Retaining Wall Type Study

Walls1 &2

SCI-823-0.00
PID No. 19415

Prepared for

Ohio Department of Transportation

March 2007

CHZMIHILL



r

1 s 1 O 4]

- .
/

TABLE OF CONTENTS

Table of Contents Pace No.

1. Introduction........oooovvii i
2. Description of Bridge / Wall Alternatives Investigated.........
3. Summary of Retaining Wall Unit Costs................. SO
4. Summary of Non-Retaining Wall Embankment Costs...........
5. Evaluation of Alternatives...............cooviiiiiinini

6. Recommended Alternative. .. i,

R O O S B N

APPENDIX A
+ Summary of Subsurface Investigation Findings and Recommendations
+ Wall Stability Calculations
o Settlement Calculations
» Results of Laboratory Testing
APPENDIX B
¢ Unit Wall Costs (Alternatives 1, 2, & 5)
APPENDIX C
+ Non-Retaining Wall Embankment Cost (Alternatives 1-5)
APPENDIX D
¢ Retaining Wall Key Plan - Alternative 2 (Sheet 1 of 5)
e MSE Walll & 2 Plan - Alternative 2 (Sheet 2 of 5)
. MSE Wall 1 Elevation - Alternative 2 {Sheet 3 of 5}
+ MSE Wall 2 Elevation - Alternative 2 (Sheet 4 of 5}
¢+ MSE Wall1l & 2 Sections - Alternative 2 (Sheet5 of 5) -
APPENDIX E

»  Alternative vs. Cost Matrix




]

L

] L_‘_J_L__,JL___‘]F;_]I“_]T—?‘I:]‘E:JCJ

1. Introduction

On July 14, 2005, CH2M HILL submitted Structure Type Studies for the Ramp B over
Fairground Road, Ramp C over Fairground Road, and SR-823 over Fairground Road
structures located at the proposed US 23/SR 823 Interchange. These three structures were
designed to have both abutments supported behind a Mechanically Stabilized Embankment
(MSE) wall due to not only the inexpensive nature of this type of wall construction, but also
the reduced bridge costs, including life cycle maintenance costs. Subsequent ODOT review
comments of the Structure Type Studies in August / September 2005 recognized the
economic benefit of the recommended MSE wall abutments; however, ODOT Office of
Structural Engineering (OSE) commented that “The Design Consultant shall first determine that
MSE wall supported abutments can be utilized at the proposed location prior to making any MSE
wall recommendations during the Structure Type Study. Subsurface soil conditions are to be
evaluated for expected settlements, differential settlements, allowable bearing capacities and global
stability of the proposed MSE walls prior to submitting Structure Type Study to our office.”

All retaining wall justification and wall type studies were to be conducted by another
consultant and coordinated with CH2M HILL's Structure Type Study effort. Since a Wall
Type Study was not submitted, the aforementioned structures over Fairground Road have
not been approved by OSE to-date. In December 2006, the Wall Type Study work was
transferred to CH2M HILL. To assist ODOT OSE in performing a comprehensive review of
this report, the revised Structure Type Studies for the structures over Fairground Road are
submitted concurrently with this Wall Type Study..

In October 2006, the project’s geotechnical consultant, DLZ, submitted a revised “Subsurface
Exploration and MSE Whall and Embaniment Evaluations for Proposed US 23/SR 823 Interchange”
report, which included the design calculations requested by ODOT OSE. The report
concluded that “MSE walls can be safely constructed using staged construction and ground
modification techniques at this interchange. However, due to the relatively poor subsurface
conditions, the risk of detrimental differential settlement is greater when constructing the MSE walls
using staged construction.” Due to concerns over the existing soil conditions at the proposed
interchange location, additional ground improvement and/or wall alternatives were
investigated in this Wall Type Study in conjunction with revising the original Structure
Type Studies for this location. To determine the most economical solution, various bridge
layouts and types were matched with these walls/ ground improvement alternatives. For a
summary of the wall/ground improvement alternatives presented by DLZ, see Appendix .
A. Included in Appendix A are the wall stability calculations, settlement calculations, and
the results of laboratory testing. Also outlined within this document are the costs associated
with the retaining walls and associated ground improvement techniques investigated.
Furthermore, the associated cost of roadway embankment for each alternative is also
included in this Wall Type Study.

