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1. INTRODUCTION

1.1. RESEARCH PROBLEM STATEMENT

Vehicular traffic may exist on either the high (fill) side of the Mechanically Stabilized
Earth (MSE) retaining wall, on the low side, or both sides. For traffic on the high side, a
conventional traffic barrier might be placed on or near the top of the wall and mounted on a
moment slab or a bridge deck. For traffic on the low side, a conventional traffic barrier might be
installed adjacent to the wall or the wall itself may serve as the traffic barrier. Typical MSE wall
panels are not designed to resist vehicle impacts. Therefore, structural damage to the wall panels
and the earth fill would require complicated and expensive repairs. A simple reinforced concrete
crash wall constructed in front of the MSE wall panels can significantly reduce damage to wall
panels. It may prove practical to implement such a design in order to reduce costly repair to the
MSE wall structure.

1.2. RESEARCH OBJECTIVE

The overall objective of this study is to analyze wall panels and a crash wall design to
protect an MSE wall from vehicular impact. It is intended to provide improved crashworthiness
and reduce structural damage to the MSE wall system. In this phase of the project, the research
team will review, model, and analyze the proposed crash wall design to determine its expected
performance under Test Level 4 (TL-4) impact conditions of the crash testing guidelines, Manual
for Assessing Safety Hardware (MASH) (1).

1.3. RESEARCH APPROACH

The research plan for accomplishing the project objective consisted of five tasks divides
into two distinct phases outlined below.

PHASE I
Task 1 — Perform Engineering Analysis and Design

The researchers will review the design provided by Pennsylvania Department of
Transportation (PennDOT) and other information from the supporting states. Texas
Transportation Institute (TTI) researchers will work closely with the supporting states to select
the appropriate design parameters used to design the crash wall. As part of this task, TTI
researchers will perform engineering calculations on the crash wall attached to the MSE wall. A
crash wall is designed with respect to American Association of State Highway and
Transportation Officials (AASHTO) Load Resistance Factor Design (LRFD) Test Level 4
requirements (2).



Task 2 — Perform Computer Simulations

The finite element code, LS-DYNA (3), is used to evaluate the performance of the
proposed crash wall design resulting from Task 1 or the design provided by PennDOT. The
simulation task consists of the following subtasks:

1- Build a typical model of an MSE wall structure with the following entities:

a. Soil (backfill and overburden).
b. Soil reinforcement (steel strips).
c. Wall panels and support pad including their reinforcement.
d. Reinforced crash wall.
2- Incorporate Single Unit Truck model to simulate MASH Test Level 4.
3- Perform impact simulations of the MSE wall and the proposed crash wall design.

Task 3 — Submit Research Report

A report detailing the engineering analysis, design, modeling, and simulation work
performed under Tasks 1 and 2 will be provided. The report will include a plan for designing a
crash wall for either TL-4 or TL-5 impacts with 36000V (80,000 Ib) trucks and for performing
crash tests of the wall.
PHASE II
Task 4 — Full-Scale Crash Test

Upon the conclusion of Phase I, the pool fund member states will outline the work plan
of Phase II of the project. Possible follow-up work may include full scale crash testing using
10000S test vehicle per MASH TL-4 and/or engineering design, numerical simulation, and full
scale crash testing of a crash wall for TL-5 impacts with an 36000V (80,000 Ib) truck. This
project addresses the Phase I effort.
Task 5 — Submit Final Report

The research team will provide a final report documenting the entire research effort.

1.4. REPORT SCOPE

This report documents the research efforts, finding, and recommendations of this project.
The report includes details of the engineering analyses and finite element modeling and analyses.



2. STATE OF THE PRACTICE

2.1. BACKGROUND

MSE walls typically consist of backfill soil reinforced with either steel strips, steel bar
mat, or polymeric materials. The reinforcement is attached to the retaining wall (panels) to
provide stability of the MSE structure (Figure 2.1). On top of the retaining wall and the backfill
soil, a barrier-moment slab subsystem is installed to protect the errant vehicular impact. Figure
2.2 (4) and Figure 2.3 (5) show two photos as examples of a MSE wall in the highway.

Wall Panel

Wall Reinforcement

| Figure 2.1 Barriers on top of a MSE wall (6)

In 2009, TTI conducted six bogie tests and one full-scale crash test using a MASH TL-3
pickup truck against the barrier placed on MSE wall as shown in Figure 2.4 (6, 7). The purpose
of that research was to develop design guidelines for MSE walls subject to vehicular impact.
Design guidelines for MSE walls were developed using reinforcement pullout tests, full-scale
impacts of barrier systems mounted on an MSE test wall, and numerical modeling.
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gure 2.2 MSE wall in Long Beach, CA (4)

Figure 2.3 MSE wall in Carmel, IN (5)



Figure 2.4 Full-scale crash test on the barrier placed on MSE wall (TTI 475350) (7)

Few other crash test studies were conducted using vehicular impact on the barrier atop of
the MSE wall not on the panels of the MSE wall. Currently there is no guideline on how to
protect the MSE wall panels from heavy vehicle impacts. A crash wall constructed of reinforced
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concrete can be cast against the MSE wall panels with steel anchors embedded between the crash
wall and the MSE panels. It may prove practical to implement such a design in order to prevent
the complexity and the costs involved in repairing the actual MSE wall structure.

2.2. SYSTEM DESCRIPTION

For this study, an MSE wall design from Juniata County, Pennsylvania, was used as the
typical system (Juniata County S.R. 0022 Section A09) (8). The drawing for the crash wall is
referenced in Pennsylvania Department of Transportation (PennDOT) Precast Concrete Wall
Panels drawing (9). Figure 2.5 shows an example drawing of an MSE wall with a single face
concrete barrier for protection against vehicular impact. Appendices A and B present other
details of these drawings.
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Figure 2.5 MSE wall section of Juniata County drawing (8)



2.3. MSE WALL DESIGN

AASHTO LRFD specification (2) is used to calculate the static load on the wall
reinforcing strips due to earth pressure as reference for steady state condition. In this study, the
unfactored static load due to earth pressure is determined to compare them with the finite
element analysis result.

The following equation in AASHTO LRFD is used (AASHTO LRFD Equation
11.10.6.2.1-2) to determine the unfactored load (T) expected per wall strip.

T=o0op %A (2-1)
where on: Horizontal stress due to the soil, onh = K, X oy
K: Lateral earth pressure coefficient (Figure 2.6)
A:: Tributary area of the reinforcement (Figure 2.7)

o 1012 1.7 25
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*Doea not apply to polymer strip relnforcement

Figure 2.6 Variation of the coefficient of lateral stress ratio with depth (AASHTO LRFD
Figure 11.10.6.2.1-3) (2)
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Figure 2.7 Tributary area of the wall reinforcement, A,

Table 2.1 presents a summary of the static load per steel wall reinforcement. Figure 2.8
shows the detail of strip locations used in calculation. Appendix C presents a detailed

calculation of the unfactored load (T).

Table 2.1 Static Load on the MSE Wall.

Strip Layer Depth Unfactored T
No. (ft) (kips)
1 3.96 1.21
2 6.17 1.822
3 8.63 2.718
4 11.09 3.348
5 13.54 3.913
6 16 4.415
7 18.46 4.852




L | 3.96 fi
Strip No. 1

i 2.21 ft
Strip No. 2

T 2.46 ft
Strip No. 3

u 2.46 ft
Strip No. 4

il _ 2.46 ft
Strip No. 5

| 2.46 ft
Strip No. 6

2.46 ft
Strip No. 7

[ ]

Figure 2.8 Side view of MSE wall used in calculation

2.4. CRASH WALL DESIGN

A crash wall was designed to minimize the damage to an MSE wall system upon impact
by an errant vehicle. The research team performed finite element analyses on a 2.44 m (8 ft) tall
x 6.1 m (20 ft) long x 0.2 m (8 in.) thick crash wall to be cast in front of an MSE wall panels.
For these analyses, a 333.6 kN (75 kips) load was distributed over a 1.22 m (4 ft) long length by
3.05 m (12 in.) wide and approximately 0.91 m (3 ft) above grade. This loading was selected to
represent the TL-4 impact loading from the MASH Single Unit Truck (SUT). This loading was
applied at the end of a wall segment or joint.

Based on the analyses results, the research team determined that No. 5 vertical bars
spaced at 152.4 mm (6 in.) on centers are needed approximately 1.83 m (6 ft) from the ends or at
a joint (2 layers needed). Vertical steel in the barrier can be No. 5’s spaced vertically on 3.05 m
(12 in.) on center in the mid-span area of the wall (away from the ends or joint). Transverse
reinforcement will be No. 4’s spaced at 3.05 m (12 in.) on centers for the two layers of
reinforcement in the wall. Figures 2.9 and 2.10 present the detailed drawings of a crash wall.
Moreover, the representative crash wall design from the PennDOT drawing was reviewed as
shown in Figure 2.11.
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Figure 2.10 Detail cross section view drawing of a crash wall (designed by TTI)

Another crash wall design presented herein is provided by PennDOT (9). This crash wall
is 0.2 m (8 in.) thick placed in front of the MSE wall panels. The cast-in-place crash wall is
connected to the precast wall panels by anchors. The crash wall is embedded into the ground
0.5 m (20 in.). The reinforcing bars in the crash wall consist of longitudinal No. 6 bars at
304.8 mm (12 in.) and vertical No. 4 bars at 304.8 mm (12 in.) as shown in Figure 2.11.
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3. FINITE ELEMENT PROCESS

The finite element model of the MSE wall with a crash wall was developed to evaluate
the structural response of the crash wall during vehicular impact. The analyses were performed
using the commercially available finite element software LS-DYNA (3). The methodology used
to model the MSE wall and the crash wall (PennDOT design) and to simulate their performance
under MASH TL-4 impact consisted of the following steps:

1. Construct finite element model of the MSE wall and the crash wall.

Initialize the model of the MSE wall and the crash wall to account for gravitational
loading.

Modity SUT to reflect MASH TL-4 and verify the performance of SUT

Simulate MASH TL-4 impact against the wall panels.

Analyze results and verify the performance of the MSE wall.

Simulate the impact against the crash wall placed in front of MSE wall.

Analyze results and verify the performance of the crash wall.

Identify any further investigation needed.

o

PN W

Figure 3.1 presents the flowchart for the finite element model of the crash wall on the
MSE wall for MASH TL-4 impact conditions. Chapters 3 and 4 present the details of these steps.

3.1. GEOMETRY AND MESHING

The finite element representation of the MSE wall considers the following major
components:

Precast concrete panels with reinforcement.

Concrete leveling pad.

Precast concrete barrier and cast-in-place moment slab.
Back fill soil and front soil.

Reinforcement in the soil to the wall panels.

Crash wall.

A

MSE wall model was a length of 15.1 m (49.5 ft) long and 5.2 m (17.11 ft) tall as shown
in Figure 3.2. The barrier and moment slab were placed on the top of the MSE wall. Since the
impact happens at the bottom part of the panels in this study, the interaction of the coping of the
barrier and panels was not represented in this analysis. The barrier and moment slab were
modeled as a one component.

The MSE wall components including soil, wall panels, and a pedestal were modeled
using solid elements, as were the concrete barrier and moment slab. Beam elements with six
degrees of freedom at each end were used to model the rebar of the wall panels, the crash wall,
and the pedestal. The steel strip reinforcements for the MSE wall were modeled using shell
elements 4 mm (0.16 in.) thick by 50.8 mm (2 in.) wide by 4.76 m (15.6 ft) long.
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Figure 3.1 Flowchart of modeling and simulation processes.
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The elements of the inner wall panels are meshed using element characteristic size of
about 40 mm (1.57 in.) at the impact location to capture the wall deformation with improved
accuracy. The outer elements of the wall panels are meshed rather coarsely to reduce
computational costs of the simulation since these panels are outside the impact region.

The soil elements behind the area of impact were meshed finely using element size of
152.4 mm (6 in.) in order to better represent the transferred load from the vehicle impact. The
rest of the soil continuum is variably meshed up to element size of about 254 mm (10 in.) at the
top backside of the soil. Figure 3.3 shows the element mesh scheme used in the MSE wall.

Wall Panel

Crash Wall

Front Soil

Figure 3.2 Overall view of MSE wall model
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Figure 3.4 Panel “A” details and model
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To account for realistic interaction between wall panels, the detail joint between panels in
both vertical and horizontal direction was explicitly modeled as shown in Figure 3.7 and Figure
3.8. In the horizontal joint, bearing pads between wall panels is assumed to be the part of the
panel as shown in the circle in Figure 3.8.

rg-lf 'Ll ¥

15. - E i ‘
PR C —r—
FaNVERTICAL JU'INT OF PANEL
SCALE: 3"=1'-0"

(LOOKING UP PANEL)

Figure 3.7 Vertical joint details and model
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Figure 3.8 Horizontal joint details and model

The 15.1 m (49.5 ft) long crash wall was placed on the wall panels. The crash wall was
used with the thickness and height of 203.2 mm (8 in.) and 4 m (13.1 ft), respectively. The
details of rebars were modeled based on the PennDOT drawing as shown in Figure 3.9.

Figure 3.9 shows the embedded anchors between the wall panels and the crash wall.
Since the details of such anchor were not available to research team, they were estimated based
on scaling of other dimensioned entities on the PennDOT drawing. Based on that, the anchor
size and length estimated to be 50.8 mm (2 in.) thick and 225 mm (8.85 in.) long. The anchor
spacing was 450 mm (18 in.) on both ways.
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Figure 3.9 Crash wall details and model

The vehicle impact point against the wall panels was located on the second panel from
the left shown in Figure 3.10. The distance from the end of the wall panel from the left was to be
5.35m (17.55 ft). This point was chosen to maximize the severity of impact by making the
impact point closer to the joint.
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Figure 3.10 Vehicle impact point on the wall panel

3.2. COMPONENTS INTERACTIONS AND BOUNDARY CONDITION

Capturing interaction between solid and beam or shell elements is rather complex using
matching nodes. The requirement of matching nodes to merge the reinforcing steel inside the
concrete continuum would dictate the creation of elements with poor aspect ratios and the
creation of unnecessarily small element sizes, which has a significant effect on the time step
(10). To mitigate this problem, a different coupling scheme was utilized between solid and beam
or shell elements.

The steel reinforcements are coupled (rather than merged) to the surrounding concrete to
prevent the poor quality elements otherwise required as mentioned above. This was achieved
using the CONSTRAINED LAGRANGE IN SOLID feature in LS-DYNA. The use of this
coupling permits the concrete mesh to be constructed without consideration of the location of
steel reinforcement. The steel reinforcements are treated as a slave material that is coupled with
a master material comprised of the moment slab and barrier concrete. The slave parts (i.e., steel
rebar) can be placed anywhere inside the master continuum part without any special mesh
accommodation. The wall reinforcements are coupled to the backfill soil in a same manner. The
anchors coupled to both the crash wall and the wall panels.
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Figure 3.11 Placement of solid, beam, and shell elements

The interaction between the soil and concrete was modeled using contacts to capture the
interface forces generated between the concrete structure and the MSE wall. The contact friction
was based on the estimated backfill soil internal friction angle. The soil friction angle, ¢ was
35 degrees and then the contact friction angle was calculated to be 0.7 (tan ¢). This method
allows modeling soil-structure interaction without considering cohesion, which is accurate for
backfill.

During initialization due to gravity, the front elements of wall reinforcing strip developed
the bending stress. Therefore, dummy sliding shells were added to enable the strip to slide as
shown in Figure 3.12. Figure 3.13 shows the comparison of gravitation analysis without and
with sliding mechanism in this initialization step. Figure 3.13 shows clearly the significant
reduction in artificial bending by incorporating the sliding mechanism in the model. The dummy
sliding shells were removed and then a tied contact definition was defined to account for the
connection between the panels and the wall reinforcing strips. Directional translational
constraints were applied on the boundary surfaces to account for boundary conditions of the
structures.
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Figure 3.13 Displacement of the strip on two systems at the gravitational step

3.3. MATERIAL MODELS AND PARAMETERS

3.3.1 Concrete and Steel Material

The outside wall panels, a barrier, a moment slab, and a leveling pad were modeled using
elastic material (MAT Type 1). The parameters of the elastic model are density, elastic modulus,
and Poisson’s ratio. The center wall panels subjected to direct impact was modeled using a non-
linear response concrete material model definition. In LS-DYNA 971, it is designated as
material MAT Type 159, CSCM Concrete (11). This is a more sophisticated but
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computationally expensive method to explicitly model concrete. In this model, a brittle material
like concrete will lose (at a given rate) its ability to carry load when a specified damage/failure is
reached. This is very useful because it provides a more accurate representation of the failure
mechanism of the concrete components and better prediction of the impact load transfer. The
parameters of MAT Type 159 can be assigned using two additional concrete properties, the
confined compressive strength of concrete f’c and the maximum aggregate size of 25.4 mm

(1 1in.).

All steel rebar and steel strips were modeled using a piecewise linear plasticity material
model (MAT Type 24) that is representative of an elastic-plastic stress-strain relationship of the
material. Steel rebar exhibits rate effects and yields in a ductile manner until it breaks at an
ultimate strain greater than approximately 20 percents. Before yield, the material is assumed to
be linearly elastic. After yielding, the steel can undergo plastic deformation and strain
hardening. Table 3.1 shows detail material properties of concrete and steel models.

Table 3.1 Material Properties of Concrete and Steel Model.

E p f, Yield Stress
(MPa) Y (Tonne/mm”2) (MPa) (MPa)
Elastic Concrete  2.485E+4 0.17 2.328E-9 NA NA
Damage 2.485E+4 0.17 2.328E-9 27.58 NA
Concrete
Wall Strip
(A572 Gr. 65) 2.1E+5 0.3 7.85E-9 NA 448.175
Rebar Steel 2.1E+5 0.3 7.85E-9 NA 413.7

* E is the young’s modulus, v is Poisson’s ratio, p is the mass density, and f_, is the compressive strength.

3.3.2 Soil Material

The soil elements were modeled using the two-invariant geological cap material model
(MAT type 25). The advantage of the cap model over other models such as the Drucker-Prager
formulation is the ability to model plastic compaction. In these models all purely volumetric
response is elastic until the stress point hits the cap surface. Therefore, plastic volumetric strain
(compaction) is generated at a rate controlled by the hardening law. Thus, in addition to
controlling the amount of dilatency, the introduction of the cap surface adds another
experimentally observed response characteristic of geological materials into the model (12, 13).

