information used to determine the center of gravity of each vehicle and documentation of the
ballast placed in each vehicle is shown in this appendix.
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Test. MGSGW-1

VEHICLE

+ + + + + + + +

venicle: Rio Sedan (1110C)

Equipment
Unbalasted Car
Brake receivers/wires
Brake Frame
Brake Cylinder
Strobe Battery
Hub

CG Plate (EDRs)
DTS

Battery

Oil

Interior

Fuel

Coolant

Washer fluid

BALLAST  Water

Misc.

Vehicle CG Determination

Weight Long CG
2302 36.92
6 130
4 62
22 31
4 59
17 0
11 47
22 62
-34 -9
-5
-40 3
-41 75
-9 -19
-16

1364

306

40

-1560

-3075

171

96

7350

0

1485

93635

39.27643

ertial Weig

CURRENT
2384
39.28

Difference
-36.0
0.27643

Left Right
727 685
435| 455
1412
890
2302

5 is measured from front axle of test vehicle

Dummy = 170Ib

(from scales)

Front
Rear

FRONT
REAR
TOTAL

Actual test inertial weight

Left Right
719 688
488| 532
1407
1020
2427

Figure 134. Chart. Vehicle Mass Distribution, Test No. MGSGW-1.
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VEHICLE

+ + + + + + +

BALLAST

wheel base

Test:

MGSGW-2 Vehicle: 2270P (RAM 1500)
Vehicle CG Determination
Weight LongCG LatCG VertCG LongM Vert M

Equipment (Ib) (in.) (in.) (in.) (Ib-in.) (Ib-in.)

Unbalasted Truck(Curb) 5041| 61.17853| -1.06281| 28.3556| 3084 57.62 142940.6

Brake receivers/wires 6 109 0 52.5

Brake Frame 5 33.5 -18.5

Brake Cylinder (Nitrogen) 28 71 21

Strobe/Brake Battery 6 79 -2.5

Hub 27 0

CG Plate (EDRSs) 8 54.5

Battery -44 -7.5

Qil -7 8.5

Interior -75 52

Fuel -165 112 1815 -3300

Coolant -9 -26 0 -324

Washer fluid -3 -26 -51 -99

Water 162 112 -1782 3240

DTS Rack -355.5 486

Misc. 0 0
-4874.62| 141527.3

TOTAL WEIGHT -0.97532| 28.31679

140.25

Difference

-0.99741

0.31679

-2.0

NA

Right
1473 1372
1126| 1070
2845 Ib
2196 Ib
5041 Ib

easured from front axle of test vehicle
aeasured from centerline - positive to vehicle right (passenger) side

Actual test inertial weight (Ib)
(from scales)

Left Right
Front 1413| 1374
Rear 1112 1100
FRONT 2787 Ib
REAR 2212 b
TOTAL 4999 Ib

igure 135. Chart. Vehicle Mass Distribution, Test No. MGSGW-2.
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APPENDIX D. VEHICLE DEFORMATION RECORDS

The vehicle deformation records for each test are contained in this appendix.
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TEST: MGSGW-1

VEHICLE: Rio Sedan (1100C)

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

Note: If impact is on driver side need to
enter negative number for Y

DR

AR

POINT X Y YA
1 29 8.5 -2.75
2 31 11.5 -2.25
3 31 15.25 -1.25
4 28.5 20.25 0
5 24 7.25 -6.5
6 28.25 12.5 -5
7 28.75 18.5 -4
8 26 24 -2.5
9 23.5 8.5 -8.75
10 25.25 13.25 -7.75
11 25.75 18.5 -7
12 23.5 23.5 -6.5
13 17.75 7.75 -8.75
14 19 13.25 -8.5
15 19.25 19 -7.5 .
16 10.75 3.5 -4.5 0
17 12.75 11.25 -8.5 0
18 13 18.25 -7.5 0
19 13.25 26 -7 0
20 5 4.25 -4.25 0
21 5.5 11 -8.25 0
22 5.75 18.25 -7.25 0
23 5.5 26 -6.75 . 0
24 0.25 4.75 -3.5 0 0
25 0.5 9.5 -5 0 0
26 0.25 13.75 -5 0 0
27 0 -4.5 0 0
28 0.2 25 0 0
29 0 0
30 0 0
31 0 0