2. Description of Bridge / Wall Alternatives Investigated

Five (5) bridge/wall alternatives were considered to determine the most economical,
combined structural system:

1. Single span bridge behind MSE Walls constructed on soil that has been surcharged in
stages;

2. Single span bridge behind MSE Walls utilizing deep soil mixing for ground

improvement;

Three span bridge behind 2:1 spill-through slopes;

Single span bridge behind 2:1 spili-through slopes; and

5. Single span bridge behind pile-supported, reinforced CIP walls on soil that has been
surcharged

e

The estimated initial bridge construction cost and projected life cycle maintenance cost of
each bridge over Fairground Road is presented in its respective Structure Type Study
revision. :Included within this Wall Type Study are the estimated ground improvement and
retaining wall costs for each alternative, as well as the associated roadway embankment
costs.

3. Summary of Retaining Wall Unit Costs

Retaining wall unit costs were established for the three alternatives in which retaining walls
would be required (Alternatives 1, 2, & 5). The cost of the associated ground improvement
technique (either soil surcharging in stages or deep soil mixing) is included with each
respective unit cost. See Appendix B for detailed calculations and sketches utilized to
calculate the wall unit costs for each alternative.

Due to similar wall heights, ground improvement and wall costs are expected to be very
similar between Wall 1 and Wall 2 for Alternative 1. For this reason, one wall unit cost was
established for both walls. The unit cost for constructing MSE walls for Alternative 1 was
calculated to be $150 per square foot of exposed wall face, which includes ground
improvement costs.

For Alternative 2, the deep soil mixing will extend from a depth 5" below the existing
ground down to bedrock; boring logs indicate that the top 5" of existing soil is suitable
material and does not require additional ground improvement. The depth of bedrock at
Wall 2 is approximately 11" lower than at Wall 1. For this reason, a different wall unit cost
was established for each wall for Alternative 2. The unit cost for Alternative 2 was
calculated to be $130 per square foot of exposed wall face for MSE Wall 1 and $180 per
square foot of exposed wall face for MSE Wall 2. These unit prices include ground
improvement costs.

The wall unit cost for Alternative 5 was determined by firsi calculating an average height of
the CIP wall. This average height was based on the portions of the CIP wall that are not’
acting as bridge abutment seats; abutment portions of each wall were included with the cost
of the respective bridge. The average height of both walls was approximately 20" above
existing ground. For this reason, one wall unit cost was established for both walls. The CIP
wall unit cost for Alternative 5 was calculated to be $165 per square foot of exposed wall
face, which includes ground improvement costs.

Wall unit costs were then multiplied by the exposed square footage of each wall to yield a
total wall cost. A comparison of the total wall costs is cutlined in the table below.

Alternative Wall 1 Cost | Wall 2 Cost | Total Wall Cost
Alt. 1 $780,000 $923,000 $1,703,000
Ali. 2 $676,000 $1,107,000 $1,783,000
Alt. 5 $587,000 $737,000 $1,324,000




4. Summary of Non-Retaining Wall Embankment Costs

In order to compare a longer bridge that has a spill-through slope with a shorter bridge
supported behind retaining walls, it is important that the cost of additional roadway
embankment required for the shorter bridge be accounted for in each alternative being
considered. Included in the aforementioned wall unit costs are volumes of embankment
that are required to build either the temporary MSE wall or the conventional, permanent
MSE wall. It is anticipated that the embankment used during the staged surcharging will
also be utilized when constructing the permanent retaining wall. The limnits of embankmerit
included with the wall costs are detailed in the typical wall sketches found in Appendix B.
The boundary of embankment left to be quantified lies between the limifs of embankment
included with the wall costs and the ends of the approach slabs for the longest alternative, a

- three-span structure with spill-through slopes. In order to quantify the non-retaining wall

embankment, cross-sections were cut across all three roadway alignments and the average
end area method was used to calculate a volume of embankment. The non-retaining wall
embankment quantities and costs are outlined in Appendix C. A comparison of non-
retaining wall embankment costs is outlined in the table below.

