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. INTRODUCTION

GENERAL

This Value Engineering report summarizes the results of the Value Engineering study performed by
VE GROUP for the Georgia Department of Transportation. The study was performed on March 24,
2006.

VALUE ENGINEERING METHODOLOGY

The Value Engineering Team followed the basic Value Engineering procedure for conducting this
type of analysis.

This process included the following phases:
1. Investigation
2. Speculation
3. Evaluation/Development
4. Report Preparation
Evaluation criteria identified as a basis for the comparison of alternatives included the following:
Future Maintenance
Construction Time
Construction Cost

Ease of construction



. INTRODUCTION

SUMMARY OF RECOMMENDATIONS

It is the recommendation of the Value Engineering Team that the following Value Engineering
Alternatives be carried into the Project Development process for the final plans and specifications.
RECOMMENDATION NUMBER 1- CONSTRUCTABILITY

The Value Engineering Team recommends that the following Value Engineering Alternatives be
implemented.

A. BRIDGES

Value Engineering Alternative: Shorten bridges by using MSE walls and vertical
abutments.

If this recommendation can be implemented, there is a possible savings of $413,236.

RECOMMENDATION NUMBER 2- MATERIALS

The Value Engineering Team recommends that the following Value Engineering Alternatives be
implemented.

A MAINLINE PAVEMENT

Value Engineering Alternative: Use plain concrete rather than early strength.

If this recommendation can be implemented, there is a possible savings of $3,434,277.
B. RAMP TYPICAL SECTION

Value Engineering Alternative: Reduce the width.

If this recommendation can be implemented, there is a possible savings of $333,456.
C. RAMP EARTHWORK

Value Engineering Alternative: Use lightweight fill.



. INTRODUCTION

SUMMARY OF RECOMMENDATIONS

RECOMMENDATION NUMBER 3- TRAFFIC CONTROL

The Value Engineering Team recommends that the Value Engineering Alternative be implemented.
A. LOOP RAMP 4

Value Engineering Alternative: Widen to two lanes during construction.

If this recommendation can be implemented, there is a possible savings of $52,074.

RECOMMENDATION NUMBER 4- CONTRACTOR WORK HOURS
The Value Engineering Team recommends that the Value Engineering Alternative be implemented.
A. LANE CLOSURES

Value Engineering Alternative: Close only from 6am-9am and 3:30pm-6pm.

RECOMMENDATION NUMBER 5- CONSTRUCTION TIME

The Value Engineering Team recommends that the Value Engineering Alternative be implemented.
A LENGTH OF TIME

Value Engineering Alternative: Use early completion date.

RECOMMENDATION NUMBER 6- STAGE CONSTRUCTION

The Value Engineering Team recommends that the Value Engineering Alternative be implemented.

A. NUMBER OF STAGES
Value Engineering Alternative: Eliminate stage 3.
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1. TEAM MEMBERS AND PROJECT DESCRIPTION

TEAM MEMBERS

NAME AFFILIATION EXPERTISE PHONE
William F. Ventry, P.E., C.V.S. VE Group Team Leader 850/627-3900
Bruce Nicholson VE Group Construction 850-627-3900
Tom Hartley, P.E., C.V.S. VE Group Roadway Design/Traffic 850/627-3900
John Ledbetter, Jr., P.E., R.L.S. VE Group Structures 850/627-3900

PROJECT DESCRIPTION

Project IM-185-1(326) consists of the reconstruction and improvement of the 1-185 interchange at
US 27/SR 1 in Muscogee County. The improvements will reconstruct the existing full cloverleaf
interchange to add a directional ramp from US 27 eastbound to 1-185 northbound. This project was
designed using the foot/pound system of units and for convenience all dimensions will be displayed

in dual units.

Project NH-IM-185-1(317) consists of the widening and reconstruction of 1-185 from 425 meters
(1395 ft.) north of SR 520/Victory Drive to 450 meters (1,475 ft.) south of St. Mary’s Road, a total
length of 3.7 kilometers (2.3 miles). The project will encompass the widening of the existing bridge
over Cuesetta Road and Norfolk Southern and Georgia SW Railroads and widening of the existing
bridge over Old Cuesetta Road. This project was designed using the metric system of units and for
convenience all dimensions will be displayed in dual units.




IV. INVESTIGATION PHASE

VALUE ENGINEERING STUDY BRIEFING

RECONSTRUCTION AND IMPROVEMENTS OF THE 1-185

INTERCHANGE AT US 27/SR 1
March 24, 2006

NAME AFFILIATION PHONE
William F. Ventry, P.E., C.V.S. VE Group 850/627-3900
Bruce Nicholson VE Group 850/627-3900
Tom Hartley, P.E., C.V.S. VE Group 850/627-3900
John Ledbetter, Jr., P.E., R.L.S. VE Group 850/627-3900
Lisa Myers GDOT 404/651-7468
Amber Perkins GDOT 404/699-3473
Marc Mastronandi GDOT 404/656-5306
Lamar Pruitt GDOT 706/646-6569
Clay Bastian GDOT 404/656-5400
Scott Zghngraff GDOT 404/635-8127
Joe King GDOT 404/656-55195




IV. INVESTIGATION PHASE

The following areas have been identified by the Value Engineering Team as areas of
focus and investigation for the Value Engineering process:

l. CONSTRUCTABILITY

A BRIDGES

1. MATERIALS
A MAINLINE PAVEMENT
B. RAMP TYPICAL SECTION

C. RAMP EARTHWORK

I1l. TRAFFIC CONTROL/MAINTENANCE OF TRAFFIC

A. LOOP RAMP 4

IV. CONTRACTOR WORK HOURS

A LANE CLOSURES

V. CONSTRUCTION TIME

A. LENGTH OF TIME

VI. STAGE CONSTRUCTION

A NUMBER OF STAGES



Ideas generated, utilizing the brainstorming method, for performing the functions of previously
identified areas of focus.

I CONSTRUCTABILITY

A BRIDGES

Shorten bridges by using MSE walls and vertical abutments.

1. MATERIALS

A MAINLINE PAVEMENT

Use plain concrete rather than early strength.