The cap model is defined in terms of the first stress invariant |, =trace(o)
=0,, +0,, +0;; and the second deviatoric stress invariant J, = 1/2 S;;S;; = 1/2 (8112+ 8222+ S332),

where o is the stress tensor and Sjj = o; + o 1s the deviatoric stress tensor. The yield surface of
the cap model consists of three regions (Figure 3.14): a failure envelope f; (o), an elliptical cap f,
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(o, x), and a tension cutoff region f3 (o), where x is the hardening parameter. The functional
forms of the three surfaces are (12, 13):

1. Failure envelope region: f,(0)=/J,, —F.(1,)=0, for T <, < L(x) (3-1)

2. Cap region: f,(o,x)=/J,5 —F.(1,,5) =0, for L(x) <1, < X(x) (3-2)

3. Tension cutoff region: f,(c)=T -1, =0, for I, =T (3-3)
jED

(1) FAILURE SURFACE REGION
Slo)=yLn-FI)=0

(2) CAP SURFACE
REGION

flew)=Jn—F (1.x)=0

TENSION
(3) CUTOFF
REGION
Sio)=T—-1,=0

ELASTIC REGION

I

T L{x) X(x)

Figure 3.14 Cap soil model general yield surface (12)

In the failure envelop region, F. (11) can be expressed as:
F()=a-ye"" +01, (3-4)
where the yield surface was determined by the parameters o, 0, y and 8, which are usually
evaluated by fitting a curve through failure data taken from a set of triaxial compression tests.

In Eq. (3-2), F¢ (l1, x) can be expressed as;

F.(1,,x) =%\/[X(z<)— L] [, - L] (3-5)
X (k) = x +RF, (k) (3-6)
L(k) = {K‘ ifx>0 (3-7)

0 ifx<0

where X(x) is the intersection of the cap surface with the |, axis and the hardening parameter x is
related to the plastic volume change &P through the hardening law:

&l =W {I-exp[-D(X (1) - X, ]} (3-8)

where the values of parameters W and D are found from hydro static compression test data. The
value of R is the ratio of major to minor axes of the quarter ellipse defining the cap surface.
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Table 3.2 shows the parameters used in the numerical simulation. Using these parameters, the
cap yield surface can be defined as shown in Figure 3.15.

To understand the failure behavior of the cap soil material, the various soil properties
were collected as presented in Table 3.2. Two different cap models, the McCormick Ranch Sand
(14) and the elasto-plastic soil parameters given in NCHRP Report 556 (15) were compared to
the cap model used in this study.

The cap models for each case were plotted as shown in Figure 3.15. In the failure
envelope f (o) and tension cutoff region f,(o), the three soil models show good agreement, but

in the elliptical cap f, (o, k), the soil material used in this study shows a larger cap surface area
than the other soils due to the large R.

However, this difference is not an issue for this study since the cap surface is intended for
very long compressive pressure. Numerical evaluation of the state of stress for this study
indicated that the pressure is relatively smaller than L(k).

Table 3.2 Comparison of Three Cap Soil Models.
McCormick NCHRP 556

This Study Ranch Sand (14) (15)
o K (MPa) 22.219 459.676 52.19
Elasticity
G (MPa) 7.407 275.792 24.087
o (MPa) 4.154 0.00186 0.01
o B (MPa™) 0.0647 0.09718 0
Plasticity
y (MPa) 4.055 0.00117 0
0 (radian) 0 0.02 0.2925
W 0.08266 0.064 0.023
Hardening D (MPa™) 0.239 0.00725 0.87
Law R 28 2.5 4
Xo (MPa) —2.819 1.20658 0.01593
Tension Cut T (MPa) 0 —2.06843 0

25



Cap Model used inthis study

—-—-=McCormick Ranch Sand

————NCHRP 556

SQRT(J2D) (Mpa)

I1 (Mpa)

Figure 3.15 Comparison of cap models

3.4. INITIALIZATION OF THE MODEL FOR GRAVITATIONAL LOADING

The MSE wall and barrier model had to be initialized first to account for gravitational
loading. Gravity loading affects soil pressure on the wall panels and steady state stresses in the
steel strips. Therefore, the initialization step had to be performed prior to any impact simulation
process. Initialization was achieved by gradually ramping up gravitational load on the system
while imposing a diminishing damping on the soil mass to prevent oscillatory forces from
developing. Figure 3.16 shows the gravitational loading and damping profiles.

The difference between the total vertical reaction and the calculated weight of the system
was used as a convergence criterion for achieving the steady state solution of the MSE wall
model. In this model, the total mass of MSE wall model is 1,180,570 kg (80,895 slug), which
corresponds to a weight of 11,576.7 kN (2,602.5 kips). The total vertical reaction of the finite
element model was 11,241 kN (2,527 kips) at the end of the initialization process, which is less
than 3% different from the calculated total weight. This is a reasonable agreement between the
calculated weight and the total vertical reaction from the finite element analysis as shown

in Figure 3.17.
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Figure 3.16 Initialization for gravitational and damping profile of the model
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Figure 3.17 Comparison of simulation weight and calculated static weight
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Once the gravitational initialization is completed, the vertical stress distribution in the
backfill soil is stabilized and is shown in Figure 3.18. The load in the wall strips from simulation
is compared to the unfactored load as shown in Table 3.3. The differences from calculation
using AASHTO LRFD and simulation are less than 15% except the first layer. Since the
Eq. (2-1) does not account for different materials than soil (i.e., concrete of the moment slab), the
loading pattern of the first strip is not accurately captured by this formula. Moreover, at such
small loads, a small variation would results in large percentage difference.

Fringe Levels

1.173e-01

9.163e-02:I
6.597e.02 |

031e02 _

Figure 3.18 Vertical stress on the soil due to the gravitational loading

Table 3.3 Comparison of Static Load on the MSE Wall.

R ban el Lot i
No. (ft) (kips) (kips) (%)

1 3.96 1.21 1.7 28.8

2 6.17 1.822 1.82 0.1

3 8.63 2718 2.5 8.7

4 11.09 3.348 3.2 46

5 13.54 3.913 3.9 0.3

6 16 4415 48 8.0

7 18.46 4.852 5.5 11.8
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3.5. SINGLE UNIT TRUCK VEHICLE MODEL

The single unit truck (SUT) vehicle model was developed by the National Crash Analysis
Center (NCAC) (16). The Ford F800 Series Truck meets the NCHRP Report 350 (17) criteria of
the 8000S test vehicle specification. NCHRP Report 350 is replaced by MASH, which has new
test vehicles. Thus, the SUT model needs to reflect the MASH 10000S test vehicle specification.
For the TL-4 in MASH (1), the mass of the SUT increased from 8,000 kg (17,637 Ib) to
10,000 kg (22,000 1b) and the impact speed increased from 80.47 km/h (50 mph) to 90.12 km/h
(56 mph). The ballast height of MASH TL-4 SUT is changed to 1.25 m (63 in.) from 1.7 m
(67 in.) in NCHRP Report 350. Table 3.4 shows the comparison of TL-4 SUT vehicle
specification per both guidelines.

The 8000S vehicle model was modified to reflect MASH 10000S test vehicle
specification and calibrated using crash test results of TTI Project 476460-1b (18). Major
changes include:

1. U-bolts connecting the front axle to the suspension were modified to calibrate their
failure mechanism. Moreover, null shell elements were added around the beam elements
to capture the interaction of the U-bolt and the front axle as shown in Figure 3.19.

2. Two 50.8 mm (2 in.) thick wood panels were added between the bed rail and the frame of
the truck as shown in Figure 3.20.

3. Lateral constraint brackets (shear plate) were added to restrain lateral displacement of the
bed relative to the frame rail as shown in Figure 3.20.

4. The Z-shaped steel cross members on the bottom of the truck box were modified to be I-
shaped cross members. This is representative of TTI 476460-1b test vehicle. Figure 3.20
shows these changes.

5. TTI Test 476460-1b had concrete ballast that was smaller in volume than the original
SUT model ballast. Therefore, the ballast of the vehicle model was updated to reflect that
as shown in Figure 3.21. In order to adjust the CG height of ballast to be 1.25 m (63 in.)
above ground, two 50.8 mm (2 in.) thick wood supports were added beneath the ballast.

6. The number of contacts (25 contacts) was reduced to a total of 10 contacts to improve
stability of the model.

After modification, the specification of the test vehicle and the vehicle model are

compared as presented in Table 3.4. Although the wheelbase and overall length show some
differences, the total mass and CG correlates well with the test vehicle specification.
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Table 3.4 Specification of TL-4 Single Unit Vehicle.

NCHRP 350 MASH Test Modified
TL-4-12 TL-4-12 476460-1b Single Unit
(17) (1) (18) Vehicle Model
Property
Vehicle 8000S 10000S Ford 10000S N/A
Speed, mph (km/h) 50 (80.0) 56 (90.0) 57.4(92.4) 57.4(92.4)
Angle, degrees 15 15 14.4 14.4
Mass, 1b (kg)
Curb 121’%%%i 13,200 + 2,200 12,200 12,617
(5.450 + 450) (6,000 £ 1,000) (5,534) (5,753)
9,890 9,577
Ballast As Needed As Needed (4.486) (4.292)
Test Inertial 17,640 £ 440 22,046 + 660 22,090 22,194
(8,000 £200) (10,000 £ 300) (10,020) (10,045)
Dimension, inch (mm)
Wheelbase (max) 210 (5350) 240 (6,100) 188 (4,775) 208 (5,287)
O(an;il)l Length 343 (8700) 394 (10,000) 304 (7,721)  337.2(8,565)
Trailer Overhang N/A N/A 80.5 (2,045) 88.15 (2,239)
Cargo Bed Height 51+£2 51+£2 N/A 48.2
(Above Ground) (1,300 £ 50) (1,300 + 50) (1,224)
Center of Mass Location, inch (mm)
Ballast 672 63+2 63 61.7
(Above Ground) (1,700 £ 50) (1,600 £ 50) (1,600) (1,567)
Test Inertial 49 +2 N/A 50.8 50.7
(Above Ground) (1,250 + 50) (1,290) (1,287)
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(b) Original (c) Modified

Figure 3.19 Modification to the front axle U-bolt of the SUT model
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Shear plate I-shape box frame

Wood frame

(a) 100008 vehicle for TTI Test 476460-1b (18)

Z-shape I-shape
box frame Additional channel box frame
was removed.

Wood frame

Lateral constraint
bracket

(b) Original (c) Modified

Figure 3.20 Modification to the chassis of the SUT model
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(b) Original (c) Modified

Figure 3.21 Modification to ballast of the SUT model
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3.6. VALIDATION OF SUT MODEL

The validity of the modified SUT model was investigated by performing a full-scale
vehicle impact simulation and comparing the results to a previously conducted crash test.

The crash test used for this investigation was conducted at TTI using MASH TL-4 impact
conditions (18). A 0.81 m (32 in.) New Jersey Safety (N.J.) Shape bridge rail was used in this
test. Figure 3.22 shows the initial bridge rail set-up with the 1999 Ford F-800 SUT. The test
vehicle was traveling at an impact speed of 92.4 km/h (57.4 mph), impacted the safety shape
bridge rail 6.1 m (20 ft) from the upstream end at an impact angle of 14.4 degrees.

3.6.1 Vehicle Impact Simulation

To validate the modified 10000S vehicle model, an impact simulation was performed
similar to the full-scale crash test as shown in Figure 3.22. The vehicle model impacted the N.J.
bridge rail at a speed of 92.4 km/h (57.4 mph) and an angle of 14.4 degrees. The vehicle in the
simulation rolled on the top and over the bridge rail matched closely with the crash test results.

Figure 3.22 Initial set-up of TTI test 476460-1b (18) and simulation
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In the TTI Test 476460-1b, two accelerometers were installed near the vehicle CG and in
the rear axle of the vehicle to measure longitudinal, lateral, and vertical acceleration as shown
in Figure 3.23. A solid-state angular rate transducer was installed in the cabin of vehicle to
measure roll, pitch, and yaw angles as shown in Figure 3.24.

o e ot vehiste Accelerometer @ Angular
test vehicle CG rate transducer
() [ ]

Figure 3.23 Location of accelerometers and angular rate transducer in TTI Test 476460-1b

Figure 3.24 Installation of angular rate transducer in the cabin (18)
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The accelerometer data were calibrated using the Society of Automotive Engineers
(SAE) J211 class 180 Hz provided by WinDigit. This program, WinDigit, converts the analog
data from each transducer into engineering units. SAE J211 follows MASH Appendix C for
filtering acceptable data. The Test Risk Assessment Program (TRAP) uses the data from
WinDigit to analyze the acceleration and angular displacement data. Figure 3.25 shows the
summary of acceleration and angular displacement data from TRAP.

General Information
Test Agency: Texas Transportation Institute
Test Number: 476460-1b

Test Date: 02-19-08
Test Article:  Safety Shape Bridge Rail
Test Vehicle
Description: 1999 Ford FB00 Box ¥an
Test Inertial Mass: 22090 kg
Gross Static Mass: 22090 kg

Impact Conditions
Speed: 56.0 km}hr
Angle: 14.4 degrees

Occupant Risk Factors

Impact Yelocity [m/s] at 0.2230 seconds on right side of interior

x-direction 2.5
y-direction 4.2
THIY (km¢hr): 16.3 at0.2147 seconds on right side of interior
THIY [m{s]: 4.5
Rided Accelerati [9's]
x-direction -2.8  [0.2271 - 0.2371 seconds)
y-direction -4.5 [0.2488 - 0.2588 seconds)
PHD [g's]: 4.6 [0.2487 - 0.2587 seconds]
ASI: 2.97 [0.3502 - 0.4002 seconds]

Max. 50msec Moving Avg. Accelerations [g's)

x-direction -2.2  [0.0625- 0.1125 seconds)
y-direction -4.1 [0.1659 - 0.2159 seconds]
z-direction 29.7 [0.3502 - 0.4002 seconds]

Max Roll, Pitch, and Yaw Angles [degrees]

Roll 40.5 [0.7974 seconds)

Pitch 7.8 [0.1519 seconds]

Yaw -17.4 [0.6113 seconds]
(a) at test vehicle CG

General Information
Test Agency: Texas Transportation Institute
Test Number: 476460-1b

Test Date: 02-19-08
Test Article:  Safety Shape Bridge Rail
Test ¥ehicle
Description: 1999 Ford F800 Box Yan
Test Inertial Mass: 22090 kg
Gross Static Mass: 22090 kg

Impact Conditions
Speed: 92.4 km/hr
Angle: 14.4 degrees

Occupant Risk Factors

Impact Yelocity (m{s) at 0.2877 seconds on right side of interior

x-direction 2.3
y-direction 5.2
THIY (km/hr]: 18.7 at0.2742 seconds on right side of interior
THIY [m/s]: h.2
Rided Accelerati [9's]
x-direction -2.2  [0.3940- 0.4040 seconds)
y-direction 4.3 [0.3345 - 0.3445 seconds]
PHD [g's]: 4.4 [0.3346 - 0.3446 seconds]
ASI: 0.73 [0.2169 - 0.2669 seconds]

Max. 50msec Moving Avg. Accelerations [g's)

x-direction -2.0 [0.0619- 0.1119 seconds)
y-direction 6.4 [0.2175- 0.2675 seconds)
z-direction -3.8  [0.2045 - 0.2545 seconds)

Max Roll, Pitch, and Yaw Angles [degrees]

Roll 405 [0.7974 seconds]
Pitch 7.8 [0.1519 seconds]
Yaw -17.4 [0.6113 seconds]

(b) at rear axle

Figure 3.25 Summary of signal data from TRAP (TTI Test 476460-1b)

Two different filtering methods were used to analyze the acceleration data, which are
SAE 60 Hz and 50 milli-second (msec) average. Figure 3.26 shows the longitudinal, lateral, and
vertical acceleration using SAE 60 Hz and 50 msec average from the acceleration installed at
two different locations. Figure 3.27 shows the angular displacements, roll, pitch, and yaw angles

installed in the cabin.
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Figure 3.26 Longitudinal, lateral, and vertical acceleration from two acceleration installed
at the vehicle CG and the real axle of vehicle
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Figure 3.27 Angular displacement (TTI Test 476460-1b)

Since the vehicle model has a longer wheelbase and overhang of a truck, the longitudinal
CG of the test vehicle and the vehicle model are different. In order to compare with test vehicle
accelerometer data, two accelerometers were used at two locations of CG as shown in Figure
3.28. The two more accelerations were used at the rear axle of the truck and in the cabin.

Accelerometer @

vehicle model CG
Accelerometer @ Accelerometer @ Accelerometer/
rear axle of vehicle test vehicle CG Angular
rate transducer

g I

Figure 3.28 Location of accelerometers in the vehicle model
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The vehicle in the crash test ended up rolling on top of the bridge rail. The simulation
captured that dynamics from the beginning of rolling until 0.7 sec. This is believed to be enough
time for vehicular interaction with a vertical wall like the crash wall. Figures 3.29 and 3.30
present a detailed comparison of the simulation and test results. Overall, the simulation
correlates reasonably well with the results of the crash test after the modification on the vehicle

model.

Table 3.5 Event Time-Sequence Comparison of the Test and Simulation.

Incident Crash test Model Simulation
The right front bumper impacted the bridge rail.
Right front tire began to climb the face of the
bridge rail and lost contact with the ground 0.000 sec 0.000 sec
surface
Front axle began to shift 0.044 sec 0.05 sec
Vehicle began to redirect 0.1 sec 0.08 sec
Left front tire lost contact with the ground surface 0.166 sec 0.125 sec
Right rear outer tire m:ade contact with the toe 0.223 sec 0.225 sec
of bridge rail
Left rear tires became airborne 0.252 sec 0.23 sec
Right rear edge of the qu van Went over the top 0263 sec 0.26 sec
of the bridge rail
Vehicle became parallel with the bridge rail 0.4 sec (79.6 km/h) 0.4 (87.23 km/h)
Vehicle exited the view of the overhead camera 0.779 sec N/A
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0.000 s

0.122's

0.246 s

0.366 s

0.489 s

Figure 3.29 Comparison front view sequential photographs for test and simulation
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0.000 s

0.122's

0.246 s

0.366 s

0.489 s

Figure 3.30 Comparison top view sequential photographs for test and simulation

The summary comparison of test and simulation data from TRAP is presented in Figure
3.31. The data in the test were recorded until 1.73 sec, however, the running time was 0.8 sec in
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the simulation. The data from the test were trimmed for comparison purpose herein. In the
longitudinal direction, the occupant impact velocity in the test and the simulation was 2.5 m/sec
(8.2 ft/sec) at 0.223 sec and 1.1 m/sec (3.61 ft/sec), respectively. The highest 10 msec occupant
ridedown longitudinal acceleration in the test and the simulation was —2.8g from 0.227 to 0.237
sec and —4.2g from 0.377 to 0.387 sec, respectively. The maximum 50 msec average
longitudinal acceleration in the test and the simulation was —2.2g between 0.063 and 0.113 sec
and —1.6g between 0.121 and 0.171 sec, respectively.

