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UNIT CONVERSION FACTORS

Units used in this report and not conforming to the U.S. Customary system are given

below with their U.S. Customary equivalents:

e 1 meter (m) = 3.28 feet (ft)

e 1 kilometer (km) = 0.62 mile (mi)

e 1 centimeter (cm) =0.394 inch (in)

e 1 micrometer (um) = 0.0394 thousandths of an inch (mils)
e 1gram (g) = 0.035 ounce (0z)

e °C=5(°F-32)/9

e For zinc thickness specifically: 1 mil = 0.588 oz/ft?
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EXECUTIVE SUMMARY

Mechanically stabilized earth (MSE) walls were constructed during the Interstate-15 (I-
15) expansion project from 1997 to 2001 in the Salt Lake Valley. During construction,
galvanized steel wire reinforcement coupons were installed in select MSE walls for the purpose
of being extracted and analyzed. The purpose of this research was to extract galvanized steel
coupons and conduct analysis to determine the extent of corrosion that has taken place since the
study performed by Gerber and Billings (2010). Due to another widening of I-15 taking place in
2018-2020 that would bury access to many of the coupons, extraction began in early summer
2018.

Eighty-five galvanized steel coupons have been extracted from MSE walls along I-15.
These coupons have been embedded in the soil backfill for approximately 20 years. The initial
coating thickness of the steel coupons at time of installation is not known. Gerber and Billings
(2010) conducted a similar study about 12 years after installation and determined the average
coating thickness of the zinc galvanization. A corrosion rate could not be accurately determined

at that time because the initial coating thickness was not known.

Extraction and lab analyses have been performed and an average zinc galvanization
coating thickness remaining after the 20 years in service determined. This value has been
compared to the average zinc thickness determined after 12 years, and a corrosion rate for the
eight-year period developed. The average rate of corrosion over the nominal eight-year period is
approximately 0.024 oz/ft*/year (0.041 mils/year).

The AASHTO design corrosion rate is 0.35 oz/ft?/year (0.59 mils/year) for the first two
years and 0.09 oz/ft?/year (0.16 mils/year) until the depletion of the zinc (AASHTO 2017). The
AASHTO design rate for depletion of zinc coating and subsequent corrosion of the steel
reinforcement seems conservative for the corrosion conditions present for the MSE wall
reinforcement coupons tested. Based on the corrosion coupons tested, the reinforcement of the
MSE walls seems to have sufficient zinc galvanization remaining and total steel remaining to

function as designed for more than the remaining design life.



1.0 INTRODUCTION

1.1 Problem Statement

Mechanically stabilized earth (MSE) walls are earth retaining systems frequently used for
bridge abutments and retaining walls. They are used by the Utah Department of Transportation
(UDOT) to support approach ramps to bridges along Interstate-15 (I-15) in the Salt Lake Valley
(as well as at many other locations) and as retaining walls where there is a grade difference from

the freeway to adjacent roads or properties.

MSE walls are cost-effective forms of structural support that can tolerate larger
settlements than many other types of retaining walls. MSE walls have three main components: a
structural facing, the soil backfill, and the soil reinforcement. The structural facing is often pre-
cast concrete panels, used to prevent soil raveling and to anchor the soil reinforcement. The soil
backfill material should typically be granular and to allow proper drainage. The soil
reinforcement is metallic (strip or grid type) or geosynthetic (geotextile, strip, or geogrid) and is
attached to the wall structural facing and placed in layers along the height of the soil backfill
(AASHTO 2017).

The MSE walls from which reinforcement coupons were extracted in this study were of
two different types: one-stage walls made of concrete panel facing with welded wire
reinforcement, and two-stage walls made with a metallic retention facing grid (mesh) with
geosynthetic backing connected to a non-structural concrete panel wall. UDOT uses both types
of MSE walls in bridge abutments and retaining wall systems, where the latter is typically used

to accommodate larger settlements in subgrade soils.

When the 1-15 reconstruction project was underway in 1997 to 2001, UDOT required
contractors to install steel wire coupons in selected MSE walls. These steel wire coupons were
installed with the intent of later extraction to determine the levels of corrosion present. In 2010,
Dr. Travis Gerber and Mr. Daniel Billings performed Phase | of the MSE wall reinforcement
extraction project for UDOT; their extraction, laboratory work, and analysis will be referred to as
“Phase I” for the remainder of this document (Gerber and Billings 2010). The work recently

performed and presented herein will be referred to as “Phase II”. During Phase I, one coupon



was extracted from each of several MSE walls along I-15 between approximately 12300 South
and 600 North, in Salt Lake County, Utah. The results from Phase | are used herein as a baseline
to determine the corrosion rate of the reinforcement in the same MSE walls. The extraction and

testing procedures used in this study are generally similar to those used by Gerber and Billings.

The strength of an MSE wall is based upon the compound stability of the three wall
elements, namely, the structural facing, the soil backfill, and the soil reinforcement. If any of
these components fail, the integrity of the MSE wall could be compromised. This study
determines the rate of corrosion of the galvanized steel coupons between Phase | and Phase I1.
The corrosion rate determined herein can be used to determine if the walls can be expected to
perform as intended for the duration of their design life. The corrosion rate might also be used to
inform future design decisions regarding the use/amount of zinc galvanization or sacrificial steel

used for MSE wall reinforcement.

The type of reinforcement used in the MSE walls in this study is welded wire (mesh)
steel reinforcement. The steel reinforcement was galvanized with zinc for corrosion protection.
The reinforcement is embedded into the soil backfill to develop frictional and mechanical
resistance against pullout. The friction between the steel reinforcement and soil as well as the
tensile capacity of the steel itself resists lateral movements of the MSE wall. If the steel
reinforcement corrodes, the efficacy of the steel reinforcement diminishes. If the steel
reinforcement corrodes excessively, the internal stability of the MSE wall would decrease
allowing for potential pull-out or rupture of the reinforcement, which would cause displacement

of the concrete panels.

1.2 Objectives

The purpose of the research presented herein was to determine the corrosion rate of the
steel reinforcement in the MSE walls along I-15 between approximately 12300 South and 600
North, in Salt Lake County, Utah. Knowing the corrosion rate of the reinforcement will allow
UDOQOT engineers to take measures, if necessary, to prevent failure of the MSE walls. The design
of future MSE walls could also be optimized using the corrosion rate determined herein,

requiring less galvanization and/or sacrificial steel.



1.3 Scope
The research conducted and presented herein had six tasks:

1. Conduct a literature review. Previous research detailing MSE wall construction, corrosion
of steel reinforcement in MSE walls, and effects of soil properties on reinforcement corrosion
were studied. The findings of this study are summarized in the Background section of this

document.

2. Conduct tensile strength tests on selected reinforcement coupons that were extracted
during Phase | to obtain a baseline value of the strength of the reinforcement used in the MSE

walls.

3. Extract reinforcement coupons from several MSE walls along 1-15 between
approximately 12300 S and 600 N, in Salt Lake County, Utah. The locations of the coupons to be
extracted are listed in Table 1-1 to Table 1-4. Aerial imagery maps indicating each coupon

location are in Appendix A. The extraction was performed in 5 steps:

l. Extract coupons in the walls listed in Table 1-1 that were going to be buried
during the 2018-2020 1-15 widening/expansion project. The walls to be buried
were located on the west side of the freeway (walls underlined in Table 1-1).

. Extract the remaining coupons listed in Table 1-1 and the coupons listed in the

first two rows of Table 1-2.

[1l.  Extract coupons listed in the last two rows of Table 1-2. These coupons were
located approximately 20 ft from the ground level and their extraction was aided

by a steel saddle anchored at the top of the wall.

V. Extract coupons listed in Table 1-3. These additional coupons were identified
after the start of the project through an inspection of the MSE walls at 7200 S and
4500 S.



V. Extract coupons listed in Table 1-4. These additional coupons were also identified
after the start of the project by conducting a site visit to MSE walls along the I-15
corridor between approximately 7200 South and 800 South.

4. Perform laboratory analysis to determine the corrosion on the galvanized steel coupons.
5. Conduct soil moisture content analysis on extracted soil samples.
6. Conduct tensile strength tests on the steel reinforcement coupons that were extracted

during this study.

In Figure 1-1, the nomenclature used to identify coupons in Table 1-1 through Table 1-4
and Table 3-1 is illustrated. In these tables, the column labeled “Intersection, Quadrant, and
Distance from End of Wall (ft)” describes the location of coupon extraction. The intersection is
the street address of the intersection closest to the wall, and in some cases is the exact location of
the wall. The quadrant (typically NW, NE, SW, or SE) is an imaginary grid if the intersection
was to be split in four sections. The quadrant gives a description of direction from the
intersection. The distance from the end of the wall is an approximate distance, in feet, from the
MSE wall panel where the coupons are extracted, to the end of the MSE wall closest to the
intersection. Each wall panel is typically 10 feet long, so distances are in increments of 10. For
example, Coupon 80 would be labeled “1700S and I-15, NW, (260)”.

B-1'' =)
Coupons: 82-83 h" ' '
. 14

g - ! 4

J
a2

Figure 1-1: Aerial View lllustrating Basis of Coupon Nomenclature



Columns labeled “Position of Coupon” are a spatial representation of where the coupons
to be extracted are on the wall as shown in Figure 1-2. Wall numbers underlined in Table 1-1

identify walls that are now buried and inaccessible due to the 2018-2020 I-15 expansion project.

Figure 1-2: MSE Wall Panel with Coupons

Table 1-1: Coupons Extracted During Phase | (x) and During Phase I1: Task 3-1, 3-11 (e)

No. of
Intersection, Quadrant, and . - Coupons
wall # Distance from End of Wall (ft) Position of Coupon To be
Extracted
R-343-7 72008 and 1-15, SW, (60) NeooooeS-TR 3

NxooooeS—-BR

R-343-13  7200S and I-215 Ramp, NW, (100) E P ; S: ;g 3

R-343-37 72005 and 1-215 Ramp, SE, (100) o000 0% N IR 3

R-343-42 1-215 WB to 1-15 SB Ramp, NW, (45) NxooooeS§ 1

R-344-1-A 5900S and I-15, SW, (250) NxooooceS 1
* BR = Bottom Row; MR = Middle Row; TR = Top Row.




Table 1-1: Continued

Wall # Intersection, Quadrant, and Position of Coupon * Coll\Jlob(r)lfTo
Distance from End of Wall (ft) P P
be Extracted

R-344-1-B 5900S and I-15, SW, (565) NxooooeS 1

R-344-2-A 5900S and I-15, SE, (240) Seocoo0o0oxN 1

R-344-2-B 5900S and I-15, SE, (490) SxooooeN 1
NeooooeS-TR

R-344-4 5900S and I-15, NW, (260) NeooooxS—_BR 3

R-344-7 5300S and 1I-15, SW, (550) NeooooxS 1

R-344-11 5300S and I-15, NE, (200) SeooxooN 1

R-345-3 4500S and I-15, SW, (45) NeooooxS 1
SeocoocoooeN-TR

R-345-4 4500S and I-15, NW, (75) Sxo0o000eN-BR 3
NeooooeS—-—TR

R-345-10 45008S and I-15, NE, (45) NxooooeS—_BR 3
NeooooeS—-—TR

R-346-1C 3650S and 1-15, W, (175) NeooooeS—MR 5
NoxoooeS—-BR
NeooooeS—-TR

R-346-8 3300S and I-15, NW, (95) NxooooeS—_BR 3
SeooooxN-TR

R-351-9 I-15 and 400S (@765W), SE, (150) Seo0000xN_BR 2

R-351-34 400S and UPRR, S side, (130) WeooooxE 1

R-351-50 400S and UPRR, N side, (26) ExocoocoeW 1

R-351-26 N Temple and I-15, SE, (190) SxooooeN 1

R-351-30  Argyle Ct (300N) and I-15, NE, (60) SeooooxN 1

* BR = Bottom Row; MR = Middle Row; TR = Top Row.



Table 1-2: Addition Locations of Coupons Extracted During Task 3-11, 3-111 (e)

No. of
Wall # Intersec;liF((JJrrlr,1 %Lrigdorfa\r/]\}aﬁn(?t ;Distance Position of Coupon * C_?_L(J)pt())ens
Extracted
R-343-13  7200S and I-215 Ramp, NW, (200) II:II oo 2:;2 4
R-344-18  South Vine Street (5280 Commerce Dr) NeooooeS$S 2
R-345-09 45008S and I-15, SE, (45) NeoocoooeS§ 2
R-346-05 3300S and I-15, SE, (45) NeooooeS 2

* BR = Bottom Row; TR = Top Row.

Table 1-3: Additional Locations of Coupons Extracted During Task 3-1V (e)

No. of
Intersection, Quadrant, and Distance from . « Coupons

Wall # End of Wall (ft) Position of Coupon To be
Extracted

NeooooeS—-TR

R-343-7 7200S and I-15, SW, (400) NeooooeS_BR 4

NeooooeS—-TR

R-343-7  7200S and 1-15, Southbound on Ramp, (450) NeooooeS—_BR 4

R-345-09 4500S and I-15, SE, (South end of Wall) NeooooeS§ 2

* BR = Bottom Row; TR = Top Row.



Table 1-4: Additional Locations of Coupons Extracted During Task 3-V (e)

. . No. of
Intersection, Quadrant, and Distance . «
Wall # from End of Wall (ft) Position of Coupons Coupons To
be Extracted
R-343-8 7200S and 1-15, NE on Ramp NB, (750) NeooooeS 2
R-344-11 5300S and I-15, NE, (100) NeooooeS 2
NeoocoooeS—TR
R-345-2 4800S and I-15, NW, (150) NeooooeS-BR 4
NooeoeoS—TR
R-345-2 4800S and I-15, NW, (500) NeooooeS_BR 4
NeooooeS—-TR
R-345-2 4800S and I-15, NW, (1000, 1010) NeooooeS—_BR 4
NeoocoooeS—TR
R-345-6 4800S and I-15, SE, (600) NeooooeS—MR 6
NeooooeS—BR
R-350-1 1700S and 1-15, SE, (150) NeooooceS 2
R-350-11 1700S and 1-15, NW, (260) NeooooeS$S 2
R-351-4 800S and 1-15, NE, (150) NeooooeS 2

* BR = Bottom Row; MR = Middle Row; TR = Top Row.



2.0 BACKGROUND

2.1 MSE Walls

MSE walls are retaining structures that include reinforced soil. Applications for MSE
walls are bridge abutments, wing walls, and embankments. They are cost-effective alternatives to
reinforced concrete or gravity type walls and can tolerate larger settlements. In Utah, there are

two common types of MSE walls: one-stage and two-stage walls.

2.1.1 One-Stage Walls

MSE walls are built layer by layer. At the beginning of a one-stage MSE wall, a concrete
leveling pad is cast in place on the existing ground. This leveling pad acts as a placement guide
for the MSE wall structural face panels. The first row of panels is set on the leveling pad to retain
the first lift of soil. In Utah, concrete face panels are commonly 5 ft high by 5 ft long, or 5 ft high
by 10 ft long.

The first lift of structural backfill is placed on the native soil and compacted. Once
compaction of the first layer is complete, the soil reinforcement is attached to the face panels and
laid on the top of the layer of structural backfill, after which the next lift of structural backfill is
placed and compacted. Each successive layer of the wall is constructed by adding additional
rows of face panels on top of the previous row, filling the enclosed area with structural backfill,

compacting the backfill, and laying subsequent layers of reinforcement.

Once the specified number of layers has been placed, a concrete coping caps the wall face
panels and provides an aesthetic finish to the top of the wall. Through this process of placing
structural face panels, structural soil backfill and compaction, and reinforcement layering, the
MSE wall becomes a composite system that can withstand lateral earth pressures, surcharge
loads, seismic activity, and water infiltration. Figure 2-1 shows a typical cross-section of a one-

stage MSE wall.
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D. Bond Breaker (typ. extruded polystyrene)
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F. Tongue & Groove Joint Reinforced with Steel Dowels

G. Soil Reinforcement, Welded Wire Mesh or Straps

H. Geo-textile for Soil Retention

I. Protective Clay Layer to Reduce Erosion at the Foundation
J. Leveling Pad

Figure 2-1: Typical One-Stage MSE Wall Detail
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2.1.2 Two-Stage Walls

Two-stage MSE walls are used when large post-construction differential settlements are
expected. Two-stage MSE walls differ in construction from one-stage MSE walls by the primary
method of structural soil retention. While one-stage MSE walls retain the structural soil backfill
with concrete face panels, two-stage MSE walls retain the structural soil backfill with a metallic
welded wire facing grid backed with a geosynthetic fabric, which is anchored by reinforcement

in the structural backfill.

Although the structural soil-retention system is somewhat different, the initial
construction sequence of the two types of MSE walls is similar. Once all layers of structural
backfill, reinforcement, and fabric have been installed, an outer concrete paneling wall is
installed as a second stage, leaving a space (gap or air void) between the first and second stages
of the wall.

The concrete panels for two-stage walls are basically the same as that used in one-stage
walls. The panels are placed row by row and tied to the vertical, fabric-backed wire facing grid
using metallic turnbuckle-type connectors; a gap is left between the face of the wire and fabric
and the concrete panels. The two-stage MSE walls in this study have a gap of approximately two
feet between the interior face of the concrete panels and the geosynthetic fabric. Figure 2-2

shows a typical cross-section of a two-stage MSE wall.

The two-stage MSE wall system is beneficial when large settlements occur. Because the
concrete panels are not the system retaining the soil, when large soil settlement occurs, the
concrete panels are not damaged like the panels in a one-stage wall if they were subjected to

such settlement.
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Figure 2-2: Typical Two-Stage MSE Wall Detail




2.2 Corrosion Factors

Corrosion is an electro-chemical process involving water, oxygen, and a metallic
element; an electrical current is required for the reaction to occur. On a bare steel reinforcing
element, iron is oxidized in an anodic reaction as depicted in Figure 2-3. The buried
reinforcement in an MSE wall becomes oxidized because electrons are transferred to the oxygen
or the water in the surrounding soil. The soil and its components are reduced in a cathodic
reaction, acquiring the electrons that are lost by the anodic reaction. The electrical current goes
from anode to cathode in the soil and from cathode to anode in the reinforcing steel. At locations
where the iron becomes oxidized, iron oxides and a corrosion product (rust) are produced
(Mindess, Young, and Darwin 2003).

1 0, 1 H,0
Rust OH™
\ Fe 2* —

Anode __., Cathode i

X

Reinforcing bar

Figure 2-3: Chemical Process of Corrosion

When the iron ions leave the steel element to form rust, voids appear in the steel element
causing a reduction in the cross-sectional area. This reduction in steel material leads to a loss of
load capacity (i.e., strength of the reinforcement). The reduction in reinforcement strength
weakens the MSE wall. If the reduction in strength is significant, the reinforcement in the MSE
wall might fail, and failure of the MSE wall system can occur. To reduce the corrosion potential
of bare steel, the steel can be galvanized. The process and benefits of galvanization are

discussed in the next section of this chapter.
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2.2.1 Gradation of Structural Fill

During the construction process of MSE walls, structural fill (soil) material is placed in
layers with reinforcement placed in between structural fill layers. This layering gives MSE walls
their composite strength. To achieve such composite strength, the gradation of the structural fill
soil material must meet certain standards. The MSE walls in this study were designed with a
structural fill that conformed to the UDOT specification shown in Appendix B. Structural fill
should also be such as to allow proper drainage of water. Without proper drainage, the fill will
stay moist and significant amounts of water may exist near the metal reinforcement, enhancing
the corrosion process. Other structural fill properties affecting corrosion potential include
resistivity, pH, chlorides, salt content, and moisture content. These properties are discussed

below.