B. RAMP TYPICAL SECTION
Reduce the width.

C. RAMP EARTHWORK
Use lightweight fill.

Il.  TRAFFIC CONTROL/MAINTENANCE OF TRAFFIC

A LOOP RAMP 4

Widen to two lanes during construction.

IV. CONTRACTOR WORK HOURS

A LANE CLOSURES

Close only from 6am-9am and 3:30pm-6pm.



V. CONSTRUCTION TIME

A LENGTH OF TIME

Use early completion date.

VI. STAGE CONSTRUCTION

A NUMBER OF STAGES

Eliminate stage 3.



VI. EVALUATION PHASE

A. ALTERNATIVES

The following alternatives were formulated during the "eliminate and combine™ portion of the
Evaluation/Development Phase.
. CONSTRUCTABILITY

A BRIDGES

Value Engineering Alternative:- Shorten bridges by using MSE walls and
vertical abutments.

1. MATERIALS

A MAINLINE PAVEMENT

Value Engineering Alternative:- Use plain concrete rather than early strength.

B. RAMP TYPICAL SECTION

Value Engineering Alternative:- Reduce the width.

C. RAMP EARTHWORK
Value Engineering Alternative:- Use lightweight fill.

I1l.  TRAFFIC CONTROL/MAINTENANCE OF TRAFFIC

A LOOP RAMP 4

Value Engineering Alternative:- Widen to two lanes during construction.

IV. CONTRACTOR WORK HOURS

A. LANE CLOSURES

Value Engineering Alternative:- Close only from 6am-9am and 3:30pm-6pm.
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A. ALTERNATIVES

V. CONSTRUCTION TIME

A. LENGTH OF TIME

Value Engineering Alternative:- Use early completion date.

VI. STAGE CONSTRUCTION

A NUMBER OF STAGES

Value Engineering Alternative:- Eliminate stage 3.
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l. CONSTRUCTABILITY

(1) ASPROPOSED
(2) VALUE ENGINEERING ALTERNATIVE

1.  MATERIALS

(1) ASPROPOSED
(2) VALUE ENGINEERING ALTERNATIVE

(1) ASPROPOSED
(2) VALUE ENGINEERING ALTERNATIVE

(1) ASPROPOSED
(2) VALUE ENGINEERING ALTERNATIVE
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I11. TRAFFIC CONTROL

(1) ASPROPOSED
(2) VALUE ENGINEERING ALTERNATIVE

IV. CONTRACTOR WORK HOURS

(1) ASPROPOSED
(2) VALUE ENGINEERING ALTERNATIVE

V. CONSTRUCTION TIME

(1) ASPROPOSED
(2) VALUE ENGINEERING ALTERNATIVE

VI. STAGE CONSTRUCTION

(1) ASPROPOSED
(2) VALUE ENGINEERING ALTERNATIVE
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VIil. DEVELOPMENT PHASE

l. CONSTRUCTABILITY

A. BRIDGES

1.  *“AsProposed”

The two bridges in the interchange are Ramp A over 1-185, and Ramp A over Victory Drive.
Both bridges are 13.8 meters (45.25 ft.) in width. Ramp A over 1-185 is 79.6 meters (261 ft. in)
length, while Ramp A over Victory Drive is 76.2 meters (250 ft.) in length. Both bridges are
made up of 4 spans. The center spans are 21.3 meters (70 ft.) to 24.4 meters (80 ft.) in length and
the end spans are 12.2 meters (40 ft.) to 18.3 meters (60 ft.) in length. The spill-through
abutments are on 2H to 1V slopes. The interior bents are supported on 508 mm (20 inch) PSC
piles, and the end bents are on 406 mm (16 inch) PSC piles. Both bridges are designed with Type
I11 PSC girders.

The bridge on 1-185 over Old Cusseta Road replaces existing dual bridges. Old Cusseta Road is
being widened, which requires the replacement. The replacement bridge is 62 meters (203.4 ft.)
in length and 34.8 meters (114.2 ft.)in width. It is a 4 span bridge with spans of 12m (39.4 ft.),
38m (124.7 ft.), and 12m (39.4 ft.). The girders are Type 1l PSC and Bulb Tees. The Bulb Tees
are in the center span. The interior bents and end bents are supported on 400 mm (15.75 in.) PSC
piles.
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VII. DEVELOPMENT PHASE

l. CONSTRUCTABILITY

A. BRIDGES

2. Value Engineering Alternative

The Value Engineering Alternative for all three bridges is a shortened bridge length with MSE
vertical abutments. The Ramp A bridge over 1-185 will be 48.2 meters (158 ft.) in length, and the
Ramp A bridge over Victory Drive will be 43.9 meters (144 ft.) in length.

The MSE vertical abutments at Old Cusseta Road will shorten the bridge to 38 meters (124.7).
At this site the MSE wall will have to be constructed in sections to accommodate traffic staging.
This will require a temporary MSE wall without concrete facing. The temporary MSE wall will
be between the bridges and perpendicular to the abutment.

18
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A. BRIDGES
VALUE ENGINEERING ALTERNATIVE
COST COMPARISON SHEET

I. CONSTRUCTABILITY

PROP'D PROP'D V.E.
DESCRIPTION UNITS | UNIT COST QTY. COST QTY. V.E.COST
RAMP A OVER 1-185 SF $65.00 11,810.0 $767,650 7,150.0 $464,750
MSE ABUTMENTS SF $50.00 0.0 $0 4,300.0 $215,000
BASE AND PAVEMENTS SY $100.00 0.0 $0 515.0 $51,500
RAMP A OVER
VICTORY DR. SF $65.00 11,250.0 $731,250 6,480.0 $421,200
MSE ABUTMENTS SF $50.00 0.0 $0 3,466.0 $173,300
BASE AND PAVEMENT SY $100.00 0.0 $0 106.0 $10,600
1-185 OVER
OLD CUSSETA ROAD SM $699.00 2,158.0 $1,508,442 1,322.0 $924,078
MSE ABUTMENTS SM $538.00 0.0 $0 503.8 $271,044
BASE AND PAVEMENT SM $120.00 0.0 $0 835.0 $100,200
SUBTOTAL $3,007,342 $2,631,672
MOBILIZATION (THIS IS
SUB+CONTIN. x %=) 0% 30 30
TRAFFIC CONTROL/MOT 0% $0 $0
ENGINEERING & 0
CONTINGENCY 10% $300,734 $263,167
GRAND TOTAL $3,308,076 $2,894,840
POSSIBLE SAVINGS: $413,236
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Il. MATERIALS