In the lateral direction, the occupant impact velocity in the test and the simulation was
4.2 m/sec (13.8 ft/sec) at 0.223 sec and 4.3 m/sec (14.1 ft/sec), respectively. The highest
10 msec occupant ridedown lateral acceleration in the test and the simulation was —4.5g from
0.249 to0 0.259 sec and 5.1g from 0.327 to 0.337 sec, respectively. The maximum 50 msec
average lateral acceleration in the test and the simulation was —4.1g between 0.166 and 0.216 sec
and —4.2g between 0.163 and 0.213 sec, respectively. Theoretical Head Impact Velocity (THIV)
in the test and the simulation was 16.3 km/h or 4.5 m/sec at 0.215 sec and 16.3 km/h or 4.5 m/sec
at 0.244 sec, respectively. Post-Impact Head Decelerations (PHD) in the test and the simulation

was 4.6g between 0.249 and 0.259 sec and 5.2g between 0.327 and 0.337 sec, respectively.
Acceleration Severity Index (ASI) in the test and the simulation was 2.97 between 0.35 and
0.4 sec and 0.53 between 0.285 and 0.335 sec, respectively.

General Information
Test Agency: Texas Transportation Institute
Test Number: 476460-1b

Test Date: 02-19-08
Test Article:  Safety Shape Bridge Rail
Test Vehicle
Description: 1999 Ford F800 Box Van
Test Inertial Mass: 22090 kg
Gross Static Mass: 22090 kg

Impact Conditions
Speed: 92.4 kmfhr
Angle: 14.4 degrees

Occupant Risk Factors
Impact Velocity [m/s]
x-direction 2.5
y-direction 4.2

at 0.2230 seconds on right side of interior

THIV (km/hi): 16.3
THIV (m/s): 45

at 0.2147 seconds on right side of interior

Ridedown Accelerations [g's]

x-direction -2.8 [0.2271 - 0.2371 seconds)
y-direction -4.5 [0.2488 - 0.2588 seconds)
PHD [g's]: 4.6 [0.2487 - 0.2587 seconds]
ASIL 2.97  [0.3502 - 0.4002 seconds]

Max. 50msec Moving Avg. Accelerations [g's]

x-direction -2.2 [0.0625 - 0.1125 seconds)
y-direction -4.1 [0.1659 - 0.2159 seconds]
z-direction 29.7 [0.3502 - 0.4002 seconds)

Max Roll, Pitch, and Yaw Angles [degrees]
Roll 40.5 [0.7974 seconds)
Pitch 7.8 [0.1519 seconds)
Yaw -17.4 [0.6113 seconds)

(a) TTI test 476460-1b

General Information
Test Agency: Texas Transportation Institute
Test Number:

Test Date:

Test Article:  SUT against 32 in. tall N.J. barrier
Test Vehicle

Description: 100005

Test Inertial Mass: 22194 kg

Gross Static Mass: 22194 kg

Impact Conditions
Speed: 92.4 kmfhr
Angle: 14.4 degrees

Occupant Risk Factors
Impact ¥elocity [m{s)
x-direction 1.1
y-direction 4.3

at 0.2404 seconds on right side of interior

THIY (kmfhr]: 16.3 atD.2438 seconds on right side of interior
THIY [m{s]: 4.5
Rided Accelerati [9's]

x-direction -4.2 [0.3773 - 0.3873 seconds]

y-direction 5.1 [0.3273 - 0.3373 seconds]

PHD [g's]: 52  [0.3273- 0.3373 seconds)

ASI: 0.53 [0.2846 - 0.3346 seconds]

Max. b0msec Moving Avg. Accelerations [g's]

>-direction -1.6 [0.1211 - 0.1711 seconds]
y-direction -4.2  [0.1632 - 0.2132 seconds]
z-direction 5.3 [0.2846 - 0.3346 seconds)

Max Roll, Pitch, and ‘raw Angles [degrees]

Roll 32.7 [0.7993 seconds]
Pitch 5.1 [0.6476 seconds]
Yaw 19.1 [0.6478 seconds)

(b) Simulation

Figure 3.31 Summary comparison of signal data from TRAP

42



There are two ways to calculate the impact force in simulation. One is from the contact
definition between the barrier and the vehicle and the other is calculated using the accelerometer
data of vehicle CG. The impact force was calculated from contact definition between the barrier
and the vehicle as shown in Figure 3.32. Two processes, a SAE 60 Hz digital filter and a
50 msec average are used to diminish the signal noise using the TRAP. The peak impact force
using SAE 60 Hz was calculated to be 332.5 kN (74.75 kips) at 0.23 sec. The peak 50 msec
average impact force was calculated to be 181.9 kN (40.9 kips) at 0.11 sec and 270.45 kN
(60.8 kips) at 0.23 sec.

80 T T I T T
5 : — Simulation(SAE 60hz/contact)
70k - --Simulation(50 msec avg./contact) ||
60~ - :
J
iy
@ 50+ j oA | .
© 40r g
2
8 LU
O ,
© 1 b
a '
£ 20 i 4
: ; LT L AN
B ; | | e 1
-10 | i I i I i
0 0.1 0.2 0.3 04 05 0.6 0.7
Time (sec)

Figure 3.32 Impact force from contact definition

In order to compute the impact force from the vehicle accelerometer, Eq. (3-9) was used.
F(t) = F, (t)sin g(t) — F, (t) cos ¢i(t) = M(a, (1) sin (1) —a, (1) cos (1)) (3-9)
where Fi(t) is the impact force; ¢ (t) is the vehicular yaw angle with respect to the barrier;
F.(t)= mat(t) is the longitudinal component of truck impact force; F,(t) = maj(t) is the

horizontal component of truck impact force; and m is the mass of truck. The coordinate systems
for the truck and barrier are schematically shown in Figure 3.33. This above formula assumes
the vehicle as a single rigid body for the purpose of calculating the impact force.

43



Barrier

y

Figure 3.33 Coordinate system for vehicle and barrier

In the simulation, two accelerations were used at the test vehicle CG and model vehicle
CG due to the different vehicle specification as mentioned above. As shown in Figure 3.34, the
angular displacement shows the same magnitude but has time delay. Therefore, the
accelerometer placed on the test vehicle CG was selected to analyze the data.

500 Roll@Test Vehicle CG
----- Pitch@Test Vehicle CG
—— Yaw@Test Vehicle CG
40H Roll@Model Vehicle CG g
----- Pitch@Model Vehicle CG
- Yaw@Model Vehicle CG
’J.)“ 30 : i =
O
O
o)
o 20 :
=
Q
o 10 a
c
<
0 SSe Sgere :
-10F M '::."‘:‘1.:-\_ . e TR SO
20 I i I I i m.mﬁ‘\f-wwm- .
0 0.1 0.2 0.3 04 0.5 0.6 0.7

Time (sec)

Figure 3.34 Comparison of angular displacement of different CG location

Data obtained from the accelerometer were analyzed and the results are presented
in Figure 3.35 and Figure 3.36 using SAE 60 Hz digital filter and a 50 msec average,
respectively. Figure 3.35 shows the longitudinal and lateral accelerations ([a] and [b]) using the
SAE 60 Hz digital filter and the yaw angle with respect to the barrier (c). Using Eq. (3-9), the
resultant impact force was computed as a function of time as shown in Figure 3.35(d).
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Figure 3.36 shows the longitudinal and lateral accelerations ([a] and [b]) using 50 msec

average. Using Eq. (3-9), the resultant impact force using 50 msec average was computed as a

function of time to be 373.3 kN (83.9 kips) at 0.19 sec in the test and 400.7 kN (90.1 kips) at

0.165 sec in the simulation. Figure 3.3 shows the vertical acceleration.
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The vehicle yaw, pitch, and roll angles of both test and simulation were calculated using
TRAP as shown in Figure 3.38. The test vehicle rolled outward as much as 9.8 degrees first and
then rolled over the barrier. The maximum roll angle of the test vehicle was 31.6 degrees,
compared to 29.3 degrees of the vehicle model at 0.65 sec. The peak pitch angles in test and
simulation were 7.7 degrees at 0.152 sec and 2.67 degrees at 0.13 sec, respectively. The
minimum pitch angles are —1.69 degrees at 0.65 sec in the test and —8.8 degrees at 0.65 sec. The
minimum yaw angles in test and simulation were —17.4 and —17.8 degrees at 0.65 sec,

respectively.
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Figure 3.38 Vehicle angular displacement comparison of simulation and test

3.6.2 Quantitative Validation

Ray et al. (19) recently developed the Roadside Safety Verification and Validation
(RSVVP) program that can calculate comparison metrics between simulation and crash test
signals that are helpful in quantitatively validating a roadside hardware model. These metrics are
mathematical measures of the agreement between two curves. These procedures were used in
this study to help assess the validity of the modified SUT model.

Energy balance curves produced by LS-DYNA were analyzed as a measure of the
numerical stability of the simulation and are shown in Figure 3.39. Table 3.6 shows that the
results obtained from the simulation passed the criteria recommended by Ray et al. (3).
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Figure 3.39 Energy balance curve for the simulation

Table 3.6 Analysis Solution Validation.

Verification Evaluation Criteria Change (%)| Pass?

Total energy of the analysis solution (i.e., kinetic, potential, contact,
etc.) must not vary more than 10% from the beginning of the run to 1.02 Y
the end of the run.
Hourglass Energy of the analysis solution at the end of the run is less 0.02 %
than 5% of the total initial energy at the beginning of the run. '
The part/material with the highest amount of hourglass energy at any
time during the run is less than 5% of the total initial energy at the 0.03 Y
beginning of the run.
Mass added to the total model is less than 5% of the total model

. 0 Y
mass at the beginning of the run.
The part/material with the most mass added had less than 10% of its 0 %
initial mass added.
The moving parts/materials in the model have less than 5% of mass 0 v
added to the initial moving mass of the model.
There are no shooting nodes in the solution? No Y
There are no solid elements with negative volumes? No Y
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The Sprauge-Geer MPC metrics and Analysis-of-Variance (ANOVA) metrics were
computed for the three acceleration channels and three angular rate channels obtained from the
TTI test 476460-1b and the simulation using the RSVVP computer program. According to the
procedure, if one or more channels do not directly satisfy the criteria, a multi-channel weighting
option may be used. As shown in Table 3.7, time history comparison metrics between the crash
test and simulation satisfied the criteria for the multiple channel weighting option.

Table 3.7 Time History Evaluation Table.

Compare Test 476460-1b (Filter Type: SAE60) and
Simulation (Filter Type: SAE60, source: TRAP)

Sprauge-Geer | M P . M.ean S.t d'.

Metrics <40 <40 Pass? Anova Metrics Residual | Deviation | Pass?
<0.05 <0.35

X X

acceleration 76.2 | 462 N acceleration/Peak 0.02 046 N

Y acceleration | 23.3 39.6 Y Y acceleration/Peak 0.03 0.40 N

Z acceleration | 5.5 51.6 N Z acceleration/Peak —=0.10 0.36 N

Roll rate 26 34.3 Y Roll rate -0.44 0.29 N

Pitch rate 5.1 24 Y | Pitch rate 0.03 0.06 Y

Yaw rate 156 | 11.9 Y | Yaw rate 0.02 0.2 Y

Multiple Channels
Weightin
factfr: Arge L] 126 293 v ~0.04 0.26 Y

Some of the single channel discrepancies have to do with the fact that the SUT cabin
initially rolled away from the barrier then reversed roll direction toward the barrier. However, in
the simulation, the SUT cabin rolled toward the barrier early on.

Ray et al. (3) also recommend developing a phenomena importance ranking table (PIRT),
similar to the evaluation tables in NCHRP Report 350 and MASH, as another means of
comparing the test and simulation. The relative difference between the simulation and test
results presented in PIRT should not exceed 20 percent or 5 degrees in the angles or 2 m/s in the
velocity as shown in Table 3.8. Roll, pitch, yaw angles, occupant impact velocities, and vehicle
trajectory obtained from the simulation closely match the test results. The results satisfy the
criteria except one, lateral ORA. Since the data used in comparison using RSVVP are the data
filtered by SAE 60, the occupant risk accelerations have some difference between the two data.
However, the acceleration time history using 50 msec average as shown in Figure 3.36 shows
good agreement.
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Table 3.8 Roadside Safety Phenomena Importance Ranking Table (PIRT).

Evaluation Criteria TTI Test | Simulation R.elatlve Pass?
Difference
F2: Maximum Roll (deg.) 31.6 29.3 < 20% or 5° Y
F3: Maximum Pitch (deg.) 2.7 7.7 <20% or 5° Y
F4: Maximum Yaw (deg.) -17.4 -17.8 <20% or 5° Y
L1: Occupant impact velocities
Longitudinal OIV (m/s) 2.5 1.1 . Y
Lateral OIV (m/s) 42 43 <20%or2mis |y
THIV (m/s) 4.5 4.3 Y
L2: Occupant accelerations:
Longitudinal ORA 2.8 —42 Y
Lateral ORA —4.5 5.1 <20% or 4g’s N
PHD 4.6 52 Y
ASI 2.97 0.53 Y
M3: Exit velocity at loss of contact
79.6 87.2 <20% Y

(km/h)
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4. FINITE ELEMENT ANALYSES RESULTS

Once the initialization process was completed, the vehicle was added to the model for the
full-scale impact simulation. Three finite element models of the MSE wall were developed in
this study. The first model has a typical section of an MSE wall as shown in Figure 4.1(a). This
model would be used to quantify damage profile of the wall panels during a direct vehicular
impact as a reference case. The next two models incorporate the same MSE wall model in
addition to a crash wall model to quantify damage profile of the wall panels due to a vehicular
impact on the crash wall as shown in Figure 4.1(b). Two different methods were used to
represent the interaction between the wall panels and a crash wall. Contact definition is used in
one model; embedded anchors are used for the other model.

(a) FE Model of a typical MSE wall

(b) FE Model of an MSE wall with a crash wall

Figure 4.1 Set-up of MSE wall models
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4.1. ATYPICAL MSE WALL MODEL

The finite element model of a typical MSE wall is developed to quantify damage profile
of the wall panels during a direct vehicular impact as a reference case. Figure 4.2 shows the
sequential images of the overall impact event between the vehicle and the MSE wall. There are
three component impact points at 0.025 sec by the front left bumper, at 0.12 sec by the front left
side of truck box, and at 0.27 sec by the rear left side of truck box. After 0.2 sec, the vehicle
began to travel parallel with the MSE wall panels. After 0.35 sec, no more interactions between
the crash wall and the vehicle were observed.

(a) 0 sec

(e) 0.275 sec (f) 0.3 sec

Figure 4.2 Sequential images of SUT impacting a typical MSE wall (case 1)
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Figure 4.3 shows the images of the damage profile on the wall panels. The fringes shown
in Figure 4.3 depict the damage profile of the panel elements on a scale from 0 to 1 where the
value 0 indicates no damage and the value 1 indicates total damage (i.e., the element is not
capable of carrying load). A total of nine panels show severe damage profile due this impact.
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Figure 4.3 Damage profile on MSE wall panel during an impact (case 1)
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Since the eroding concrete material was used for the MSE wall panels, some elements of
the wall panels were removed in the severely damaged areas (circled in Figure 4.4[a]). Since the
steel strips are tied with the wall panels, the damage profile around the steel strips connectors
location were also observed on the backfill side of the wall panels as shown in Figure 4.4(b).
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(a) Traffic (impact) side of the wall panels
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(b) Backfill side of the wall panels

Figure 4.4 Damage profile of the wall panels (case 1)
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The impact force was obtained from the contact definition between the panels and the
vehicle as shown in Figure 4.5. The peak forces for each component impact point were 326 kN
(73.3 kips) by the front left bumper at 0.025 sec, 584 kN (131.3 kips) by the front left side of
truck box at 0.12 sec, and 596.9 kN (134.2 kips) by the rear left side of truck box at 0.27 sec.
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Figure 4.5 Impact force from the contact definition (case 1)

4.2. A MSE WALL MODEL INCLUDING A CRASH WALL

The crash wall is placed in the front of the wall panels to protect the panels from being
damaged by vehicular impact in the model. The 15.09 m (49.5 ft) long x 4 m (13.1 ft) tall x
203.2 mm (8 in.) thick crash wall was incorporated as shown in Figure 4.6. In this case, the
interaction between the crash wall and the wall panels was represented using a contact
definition. Figure 4.6 shows the sequential images of the overall impact event between the
vehicle and the crash wall. Similar to previous case, there are three component impact points at
0.025 sec by the cab bumper, at 0.11 sec by the front side of truck box, and at 0.24 sec by the
rear side of truck box. After 0.2 sec, the vehicle began to travel parallel with the MSE wall
panels. After 0.35 sec, no more interactions between the crash wall and the vehicle were
observed.
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(a) 0 sec (b) 0.025 sec

(c) 0.11 sec (d) 0.2 sec

(e) 0.24 sec (f) 0.3 sec

Figure 4.6 Sequential images of SUT impacting a crash wall (case 2)

Figure 4.7 shows the images of the damage profile on the wall panels. The damage
fringes depict the damage of the panel elements on a scale from 0 to 1 where the value 0
indicates no damage and the value 1 indicates total damage (i.e., the element is not capable of
carrying load). The crash wall exhibited a damage profile around key component impact areas
but no elements were eroded as observed in the case of direct impact on wall panels. Overall, the
crash wall exhibited less area of damage than the wall panels in the direct impact case.
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Figure 4.7 Damage profile on crash wall during an impact (case 2)
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Moreover, the damage profile on the wall panels themselves was significantly reduced to
very minimal as shown in Figure 4.8.
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Figure 4.8 Damage profile on MSE wall panel during an impact (case 2)
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Figure 4.9 shows the damage profiles of the traffic side and backfill side of the wall
panels at 0.3 sec. A total of three panels shows some minor damage profile in traffic side of the
wall panels. Damages in backfill side of the wall panels were observed at the location of the
steel wall strip connectors to the panels.
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(b) Backfill side of the wall panels

Figure 4.9 Damage profile of the wall panels (case 2)
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Figure 4.10 shows the damage profile of the traffic side and backfill side of the crash wall
at 0.3 sec. The crash wall damage profile became smaller as it propagates to the back side of the
crash wall as shown in Figure 4.10 (a) and (b).
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Figure 4.10 Damage profile of the crash wall (case 2)
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The impact force filtered using SAE 60 was obtained from the contact definition between
the panels and the vehicle as shown in Figure 4.11. The peak forces for each component impact
point were 421.6 kN (94.8 kips) by the front left bumper at 0.025 sec, 574.7 kN (129.2 kips) by
the front left side of truck box at 0.11 sec, and 1,476.4 kN (331.9 kips) by the rear left side of
truck box at 0.24 sec.
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Figure 4.11 Impact force from the contact definition (case 2)

4.3. A MSE WALL MODEL INCLUDING A CRASH WALL AND ANCHORS

The interaction between the crash wall and the wall panels was represented using an
embedded anchor. The general phenomena during an impact against the crash wall are similar to
the simulation results without anchors. Similar to the previous case, there are three component
impact points at 0.025 sec by the bumper, at 0.11 sec by the front left side of truck box, and
0.24 sec by the rear side of truck box. After 0.2 sec, the vehicle began to travel parallel with the
MSE wall panels. After 0.35 sec, no more interactions between the crash wall and the vehicle
were observed.