/

/“33[38?

ki
STHTBTR T 8

Figure 136. Chart. Floor Pan Deformation Data — Set 1, Test No. MGSGW-1.
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TEST: MGSGW-1

VEHICLE: Rio Sedan (1110C)

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2

Note: If impact is on driver side need to
enter negative number for Y

POINT X Y yA X Y'
1 48.75 9.25 -2.5 48.5 9.25
2 50.75 12.5 -2 50.5 12.25
3 50.75 16.5 -1.25 50.75 16.25
4 48 22 0 47.25 22.75
5 44.25 8.25 -6 44 8
6 48.25 13.25 -4.75 48.25 13.25
7 48.5 19.75 -4 48.5 19.5
8 45.75 25.25 -2.5 45.25 25
9 44 10.25 -8.5 43.75 9.5
10 45.75 15.25 -7.5 45.5 15.25
11 46 19.75 -6.75 46 19.75
12 43.75 25 -6.75 43.75 25
13 38 8.25 -8.5 38 8.75
14 39.5 14.25 -8.25 39.5 14.5
15 39.5 20.5 -7.5 39.5 20.75
16 30.75 5 -3.75 30.75 4.75
17 33.25 12.5 -8 33.25 12.25
18 33.75 19.75 -7.75 19
19 33.75 27.5 -7 7.25
20 25 5.5 -3.75
21 25.25 12.5 -7.75
22 26 19.25 -7 19. .
23 26 27.5 -6.75 27.25 . 0
24 20.25 5.75 -2.75 2 5.75 0 0
25 20.75 10.75 -4.5 20. 10. 4.5 -0.25 0
26 20.75 -4.75 21 1 -4.75 0.25 -0.25 0
27 20.5 -4.5 20.5 -4.5 0 0 0
28 20 25 20.5 5 -3.25 -0.25 0 0
29 0 0 0
30 0 0 0
31 0 0 0
N\ ARD /

DRIGR

7
N

—\\

F4}, 25 26

X

27 28

Z

/-IJEEG?%

Figure 137. Chart. Floor Pan Deformation Data — Set 2, Test No. MGSGW-1.
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FHWA REPORT NO. FHWA-CFL/TD-12-009
APPENDIX D. VEHICLE DEFORMATION RECORDS

TEST:

VEHICLE: Rio Sedan (1100C)

MGSGW-1

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 1

Note: If impact is on driver side need to
enter negative number for Y

POINT X Y Z X Y’ Z DEL X | DEL Z
Al 28.75 11 19.75 28.25 11.25 19.75 0.5 0
A2 31 21.25 20.25 31 21 20.25 0
5 A3 29.25 30 20.75 29 29.75 21 -0.25
g Ad 27.75 15.25 135 27 15 13.5 -0 20.25
A5 27.75 22 14.25 27 22 14.5 -0. 0 0.
A6 27.75 32 10.5 27.5 32 10.5 25 0 0
W B1 36.75 35.75 3 36.75 35.5 2.7 0 -0.25 -0.25
% Z B2 33.75 35.75 1.5 33.75 35.5 0 -0.25 0
o B3 33 35.75 -1 33 35.5 0 -0.25 -0.25
u c1 24.75 36.25 18 24.5 36.7 -0.25 0.5 0
g c2 16.75 36.25 18.75 16.75 3 19.25 0 5 0.5
e 5 c3 15 36.25 17.75 0.75 18.25 0.7 75 0.5
28 ca 22.25 36.75 -0.25 21.75 0.25 - 0 0
= c5 22 36.5 5 21.5 36. 0.25 0
B c6 2.5 36.75 5.5 2 36.75 0 0.25
0 0
0 0
0 0
0 0
0 0
0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