2.2.2 Resistivity

Soil resistivity is a measure of how well the soil resists the flow of electrons. Corrosion
occurs when the metallic reinforcing loses electrons. Water is typically very conductive,
attracting electrons. When there is water present in soil and the soil is less resistive, the electrons
can flow more freely from the metal reinforcement. In contrast, if the soil has high resistivity, the
migration of electrons will be more difficult. The current AASHTO minimum requirement for
soil resistivity is 3000 ohm-cm. Structural fill with a resistivity of 3000 ohm-cm or greater is
generally considered to be nonaggressive (AASHTO 2017). (It should be noted that other
entities may use a lower threshold).

Soil resistivity is commonly determined following the testing procedures outlined in
AASHTO T-288 (AASHTO 2012) or ones similar. Current testing procedures, however, may not
provide an accurate representation of the resistivity of coarser grained materials used as backfill.
To find an alternative method for determining resistivity of coarse backfills, Arciniega et al.
(2018) conducted a study to determine a correlation between particle size distribution of the soil
fill and its resistivity. The authors were able to develop a model to design the gradation of a
structural fill to achieve acceptable resistivity. The correlation between resistivity and particle
size distribution developed from their research indicates (and confirms the rather widely held
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understanding) that gradations with a greater weight fraction of fine sand and fines present lower

resistivity.

2.2.3 pH

The level of pH of the soil represents the activity of hydrogen in the soil mixture. The pH
can be used to help assess the effect that the soil will have on the corrosion of metal
reinforcement embedded in the soil. Soils that are extremely acidic (having a pH less than 4) or
that are strongly alkaline (having a pH greater than about 10), are associated with elevated
corrosion rates. One of the major factors that contributes to the pH level in soil is the dissolved

salts content. With high salt contents, pH levels in the soil will increase (Elias et al. 2009).

2.2.4 Soluble Salts

Salts, including chlorides and sulfates, increase the electrolytic conductivity of a soil
solution. Due to the electrochemical process of corrosion, an increased amount of salts in the soil
will cause more electrons to be lost from metallic reinforcement. The maximum acceptable level
of salt content per AASHTO design guidelines for MSE walls is typically 100 PPM for chlorides
and 200 PPM for sulfates (Elias et al. 2009).

2.2.5 Organic Content

Soils containing organic material are susceptible to the production of organic acids,
which tend to produce pitting corrosion in metallic reinforcement. Organic material in soil can be
reduced to organic acids when microbial growth in the soil is present. Organic material can
infiltrate the soil during the service life of the structural fill. One of the ways that organic
material can be introduced is through fertilizers for vegetation adjacent to the MSE walls. This
fertilizer could leech into the soil from rain water or storm runoff. If vegetation or other
microbial organisms are present or infiltrate the structural fill, the organic material that has
infiltrated the fill could be reduced into organic acids. The pitting corrosion could reduce the

strength of the MSE wall and cause early failures (Elias et al. 2009).

16



2.2.6 Moisture Content

Gravimetric soil moisture content is the ratio of the mass of water present in a soil sample
to the dry mass of the soil sample. High moisture content in the structural backfill of MSE walls
can lead to accelerated corrosion rates. Well-drained, granular soils with moisture content of less
than 5 percent are typically considered to be non-aggressive (Berg et al. 2009). The rate of
general corrosion is increased in soils with a moisture content greater than 25 to 40 percent, or

with a degree of saturation greater than 50 percent (Elias et al. 2009).

2.2.7 Electrochemical Limits

Table 2-1 summarizes the electrochemical limits for protection of metallic reinforcements
as discussed above. Soils shall typically be considered nonaggressive if they meet this criteria

(AASHTO 2017). It should be noted that nonaggressive does not mean non-corrosive.

Table 2-1: Electrochemical Limits of Metallic Reinforcement

Property Standard Test Procedures
Resistivity >3000 Q-cm AASHTO T-288
pH 5t0 10 AASHTO T-289
Organic Content 1% Max. AASHTO T-267
Chlorides <100 PPM ASTM D4327
Sulfates <200 PPM ASTM D4327

2.3 Galvanization

Galvanization is the process of applying a protective coating of zinc or zinc alloy to steel.
Typically, zinc is applied to steel members by a method called hot-dip galvanization, where the
steel is immersed in a bath of molten zinc at a temperature of around 840°F (449°C). The zinc
layer creates a protective coating around the steel that acts as a sacrificial surface for corrosion.
Zinc has a lower rate of oxidation relative to steel, providing a slowly corroding surface which
decreases the overall rate of corrosion of the composite metal sample. Also, the zinc oxide that is

formed during the corrosion of the zinc adheres to the reinforcement and binds with the soil near
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the metal surface, thereby creating a supplemental, protective barrier (Gladstone et al. 2006).
Galvanization can be specified in terms of coating thickness (such as in mils) or the amount of

material per surface area (such as in 0z/ft?).

Other coatings that have been used to protect steel samples are epoxy and other non-
metallic coatings. These other coatings protect the reinforcement against corrosion only by
completely covering the steel sample. If there is any damage on the protective coating, localized
corrosion and pitting can occur and decrease the structural integrity of the steel. Epoxy coated
bars are not typically used in MSE wall reinforcement as zinc provides equivalent corrosion

protection and increased frictional pullout resistance in comparison to smooth epoxy coatings.

The reinforcement in the MSE walls studied was zinc galvanized welded wire

reinforcement. The design specifications for the walls in this study are discussed in Section 2.4.

2.3.1 Design Life

MSE walls for transportation projects in the United States typically have a minimum
design life of 75 years. MSE walls should be designed for a service life based on potential long
term effects of material deterioration, seepage, corrosion of reinforcement, and other
environmental factors that compromise the structural components of the wall (Berg et al. 2009).
The MSE walls in this study have a design life of 75 years.

2.3.2 Corrosion Design Rates

Romanoff (1957) developed a predictive equation for general corrosion, and the formula
proposed is presented in Equation (2-1):

X = kt" (2-1)

where X is the amount of material (weight or thickness) lost, k and n are constants related to soil

condition and metal type, and t is time (usually in years, depending upon the constants used).

AASHTO’s design corrosion rates (AASHTO 2017), presented in Table 2-2, were
developed based on Romanoft’s work with buried metallic samples (Romanoff 1957). The zinc

is assumed to corrode first and have been consumed before the corrosion of the steel begins.

18



AASHTO’s corrosion rates reflect the soil parameters and limits previously discussed in Section
2.2.

The results of the tests conducted on the reinforcement extracted from MSE walls in this

study are compared in Section 5.3 to the corrosion rates presented in Table 2-2.

Table 2-2: AASHTO Design Corrosion Rates

Component Loss

Type (age) um/year millyear oz/ft¥/year
Zinc (<2 years) 15 0.59 0.35
Zinc (>2 years) 4 0.16 0.09
Steel (after zinc) 12 0.47 0.31

2.4 UDOT MSE Wall Design Specifications for the 1-15 Project

The MSE wall manufacturer for the MSE walls used in the I1-15 corridor reconstruction
project was VSL Corporation. The UDOT and VSL Corporation specifications and wall shop
drawings presented in Appendix B reflect a galvanization coating of at least 86 pum (3.4 mils, 2.0
0z/ft?), conforming to ASTM A123 (ASTM 1997). The minimum thickness specified is
consistent with the FHWA MSE Wall design manual (Berg et al. 2009). ASTM A123 specifies a
minimum coating thickness for W11 wire of 85 um. The VSL Corporation drawings detail that
the steel wire material shall conform to ASTM A82 (ASTM 1997b) and ASTM A185 (ASTM
1997c¢) with a specified yield stress of 448 MPa (65 ksi). The MSE walls in this study have W-11

galvanized steel welded wire mesh reinforcement.

The other reinforcement, backfill, and construction specifications for the MSE walls are

listed in the specification documents presented in Appendix B.
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3.0 PROCEDURES

3.1 Overview

The MSE walls discussed in this study were constructed from 1997 to 2001 as part of
UDOT’s 1I-15 corridor expansion project. As part of the construction of the MSE walls,
extractable reinforcement coupons were installed with exterior access. Due to another 1-15
expansion taking place in 2018-2020 that would bury access to the coupons, it was decided that

coupons would be extracted beginning in early summer 2018.

The UDOT Report No. UT-10.20 (Gerber and Billings 2010) and the Graduate Project
report of Mr. Daniel A. Billings (Billings 2011) were reviewed to determine the procedure used
in Phase | to extract the reinforcement coupons. Based on the review conducted, a procedure was
designed for this phase of study, including a new extracting apparatus. The locations or sites
along I-15 where reinforcement coupons were extracted in Phase | are listed in Gerber and
Billings (2010).

The sites of MSE walls with coupons were visited to verify correct site location and then
to assess site access, needed safety precautions, and required placement location of the coupon
extraction apparatus. During the site visits, several MSE walls containing reinforcement coupons
that had not previously been assessed were found. Due to the additional locations of
reinforcement coupons, the scope was expanded to include all known locations. Locations of

reinforcement coupons are shown in Table 3-1.

3.1.1 Extractable Coupons

Concrete panels where the reinforcement coupons were installed had six access holes, as
shown in Figure 3-1, to allow the extraction of the coupons. Depending on the number of
coupons that were originally installed, MSE walls had either one, two, or three concrete panels,

located one above the other, each with six access holes.
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Figure 3-1: Typical MSE Wall Panels with Test Coupons

The reinforcement coupons were accessed through a 2-inch PVC pipe that was cast into
the concrete panel. Typically, each access hole was plugged with two rubber stoppers; one that
was flush with the exterior of the panel face (outer plug), and one that was approximately six
inches back from the panel face (inner plug). Reinforcement coupons were threaded at the outer
end and were installed through the inner plug so that the coupon was aligned with the center of
the 2-inch diameter PCV pipe. The inner plug was also used to prevent the structural backfill of
one-stage walls from raveling out through the PVVC pipe. Most sites also had a hard-plastic disk
between the two plugs to hold the end of the coupon in place. The coupons were often installed
such that the tip of the coupon touched the interior face of the outer plug. Access holes in two-
stage MSE walls only had the outer plug.

Two inches at the near end of each coupon was threaded to allow a coupler to be attached
so that the coupon could be extracted. Due to the location of the threaded end of the coupon, the

end was subject to a greater potential for corrosion since it was almost flush with the face of the
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concrete panel. Water runoff, exposure to air, and potential for dislocation of the rubber outer
plug increased the probability of corrosion to the end of the coupon. In order to protect the
threaded end of the coupon against corrosion, most of the coupons had a silicone sleeve over the

threaded portion as shown in Figure 3-2.

Figure 3-2: Outer End of Test Coupon with Protective Sleeve

Some of the ends were greased, some had both the silicone sleeve and grease, while others had
no protection at all. The type of protection on the end of the coupon varied for each location. No
particular pattern was detected, and no reason is known for the use of one method over the other,
other than different installation crews were likely involved in different areas of the project.

3.1.2 Coupon Locations

A total of 85 coupons were extracted from MSE walls along 1-15 in 2018 for Phase II.
Due to the expansion of 1-15 to begin in 2018, extra coupons were extracted from walls that
would be buried behind new MSE walls. Being able to extract and analyze more coupons at each

location is believed to result in the determination of a more representative rate of corrosion.

Table 3-1 shows the coupon locations along I-15, the position of the coupon on the wall,
and the wall height above each coupon. The wall height above the coupon was measured from
the center of the 2-inch rubber plug to the bottom of the concrete coping at the top of the wall.
This distance of wall height above the coupon will be used to determine the effect of proximity
of the coupon to the soil surface on the amount of corrosion. It can also be considered in the

evaluation of pullout efforts.

Aerial imagery maps indicating the extraction location of each coupon are presented in

Appendix A. The nomenclature used in the tables was described previously in Section 1.3.
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Table 3-1: Locations of Extracted Test Coupons *

wais ios  erecon Quidtand el Coradad  Aooe

oupon (ft)
R-344-4-A 1 5900S and I-15, NW, (260) 1 NeooooxS 15.2
R-344-4-A 2 5900S and I-15, NW, (260) 1 Neoooo«S 10.2
R-344-4-A 3 5900S and I-15, NW, (260) 1 NecooooeS 102
R-344-1-A 4 5900S and I-15, SW, (250) 1 NxoooeoS 7.3
R-344-1-B 5 5900S and I-15, SW, (565) 1 NxoocooeS 6.7
R-346-8-A 6 3300S and 1-15, NW, (95) 1 NxoocooeS$S 11.0
R-346-8-A 7 3300S and 1-15, NW, (95) 1 NeoooosS§S 6.0
R-346-8-A 8 3300S and 1-15, NW, (95) 1 NeooooeS§ 6.0
R-345-4-A 9 4500S and I-15, NW, (75) 1 SXxooooeN 11.9
R-345-4-A 10 4500S and I-15, NW, (75) 1 Seoooo=sN 6.9
R-345-4-A 11 4500S and I-15, NW, (75) 1 SecoooeN 6.9
R-345-3-A 12 4500S and I-15, SW, (45) 1 NeooooxS 7.5
R-344-7-A 13 5300S and I-15, SW, (550) 1 NeooooxS 6.7
R-343-42-A 14 I-215 WB to 1-15 SB Ramp, NW, (45) 1 NxooooeS 9.5
R-343-7-A 15 7200S and I-15, SW, (400) 1 NeooooeS 35.0
R-343-7-A 16 7200S and 1I-15, SW, (400) 1 NeooooeS 35.0
R-343-7-A 17 7200S and 1-15, SW, (400) 1 NeoooosS 300
R-343-7-A 18 7200S and 1-15, SW, (400) 1 NeooooeS 300
R-343-7-A 19 7200S and 1-15, SW, (60) 1 NxooooeS 350
R-343-7-A 20 7200S and 1-15, SW, (60) 1 NeocosooS 350
R-343-7-A 21 7200S and 1-15, SW, (60) 1 Ne¢ooeooS 350
R-346-1C-A 22 I-15 Near 500W 3650S™ 2 NoxooeoS 19.5
R-346-1C-A 23 [-15 Near 500W 3650S™ 2 Nooeoo=«S 14.5
R-346-1C-A 24 [-15 Near 500W 3650S™ 2 NooesooeS 14.5
R-346-1C-A 25 [-15 Near 500W 3650S™ 2 Noeooo=«S 9.5
R-346-1C-A 26 [-15 Near 500W 3650S™ 2 NoesoooeS 9.5

*e = Extracted Coupon,

Phase-1, o = Coupon still in-place in MSE wall

“*The distance from the nearest intersection is 1,700ft to the South at 3900 S and 1-15 or 3,000ft to the North at 3300

Sand I-15.
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Table 3-1: Continued*

Intersection, Quadrant, and Distance ~ Wall Position of Height

Wall # ID# Extracted Above
from End of Wall (ft) Stage Coupon (F)
R-343-13-A 27 7200 and 1-215 Ramp, NW, (100) 1 NeooooxS 116
R-343-13-A 28 7200 and 1-215 Ramp, NW, (100) 1 Neooooe§ 6.6

R-343-13-A 29 7200 and 1-215 Ramp, NW, (100)
R-343-13-A 30 7200 and 1-215 Ramp, NW, (280)
R-343-13-A 31 7200 and 1-215 Ramp, NW, (280)
R-343-13-A 32 7200 and 1-215 Ramp, NW, (280)
R-343-13-A 33 7200 and 1-215 Ramp, NW, (280)

NeoooosS 6.6
NeooooeS 116
NeooooeS 116
Neocoooe§ 6.6
NeoooosS 6.6

R-343-37-A 34 7200S NB [-15 Exit, (100) SeocoocooxN 124
R-343-37-A 35 7200S NB I-15 Exit, (100) SeooooeN 7.4
R-343-37-A 36 7200S NB I-15 Exit, (100) SecoooeN 7.4

R-343-33-A 37 7200S and 1-15 SB on Ramp, (450)
R-343-33-A 38 7200S and 1-15 SB on Ramp, (450)
R-343-33-A 39 7200S and 1-15 SB on Ramp, (450)

NeooooeS 5.0
NeooooeS§S 5.0
NeooooeS§S 10.0

R-345-9-B 41 4500S and I-15, SE, (110) SocoooeN 4.5
R-345-9-B 42 4500S and I-15, SE, (110) Soeocooo«N 45
R-345-9-A 43 4500S and 1-15, SE, (40) SoocooeN 7.0
R-345-9-A 44 4500S and I-15, SE, (40) Sooeoo«N 7.0
R-344-2-A 45 5900S and I-15, SE, (240) SeooooxN 9.4
R-344-2-B 46 5900S and I-15, SE, (490) SXxXoeoooN 13.2
R-345-10-A 47 4500S and 1-15, NE, (45) SxooooeN 173
R-345-10-A 48 4500S and I-15, NE, (45) SeooooeN 123
R-345-10-A 49 4500S and I-15, NE, (45) SeocoooosN 123

R-344-11-A 50  South Vine Street (5280 Commerce Dr)
R-344-11-A 51  South Vine Street (5280 Commerce Dr)

ScooooeN 8.5
SeoocooeN 8.5

R = T = = T = T T S e e o N S S S N T = T e e e N e

R-344-11 52 5300S and I-15, NE, (100) SeooooeoN 7.9
R-344-11 53 5300S and I-15, NE, (100) 1 SeooooeN 7.9
*e = Extracted Coupon, « = Extracted Coupon (corresponding to different 1D # in this table), x = Extracted

in Phase-1, o = Coupon still in-place in MSE wall
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Table 3-1: Continued*

wats oy erscion Qurny oo vt ]

oupon (ft)

R-351-9-A 54 I-15 and 400S (@765W), SE, (150) 2 SeococooxN 13.5
R-351-9-B 55 I-15 and 400S (@765W), SE, (150) 2 SeococooxN 8.5
R-351-34-A 56 400S West Abutment, South Side 2 WeooooxE 8.7
R-351-50-A 57 400S West Abutment, North Side 2 ExooooeW 13.3
R-351-26-A 58 N Temple and 1-15, SE, (190) 2 SxooooeN 18.0
R-346-5B 59 3300S and 1-15, SE, (100) 1 SooeooeN 45
R-346-5B 60 3300S and I-15, SE, (100) 1 SoosooeN 45
R-351-30-A 61 Argyle Ct (300N) and I-15, NE, (60) 2 SeococooxN 131
R-345-2 62 4800S and I-15, NW, (500) 1 NooooeoS 8.6
R-345-2 63 4800S and I-15, NW, (500) 1 NoooooceS 13.6
R-345-2 64 4800S and I-15, NW, (500) 1 NooeowsoS 8.6
R-345-2 65 4800S and I-15, NW, (500) 1 NeoooosS 13.6
R-345-2 66 4800S and 1-15, NW, (150) 1 Neoooo=S§ 14.2
R-345-2 67 4800S and I-15, NW, (150) 1 NeooooeS 14.2
R-345-2 68 4800S and I-15, NW, (150) 1 NeoooosS§ 9.2
R-345-2 69 4800S and I-15, NW, (150) 1 NeooooeS 9.2
R-345-6 70 4800S and 1-15, SE, (600) 1 SoecooeN 8.8
R-345-6 71 4800S and 1-15, SE, (600) 1 SoecocooeN 8.8
R-345-6 72 4800S and I-15, SE, (600) 1 SeocoooeN 13.8
R-345-6 73 4800S and I-15, SE, (600) 1 Secooo«N 13.8
R-343-8 74 7200S and I-15, NE on Ramp NB, (750) 1 SeocoooeN 7.4
R-343-8 75  7200S and I-15, NE on Ramp NB, (750) 1 SecoooeN 7.4
R-345-2 76 4800S and 1-15, NW, (1000) 1 NeooooceS 9.7
R-345-2 77 4800S and 1-15, NW, (1000) 1 NeoooosS 9.7
R-345-2 78 4800S and 1-15, NW, (1010) 1 NeooooeS§ 7.1
R-350-11 80 1700S and 1-15, NW, (260) 2 NeooooeS§ 20.0

*e = Extracted Coupon, « = Extracted Coupon (corresponding to different 1D # in this table), x = Extracted

in Phase-1, o = Coupon still in-place in MSE wall
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Table 3-1: Continued*

Intersection, Quadrant, and Distance  Wall Position of Height

Wall#  1D# from End of Wall (ft) Stage Eégza;;?]d A?f?;/ ¢
R-350-11 81 1700S and 1-15, NW, (260) 2 Neoooo=S 20.0
R-350-1 82 1700S and I-15, SE, (150) 2 ScooooeN 6.7
R-350-1 83 1700S and I-15, SE, (150) 2 Seocooo«N 6.7
R-351-4 84 800S and I-15, NE, (150) 2 Seocoooo«N 12.9
R-351-4 85 800S and I-15, NE, (150) 2 ScooooeN 12.9

*e = Extracted Coupon, » = Extracted Coupon (corresponding to different ID # in this table), x = Extracted
in Phase-1, o = Coupon still in-place in MSE wall

3.2 Extraction Procedures

The galvanized reinforcement coupons embedded in MSE walls required extraction to
perform laboratory analysis to evaluate the extent of corrosion that had occurred. The main
equipment used to extract the coupons were a steel saddle, a center-hole hydraulic cylinder jack,
couplers and extension rods, and a slide hammer. The procedure and use of each of these items

are explained in this section.