1. “AsProposed”

The reconstruction of the 1-185 interchange with US 280/Victory Drive and also the widening of
I-185 approximately 3.2 km (two miles) north of this interchange will be concrete pavement.
The pay item contained in the summary of quantities in the roadway section is Plain PC concrete
pavement, CL HES, 300 mm (12 in.). There is not a class or high early strength description on
the interchange project. There are 94,492 square meters (113,015 square yards) estimated for the
mainline and 108,429 square meters (129,684 square yards) on the interchange project.

23



VII. DEVELOPMENT PHASE

1.  MATERIALS

A.  MAINLINE PAVEMENT

2. Value Engineering Alternative

High early strength concrete is used primarily at locations where traffic needs to be placed on the
surface in a very short time frame. Traffic can be placed on conventional PC concrete pavement
in 14 days. Since traffic is staged on these projects there is not an urgency to open these sections
earlier than 14 days. It is the study team’s recommendation that plain PC paving be used on
these two projects. A small quantity of high early strength concrete needs to be included in the
proposed plans for tie-in areas. By revising the pay item for the paving on these projects, there is
an estimated savings of $3,434,277.

24



Il. MATERIALS
A. MAINLINE PAVEMENT
VALUE ENGINEERING ALTERNATIVE

COST COMPARISON SHEET

PROP'D PROP'D V.E.
DESCRIPTION UNITS | UNITCOST | "ol COST ofv. | VECOST
PLAIN CONCRETE
PAVEMENT. CL HES sY $80.11 240,000.0 | $19,226,400 | 3,0000 | $240,330
PLAIN PC CONCRETE
SAVEMENT. CL 3 sY $66.10 0.0 $0 240,000.0 | $15,864,000
SUBTOTAL $19,226,400 $16,104,330
INFLATION 0% $0 $0
TRAFFIC CONTROL/MOT | 0% $0 $0
ENGINEERING &
CONTINGENGY 10% $1,922,640 $1,610,433
GRAND TOTAL $21,149,040 $17,714,763
POSSIBLE SAVINGS: $3,434,277
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Il. MATERIALS

“As Proposed”

The proposed Ramp A typical section is:
4 ft. inside shoulder (2 ft. paved)
2 —-12 ft. lanes

8 ft. outside shoulder (6 ft. paved)

36.0'

4:1 | 5 i

4:1
2:1 J 2:1
: 12" GRADED AGGREGATE BASEBARS

19 mm SUPERPAVE (330 Ib/sy), GP 1 OR 2, INCL BITUM MATL & H LIME

12" PLAIN PORTLAND CEMENT CONC. PAV'T. WITH 1.5" DOWEL BARS

AS PROPOSED RAMP A TYPICAL SECTION
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Il.  MATERIALS

Value Engineering Alternative

The Value Engineering Team recommends reducing the Ramp A Typical Section by 2 ft. to

provide the following typical:
8 ft. inside shoulder (6 ft. paved)
1-16ft. lane

12 ft. outside shoulder (10 ft. paved)

36.0'

10.0°

41 ‘ , L . - - A /

z1 12" GRADED AGGREGATE BASEBARS‘/

19 mm SUPERPAVE (330 Ib/sy), GP 1 OR 2, INCL BITUM MATL & H LIME

12" PLAIN PORTLAND CEMENT CONC. PAV'T. WITH 1.5" DOWEL BARS

VE ALTERNATIVE RAMP A TYPICAL SECTION

27
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Il.  MATERIALS

Value Engineering Alternative (continued)

This typical is adequate to handle the 1050 vph in AM Peak hour. If an unexpected increase of
traffic warrants a two-lane ramp, this typical can easily be re-striped to provide the following

typical:
4 ft. inside shoulder (2 ft. paved)

2 —12 ft. lanes

8 ft. outside shoulder (6 ft. paved)

36.0"

a1 : ' ) _
2:1 _/ 2:1
: 12" GRADED AGGREGATE BASEBARS

19 mm SUPERPAVE (330 Ib/sy), GP 1 OR 2, INCL BITUM MATL & H LIME

12" PLAIN PORTLAND CEMENT CONC. PAV'T. WITH 1.5" DOWEL BARS

ULTIMATE VE ALTERNATIVE RAMP A TYPICAL SECTION

28



VALUE ENGINEERING ALTERNATIVE

Il. MATERIALS

B. RAMP TYPICAL SECTION

COST COMPARISON SHEET

DESCRIPTION UNITS | UNIT COST ngs'_[’ PR g’ﬁ_ V.E. COST
PL@A@E&ESS&EF)TE sY $43.98 1325400 | $582,911 | 12517.7 |  $550,527
19MM SUPERPAVE ™ $44.47 242990 | $1,080577 | 230841 | $1,026,548
GAB N $15.31 082269 | $1,503,853 | 933155 | $1428,661
BORROW cyY $6.79 920417 | $624963 | 874396 | $593715
STRUCTURES SF $65.00 231483 | $1,504,640 | 2161530 | $1,404,995
SUBTOTAL $5,296,943 $5,004,445
@ VEARS '5 'e\sl%) 0% 30 30
TRAFFIC CONTROL/MOT | 0% $0 $0
CONTINGENCY 10% $529,604 $500,444
RIGHT-OF-WAY AC $4,000.00 5.7 $22,727 28 $11,019
GRAND TOTAL $5,849,365 $5,515,908
POSSIBLE SAVINGS: $333,456

29




II. MATERIALS

1. “AsProposed”

Ramp A will require approximately 300,000 CY of fill to construct.

30



Il. MATERIALS

2. Value Engineering Alternative

The Value Engineering Team evaluated the use of an alternative fill material to speed the
construction and to reduce the need for borrow because of concerns about the availability of
good fill. The Team evaluated Geo-Foam as a substitute fill material. The attached Geo-Foam
brochure identifies its benefits.