Non-Ret, Wall

Alternative Embankment
Alt. 1 $228,000
Alt. 2 $338,000
Alt. 3 $342,000
Alt. 4 $491,000
Alt. 5 $375,000

5. Evaluation of Alternatives

Alternatives 1 and 5 both involve soil surcharging constructed in 10-foot stages to maintain
adequate undrained bearing capacity. DLZ also recommends that settlement plates and
piezometers be installed to monitor consolidation and pore pressures in clay layers. Wick
drains are recommended in order to shorten the time duration required to achieve 90
percent consolidation. When the surcharge embankment is removed, itis anticipated that
the foundation soils will rebound slightly before they consolidate again under the weight of
the new wall and {ill. Some differential settlement is expected, although it is anticipated
that it will be within the accepted tolerances of the MSE wall.

Alternative 2 involves deep soil mixing, which would create a concrete/soil mass capable of
providing suitable bearing for conventional MSE retaining walls. After the soil is treated, it
is expected that the MSE wall will be able to be constructed with negligible settlement.

6. Recommended Alternative

Construction costs for each alternative have been developed for an identical length of wall
improvement, equal to the length of the longest bridge alternative. Estimated construction
costs for each alternative include all proposed structures and wall work between these
limits. A cost matrix summary is included in Appendix E. Alternative 1 is approximately
$22,000 cheaper than Alternative 2. Qualitatively, there are two distinct differences between
Alternative 1 and Alternative 2: construction time and construction risk. The staged
construction nature of Alternative 1 will add additional construction time to the schedule,

due to the need to consolidate the existing subsurface in stages prior to construction of the
permanent MSE Walls; quantitatively speaking, the additional construction time is
dependent upon the use of wick drains, and if used, to what extent. In addition, per
geotechnical consultant, DLZ, the relatively poor subsurface conditions increase the risk of
detrimental differential settlement when constructing the MSE walls using staged
construction. Soil mixing ground improvement, as used in Alternative 2, would lower
construction risk and future maintenance problems associated with MSE wall construction.
As a result, based on low estimated total ownership costs and lower qualitative costs in
constructiori ime and construction risk, CH2M HILL recommends that the single-span
bridges behind MSE walls built with deep soil mixing ground improvement of
ALTERNATIVE 2, be constructed for the three structures over Fairground Road.
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March 29, 2007

Mr. Rob Miller, AICP

Project Manager

CH2M Hill

5775 Perimeter Drive Suite 190
Dublin, Ohio 43017

Re: SR 823 and US 23 Interchange — Fairgrounds Road Structures
Preliminary Retaining Wall and Bridge Foundation Recommendations
Project SCI-823-0.00
DL.Z Job No.: 0121-3070.03

Dear Mr. Miller:

This letter reports additional preliminary recommendations for the proposed retaining walls and
bridge foundations at the SR 823 and Fairgrounds Road site. This document is an addendum to
our report of Preliminary Subsurface Exploration and MSE retaining wall and Embankment
Evaluations, dated October 4, 2006. Additionally, this document presents alternative wall types
and ground improvement techniques that could be employed at this site. This document presents
options for walls 1 and 2, adjacent to Fairgrounds Road only. Recommendations for other
retaining walls at the interchange will be presented in separate documents.

It is anticipated that three proposed bridges will span existing Fairgrounds Road. It is understood
that one structure each will be required for Ramp B, Ramp C, and Mainline SR 823.

The findings and recommendations presented in this document should be considered preliminary.
After the structure and wall configurations have been finalized, additional borings will be
necessary to finalize the structure and retaining wall recommendations.

Preliminary Abutment Retaining Wall Recommendations — Fairgrounds Road Structures

As outlined in the October 4, 2006 report, DLZ recommended that MSE walls, built using staged
construction and wick drains, were the most economical solution for the walls at the proposed
interchange. However, as stated in the report, the subsurface conditions at the site are marginal
for MSE walls and there is a significant risk of detrimental settlement occurring over time. In
addition, it is anticipated that the final wall borings may reveal subsurface conditions that are
poorer than those encountered by the preliminary borings, resulting in excessive settlements that
may preclude MSE walls from being used.