3.2.1 Steel Saddle Safety System

Due to the height of some of the coupons above the ground, ladders were required to
access the extraction holes. In order to comply with UDOT safety regulations and to reduce job
site hazards, a safety device was designed and manufactured to assist with the extraction of the
coupons. Figure 3-3 and Figure 3-4 show the Steel Saddle Safety System that was used to anchor
safety harnesses and a pulley system for the hydraulic jack to the traffic barrier located at the top
of the MSE wall.

The saddle was transported to the freeway above the MSE wall and installed on the
concrete barrier directly over the extraction location. The saddle was set on the barrier and bolted
in place with set bolts underlain by neoprene pads to protect the concrete barrier surface. The
safety harness and pulley for the jack were lowered to the extraction site below. The harness was

then attached to a worker, and the jack was attached to the pulley system.
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Figure 3-3: Steel Saddle Safety System

Figure 3-4: Steel Saddle Drawings

3.2.2 Extraction Device

The device used to extract the steel coupons was a center-hole hydraulic cylinder jack,
shown in Figure 3-5. The jack was welded to a 16 in. by 16 in. baseplate supported by a
neoprene pad and stiffeners to distribute the force as uniformly as possible to the concrete panel
face. Due to its appreciative weight and bulkiness, the extraction device was attached to a pulley
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system to lift and center the jack over the extraction hole, rather than manually doing so via a
ladder.

05/03/2018

Figure 3-5: Center-Hole Hydraulic Cylinder Jack

3.2.3 Extraction

Due to the varying degree of corrosion that had occurred at the end of many of the
coupons as shown in Figure 3-6a, the end of the coupons were frequently re-threaded as shown
in Figure 3-6b in order to facilitate attaching a coupler to the end of the coupon. The coupler was
connected to the end of the coupon, as shown in Figure 3-6¢, and an 18-inch, 3/8-inch diameter
steel rod was attached to the coupler, as shown in Figure 3-6d.

The center-hole jack was then mounted on the wall with the rod being positioned through
the center of the jack, as shown in Figure 3-6e. Washers and a nut were then fitted on the end of
the rod. A hydraulic pump, fitted with a calibrated pressure transducer, was attached to the
center-hole jack, and the pressure transducer was connected to a computer. The jack was
pumped, and the load was monitored and recorded throughout the procedure. The jack was
continually pumped until the reinforcement coupon was extracted approximately 7 inches, as

shown in Figure 3-6f; the pressure was then released, and the jack cylinder retracted.
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When the jack was fully retracted, the nut and washers were pushed flush with the edge
of the jack and the pumping process repeated. Once the coupon was extracted approximately
another 7 inches, the jack was completely removed from the wall, as shown in Figure 3-6g. After
the jack was removed from the wall, a lightweight slide hammer was used to continue the
coupon extraction, as shown in Figure 3-6h, i, j. Once the coupon was completely extracted, a

soil sample was obtained (where possible for the one-stage walls), as shown in Figure 3-6k, 1.

Figure 3-6: Extraction Procedure
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Figure 3-7 shows a typical pullout force vs time plot for a coupon. In this case, the load
required to pull out the coupon was approximately 3500 Ibs. The very small decreases in load
observed between 0 and 3500 Ibs are due to the pumping of the center-hole jack. In the plot
shown, and as typical, the load dropped suddenly as the initial pull out of the coupon was
observed. As extraction continued, however, the coupler sometimes was caught at the edge of the
steel plate supporting the center-hole jack and, when that happened, the load would increase. In
the plot shown, the load increased to approximately 3600 Ibs. The coupler would eventually be
freed as extraction continued and the load dropped suddenly. For the case shown, the extraction
continued but the coupler was caught again at the edge of the center-hole jack, which happened
sometimes, and the load would increase again. In the plot shown, the load increased to
approximately 2200 Ibs. As extraction continued, the coupler would slowly slide inside the

cylinder of the center-hole jack and would eventually be freed again; causing the load to drop
completely.

5900S NW #1

Pullou Force (Ibs)

500 Wk
0 — eeeps]

0 30 100 150 200 250 300 350 400
Time (Seconds)

Figure 3-7: Pullout Force vs. Time for Trial Extraction

In a more typical extraction, the coupon was extracted approximately 7 inches during the

procedure just described. The pressure in the center-hole jack was then released and the center-
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hole cylinder retracted to its resting position. The nut and washers were then pushed flush with
the edge of the cylinder and the extraction resumed. The coupon was then extracted
approximately an additional 7 inches. In the plot shown, a residual load of approximately 400 Ibs
remained before the pressure in the center-hole jack was released again. The coupon was then

completely extracted using a slide hammer.

The issues of the coupler frequently snagging on the edge of the steel plate and the center
hole jack were resolved by grinding the long coupler nuts down on one end. This grinding
created a tapered long nut that would slide more seamlessly past the different components of the

extraction system.

Once the coupon was completely extracted, a soil sample was obtained. The inner plug
was located approximately 5 inches inside the hole and in order to retrieve a sample, the inner
plug was removed by inserting a bent rod through the hole in the plug that was left by the steel
coupon and pulling the plug out. Approximately 250 grams of soil was then obtained and the
container and soil were immediately weighed. The outer plug was then replaced to cover the

hole.

3.3 Corrosion Lab Test Methods

The purpose of this study is to determine the extent of the zinc coating loss (i.e.,
reinforcement corrosion) that has occurred since Phase I. By comparing both sets of data, the
rate of corrosion was determined. The methods used to evaluate metal loss as in Phase | are used
again in this Phase I1.

The zinc coating was measured using three methods. The primary method used to
measure the zinc coating was by weight in general accordance with ASTM A90/A90M (ASTM
2018a). The weight method of measurement is considered to be more accurate and precise than
the other methods and is therefore used in analysis and predictions for future corrosion behavior
on the reinforcement in the walls in this study. The results of this method are used to calculate a

rate of corrosion over the past 8 years.
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The second method of measurement used the difference in diameter before and after acid
stripping, i.e., the method specified in ASTM A90/A90M. This difference in diameter method is
believed to not be as precise as the weight measurement method due to the bulking effect of zinc
oxide. Oxidation of the galvanization expands the zinc layer, creating air voids between the zinc
layer and the steel surface. The air voids would cause an inflated diameter reading and variation
in the determination of the actual zinc present on the coupon. The difference in diameter method
was used for comparison purposes only, and not for analysis and prediction of future corrosion
rates. The thickness of zinc coating was also determined by a Magnetic Thickness Gauge. These

three methods are described in more detail below.

3.3.1 By Weight

The method of determining the zinc coating thickness by weight was performed in
general accordance with ASTM A90/A90M. Upon extraction of the steel coupons from the MSE
walls, each sample was tagged with an identification number and transported back to the lab. The
average conditions of the samples are represented by the samples shown in Figure 3-8. The
majority of the coupons exhibited what was judged to be moderate to heavy zinc oxidation, but
with minimal signs of steel corrosion or damage as shown in Figure 3-8a. A few samples showed
light oxidation as shown in Figure 3-8b, whereas a few coupons had heavy mechanical damage

as shown in Figure 3-8c.

Coupons that had heavy mechanical damage were likely damaged upon installation and
not caused by movement in the soil backfill. These visual observations relate to the samples
tested by Gerber and Billings (2010), which showed light oxidation present on the samples. The
visual difference in the eight years since the first phase of this study is a change from light
oxidation to moderate oxidation. This condition of the coupons is expected, as zinc oxidation
will gradually increase with time until full depletion of the zinc coating.
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42 A

Figure 3-8: Typical Sample Conditions — Top (a), Middle (b), Bottom (c)

3.3.1.1 Sample Preparation

The steel coupons were cut into segments to facilitate lab testing and the qualitative
measurement of corrosion due to distance of embedment from the concrete panel facing. Each
coupon was punched (i.e., stamped) with a letter representing position along the coupon and a
number denoting the coupon identification number. Figure 3-9 shows how each coupon was

segmented. The first 12 inches of the coupon near the wall face and yet embedded in soil was
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labeled sample “A”, the second 12 inches was labeled “B”. The third sample taken from each
coupon was cut 24 inches from the end furthest from the concrete panel facing. This last sample
was labeled “C”. The threaded portion of the coupon that was used for extraction purposes was
cut off along with any coupon length that was not embedded in soil. For one-stage walls, the
portion not embedded in soil was typically five inches. For two-stage walls, the portion not
embedded in soil was typically about two feet. ASTM A90/A90M (ASTM 2018a) requires a

minimum sample length of 12 inches for testing.

d Reinforced Soil Mass ' ,
Concrete Facing Panel—{ Space :
(Second Stage)
’c {
Vertical // J ’ | :
A (1t )-l-B (1t - Y
Welded Wire Mesh " | (1-ft)-1B (1t )~ C (2t)
Facing
(First Stage)

LL - s e ——— POV L LI5A0 2K DY Bl W TR RS ED ORI ST Y 1 Tl

(NTS)

Figure 3-9: Coupon Segmentation

The physical side (end) of the sample with the stamped letter corresponds to the side of
the sample that was closest to the concrete panel face. The side with the coupon identification
number represents the side of the sample that was embedded deepest into the soil mass. After
segmentation, a picture was taken of each sample; these pictures are presented in Appendix C.
The samples were then washed in a xylol bath. Xylol is a volatile organic solvent used to remove
any attached soil and very light oxidation prior to the acid stripping procedure. After the xylol

bath, the samples were rinsed with denatured alcohol to remove the xylol.

3.3.1.2 Initial Measurements

Each sample was weighed to a precision of 0.01g using a small digital scale. The sample
length was recorded using a tape measure to the nearest 1/16 of an inch. The diameter of each

sample was measured five times at three different locations for a total of 15 measurements per
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sample. The measurements were taken at each end and at the center of the sample. At each of the
three locations along the length of the sample, the sample was rotated approximately 72°
between each measurement. The average of all 15 measurements was used in analysis of the

results. This was done to average out any abnormalities or bumps in the coating surface.

Some samples had extreme unevenness (i.e., extrusions or dripping) of the zinc
galvanization. This is likely due to the hot dipping process for galvanization, which requires the
sample to be dipped and then left to dry. The time it takes for the zinc to solidify could allow for
some flow or dripping of the zinc coating, thus causing bumps in the coating as shown in Figure
3-10.

Figure 3-10: Zinc Coating Surface Abnormality

3.3.1.3 Acid Stripping

The zinc galvanization was stripped away in general accordance with ASTM A90/A90M.
Due to the dangerous nature of hydrochloric acid, safety measures following the MSDS for the
safe use of the chemical were followed. The acid stripping procedure was done in a ventilated
fume hood, meeting OSHA safety requirements for volume of air flow. Respirator masks and
gloves were worn during the procedure. Samples were placed and removed from the acid by
tongs to avoid any contact with the acid. Once stripping was complete, the acid and other

chemicals used in the procedure were properly and safely disposed.
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Figure 3-11: Hydrochloric Acid Bath in Ventilated Fume Hood

Each sample was submerged in a 50% solution of hydrochloric acid and water for five
minutes or until the stripping process was complete as indicated by the ceasing of bubbling from
the chemical reaction as shown in Figure 3-11. The samples were placed in the acid solution with
about one inch of space between each sample to allow the acid to contact each surface.
Periodically during the five-minute bath, the samples were rotated using tongs to allow all

surfaces to be stripped.

The chemical reaction of the hydrochloric acid with the zinc would slow down after using
the same bath of acid for multiple batches of samples. If the chemical reaction was slowed such
that the zinc coating was not being fully removed in the five-minute period, the acid was
disposed of, and a bath of new acid was made. Once bubbling ceased the samples were removed
from the acid bath and placed in a bath of distilled water. After soaking in the distilled water for

five minutes, the samples were rinsed again with water and dried using microfiber towels.

After the acid stripping procedure was completed and the samples had dried, the samples

were measured again for weight and diameter as described above in Section 3.3.1.2.
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3.3.2 Diameter Difference

The diameter difference method of determining zinc coating thickness is susceptible to
relatively high error and variation in measurements. This error and variation are due to physical
limitations of the digital calipers in precisely engaging the surface of the zinc coating. Due to the
micro-peaks and abnormalities of the surface, an accurate diameter that qualitatively represents
the diameter along the entire length of the sample is difficult to obtain. The diameter of each
sample was measured 15 times and averaged to normalize the surface abnormalities of the zinc
coating. The diameter was measured again 15 times and averaged after the zinc coating was

stripped.

The difference in the initial and final diameters was used as a measurement of zinc
coating thickness only to compare results obtained from the other test methods. The results from
the diameter difference method are not used to analyze the data and determine corrosion rates.
This final diameter is considered to be a more accurate measurement because the stripped steel
samples had smooth surfaces that rendered more consistent diameter readings. This value of final

diameter is used in the weight method to determine zinc coating thickness.

3.3.3 Digital Measurement

The thickness of the zinc coating was also measured using a digital magnetic thickness
gauge. The DeFelsko Positector 6000 device shown in Figure 3-12 was used as another method
to verify that the results of zinc coating thickness determined using the weight method are in a
reasonable range of accuracy. The results obtained from the digital measurements are not used to

analyze the corrosion data; they are presented as a comparison to the weight method results.

The magnetic thickness gauge measures the change in magnetic flux density at the
surface of a magnetic probe as it nears a steel surface. The magnitude of the flux density at the
head of the probe is directly related to the distance to the surface of the steel. This distance

between the probe and the surface of the steel is taken as the zinc coating thickness.

This test method does have similar limitations to that of the digital calipers. Because
there are surface bumps and abnormalities, the digital readings of coating thicknesses can be
variable along the length of each sample. In order to gather data that would represent the sample,
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the digital measurements were taken at six locations along the sample. Two measurement
locations were near one end (spaced about an inch apart), two in the middle, and two at the other
end. At each of these six locations, measurements were taken at third points along the
circumference of the sample for a total of 18 measurements. The 18 measurements were
averaged for each sample to obtain a more accurate representation of the overall zinc coating

thickness.

Figure 3-12: DeFelsko Positector 6000 device

3.4 Tensile Testing Procedures

The strength of the steel coupons was determined and used to evaluate if there was a
reduction in the tensile strength from samples of Phase | to the samples of Phase Il. A reduction

in strength could indicate that there may be some pitting in the steel.

Tensile tests were not performed in the study by Gerber and Billings (2010). The samples

that were extracted as part of their Phase | study were stored in a cool, dry location after
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extraction and laboratory analysis, so corrosion was not present on stored samples. The Phase 11

samples were tested and compared to the samples tested from the extraction in Phase 1.

3.4.1 Tension Testing Phase | Samples

Sixteen specimens from reinforcement coupons that were extracted in Phase | were tested
to determine their yield and ultimate strengths. Eight specimens with the least amount of
corrosion (Group X) and eight specimens with the most amount of corrosion (Group Y) were

visually selected for testing.

The specimens in Group X were chosen based on their apparent lack of corrosion. Eight
specimens were selected: four specimens had their galvanization stripped while four specimens
were still galvanized. Each sample was 10 inches long. To ensure fracture of the specimens
within a specific location along their lengths, approximately two inches of gage length in the
middle of the specimens was ground down to reduce the diameter of the specimens; the reduced
diameters were measured and used to calculate the cross-sectional area, which was then used to
calculate stresses. The four specimens that were still galvanized during selection of the coupons
to be tested had their galvanization removed along the gage length when the specimens were
ground down to reduce their diameters. Fracture of all specimens in Group X occurred within the

gage length where no galvanization was present.

The first four and second four of the Group X coupons proved to be identical (as would
be expected) in the properties at their failure point. The fact that four were still galvanized and
four were not had no effect on the results of the tension test because all failure locations did not

have galvanization after the gauge length was ground down.

The specimens in Group Y were chosen based on their apparent relatively high degree of
corrosion. Group Y consisted also of eight coupons: four with and four without galvanization.
Unlike specimens in Group X, specimens in Group Y were not ground down to reduce their
diameter along the gage length. Thus, specimens could fracture anywhere along their lengths. In
fact, all but two specimens began necking and eventually fractured outside of the 2-inch gage

length being monitored during the test. The strain in these six specimens was not measured after
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their ultimate stress was reached. Diameters measured using digital calipers were used for stress

calculations.

3.4.2 Tension Testing Phase Il Samples

The 12-inch samples in segmented groups A and B (corresponding to the location in the
wall as shown in Fig 3-9) were tested in tension after the acid stripping procedure. The diameter
after stripping was used for calculations of yield and ultimate strengths. The samples were tested
using an Instron Machine, shown in Figure 3-13, and loaded with a strain rate of 0.1 in/min to
failure. Yield and ultimate stress values were determined using equation (3-1):

o=F/A (3-1)

where o is the tensile stress in ksi, F is the measured force in kips, and A is the cross-sectional
area of the sample in square inches.

Each sample was placed vertically in the testing machine shown in Figure 3-13. The head
grips at the top and bottom of the sample gripped about two inches each leaving an eight-inch
potential failure area. An extensometer was attached in the middle of the eight-inch failure
length. The gauge length of the extensometer was two inches. The failure did not always occur in
the region recorded by the extensometer. Therefore, when necking in the sample began to occur
outside the gauge length, the recorded value of strain dropped to zero. The value of stress
recorded and used for comparisons was not affected by lack of strain recorded by the

extensometer.
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Figure 3-13: Instron Testing Machine

3.5 Moisture Content Determination

The moisture content of soil samples taken from extraction holes was determined in
general accordance with ASTM D2216-10 (ASTM 2019). The soil sample was weighed in the
field on a portable digital scale. An aluminum foil lid was placed over the soil sample and the
container was placed in a zip-lock bag and sealed. The sealed sample was then placed in a cooler
to reduce moisture loss due to evaporation. The soil samples were transported to the laboratory
and the weight of the soil and container were determined, as shown in Figure 3-14, before being
put in the oven at 110°C + 5°C.
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Figure 3-14: Soil Weight Determination

The moisture content of the soil samples was determined using equation (3-2):

W, — W,
w= WTdd] %100 (3-2)

where w is the moisture content, W, is the weight of the moist sample, and W, is the weight of

the dry sample.
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4.0 TESTING RESULTS

4.1 Overview

The results obtained from the testing procedures described in the last chapter are
presented in this chapter. The results are analyzed, interpreted, and discussed in the following

chapter.