The Value Engineering Team determined that this substitute material is too cost prohibitive for

this application, but should be considered where poor soils are present and a structure is being
considered to span these poor soils.
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Use of Geofoam for 1-15 Reconstruction in Salt Lake City,
uT

Steven Bartlett, Utah Department of Transportation, Salt Lake City, UT

Dawit Negussey, Geofoam Research Center, Syracuse University, Syracuse, NY
Mark Kimble, Wasatch Constructors, Salt Lake City, UT Michael Sheeley, Geofoam
Research Center

The geofoam fill monitoring for this project is a joint project of the Utah DOT and the
Geofoam Research Center.

Project Description

The Utah Department of Transportation (UDOT) in conjunction with Wasatch
Constructors is in the process of reconstructing Interstate 1-15 in Salt Lake City,
Utah. The $1.5 billion design-build contract consists of modernizing 1-15 from 600
North to 10600 South, approximately 27 kilometers of urban interstate (Figure 1).
Construction began in May 1997 and will be completed by July, 2001 in time for the
2002 Winter Olympic Games.

32



K Geofoam Placement Areas

Figure 1: 1-15 Alignment and Geofoam Placement Areas in Salt Lake City.

The project essentially widens the existing 1-15 corridor with an additional general-
purpose lane, a high occupancy vehicle (HOV) lane, and an auxiliary lane between
ramps on both north and southbound sides of the interstate. The project will replace
all existing bridges with 144 new structures. Interchanges will be constructed at 400
South and 600 North for improved downtown access, and single point urban
interchanges (SPUI) will reconfigure most remaining freeway/arterial intersections
(Figure 1).

To accomplish the widening of the roadway within the limits of right of way, the
reconstruction of the 1-15 corridor will make use of approximately 160 mechanically
stabilized earth (MSE) walls to construct "vertical fills." As part of this time critical
project, several innovative foundation treatments and embankment construction
methods have been used. These methods are being employed in areas where
conventional solutions are costly or time consuming. The most innovative of which is
the use of EPS blocks for light-weight fill.

Geofoam Applications

One primary application of geofoam is to minimize settlement of underground
utilities. Many existing utility lines traverse areas of raised mainline or ramp
embankments. These utilities consist of high pressure gas lines, water mains, and
communication cables, which must remain in-service during construction. MSE
embankments were predicted to induce primary settlements of up to 1 meter,
exceeding strain tolerances for these buried utilities. However, when the soil mass of
the MSE walls was replaced by low density geofoam the predicted settlements
became minimal. This application of geofoam enabled buried utilities to remain in-
place, eliminating possible expensive interruption, replacement, or relocation. Figure
2 shows a photo of a completed geofoam embankment, before installation of the tilt-
up fascia panel wall at the 100 South utility corridor.

33



Figure 2: A Geofoam Embankment at 100 South Utility Corridor Crossing of 1-15.

Another important use of geofoam on the 1-15 project was to improve the stability of
embankments. At some bridge locations high embankments were required and the
associated safety factors against base failure were low. Such embankments are
usually constructed with geotextile reinforcement and stage loading that require
several months of delay to allow excess pore pressure dissipation and shear strength
gain. Construction of embankments with geofoam provided higher safety factors
against instability and allowed the construction to proceed within the critical path for
the bridges. Figure 3 shows a typical bridge abutment with geofoam placed behind
the abutment wall.

34




Figure 3: Typical Bridge Abutment with Geofoam Backfill.

This application of geofoam eliminated stability concerns at the bridge abutments and
reduced the construction time by up to 75%. In addition, geofoam approach fills
induce essentially no lateral pressure on retaining structures provided the soil to
geofoam fill transition is maintained at close to a self supporting repose angle, as
shown in Figure 4.
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Figure 4: Details of a Typical 1-15 Project Geofoam Fill.

Subsurface Conditions

Extensive geotechnical investigations were conducted along the 1-15 corridor by
UDOT and the design-build team. Much of the Salt Lake Valley is underlain by
alluvium/colluvium from the nearby Wasatch Mountains that have interfingered with
relatively thick deposits (5 to 10 m layers) of lacustrine silt and clay. The lacustrine
deposits originate from the Great Salt Lake and its fresh water lake predecessors that
were common in the Great Basin during Tertiary time. Cone penetrometer (CPT) logs
and sampling from borings reveal interbeded sand layers within the lacustrine
deposits, which mark numerous transgressions/regressions of ancestral lake shores,
probably due to climatic changes. The lacustrine soils are generally low plasticity
clays (CL) with some layers of low plasticity silts (ML) and high plasticity clays (CH).

Extensive deposits of compressible lacustrine clays and clayey silts are located in the
northern segment of the 1-15 in the downtown area. These deposits have a maximum
thickness of approximately 25 meters and are saturated due to the shallow
groundwater table (less than 2 m). Typically, these lacustrine sediments begin
consolidation on the virgin compression curve when approximately 2 to 3 meters of
embankment is placed. MSE walls of 8 to 10 meters in height, typically experience
about 1 m of settlement due to primary consolidation of the clayey soils. In order to
expedite excess pore pressure dissipation and primary consolidation, prefabricated
vertical (PV) drains were placed beneath many embankments. Without PV drains, the
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lacustrine deposits require about 400 to 600 days to complete most of the primary
consolidation. Consolidation times can be accelerated to about 100 to 200 days by
the installation of PV drains, which have been typically placed on 1.5-meter triangular
spacing to a depth of about 25 meters. Surcharging was extensively used to minimize
the amount of expected post-construction settlements. Typically, surcharging was 30
to 40 percent of the design embankment height, which made the height of some of
the temporary embankments (borrow + surcharge) up to 10 to 14 meters above
original ground. However, due to its extreme light weight, geofoam embankments do
not trigger primary consolidation nor result in excessive secondary consolidation
settlements. Geofoam embankments were designed to produce "zero net load" on the
foundation soils. This was accomplished by full load compensation or removing a
volume equal to the weight added by the new construction.