6121 Huntley Road: » Columbus, Ohio 43229-1003 » (614) 388-0040 < FAX (514) 848-6712
With Cffices Throughout The Midwest
www.dlz.com
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Representatives of CH2M Hill expressed concern about the shear strength selection of the
foundation soils of this site. At the request of CH2M Hill, DLZ has elected to assume more
conservative values to carry out the preliminary analyses and to develop design parameters. The
assumed values were based upon soil conditions encountered in boring B-1133. It should be
noted that an extensive testing program (including in-situ testing) will be executed for
“approved” structure and wall configurations to more accurately determine the appropriate shear
strengths for use in analyses and design.

Consequently, we have re-evaluated the subsurface conditions and have analyzed an MSE wall
using the cenditions encountered by boring B-1133. The revised analyses indicate that MSE
walls could be built in approximately ten-foot stages while maintaining adequate undrained
bearing capacity. Additionally, primary consolidation is estimated to be approximately 9 inches
(at the wall face). Differential settlement is estimated to be greater than 1.0 percent, which 1s
typically considered to be the maximum allowable differential settlement. In addition to primary
consolidation, secondary compression settlement was evaluated, and was found to be less than 1
inch over 75 years (service life). Consequently, secondary compression settlement is not
considered to be of significant concern at this site. The results of bearing capacity, MSE stability
(sliding and overturning), and settlement calculations are attached. Also, the results of MSE and
embankment global stability results are attached. -

Based upon the risk associated with using conventional MSE walls at this site, even with staged
construction, we offer the following preliminary alternative recommendations for the proposed
abutment retaining walls at the Fairgrounds Road site.

Option 1
Preload with Temporary Geotextile/Fabric-faced Wall and Build Conventional
MSE Wall

As stated previously, primary consolidation has been estimated to be approximately 9
inches at the proposed wall face. A preloading (surcharge) embankment could be
constructed at the Fairgrounds Road site to consolidate any soft and compressible
foundation soils. Fabric-faced walls may be built with vertical or nearly vertical slopes
(1H:20V batter) to allow preloading of soils near the existing road. Preliminary analyses
indicate that the surcharge load must be constructed in 10-foot stages to maintain
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adequate undrained bearing capacity. It is recommended that settlement plates and
piezometers be installed to monitor consolidation and pore pressures in clay layers.

Based on the preliminary results of consolidation tests at the site, the time to 90 percent
consolidation (without wick drains) has been estimated to be approximately 110 days.
This duration can be shortened through the use of wick drains. Wick drain spacing and
resulting consolidation times (90 percent consolidation) are presented in the table below.

Time Rate of Consolidation Estimates Walls 1 and 2

. . tgg Without Wick . too With Wick

Wall Locations Drains (days) Spacing (ft) Drains (days)
SR-823 over 3.0 30
Fairground Rd 110 7.0 45
9.0 60

Wick drain freatment areas should extend 10 feet beyond the limits of the retaining walls,
and be advanced to the top of rock.

The surcharge embankment should remain in place until at least 90 percent of primary
consolidation has occurred. Once the surcharge embankment has been removed,
construction of the MSE wall may commence. The MSE walls should also be
constructed in 10-foot stages to maintain adequate undrained stability. When the

surcharge embankment is removed, it is anticipated that the foundation soils will rebound

slightly before they consolidate again under the weight of the new MSE wall and fill.
Settlement calculations using the recompression index for the fine-grained foundation
soils indicate that the primary consolidation beneath the new MSE wall will be
approximately 2 inches with differential settlement being approximately 0.4 percent.

Fill material should be selected that can be used for both the surcharge embankment and
the conventional MSE wall backfill. Also, consideration must be given to the
degradation of the geotextile fabric when exposed to UV light. The selected fabric must
be able to withstand the planned exposure to UV light during the service of the temporary
surcharge walls. If degradation due to UV exposure is of significant concern, a
temporary cover such as shotcrete or a UV resistant fabric cover (exposed face only)
should be considered.