4.2 Pullout Force

As each coupon was extracted, the load was recorded during the entire extraction. In
Figure 3-7, the response of the first and most complicated extraction accomplished was

presented. In Figure 4-1, a more typical load vs. time response is presented.

4800S SE (600) #72

Peak Force: 4152 Ibs

Pullou Force (Ibs)

0 100 200 300 400 500
Time (Seconds)

Figure 4-1: Pullout Force vs. Time for Trial Extraction
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The peak force was used in comparisons to the following parameters: wall height above

coupon, wall type, and coupon length. These parameters are listed in Table 4-1.

Table 4-1: Summary of Coupon Extraction Data

Coupon Wl St Coupon  ETDRES Mgy Pek Pl
Length (ft) Coupon (ft)
1 1 6.5 6.0 15.2 3.56
2 1 6.5 6.0 10.2 4.17
3 1 6.5 6.0 10.2 4.60
4 1 10.0 9.5 7.3 541
5 1 10.3 9.8 6.7 5.99
6 1 8.0 1.7 11.0 6.43
7 1 8.0 7.6 6.0 6.14
8 1 8.0 7.6 6.0 7.18
9 1 6.5 6.1 11.9 4.28
10 1 6.5 6.2 6.9 2.10
11 1 6.5 6.3 6.9 3.24
12 1 7.9 7.6 7.5 0.50
13 1 10.0 9.6 6.7 1.44
14 1 10.3 10.3 9.5 5.31
15 1 10.3 9.9 35.0 4.60
16 1 10.0 9.6 35.0 5.47
17 1 6.5 6.1 30.0 2.28
18 1 6.5 6.1 30.0 2.14
19 1 6.5 6.1 35.0 3.33
20 1 10.0 9.6 35.0 6.86
21 1 10.3 9.9 35.0 5.44
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Table 4-1: Continued

Overall Embedded Wall Height
Coupon Length (ft) Above
Length (ft) Coupon (ft)

Peak Pullout
Force (kips)

Coupon Wall Stage
ID # (1or2)

22 2 8.0 6.0 19.5 0.50
23 2 8.0 6.0 14.5 0.98
24 2 8.0 6.0 14.5 1.76
25 2 8.0 6.0 9.5 1.08
26 2 8.0 6.0 9.5 1.02
27 1 6.5 6.1 11.6 5.32
28 1 6.5 6.1 6.6 4.69
29 1 6.5 6.1 6.6 4.25
30 1 6.5 6.1 11.6 4.53
31 1 6.5 6.1 11.6 3.78
32 1 6.5 6.1 6.6 4,94
33 1 6.5 6.1 6.6 4.06
34 1 6.5 6.2 12.4 7.20
35 1 6.5 6.3 7.4 6.20
36 1 6.5 6.3 7.4 3.67
37 1 6.5 6.0 5.0 6.14
38 1 6.5 6.1 5.0 7.35
39 1 6.5 6.1 10.0 2.56
40 1 6.5 6.0 10.0 5.43
41 1 8.3 8.0 4.5 2.26
42 1 7.6 7.3 4.5 1.85
43 1 8.0 7.6 7.0 2.29
44 1 8.0 7.6 7.0 3.27
45 1 6.5 6.2 9.4 1.29
46 1 10.0 9.5 13.2 6.89
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Table 4-1: Continued

Overall Wall Height

Coupon Wall Stage Coupon Embedded Above Peak Pul_lout
ID # (1or2) Length (ft) Length (ft) Coupon (ft) Force (kips)
47 1 8.0 7.7 17.3 5.53
48 1 8.0 7.8 12.3 5.29
49 1 8.0 7.6 12.3 5.49
50 1 10.0 9.7 8.5 7.17
51 1 10.1 9.7 8.5 5.65
52 1 6.5 6.2 7.9 1.47
53 1 6.5 6.1 7.9 2.87
54 2 8.0 6.1 135 1.10
55 2 8.0 6.1 8.5 0.92
56 2 10.0 8.5 8.7 1.92
57 2 10.0 8.3 13.3 1.01
58 2 10.3 8.6 18.0 1.96
59 1 6.5 6.3 4.5 1.24*
60 1 6.5 6.3 4.5 1.24
61 2 10.0 8.0 131 1.02
62 1 6.5 6.2 8.6 1.79
63 1 6.5 6.4 13.6 211
64 1 6.5 6.1 8.6 2.99
65 1 6.5 6.3 13.6 2.47
66 1 6.5 6.2 14.2 2.10
67 1 6.5 6.2 14.2 2.64
68 1 6.5 6.1 9.2 5.90
69 1 6.5 6.2 9.2 3.56
70 1 8.0 7.7 8.8 3.85
71 1 8.0 7.7 8.8 2.92

*Load for coupon #59 was estimated to be the same as the adjacent coupon #60
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Table 4-1: Continued

Coupn Wl Sae - Coupon  ETDRES Tppy PekPulw
Length (ft) Coupon (ft)
72 1 10.0 9.7 13.8 4.15
73 1 10.0 9.6 13.8 5.04
74 1 10.3 9.8 7.4 5.54
75 1 10.3 9.9 7.4 3.76
76 1 6.5 6.2 9.7 4.53
77 1 6.5 6.3 9.7 5.20
78 1 6.5 6.2 7.1 3.66
79 1 6.5 6.1 7.1 2.19
80 2 10.0 7.9 20.0 1.24
81 2 10.0 7.8 20.0 1.66
82 2 10.3 8.3 6.7 0.96
83 2 10.0 8.0 6.7 1.40
84 2 10.0 8.5 12.9 181
85 2 10.3 8.8 12.9 2.00

4.3 Corrosion Results

The thickness of zinc coating on each sample was determined in order to compare the
current zinc coating thickness to the zinc coating thickness obtained by Gerber and Billings
(2010). By comparing these data points, a corrosion rate (loss of zinc coating) over the past eight
years was developed. The obtained corrosion rate is later compared in Chapter 5 to the AASHTO
design rate for zinc depletion to determine if the MSE wall reinforcement is being depleted at a

rate that might require mitigation or reconstruction.

As discussed in Section 3.3, the method used in analyzing the data and making

comparisons to past data as well as projecting corrosion rates is the weight method as described
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in ASTM A90/A90M. The results of all three methods of zinc coating thickness determination
that were performed are presented. However, the digital measurement method and the diameter

difference method are not used in subsequent analyses.

4.3.1 Weight Method

After following the procedures stated in Section 3.3, the zinc coating remaining on the
steel samples after being embedded in MSE walls for 20 years was determined using equation

(4-1):

(D)

W, — W,
Czl LT

Wf l*D*M

where C is the coating thickness in 0z/ft?, Wi is the initial weight in grams, Wr is the final weight
in grams, D is the diameter of the stripped samples in inches, and M is a constant equal to 163

(ASTM 2018a). The results of the coating thickness measurements are shown in Table 4-2.

Table 4-2: Zinc Coating by Weight

Zinc Coating by Weight [oz/ft? (mil)]

Coupon  Sections Along Coupon Length
ID A B C

1 278 (47) 254(43) 223(3.8) 2.45(4.2)
2.89 (4.9) 2.85(4.8) 1.97(3.3) 2.42(4.1)
2.89 (4.9) 3.09(5.2) 2.14(3.6) 2.56 (4.4)
273(46) 2.95(5.0) 220(3.7) 2.52(4.3)
250 (4.4) 278 (47) 225(3.8) 247 (4.2)

Average

(62 B - O N V)
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Table 4-2: Continued

Zinc Coating by Weight [oz/ft? (mil)]

Coupon __ Sections Along Coupon Length
ID A B C

Average

6 3.02(5.1) 3.24(55) 3.31(56) 3.22(55)
3.89 (6.6) 3.51(6.0) 2.84(4.8) 3.27 (5.6)
339 (5.8) 3.42(58) 3.45(5.9) 3.43(5.8)
231(3.9) 219(37) 261(44) 2.43(4.1)
10  3.00(5.1) 272(4.6) 2.88(4.9) 2.87(4.9)
11 2.74(47) 267(45) 3.40(58) 3.05(5.2)
12 3.86(6.6) 3.62(6.2) 3.24(55) 3.49 (5.9)
13 250(43) 250(4.3) 246(42) 2.48(4.2)
14 259(4.4) 244(42) 224(38) 2.38(4.0)
15  2.89(4.9) 294(5.0) 254(43) 2.72(4.6)
16  3.04(52) 332(57) 268(45) 2.93(5.0)
17 290(4.9) 292(5.0) 3.11(53) 3.01(5.1)
18 241(41) 255(43) 259 (44) 253(4.3)
19  279(47) 293(5.0) 3.03(52) 2.95(5.0)
20 230(39) 231(3.9) 1.83(3.1) 2.07(3.5)
21 2.96(5.0) 278(47) 255(43) 2.71(4.6)
22 3.69(6.3) 3.72(6.3) 3.41(5.8) 3.56(6.0)
23 3.94(67) 381(65) 3.63(6.2) 3.75(6.4)
24 357(6.1) 3.68(6.2) 3.75(6.4) 3.68(6.3)
25  3.49(5.9) 3.88(6.6) 3.73(6.3) 3.71(6.3)
26 415(7.1) 4.07(6.9) 3.36(5.7) 3.74(6.4)
27  226(3.8) 209(3.6) 220(3.7) 2.19(3.7)
28 2.26(3.8) 203(3.4) 215(3.7) 2.15(3.6)
29 218(37) 2.10(3.6) 2.34(4.0) 2.24(3.8)
30  281(48) 214(3.6) 2.35(4.0) 2.41(4.1)

© o0
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Table 4-2: Continued

Zinc Coating by Weight [oz/ft? (mil)]

Coupon _ Sections Along Coupon Length
ID A B C

Average

31  233(40) 246(42) 212(36) 226(3.8)
32 232(39) 219(37) 235(4.0) 2.30(3.9)
33 203(35) 2.10(3.6) 230(3.9) 218(3.7)
34  270(46) 228(3.9) 263(45) 256 (4.4)
35  231(39) 1.97(33) 185(3.1) 1.99(3.4)
36  245(42) 2.30(3.9) 240(41) 239(4.1)
37  034(06) 1.23(21) 219(3.7) 1.49(2.5)
38  1.36(23) 1.09(18) 1.77(3.0) 150(2.5)
39 250(42) 220(37) 201(3.4) 218(3.7)
40 260 (44) 219(3.7) 191(32) 2.15(3.7)
41 276(47) 3.79(6.4) 3.11(53) 3.19 (5.4)
42 050(0.9) 0.83(l4) 1.84(3.1) 1.25(2.1)
43 353(6.0) 3.96(6.7) 3.87(6.6) 3.81(6.5)
44 345(5.9) 3.90(6.6) 3.14(5.3) 3.41(5.8)
45 267 (45) 2.92(5.0) 2.86(4.9) 2.83(4.8)
46 2.80(4.8) 3.13(5.3) 251(4.3) 2.74(47)
47  3.39(5.8) 3.40(5.8) 3.48(5.9) 3.44(5.8)
48 358(6.1) 3.21(55) 3.36(5.7) 3.38(5.7)
49  336(5.7) 3.30(56) 3.42(58) 3.37(5.7)
50  276(47) 261(44) 218(3.7) 243(4.1)
51 2.95(5.0) 2.85(4.8) 234(40) 262(4.5)
52 2.66(45) 231(3.9) 276(47) 262 (4.5)
53  293(5.0) 244(42) 256(43) 262 (4.5)
54  3.77(6.4) 3.99(6.8) 3.53(6.0) 3.70(6.3)
55  3.46(5.9) 3.65(6.2) 3.78(6.4) 3.66(6.2)
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Table 4-2: Continued

Zinc Coating by Weight [oz/ft? (mil)]

Coupon __ Sections Along Coupon Length
ID A B C

Average

56 2.63(45) 259 (4.4) 227(3.9) 2.44(4.2)
57  2.60(4.4) 2.64(45) 254(4.3) 2.58(4.4)
58 2.65(45) 2.96(5.0) 2.86(4.9) 2.84(4.8)
59  3.06(5.2) 2.69(4.6) 2.36(4.0) 2.62(4.5)
60  249(42) 251(43) 2.80(4.8) 2.65(4.5)
61  261(44) 241(41) 248(42) 2.49(4.2)
62  3.02(5.1) 2.68(4.6) 274(47) 2.80(4.8)
63  3.30(5.6) 3.53(6.0) 298(5.1) 3.20 (5.4)
64  3.03(52) 287(49) 2.90(4.9) 2.93(5.0)
65  2.60(4.4) 254(43) 3.05(.2) 2.81(4.8)
66 2.56(4.4) 271(4.6) 287(4.9) 2.75(4.7)
67  2.78(47) 254(43) 240(41) 2.53(4.3)
68  278(47) 276(47) 279(47) 278 (47)
69  2.84(4.8) 2.80(4.8) 271(4.6) 2.76(4.7)
70 3.67(6.2) 4.00(6.8) 3.54(6.0) 3.69(6.3)
71 3.89(6.6) 4.05(6.9) 3.76(6.4) 3.87 (6.6)
72 244 (42) 246(4.2) 212(3.6) 2.29(3.9)
73 2.82(4.8) 271(46) 250(4.3) 2.63(4.5)
74 270 (46) 257 (44) 2.35(4.0) 2.49 (4.2)
75  293(5.0) 297(5.1) 243(41) 2.69 (4.6)
76 1.39(24) 161(2.7) 0.89(L5) 1.20(2.0)
77 035(0.6) 1.16(2.0) 0.62(L.1) 0.69 (1.2)
78 2.92(5.0) 272(4.6) 216(3.7) 2.49(4.2)
79  265(45) 211(3.6) 222(3.8) 2.30(3.9)
80  2.71(46) 267(45) 275(47) 2.72(4.6)
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Table 4-2: Continued

Zinc Coating by Weight [oz/ft? (mil)]

Coupon _Sections Along Coupon Length

ID A B C

81  281(4.8) 279(47) 250(4.3) 2.65(4.5)

82 269 (4.6) 256(4.4) 237(4.0) 2.50(4.2)

83  2.80(4.8) 225(3.8) 221(3.8) 2.36(4.0)

84  3.19(54) 350(59) 296(5.0) 3.15(54)

85  3.02(5.1) 2.83(4.8) 2.33(4.0) 2.63(4.5)
Average 278 (4.7) 2.77(47) 2.64(45) 2.71(4.6)
CV (%) 24.5 24.6 22.9 23.7
Median 2.78 (4.7) 2.71(4.6) 254 (4.3) 2.64(4.5)

Average

The average zinc coating determined by the weight method for all samples is 2.71 oz/ft?
(4.6 mils). A comparison of these samples and calculation of a corrosion rate (or loss of zinc) is
obtained and discussed in Section 5.3. Segments C are two-feet-long while segments A and B are

one-foot-long samples; thus, the group C samples are double weighted.

4.3.2 Diameter Difference and Magnetic Measurement

The results from both the diameter difference and the magnetic measurement methods are
shown in Table 4-3 and Figure 4-2. The weight method is shown for comparison purposes. For
determination of zinc coating thickness using the diameter difference method, equation (4-2) was

used:

D, —D
C= [le] £ 1000 * X (4-2)

where C is the coating thickness in 0z/ft?, Dj is the initial diameter in inches, Ds is the final
stripped diameter in inches, 1000 is used to convert inches to mils, and X is a conversion factor

from mils to oz/ft? equal to 0.588.
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The results from the magnetic measurement method are obtained in mils from the

DeFelsko Positector 6000 and converted to oz/ft? for comparison.

Figure 4-2 is a visual representation of the thickness measurements using all three
methods. As mentioned in Section 3.3.2, the diameter difference method has the most variability.
The coefficients of variation for the zinc coating thicknesses from weight, magnetic, and
diameter methods are 23.7, 20.6, and 54.1% respectively.

Thickness Measurements
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Figure 4-2: Average Zinc Coating Thickness for All Measurement Methods
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In addition to the potential error that occurs when measuring a rough surface with digital
calipers, the significant decrease in coating thickness for the diameter method observable for
samples 62 and higher is likely attributed to different personnel making the measurements. As
neither the weight nor the magnetic methods use the initial diameter in their calculation of zinc
coating thicknesses, the variability shown in the diameter method is not observed in the other
methods. As discussed in Section 3.3, only the weight method is used in the analysis of corrosion
rates. This variance in the data does, however, suggest the benefits of having all testing
performed by the same individual (tester).

Table 4-3: Zinc Coating All Methods

Average Coating Thickness Measurements [0z/ft> (mil)]

Coupon 1D By Weight  erd8'C  Diftorence
1 245(42)  3.45(5.9) 3.07 (5.2)
2 242 (41)  3.28(5.6) 2.71 (4.6)
3 256 (4.4)  3.68(6.3) 2.81 (4.8)
4 252(4.3)  3.31(5.6) 2.78 (4.7)
5 247(4.2)  3.08(5.2) 3.64 (6.2)
6 322(55)  4.42(1.5) 4.02 (6.8)
7 327 (56)  4.22(7.2) 3.89 (6.6)
8 343(5.8)  4.72(8.0) 4.20 (7.1)
9 243(4.1)  3.36(5.7) 2.79 (4.7)
10 287(4.9)  3.88(6.6) 3.26 (5.5)
11 305(.2)  3.87(6.6) 3.11 (5.3)
12 349 (5.9)  4.83(8.2) 4.43 (1.5)
13 248 (42)  3.75(6.4) 2.40 (4.1)
14 238(4.0)  3.27(5.6) 2.36 (4.0)
15 272(46)  3.47(5.9) 2.79 (4.7)
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Table 4-3: Continued

Average Coating Thickness Measurements [0z/ft?> (mil)]

Coupon 1D By Weight  erd8'C  Dittorence
16 293(50)  3.76 (6.4) 2.96 (5.0)
17 301(51)  3.84(6.5) 3.03(5.2)
18 253(43)  3.50(5.9) 2.04 (3.5)
19 295(50)  3.86(6.6) 3.76 (6.4)
20 207 (35)  2.74(4.7) 3.02 (5.1)
21 271(46)  3.49(5.9) 2.83 (4.8)
22 356 (6.0)  4.32(7.4) 3.98 (6.8)
23 375(6.4)  5.07(8.6) 4.84 (8.2)
24 368(6.3)  4.44(7.6) 3.55 (6.0)
25 371(6.3)  5.38(9.2) 6.12 (10.4)
26 374 (6.4)  4.49(7.6) 4.89 (8.3)
27 219(37)  3.23(5.5) 1.85 (3.2)
28 215(3.6)  3.71(6.3) 2.60 (4.4)
29 224(38)  3.67(6.2) 2.43 (4.1)
30 241(41)  3.27(5.6) 2.41 (4.1)
31 226(38)  3.32(5.6) 2.43 (4.1)
32 230(3.9)  3.49(5.9) 2.42 (4.1)
33 218 (37)  4.25(7.2) 3.65 (6.2)
34 256 (4.4)  3.64(6.2) 3.02 (5.1)
35 199 (3.4) 297 (5.0) 2.29 (3.9)
36 239(41)  3.71(6.3) 3.22 (5.5)
37 149 (25)  2.44(4.2) 3.06 (5.2)
38 150 (25)  2.87 (4.9) 1.81 (3.1)
39 218 (37)  3.46 (5.9) 3.19 (5.4)
40 215(37)  3.19 (5.4) 2.69 (4.6)
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Table 4-3: Continued

Average Coating Thickness Measurements [0z/ft?> (mil)]