Standard Drawings and Specifications

Standard Drawings and specifications were developed for geofoam applications on the
1-15 corridor by Wasatch Constructor's Design-Build team. Figure 4 shows details of a
typical section through a geofoam fill. The fascia panel, roadside barrier as well as
details for a utility trench and pipe are also shown. Table 1 lists all the geofoam
standard drawings that are currently available. Copies may be obtained by request
from the Research Division, Utah Department of Transportation, 4501 S. 2700 W.,
Salt Lake City, Utah, 84114-8410.

Table 1: Geofoam Standard Drawings

Drawing Number 1-15 Corridor Standard Plan Title
CS-42-1, CS-42-2 Catch Basin Down Drain in Geofoam
CS-43, CS-78 Elevation - Geofoam Walls

CS-44, CS-79 Geofoam Wall Panel Details

CS-45, CS-80 Geofoam Wall Restraint Details
CS-46, CS-81 Geofoam Wall Grade Beam Details
Cs-47 Geofoam Wall Connection Details
CS-48-1 MSE Geofoam Conform Detail
CS-48-2 Load Distribution Slab Parapet Wall Detail
CS-49-1, CS-49-2, CS-49-3 Geofoam Coping at Bridges

CS-50 Geofoam Installation at Abutments

CS-51, CSs-52, CS-77, CS-91, CS-92 [Typical Geofoam Section
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CS-53 Load Distribution Slab Drain

Material Properties

The 1-15 Reconstruction Team specified geofoam with no more than five percent
regrind content. Although both Type VIII and Type Il geofoam (ASTM C-578) were
approved, only Type VIII geofoam was used (Table 2). The blocks installed on 1-15
were 0.8 m high by 1.2 m wide by 4.9 m long. The blocks, as manufactured, met the
specified & 0.5 percent dimensional and 5% flatness tolerances and trimming was
not necessary. The overall design considered the nominal compressive resistance at
10 percent strain of 90 kPa for the specified Type VIII geofoam under ASTM-C-578.
Actual tests performed at a strain rate of 10 percent per min on a series of standard
50 mm side cube samples, Figure 5, indicate the density consistently exceeded the
18 kg/m? of the specification. The initial lag in the stress strain curves is due to
uneven contact and must be adjusted. Corrected initial Young's moduli from these
tests were in the range of 2.9 to 5.1 MPa. The compressive resistances at adjusted 5
and 10 percent strain were on average 97 and 111 kPa, respectively, with both
exceeding the specification level for Type VIII geofoam in ASTM-C-578.

Table 2: Material Specification for the 1-15 Project.

Physical Property (ASTM Test |Type VIII |Type 1l

Procedure) Value Value Tolerances
Density (D1622) 18 kg/m® 22 kg/m® Minimum

. . > 1104 Minimum @ yield or 10
Compressive Resistance (D1621) 90 kN/m KN/m2 percent axial deformation

2276 .
Flexural Strength (C203) 208 kN/m 2 Minimum
kN/m

Water Absorption (C272) 3 3 Less than % by volume

The range of densities and compression resistances at 5 percent strain represented in
Figure 5 are shown in Figure 6.
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The best fit line, equation (1), predicts compressive resistance for other densities of
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geofoam. A similar expression is given, equation (2), in the new European Standard
(1998) for compression resistance at 10 percent strain.

Sigmag = 7.3*D - 47 (1)
Sigmag = 9.4*D - 76 (2)

Where Sigmag is compressive resistance in kPa and D is density in kg/m3. The 5
percent criteria generally results in a compressive resistance that is about 10 percent
lower than that for the 10 percent strain level. To limit long term creep deformation
of the geofoam blocks, working stress levels due to dead load were limited to 30
percent of the compressive resistance for Type VIII geofoam with an additional of up
to 10 percent allowed for live load due to traffic. Such criteria have been used widely
before and are believed to result in no more than 2 percent creep strain in 50 years
(European Standard, 1998). An alternative approach used in Japan is to limit working
stress levels to compressive resistance at 1 percent strain (Miki, 1996). The two
methods can be shown to be equivalent.

Corrected initial modulus values that are derived from standard tests as in Figure 5,
are generally too low and over predict settlements when used in analyses
(Frydenlund et al, 1996). Recent results on large block samples tested at Syracuse
University now show that end effects unduly influence data from small specimens.
Provided the imposed stresses are confined to induce predominantly elastic strains,
the deformation that occurs in the geofoam will mostly take place during construction
and post-construction deformation will be small. Thus the more meaningful modulus
for practical purposes is the dynamic or resilient modulus. Because of the depth of
pavement and load distribution of the concrete slab, stress increments that develop in
the geofoam due to live loading are relatively small. Dynamic moduli from large block
samples are of the order of more than double to triple the initial value obtained from
conventional monotonic tests. Comparable initial moduli are also beginning to be
observed in monotonic tests on full height samples obtained from laboratory testing
and with local measurement of deformations.

The behavior of EPS geofoam is strain rate dependent, particularly at higher strain
levels. A lower value of compressive resistance develops with decreasing strain rate.
Thus the value of specifying compressive resistance at set strain level of 5 or 10
percent and based on standard specimen sizes serves mainly as reference. There
have been other projects that have been designed on the same basis and performed
well. Perhaps more than confirming the validity of the methodology, the evidence
that there have so far been no reported or documented cases of failed geofoam
embankments suggests a reasonable degree of conservatism in current methods.

Interface shear strengths between geofoam blocks and between geofoam and
bedding sand are shown in Figure 7. The test results are for a range of normal
stresses due to the pavement load on the geofoam. Also shown as a lower bound
envelope is the interface friction coefficient of 0.6 used in the I-15 design. The lower
coefficients for the sand to foam interface imply failure at the interface would be
localized to occur within the sand. Coefficients for both the foam to foam and foam to
sand interfaces slightly decrease with increasing normal stress.
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Figure 7: Interface Coefficients for Type VIII Geofoam.