Figure 4.12 shows the images of the damage profile on the wall panels. The damage
fringes depict the damage of the panel elements on a scale from 0 to 1 where the value 0
indicates no damage and the value 1 indicates total damage (i.e., the element is not capable of
carrying load). Figure 4.13 shows the sequential images of the damages on the wall panels.
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Figure 4.12 Damage profile on crash wall during an impact (case 3)
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Figure 4.13 Damage profile on MSE wall panel during an impact (case 3)
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Figure 4.14 shows the damage profiles of the traffic side and inside of the wall panels at

0.3 sec. It is evident that the presence of the crash wall significantly reduced the damage to the
wall panels.
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Figure 4.14 Damage profile of the wall panels (case 3)
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Figure 4.15 shows the damage profiles of the traffic side and the inside face of the crash
wall. The damage profile is similar to the damage profile of the crash wall impact simulation
without using anchors.
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Figure 4.15 Damage profile of the crash wall (case 3)
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The impact force was obtained from the contact definition between the panels and the
SUT vehicle as shown in Figure 4.16. The maximum impact forces of three hitting moments
were 448.8 kN (100.9 kips) by the bumper at 0.027 sec, 579.6 kN (130.3 kips) by the front left
side of truck box at 0.11 sec, and 1,611 kN (362.2 kips) by the rear left side of truck box at
0.24 sec.
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Figure 4.16 Impact force from the contact definition (case 3)

4.4. COMPARISON OF SIMULATIONS

The damage profile distribution was reviewed in an impact side and back side of the wall
panels and the crash wall to investigate the impact response of the wall panels for three models:
(1) a typical MSE wall, (2) an MSE wall with a crash wall, and (3) an MSE wall with a crash
wall and anchors.
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4.4.1 Impact Side

The wall panels exhibited significant damage once impacted by the 10000S vehicle as
shown in Figure 4.17(a). This indicates that the panels alone cannot resist direct impact of such
severity. However, a 0.2 m (8 in.) thick continuous crash wall is added in front of the panels, the
panels exhibited minor damage profile as shown in Figure 4.17(b). Similarly, in the case of an
MSE wall with a crash wall and anchors, the panels exhibited minor damage profile as shown
in Figure 4.17(c).

Time = 0.3 Fringe Levels
9.990e-01

max ipt. value

min=0, at elem# 8000001 8.991e-01 :I

max=0.999001, at elem# 8002462 7.992e-01 _|

6.993e-01 _
5.994e-01 _

(a) Case 1: A typical MSE wall
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(b) Case 2: Model with the crash wall
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(c) Case 3: Model with the crash wall and anchors
Figure 4.17 Comparison of damage profile on the wall panels (Impact side)
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The damage moved to the crash wall instead of the panels as expected. However, this
damage on the crash wall is spread over a smaller surface area of the crash wall than the
damaged area of the panels when impacted directly. This is observed from comparing Figure
4.18(a) with Figure 4.17(a). Moreover, adding the anchors reduced the damaged area to the
crash wall as shown in Figure 4.18(b) with respect to Figure 4.18(a).
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(a) Case 2: Model with the crash wall
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(b) Case 3: Model with the crash wall and anchors

Figure 4.18 Comparison of damage profile on the crash wall (Impact side)
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4.4.2 Inside of the Wall or Crash Wall

Figure 4.19(a) depicts the propagation of damage from direct impact on the MSE wall
panels. Figure 4.19 shows the comparison of the damage profile on the inside (backfill interface)
of the MSE wall panels. This reinforces the findings that the panels alone cannot resist direct
impact of such severity. However, once a 0.2 m (8 in.) thick continuous crash wall is added in
front of the panels, the panels exhibited minor damage profile as shown in Figure 4.17(b) and

(c).
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(a) Case 1: A typical MSE wall
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(c) Case 3: Model with the crash wall and anchors
Figure 4.19 Comparison of damage profile on the wall panel (Inside)
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Since the steel strips are tied with the wall panels, the damage profile was also observed
around the steel strips connectors’ location (see the ellipses in Figure 4.19). The damage fringes
shown in Figure 4.19 describe the relative damage for each case on a scale from 0 to 1. In order
to quantify the intensity of damage profile, the vertical movement of top of the wall panels on
each case was analyzed as shown in Figure 4.20. In the first case of a typical MSE wall model,
the vertical displacement was 13.5 mm (0.53 in.) at 0.31 sec due to the direct impact. In the
other two cases the top panel had a vertical displacement that is less than 1 mm (0.04 in.). Itis
believed that a larger panel displacement would result in bigger damage around the connector
location. The connector attachment to the concrete panel has more flexibility than the tied
behavior used in this model. Hence, these localized damage patterns might be less in physical
testing.
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4 /
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Figure 4.20 Comparison of vertical displacement on the top panel
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The damage profile on the inside (panel interface) of the crash wall (Figure 4.21) exhibits
less damaged area than the damage profile on impact side (see Figure 4.18). This is expected
since damage will become less as we move away from the impact surface.
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(b) Case 3: Model with the crash wall and anchors

Figure 4.21 Comparison of damage profile on the crash wall (Inside)
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5. SUMMARY AND CONCLUSION

This study was undertaken to evaluate the impact response of a crash wall design
installed in front of MSE wall panels. A 0.2 m (8 in.) thick crash wall is shown to significantly
reduce the damage to the wall panels due to the Single Unit Truck (SUT) impact.

In order to evaluate the crash wall design on the MSE wall, three MSE wall models
(cases) were developed herein: (1) a typical MSE wall structure, (2) the same MSE wall with a
crash wall, and (3) the same MSE wall with a crash wall that is tied with anchors to the panels.
These models have explicit representation of the backfill soil, the concrete panels, the moment
slab, the barrier and coping, and the crash wall for cases 2 and 3. Concrete steel reinforcement
and soil steel strips were modeled as well and their connectivity to the surrounding continuum
was defined. Beam elements were used to represent rebars and embedded in reinforced concrete
parts (panels, barrier, moment slab, and crash wall). Shell elements were used to represent steel
strips and embedded in the backfill soil. The remaining parts were modeled using solid elements.

The system was subjected to initialization loading phase to capture initial stress at the
steady state condition. Namely, the initial stress in the backfill soil due to gravitational loading
was determined and the initial stress in the steel strips due to active earth pressure of the wall
was determined too. This phase was verified using checks on weight calculations of the system
and checks on the maximum strip loads using the equation in Section 11 in AASHTO LRFD
Bridge Design Specifications (2).

An SUT traveling at a speed of 90.12 km/h (56 mph) and an angle of 15 degrees was
used to represent the impact load. These impact parameters are representative of MASH TL-4
test condition. The existing SUT vehicle model was modified to reflect MASH 10000S vehicle
specification for TL-4 since it was developed as an NCHRP 350 8000S test vehicle. The research
team validated the modified SUT (10000S) model using the results of a MASH TL-4 full-scale
crash test performed by TTI. The simulation results with modified SUT vehicle reasonably
correlates well with the test results. Moreover, the validity of the simulation was quantified by
calculating comparison metrics between simulation and crash test signals.

Using this 10000S vehicle model, three impact simulations were performed using the
three different MSE wall models presented earlier. The results of the analysis of the MSE wall
impact showed that the wall panels exhibited considerable damage from the direct impact. This
indicates that the wall panels alone cannot resist a direct impact with such severity. However, if
a 0.2 m (8 in.) thick continuous crash wall is added in front of the panels, the panels exhibited
less damage profile. Most of the damage was limited to the crash wall and the panels exhibited
minor damage profile. Moreover, the damage is spread over smaller surface area of the crash
wall than the damaged area of the panels when impacted directly. Similar behavior is observed
when simulating the impact on the MSE wall with a crash wall and anchors.

When the wall panels are damaged by a direct impact, the reconstruction work for the

panels is complicated because significant section of the MSE wall system might need to be
rebuilt. This means it would be expensive to repair the system. Reconstruction of the crash wall
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is less complicated than reconstruction of the MSE wall structure because pouring concrete can
be accomplished from the outside area without rebuilding the wall panels. This would result in

reducing construction time on the traveling public as well a significant reduction in repair cost

for the user agency.

74



10.

11.

12.

REFERENCES

Manual for Assessing Safety Hardware. American Association of State Highway and
Transportation Officials, Washington, D.C., 2009.

AASHTO LRFD Bridge Design Specifications, Third Edition. American Association of State
Highway and Transportation Officials, Washington, D.C., 2004.

Hallquist, J.O., LS-DYNA: Keyword User’s Manual, Version 971, Livermore Software
Technology Corporation (LSTC), Livermore, California. 2007.

Reinforced Earth Wall: Terminal Island, Long Beach, California The Reinforced Earth
Company, http://www.reinforcedearth.com/sites/default/files/gallery/Terminal-Island.jpg,
Accessed in 2010.

Reinforced Earth Wall: Keystone Avenue at 126th Street, City of Carmel, Indiana The
Reinforced Earth Company, http://www.reinforcedearth.com/sites/default/files/gallery/B-
057.jpg, Accessed in 2010.

Kim, K.M., Briaud, J.L., Bligh, R.P., and Abu-Odeh, A.Y., Full-Scale Impact Test of Four
Traffic Barriers on Top of an Instrumented MSE Wall, Journal of Geotechnical and
Geoenvironmental Engineering, 136(3), p.431-438, 2010.

Bligh, R.P., Briaud, J.L., Kim, K.-M., and Abu-Odeh, A.Y ., Design of Roadside Barrier
Systems Placed on Mechanically Stabilized Earth (MSE) Retaining Walls, Texas
Transportation Institute, College Station, Texas, 2009.

. Juniata County S.R. 0022 Section A09 Drawing, Pennsylvania Department of Transportation,

The Reinforced Earth Company, 2005.

Standard Mechanically Stabilized Earth Retaining Walls Details and General Notes, BC-
799M, Pennsylvania Department of Transportation, 2006.

Abu-Odeh, A., Application of New Concrete Model to Roadside Safety Barriers. 9th
International LS-DYNA Users Conference, Dearborn, MI, June, 2006.

Murray, Y.D., Users Manual for LS-DYNA Concrete Material Model 159, Publication
FHWA-HRT-05-062, Federal Highway Administration, U.S. Department of Transportation.
2007.

Desai, D.S., and Siriwardane, H.J., CONSTITUTIVE LAWS FOR ENGINEERING
MATERIALS with Emphasis on Geologic Materials. Prentice-Hall, Inc., 1984.

75



13.

14.

15.

16.

17.

18.

19.

Chen, W.F., and E., Mizuno., NONLINEAR ANALYSIS IN SOIL MECHANICS, Theory and
Implementation. ELSEVIER. 1990.

Hofstetter, G., Simo, J.C., and Taylor, R.L., A Modified Cap Model: Closest Point Solution
Algorithms. 2, Computers & Structures, 46, pp. 203-214, 1993.

Wu, J.T.H., Lee, K.Z.Z., Helwany, S.B., and Ketchart, K., Design and construction
Guidelines for Geosynthetic-Reinforced Soil Bridge Abutments with a Flexible Facing,
NCHRP Report 556, Transportation Research Board, Washington, D.C., 2006.

National Crash Analysis Center (NCAC), Finite Element Vehicle Models: Chevrolet C2500
Pickup, George Washington University,
Virginia, http://www.ncac.gwu.edu/viml/models.html, Accessed on June 2008.

Ross, H.E., Sicking, D.L., Zimmer, R.A., and Michie, J.D., Recommended Procedures for the
Safety Performance Evaluation, NCHRP Report 350, National Cooperative Highway
Research Program, National Academy Press, Washington, D.C., 1993.

Bullard, D.L., Bligh, P.R., and Menges, W.L., Appendix A:MASHO08 TL-4 Testing and
Evaluation of The New Jersey Safety Shape Bridge Rail, National Cooperative Highway
Research Program project 22-14, Transportation Research Board, National Research Council,
Texas Transportation Institute, Texas A&M University System, College Station, Texas,
2008.

Ray, M. H., Plaxico, C. A., and Anghileri, M., Recommended Procedures for Verification
and Validation of Computer Simulations used for Roadside Safety Applications, National
Cooperative Highway Research Program Project 22-24, Transportation Research Board,
National Research Council, Washington, D.C., 2009.

76


http://www.ncac.gwu.edu/vml/models.html�

APPENDIX A: JUNIATA COUNTY DRAWING

A-1






154

PAKEL CILUUM B, 1) —— B =] o ks E
2MRET

ALOMG FRZE OF WALl
(LA TRE W Y
TOF OF SMOLE FACED | ElS Bls
L] SC BARSER (EA) il de
o .
H Eld ra:vo‘{l:lﬂ EMFRER] .
. I-}J———-' Fim——~ |'. gt |- S (1 S
L E
£ 14 i s
— t—— — —— = r
Py = e T I Ve = i m L "\_ e 1P T
Leurren wre 2.8 ' &% PERFORATE PFE e Lonats 1o womne,
B COHE. LEVERING PAD (T
) ) o amese ] B | e
FENDEERE ST g CTE Qi L @ | e
XML APFLIED AL g e 3 1aa o o
BEARMEC PRESERE. e g 0.0 XY
15 TF 1.7 TEF T8 T
BE a0 3 e s na
- 2657
T ALGHD FACE OF WALL - -
CA TYPE M IMET
8 OF SINGLE T, il 2 GAM SITEL ANGLE § 2 % GUTER: LI fwf) 279 [HALF COMEGTR)
i ACLD =l - o af r
& ernc. BARMER {011 g R T Ei’ [ | )

R < el 5 515 [ e _ W!ti:: i I - '}: (T (A i
T i 3 ; j é

E
5]
n
™
L
=
MWATDH UKE SEE BHT. 6

- E—
AL A i
N ':._,—._.- g An
= JE5 62
"8 PERFORNED PPE [IPS——— STh 35943550 o BEL PV, st
=) EL 4741 - 48
17702 - A
LEHGTE GF 50 3 4 Lad Mg @ O | 1an’ chre Qe [uREE _I_ 16.0° | '
— . A - - A 170
FERFORDNG STEFS i 18 TF (XN % g T T T T T
BLWAN G PRESSURE. ne -
30 TEF {
ELEWATION — FRONT FACE — S—23871 e |
TS SCALE: 1" W : H -
1. LENGTH OF LEVELNG PAD I SED 0N
HOTE &5
ﬂ‘?g‘;‘{ﬁgﬁ“_&m &?T"‘;EL C.IP. HALF COMMECTOR SECTION T RaATeH T
CETAIL 08 SHEET 13 10 CETERNME THE PRECAST MALF COMMECTOR SECTION SAOM AN ARTHEHY - e Lor Tows frmne] or
AETUAL LEVELIG PAD- BTEP LOZATHON. HE SREET 11 OF 12 g A Y wrvescy
2. FORE TYRACAL SECTIONS THRU WALL, SEE N
HELLE v PRECAST HALF—COMNECTOR STRUCTURE 118

COMMONWEALTH OF PENNSYLVANIA

DEPARTMENT DF TRANSPORTATION
JUNIATA COUNTY

S.R. 0022 "SECTION A09

T O0EF  OFFSET 1250

°| HEREEY CERTFY THH AL

BT CESHGH ASSLNPICHS HAWE
] CLF. HALF-CORNESTOR DESkH ASSLNFRCHS H

CETWLE 08 HOTES OH THESE
Cfin B, OF THRIREH THE
CORTIALT PLANS A8

FRIMZHING” 3 SR, O0F2- m STL SN9+50.00 WO 5TA. 336=00.70
TR T ALOKG /L GONSTRUCTION SR 022

M‘}'ﬁ - FEFERCED EARTH RETABING WALLS
B — ] Tha Reinforced Farth Company e tor | i of' M S ol W aie e MSE WALL ELEVATIONS

*"E FRERARED. THE [0 CRETD AT U e e e ]

Trn T ISCLAMS ARY LWEILITY FOR ANY OTHER SHEET 5 OF 13

R {1438, KLV, WALF DOMMECTGR: FRETAST U IEWETH e
L IESCRPION “EREORCED EARRC W o B e besn S—F...._....

= 18,1504



Vv

SR 0222 WE. | ) AE, -
EIEMO'WTIH 1=

SUBSBASE, & DEPTH (N0, 28] [TCOHSTR. { 5R. o022
mumcmmm COHCRETE ¥ B
£ RN PP “"W' i i\ |
LR TIATLE MOMENT SLAS. = "
[u.m:.mu. 'II sapEy | "l‘"!

RE=10851_Di5T=2

IL5E. WAL DESIGH HEXCHT (H)

SCALE: K5 = 1°-07

450

50 70 5TA, 3T+
$TA SITHER T0 §TA, S1EH00 |
STA 319450 10 5TA. 31400

STA 3214+00 10 STA 3@d4e0n | 2

= e L
STA. 324+00 10 STA 325+50
ST 32550 10 STh 336+70

‘|_|__ ——

IS COAERg
AGCREGATE

WLEE WAL DESIH HEIGHT (H)

SR 0O ESR

-
T~
b
-~
“\ 1=
1‘_-_
“
~
wmw’/\\ I"_*P’"'
~ ?b"al
5T COMRSE AGOREGATE
GEE CHART IFTR HEIEHT —

52" SINGLE F)
Maﬁn:z

Hul1 m JT. MATERIL
THICK APPACVED
SE.ILERIT'BETU’CF“W.