Coupon 1D By Weight  erd8'C  Dittorence
41 319 (54)  4.01(6.8) 3.73 (6.3)
42 1252.1)  2.44(4.1) 2.74 (4.7)
43 381(65)  4.94(8.4) 4.61 (7.8)
44 341(58)  4.48(7.6) 3.31(5.6)
45 283(48)  3.51(6.0) 3.19 (5.4)
46 274(47)  3.54(6.0) 3.05 (5.2)
47 3.44 (58)  4.65(7.9) 3.83 (6.5)
48 338(57)  4.07(6.9) 3.78 (6.4)
49 337(57)  4.79(8.1) 5.23 (8.9)
50 243(4.1)  3.15(5.4) 3.28 (5.6)
51 262(45)  3.56 (6.1) 3.81 (6.5)
52 262 (45)  3.56 (6.1) 3.51 (6.0)
53 262(45)  3.58(6.1) 3.47 (5.9)
54 370(6.3)  4.93(8.4) 5.01 (8.5)
55 366(6.2)  4.62(7.8) 5.66 (9.6)
56 244 (42)  3.10(5.3) 3.32 (5.6)
57 258 (4.4)  3.80 (6.5) 3.06 (5.2)
58 2.84(48)  3.25(5.5) 3.44 (5.8)
59 262(45)  3.84(6.5) 3.23 (5.5)
60 265(45)  3.33(5.7) 2.96 (5.0)
61 249 (42)  3.45(5.9) 3.93 (6.7)
62 2.80(4.8)  3.60(6.1) 0.39 (0.7)
63 320(5.4)  3.81(6.5) 1.48 (2.5)
64 293(50)  3.57(6.1) 1.47 (2.5)
65 281(48)  3.63(6.2) 1.46 (2.5)
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Table 4-3: Continued

Average Coating Thickness Measurements [0z/ft?> (mil)]

Coupon 1D By Welght o0 Diforence
66 2.75 (4.7) 4.01 (6.8) 1.29 (2.2)
67 2.53 (4.3) 3.69 (6.3) 0.89 (1.5)
68 2.78 (4.7) 3.85 (6.5) 1.38 (2.3)
69 2.76 (4.7) 4.1 (7.0) 1.35(2.3)
70 3.69 (6.3) 4.75 (8.1) 2.22 (3.8)
71 3.87 (6.6) 4.83(8.2) 2.19 (3.7)
72 2.29 (3.9) 3.12 (5.3) 0.87 (1.5)
73 2.63 (4.5) 3.32(5.7) 1.52 (2.6)
74 2.49 (4.2) 3.60 (6.1) 1.63 (2.8)
75 2.69 (4.6) 3.82 (6.5) 1.48 (2.5)
76 1.20 (2.0) 2.20 (3.7) 3.26 (5.5)
77 0.69 (1.2) 1.54 (2.6) 0.00 (0.0)"
78 2.49 (4.2) 4.64 (7.9) 2.64 (4.5)
79 2.30 (3.9) 4.34 (7.4) 2.02 (3.4)
80 2.72 (4.6) 3.90 (6.6) 1.99 (3.4)
81 2.65 (4.5) 4.85 (8.2) 1.72 (2.9)
82 2.50 (4.2) 3.99 (6.8) 1.53 (2.6)
83 2.36 (4.0) 3.24 (5.5) 2.39 (4.1)
84 3.15 (5.4) 4.05 (6.9) 1.46 (2.5)
85 2.63 (4.5) 3.33(5.7) 1.26 (2.1)

Average 2.71 (4.6) 3.75 (6.4) 2.85 (4.8)
CV (%) 23.7 20.6 54.1
Median 2.64 (4.5) 3.68 (6.3) 2.88 (4.9)

*
This coupon experienced significant corrosion, so there was not much zinc present on the coupon when extracted. The coupon surface had large

variations in roughness, peaks, and crests. For all 3 sections of the sample (Group A, B, and C) the diameter measured by the calipers was either
negative (not actually possible) or zero. This is due to the fact that there was so much variation in the surface thickness along the length of the
sample, and the average before and after stripping the zinc could not be taken at the exact same location along the length of the sample by the

calipers, the value was taken as zero rather than a negative number.
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4.4 Tension Testing
Samples were tested from both the Phase | extraction and Phase 1l extraction.

4.4.1 Tension Results from Phase | Samples

The results for Group X of the Phase | samples are shown in Figure 4-3 and summarized
in Table 4-4. The results for Group Y of the Phase | samples are shown in Figure 4-4 and
summarized in Table 4-5. The results from Group X and Group Y of the Phase | samples are

used as a baseline comparison for the tension results of the Phase 11 samples.

—A2 A4 A9 —AI1l —A15 —A20 —A21 —A22

120 300
100 700
600
g 500 g
é 60 400 %
2 40 300 %
200
20
100
0 0
0 0.02 0.04 0.06 0.08 0.1 0.12

Strain (in/in)

Figure 4-3: Stress-Strain Curve for Phase | Samples Group X

58



Table 4-4: Yield Stress and Ultimate Stress for Phase | Samples Group X

Fy Fu Original Galvanized
Specimen ID ] ] Galvanization Gage
ksi MPa ksi MPa Present Length
A2 934 6440 106.2 7321
A4 87.0 599.8 101.8 702.2
Al5 874 6024 100.7 6944 No No
A20 87.6 603.8 101.6 700.8
Average 88.8 6125 1026 707.4
A9 843 5813 98.6 680.1
All 884 6094 1014 699.4
A21 90.7 6255 102.0 7035 Yes No
A22 93.6 6457 107.4  740.3
Average 89.3 6155 1024  705.8

Overall Average 89.1 6140 1025 706.6

5C 3C 14C —1AC 30 —15U0 —14U —170
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Figure 4-4: Stress-Strain Curve for Phase | Samples Group Y
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Table 4-5: Yield Stress and Ultimate Stress for Phase | Samples Group Y

Fy Fu Original Galvanized
Specimen ID ksi MPa ksi MPa GaII\D/?:Si:r?:ion L%r?gih
5C 87.9 606.1 97.6 672.7
3C 95.2 656.6  108.7 749.2
14C 101.7 7014 1155 796.2 No No
1AC 90.9 626.6  101.7 701.1
Average 93.9 647.7 105.8 729.8
3U 90.2 621.6  101.9 702.9
15U 89.5 616.8  102.0 703.0
14U 94.0 648.4  106.8 736.1 Yes Yes
17U 88.9 613.0  100.1 690.0
Average 90.6 625.0  102.7 708.0

Overall Average 92.3 636.3 104.3 718.9

4.4.2 Tension Results from Phase 1l Samples

The results of tensile stress from the Phase Il samples are shown in Table 4-6.

Table 4-6: Yield and Ultimate Stress of Tension Tests Groups A and B

Counon Group A Group B
I[‘)’ Yield  Ultimate  Yield  Ultimate
(Ksi) (Ksi) (Ksi) (Ksi)
1 6984 9534 8558  95.49
2 85.00 96.11 8545  95.60
3 83.56 9421 8422  94.82
4 9395 10541  92.90  105.87
5 9017 10129  89.85  101.16
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Table 4-6: Continued

Coupon _ GroupA_ . GroupB.
ID Yield Ultimate  Yield Ultimate
(ksi) (ksi) (ksi) (ksi)
6 90.71 102.49 89.74 101.73
7 90.02 102.05 89.97 102.01
8 91.24 103.11 89.46 101.07
9 85.67 95.84 84.61 94.69
10 86.02 96.63 85.00 95.53
11 85.27 95.65 85.35 94.98
12 89.67 102.02 90.20 102.53
13 94.33 106.46 92.66 105.46
14 88.65 100.45 88.27 100.14
15 89.02 100.86 89.83 101.32
16 97.30 109.28 97.05 109.45
17 72.09 96.75 85.93 95.61
18 86.50 96.59 84.90 95.07
19 85.01 95.16 85.49 95.91
20 92.59 106.78 93.76 106.31
21 89.39 101.18 89.64 101.48
22 90.01 102.03 89.23 101.58
23 89.45 101.71 90.11 102.12
24 89.54 101.56 89.64 101.96
25 90.27 102.00 90.14 101.86
26 90.13 102.09 89.10 101.08
27 85.20 95.40 85.73 95.54
28 84.12 94.26 84.85 95.12
29 85.26 95.70 85.25 95.66
30 85.33 95.81 84.44 95.13
31 85.19 95.63 84.83 94.55
32 85.71 95.84 84.84 94.60
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Table 4-6: Continued

Coupon _ GroupA_ . GroupB.
ID Yield Ultimate  Yield Ultimate
(ksi) (ksi) (ksi) (ksi)
33 83.90 93.86 84.26 94.25
34 86.54 97.05 85.65 95.46
35 84.36 94.15 84.40 95.14
36 86.39 96.41 85.54 95.91
37 84.82 92.78 81.75 88.22
38 86.37 96.00 81.11 91.86
39 84.78 94.57 84.46 94.68
40 84.91 95.16 84.68 94.85
41 89.45 102.44 90.40 102.59
42 84.11 99.71 89.93 100.67
43 91.64 103.64 90.04 102.06
44 90.65 102.62 90.89 102.75
45 86.41 96.93 86.42 96.52
46 95.07 107.63 93.80 106.34
47 90.45 102.51 90.31 102.45
48 90.70 102.46 90.60 102.94
49 90.13 101.93 90.09 102.03
50 95.41 108.13 95.70 108.32
51 95.52 107.81 95.37 107.70
52 85.30 95.65 85.20 95.61
53 83.05 94.90 84.96 95.63
54 90.34 102.58 89.83 101.90
55 90.39 102.23 90.62 102.57
56 94.60 107.95 95.82 108.03
57 89.34 101.69 88.51 100.50
58 86.78 100.57 89.16 101.10
59 85.53 95.93 84.12 95.58
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Table 4-6: Continued

Coupon _ GroupA_ . GroupB.
ID Yield Ultimate  Yield Ultimate
(ksi) (ksi) (ksi) (ksi)
60 85.48 96.17 84.69 94.53
61 96.13 108.71 95.16 107.25
62 79.82 89.51 80.58 90.67
63 81.77 91.42 80.81 90.85
64 80.84 91.07 80.90 91.36
65 81.72 91.86 82.09 92.08
66 82.14 92.11 80.98 90.75
67 82.50 92.51 82.09 91.88
68 81.03 92.15 75.00 92.39
69 81.73 92.31 81.93 92.15
70 86.33 97.71 86.65 98.00
71 86.48 97.85 86.98 98.22
72 91.04 102.88 90.92 103.14
73 90.06 102.17 90.53 102.52
74 85.50 97.06 82.73 97.64
75 86.52 97.75 86.31 97.14
76 81.47 92.55 67.09 74.37
77 77.48 84.24 68.58 75.06
78 82.23 92.04 82.11 92.26
79 82.40 92.91 82.21 91.79
80 85.42 97.18 86.34 97.96
81 89.79 102.04 90.46 102.77
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Table 4-6: Continued

e Group A Group B

oupon

. Yield Ultimate  Yield Ultimate

(ksi)  (ksi)  (ksi)  (Ksi)

82 86.81 9800 8701  97.73
83 90.83 10271 9126  103.07
84 80.97 10260  90.67  102.94
85 86.60 9790 8689  97.94

Average 87.00 98.57 86.85 97.97

CV (%) 55 5.1 5.8 6.1

Median 86.48 97.71 86.42 97.73

4.5 Moisture Content

The results of the laboratory determination of moisture content are shown in Table 4-7.
Researchers were not able to obtain soil samples from two-stage walls; therefore, no value for
moisture content is shown for coupon ID’s related to two-stage walls. The average, maximum,

minimum, and coefficient of variation for the moisture content results are shown in Table 4-8.

Table 4-7: Moisture Content Results

Moisture

Coupon ID # Content (%)

4.7
4.1
4.5
3.8
4.8
5.4

o o1~ oW
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Table 4-7: Continued

Coupon ID # Cgf‘ll(t)ésr;['g (r:/o)
. 3.8
g 4.2
9 5.5
10 4.5
1 5.0
15 6.9
13 5.0
14 5.5
15 5.0
16 5.4
17 5.9
18 5.4
19 4.6
20 4.8
’1 4.3
57 3.8
- 3.6
29 4.0
20 3.9
a1 4.4
2 3.4
23 4.0
” 4.3
3 3.1
36 3.3
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Table 4-7: Continued

Coupon ID # cg/rlu(t)tlesnttu (r‘;))
37 5.6
28 5.1
29 5.6
40 5.8
" 4.2
2 5.5
3 35
24 5.6
45 6.2
46 4.4
47 3.6
48 3.4
49 3.9
- 3.0
- 3.6
- 3.7
£3 3.9
- 2.3
60 2.1
62 4.1
63 5.1
64 3.8
- 5.4
66 5.8
67 5.1
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Table 4-7: Continued

Coupon ID # Cg/rl,(t);ttu {‘sﬂ))
68 4.9
69 4.9
70 1.3
71 14
73 1.7
74 4.9
75 5.6
76 5.5
77 5.6
78 2.9
79 4.9

Table 4-8: Summary of Moisture Content Results

Moisture Content Summary (%)

Average Minimum Maximum CV (%)

4.4 1.3 6.9 25.8
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5.0 ANALYSIS

5.1 Overview

The zinc coating thicknesses measured as part of this study were compared to the results
obtained by Gerber and Billings (2010) in the Phase I study of these same MSE walls. By
comparing the zinc coating thickness results determined in Phase | to Phase 11, a total zinc loss
over a nominal eight-year period can be determined. The previously presented results regarding
pullout resistance, tensile strength, and moisture content are also assessed in the chapter and
compared to the remaining zinc coating thickness to determine if there are any correlations
between the parameters measured during testing and the susceptibility the coupons have to
corrosion. It should be noted that the coefficients of correlation (R? values) displayed on charts in

this chapter are for the one-stage MSE walls’ data points only.

Information is not available which indicates the initial galvanization thickness at time of
installation of the coupons. Only a minimum of 2.0 oz/ft?> was specified as part of the project
requirements (shown in Appendix B); however, measurements show that the present average
galvanization thickness even after 20 years still exceeds the initial minimum coating thickness
requirement. Since there is not information regarding the initial coating that was applied to the
specimens before installation in 1998 and 1999, the results of coating thickness from the Phase |

and Phase 11 studies will be compared to evaluate a rate of corrosion.

5.2 Pullout Force Analysis

The first evaluation made as part of this research effort is the relationship between the
peak pullout force and the embedded length of the coupon (i.e., portion of the coupon that was in
contact with soil). Figure 5-1 shows that there is a very slightly positive relationship between the

embedded length and the force required to extract the coupon.

In order to normalize the pullout force required for each extraction, the pullout force was
divided by the embedded length. This gives a value of kip/ft that can be compared to the amount

of overburden soil on the coupon. The wall height above the coupon was measured and is
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assumed to be equal to the height of soil that is applying overburden pressure on the steel
coupon. It was initially assumed that the weight of the soil bearing on the embedded coupons
would generate a greater frictional resistance, thus increasing the required pullout force for
extraction. Figure 5-2 shows the pullout force per length of embedded coupon vs. the overburden
soil height. Force per embedment length does not have a strong correlation to the height of
overburden soil above the coupon. One potential explanation for this is the effect of arching of
backfill above the single element of wire reinforcement together with the absence of any
orthogonally welded wires. What can more readily be determined from the comparison in Figure
5-1 and Figure 5-2 is that two-stage wall coupons typically require less pullout force than
coupons from one-stage walls. We suspect this is likely due to a lower relative soil density and

less effective compaction effort as a result of the flexible facing behind the wall facing panel.

) 8.00 One-Stage
E" 7.00 Two-Stage
“q': 6.00 Linear (One-Stage)
E 5.00 Linear (Two-Stage)
= 4.00
=
= 3.00
£ 2.00
% 1.00
R~ 0.00
0.00 2.00 4.00 6.00 8.00 10.00 12.00
Embedment Length (ft)

Figure 5-1: Peak Pullout Force vs. Embedded Length
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Figure 5-2: Pullout Force / Embedded Length vs. Overburden Soil Height

5.3 Zinc Loss Over 8 Years

Table 5-1 shows the correlation between coupon ID numbers from this study and the
earlier study conducted by Gerber and Billings (2010), as well as the walls from where they were
extracted. In some cases, multiple coupons were extracted from the same wall during Phase I,
but are compared to just a single coupon extracted from that wall during Phase 1. In this case, the
zinc coating thickness values for all coupons extracted from the same wall are averaged and

compared to the single value determined in Phase 1.

Table 5-1: UDOT Wall Number and Corresponding Coupons

Gerber & Billings Fonseca, Thompson, &

UDOT wall # (Phase 1) Coupon ID Geré)glrjésrf]la:ss )
R-343-7-A 6 15, 16, 17, 18, 19, 20, 21
R-343-13-A 8 27, 28, 29, 30, 31, 32, 33
R-343-37-A 7 34, 35, 36
R-343-42-A 22 14
R-344-1-A 3
R-344-1-B 4 5
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R-344-2-A 1 45

R-344-2-B 2 46
R-344-4-A 5 1,23
R-344-7-A 15 13
R-344-11-A 14 50, 51
R-345-3-A 16 12
R-345-4-A 17 9,10, 11
R-345-10-A 18 47,48, 49
R-346-8-A 19 6,7,8
R-346-1C-A 20 22,23, 24, 25, 26
R-351-9-A 9 54
R-351-9-B 10 55
R-351-26-A 13 58
R-351-30-A 12 61
R-351-34-A 11 56
R-351-5-A 21 57

The amount of zinc coating by weight for both Phase | and Phase 11 are compared in
Table 5-2. In some cases, the zinc coating thickness measured in Phase Il was greater than those
determined in Phase I. This could be attributed to the fact that even coupons installed in the same
wall may have initially had such varying zinc coating thicknesses. Even though the coupons
adhere to the minimum thickness of zinc coating requirements, they likely were over-coated,
leading to slight variation in comparisons even in coupons installed in the same wall. This

matter becomes more conspicuous in the data as loss rates appear to be quite low.