The load distribution concrete slab over the geofoam fill was cast in place. A relatively
strong adhesion bond and a rough texture develops between poured in place concrete
and geofoam surfaces resulting in a much higher interface strength than between
foam to foam. In some cases, the scheduling of the load distribution slab construction
fell behind the geofoam fill completion. The geofoam surface was exposed to
prolonged duration of sunlight. Discoloration and dusting of the surface occurred due
to UV degradation. The effect of surface degradation on interface strength between
geofoam and cast in place concrete was investigated. Samples were subjected to
accelerated UV exposure in a weatherometer and field samples exposed to the 90
days specification limit were recovered. Interface strengths determined for fresh
foam, UV lab exposed surfaces and field degraded samples are shown in Figure 8.
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Figure 8: Interface Coefficients for Geofoam - Cast in Place Concrete with UV
Exposure Duration.

Also shown are results for field degraded but power washed geofoam to cast in place
concrete interfaces. On the time scale, the 90 days of field exposure is approximated
as being equivalent to 50 hours of UV exposure in the weatherometer. The design
interface coefficient of 0.6 that was assumed for all interfaces involving foam is also
shown as a lower bound for all of the test data. Interface strengths between geofoam
and cast in-place concrete decrease with the level of UV exposure and surface
degradation. Power washing before concrete pouring was effective in removing the
degraded surface and enabled full regain of interface strength to a value comparable
for a fresh geofoam interface. Analyses indicate the interface strength demand due to
braking or acceleration of trucks can be met by a friction coefficient of less than 50
percent of the design level of 0.6. The specification requirement for covering geofoam
with plastic sheeting for exposure duration beyond 90 days can be relaxed. The
sheeting was an additional expense and securing for protection against wind was
necessary. If desired, reconditioning of UV degraded load bearing surfaces by power
washing was a better alternative.

Barbed metal plates or binder plates were used with the intention of developing more
interface shear resistance between geofoam blocks. However, test results performed
for the 1-15 Reconstruction Project indicate the plates did not provide more resistance
in one way loading and were even less effective on reverse loading. While the binder
plates may have helped in maintaining the blocks in position during placement, the
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suppliers claimed value for enhancing shear resistance was found to have been
exaggerated. This conclusion supports the previously expressed opinion of Sanders et
al. (1996).

Solvent, Fire and Insect Protection

Geofoam should be protected from potential spills of petroleum based fuels and
solvents (e.g., gasoline and diesel fuel) and from fire. The load distribution slab,
pavement section, and fascia panel wall are the primary protection against spills.
However, in applications where the geofoam was placed on a side slope, a
geomembrane liner (28 mil minimum) was provided. The geomembrane was specified
as a tri-polymer consisting of polyvinyl chloride, ethylene interpolymer alloy, and
polyurethane or a comparable polymer combination. A modified flame retardant resin
was used for fire protection. Also, borate was added to prevent insect attack and
boring intrusion. There has so far been no record of detrimental solvent or insect
attack of geofoam fills for highway embankments anywhere. The extent and
effectiveness of such pre-cautionary measures may need to be reviewed in future
applications.

Material Quality and Acceptance

The frequency of quality assurance testing was left to the discretion of the field
engineer, who had the right to random sample the delivered blocks. Blocks that did
not meet the project specifications upon inspection were to be rejected. The original
geofoam specification stated: "any damage to the EPS resulting from the contractor's
vehicles, equipment, or operations, shall be replaced by the Contractor.” However, as
the project progressed, minor damage to many geofoam blocks was noted and the
specification was revised to define acceptable damage. Much of the damage was due
to forklifts making impressions in the sides of the block, or damaging or breaking off
corners of the block, as the block was moved from the delivery truck or within the
stockpile. One approach for setting a realistic acceptance criteria for geofoam blocks
was to limit damage to 1 percent by volume, 5 percent in load bearing area and 20
percent of the longest side for a maximum linear dimension. If only one limit was to
be checked, the load bearing area restriction would be easier and more meaningful.
For the standard 1-15 blocks the area criteria would mean total damage of no more
than 0.3 m? (about 3.2 ft?). The damage limit would apply to one location or the sum
of all damaged areas over a load-bearing surface. Damaged areas between blocks
would satisfy the conditions for individual blocks but over an equivalent area. Such
criteria would mean acceptance or rejection with no intermediate choice for moderate
damage and repair option. Thus a damaged block either had to be cut, so as to
remove the damaged portion, or replaced with a new block.

Timely covering of geofoam after placement became an issue on the I-15 project. The
specification required geofoam fill exposed for more than 90 days to be covered by an
opaque sheeting to prevent ultraviolet (UV) light degradation. However, some
locations were not covered and surficial degradation (i.e., dusting and discoloration)
of the geofoam occurred. For these areas, UDOT and the design-build team adapted a
solution utilizing high-pressure washing of the geofoam surface. Prior to placing the
load slab concrete, the top surface of the geofoam embankment was pressure
washed to remove the degraded surface. No pressure washing was done on the side
of the geofoam embankment, where the fascia panel covers the geofoam.
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Connections

For the 1-15 Reconstruction Project, the tilt-up-panel-facia wall is mechanically tied to
the load distribution slab by threaded reinforcing bar placed in both elements and
held together by threaded couplers. For one geofoam fill, which was 8 to 10 blocks
high, this connection proved to be too rigid to accommodate some of the seating
settlement within the geofoam mass and the connection was severed at a few locales.
Seating settlement of approximately 3 to 4 cm, as measured by vertical
extensometers, occurred during the placement of the untreated base coarse (UTBC)
and Portland Cement Concrete Pavement (PCCP) above the geofoam block and load
distribution slab. Seating settlement is partly caused by compression of a slight arch
of individual geofoam blocks. This arch, or crown, in the geofoam blocks is visible
prior to geofoam placement and is produced during ejection of the block from the
mold, and subsequently while block cooling. Standard procedure by Wasatch
Constructors' block installers is to place each block with the crown upward at all
times. This practice allows for a relatively close fit of the block, but did not eliminate
the presence of the crown, until the load of the overlying UTBC and PCCP was added.
Unfortunately, the connection between the tilt-up-panel-facia wall and the load
distribution slab had been made prior to the occurrence of the seating settlement.
The connection detail has now been revised to permit differential movement.