SCALE: K= 1'=0"

Y & 3
@T‘ESEEL‘UIS'IE THIN THE PADOT CORTRACT
DOGIMENTS = G371, SR 0T SECTON Afm,
urn.n G'I.'IT'I;"F.( THFE m‘.ﬂ'fblnl'n[ WALDEE W TS ST L Sestmenay Br | B | boew'd | BATE
TR INFORMA] SE OF PROVDING A
CHUPLERE (ESEH PACINE. e
STRUCTURE 110

“I HEREBY GERTFY THAT ALL
WEMFICHS HAVE

| CESEGH
EEEN WAUDATED EITHER
THRIOUGH COMS| T
| DRAWRCS, OR THROWCH THE

| COHTRACT PLANS W80
| PROVISING.®

TR\ REIO0S IS — s

@ The Reinforced Earik Company ﬁm’
B e Lk b e L, e 11 0 14590

GERSHES B

THESE w-mns -Hl[ IuTEkliDJ FOR Lﬁ:
U AT -u

COMMONWEALTH OF PENNSYLVAMIA
DEPARTMENT OF TRAMSPORTATION
JUNIATA COUNTY
5.R. oozamszng}'rlou A09
R, B022-A00 STA SopisAED 10 STA 334007
ALONG C/L CONSTRUCTION SR. 0022
REIMFORCED EARTH RETAINIHG WALLS

PRER AREDL BT IR AR
CISCLANS il LIABILITY o Y OTER

TYPICAL WALL SECTION - 1

T "0
SHEET 3 0

L et
w U, RIDOULIEN DD
I, [T e ————— EN_A T [
Rev | pare DESCHETIC T Bt Bar Campar §-236M1 P
seul
(v o8



W ' AP OF BARRIER a— ( DRANADE STRUCTURE 1, B s e, ,.m
' B 2= 0 8 BT LR [ALOHE FESIMETER OF IMLET)
s GUTTER LME B [moml_@ -
| = - -
172" @ AZZE BOLT- e |
/ - . / DRANACE STRUCTURE —\ o -

K]

4 FRONT EAGE

]’PIEC.RS' HALF IL
L R BF PAKEL COMNECTER—
_____ |
. [ —TiE $TRP + F 3 T : : \'/":\-
i— T mesee | VY L T S
CONMECT! oo e 07 t\\\il\ Jof /;d 4

RN WA AR Y - -
mANGLE BOL STRIP ! Z i SECTION B-8
HJ GALVANITED STEEL AMGLE. WITH [NLE EEHIND WALL
Lo 3 W14 8- WIT T 5C
= OHE AKGLE REGH FED FIR
A T e
142 # ORCP IK AMCHOR L x‘n' N 3R K 10°-0 vl ¥
147 » BOLF ) OFIELD DL & ETALL) WOTE e GALVANIER, FOR OEEPER LEVELS —"'hg—'—‘l e BOLT /17w
oY gAcie, o, ot meveen A (ETACTIL T RO DAL 816 YOS w0 o il
AEHEACHE: 4 — PP (0TS FRON AE, . EXPLEED SURFACES) 1 |
ey "y PART| WAT (LE w3 X 8/87) 1 SHFED REMFORCIME
P FLVHED STEL
T e e i g -
L5" % 3 x 14 A . o s '; ﬁ s i' —é-lg' neo
COMNECTION DETAIL LR '—[_\F Fﬁgﬁagﬁr;:u St LG BOE oF ILET B i L] /
@SHIFTED REINF. STRIP_BOLTED TO ANGLE f T - " Sraee e
WOT O SCALE | ‘1 e =
[ — L T race '- MAET 80X <
L F e T
- PRESENCE OF PIPE (Sh
\\ SECTION E-E
% \'\ o nEH%I.DER A
i é’
f— I !
gt L]
L T
PLAN-SHOLL T ""
CONMECTION DETAIL QUMEErEmPuETMLS ALLLE - —
@AHGLE BOLTED TO .l:cE mss-;TEIF WITH REIMF. STRIF s s wr | owia | poceia | o
RSB
" HEREE'™ CERTFY. THAT ALL I COMMONWEALTH OF PENNSYLVANIA
| e — DEPARTMENT OF TRANSPORTATION
THRCUCH COMSTRUCTION S WEETWOCT TN AP
TETALS B8 NGTLS o © : e, . e JUNIATA COUNTY
l s 0% g | S.R. 0022 SECTION A09
4 & (= OFFSET
§ FRoaRE CATE: et SR O0EEoABH S7h. 00s50.00 10 Sk T3840070
, il MRS e .t
g Ihe Rainforced Earlh Campany [ e i e S o et mit INLET DETAILS
i T D;ﬁ»“ :;sgwurs ARY ABITY FOR ANY GTHIR SHEET 12 QF 13
nov| e Do TION s Rsarrta o oot ! W W

0,04



9-v

RE-1086] 0i5T=2

e

- 18 1 —— -8 1547 fEARK FARER
EE "Hmlg_tﬁ?' " IO s SPACED A% SNOWN (T FEMFCRCIG STEEY 10 BE ASTW GIG GRADE 60,
g 5 PR N i | (EPQXY COATED PER PEMW. 00T, PLELICATICN 308 S50 709 (4] 1)
g; | ¥ | 1 ' G aueE 7 ToH —aa . PROVDE FROWT EDCE OF PAMELS, EXCEPT THE BOTTON EDCE
" ] r 1 iﬁgﬂ?ﬂﬂl"fﬁm %ﬁ%ﬁ;ﬁc& Z;-iE'EI';‘ OF ™E BOTTOM COURSE, WITH A& 1707 CHAMFER.
o8 313 b ¥ FEAR BARS AR ———— UEMA s PAEL TIFES M0 OTHER I’tELL:R‘EIn_FEl:ENESMS\
1] K ey L — 'rr b
tf Pz o ] AL MRS O SRUMNT IS ¢ AUCAE, L TSI O
g - . \ B E E - ERCH PARAPET LAYOUT, ETC S40W DESTRUCTION WATICATICH.
dé ;é ﬂ‘; jF/f,{/“ = \ H I.'lr \. ] o IR AL DETWLS AND DEGN DN THE COMSTRUCTION DRAMMGS
E = E T PROMOE ALL PAMELS WITH W) LIFPKG HMEERTS COMSISTIMG
157 Wy L o- n 2 D InEs S a e
5/ /? g I & E E T e g BARS (F'=6" LOMG, BENT 3070
E B E BETAL 4 FAMEL DESOH TaEss 13 5 17 THouEss
— AGOINODA
Z% i it .\ ILH[(’ l [] |. l ARCHITECTURAL SLRFACE FINEN THAT MAY BE SPECFED.
[ ]
' L1 <= [ ST D e KEY TO PIECE MARK:
WGIE: LEVELING P PANEL SINT " - BACK FACE AR—4—9.67°
GOVER ML JORTS DETMEEM PANCL ON BACK SI0E BASK: PANLL TYPE |
GENTENIILE TLASE B, TFE A FAERE, SEPLE AMERAE COMTHE . . .
CH PAHELS CHLY. DG KOT #PFLY AIMCSVE WITM 2 OF THL JOWT, = = PANEL IKOFICATION |
' Y . -
FILTER CLOTH DETAIL e, ]s"m=s bk b e |
PARTIAL ELEVATION — BACK FACE T 7 PAKEL WITH = 4
RECTANGLQICI;.:KRI“_L.‘?EGE PAMELS HOTE: FOR MATERAL SFECFICATIONS SEE SHEET 1,
LE: af'= AL
= AT élﬂ*tl FBf:}E! NSERT LOCATION Ty PaeL
ey — o FOR PANELS LWH KLY . Al |
p— C, 307 PANEL
ot At PR o L
A SECTION  A-a UFTIGHA, CONSTUETION KEY
I G FANEL SCME: 127 = -0 lf STRIF - l
|G ALVARIZED, -
CEDTERTLE FAERL B S ﬁﬂ"w e‘.uqu 13 _[s'
<LASE 3 TIFE W WW Erorn e ME
FADE DF ANEL b - o {unil e wls
A VERTICAL RN TE WPt 4 g =
ey — 8_I
HiiRGhTAL JaiuE . —
il it e - Lime wmspar b £ aresrcnm | i
B B it STARDART FAMER i FAN-B. | (RALYAMTED) t"'"" q": M |"PE:4“E le::nv :gu;r%m'
ﬂ FACE <X THL EXI51 GROLND
3040 Y T WAKE THIS LiHE 45
o = COMNECTION DETAJ i
= ek PR ol FAESS55 EMBEDDED TYPICAL LEVELING PAD STEP DETAIL
. APTRDS (PTE JANT — SCALE 1/ = el
wADTH o} FRONT FACE 1427w | 1
ol HORIZONTAL_JOINT JGINT £ e CHAWFER (TTF) | N
A, = SECTION A-8
! Bm‘#‘&fwm CETENTLE Fafial :u\:s.‘:s'c le VERTICAL JOINT UAR DU [ = i
3 ) ) v 1 | nmore | come
JIE]CAL PAMNEL LaYOUT TPE A APPLY sDHESE OO0 TENG 0N RAMELS ONLY FROMAN ANTHOHY I
T T T T AR BT SH ENEXTLD FASRC. 00 MOT ARPLT LERNmLTIND ERBinEEAE | e
FARTIAL ELEVATIONM — FROMT FACE AORESIE WL T OF DE JOMT, MEEHE st we_ame |
RECTAMNGULAR LARGE PAMNELS —
sTAE |- | WERERY CERTIFY THAT il COMMONWEALTH OF PENNSYLVAMIA
H VALIDWTED BITHER DEPARTMENT OF TRAMNSFORTATION
THRIUCH CORGTALCTICH
CETALS (3 HAGIES GH NESE | JUNIATA COUMTY
CRAMME, 0A TS §.R. 0022 SEGCTION AO09
et SEGWENT 0022 CFFSET 1250
SR N022-A00 STA 0545000 [0 STA, S36+00,70
[ T .u.uun C,-'L ouusmucmu s.w oa':
| The Reinfaread Earth Campany i STEAMGS MRE NTOHDRD foR St ST ANblHD p lNEI. DE'I' AILS
A Jra/m D REW, AT FER COMMENTS S nm e | J |FREPARED T ROMFORCED EARTH CONP AKY
CEERE £ | CUSCLANS ANT LABLITY FOR ANY CITHER ) SHEET 13 0F 13
A | 500,04 | REWSED 45 FER coumns L e
PR —— &, r—
i T s e e §-2387T1P

8,18




LV

[y
—

RE-10861
—_—

3-8 14" (RACW FHCE)

EARS BOTH DFECTIONS

f— & BUAKE @ TON
ERECTION HEAD —r’
ANCHHER, ke
SHEAR AARSART
- g
Y N O A
- A B
L B EIm RS EEE
ga

= ’n'
ARS

AT EACH LIFTMG ﬁﬁRT LOCATION

FOR PANELS LUM & P ORLY

* FOfE TIE STRIP SPACKG SEE SHECT 53
A—A

SCME: 1/2° = 1=0"

AT REELAgs L. Ty A

LTV 2T -EF
FEREEE AL - R
TP F AT CERHERS(] AL
oA MO L OB TN
BT e RANFEREES ERRTR 0L
A
o
g wamake e
.
347"
APIEE e
ConFLETIIR

AR 3R 1147 1R

(EEARHE PAL CONrRESSES
APPACHIWATE JONT WDTH

SHOMH) e ]

@HOHEQN AL JOINT
SCALE: ¥=idl

-
.. |
%
3
zr|'|
&
2
&

1= 34

Ak inE
SEE HOTE

T4 T

T:z

. AR AR
[
A
@14 To A
& oF ancion g

Bk

NOTE:
THEAR BAR aswwum sv E.RKE

{0 ECLAL) FOR LSE
ERECTWN HEAD MILHIJH :—H.H' AR lﬂHn

B
' A3 ENS
w 257 LW
a7 BENT 30
A |
| !
=

SEETEATILE FABEL cLbts 2TyrE" A" S

e sipE FF -

1 T G TAMELE 0 BAGE ATH ST
& et w W“sﬁ:,fuﬁ th o o Fu ot EapeL SRR T
ApgstE ONTING W POL o N ML VR W

e pABRLG - DO KT A
=% §F THE Jp T

FRORT Face
OF FAMNEL ==

@WT.__M ([ 10 @ PAN F]
OF SECTION A-# = OF_SECTION A—4

SCALE: X =i'-0"

IR Y FRONT FACE
TICAL JOINT O PesEL

SCALE: 3 =mi1'-0"
(REOKRG 1 PAHEL)

2
78"

111,48
Les

FCALE: 3 ='-0”

—r" i I
:;r:m‘*b
.

EREGTION HEAD
AHCHDR [TH-403)
O AFFROVED AL

13 TEMSIN DAk
BENT 2

TE STrP

FRCKWT FACE
oF =4

mc

 Cr
(E RIF_DETAIL ,.-_c_-m....u.u
LS G YT  REVEL DA T

e TR
P IO TS LETTER T
incis o s |

| Evpmar ANTH
iTiRR EREIE

STRUCTURE 110

PENNA, DEPARTMENT OF TRAMSPORTATION

PRECAST COMCRETE WALL PANELS
JUMIATA  COUNITY

SR OOZE SECTION A7
SEGMENT 0022 OFFSET 1250  5.R. GO07-ADG STA O+S0.00
O STASEE+00.70 ALONG €/ cORSTRICTION 5.1, 0027
COMTRAL TOR: WALLS
WANLFACTURER:

A | ez o4 | CEL CETALS PER conuEsT

“ The Rqrnlo-rwd E-urlh Cumpun\r

THE REINFORCED EARTH CO.
WVIENNA, WA

PRECAST PAMEL SHOP DRANINGS “DETAILS"
2T TERTE: o7, 3
THED B o7, 53 0F

TRERFORCID CARDE W iha e
Painfcronct Earth Compory:

CERCRFTIN

P T ———

DATES
EWEE RANISE: 5 T8




8V

a8 1

=1
i}
T

=
=

[ e
s [ — ,'u—,-—;
lr £ ERONT FACE

HORIZONTAL SECTION W,/ 3 TIE STRIFS

¥oa 1
I8 14 -2 5

o=

HORIZONTAL SECT

-8 14 I
) 17 -8 T e I L L T el 87 - I
1 2

HORIZONTAL SECTIOM W5 TIE STRIPS

L -

1 L S . e - T - T O 3
5'{%: y JIE.! IE.! IF]', h !]'.! = If]'! I :.--- -:J

L".l 11], N nenr pace

HORIZONTAL SECTION W/6 TIE STRIPS
E —
¥4 |,Ir|'F_

[_I'—!‘ Tt 7 1 B ol U 1 RS e RS B T
R
0 I ol = Srm— — 2} 15} L= ——— o
¢ el T e e

HORIZONTAL SECTION W7 TIE STRIES

WARES  WAREES | VARES

,.,.yrf;az_é;éQ

kI'NHT FACE

HORIZOWTAL SECTION
T

LI BIME 1P PakFE

ae | L

1 A6

@_an.w NG PAD RECESS

[LOMmIHG UM MasIL)

AL
(BALK Fati)

amsacieg

fh |a20000] DEL oETALE PER couERT

a Thes Rednforced Earth dgmpan
0 e e 1 e, e TR NE 1T

[FENNA |RANSFORTATI

L B s |

FEAECTED
o o e
SRR 1Y R
[ E2DMAN ANTHOHNY
dussuLTAE |

STRI.IC'I'U EE 1 10

PRECAST CONCRFTMN%L PANELS
5 L SECTION A9

THE REINFORCED EARTH CO.
VIENNA, VA

g =2

F T T T e e p——
s et iond barlh Garpemey,

HORCTONTAL !ﬁ‘.‘ﬂbﬂs




6-V

f'T"\ SECTION B-B PAMEL "A"

fas THAU A 18]

-

&,

FRENT FACE
OF PANEL—=|

i

5 E)

SECTION B—B PAMEL "A™
69 [CERLET]

(2 SECTION B-8 PANEL "F"
U0 PAMEL DMLY

petg

RE-10851

@EQML&:B PANEL “M™
St ALCOTMONAL BARE 3-g4 AT HAGH

LIFTIM0 INSERT LOCA]

- HE
NG
i
raow race ML T
1 BANA —] 5 |

Eg) SECTION B—B PANEL "G”

OVEty
ERORT FACE :'t_T

(oo Vie | -

iyl .

TR S

= — "

o

@\E .
o, !"_2

HJ‘Y

s I,*’(-E\@

(B JEoIon 28 PANEL L
# ADDITIONAL BURS 1—'! AT EALH
ILIFTMG INSERT LOGA]

ik PTG
IMSERTS
@"“ﬂ—ﬁ[
i
FHNI.'FA{E- Y
OF PANEL: 3
Y3
* I |
3

E—B PAMEL "N"
¥ ADOTIIHAL GRS 3—f8 AT EACH
uFruu: IRSIRT LOCATION

17" SECTION B-8 PANEL "P"
=n

"BUTTOM FAREL GRLT-

W ADDITOHAL BARS Z-§4 AT EACH
LIFTING INSERT | DEATHIN

'DU‘N lﬂlhON'r
EhuLTIAE Cea eRER

I il . = —

STRUCTURE 110

PEMMA. DEPART| TRANSPORTATION
SECTION B-B PANEL “s* PEECI.ST CONCRETE WALL PANELS
“BOTTUM FAREL G HE‘E’Q SECTION A3
SEG! noeE CTF‘SCI' 1250 &0, Codi-mog

UENT 002! S0 -H0.00
T STAABE400LT0  ALDMG C71 mnmu'nmﬂ:n s
CONTRALTOTR: FLINFORTED EARTH REWAINIHG WALLS

A U A TR
THE REINFORCED EAHIH CU.
n The Reinforced Earth Company YIENNA, VA

L et o i e T
VERTICAL ‘SECTMINS
W G 7o, SHER |
WIH FORCED LARTH [ S7e registeed tredmsans of GHECKED BT! i TE 07 S OF 58
The Reirdored Corth Dompany. I




0r-v

TA S04 20,00

" a0 B u -8 1 R
3 _ 4 = -
i e 7 LR " 7
T i) A A L Gl 7% W -1 18"
o B 3047 £ L R =
i3 5 !
- & = m
i B3 .? o ———— ] o ]k Y ~
T o b i 7 i i & iy i3 718
ha i RS — e
o 5T 1 | |
T U s s S ’r"-ﬂll' H‘IN'I"' - l!s' a'll'-a‘ll' n'l Il fu'-n'lu'-q:!‘gf‘L i L J | L | qu -'J;- l !
y T Kaigesd L ] Tiy apd LI\ 5 /" )
PANEL A PAN PANEL C FANEL D
(46 THRU Ald) (ARG THRU AZ1)
. §-4 10
-9 174 = 1
- -3 1447 1 Iz “'r\ s
v == p 7t 71t
s sﬂffk i 1) v 1.-'9"_ i
: : . RS 7% f | H
% 1% I “"’; * -2 /%] ki
; E 3| 4 4 r-'_'
| F fuebiced 1] L e T
J.'L‘O"""‘LL'J - PR T e —ow-rer| 1" S oot en |1 ) | l
Yy i T s L3 5o = g r L 1 '-o{l'-q 2]
11 575
PANEL E PANEL F FAMEL G
“TOF FAMEL DMLY™ KT THRU K14}
aen 18 . 13 _waa ? o147 '|
- _ E g 35 - 1 '—:!‘- LY I = i
7N AL L) il A k) N £
"
v
101
19 18"
i
va| — .= | 3 |
o] bobdelir ¥ el : ; — | i e
ot * lerlepoprs el peopofele % Lelelokd o] Jf'-*"ll‘-” el | PERNA OF TRANGPORTA
PANEL L PP, e F'RECAST CUNCRETE 'i'l'hLl PANELS
mﬁ PANEL L SR, D022 s[cnon 03
: PANEL M S U T ZD B SEA0 ST onne

FEINFORCED CARTH RETAINING WALLS

184 g

m The ﬁ.lm‘uretd Earth Cumuuml
e e

[ ———

WA UFACTUSER:

VIENNA WA

THE REINFORCED EARTH CQ,

STAMDARD PAHEL ROWFORCENE T

[FmTE e B oo e

TROSFOACHS LARTH b ahr regrtered irhemar o
The Hobotived Earih Gompeany.