When calculating the difference between the zinc coating thickness values determined in
Phase | and Phase 11, it is more conservative to take any negative difference as a value of zero.
This yields a higher value for the calculated rate of zinc loss. In Table 5-2 the “Practical
Difference” column values were calculated by setting any negative difference equal to zero. The
“Mathematical Difference” column shows the calculated difference without setting negative
values equal to zero. The conservative, non-negative values are used to develop a corrosion rate.
By setting negative coating differences equal to zero, it is equivalent to state that there was

neither gain nor loss in zinc coating at that location.
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The average zinc loss using only the common walls of Phase | and Phase Il over the
eight-year period was 0.191 oz/ft? (0.325 mils). This gives a rate of 0.024 oz/ft?/year (0.041
mils/year) of zinc loss. If the average zinc coating thickness is calculated using all 85 coupons
from this study and compared to the zinc coating thickness determined in Phase I, a total zinc
loss of 0.255 oz/ft? (0.434 mils) and a corrosion rate of 0.032 oz/ft?/year (0.054 mils/year) are
calculated. The largest apparent loss of zinc coating occurred at wall R-345-4-A, with a loss of
0.586 0z/ft? (0.996 mils). Using this value to develop a conservative “worst-case” corrosion rate
gives 0.073 oz/ft?/year (0.125 mils/year).
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Table 5-2: Zinc Coating Thickness Difference from Phase | to Phase 11

Zinc Coating by Weight (oz/ft?)

oot "B “odrnsern  pre Mt
A B C Awg A B C Avg
R-343-7-A 257 267 313 287 (275 282 262 270 0.17 0.17
R-343-13-A 282 222 266 259|231 216 226 225 0.34 0.34
R-343-37-A 268 241 264 259|249 218 229 231 0.28 0.28
R-343-42-A 288 313 266 283|259 244 224 238 0.45 0.45
R-344-1-A 276 277 207 242 (273 295 220 252 0.00 -0.10
R-344-1-B 283 276 244 262|259 278 225 247 0.15 0.15
R-344-2-A 3.01 3.02 320 311|267 292 286 283 0.28 0.28
R-344-2-B 293 293 236 264|280 313 251 274 0.00 -0.10
R-344-4-A 233 240 249 243 (285 283 211 248 0.00 -0.05
R-344-7-A 253 255 237 246 (250 250 246 248 0.00 -0.02
R-344-11-A 281 269 240 257|286 273 226 253 0.04 0.04
R-345-3-A 272 283 288 283|386 362 324 349 0.00 -0.66
R-345-4-A 311 342 349 337 (268 252 296 278 0.59 0.59
R-345-10-A 3.00 3.17 340 324|344 330 342 340 0.00 -0.16
R-346-8-A 3.61 3.65 370 367|343 339 320 331 0.36 0.36
R-346-1C-A 4.00 420 356 383|377 383 358 3.69 0.14 0.14
R-351-9-A 406 4.01 353 378|377 399 353 3.70 0.08 0.08
R-351-9-B 391 372 342 362|346 365 378 3.66 0.00 -0.04
R-351-26-A 335 3.18 349 338|265 296 286 2.84 0.54 0.54
R-351-30-A 2.63 234 284 266 | 261 241 248 249 0.17 0.17
R-351-34-A 275 261 243 255|263 259 227 244 0.11 0.11
R-351-5-A 3.06 3.05 312 3.08 260 264 254 258 0.50 0.50
Average 2.96 2.82 0.19 0.14
CV (%) 15.4 16.7
Median 2.83 2.64
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Comparing the conservative worst case corrosion rate and the average corrosion rate from
all samples to the AASHTO design rate (AASHTO 2017), the reinforcement in the MSE walls in
this study are corroding at a slower rate than the AASHTO design rate. It is likely that the
AASHTO design rate is conservatively established; hence, actual corrosion rates would typically
appear to be slower than the design rate. The difference in the projected corrosion rates and the
AASHTO design rate could also be attributed to more favorable soil conditions and soil
properties that are present in these MSE walls. A summary of the comparisons is presented in
Table 5-3.

Table 5-3: AASHTO Design Loss Rate and Projected Loss Rate

Loss (oz/ft?/year)

Component Type Projected o o ioq
(age) AASHTO  Worst J
Average
Case
Zinc (<2 years) 0.35 - -
Zinc (2-12 years) 0.09 - -
Zinc (>12 years) 0.09 0.073 0.032
Steel (after zinc) 0.31 - 3

Figure 5-3 represents the material loss that would occur in MSE wall reinforcement by
following the loss from the AASHTO design rate and the projected corrosion rate developed in
this study over the course of a 75-year design life. The AASHTO design zinc coating thickness is
2.0 oz/ft?. If the design coating thickness was applied, and the wall reinforcement corroded at
the AAHSTO design rate, the zinc would be completely depleted after 16 years in service and
then the steel would continue to deplete until the end of the design life (and beyond that point,
ultimately to failure). The corrosion rate developed from the data in this study assumes that there
is a zinc coating thickness of 2.71 oz/ft? remaining in 2018. By assuming that the wall
reinforcement initially corrodes at the AASHTO design rate until the time of Phase | of this
study (12 years), the amount of metal loss would follow the line of “projected” metal loss shown

in Figure 5-3. This projected metal loss was developed assuming that the worst-case corrosion
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rate of 0.073 oz/ft?/year developed in this study would be constant from 12 years until the
depletion of the existing 2.71 oz/ft? of zinc coating. Applying this projected corrosion rate to the
MSE walls in this study, the zinc coating is expected to be completely depleted by 2055, after 57

years in service, after which point corrosion of the steel would commence.

Although it is unknown exactly what the initial coating thickness was, the corrosion rate
of 0.073 oz/ft*/year was used to back-calculate a theoretical initial coating thickness of 4.89
oz/ft?. Figure 5-3 shows the AASHTO design corrosion rate applied to this estimated initial

coating thickness of 4.89 oz/ft?, which would result in depletion of the zinc coating after 49 years

in service.
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Figure 5-3: AASHTO Design Loss Rate and Projected Loss Rate

Figure 5-3 is shown to provide a comparison and a potential projection of metal loss. This
corrosion rate and projected loss could be used to determine when maintenance or rehabilitation
of the MSE walls in this study may be required. The portion of the graph corresponding to rate of
steel loss is calculated assuming that the rate of steel loss in the MSE walls in this study will

corrode at a rate equal to the AASHTO design rate for steel. The decreased rate of corrosion of
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the zinc in these walls indicates that the soil environment is favorable and may lead to a

decreased corrosion rate for steel as well.

5.4 Corrosion Correlations

The following comparisons are to determine if any conclusions can be drawn about the
effect that moisture content and overburden soil height have on the zinc coating thickness; as
well as the effect that the remaining zinc coating thickness may have on the required pullout

strength.

5.4.1 Corrosion and Moisture Content

As discussed in Section 2.2.6, corrosion increases in soils with a moisture content above
25 to 40 percent. The maximum moisture content calculated for the backfill sampled in this study
was 6.9%. The maximum moisture content determined herein is well below the range for a
corrosive environment. The moisture contents encountered in this study are compared to the
thickness of zinc coating determined at the same locations. Figure 5-4 shows the correlation of

moisture content to zinc coating thickness.
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Figure 5-4: Zinc Coating Thickness vs. Moisture Content
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The trend line on Figure 5-4 shows a slightly negative correlation between the moisture
content of the backfill and the zinc coating thickness present on the steel coupon. This
correlation indicates there is not a significant relationship between moisture content (within the
low range of moisture content present) and corrosion of the zinc coating. The soils in this study
appear to present good drainage and low moisture contents. Variations of moisture conditions
within the MSE walls over time are unknown. Utah, however, presents a relatively arid climate
and all coupons were sampled during the summer months and from locations at least several feet
above the ground. If the soil backfill continues to effectively drain runoff water, the effect of
moisture content of the backfills in this study are likely not a concern for causing corrosion in the

future.

5.4.2 Corrosion and Height of Overburden Soil

Figure 5-5 shows the zinc coating as a function of the overburden soil height for one-
stage and two-stage walls. There is not a strong correlation between overburden height and the
amount of zinc coating remaining on the steel coupons. From the data gathered in this study,

there is not a significant effect that overburden height has on the zinc coating thickness.
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Figure 5-5: Zinc Coating Thickness vs. Overburden Soil Height
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5.4.3 Corrosion and Pullout Force

Figure 5-6 compares the pullout force / embedment length to the zinc coating thickness
for both one-stage and two-stage walls. In this comparison, the pullout force / embedment length
is taken as the dependent variable to determine if zinc coating thickness increases or decreases
required force per length. For one-stage walls, there is a slightly negative correlation, but not
strong enough to determine if the extent to which the zinc has corroded has an effect on the
required pullout force. Similar results were determined by Gerber and Billings in Phase 1 (2010).
If the zinc does not corrode uniformly, this non-uniform surface on the reinforcement might
theoretically increase frictional resistance to pullout, but only if the backfill were to also deform

as to be compliant with the interface surface.
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Figure 5-6: Pullout Force / Embedment Length vs. Zinc Coating Thickness

5.5 Tensile Strength

The results of the two groups of samples from the Phase | extraction differ by an average
of 3.2 ksi. This difference is larger than anticipated. In Phase | Group Y, samples 3C, 14C, and
14U have significantly higher stresses than others in Group Y. These samples could be

anomalies, or errors in the calculation of the samples’ areas could have caused higher values. If
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these outliers were removed, the average yield stress from group Y would be 89.5 ksi. This

would be a difference of only 0.4 ksi between Groups X and Y of Phase I.

Another factor that may have contributed to the difference of measured tensile stresses is
the preparation of the Group X samples. The Group X samples were ground down along a two-
inch gauge length in order to control the failure location. Because the reduced section was
achieved using a grinding belt, the surface was not as smooth as the original welded wire surface.
This non-cylindrical gauge length could have led to error in determination of the diameter of the
reduced section. The measured diameter of the group X samples may have been slightly larger

than the actual diameter, leading to a smaller measured tensile stress of the Group X samples.

In order to validate the accuracy of the tensile testing results, the Instron machine was
calibrated before the testing of the Phase 11 tension samples. This calibration verified that the
data output from the Instron machine was accurate; but the difference in stresses could still be

linked to the potential errors discussed above.

The average yield stress of the Phase Il samples for Groups A and B are 87.0 ksi and 86.9
ksi, respectively. As noted in the VSL Corporation drawings shown in Appendix B, W11 steel
wire material shall conform to ASTM A82 (ASTM 2007a) and ASTM A185 (ASTM 2007b),
where Fy = 448 MPa (65 ksi). Both ASTM A82 and ASTM A185 have since been replaced by
ASTM A1064 (ASTM 2018b). The yield stress calculated herein is significantly larger than the
specification. This is a minimum specification, however, and it is probable that the steel provided
was a higher-grade material than the minimum specified. As specified in ASTM A1064 (ASTM
2018b), Grade 80 steel may be used for wire with sizes larger than W1.2. Grade 80 steel has a
minimum vyield strength of 80 ksi. The results indicate that Grade 80 steel meeting the minimum

yield strength was likely provided for the coupons tested in this study.

The difference in average yield stresses from Phase | to Phase Il is a reduction from 90.7
ksi to 86.7 ksi, respectively. This reduction in yield strength could be attributable to the
variability in diameter measurement from digital calipers. Although a reduction in strength could
also indicate pitting corrosion, the difference between strengths is not significant. The difference
can likely be attributed to error. Error in diameter measurements could lead to a reduced cross-

sectional area which would cause calculation of a smaller value for yield strength. We are of the
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opinion that based on the remaining amount of zinc, observable conditions of the corrosion, and

the results of the tensile testing, pitting corrosion of the MSE wall reinforcement is negligible.
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6.0 CONCLUSIONS

6.1 Findings

The purpose of this study was to determine the rate at which MSE wall reinforcement is
corroding by observing conditions on the embedded, galvanized steel coupons. This task was

accomplished, and the implications are summarized below.

6.1.1 Rate of Corrosion

The average rate of corrosion for coupons extracted from walls common to both Phase |
and Phase 11 over a nominal eight-year period was determined to be approximately 0.024
oz/ft?/year (0.041 mils/year). Using an average value from all Phase Il coupons rather than just
those from walls common to both studies, the average rate of corrosion was determined to be
0.032 oz/ft?/year (0.054 mils/year). The worst-case corrosion rate for a single wall was 0.073
oz/ft?/year (0.125 mils/year). These rates of corrosion are far below the AASHTO design rate.
The MSE wall reinforcement, which the coupons tested represent, have sufficient zinc
galvanization remaining and total steel remaining to function as designed for the entirety of the

design life and beyond.

The AASHTO design rate for depletion of zinc coating and subsequent corrosion of the
steel reinforcement appears to be conservative for the corrosion conditions present for the MSE
wall reinforcement coupons tested. The thickness of the zinc coating initially present on the
reinforcement coupons at the time of installation may have been well over the specified design
thickness. This would also contribute to a longer service life.

Some of the MSE walls in this study have been expanded due to the addition of a new
lane on I-15. Some of the reinforcement analyzed herein represents reinforcement that has been

covered (buried) and hence become inaccessible.
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6.1.2 Tensile Capacity

The average yield stress of the samples tested meet or exceeded expected values. The
average yield stress of the samples tested decreased from Phase | samples to Phase Il samples by
a value of 4.0 ksi, which could be due to variability in diameter measurements from the zinc
bulking effect. Due to the initial over coating and remaining zinc coating, and the absence of any
apparent loss of tensile strength, pitting corrosion has likely not occurred over the course of the

eight years between Phase | and Phase 1.

6.1.3 Moisture Content

The in-situ moisture contents for the MSE walls studied have an average moisture
content of 4.4%. This is well below the moisture content which the soil is often assumed to
enhance corrosivity, being on the order of at least 25%. The low moisture content of the soil
indicates that proper drainage is likely present. Variations in moisture conditions over time,
however, are unknown. All coupons were extracted during the summer months and from
locations at least several feet above the ground, so in-situ moisture contents may be slightly

higher than those observed in laboratory analysis.

6.2 Limitations and Challenges

A few limitations were encountered during this study that led to less data being gathered
and analyzed than initially intended. One of the limitations encountered was the inability to
obtain soil samples from the two-stage walls. This led to fewer moisture content assessments and
data being limited to only one-stage MSE walls. Another limitation was the difficulty of
obtaining a large soil sample from the one-stage walls. Because of the volume limitation of the

soil samples, limited soil property tests were able to be conducted.
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7.0 RECOMMENDATIONS AND IMPLEMENTATION

7.1 Recommendations

According to the analysis of the results herein, no additional action on behalf of UDOT
besides proper maintaining of the existing MSE walls is recommended. However, UDOT may
wish to consider reducing thickness requirements for galvanization or sacrificial steel for MSE

wall reinforcement.

With respect to future research, recommendations regarding the extracting and testing of

samples at the next phase of work are provided:

1. All testing done herein should be repeated on new samples at the next phase of the

project to compare results and verify analysis and conclusions.

2. If possible, larger soil samples should be obtained in order to run more analysis on the
properties of the soil that may contribute to corrosion including: gradation, resistivity,

pH, and salt content.

3. When measuring pullout resistance of the coupons, measure the displacement in order to

develop a pullout vs. displacement curve.

4. Due to the favorable conditions of the coupons tested. It may be beneficial to wait more
than 10 years to do the next phase of this study. Doing this would allow more coupons to
be tested in the latter half of the design life where corrosion would be more prevalent,
and knowledge of potential reduction in capacity of the steel reinforcement would be

more critical near the end of the design life.
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APPENDIX A: COUPON LOCATION MAPS

Figure A-1: 300 N Argyle Ct, Coupon — 61
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Figure A-11: 1-15 & 1-215, Coupon - 14
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APPENDIX B: MANUFACTURER SPECIFICATIONS

This appendix contains project specifications and the construction drawings for the MSE

walls associated with this study.
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This Specification has been released per Technical Agreement Number 054.

525.1 DESCRIPTION
525.1.1  Select Material shall be processed for constructing the embankment for MSE Walls.
525.1.2 Related Work NotUsed

525.2 MATERIALS

525.2.1 The select material used in the MSE Wall structures shall be reasonably free from organic and otherwise

deleterious materials and shall conform to the following gradation limits as determined by AASHTO T-27:

(s C: D s
Steveotze rercentTassmg

- s
Sieve Size Percent Passing

100mm(4 inch) 100
37.5mm (1 ¥ inch) 80-90
9.5mm (__inch) 55-90
4.75mm (#4) 40-80
2.06mm (#10) 25-70

450um (#40) 0-50

75um (#200) 0-15
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Backfill materials which do not meet the above gradation limits will be evaluated on a
case-by-case basis. In order to carry out such evaluations, representative grain size curves

soil classifications, laboratory compaction test data and maximum and minimum index
density test results must be submitted to VSL for approval.

525.2.2 In addition, the select material shall conform to all the following requirements:

525.2.2.1 Plasticity Index - The Plasticity Index (P.1.), as determined by AASHTO
T-90, shall not exceed 6.

525.2.2.2 Internal Friction Angle - The material shall exhibit an internal friction angle
of not less than 34 degrees as determined by the standard direct shear test,
AASHTO T-236, utilizing a sample of the material compacted to 95 percent
of AASHTO T-99, Methods C or D (with oversize correction, as outlined in
note 7), at optimum moisture content. Internal friction angle testing is not
required for backfill materials that have at least 80 percent of the material
greater than or equal to the 34-neh 19 mm size.

525.2.2.3 Soundness - The material shall be substantially free of shale or other soft,
poor durability particles. The material shall have a sodium sulfate soundness
loss of less than 16 percent after five (5) cycles, as determined by AASHTO
T-104.

525.2.2.4 FElectrochemical Requirements - The material shall conform to the following
electrochemical requirements:

Property Requirements Test Method
Resistivity ~ Minimum 3000 UDOT 8-939
Ohm-cm, at

100% saturation

pH Acceptable Range 5-10 UDOT 8-934
Chlorides Maximum 100 ppm UDOT Method
Sulfates Maximum 200 ppm UDOT Method

525.2.3 Furnish a Certificate of Compliance certifying that the select material
complies with this section of the specifications. This Certificate must be
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100



(525)

made by a certified testing lab.

525.2.4 A copy of all test results performed by the Contractor, which are necessary to
ensure compliance shall be furnished to the Bepartment Engineer.

525.3 CONSTRUCTION REQUIREMENTS
525.3.1 Backfill placement shall closely follow erection of each course of panels or wire facing.

525.3.2 Backfill shall be placed in such a manner as to avoid any damage or disturbance to the wall materials or

misalignment of the facing panels.

525.3.3 Wall materials which become damaged or disturbed during backfill placement shall be either removed and

replaced at the Contractor’s expense.

525.3.4 Backfill material placed which does not meet the requirements of this specification shall be corrected or removed

and replaced at the Contractor’s expense.

525.3.5 Backfill shall be compacted to 95 percent of the maximum density as determined by AASHTO T-99, Method Cor

D (with oversized correction, outlined in Note 7).

525.3.5.1 Walls within the embankment for bridge zone Section 222, shall meet compaction requirements of
Section 225.3.5.1.

525.3.6 The moisture content of the backfill material prior to and during compaction shall be uniform throughout each

layer.
525.3.7 Backfill material shall have a placement moisture content less than or equal to the optimum moisture content.

525.3.8 Backfill with a placement moisture content in excess of the optimum moisture content will be removed and

reworked until the moisture content is uniform and acceptable throughout the entire lift.

525.3.9 The optimum moisture content will be determined in accordance with AASHTO T-99, Method C or D (with

oversize correction, as outlined in Note 7).
525.3.10 If 30 percent or more of the select material is greater than 3/4-ek 19 mm in size, AASHTO T-99 is not applicable.
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For such a material, the acceptance criterion for control of compaction shall be either a minimum of 70
percent of the relative density of the material as determined by a method specification, based on a test
compaction section, which defines the type of equipment, lift thickness, number of passes of the specified

equiprnent and placernent moisture content.

525.3.11 The maximum lift thickness after compaction shall not exceed 48—rehes 300 mm  The Contractor shall

decrease this lift thickness, if necessary, to obtain the specified density.

525.3.12 Prior to placement of the reinforcement, the backfill elevation, after compaction, shall be 2-rekes 50 mm above
the reinforcement elevation from a point approximately 42-nehes 300 mm behind the back face of the

panels or wire facing to the end of the reinforcing, unless otherwise shown on the plans.

525.3.13 Compaction within 3+feet 1 meter of the back face of the panels or wire facing shall be achieved by at least three

(3) passes of a lightweight mechanical tamper, roller or vibratory system.

525.3.14 The specified lift thickness shall be adjusted as warranted by the type of compaction equipment actually used, but

no soil density tests need to be taken within this area.
525.3.15 Care shall be exercised in the compaction process to avoid misalignment of the panels.

525.3.16 At the end of each day’s operation, the Contractor shall slope the backfill away from the wall to direct runoff of
rainwater away from the wall face. In addition, the Contractor shall not allow surface runoff from

adjacent areas to enter the wall construction site.
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MECHANICALLY STABILIZED EARTH (MSE) WALLS CONVENTIONAL
SINGLE STAGE AND TWO STAGE (526)

This Specification has been released per Technical Agreement Number 015.

526.1 DESCRIPTION

526.1.1  Furnish and construct reinforced walls noted on the plans, including leveling pad,
select material, and concrete coping,.