Cost

Because of the nature of the design-build contract, some of the itemized material and
construction costs are not readily available. Further, making a blanket cost
comparison between geofoam and earthen fills can be misleading. Each situation
requires a complete review of the conditions and geometry before costs are
compared. Direct costs of the foam, bedding, load slab, and facia wall must be
compared to the excavation, PV drains, geotextile, fill, surcharge and construction
necessary for a particular situation. Beyond the easily determined direct costs, less
tangible costs must also be considered to make the comparison more meaningful.
Potential improved life cycle costs to pavement, reduced construction time,
elimination of utility relocation costs must be included in the evaluation. Table 3
presents an approximation of costs for the installation of geofoam on the 1-15
project. The cost summary includes all labor and materials and is averaged over all
applications of geofoam on the project.
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I-15 Geofoam Cost Summary

Geofoam with wall
($/m*3)

Geofoam wio wall
($/m*3)

FaciaWall (S5/im"2)

Load Slab (S/m*2)

Bedding ($/ton) ]

0 100 200 300

Dellars (per unit measure)

Table 3: Approximate Costs for Geofoam Installation at the 1-15 Reconstruction
Project.

Handling and Placement

Geofoam was manufactured and stored temporarily in the manufacturer's lots. When
needed, blocks were shipped in truckloads to the job site, unloaded, stored and
installed within days of receipt. During storage, the foam was protected from wind
with tie-downs or surcharge. Signs were posted to prevent exposure to open flames
and petroleum fluids. Installation procedures did not allow for operation of equipment
directly on the surface of the geofoam fills. Care in the handling and installation
minimized the necessity to replace damaged blocks and was monitored by Wasatch
Constructors Quality Assurance/Quality Control personnel.

The bottom layer of geofoam block was placed on a 0.2 m of sand bedding. Leveling
tolerances for the sand bedding and subsequent layers of geofoam were maintained
at 0.01m over 3m. Blocks were placed to be tightly fitting to reduce gaps, which were
usually less than 0.02m.

Blocks were handled and placed in a variety of methods. Some of the placement was
accomplished by hand carrying or sliding the block into place. Where steep
embankment were involved, blocks were lifted down to the installation crews using a
crane and cable suspension by auger type anchors secured in the block. Placement
rates by a crew of four workers and a foreman slightly exceed 200 blocks per day,
under optimal conditions. At times, the construction schedule required both day and
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night shifts, which were able to place approximately 350 blocks per day (in 2 shifts),
under optimal conditions, where foundation preparation was minimal.

Long Term Monitoring

Much of Wasatch Constructor's design of geofoam fills focused on reducing the impact
of primary consolidation settlement in the foundation soils on underground utilities.
Long-term creep settlement will also occur within the foundation soil and the geofoam
fill due to the sustained load of the pavement structure. Differential creep settlements
are expected to occur between deep foundation supported bridge decks, geofoam fill
areas and conventional embankments. Depending on the transition grade, step
settlements and gradual changes in pavement profile are expected. There is
considerable uncertainty with available parameters for analysis and design of
geofoam fills. These uncertainties are best bridged through comparison and design
refinement based on reliable field data. To this end, the Utah Department of
Transportation and the Geofoam Research Center at Syracuse University have
installed instrument arrays to gather long-term performance data of the geofoam
fills. The following briefly describes some of the data gathering activities. The
gathered data will be presented in subsequent reports

Magnet extensometers have been installed at a geofoam wall near 3500 South in the
foundation soil and at intervals within the geofoam fill along common vertical axes.
This monitoring program is intended to observe geofoam creep deformations over a
period of at least 10 years. At this same locale, a series of total stress cells have been
installed at locations above, below and within geofoam fill to observe stress
distribution patterns and intensities in the geofoam embankment. So far, the stress
cells have recorded successive changes in stress that have taken place with the
progress of construction. Survey monuments have also been placed in the pavement
overlying the geofoam to measure the total creep deformation of the geofoam
embankment and to monitor for differential settlement between the geofoam and the
adjacent MSE wall embankment.

A nest of thermisters will be installed at depth intervals within the pavement section
at locations that have and do not have underlying geofoam fill. These sensors are
intended to monitor and compare the relative insulation influence of the geofoam in
conditioning pavement temperatures.

Also, in areas where geofoam is placed against bridge abutments, horizontal and
vertical stress cells will be installed to measure the stress state (lateral and vertical)
at the abutment-geofoam interface.

The above sensor arrays and other field performance data gathered by Wasatch
Constructors will provide an excellent opportunity to verify key design assumptions
and methodologies, as well as assess the effectiveness of construction practices on
the 1-15 project. It is hoped that these evaluations will in turn yield future design and
construction guidance for geofoam construction.
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Conclusion

Geofoam was successfully used as an alternative construction material for the 1-15
reconstruction. Design and construction utilizing the very lightweight advantage of
geofoam enabled settlement sensitive buried utilities to remain in service without
need for relocation or disruption. Use of geofoam improved the base stability of high
embankments. Primary consolidation settlements were not triggered and long term
settlements are expected to be minimal for geofoam fill areas that were designed
under no net load condition. Using geofoam at critical segments of the project has
saved considerable time. Standard drawings have been developed and field
monitoring is in progress. Experience gained at 1-15 will benefit other like projects in
the future.
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Vertical EPS geofoam embankment fill.

Embankment Widening.
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EPS geofoam fill adjacent to storm drain.

Geofoam Research Center 237 Hinds Hall
Syracuse University Syracuse, NY 13244-1240
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VIil. DEVELOPMENT PHASE

I11. TRAFFIC CONTROL

A. LOOP RAMP 4

1. “AsProposed”

Ramp A’s embankment will encroach upon the existing alignment and in order to maintain
access for eastbound US 27 to northbound | — 185, Loop Ramp 4 will be widened to the inside
with temporary pavement to maintain a traffic lane for this movement. This is already a tight
loop ramp (25 mph) and will be even tighter with the temporary pavement.