SDLZ
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Option 2
Deep Soil Mixing (Grouting) with Conventional MSE Retaining Walls

Soil mixing may also be considered to strengthen the foundation soils. The deep soil
mixing would create a concrete/soil mass, which would provide suitable bearing for
conventional MSE retaining walls. The treatment area should extend approximately 10
feet beyond the limits of the retaining wall fill, and the soil mixing should extend to the
top of bedrock. After the soil is treated, the MSE wall can be constructed with negligible
settlement. For preliminary cost estimating purposes, 80 percent replacement (mixing)
should be assumed in the areas to be treated. '

Option 3
Preload with Temporary Geotextile/Fabric-faced Wall and Build Pile-Supported,
Reinforced Concrete Retaining Walls

Pile-supported walls could be considered for these locations. If the piles are driven to
bedrock, the settlement of the walls founded on piles would be negligible. However, the
embankments behind the walls would settle, resulting in potential distortion of the new
retaining wall and differential settlement between the wall and the embankment fill.
Consequently, to reduce this differential settlement, it is recommended that the
foundation soils be surcharged and allowed to consolidate prior to constructing the walls.
Fabric-faced walls may be used to surcharge the soils near the existing road. These walls
should be built according to the recommendations outlined in Option 1 on page 2.

If Option 3 is used, piles should not be driven and construction on the wall should not
begin until at least 90 percent consolidation has been achieved. Piles to support the walls
should be driven to refusal on bedrock. Estimated pile tip elevations for the structures are
provided on page 6. ‘

The surcharge embankment may be removed prior to constructing the pile-supported
retaining wall. Alternatively, consideration could be given to leaving the surcharge
embankment in place. This may not be feasible due to the dimensions of the proposed
retaining wall and the space required for construction. If left in place, the void space
between the surcharge embankment and the reinforced concrete retaining wall should be
filled with suitable material and compacted. If there is not sufficient space to properly
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compact a granular fill material, a flowable-fill material, such as a low-strength concrete,
could be considered.

Other Options

Other ground improvement techniques such as controlled modulus columns (CMC) could
be considered to stabilize the foundation soils prior to construction of the walls and
embankments at the interchange. However, it is understood that ODOT personnel do not
want to explore this technique at this time.

The use of vibro-compaction has been considered to improve soils at this site. Although
vibro-compaction could improve shear strengths in granular layers, several concerns still
exist that may preclude the use of this technique at this site. Some concerns are the
potential settlement of nearby railroad tracks and the low undrained shear strength of clay
(fine-grained) layers across the site. The fine-grained soils would not realize an
appreciable increase in undrained shear strengths using this technique. Consequently,
this technique is not recommended.

Preliminary Bridge Foundation Recommendations

In the area of the proposed structures, borings generally encountered bedrock at depths ranging
from 13 to 21 feet below the ground surface. Bedrock encountered in the borings generally
consisted of soft to medium hard Shale, which was highly to moderately weathered and
moderately fractured.

It is recommended that driven H-piles be used to support the proposed structure. Pile fip
elevations have been estimated for HP 12x53, 70-ton piles driven to refusal on bedrock. Other
H-piles could also be considered to support the bridge abutments. For preliminary purposes, the
pile tip elevations provided for the HP 12x53 piles are also considered to be representative of HP
10x42 and HP 14x73 piles. It is anticipated that the piles will penetrate one to two feet into the
bedrock. Because of the tendency of some shales to relax, it is recommended that the contractor
restrike the piles 24 hours after installation to ensure the allowable bearing capacity of the pile is
met. '

Typically, a minimum of 15 feet of embedment is required for bearing piles. The overburden
thickness on this site ranges from approximately 13 to 21 feet. It is anticipated that some piles
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will not achieve the required 15 feet of embedment. If this is of concern, the piles could be pre-
bored and socketed five-feet into competent bedrock. Alternatively, drilied shafts could be
considered for support of the abutments.

If lateral loading or uplift is a concern, consideration could be given to using drilled shafts to
support the abutments. If significant uplift or lateral loading of the structure foundation is
anticipated, DLZ should be notified so that we may revise our recommendations as necessary.