526.1.2  The Contractor shall make arrangements to purchase the reinforced concrete face
panels, welded wire facing, filter fabric, soil reinforcing, and all necessary attachments and
accessories from:

VSL Corporation

1671 Dell Avenue
Campbell, California 95008
Telephone:  (408)866-5000

526.1.3  Arrange for a qualified representative from the wall supplier to be at the job site
during all phases of wall construction until erection crews have demonstrated competency as
determined by VSL. After that time, VSL shall provide a qualified representative at the job
in a timely manner when so requested by the Contractor and or the Engineer. VSL shall
monitor field data to ensure wall construction meets requirements.

526.1.4  VSL Corporation shall use information from the appropriate geotechnical design

memorandum in the design of the MSE wall. Appropriate factors of safety shall be used by
the VSL Corporation in the design of the internal stability of the wall.

526.2 MATERIALS
526.2.1 Concrete

526.2.1.1 Class AA(AE) per Sections 505 and 506 of the I-15 Corridor Specifications
for precast panels and concrete coping except as modified below.

526.2.1.2 Precast panels and concrete coping shall use concrete with minimum f’c (at 28
days) of 27,500 kPa (4000 psi) or as specified in the Eabrication/FErestion Design

Drawings.
526.2.2 Reinforcing Steel
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526.2.2.1 Panel reinforcing steel shall be epoxy coated or galvanized and conform to
Subsection 508.2.1 and Subsection 508.2.2 or 508.2.3 of the I-15 Corridor Specifications.

526.2.3 Soil Reinforcing and Attachment Devices
526.2.3.1 Soil Reinforcing and Welded Wire Facing

The soil reinforcing and welded wire facing shall be shop fabricated of cold drawn steel
wire conforming to the minimum requirements of ASTM AS82 and shall be welded into
the finished mesh fabric in accordance with ASTM A185. In addition to the structural
thickness required 28 microns per year of sacrificial steel (based on 75 year life) shall be
added. Galvanization (86 microns minimum) shall be applied after the soil reinforcing
or welded wire facing is fabricated and conform to the requirements of ASTM A123.
Any damage done to the soil reinforcing or welded wire facing galvanization prior to
installation shall be repaired in an acceptable manner per Section 508.2.4 of the I-15
Corridor Standard Specifications.

526.2.3.2 Attachments and Accessories
All steel attachments and accessories such as loop embeds, connection pins, two
stage alignment pins, and two stage wall connectors will meet the specifications
shown on the Fabrication and Erection Drawings, have 28 microns per year of
sacrificial steel (based on a 75 year life) and will be_epoxied or galvanized in
accordance with ASTM A123.
Two stage wall alignment pins shall be grouted or epoxied during erection using a
premixed, non shrink cementitious grout or epoxy with minimum compressive strength of
4000 psi. (27500 kPa)

526.2.4 Geotextile Fabric

Filter Fabric used to retain backfill soil behind welded wire facing shall be Mirafi
Filterweave 700 or equivalent as supplied by VSL Corporation.

526.2.5 Adhesive

Sonolastic Adhesive made by Chemrex Incorporated or equivalent as supplied by VSL
Corporation.

526.2.6 Lifting Devices

526.2.8.1 VSL Corporation shall provide adequate lifting devices for moving panels
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during handling and construction.
526.2.7 Joint Filler--Filter Fabric
Filter Fabric used to cover joints in the single stage MSE wall concrete panels prior to
backfilling shall be Bonded Fibre Products WQ275 Geotextile or equivalent as supplied by
VSL Corporation.
526.2.8 Select Backfill Material for Retained Earth Backfill

526.2.8.1 Comply with Section 525 of the I-15 Corridor Standard Specifications.
526.2.9 Bearing Pads
HDPE Bearing pads shall be placed by the contractor between horizontal panel joints to

prevent damage to the panel edges during construction. Bearing pads shall be provided by
VSL Corporation.

526.2.10 Low Permeability Clay

Construct a low permeability clay cap at finish grade at the face of MSE walls, as shown in
the plans, to protect the underlving structural fill. Clay cap shall be constructed from a clay

conforming to AASHTO Classification A-6.
526.3 CONSTRUCTION REQUIREMENTS
526.3.1 Precast Panels

526.3.1.1 Comply with subsection 506.3 of the I-15 Corridor
Specifications.

Reinforcing Steel - minimum cover on the side exposed to soil shall not be less than 50
mm - 2 inches.

526.3.1.2 Casting

Cast the panels on a flat surface with the front face down. Place the concrete in each
panel without interruption.
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Vibrate the concrete in each form such that the concrete is forced into the corners of the
forms to prevent stone pockets or cleavage planes.
Use clear, non-staining form oil.
526.3.1.3 Curing
Cure all panels with steam or water.

Cure the panels for a minimum of 7 days or until concrete has reached 75% of suffietent

lensth-of timeso-that the-conerete-will- develop the specified 28-day compressive
strength. vwithin28-days-

526.3.1.4 Removal of Forms

The forms shall remain in place until they can be removed without damage to the panel.
526.3.1.5 Concrete Finish

Provide uniform texture Type C as shown in the approved aesthetic layout to the front
face of the panels-using-the-approvedformliner—Type3. The thickness of the
architectural treatment shall be in addition to the required design thickness of the panel.
Provide a uniform surface finish to the back face of the panels as specified in Section 506
of the I-15 Corridor Standard Specifications. Screed the surface to eliminate open
pockets of aggregate and surface distortion in excess of 6 mm.

Do not add color to any wall prior to installation.

526.3.1.6 Tolerances:

All panel units shall be manufactured such that all dimensions are within =5 mm.

The back face of panel shall have an angular distortion of not greater than 6 mm in 1525
mm.

526.3.1.7 All reinforcing and attachments shall be free of defects.
526.3.1.8 Marking

Scribe the date of manufacture on the rear of each panel.
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526.3.1.9 Hauling, Storage, and Shipping

Hauling, storage and shipping shall be done in such a manner as to eliminate the danger
of producing any type of defects. Store panels such that the connectors do not bend.

526.3.1.10 Acceptance of precast panels is based upon the following:

Compression test results indicate that the concrete strength will meet the
28-day compression test.

Panels may be placed in the wall when seven-day-strengths exceed 75 percent
of 28-day strength.

Submit a certificate of compliance.
526.3.1.11 Panels will be subject to rejection for any of the following reasons:
The panel does not achieve the specified compressive strength within 28 days.

The panel does not meet the requirements of the I-15 Corridor Specifications
or the plans.

The panel contains defects due to imperfect molding.

The panel contains defects due to honeycombed or open texture concrete on
the front face.

526.3.1.12 Precast Corner Elements

Provide precast comer elements at inside and outside corners where deflection exceeds the

tolerance of the panels’ standard connection.  Corner elements shall also comply with the
applicable portions of Subsection 526.3.1 of this specification.

The exterior faces of the corner elements shall have an ordinary finish as specified in Section
506 of the I-15 Corridor Specifications.

526.3.2 Excavation and Foundation Preparation
526.3.2.1 Excavate and grade level the foundation area for the reinforced earth wall

equal to or exceeding the length of the soil reinforcing or as shown on the plans.
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526.3.2.2 Prior to placing the leveling pad, compact the area beneath the leveling pad
with a minimum of three passes of a lightweight, steel, smooth-wheel vibratory roller
unless otherwise specified in the plans.

526.3.2.3 Remove and replace all foundation soils found to be unsuitable by the
Engineer or as shown in the plans.

526.3.2.4 Leveling pad shall meet the requirements of Sections-505-and—506-of the 115

Corridor Specifications Class € A-execept-as-modified-to-meet-a-minimum 28-day-

eompresstve-strensth-of 17-500-HePa—(2500-psH). Do not start placing wall panels until
the leveling pad has cured 12 hours.

526.3.3 Wall Construction

526.3.3.1 Handle the panels by means of a lifting device set vertically into the upper
edge of the panels.

526.3.3.2 Place the panels or wire facing on successive horizontal lifts in the sequence
shown on the plans as select backfill material placement proceeds. A panel or wire
facing may be placed on top of the lower panel which has not been completely backfilled
in order to facilitate the construction. At no time will the upper panel or wire facing
hinder or compromise the compaction process of the lower panel or wire facing. All
compaction requirements of Section 525 of the Corridor Specifications shall be
maintained.

526.3.3.3 For two stage walls MSE walls comprising permanent welded wire mesh

(WWM) facing, the maximum lateral displacement of the facing mid-way

between the adjacent primary soil reinforcing layers shall not exceed 127mm
(5 inches) at the end of wall construction.

Where lateral displacements during construction exceed the value stated
above a separate analysis shall be undertaken by VSL to determine wall
soundness. If required, remedial measures will be developed by VST and
constructed by the contractor.

526.3.3.4 _Walls shall be constructed level and plumb and at time of final acceptance
shall be within 30 mm in 3 m for level and plumb.
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526.3.3.5 All joints shall be uniform. Joint width shall be 30 mm maximum and 12 mm
minimum.

526.3.3.6 The contractor shall construct concrete coping along the top of the wall as
shown in the plans.

526.3.3.7 Pile Driving near MSE walls must conform to Section 502 of the I-15
Corridor Specifications.

526.3.4  Materials Sampling and Testing
526.3.4.1 Certificates of Compliance
Furnish to the Bagineer— QA Manager a copy of the certificate of compliance for

materials and the results of any material tests run by VSL Corporation._The QA
Manager will furnish a copy of this certificate to the Department.

526.3.4.2 Concrete Testing shall conform to Section 505.
526.3.5 Retrievable Samples (Inspection Wires)

Contractor shall install retrievable samples furnished by VSL Corporation ineach wall at
the locations shown on the plans.

Retrievable sample panels for single stage walls shall have holes and plugs as shown in the
plans. Retrievable sample panels shall be installed per the Fabrication and Erection
Drawings. For two stage walls the retrievable samples shall be placed in the wire wall as
shown in the plans. When the final wall panel is placed the Contractor shall core holes in
the panel at the location of the retrievable sample. Size of hole and plug shall be as shown
in the plans.

Samples shall be embedded into the reinforced soil mass a minimum of 2 meters. Sample
shall be threaded on one end and extend out from the soil reinforcing as shown in the plans.

Details of access hole and plug shall be shown in Fabrication and Erection Drawings by VSL

Corporation.

Panels with holes in place and plugs will be furnished by VSL Corporation for all single
stage walls. Plugs for two stage walls will be furnished by VSL Corporation.
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Each sample shall be W11 wire galvanized (86 microns minimum) according to ASTM
A123.

526.3.6  Select Material (MSE Backfill) Sampling and Testing

One density determination shall be made per each lift for each 30 meters of retaining
wall. The test shall be made at random locations, but the test location shall be at least
one meter behind the panel face for one stage walls or wire face for two stage walls.
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15154 1.514M - TN T I T I TN i s PAEL RENORCEION S SULL BE RELEASED FOR CONSTRUCTION ;éz =
851 651 [REINFORCEMENT CONFORMING TO THE SPECIFICATIONS 2 oN =0
8L . 381, 381, 381 . 381 . 381, 381 . 381 181 f———f oF DESIGNATION_A615, GRADE 60. =2 |5 Z
851 651" EJ 6 AL ING STEEL TO BE GALVANIZED =a- S
[ Te— . - - IN ACCORDANCE WITH ASTM 767 CLASS L mz,_zoz
S ~ 896 o~ 7. SFN?ESI;PK“,”E 28 DAY COMPRESSIVE <EE = O w
200 KPo.
A.L = - < ) Qg | loass I | 5 8 EQUVALENT WELGED WRE FABRC Y "’mé
o P = JSED, —
ga 15 ﬂ q :I B L:.J EL B i Nl ol ATl & o o e o ~ 9. ALL PANELS 10 USE 9.5mms CLEVIS LOOPS. oeE|Tx%
896 & x x X A I oleegs o] 5 8 g g g 3 16 VSL RETAINED EARTH™ S PROTECTED wee - <
== e — | UNDER PATENT 4,725,170, Z52 -
e[ ve) _l nl 3’ 52 (ve) A A i Pl <H°
2 A _l X
Ll & 7} PANELS THAN 1.524M SHALL HAVE w g
= { FoRM = FORM 71" LONG LT, ANCHORS, e 2 =
1008 782 762 Givs icop- 762 762 5
EMBED qu CLEVIS cLevis ENGED (TYP) CLEVS METRI
ATIERN __ 3.0204 PATTERN PATIERN  3.029u PATTERN c;‘fw"‘:
0 TYPE D4~10 REBAR TYPE 82-10 REBAR ST, STABLITY. MELODAG BT HOT. DD 0. FOUNDATIN D SLOFE W
REA = 1548 SOM) REA = 2323 SaM) STABILTTY, IS QWNER.  DESIGN | OLTHE 239-0007
THAT THE MATERWAL WITHIN THE RETAINED EARTH'™ MASS, METHODS
OF CONSTRUCTION, AND QUALITY OF PREFASRICATED WATERIALS CONFORM TO o1 . STD_1
THE MANUFACTURER'S SPECFICATION.
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ENCE (X-UTAHLOWS)

H:\RE_EARTH\APROUECT\239-0007\REBAR\ TYPE~ 3\ BAR-5X10

FINAL PLOT 12-19-97

APPROVED FOR ]
 FORM No. | DATE DESCRIPTION 5
1.515M 15144 UFT NSERT (1vP) /\ [9-30-08 |ReLEASE FOR CONSTRUCTION

381 381 381 181 . Fonw . / W/ SHEAR BAR Als-a-gissuEpD AS s

117 LONG LIFT INSERT 15150
W/ SHEAR BAR 181 381, 381, 381, 3k 381, 381 ] 381 181

851

]
'.!72
-

S

:

:

z

]

(SEE DETAIL THIS SHEET)

g
:
i
*3
8

}
)

1.778M

267 267 267 ,267 267 273
i
£

5 i

5
t
il
i
15:
1626
1624
1
762
1.505M
267 ,267 267 267 267
1
|
[
782

n
762

3

" B O b/ | 1] [ T 1 |

PROTECTED
i 381 u 762 381 381 362 | SOmm# INSPECTION HOLES -
/ 2 | (Gec o s sheen 11 ST SHT Mo, STOOTROR cuvs ooP w0/ \
CLEVIS L00P— 762 762 CLEVIS L00P— 152 (1vP) . TUFT INSERTS ARE 6 3/4 LONG IN ALL / N
EMBED (TYP) X -, EMBED (TYP) —— [ & LESS THAN 1.524M TALL. /
762
CLEVIS
ATTERN

0]
B
3

S0 |

o |12-19-57 000

e |21

g2gr e e
AEE
;
3
i
[
;

CLEVIS CLEVIS
TTERN  3.0264 PATTERN

i “11° LONG LIFT ANCHORS. /

.nz E-10 REBAR _&ms Fiasasis \
i E ) 3020 PATTERN e T e =

6 }TVPE AI-10_REBAR | \ i'

A = 4845 \ oo // s%

o

i
:
g
&
E
;
H -
;
3

| \ Y 2
~ ST - i N . Ny i
1515m 1514 1.515M 1.514M [ o S st 3
81} L 381, 38 . 361 3 361 da1 [ Je1 el 361 381, 3st  3b1 , 3e1 38t [ 38 . L181 g“ S ——— A
651 ! T—T-W /} & 5;
g 1 El — 1 g H
[ == £ = i &) MWT1 X 2.000M Wire, %
g 3 8 212 With 10MM® — 16 UNC Threads
3 TR—Xxx N 2896 A_"lSlE For A Length Of 38WM At Face Panel End
=| E I = E ssg S50MME PVC
N -
§ g | g 3| — 8| - FF. PANEL f ;'ﬁ!‘ff;'ii £
PN T
H 5 5 H E g o Neoprens. piug &"fi
g | [ g [ MR
8 & B
L pr—p— — ——— = .
2[ L [ '_ I. g' m:-‘:hwum Mastic tic Sp 2 &
L Plastic Spacer > |
381 | a1 1 7 381 | 381 | 362 | SOmme INSPECTION HoLES 50mmé INSPECTION_ HOLES nEluzZ
/ ; | SEE DAL TS SHeET) G e Y S INSPECTION WIRE DETAIL |3 38S%
CLEVIS LOOP- 152 (TvP) CLEVIS LOOP —] <§g oF
Bem.am 7 | FORM &vBED (hP) (PANEL FRONT FACE SHOWN) =32 -
_‘,_73 762 ,’.Igg E o
CLEvS cLevis e =
ATIERN 3 076u PATTERN §:§ 35
wg =
TYPE SAI-10 REBAR = =
=545 Sam WASATCH CONSTRUCTORS Eg.&. ve
Z= 35
JUN 171999 Sz
i ]
x-PST
RELEASED FOR GONSTRUCTION - =
;-a >
METRIC -
CERTIFIED FOR INTERNAL STABILIY OF RETANED EARTH™ STRUCTURES ONLY. I —
EXTERNAL STABILITY, INCLUDNG BUT NOT LMITED O FOUNDATION AND SLOPE w8
STABILITY, IS THE RESPONSIBIUTY OF THE OWNER. DESIGN IS BASED ON THE pesgr:
ASSUMPTION THAT THE MATERUL WITHIN THE RETAINED EARTH™ NASS, METHODS
, F PREFABRICATED MATERALS CONFORM TO % STD-2
THE MANUFACTURER'S SPECY¥ICATION.
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NCE (X-UTAH.OWG)

y

FINAL PLOT 08-01-97

181
g
ol
§
§ s
xx x
EE I 896
SENE™: 8 & 8§ 8§ §| ¢
S
B! 2836 o}
: = 5
g[ is2 (ve)
~ 76 FoRM e
CLEVIS LOOP—} 762 762
B4BED (IYP) CLEVIS cLevs
ATTERN __ 3.020M PATTERN

TYPE E~10 REBAR
REA = 5,418 SOM]

o

3
&
5
B
&
g f <
L, | —j2808 g
PN

B8 || _laaos

el x xx
3

k! 896 |
b s 3 g g o
S|l Slaos & kr ] ~ 3 E 2
PN
3L
N 895 .
g =
§ | Lzes S
g[ As2 (1vp)

76 FORM
100~ 762 762
EMBED (TYP) CLEVIS cEws
PATTERN __3.020M PATTERN

TYPE H1-10 REBAR
6.968 S

Sieis (v |

APPROVED FOR ¥
FORM No.| DATE DESCRIPTION &
1.514M /\ |9-30-08 | RELEASE FOR
381 + 3 . S8 . 391 .. 38t 181 A [S-21-c ISSUED AS Jad
851 st T 1 LonG T wser -
w/ sl g
x
g g g 8
= = = = 3 R 3
] :
3
=, e g
 FORM =|.a
762 762 23
CLEVS CLEVIS g!
TTERN __ 3.020M PATTERN 3
-
< i

PavEL NOTES:

1. PANELS ARE SHOWN BACK FACE.

2 TAL REINFORCEMENT SHALL HAVE
50 mm MINMUM COVER TO THE BACK FACE.

3 INFORCEMENT SHALL HAVE 50 mm
MINMUM COVER TO THE SIDES.

4+ AL RENFORGING BARS ARE §13 METRIC.
LABELS ON EACH BAR INDICATE LENGTH.

o

g @ N m

8

"

LS
XANPLE: 1345 IS A #13 BAR 1345 mem LONG.
m&mrmwmwmnz
DEFORMED BALLET STEEL
RENFORCEMENT CONFORMING TO THE SPEGPICATONS

0F ASTM DESIGNATION AB1S, GRADE. 60.

ALL REINFORCING STEEL TO BE GALVANIZED
IN ACCORDANCE WITH ASTM 767 CLASS i.