CACT Y, T 070
FETISERIE VL o T

SHIET
55 OF 57




-V

osr_3

TEon0m)

T8 14

9 35

e 1T

LREE-

o

a

URET |

ELEX T

0 FAE

T=11

:y

LYy

""!-e'-s

EEPER RS

syl '|| |

Lo siwed

FANEL M

g

1 |

]

F
|Z

D
4 T, EAAAGANTTAL TR 7T
CORITHMEE [ A

STRUCTURE 110

[PENNA. DEPARTMENT OF TRANSPORTATIGN

PRECAST COMCRETE WALL PAMLLS
JUMIATA COURNTY

5.R. 0022 SECTION 4039
AEWMENT GO UEEBED TEDU  SH. DU AUY STA_SORES0.00
TO STAIIE+00.00 C/L CONSTRUCTION 5.R. 0022
CONTRACTON:  BEINFOACED EARTH RETAINING WALLS
ay

UFACTURIR:

|00 2y

| EATE

THE REINFORCED EARTH CO.
The Reinforced EarthC VIENNA, VA
B IAM UAKLY FAMEL KLINE ORGEMERT
W B BT T 017,/08,04 S0 SHEET

" T reganeea Tecaman ot
Esrik Gompany.

Ry B I e | ek L )
DHANMG: S 22871P




cl-v

3404 e

- (2T R R oy L R L | o s
el rb! | [bB
i == = =ruram| % — ——, S — )
K i H i
—&q ] I I 1 X G 1R Bl I fu—[ L F : AN
| i s ! %
:| I ){D i3 | 3
e s 5 P WO -2 185 i i e A = = Y N
ll====S2=2 2SR L | i
Lpn Leg rrlee | | el e | T — __._l:és. :
D=1 L& B~ o orfnrmG 1
A-18 [=10 AT-10
F-ay" §-aK"
y b _ . i R =
e — 4 = i 8
‘|— —18]/ H £ laf =" N Bl d /0 = | ee—_—_—_—_—_— T g{_ - =t |
| 3 AOEELGEINE e x
o = e o e o o O PR AP === == ik
4 R i 7 Lo | oo oy - = _i'm' e
= iy € ¢ o comisic e
AT-11 | AT-7 EFL=8=7.03'
§ !
|
N | l. gk SR — ok
1 rpB rﬁs i |Da
| CHENE : B AN A ‘_'J_| + F
B L i TS
L, ™ = ] = |
= = e S R=s . ==L
— bl o, | g o KPR | iy o . s =i i
T ECL EQ. T
i‘-]——lr—ﬁ—h;l; lea Lee STRUCTURE 110
o FI-11 f=7 FENNA_DEFARTMENT OF TRANSPORTATION
EFR—8-7,02 PRECAST CONCRETE WALL PANELS
JUNIATA COUNTY
o - 1 SECUENT D022 Sg&sr?ulzzgﬂ EIEEEEEFM»&G?TM‘M
TO STASM+O0.70  ALOMG C/L CONSTRRUCTION 5.R. 0022
CONTRACTOR: SEINFORTED EARTH RETAIMING WaLLs
MAN UFACTIRRER:
b 1-— THE REIMFORCED EARTH CO.
R The Reinforced Earth Company YIENMA, YA
PRECAST PAMEL SHOP DRAWINGS
i T — . =
per| mar TEsER I B e (o L lae s




eV

o-a" S
- i I e . e o | !
o e T . e - REEEEE | |
o e ‘Tijz 5 = === 0 B iy 2 A8 1
S o X T I I E 'R i u —=E e ! =7 E gl |
[ I i | E [ 3
HI:I—& i E TN PR n 3 R i E !
N = = j = i ) : g 8 s
= At = 3 4?‘_-f| 4 A= _g! FRN I O 3
L . s g - 1 i ————— | |
-8 GT-7 % len
— LI=18
¥-ak" ) . ooy | oo - y
d L e | sk . =0 | !
= o = H I i | T — —4— |
| - R [ 1= EEND B [ N 3 O O |
i | i
| ! !
T IEEEEE j f =¥ 7 I f ] 3 T 1 I G [ ! f
i i ; |
= EN 1 I ! L=t i 0 e T |
$$ El E L] 4 . TT—(Q?—- 5 [} ‘:‘_.'—i-—--a--— — o1 5 ! 3
S [ - o] : . — I
_‘,T"F. . B 1|
M=19 — W ?{%lﬁ'_-. etrans =
M - -
B - | =8
'l -
- — & B B/ B = 7] ]
E —{H E B ] -4 H H
B
)
= B i ] IF —[ ;_k | ] ] STRUCTURE 110
= sy ey * | 1 | || —t——— PENNA. DEPARTMENT OF TRANGFORTATION
E len P [ PRECAST CONCRETE WALL PANELS
e JUHIETA COLNTF
ND—13 LY o 00OMG MD—15 SR, 0022 SECTMIM 408
s - SEGMENT 0022 OFFSET 1250 =k 00ZZ-A0% STAS09+30.00
L — - S TO STA.3864558.%  alomc oL COWSTRUCTION 5., 0022
CONTRACTOR: ELRFORTED CARTH RETAINING WALLS
J MAHUFACTURER:
I - THE REIMFORCED EARTH CO.
| e [heReinforesd Earth Campary VIERNA, VA
i FRICAST PANEL SHOP DRAWNGS
ol ORANM W B0 DATE: 07 Mok o [FE VD SHEET
| ] e p— e T T S i




vIi-v

FE= 1085

rt-:\-

m_s
—

A= 1

ki 3
Lo :
AAR - 4435

[P
[

=

| AT L Y O,

|
]

I

[
&l

T e
O

%“ = ol sl ] w T
TE TR~
1 l—p4 vERT.
H — - 1 n-g s W (TR
1 ‘I’ STRAUP .!:l | A s i
A5 ST o el
; TE
8 177 5 o 1] " v |8 e W
] L e ‘L"J‘ SECTION BB
JAX—2-R3 Ao FPAE: Tuto SECTIOM C—C
e R3 iF FeTonr
oy A 10 S ey
€ v cTr 8426 *
17/ (R Tal
NPT {
7 I 5 CHAWTTR 3 ” ~TRINT FacD
i e - o ¥ Far
Ty 1=
: .
— i e ==
Py e 7 oF AP L. I LJ
li.l._.l.._' L ‘L -4 1R 8415
B
DETAIL & DETAIL B
S CTION A SCALE: Xei - SEAE: X=r
SCALE: 1" e p-r
[ 1
LEGEND | |
JA—-2=R3 ! ATRUCTURE 119

MO, OF TEE STRIPS

l LF‘A.HI}. REMFORCEMINT T
e PAHEL TYPE

| pormm
| o

| Ty |
| ERDMAM ANTHOMY
| aiurERg

PENNA. DEPARTMENT OF TRANSPORTATION

FRECAST CONCRETE WALL PAWELS
JUNIATA COUNTY
R, 0022 JECTION ADE

&
5
- SEGMEMT 0022 OFFSET 1230 SR, DOZZ—Ald STAJ0S+

50.00
=3

|0 T

1,/2a,/04

ADD, MEW SHEET

L| oA

RESCFFTHN

The Reinforced Eorth Campany

v i . e 1O T,

B T Ty e e ———
Tha Reiniorced faih Coampeny

T0 STASSE+00.70  ALONG C L CONSTRUCTION 5.1, o0
TO M FOIWFORCED CARTH knnllllb_m‘!
WAKUTAC TURER:;
THE REIMFORCED EARTH CO.
VIENNA, WA

FRECST FANEL SHOF DRAWINGS




APPENDIX B: PENNDOT PRECAST CONCRETE WALL PANELS

B-1






B

W OOES

CEMERAL KO

¢d

Py IS0 HARR LR TOP DF T IMISHED SLOPE FIeR MARRIER BTAIL o o T, ALL DIMEMS1OMS ARE |M WILLIMETORS LWLOSS OTHISRISE NOTOD,
[N ] IIl L " WL 5. CUSTHRIRY Lh[TS IM &) PAREMTHEEES.
SPECIF IBD BARRIER OF S0P 1M ER I.I‘SE THIS STAKDARD FOH THE FREPAARAT 10K OF E:!G'I"L(Tlﬂi PLARS OH CORJUNCTION RITH
BACEFILL @ = ||I ISPEAY IS MERHRARE HE DEFSHTMENT' S D‘ill}'! MM PAET 8, 10M 11.%, SPECIAL PROVISIONS AMD PLB.
- {&) Lt CSEE DETALL, THIS SeEETI 'N SPECIFICATICNS,
FOR CORIND DETAIL S - " 3. THIS STAADARD 15 [HTERDED ] EF ABR1ICATED
SEE SHT. 3 SOLL _STABILL2ING - o) WALLS. FOR LWUSLAL 00 0% LZIMT AL
ELEMENTS | TYPI Elgﬂnﬂiagﬁi THIS E;glﬂklﬁ[l L o 51 TIOkS WaY
1 CIAL
600 L2 07 f: BAE 4, DESIG CONPUTATIDNG W2 HOT THE. G |
PRECAST COMCRETE k. SOIL STABAL|LIAD " SLm [ S luita BETAlLS b IFFER
FACING PAKEL £ TT90 -} v ELEERTS L TR 1 TOME MUIST n:_ ETTED T YHE OEPARTWERT.
Wi = o [— ——SPECIFIED L TR ) )
217 -0 7 -0 WO, 5T R4 INAGE BLARRET SHOTIATILE CLASS 7, S SFEL‘],IL Wl} |§lﬁ“3 muml IH ACCORDAMIE W1TH PLBLICATION 408, ARD COHTRACT
EOMRSE ABCAEGATE (3) e o TPE3n G DISioN sebe icaT i
. . T e ML EJCEPT 'IRA.I- IC AMD SICEWALK BARRIERW CLRRENT AASHTC LRFD BRIGGE DESISN
PESFORATED PIPE CRIGINAL GEOUND LIME T GEOTENTILE SCIRCATIONS S CORRTINY Ay inten oY oESNcH Winhel PinT 4. Vollie 1,
. Ao8, SC. "/ :.ass £, e 4
1S3 w] (SEE MOTE 1R 193 |En | L.y L ] TIIM' I. .'\llll GLDERALKE BARRIER CESIGH DINISION OF AASHTC STANDARD SPECIFICATION
@ I FOR SCHWAY BRIODES , 1992 § IMCLLUCING LATEST [WPLEMENTED REVISIOMSS AKD AS AMENCED
PERFURATED FIPE (71300 (30 WL B DEE Ik WANDAL EART A, PUB, 15,
PEEE MOTE 1851 7. CHAWER FEPOSED CORCEETE SOGES 20vm x 70mm o ¥ w¥ b . BACEPT AS WOTED OTHESWISE.
a1 ] / 8. FOR COMIRETE STRENCTH FOR PANELS , REFER TO SPECL FROY 1S 10N,
CEGTENT [LE, CLASE 2, TYPE A GRIUKD LTNE CORE fa'= #1APQ L5,0 KEI . FOR FOOTIRGS, LEVEL NG PAGS,
iPUm. &DR, SLCTRON T |J-|-/ ILE A3 CRSH "l-[-!“
1 3 EdwPq 13,5 kall, CEWENT COMCRETE FOR CURMS, DARR [ESS,
CONCRETE d “ﬁE"' 5l llS DADEWALLT AMD COF [
A5 RPQUIRTS NV COS1GK] | 555 117 -0 LEVEL 18 Pil FORMED CEMENT NARS A5 567 FORTH 1§ PULICAT 198 400,
TWlH, = 0. THE v 4 FAOVIDN 30 o (351 GONEAETE COVER OW R [NFGREIMENT DARS EFCDFT A% NOTED.
Rl OF SOIL - ’ FAOVIOE MOKIMU AP LERGTH AMD CMBCOMINT LERGTH 8 ACOORDASCE DM AC- 136M
LOMCRRTE @ STANTLTYTRE 13 PROVIDE EPOXY COATED REINFORCEUCNT STEGL FOR COPINGS . Hiasioms
LEVEL TWs FM e Mt CRISINAL GRIUKD neE 5l I'II.II'“JI 5. PAOVIDE IPGEY COATED AR IS ORCEMENT 5TREL
- L L5 45 1
TYPICAL CUT SECTION PR i1 THE SEPFIRTACE | nrnrru srrclrlrn BACEFILL AND MMAMCUDNT BACKEILL FLOWATIONS |5 KOT
10 nE woem T ARY TIME DURIREG BEERSOLL IRG,
DETAIL TO BE USED MERE i - -
Bt AIMane TE bomeimiE ' QEMIWI%‘::'L'EE“E“ LSE STYROFOMM ASTH © STE, TYPE 1, EXEEPT LIWIT THE WATER
15, PROVIDE DRAINAGE DETAILE SUGH AE 107 mLid =) NEEPHLES OR 13 rm L6 8 PEREORATED
T o E P FIFE UMZERDRAL o0 TST WAINAGE ELAMCETE BAED IohS. FOR WALL
YPICAL FILL SECTION UKTALLATION Al S1REa CAWGEIniE FHONIDE AUEGATE DRAINALS 56 TE [ |-RENEMCE SETRERh
il STHEAGEED A2 LATUHAT LJ I.lI.H‘ILLB Il D:I EE!'IEI IIJ.I 'l.ll L% CONSIDERED [N THE DESICH,
SETAIL TO BE LSED wikkd eEEPuOLEL aiE FoSiiBE
TRAET BUT WOT OREATER Ti=kH 00 s o 3° 0% FANTOE COHOTT 0,
7o SLIEE AS PIR CIMTRALT PLAK 16, FAOVIDE SHS DRAWINGE a5 PLd PUR. ADN.
152 {6°1 ® PERFCAATED [EBS CORING DETAIL M. FOR PREFABRICATED WALLS ALOMD ARILROADS, REFER T0 DM-4 FOR CRASH WALL REGUIREMENTS w0
o THERE S GAYANTEE ALL 301U STHBIL 1TING ELIVINTS 4D NARDYARE A5 SPECEF IED.
OE 2aR=IER

an.
-

SEMOVE LIMSUITEBLE OR UWSTABLE FOUMDATION IllTEE'll BELOW THE TOP OF LEW‘{LI". Pl? AMD
J“ 152 1 6" @ PERFSRATED PEPE {5 SEPLICE WITH SEUECT CRAMILAR MITER TAL TPETRS T MALL EONSTRICTION, GO
SOIL_STAILEEIHE o 0. mACEFILL i.ITrl: ll!. (OrsIEs r'n:rrur {0

ELASS 7, TYPE
TORAEH 10 BMD OF WALLD

DRAIRALE Lt'Eﬁ@

"
ELEMERTS TP LR

WEES HOLE |47
EVESY OTHER PANELY
{PYE FIFE PUR, 400
SECTION 810, Bl &0
190 {§°1 A80VE TeE

EMBAMCUENT BACKFILL o =
5"Et|' ED BaALCFILL § = .'I
5T CoaRs MEGATCATE UST b -
- rER
s

SPECIFIED
FILL g3y
BaERFILL [7)

WLAGHT oF SOiL
SPECIFIED om mslr.i uu

2. THE W.5.F. WALL DESIGMER/SUPPLIER MUST CERTIFY ALl ASSUNPTIONS MADE IR THE 0E5 IGM.
PLACE THE FELLOWIMS ROTE MEAH THE P.E. SEAL OH HE FIRLE SHEET &F THE SRANIRCE)
“ALL CESIGH ASSUMST IONG ARE VAL [DATED THROLGH ROTES OR DETRILS OW THESE DRAWINGS®

#3,. GBOME OF TeE TECHMICAL DETAILS WERE Fh:ulDH} BY REIMFORLED EANT= COMFAMY AND RE THIHED
FARTH { FOSTER GEOTECHMICAL) COWFANMT. FOR PROPRIETARY RIGHTS CONTADT APPROPRIATE
FROFRIE TOR

1. D0 WOT CUT HEIWF OSCEWERT STHIFE (8 MESs. SENKD OR SMEW ORLY A5 SHOWW [N DETRLL OR
MOTES oM SHEETS ¥, 10 & 110.

WYl e LB, FER CLBIC FOSTI GRS

FROMT FAZE OF mALL

S FROTECTION i B I _BACK ACEMEHT, KEEP THE HACKFILL AT 08 JUST ASIVE THE
{500 NOTE 281, T ' MECT [0 TO FUEL‘ FRI0E T WAR WG TRE .HH:C'I:&. EEMIVE MO
ATE PANCL THAT DOTS ROT MDIT COWSTELCTECH TOLIY

HIGH WATER LEVEL, lm SJ‘ECIHEI] In TsE SPECLAL PROVIS1oRS.