A table summarizing the site conditions and foundation recommendations (assumes single-span
structures) is presented below.

Summary of Foundation Recommendutions, HP-12x53, 70 ton Driven Piles*

. Existing Ground . I
Structure Element Bormg. Surface Elevation Estlmat? d Pile Tip
Number Elevation (Feet)
- (Feet)
Mainline | B-1146 567.7 | 551.7
Abutment
(Westbound) over Forward
Fairgrounds Road rward - g 1144 565.2 542.2
Abutment
Mainline Rear B-1145 567.3 551.3
Abutment
(Eastbound) over Forward
Fairgrounds Road Abutment TR-55A 565.4 544.4
East
Ramp B over Abutment IR-38 S67.1 >30.6
Fairgrounds Road West B-1113 566.8 5458
Abutment
East
Ramp C over Abutment TR-54 366.9 2304
Fairgrounds Road West B-1116 565.8 544 8
Abutment

* Cited pile tip elevations are considered representative of all H-piles being considered.
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Closing

We appreciate having the opportunity to be of service to you on this project. Please do not
hesitate to call if you have any questions concerning our report.

Sincerely,

DLZ OHIO, INC.

ey

Steven J. Riedy
Geotechnical Engineer

Dﬂ‘ﬁ{"‘f £ A/““‘z LE. (‘/‘y

Dorothy A. Adams, P.E.
Senior Geotechnical Engineer

Attachments: MSE Wall Stability Calculations
Settlement Calculations
Results of Laboratory Testing

cc: File

M:\proi\0 12 1\3070.03\nterchanges\US 23\Correspondence with CH2\Fairgrounds Read Preliminary 3-28-07.doc
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A T R A S B R S A S A M 3 INCREMENT OF STRESSES BENEATH THE END OF FILL CONDITION

| » wa//siq:z,., Lk L > . . 2

T ‘ ; : 3 project Name  : SCI-823 Client : CHZ2M Hill 3

: : BRI RN bl 3 File Name s 23-12 Project Manager : P NiX 3

R , o ! o 3 Date i 2/28/10 Computed by : SIR :
e :_ i hafol A% R it i 4‘ ..;.-: 3

[N T : :

L i i : uw;,‘ 1 \ E___ 3 —n1 1 . 3

D‘fi’%‘! : | | | E : settlement for X-Direction :

- Qo e — N m Y R R ! - * Embank. sTlope, x direc. = 60.00 (ft) Height of fill H = 30.00 (ft) °®

:{' 0] CQWm?-‘%’ad Laroanlar Fill | Gpzo pod L fsane fmm.‘mﬁw&gig : E_ 3 y direc. = 60.00 (ft) unit weight of fi11 = 120.00 (pcf) 2

T i ! ) , T Y A l""“;i‘“‘ - I P 3 gmbankment top width = 120.00 (ft) p Toad/unit area = 3600.00 (psf) 3

T 4 {;/%ﬁ‘,gméjguf = 0l L CnT 008 CMS@ﬁdg‘faanﬁfamL&fs Tateel o itesta L 3 gmbankment bottom width = 240.00 (ft) Foundation Elev. = 563.20 (fv) °*

) ; |2y 0, BT Lo LA . /1. | I 3 Ground Surface Elev. = 566.80 (ft) . ) 3

/5‘5} ‘ ' ! L o0 Srattfed f{aﬂﬂ fowdal L1 | Brios A 5{5_._"»’%4'/5%4 3 Water table Elev. = 556.80 (Ft) unit weight of wat. = 62.40 (pcf) 3

i L w4 ! ! 3 3

E é’t?m/z/ LJ/ Sund NZZ: i __E_____ do b ;____ 3 3

Loa i o' gy e PN i i g s LAYER COEFFICTIENT UNIT  SPECIFIC VOID 3

—~/F0 E T ({AfLFawn_Nui-o0d-o 5,—! Seb (lalloition Belols s N§. TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAVITY  RATIO 2

r 3 3

] : (fF) (pcf) :

e . ___ 3 1 INCOMP. 3.0 ----- —==== —-wo- 120.00 - ———- 3

3 E i 8 2  comp. 12.5 0.210 0.050 0.000 120.00 2.65 0.64. s

..... e payeri2 | | L S s 3 comp. 2.5 0.050 0.050 0.000 120.00  2.65 1.00. :