The temporary pavement design calls for:
Asphalt concrete 12.5 mm Superpave (165 Ibs/sy)
Asphaltic concrete 19 mm Superpave (220 lbs/sy)

Graded Aggregate Base 12”

4.0’ 12.0' 4.0’

—— oy ———— —m— |

1.2 M 3.6 M 1.2 M

AS PROPOSED
TEMPORARY PAVEMENT TYPICAL
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I11. TRAFFIC CONTROL

1. “AsProposed”

LOOP RAMP 4
TOE OF SLOPE

TEMPORARY
PAVEMENT

N

AS PROPOSED
TEMPORARY PAVEMENT
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VII. DEVELOPMENT PHASE

I11. TRAFFIC CONTROL

A. LOOPRAMP 4

2. Value Engineering Alternative

The Value Engineering Team recommends making Loop Ramp 4 a 2—lane ramp with a minimum
of 22 ft. of pavement because of the slower speed of tighter temporary pavement. A second lane
will help keep the same capacity as the higher speed existing loop ramp.

The Value Engineering Team also recommends reducing the temporary pavement design to the
following:

Asphaltic concrete 19 mm Superpave (220 Ibs/sy)
Graded Aggregate Base 6”

The Team believes that with the short time this pavement will be in place and distributing the traffic
over 2 — lanes instead of 1, this reduced pavement will hold up just as well as the heavier pavement.

40 12.0 12.0 40 _
1.2 M 3.6 M 3.6 M 1.2 M

VALUE ENGINEERING ALTERNATIVE
TEMPORARY PAVEMENT TYPICAL
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I1l. TRAFFIC CONTROL

2. Value Engineering Alternative

LOOP RAMP 4
TOE OF SLOPE

TEMPORARY
PAVEMENT

VALUE ENGINEERING ALTERNATIVE
TEMPORARY PAVEMENT
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I11. TRAFFIC CONTROL
A. LOOP RAMP 4
VALUE ENGINEERING ALTERNATIVE
COST COMPARISON SHEET

DESCRIPTION UNITS | UNIT COST Pg?f('.D e c\g/TE( V.E. COST
(12i/IUI\I;I)El|2§'I“i\E§/ESY) N $42.38 916.7 $38,848 0.0 $0
(lgiﬂul\;"zzggﬁ\ézw Sy $44.47 12222 $54352 | 19556 | $86.964

GAB 12” N $15.31 74111 $113,464 0.0 $0
GAB 6" sy $7.00 0.0 $0 11,857.8 |  $83,004
SUBTOTAL $206,665 $169,968
TRAFFIC CONTROL/MOT | 0% $0 $0

CONTINGENCY 10% $20,666 $16,097

RIGHT-OF-WAY AC $4,000.00 5.7 $22,727 28 $11,019
GRAND TOTAL $250,058 $197,984

POSSIBLE SAVINGS: $52,074
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IV. CONTRACTOR WORK HOURS

1. “AsProposed”

There were no restrictions presented by the consultant for lane closures. Therefore, any lane
closures would be up to the contractor’s discretion. This would also mean that there are no
restriction on closures for weekends, holidays, etc. contained in the contract documents.
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IV. CONTRACTOR WORK HOURS

2. Value Engineering Alternative

The study team recommends that restricted work hours be included in this project to limit the
times that the contractor can interfere with traffic or have lane closures. These restrictions
include no lane closures in the AM peak between 6:00 and 9:00 and also no lane closures in the
PM peak between 3:30 and 6:00. The Special Provisions should include a cost for contractor
violation of these restrictions. Work on weekends could be permitted; however, the contractor
should not be allowed to work on major holidays.
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V. CONSTRUCTION TIME

1. “AsProposed”

There was no length of construction time proposed at the briefing by the consultant for the study
projects; however, from statements in the plans it would seem that between 30 and 36 months is
being considered to construct these projects.
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VII. DEVELOPMENT PHASE

V. CONSTRUCTION TIME

A. LENGTH OF TIME

2. Value Engineering Alternative

During the discussion of the construction of this project it was felt that the 30 to 36 months time
to construct the two study projects was excessive. It is the recommendation of the study team
that the contract time be limited to 24 months. It was felt that this was a reasonable time frame
since work on the four bridges and the roadway would be concurrent. A very important
consideration in any roadway project is the ability to return full or additional service to the
motoring public as soon as possible. It is therefore the further recommendation of the study team
that an incentive of $10,000 per day up to $1 million be included in this project for completion in
less than 24 months.
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VIil. DEVELOPMENT PHASE

VI. STAGE CONSTRUCTION

A.  NUMBER OF STAGES

1. “AsProposed”

Stage construction is required in order to widen the roadway on 1-185 between the Victory Drive
and St. Mary’s interchanges. The following is a brief description of the staging, which is shown
on the following “As Proposed” drawing.

Stage 1 will construct two temporary lanes in each direction to the outside of the existing
roadway. After traffic has been shifted to this temporary pavement, the inside shoulders, median
drainage, median barrier, and two travel lanes in each direction will be constructed.

Stage 2 will have the traffic on the right remain at the same location as in Stage 1. The two lanes
of traffic on the left will be shifted to the new inside shoulder and the new lane one constructed
in Stage 1. A temporary concrete median barrier will be placed on the outside of the two lanes of
traffic, approximately in the center of future lane two. Lane three and the outside shoulder on
the left side will then be constructed in this stage.

Stage 3 shifts the two left lanes again to the outside, but this time it will be on the new lane three
and the outside shoulder. The traffic on the right will be shifted to the same lanes occupied by
traffic on the left in Stage 2. Lane three and the outside shoulder on the right side will then be
constructed.
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VII. DEVELOPMENT PHASE

VI. STAGE CONSTRUCTION

A.  NUMBER OF STAGES

2. Value Engineering Alternative

The staging as proposed seems to have unnecessary and difficult moves included. The shifting
of two lanes of traffic completely across to the other side of a divided highway, especially an
Interstate, is highly undesirable. It is the recommendation of the study team that Stage 2 be
changed to shift the traffic on the right to the new inside shoulder and the new lane one
constructed in Stage 1. This would eliminate the need to shift these travel lanes completely to
the other side of the roadway. All construction to the outside could then be completed and at the
end of this stage, traffic could be placed in its final location.
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