B3

(@) a0
459

&

Figure 138. Chart. Occupant Compartment Deformation Data — Set 1, Test No. MGSGW-

1.
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FEBRUARY 2012

FHWA REPORT NO. FHWA-CFL/TD-12-009
APPENDIX D. VEHICLE DEFORMATION RECORDS

TEST:

VEHICLE: Rio Sedan (1100C)

MGSGW-1

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 2

Note: If impact is on driver side need to
enter negative number for Y

POINT X Y Z X Y’ Z DEL X | DEL Z
Al 43 25.75 20.25 435 25.25 20 0.5 F -0.25
A2 43.75 34 20.5 435 34 20.5 -0.25
5 A3 435 43.75 20.75 435 43.25 20.75 0 y
g Ad 40.25 28.75 14 40 28.75 14 -0 0
A5 40.25 35.5 14.5 40 35.5 14.75 -0. 0 0.
A6 a1 44 10.25 | 40.75 a4 10.5 25 0 0.25
W B1 50.5 48 2.75 50.25 48.25 3 25 0.25 0.25
% z B2 47.75 48 15 475 48.25 -0.25 0.25 0
o B3 47 48 -1.25 47 48.25 0 0.25 -0.25
u c1 37.75 495 17.75 37.5 50.2 75 -0.25 0.75 0
g c2 29.5 495 18.5 29.5 5 18.25 0 75 -0.25
e 5 c3 14.25 49.5 17.5 14.25 17.75 0 5 0.25
28 ca 36 49 -0.5 36 0.5 0 0
= c5 35.75 49 4.75 35.25 50. 5 1.25 0
B c6 16.25 49 5.5 15.5 50.25 1.25 0
0 0
0 0
0 0
0 0
0 0
0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

/’E{E{JR

Figure 139. Chart. Occupant Compartment Deformation Data — Set 2, Test No. MGSGW-

1.
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APPENDIX D. VEHICLE DEFORMATION RECORDS

Date: 11/3/2009 Test Number: MGSGW-1

Make: Kia Model: Rio Sedan (1100C)

e e e e
|

of Field L - Dy
of Contact Damage: 32 (813)
m center of vehicle to center of contect d -D¢e: 16 (406)

Original Profile Dist. Between Actual

Measurement Ref. Lines Crush

in. (mm) in. (mm) in. (mm)
30.625 (778) 5.026 -(128) "t
10.016 (254) 18.261 (464)
775 (197) 14.276 (363)
775 (197) 15.776 (401)
9.9375 (252) 15.089 (383)
30.625 (778) 5.0014 (150)
13.25  (337) 19.276 (490)

Figure 140. Chart. Exterior Vehicle Crush (NASS) - Front, Test No. MGSGW-1.
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APPENDIX D. VEHICLE DEFORMATION RECORDS

Date: 11/23/2009 Test Number: MGSGW-2

Make: Dodge Model: 2270P (RAM 1500)

Field L—

(mm)

1 46.5 (1181)
9 227 (5766)
45.4 (1153)
;115 (292)
227 (5766)
: 115 (292)

Original Profile Dist. Between Ref.