: Hﬂm =Qi‘ﬁl_§!:0} .qfﬂ'h'&]"i 7;—371‘5 , AESirne. -h{ﬁﬂl‘ ’5@[/5 e |17 fm&ljfij f@_ﬁ?i&]{"{,‘!ﬁ #td. 3 SUBLAYER SOTL STRESSES - 2

3 N§. THICK. ELEV. INITIAL MAX.PAST PRESS. 3

: (ftd (fo) (pst) (pst) 3

] , 3

; 3 1 INCOMP. 3

i 3 2 5.65 560.38 771.00 771.00 8

; 3 3 6.25 554.42 1336.80 1336.80 3

: 4 2.50 550.05 . 1588.80 1588.80 2

3

3 £

i 3 3

o 3 X = 0.00 X =  12.00 X= 24,00  X=  36.00 :

| ¥ Layer Stress Sett, Stress sett, Stress sSett. Stress sett, 3

: (pst)  (in.) (psf)  (in. (psf)  (in.) (ps)  (in.) :

) 3 1 INCOMP. INCOMP. INCOMP. INCOMP. _ 2

ke N 2 16.58 0.08 374.97 1.49 745.97 2.55 1113.94  3.37 s

3 3 80.49 0.24 374.74 1.03 730.00 1.82 1088.95 2.49 8

- Z 4 122.11  0.02 389. 67 O 07 730.70 0.12 1081.51 0.17 z

: "’@ T2.60 " 4.49 6.02 :

1 i ; i sy sy i . E

R . 3 3

i 3 "X = 48.00 X = 60.00 X = 72.00 X =  84.00 3

: ; ; : * Layer Stress Sett. Stress sett, Stress Sett. Stress Sett. 3

; . ¢ . : (psf)  (in.) (psf)  (in.) (psf)  (in.) (psf)  (in.) :

[ PN L : i 31 INCOMP. INCOMP. INCOMP. INCOMP. :

; ; : } Co ; ' s 2 1478.45 4.04 1824.35 4.58 1840.10 4.60 1840.43 4.60 i

; ; 2 3  1442.18 3.05 1733.20 3.47 1802.29 3.56 1809.80 3.57 3

_ z 4 1421.25 0.21 1686.95 0.24 1780.00 0.24 1798.66 0.25 s
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sett.
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4.60
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Stress
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INCOMP,
1840.51
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sett,
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4.60
3.57
0.25
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Stress
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pProject Name 1 SCI-823 Client : CHZM Hill
File Name 1 23-12 Project Manager : P NiXx
Date 2/28/10 Computed by : SIR
settlement for X-Direction
Embank. slope, x direc. = 60.00 (ft) Height of fi11 H = 30,00 (f©
y direc. = 60.00 (ft) Unit weight of fi11 = 120.00 (pcP)
Embankment top w1dth = 120.00 (ft) p load/unit area = 3600.00 (psf)
Embankment bottom width = 240.00 (ft) Foundation Elev. = 563,20 (ft)
Ground Surface Elev. = 566.80 (ft)
water table Elev. = 556.80 (ft) unit weight of wat. = 62.40 (pcP)
LAYER COEFFICIENT UNIT SPECIFIC VOID
N§. TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAVITY RATIO
(fr) (pcf)
1 INCOMP., 3.0 ----- —---— o 120.00 ———— ———
2 comp. 12.5 0.210 0.050 0.000 120.00 2.65 0.64
3  COMP. 2.5 0.050 0.050 0.000 120.00 2.65 1.00
SUBLAYER SOIL STRESSES
N§. THICK. ELEV. INITIAL MAX.,PAST PRESS.
(fo (o (psf) (pst)
1 INCOMP. '
2 5.65 560.38 771.00 4713.89
3 6.25 554.42 1336.80 5375.00
4 2.50 550.05 1588.80 5861.11
X = 0.00 X = 12.00 X = 24.00 X = 36.00
tayer Stress Sett. Stress Sett. Stress sett. stress Sett.
(pst) (inJ (pst) (in.) (pst) {(in.) (pst) {(in.)
1 INCOMP. INCOMP. INCOMP. INCOMP.
2 16.58 0.02 374.97 0.36 745.97 0.61 1113.94 0.80
3 80.49 0.06 374.74 0.25 730.00 0.43 1088.95 0.59
4 122.11 0.02 389.67 0.07 730.70 Q.12 1081.51 0.17
0,10 .67 1.16 1.56
X =  48.00 X =  60.00 X =  72.00 X =  84.00
Layer Stress Sett. Stress Sett. Stress Sett. S5tress Sett.
(psf)  (in.) (psf)  (in.) (pst)  (in.) (psf)  (in.)
1 INCOMP. INCOMP. INCOMP. INCOMP.
2 1478.45 0.96 1824.35 1.09 1840.10 1.10 1840.43 1.10
3 1442.18 0.73 1733.20 0.83 1802.29 0.85 1809.80 0.85
4 1421.25 0.21 1686.95 0.24 1780.00 0.24 1798.66 Q.25
1.90 2.15 2.19 rf*ZfISfj)
b
p j
age 1 67“&K
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S hest < hee?
Time Rate of Consolication of Foundation Soils with Wick Drians Time Rate of Consolication of Foundation Soils with Wick Drians
Fairgrounds Road Walls 1 & 2