25, PROWIDE ROCK PROTECTION A5 SEQUIRED 0Y 500U CALCULATOME.

26, F:I? LEEND GF S-Iﬂ:l.i SEE SHEET 2.

i 9 WIOUS SEUMBRAME [5 10 SF AWDIODD. PORMEIRE SUPPORTS LT ILIT MG
s'uES D"i]'IEII 'nna_cn IMPERY IO MEMBRASE ARE SAOHISITED. |WPESWIOUS MEWERAME' 5
INTECRITY WUST WOT DE COMPROMISED,

CLASS 2, TYPE A
TREL %, SEC. 725 IMPERVIOUS MEMBRANE DETAIL
A5 EouREn &7 SES N 117 -0 HITEr PROVIDE |WPERVICUS UEMBRARE WHEM SPECIFIED.

NMOTE: ELTHER ALL METRIC OR ALL ENGLISH WALLES

T e NUST BE USED ON PLANS. METRIC AND
TYPICAL SECTION AT STREAM EMGLESH VALUES SHOWN MAY NOT BE MIXED.
P e e T 8 A COMMONWEALTH OF PENNSYLVANIA

AMD THE STEEAM WVELDOITY , \'. .'5 LESS THAM C. &I H‘FS (7.0 fpal
DEPARTMENT OF TRANSPORTATION
= = BOREAL OF DEEGTH
- INEI—:H?IHI?LIEILLIb BC-TESM | WALL CORSTE. B GXP, JOINTS SETAILS —
ml = DLTNILS MWD GLWLEAL WOTLS BC-THGM | REINFORIZUEWT BAR FASRNCATION DETAILE S -‘!ll'\:l-!lRD
2 — VEHT BC-T23M | BRIDCE SaRRIER TO GUIDE FeA TRAMS [TION - - - 'l -
I (N3 = E— B0-TE24 | CONCRETE D6k SLAB DETAILS MECHANICALLY STABILIZED EARTH
E R W =T T RETAINING WALLS
T l]';ﬁ"h.n ALTERMATE BASHIER AMD GUIDE SuIL Bo-TEME | T¥F. WATENPFROOF (M AMD EXFANSION DETALLS Dl— TA ] | E “ND G ._ \Jr Rnl NG_l— q
o VT WC- | 1M | CLASSIFICATION UF EARTHRORK FIR STRUCTURES
5 | SHOULOER RECLEF JUINT AND IWLET INSTALLATIoN RE 1AW | RASRTILL AT BTRUGTONES
o EE INFORCED EARTH WALL PANELS FcomeE T AL, His SHEET 1 oF 11
il EE INFORIED EARTH WALL PARELS RE-204 | COMIRT CONORETLE FAVISEHWT JOINTS
ER GEOTECHNICAL RETATHED EMRTH Wil PARELS | I - ~_
. REFEREMCE ORANINGS | BC- 799N




-4

SEE TYRICAL SECTIOM

Degeriouy [T STum AnuTEENT
[ E | TN swim

i5EE DETAIL 0N )

SHEET | | Emisae

A, ELPERS TRUCTURE

SPECIFLED
R ] SUOUTH OR CORAUEATED
GALVEHIZED STEEL FL

SLOPE W 50H

BLIWLLN BLAAINES E
§

S0 x 512" x Vel GALY.

| 5 EE. L4 JE/4 36 BATTEM
\ HED TO COMIRETE WITH
Gﬂl\"n FasTEMERE

Smoe 450 ¢ Marem AT WA

20 el

80 L3l T

80 {E% & CLOSED
POLTE TRTLEAR

,—:uﬂ. R

ADMESTVE T0
l T81 FIL coiAT

\
Le |
158 55 w0 120 W WM

FOMMiD MEGLLT

BEHD DOMN REIRFORCING STRIF FOR

o CNSTRUCT O,
PLACE SPECIFIED BACEFILL ABOVE SDIL
STRBILIZIWG ELEMENTS WD REMDVE AE

T FOR ELEWENT ATTACHMENT,

REINFORCING STRIF

OR

MESH BEND DETAIL

WETRIE IMITS
ADDITIOMEL DEPTH ( &1 SEE IRED WK
0* M5 RLaURLD DisTascE (xm 1O ADwiEwE

i e ARG BEME |

s ATS

180 Lic)

a2z 1200

i 1500

AT 1 D02

U.%. CLUSTOMARY LKITS

To moT. oF FILLI L ' B =1
4 FAGKER ®ag aeFn PLACE JOIWT AT
PELCAST COMCRLTL SPEEIR LES EVERY OTHER PAMEL .
y FAZ WG FARELS BACEFILL @ - [PRECAST hOT PERWITTEDN
B SEE 5AT, | FOR DRAINAGE DETAILS - W00 4% N
SDIL STABILIZIND F IKISHED ABUTWENT
ELEMEWT § TTP} GROUND LIKE FILE GaF -
* — iR
rd 1.7 : e b m 800 1Y -0 WK .
_———— — = 20 0K fHaures
- — — J| PaEL _/_' _,',& ]
300 0 1*-50 15 BEQUIRED BY DESIGN :
CUMCRETE ABUTMEMT SEAL DETAIL
T = 0, 1 L Sk [
END OF S0IL s s LeveLing P (D)
STARIG T 1M L TWEHT—=
~ e SMCGTe o coREl.
BRIDGE ABUTMENT W PILE, ,II( ALV, STEEL IR
BEE WITE 5 FLASTIC FIPE
THIS SHEET

I—BIEICIH.L

=375 11 =3

CBRCE. & PILES
Fif REINFORE (M5 STEEL-

SO0 CONTRACT [RAWINGS

SACESILL

COMSTR, JT.— |

e LY

=

1¥iG0= SLOFE
FOR DETAIL REFER TO

ACL TH % SH
STYROFOAN €4
SEAR FALE e
o RACKEALL a7z
I'SEE BC-TAEM 3

SOIL STABILIZING ELEMENT
TO BE SERT (VEWY CENTLE
TRARS [T i0MY A5 REDOUIRID
Pt MiMe iLEARANLCL. SLE
DETAIL THIS S=EET.

SEEM THE SOIL STABILIZING
ELEMENT AROUND P ILES a3
INDICATED

#* PILE- SEE COMTRACT D955 FoR
FILE BAD PILE ANCHORAGH CHTAILS.

TYPICAL SECTION AT STUB ABUTMENT WITH BACKWALL

SO 12% + (TYP.)

SAD-TYPF &

(PUB. 408, SEC. TOA)
SEE HOTE 6.

SECTION A-A

SEE_BC-TARM FOR B
WATERPROCF | ; FOR_REIRF.
ARD !!I"Iﬁ!l i STIEL SAE I
AEUTMERT DETAILE o CONTAAET
DRANWINZE
CTAILITING : 7
ELEMENT s,
T o i
H o
o
-=
g 2 G LP. B
™ 1 COFING
L oy e
SOIL STAHIL[ZIRG ELEMENT
fo 88 BINT ¢ WERY GINTLE
"‘luﬁll MI JF REQUITRED

[ ELIE
'iI'I: AHD SPACTHEY

THE 'ﬂ!TEA.CT 2,
k=

lwnl

CO8THACT

& VpDF PILE AR [ES

STADILTZIHG FLERENTS TO BE S651SKED KO DETAILED (M
llLl CCIPJH'\' FoR &

[ WiDTH

WPERV[OUT MEWRR
TO BEAM FITH ADEESIVE

228 9+
LIMIT OF
SPRTIRIED TATRFILL | PAYING

IO —
i

REGU IRED ML NI

T R 4.
0BG meauimD |PISTASEE {3 TS MHIEV
3= 37 -3=
Re 3 -3=
- o
nE" 5" -a=
s o

|— ¢ Bacs. & PlLES

|
i

‘a1 COMCAETE DECK

-4
pe TWISOH SLONE

1 £
SEAL GUTATL THI

3

RANCE, SO0
DET.IIL I'I|I5 SNF.ET.

SEEN THE SOIL STASILIZING
T ROUNG PILES

THOIZATIC

TaLv. T
{PUD. 48R, SECTIONF RO

e SEL COWTRACT OWGS. FOW
PILE &k PILE ANDSCHASE DETAILS.

A 1105!

TYPICAL SECTIOM AT STUB ABUTMENT WITHOUT BACKWALL

F — FHS AJACENT BOE
Tl

BEAM EHORN
N OEAM TYRES SiaiLam 1Ty

TR

5 SHEET

WMl AsD e
& F.!.FTH PRESSURE, LIVE LOAD SURCHAR
HRIGGE BEARL I‘|'E= T BE PECYIRED
DEANIY5S.

£5
Tl HORLEOWTA
UE, AN FORCES AT

&Y T E DEZIGMEN #A0 INOICATED ON THE

LEGEND
(1) on_PREVAILIMG FRGST UEPTH U &5 REQUIRED BY DESIGN MG
SLOFE STABILITY MHALTSI
@ A% REQUIRES BY CESICSH. CEXOLLSIVE OF AMY AESTHETIC DETAILS.)
{3) REFER To SFECLAL FRUYISIOMS FOR GRARULER FILL MATES[ALS.
Flﬂﬂm. 20 NIZE & 'O f 80 I'Ill‘ MIH ) USIRE [WFEACED
COWCAETE, ENCERT FOR CRASHNALL CobdlTLoM,
(5D M, SHOWN DF PAEL TWICRsESE « 205 mm o iobg=.
. SHOWN D9 PAMEL THICEMESE = 40 mm (103,
H. SHOWS 08 PASEL THICEMESS + 82 mm (37,
. SHOWN D PAMEL THIDENESS ¢ 100 s (47,
@ I5Y FIELD DIMENSG | OMS TO 5017 5001
FTABILIZING ELEMENT LETOUIT
{73 poaoaay o
¥ OFE T WG DENGITY POLYETELEME
G 1.P, = GUST I PLACE
ES. 0. » EEDSANITALLY STABILIIND DARTE

. T K 5.7 CLOSED DELL MEOPREWE SPOMGE
SCGS « SWO0TH OF CORRUGATED GALVARIZDOD STDIL
R. 5. = REIMFORCING STRIF

rirn

BILE INSTALLATION SEQUENCE

I, DRIVE ML PILES PRIDS TD W55 WALL

A5 IRDICATED,

PLECE OWER EAC= PILE, & SMIOTH WALL OF CORRUDATED

r.u WARIDIC STEOL CSCES) OF PLASTIC PIPE OF S0PF [CINWT
HCemESE A4 SPECIFIED, Tl PREVENT BucelInd OR DUISTOATIow

i'.uHI"] THE PLACEMENT WAD COMPRCTION OF THE BATEFILL,

3. PLACE SPACESS BETWEEM THE PILE D THE SISS FIFE TO
PREVENT THE SCGS PIFE FR0W COMIMG [MTG CONTACT RITH THE
PILE DURIWE BACKFILL Iw0 0F THE WALL.

4. EXTEMD SOGS PIPE FADM THE BOTTOM OF TSE MSE RALL
BACKFILL T2 THE BOTTOM OF THE BRIDCE STUB ASUTHERT

NOTES

PREZFILA

THETALLAT 109,

E,

FOOTER.

&, HEAL THE TOF OF THE SCGS PIRE UNTIL PEPE 15 FILLED wiTh
AGOREGATE.

& FILL THE SEES I'Il'l IJOGL_' NITH P IRE AGGRIGATE ; SAMD - TYPE A

PLBLICAT IO 4 CTIOM TOM. AT TmE CONTMACTOR S 0PT|ow
FLACE Flse d-GIIEuI.TE BEFORE O AFTER THE MSE WALL COMSTRUSTION
15 CHPLETED.

M. 5. E.

oML eEE R

WALL ABUTMENT NWOTES
BiLL PLANS WD GHOP DSANINGS WAST SHOE PILE

WAL

ELEFFT! '|'¢ -ui.!l:' IHTEHFJEH'E TH BILEER, LUTTINE
FWHTS TO AVDID IMETRFEAFSCE ®ITH

s T YT

WOTE: E[THER ALL METRIC OR ALl
NUST BE USED ON PLANE.

EMGLEIEH

ENGL [SH VALLUES
METRIE AND
VALUES SHOWM MAY NOT BE MIXED.

COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF TRANSPORTATION

BURRAC 0O DARGH

STANDARD

MECHANICALLY STABILIZED EARTH
RETAINING WALLS
ABLUTMENT

pecommis AL, 6

SHEET 2 oF 13

BC-T99M

E




¢-d

Jr—— APFLY AFPFROVED LEVEL [NG WORTAR
. 03 T\ TD COMCRETE FILL JUST FRIDE T
e [ 1§ e P b ELR SETTING FRECAST CuPIMG UNIT TO
FLUS T30 AT PMWIRLT A I MAGL CLTOme 1F SECURE UNIT WFTER PLACEMENT.
SEE SETAIL TH 13 GeEET 3000 L1 BT
N - — 51 c(ru
=] N T
AL
s an
50027 CLR -
u [=——SI WALL PAMILS A5G (1" —6'1 MM
) CRASH WALL REGUIREMENTS TP oy e T
g 13 8 100 F 0“ B'E :UE’I:& cl'l:;“ i | LHGAU$ 40 11% " 6L, ALL STEPS ARE TC BE COVERED
[ LT = || BY OVERSANG OF COP|MS SR TR EIRT« B LA
C;!:E'-IU*:%:(ELL 1. PRECYISE CRASH WALLS IM FRONT OF FREFABRICATED QT | NOTICM EOGE OF COP IMG
= 0 A ::tllgu"ll{{: Eﬂ WALL IS WITHIN 7700 £25°0 OF THE 100 A WiN e || qomyy pman powes i TYRIL,
=1 g 13 mole TpEn AR HC
L - 2. DRASH WALLS SsALL BE 300 {401 THIOK AMD 1850 1670 AET FAE .
ud i m e AoVl THL o OF EAILESAD THACK. PAREL THICEADSS @ Wik, LENGTH CAST COPING
[ T . PARTIAL ELEVATION
hd C. [.P. CONICRETE WOTES
3 A . r
COPING DETAIL « CEPING UNIT STANMAZ LEWITSS, 150 15 -0 aM3 SO0 £ 12 -0
TR | — —_— UL £55 QTHERY 52 APPADVED, L IWE L COPING OIS B1TH
F&NEL JOINTS WITH 19 137 TOLERANCE,
ANCHDRS 19 BE FROVIDED ® R F. WAL PAKEL SHITN, FETATHED FARTH WALL PAMEL DETAIL SIMILAR.
IY MAMUFAITURER OF - =
VSE WAL, SPACE AMCHORS [ s
@ 45D CTET, BOTH WATS. FiMiSHIE
WEUEIINE GROLND = = DRAINASL DITCH IF
3000 01 =0T HES [VE ga | BIFTING | WERENT e || :tﬂﬂﬁ.?'—...: SHIET.
Biloe 300 494 & 12 i APPSONED - i
MREH _.L..‘ A P50 167 1wlN.
LEVTL THG
118 |-1.—L-—-l | P T u ERTaR '\..\\ FL] | -
' /?"T' !
i@ -an 120
. 1-- d
~ ECT IO . )
LRASH WALL TYPICAL SECTIO L PRI AEBRAE X
L[5
o \"—'—WIL 14 ACOCROARCE WITH PUE. 404
SECTIOM 706 © a0 1Y L,
— Ce 1 Fu CORG. FILL = e e ki — 15 ® 5300 1%4 @ 22=
.y PR #) 2; \L — L 1P, COMC. FILL AS REQUIRED
E b r M&ﬂ@&'l EE TR == L= SOIL STARILIZING | TVARTES G0 TG B0 1Z° TO 8411
e =" E.Ewed — + PR |06 WE 1 REOSCEMERT 4% PER
' 3-813 | #4} EBEDOED e ; SPECIF IED BACEFILL | DETAIL & ThIS SHEET
T T TN FRREL ® N i X . . [ 95 (1%
LLEREET | ORATMAGE DITCH DETALL T8l i
s SeRcE T | STERCFOAN (TO REMATH W PLACTI
F1 o] 55 AT o
- rnr:u;L:nn 5 P -—mrmm—':"” S o - " ggut_fr EFLKEED;’E: ;ma l:-"}:}"lllc"s
[<—FRECAST PaNeL e e EtnE o tan PRECAST PUREL SECTEONS. USE WATESFRDOF AZHESIVE
= | Biriem Gl ...l._- L Ti GLUE STYROFOM TO AL,
gt OF BARRIERS FAMEL TH LCERESS
- - ECTIO - . .
ELEVATION SECTION C-C SECTION D-D0
- PRECAST COPIMG DETAIL
® F6 RECTANILAR DOUBLE BIDTH PANELE. DETAIL & —
" e:nsﬂﬂus:‘s:n:u JanJFELR";Elt e FIN[SHED ==} HOTE:
CLUTTING % ot ITTED., COAT CuT =‘= GeouMD 1, FOR LEGEND OF SYWBOLS, SOE SHONT 2.
WIT= RO FAINT. \
#® 8 LEWCITUD INAL REIMFORCEMENT WOT REGLS Firt e Kl 5 NOTE: E[THER ALL METRIC OF ALL ENGLISH WALLES
" CLASS 2, TYML A :lﬂ wm . - - - - = -
IF BEPTH BF &= 1:™: CONGRETE FiLL -5 -Eﬁ Wi, Dk Gk ACE Ly D0 ¥ el WUET BE USED OM PLANS. METRIC AMND
4 | 1 EMGLESH VALUES SHOWM MAY NOT EE MIXED.
§ solL STASILIEING 20 0¥T EF.

ELEWEN T COMMECT I0h5¥

JOIRT WATESIAL

\
A%

EF

i
2

FRONT FACE 0F |
PEEFABRICATED
RETATHING WALL—

WEEPHOLE REIMFORCEMENT

uG ims

T =g 8 300 A9 @ 1B
g1
30‘"’:1-‘_ Jor

el 100 T4

A0 ¢ 1 CLR.

SECTION H-B

——NOTICH &F WEF RALL PGPS 08
LEVEL [MC PAD ARE KOT TO BEAR
O FRaTIRGS.