PANELS TO HAVE 28 DAY COMPRESSIVE
STRENGTH OF 25.200 Ki
WIRE. FABRIC
MAY BE USED.
qurcusEumcthLooPs
VSL RETANED EARTH™ IS
UNGER PATENT 4925, 170, o o
SEE 54T No. ST 1 FOR' CLEWS LOOP AND
DETALS.
mnsbtrsmzsa/4 LONG N ALL
Pmnsussmmuuu
ML TN |514u SHALL HAVE

hal mncu'r

WASATCH CONSTRUCTORS
JUN 171999

RELEASED FOR COHSTAUCTION

—METRIC

STABILITY Gmﬁﬂﬂb EARI N STRUCTURES ONLY.

1N, MJ nu»urv OF PREFABRICATED MATERALS CONFORM 10

o
3 %]
n 2LEz
pai gt - Y <3
I mCEg
= |z0F
=35 .
Aot
Z oy ;o
T2 =
2= 232
<E = O
| B
feliys
e
ZSE o
<Ocx -0
hakE=
x 2PSZT
-
2

WG, NO.
CS-3024
J0B KO:
239-0007

""'RE-2A

113



e

HA\RE_EARTH\APROJECT\ 239 ~0007\REBAR\ TYPE~3\ BAR~5X10

FINAL PLOT 12-19-97

APPROVED FOR

No;]ﬂrz I DESCRIPTION

IA\ p-30-08 [RELEASE FOR CONSTRUCTION

181 381 181
el 181 381 181 g
Ll UFT NSERT (VP) ] t—
W/ SHEAR BAR ° 181
&
R
ol
#
N
& 1 2696 J ! g 3 =
g g g § o 183 8@ o F| o
Yo 13 o 2,8 § o 8 8 32 28 |8 &8 8,58 % 4. 2y o
“Ig § Yo £ I 5
& o & | o 2896 2 = X 896 L8|
o - - & f~
g B § 5 J g 11/l s 5
F e ZI P—— ———
52 (TYP)
8[ S[ °[
/ o N 78 e
- 782 762
cLevis LooP—| CLEVIS LOOP—| CLEVIS LOOP—] _ﬁi
Som EMBED (TYP) - CLEVIS CLEVIS -
o) ENBED (TYP) BATTERN PATTERN
3.029M
TYPE G3—10L SHOWN
[T TR0
= 2.710 S0 J
G FORM
3 FORM
8 = 18 1.515M 1.514M
il
181 TP THNE I T T TR TR 181 ik R
651 651
@ ’ ]"—‘ ], 381, da1, e 1, 381, 381, 38 181
R
~ b ©|
3 g 3 ]
3 g 1895
o] 7 5 = N 2 AR INLE
EE 3 Shaos 5 ? §| LEEE HE 2896 [ ) 5{"{,'!"“{'5:!'
B E &3 - 3 BN Hite I
:J 2896, 3 gt 3l 280 8 S VL I EIB g ~=:§. H l{v§
S | o = N Kk R HHTHH
3'{ A 896, i < 2896 B b
3 p— E—— —_— o e f——— — p—— — = )
2 2 a
8 52 (TYP) m[ vsz(m)__l gl 152 (1vP) i m;_ 12
= FORM = § Form s FORM 42 b’ﬁg
CLEVIS LooP—| 762 762 100P—] 762 | 762 762 762 ;zg Z2 =
EMBED (TYP) CLEVIS CLEVIS EMEED (TYP) CLEVIS CLEVIS CLEVIS CLEVS E« T
PATTERN PATTERN ATTERN PATTERN Lo %— PATTERN PATTERN 22CES
3.020M 3.029M ol 3.020M IE‘:‘ § A
xzZi |ZzoZ
TYPE_GB—10L SHOWN TYPE G7-10L SHOWN TYPE G8-10L SHOWN) i
% E G&~10R GPPOSITE HAND) G708 OPPOSITE HAND) ] HAND)
e T ) 3097 SQ.) = 2321 SQN) c§§ W =
» eNt NoTES: WASATCH CONSTRUCTORS weEllgF
1. PANELS ARE SHOWN BACK FACE. 6. ALL RENFORCING STEEL TO BE GALVANIZED o [
2. HORIZONTAL REINFORCEMENT SHALL MAVE IN ACCORDANCE WITH ASTM 767 CLASS I. e
50 mm MINWAUM TO THE BACK FACE. 7. CONCRETE PANELS TO HAVE 28 DAY COMPRESSVE JUN 17 1399 w s
S IFORCEMENT SHALL HAVE 50 mm STR OF 25200 KP x &PET
o Unouus COVER 0 TiE Si S e 8. EGUVALSNT WELDED WIRE FABRIC | s
" LABELS ON EACH X 9. ALL PANELS TO USE 9.Smme# CLEVS LCOPS, RELEASED FOR CORSTARUCTICN 4 =}
DANPLE: 1345 IS A §13 BAR 1345 mm LONG. 10. VSL RETAINED EARTH™ IS PROTECTED
5. PANEL REINFORCEMENT BARS SHALL E UNOER PATENT 4,725,170,
DEFORMED BARS FOR CONCRETE 11. SEE SHT NO. STO-1 FOR CLEVIS LOOP AND
IENT CONFORMING TO THE SPECIFICATIONS LT CERMAED OF RETANED EARTH™
OF ASTM DESIGNATION A61S. GRADE 60. 12. UFT INSERTS ARE 6 3/4" LONG IN ALL EXTERNAL STABILITY, INCLUOING SUT NOT LIMITED TO FOUNCATION AND SLOSE 3
PANELS LESS THAN 1524 TALL. STABLTY, 1S OWNER. CESIGN IS BASED ON THE 239-0007
PANELS TALLER THAN 1.524M SHALL HAVE THAT THE MATERWMAL WITHIN THE RETAINED EARTH™ MASS, UETHODS
11° LONG LIFT ANCHORS. OF CONSTRUCTION. AND QUALITY QF PREFABRICATED MATERWLS CONFORM 10 =% STD-3
THE MANUFACTURER'S SPECIFCATION.
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(X-UTAH.DWE)

RE_EARTH\,

H\J

FINAL PLOT 12-18-97

APPROVED FOR 5

=

G FORM NO. | DATE DESCRIPTION B
1.515M I, 1.514M A [3-30-98 |RELEASE FOR CONSTRUCTION
ST TIE TR TR TR T TR 181 B |saq]issuso AS cse
851 6851
S H
8| 2585
S r\ - UFY INSERT (TYF)
s i W/ SHEAR BAR 181
~ 2237 181
R
= o
E N = 3l § o H
g |8 3 89 8 3 B o 3 g g
o1 ™ 5 g ) b
] 2895 l ] I I 5 2898 x x [ T Tk § ¥ il .
T e i = — = e = 58 E gz 5
gl 52 (TYP) 2 [uie) 2 g ~ 715
78 pomi [ 78 3. FORM [ 3 g % % g
cLevis Loop—] 72 262 cLevs Loop—| 282 262 3 HE [5
EMBED (TYP) cuvs CLevis EMBED (TYP) CLEVIS cLEvis g[ 22 HE
ATTERN \TTERN PATTERN
3.020M il s e 3.02 CLEws LooP—| N
au EMEBED (TYF) E’
@ TYPE G11—10L_SHOWN TYPE G12-10L SHOWN R5i
10f HAND) OPPOSITE. -
3484 sQu) d B }}é g
¥ Es
FORM g FORM l
1.515M 1.514M 1.515M 1.514M ¥
_‘_IL’ 381 381 381 1 381 381 381 181 181 381 381 381 381 381 943 ;
651 651 6517 Tes1_1 3y
: = . = -a
=z
& 2900 2 2936 —— b
o7 2896 8" 2052 B 5
N 2| B b=
5 B N o
] g

152

800
472)
344
80
X
X
X
152
D2

152

i
3

152

Lo
o | 762 762 _ 782 762 EiEs £
EoF T TS e, v L il
TTERN PATTERN ATTERN C TYPE T REBAR g.:;i, EgE!,!{I
G1=10LT, G1-10RT, G2~10RT, G3-10LT, GI-10RT, iRz N3

1
5

20294 ORT, G2-10LT,
GA-10LT, G4—10RT, GB~10LT, G&~10RT, G7-10LT, G7—10RT,
TYPE G4—10L SHOWN G8-10LT, G8-10RT, CI-~10LY, GI—10f = o
€ G-10R QPPOAITE AAND) G11-10LT, G11=10RT, G12~10LT, G12~10RT,G13-10LT, G13-10RT, g 7
EA = 1.935 S0.4) G14—10LT & G14—10RT HAVE 4-§13x304mm DOWELS (GALVANIZED) n SlLIz
FORM - ,5 <
3 225z
g == &
15150 1.514M 235
181 381, 381 381 1, 381 943 PANELS ARE 6. AL RENFORCING STEEL TO BE CALVANZED ] o
| e —————y 2 RCEMENT SHALL HAVE N ACCORODANCE WITH ASTM 767 CASS |. S 2 a2 >>:O
e 651 851 50 mm MINIMUM 7. CONCRETE PANELS 70 HAVE 28 DAY COMPRESSIVE & - |
3. ALL REINFORCEMENT SHALL HAVE 50 mm STRENGTH OF 25,200 KPo. S e
MINIMUM COVER TO THE SIDES. 8. EQUVALENT WELDED WIRE FASRIC S & EeE =
4. ALL REINFORCING BARS ARE §13 METRIC. MAY BE USED. g & <§, oF
LABELS ON EACH BAR | LENGTH. 9. AL PANELS TO USE 9.5mme CLEVIS LOOPS. s D Ga oY
g : 1345 1S A §13 BAR 1345 mm LONG. 10. VSL RETAINED EARTH™ IS PROTECTED IS N L] =
B 3 5. PANEL REINFORCEMENT 8E UNDER PATENT 4,725,170. S =S [Cwh
3 2 % OEFORMED BILLET STEEL BARS FOR CONCRETE 11, SEE SHT NO. STO-1 FOR CLEVIS LOOP AND T 0~ & ast [Txx
! b REONFORCEMENT CONFORMING TO THE SPECIFICATIONS UFT INSERT DETALS. S = SEE -
ol s e v e I OF ASTM DESIGNATION AG1S, GRADE €0. 12, UFT INSERTS ARE 6 3/4° LONG IN ALL S =2 S Zag &
| PANELS LESS THAN 1.524M TALL. £ D 3 =8 a
8| (xve) 5‘[ ANELS THAN 1.524M SHALL HAVE X S D P ]
L = 1% LONG UFT (ORS. = W =
76 } FORM § & : ; T
762 & N o
CLEVIS L00P ] o 3
EMBED (TYP) cLevis _METRIC
3.020u 2
CERTIAED FOR INTERNAL STABILTY GF RETAINED EARTH™ STRUCTURES ONLY. =
TYPE G14—10L SHOWN SIERNAL STSLTY. NCWOKG BUT NOT LATED T0 FOUNDATICN WD SLoge. X8 N
PE G14- 107 OPPO: STABILITY, IS THE RESPONSIBILITY OWNER. DESIGN IS BASED &
S e au oy ASSOMDTON. AT THE MATERAL W THE. RETANED: EARTIH WSS, LETHODS 239-0007
OF CONSTRLCTION, AND QUALTTY OF PREFABRICATED MATERALS CONFORM TO S® STD—4
THE MANUFACTURER'S SPECKICATION.
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ENCE (X~UTAH.ONG)

E:\APROJECT\239-0007\REBAR\M~PANEL

FINAL PLOT 12-18-97

[

H

H - 102mm
E

REBAR SPACING

I

CLEVS Loop—/
EMBED (TYP)

152
avey

LFTING INSERT
DAYTON SUPERIOR SWIFT LIFT
ANCHOR (1 TON X 4 3/47)

SEE_EQUIVALENT TYPE
PANEL_DETAL FOR
‘CONNECTOR EMBED
LOCATION AND REBAR
VERTICAL SPACING (EXAMPLE:
TYPE “A-10" PANEL DETAL
FOR "MA" DIMENSIONS)

#13 - 381mm
(UNLESS NOTED)

152
TPy

TYPE M _REBAR
W PANELS SHALL HAVE A PLAN FINISH

PANEL_AREAS
PANEL NAME [ sa. M.
MA 1.277
MD 1.068
MD2 0.852
Mc2 0.839
MD4 0.426
wB2 0.638

!théM_MGLE

MT PANEL WITH "A~10" PANEL HEIGHT
M1.25_162

M_ANGLE

"M PANEL WITH 1.25 HEIGHT

APPROVED FOR

DESCRIPTION

ar

>s

RELEASE FOR

-aradt

(o-]d

PANEL REINFORCEMENT NOTES:
L PANELS

2. HORIZONTAL
3. AL REN

ARE

SIDES.
4. AL REINFORCING BARS ARE §13 METRIC.

oes. [ 121837 WM
osn | 12-18-57 | 000

o
it
it

—
v

UBELS ON EACH
I S, PANEL RONFO)
OEFORMED BILLET STERL
REINFORCENENT CONI
OF ASTW DESIGNATION A1
:‘ #m&m W Ko 75
9.5mm# CLEVIS LS (1 ToN xs:r;r/lif)’ ol " STRENGTH OF 25,200 KPo.
a8 WELDED WIRE FABRIG
- - MAY BE USED.
To. (AL Reanen autne o PRoiae
—TYPE_1 CLEVIS LOOP UNDER PATENT 4,725,170,
Foru PANEL_ HEIGHT
20 psT8 1/2_PANEL] HEIGHT +89mm
165 1865
r— /2 PANEL HEIGHT +8Smm
cLevs Loop
2 EuBED i 3 " 13, §J
:wmorm_j 810 30 P
FRONT FACE OF PANEL —SECTION K=K AT 0° CORNER
CTI!
&
&
S
& @
SR
T
N 8
P
)
O
&%
METRIC

FOR

CERTIFIED FOR iNTER!
EXTERNAL STABILITY, INCLUOING BUT
ASLITY, L

IS THE

NAL STABILITY OF RETAINED EARTH™ STRUCTURES ONLY.
NOT UMITED O FOUNDATION AND SLOPE
ESPONSIBILITY OF THE OWNER. DESIGN IS BASED ON THE

ST 3
ASSUMPTION THAT THE MATERWAL WITHN THE RET/
0F ¢ QUALITY OF PREFABRICATED MATERIALS CONFORM

THE MANUFACTURER'S SPECIFICA

STION.

™ MASS, METHODS
o

%
b

n LWT=Z
4 822
2z [Z08
=38 o
x B[O
Fe2|lzE0
TEO | Z
[ == =y
x5 (Z0F
<sx (oW
wn= |, 9=
ol [ oy =
a8z x%
[ ={ AN <C
ZE, 5&1
<53 |=
ﬁm <—Q
g 53z
@ 0%

=

=)

08 NO:
239-0007

"eSTD-5
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TENCE (X-UTAN.OWG)

N:\HLEAR'N\APMJSCI’\ZM—NW\STDS\?"‘-O

FINAL PLOT 10-1-95

FRONT FACE OF PANEL

bl E%?%ﬁ E!??;ﬁ T A
8 (c;: TYPE 1 Clavis

jovia Loopa
antity Varlea) (Sea Companent Datails)

3029
- o
Back Foca View
18mm_JOINT
S0mm
CLEAR

152mm FILTER FASRIC

HORIZONTAL JOINT DETAIL
NTS.

CENTER ON PANEL JOINTS

SECTION AT REBAR

N.T.S.

52mm _TYPWIOTH OF GEOTEXTILE. (SEE STANDARD SPECIFICATION 526;

E .R-l-:m: = - /—lom Radius
1' J, = H'lnlnl&JIMA ‘n
i
TYPE 1 — CLEVIS LOOP DETAIL

N.T.S.

MW129 Wira 12.8mm ¢
L=610 Far 4 Embeds

=762 F
L01E For 3 Emveen

i

f——— Connector Ber

HORIZ. BARS =

REINFORCING MESH CONNECTION DETAIL

N.T.S.

A

\I
]
:

Ci

182mm__TYP.WIDTH_OF GEOTEXTILE, CIASS 2, TYPE A

PANEL JOINT DETAh\s\\‘"\

APPROVED FOR CONSTRUCTION

z
[

DATE |

DESCRIPTION

/N[ 3-30-98] Faast R const.

[Al5-ar

D AD C.

Resistoncs w-u)—\
10mm Mu»v_’
L_N—J

WIRE MESH LOOP DETAIL

N.T.S.

Cmuvm--\’

— ¢ ]

Longitudinal Wire

Reinforeing Wire Mesh Length = “L*

L
- [+ oW W
g o
Cross Wire——— I; dx
e J/ .
e ik
Longltudinal Wirs 7 k]
/
WIRE MESH DESIGNATION SWI1 + Wit x 1.0 (SW11-12)
No. Of Longitadinol Wires
Size Of Langliudinal Wires (LS).
( SHEET WIDTH

zavaLmr:ﬁnAgLfes‘um:Emmm =6 X
(L) (cW)(Ls) (CS)
FO SH _DET,
NOTE & i @ (1 = mm) And wznu":v 29 mm)

Wires And Loaps Shell

|t
w—

19mm x 30Smm WAFFLE PAD (HPDE)
(4 PER PANEL,
SEE ASOVE LEFT PANEL DETAL )

X 12-WIIXW11~24"X "L

L suexr enom

¥
i
3 8l3
i;flé
I
iele &
I
d
P 1

-§
24

T
5 } irefi i

W

APPLY ADHESIVE COATING TO A\ N
PANELS ONLY. DO NOT APPLY TS 3\\\\ S‘\\Q‘\\
ADHESVE TO GEOTEXTILE OR B
WITHIN S1mm OF JOINT (TYP.) N R
o
METRIC
CRIFED FoR MTERNAL STABLTY OF RETANED £S ONLY.
NOT LWTED TO FOUNDATION A Sicee
STAGLITY. 15 THE KESPONSIBLTY OF THE OWNER. DES 1S BASED Q1 THE
TN THAT e UATERAL N THE n:rmm EARTH™ WSS, i
AND D MATERILS CONFORM 7O

QUALITY.
T WANUFACTURER'S SPECTOTON.

s
18

RETAINED EARTH™ WALLS
CORRIDOR STANDARD PLAN
SINGLE STAGE — TYPICAL DETAILS
UTAH 1-15 INTERCHANGE
SALT LAKE COUNTY, UTAH

UTAH DEPARTMENT OF TRANSP.
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ENCE (X-UTAH.ONG)

HARE_EARTH\APROLECT\233~0007\STOS\STD-7

FINAL PLOT 12-19-97

APPROVED FOR z
NO.| DATE DESCRIPTION &
3 g 38 gﬁ A\ |a-10-28 [ReLease ror
§: g 5 3 5«— ELEVATION AT TOP OF CLEVIS' CONNECTOR (Bleai-n Toep o5 G50 (7
Pl P & CoPma PANEL BACK FACE g
TOP OF COPING R T MESH CONNECTOR PIN
MESH TYPE USE WOODEN WEDGE
SEPARATOR LINE TO FORCE WIRE MESH
& HOOKS IN
—— - TIGHT CONTACT #
S xS e g
B e R E o ]
R v | v ] o . .
L] ey ey Py pepre— Y, = MESH TYPE AT RS 3|8|3 H
e 5Wi1-6 5W11-6 | HE
d i Y —— )
E Bl aovon e or i "\F'E:gw::;‘m AEE
ol d P . 90.0 -WM' g%‘g = ﬁl &
- | . H
PANEL COLUMN *.r 1 2 3 4 5 g R 53 i"i;
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APPENDIX C: PICTURES AND RAW DATA

Pictures of coupons, extraction procedures, and lab testing were given to UDOT on a
flash drive along with raw data used to create the figures and tables used herein. These items are
available by contacting the UDOT Research and Innovation Division or by going online to the
following Google Drive folder link managed by this division (as of the time of report

publishing):

https://drive.google.com/drive/folders/1bLeX1PTPdL4R olxMLrHOPj9 ADxzHjqg
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