Actual Crush
Measurement Lines

in. (mm) in. (mm) in. (mm)

-125 -(3175) 15.0625 (383) -3.5 -(89) "gagant #VALUE!
-79.6 -(2022) 10.5 (267) 1.75 (44)
-34.2 -(869) 11.6042 (295) -0.3542 -(9)
11.2 (284) 11.25 (286) 0.5 (13)

—

56.6 (1438) 10.5 (267) HiHARH HVALUE!D

BT

102 (2591) 36.125 (918) A HVALUE!
81 (2057) 11.25 (286) 5.5 (140)

Figure 141. Chart. Exterior Vehicle Crush (NASS) — Side, Test No. MGSGW-1.
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APPENDIX D. VEHICLE DEFORMATION RECORDS

TEST. MGSGW-2

VEHICLE: 2270P (RAM 1500)

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

Note: If impact is on driver side need to
enter negative number for Y

X Y Z X Y

POINT | (in) (in.) (in.) (in.) (in.)
1 27.25 115 0.75 26.75 12
2 3175 195 3.375 315 19.25
3 315 255 3125 | 3125 | 25.25
4 30.25 30 1.75 29 29
5 24.75 105 1125 | 24.25 115
6 25.25 155 4.25 25 15.75
7 2625 | 21.25 7.75 2625 | 21.25
8 265 29.75 7.25 2625 | 29.25
9 14.25 35 3 14.25 35

o2S PRy !
Z

-Figure 142. Chart. Floor Pan Deformation Data — Set 1, Test No. MGSGW-2.
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FHWA REPORT NO. FHWA-CFL/TD-12-009
APPENDIX D. VEHICLE DEFORMATION RECORDS

TEST:

MGSGW-2
VEHICLE: 2270P (RAM 1500)

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2

Note: If impact is on driver side need to
enter negative number for Y

X Y ya X Y'
POINT | (in) (in.) (in.) (in.) (i)
1 49.5 18 0 49.5 19.5
2 54.25 26.75 3.125 54.5 25.75
3 54.125 325 3.25 54.125 32.25
4 52.25 36.75 2.5 52.25 36.5
5 47 18.25 0.5 47 18.5
6 47.875 225 3.75 47.75 22.5
7 49.125 28 7.5 49.5 28
8 49.625 36.5 7.625 49.5 36.75
9 37 10.25 1.625 37 10.5
10 40.125 15 2.5 40.125 14.875
11 41.75 20.5 6.375 41.875 20.5
12 43 26.25 10.5 43 27.25
13 43 32.25 11.125 43.25 33
14 34.125 9.75 1.875 34.25 10
15 39 19.75 9.375 39.25 20.25
16 39.25 25.75 10.5 39.5 26.25
17 39.5 33.75 11.5 9.5 345
18 31.375 10.75 2.375 11
19 33.375 19.5 9.625 5
20 33.25 27 10.5
21 33.375 35.25 11.5
22 26.875 11.5 2.875 11.5
23 29.75 22.25 10.25 22.875 0.625 0
24 29.25 34.25 11.625 2 35.125 46 .875 0.125
25 23.75 10 2.125 23. 1 2 0 0 -0.125
26 23.25 5.75 23.5 5.875 0.25 0 0.125
27 23. .625 235 6.75 0.25 0 0.125
28 5 23.375 5 7.375 -0.125 -0.25 0.125
29 0 0 0
30 0 0 0
3 0 0 0
\ ARD Z}
2
/1 '\ 5
1 7 8
AAAAA -
4 1213
10 45 16 1
A 19 20 20
DOOR 2 2

) DOMR
27 /-

Figure 143. Chart. Floor Pan Deformation Data — Set 2, Test No. MGSGW-2.
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TEST: MGSGW-2

VEHICLE: 2270P (RAM 1500)

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - Comparitive

Note: If impact is on driver side need to
enter negative number for Y

Ref. vehicle Post test GW-2
X Y 4 X \Z z
POINT (in.) (in.) (in.) (in.) @in.) (in.)
Al 33.75 46.25 31.25 33.75 46 31.25
A2 33.75 54.25 31 33.75 54.25 31.25
5 A3 335 65.25 30.5 33.5 65 30.5
g Ad 31.75 41.75 24.75 31.75 41.25 24.75
A5 315 49.75 25 315 50
A6 32 62 25.25 32 61.75
W B1 40.25 28.5 0 40.25 28.5
% z B2 36.25 27.75 -0.75 36.25
o B3 37 28.25 5.25 37
w c1 245 39 27 25
% N c2 15.75 39.25 27 16
- c3 4.25 40 275 45
g8 ca 255 34.25 105 255
g c5 17.25 33.75 8.25 17.75
B C6 15 34 8 15
D1
D2
D3