ELEVATION - M.S.E. WALL

COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF TRANSPORTATION

BUREAC OF DERGH
STANDARD
MECHANTCALLY STABILIZED EARTH
RETAINING WALLS
WALL AND MISCELLANEOUS
WALL DETAILS

CRASH

JUMCTION WITH C. 1.P. WaLL

L, 0K (weiomesrs AL, HOE | SHEET 5 0F 13

| 50— T99M

WNIOR TR | DL, REAS OF VUIOM | OF ML,




9-d

o0 515 i8-8l
(B -—-I - '
CHAWFER' CRER T o Ed
Ll 305 125 4%y = (]
T -0 - e MARR [ER MOMENT SLER WIDTH
1 T a-sig e CONC. SHOLLDER { BARRIES WOMEMT SLASI WIDTH 4-mr9 () TG TF 0T (HIRLT
| E TG W G0 (RIRLT k
| E :: 1 SIGA @8 00 LW B 1 ) WANL
[+ | E al. L W16 B 240 (98 @ s r | Tl AND 0OTT0W
; u - OF ARD BOTTOM o2
~ 3 5 e g
g | - - %
& | R=250 (9% I ie 1 3% "9 & 500
v | I 1 soaz |"‘ @ 1n 1oh m Tz 5012 % CLR. —=f y
= - | AmEs | o ¢ \ 3
= ) P oo . g 300 (Y B 1D [ 1o st g
0 = BoRELATTRL ALT, ¥/ FULL LENSTH [T TR ST =
= o o= SEE KETE B | AT Pl LT - :
- - _ _\'\ \ (0] ASPHALT JOIMT - -3
= — t ToR OF 6 R CEMENT EOhE. SZALANT §4C-201 = TR oF PaVEMENT (B
= - 4 Pavinin | FAYEMENT I i
. | g ¥
- i e L —Tian | \ | BT L i I e
: ] ——— [ T = CROHT RS
E a0 : B T v b v = ¥ L Bl Jo
B I i e S SN —F s
bt I ol ] V-hOTCH , RERLIT | L] )
o | | \ RAKED FINISK I | | | 3 e b
HEE | '\ a8 (10 Lo ™ 137 \
A [ " \ STYROFDAM | AEMOVE AFTER C.1.P.
= I {CERTERLOUS: | | Ehipcoms, mEm, IR L I
| Vool ETVaeGh Th PLaRn tung ¢
12 145 1 [ L] wg &y | L "L AL i , sawlL | T
CHANFER A t‘;f}._l . T 158 = i3e | SLACEMENT OF L. [P COMCARETE. AL 75 f1e  %ET WOTE B T
P — (NIN. ELR. LR RE]
FRONT FALE OF - R 1E BOLTS PRONT PACH oF STYROFCAM { TO REMLIN
PRECAST FAMEL STYROFCAM | HEMGVE SFTER C, 0. P, SEE moooow (5) PAECAST FANEL—= N PLACE 1 GLLE Ta
CORCRETE [% CLRE| GLLE To FAREL ¥ITH WATERFROF
PANEL &S REGUI 139 ALHES IVE
STYROPCAM (W P i3h
TYPICAL CAST-1M -PLACE FAREL }Sckwss—J—L— FLACEWERT OF E. N J
— 0 M
BARRIER DIMENS1ONS . B B .
TYPICAL C.I.P, BARRIER WITH S |q|r.|u|9,,5,_'_l_l.q_ ”_HLM C: 'r‘h" bAH_'“tH Wi _‘
CEMENT COMCRETE SHOULDER £l BITUMINOUS CONCRETE SHOULDER

SEE SHEET B FOR PLAR OF C. [P, WOMENT SLAE
SEE SHEET § FOR PLAN OF C. LLP. WORENT SLAS

TRAFFIC BARAIER AMD MOWENT SLAE KOTES!
1.

PLACE EXPARSION JOINT [H BARRIER WITH FAVEMERT JUINT ; EXCEFT ROT
TO FALL WITHIN IS0 § 6 -0°1OF CEMTERLINE (3F LIGHT POLE OH E00 [ 2° -0%
E‘E_iﬁr;EPL IME OF JUNCTION BOX, SEE SHEET B FOR IMLET INSTALLATION

2. FOR BRIDCE BARRIER TO CUIDE RAIL TRAMEITIOM, SEE SWT. T.

MOTE:

1. FOR LUGIRD OF STRROLS , SUE SHORT 2.

MOTEr EITHER ALL METRIC OF ALL ENGLISH VALUES
WUST BEE USED OM FLAWS. WETRIC AND
EMGELIEZH VALUES SHOWM MAY NOT BEE MIXED.

COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF TRANSPORTATION

BUREAT O DAmGH
STANDARD
MECHANICALLY STABILIZED EARTH
RETAINING WALLS
C.[.P. TRAFFIC BARRIER

AL, R

ecoaRaEr AL M, 3] SHEET & 0F 13

wrme . o wmem| DG~ T9EM




APPENDIX C: DESIGN OF MSE WALL

C-1






INPUT

Wall
Wall height, H= 19.763 ft 1/2 H= 9.881 ft
Reinforcing fill length, L= 15.500 ft Length of slab = 4.500 ft
B= 15.844 f Dgo= 6.800 mm Cy= 90.667
Soil unit weight, Ysoil = 0.125 kef Dio= 0.075 mm logC, = 1.957
Traffic surcharge, q= 0.25 ksf
Reinforcement fill, ¢ = 34 degrees  -> 0.593 radians
(LRFD 11.10.6.2) -> tand = 0.675 -> Ka= 0.283
Retained fill, ¢ = 30 degrees  -> 0.524 radians
-> tangs = 0.577 > Kaf= 0.333
Static load = 10 kips
Panel
First strip location = 3957 f Strip width = 1.969 in. = 0.164 ft
Location of slab bottom = 2.705 ft Strip thickness = 4 mm= 0.013 ft
First Vertical spacing of strips, S, 2213 ft Horizontal spacing of strip= 2443 f
Second Vertical spacing of strips 2458 ft
Panel width = 9.771 ft Steel Reinforcement Strength £, = 60 ksi
Panel height = 4.771 ft density of strip per panel = 8
Panel thickness = 0.344 ft
1.1 Load Factor, y (LRFD 11.5.5)
1. Typical application
1.a. Bearing Resistance 1.b. Sliding and Eccentricity
YEV= 1.35 YEH = 1.5 YEV = 1 YEH = 1.5
M f
- ! _ I
i ! '
‘ : 1.50 EHsin § :‘i:,._ : 1.50 EHain §
133 EV. qé_m . 100 EV :j -
. 0 M (2150 cine s . | W
: o0 un il WATER LEVEL | WATER LEVEL
1.00 WA

Figure C11,5.5-1 Typical Application of Load Factors for

Bearing Resistance.

2. Live Load Surcharge on MSE wall
2.a. Bearing and reinforcement tensile resistnace

YLS = 1.75

2.b. Sliding, eccentricity and reinforcement pullout resistance

YLS = 1.75

(LRFD Figure C11.5.5-3(b))

1,00 WAy

Figure C11.5.5-2 Typical Application of Load Factors for

Sliding and Eeccentricity,
TTTTTTTTET T TTTTTTT] o e
| s GRS
RESISTANCE
Z AR
:Lknhfwm__
Soil Mnss]ﬁ
e
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1.2Resistance Factor, ¢ (LRFD Table 11.5.6-1)

Mechanically Stabilized Earth Walls
Pullout resistance of tensile reinforcement,

Tensile Resistance of strip reinforcement,

Static loading = 0.9
Combined static and impact loading =
Static loading = 0.75
Combined static and impact loading =

2. Internal Stability
2.1 Static Load

2.1.1 Compute Kr (LRFD Figure 11.10.6.2.1-3)

yenKr = 1.7xKa= 1.7x 0.28 = 0.48 at0 ft
venKr = 1.2 xKa= 12x 0.28 = 0.34 under 20 ft
Use interpolation at other depth
Ki' KH
s
2.1.2 Fisrt strip at h1= 3.96 ft 3
hl = 3.96 ft :
kr= 0.453 3
1. Vertical stress LoTL2
1) Reinforced Soil "Does not include polymer strip reinforcement
ovl = Ysoil X H
ovi= 0.125 (kcf) x 3.957 ()= 0.495 kjps/ﬁz
YEV X ovi = 135 x 0.495 = 0.668 kips/ft’
2) Traffic surcharge
o= 0.25 ksf
YEV X oy = 1.75 x 0.25= 0.438 kips/ﬁ2
a) ignoring tracftic surcharge b) including tracffic surcharge
SOy = 0.495 kips/f* Soy= 0.745 kips/f’
Syevoy = 0.668 kips/fi’ 3 YEVGy = 1.105 kips/f’
I
2. Horizontal stress, oy = yp(cvk: + Aoy) (LRFD Eq. 11.10.6.2.1-1) ” m‘: NEEHEEV
a) ignoring tracffic surcharge 71, !
on= ovk = 0.495 ksfx 0453 = 0.224 ksf I
YEVOh = YEVOv K=  0.668 ksfx 0453 = 0.302 ksf g B {1}
A, per strip = 9.771 (f) x 2213 (f)/ 4= 5.405 #
Tmax = oy Sy = 0.224 ksfx 5405 = 1.21 kips per strip
yev Tmax = ygy oy Sy = 0.302 ksfx 5.405 2= 1.63 kips per strip




b) including tracffic surcharge

o= ovk. = 0.745 ksfx
YEvoh = 7Yevovkr= 1.105 ksfx
Tmax=oyx Sy = 0.337 ksfx
yev Tmax = ygy on Sy = 0.500
2.1.3 Second strip at h2= 6.17
h2 = 6.170 ft
Kr= 0.437
1. Vertical stress
1) Reinforced Soil
ovl = Vsoil x
ovi= 0.125 (kcf) x
YEV X ovi =
2) Traffic surcharge
o) = 0.25 ksf
YEV * o =

a) ignoring tracftic surcharge
Soy= 0.771 kips/f*
Syevoy = 1041 kips/fi®

0453 = 0.337 ksf
0453 = 0.500 ksf
5405 = 1.82 kips per strip
ksfx 5.405 2= 2.70 kips per strip
"
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Figure 11.10.10.1-2 Location of Maximum Tensile
Force Line in Case of Large Surcharge Slahs
{Inextensible Reinforcements),
1.75 x 0.25 = 0.438 kips/f

b) including tracffic surcharge
Soy = 1.021 kips/f*
S YEVOy = 1.479 kips/f’

2. Horizontal stress, oy = yp(ovk: + Aoy) (LRFD Eq. 11.10.6.2.1-1)

o= ovk = 0.771 ksfx 0.437 = 0.337 ksf
YEvoh = 7Yevovkr= 1.041 ksfx 0437 = 0.455 ksf
A, per strip = 9.771 (ft) x 2213 (ft)/ 4= 5.405 f
depth for A, at the second layer = S, = 2213 ft
Tmax = oy Sy = 0.337 ksfx 5.405 = 1.822 kips per strip
yey Tmax = ygy o S, = 0.455 ksfx 5.405 = 2.459 kips per strip
2.1.4 Third strip at h3= 8.63 ft
h3 = 8.628 ft
Kr= 0.420
1. Vertical stress
1) Reinforced Soil

ovl = Vsoil X H

ovi= 0.125 (kcf) x 8.628 (ft)= 1.079 kips/f*

YEV X ovi = 135 x 1.079 = 1.456 kips/t’



2) Traffic surcharge

own = 0.25 ksf
T ov2 = 1.75 x 0.25 = 0.438 kips/ft’
a) ignoring tracffic surcharge b) including tracffic surcharge
SOy = 1.079 kips/f? Yoy = 1.329 kips/ft’
Syevoy = 1456 kips/f’ S YEVGy = 1.894 Kkips/fi’

2. Horizontal stress, oy = yp(ovk: + Aoy) (LRFD Eq. 11.10.6.2.1-1)

oh= ovk= 1.079 ksfx 0420 = 0.453 ksf
YEVOh = YEV Ov kr = 1.456 ksfx 0.420 = 0.611 ksf
A per strip = 9.771 (ft) x 2458 (f)/ 4= 6.005
depth for A at the second layer = Sy = 2458 ft
Tmax = o Sy = 0.453 ksfx 6.005 f>= 2.718 kips per strip
yev Tmax =ygy op Sy = 0.611 ksfx 6.005 § = 3.669 kips per strip
2.1.5 Forth strip at h4= 11.09 ft
= 11.087 ft
Kr= 0.402
1. Vertical stress
1) Reinforced Soil
ov) = Ysoil X H
ovi= 0.125 (kcf) x 11.087 (f)= 1.386 kips/ﬁ2
YEV X ov = 135 x 1.386 = 1.871 kips/t’
2) Traffic surcharge
o= 0.25 ksf
YEV X ov2 = 1.75 x 0.25 = 0.438 kips/t’
a) ignoring tracffic surcharge b) including tracffic surcharge
Soy = 1.386 kips/ft* Soy = 1.636 kips/t*
Yyevoy = 1.871 kips/f’ S YEVOy = 2.308 kips/t’
2. Horizontal stress, oy = yp(ovk: + Aon) (LRFD Eq. 11.10.6.2.1-1)
oh= ovk= 1.386 ksfx 0402 = 0.557 ksf
YEvonh = 7Yevoyk.= 1.871 ksfx 0402 = 0.753 ksf
A per strip = 9.771 () x 2458 (f)/ 4= 6.005 £
depth for A, at the second layer = S, = 2.458 ft
Tmax = oy Sy = 0.557 ksfx 6.005 = 3.348 kips per strip
vev Tmax = ygy oy Sy = 0.753 ksfx 6.005 f*= 4.519 kips per strip



2.1.6 Fifth strip at h5= 13.54 ft
hs = 13.545 ft
Kr= 0.385

1. Vertical stress
1) Reinforced Soil

Oov] = Ysoil x H
ovi=0.125 (kcf) x 13.545 (ft)= 1.693 kips/ft®
T ovi = 135 x 1.693 = 2.286 kips/fi
2) Traffic surcharge
owv = 0.25 ksf
YEV X oV = 1.75 x 0.25 = 0.438 Kips/ft’
a) ignoring tracffic surcharge b) including tracffic surcharge
SOy = 1.693 kips/f Yoy = 1,943 Kips/ft’
Syevoy = 2286 kips/ft S YEVOy = 2.723 kips/f’

2. Horizontal stress, oy = yp(ovk: + Aoy) (LRFD Eq. 11.10.6.2.1-1)

o= ovk = 1.693 ksfx 0.385 = 0.652 ksf

YEvoh = 7YEvovki= 2286 ksfx 0.385 = 0.880 ksf

A, per strip = 9.771 (ft) x 2458 (ft)/ 4= 6.005
depth for A; at the second layer = S, = 2458 ft

Tmax = oy S, = 0.652 ksfx 6.005 £ = 3.913 kips per strip

yey Tmax = ygy oy Sy = 0.880 ksfx 6.005 = 5.283 kips per strip
2.1.7 Sixth strip at h6= 16.00 ft

h6 = 16.003 ft

Kr= 0.368

1. Vertical stress
1) Reinforced Soil

ovl = Vsoil X H
ovi= 0.125 (kef) x 16.003 (ft)= 2.000 kips/f*
— ovi = 1.35 x 2.000 = 2.701 kips/fi®
2) Traffic surcharge
oV = 025 ka
YEV X ov: = 1.75 x 0.25 = 0.438 kips/ft’
a) ignoring tracffic surcharge b) including tracffic surcharge
yo, = 2.000 kips/f? Yoy = 2.250 Kips/f®
Syevov = 2.701 kips/ft’ 3 YEVGy = 3.138 kips/fi
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2. Horizontal stress, oy = yp(ovk: + Aon) (LRFD Eq. 11.10.6.2.1-1)

a) ignoring tracffic surcharge

o= ovk = 2.000 ksfx 0.368 = 0.735 ksf
YEVoh =  yEvVOv k= 2.701 ksfx 0.368 = 0.992 ksf
A, per strip = 9.771 (ft) x 2458 (ft)/ 4= 6.005 &
depth for A; at the second layer = S, = 2.458 ft
Tmax = o Sy = 0.735 ksfx 6.005 f>= 4.415 kips per strip
yev Tmax = ygy o Sy = 0.992 ksfx 6.005 = 5.960 kips per strip
b) including tracffic surcharge
o= ovk.= 2.250 ksfx 0.368 = 0.827 ksf
YEvoh =  Yevovke=  3.138 ksfx 0.368 = 1.153 ksf
Tmax = o Sy = 0.827 ksfx 6.005 f>= 4.97 kips per strip
yev Tmax = ygy oy Sy = 1.153 ksfx 6.005 = 6.93 kips per strip
2.1.8 Seventh strip at h7= 18.46 ft
h7 = 18.462 ft
Kr= 0.350
1. Vertical stress
1) Reinforced Soil
Oovl = Vsoil x H
ovi= 0.125 (kef) x 18.462 (f) = 2.308 kips/f’
—_ ovi = 135 x 2308 = 3.115 Kips/f®
2) Traffic surcharge
o = 0.25 ksf
YEV X ovn = 1.75 x 0.25 = 0.438 Kips/ft’
a) ignoring tracffic surcharge b) including tracffic surcharge
oy = 2.308 kips/t’ Soy= 2.558 kips/ft’
Syevoy = 3.115 kips/f® 3 YEVOy = 3.553 kips/t’

2. Horizontal stress, oy = yp(ovk: + Aon) (LRFD Eq. 11.10.6.2.1-1)

a) ignoring tracffic surcharge

oh= oyk.,= 2.308 ksfx
YEvoh = 7Yevovkr= 3.115 ksfx
A per strip = 9.771 (ft) x
depth for A; at the second layer = Sy

0.350 = 0.808 ksf
0.350 = 1.091 ksf
2.458 (ft)/ 4=

2458 ft

C-8
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Tmax = oy Sy = 0.808 ksfx 6.005
yev Tmax = ygpy op Sy = 1.091 ksfx
b) including tracffic surcharge
oh= oy k= 2.558 ksfx 0.350
YEVOh = 7YeEvovke= 3.553 ksfx 0.350
Tmax = oy Sy = 0.896 ksfx 6.005
yev Tmax =ygy op Sy = 1.244 ksfx
2.1.10 Summary
1) Pullout - ignoring traffic surcharge
Rein. Layer Z T yT
NO. (f) (kips)  (kips)

1 3.957 1.210 1.634

2 6.170 1.822 2.459

3 8.628 2.718 3.669

4 11.087  3.348 4.519

5 13.545 3913 5.283

6 16.003  4.415 5.960

7 18.462  4.852 6.550

6.005 f*=

4.852 kips

0.896 ksf
1.244 ksf

5.38 kips

per strip
6.550 kips

per strip
7.47 kips

per strip

per strip
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