D4 Not needed due to low

(e} [o] (o] o} (o] [o} jo] (o} o] (o] o} jo] o} (o} fo] (f=)

o|lo|o|o|lo|o|o|o|o|o

REILIR

C1

| / DR

c2
R

C3

i

pcs

i
-
3
)

Figure 144. Chart. Occupant Compartment Deformation Data, Test No. MGSGW-2.
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APPENDIX D. VEHICLE DEFORMATION RECORDS

Date: 11/23/2009 Test Number: MGSGW-2

Make: Dodge Model: 2270P (RAM 1500)

— ——(,

s Cs

in. (mm)
ce line - Lrgrz 113 (2870)
ed crush - Field L: 39 991
cing interval (L/5) - I: 7.8 (198)
ance from center of vehicle to center of Field L - Di: 19.5 (495)
‘Width of Contact Damage: 18 “457)
center of vehicle to center of contect damage - Dc: 28.5 (724)

NOTE: Enter "NA'

ce can not be measured (i.e., side of vehicle has been pushed inward)

Lateral Location Original Profile Dist. Befween Ref. Actual Crush
Measurement Lines
in. (mm) in. (mm) in. (mm) in. (mm)
0 0 10.25 (260) 1.49741 38) -1.74741 -(44)
7.8 (198) 10.484 (266) -1.48178 -(38)
15.6 (396) 11.656 (296) -1.65366 -(42)
23.4 (594) 13.391 (340) 1.61197 (41)
31.2 (792) 16.813 (427) 6.44009 (164)
39 991) 29 (737) #itH###  #VALUE!
Cmax 24 (610) 29 (737) 15.688 (398) 6.81509 (173)

Figure 145. Chart. Exterior Vehicle Crush (NASS) - Front, Test No. MGSGW-2.
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Date: 11/23/2009 Test Number: MGSGW-2

Make: Dodge Model: 2270P (RAM 1500)

(mm)

- Lrer: 46.5 (1181)

h - Field L: 227 (5766)

g -I: 454 (1153)

rof Field L - D -11.5 -(292)

vidth of Contact Damage: 227 (5766)

ce from vehicle c.g. to center of contect damage - Dc: 11.5 (292)

distance can not be measured (i.e., front of vehicle has been pushed inward or tire has been remeoved)

Original Profile Dist. Befween Ref. Actual Crush
Measurement Lines
in. (mm) in. (mm) in. (mm)
-(3175) 15.0625  (383) 3.5 -(89) "R HVALUE!
-79.6 -(2022) 10.5 (267) 1.75 (44)
342 -(869) 116042 (295) 03542 -(9)
11.2 (284) 11.25 (286) 0.5 (13)
56.6 (1438) 10.5 (267) #itHi#HHH #VALUE!
102 (2591) 36.125 918) #ithiHH #VALUE!
81 (2057) 11.25 (286) 5.5 (140)

Figure 146. Chart. Exterior Vehicle Crush (NASS) - Side, Test No. MGSGW-2.

232



FEBRUARY 2012
FHWA REPORT NO. FHWA-CFL/TD-12-009
APPENDIX E. ACCELEROMETER AND RATE TRANSDUCER DATA PLOTS, TEST NO. MGSGW-1

APPENDIX E. ACCELEROMETER AND RATE TRANSDUCER DATA PLOTS, TEST
NO. MGSGW-1

The plots from each data acquisition system for test no. MGSGW-1 is contained i
appendix.
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The plots from each data acquisition system for test no. MGSGW-2 is contained i
appendix.
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