Fairgrounds Road Waliis 1 & 2
Reference: FHWA-RD-86-168 < Reference: FHWA-RD-86-168
Wick Drain Spacing 5.0 feet Use 1) =10 Wick Drain Spacing 7.0 feet Use 7 =10

t (days) Tr Ty Ur Uy Ue §(inches)  d. Cy Hy O max t (days) Tr Tv Ug Uy Uc §(inches) d. o, H, 0 max
0 0.0000 0.0000 0.00 0.00 0.0 0.0 525 030 6.25 8.4 0 0.0000 0.0000 0.00 0.00 0.0 0.0 735 030 6.25 39
5 0.0544  0.0384 0.25 0.20 40.5 3.4 5 0.0278  0.0384 0.15 0.20 32.0 12.5
10 0.1088  0.0768 0.44 0.30 60.7 5.1 10 0.0555  0.0768 0.26 0.30 48.4 18.9
15 0.1633  0.1152 0.58 0.39 74.0 6.2 15 0.0833  0.1152 0.36 0.39 60.6 23.6
20 Q2477 - 01636 0.68 0.46 82.8 7.0 20 G:A4441. 04536 0.44 0.46 69.8 27.2
25 02721  0.1920  0.76 0.52 88.5 74 _ 25 0.1388  0.1920 0.52 0.52 76.8 29.9

265 0.2304: 082 | 08 el i 30 0.1666  0.2304 0.58 0.57 81.9 32.0

0.2688 0.86 94.4 7.9 35 0.1944  0.2688 0.64 0.61 85.9 33.5
0.3072 0.89 0.64 96.0 8.1 40 02221 03072  0.69 0.64 88.8 34.6
0.3456 0.91 0.67 97.0 8.1 . L . 9 '
50 0.2777  0.3840 0.77 0.69 92.9 36.2
55 0.3054  0.4224 0.80 0.72 94.2 36.7
60 0.3332  0.4608 0.82 0.73 95.3 37.2
65 0.3610  0.4992 0.84 0.75 96.2 37.5
70 0.3887  0.5376 0.86 0.77 96.9 37.8
75 0.4165  0.5760 0.88 0.79 97.4 38.0
80 0.4443  0.6144 0.89 0.80 97.9 38.2
85 0.4720  0.6528 0.90 0.82 98.3 38.3

90 0.4998 0.6912 0.91 0.84 98.6 38.4



; cLent_ L PROJECTNO. _ /27307003
Time Rate of Consolication of Foundation Smls w:th Wick Drians il PROJECT * SHEET NO. ; oF /7
Fa!rgrounds Road Wails 1 & 2 ENGINEERS » ARCHITE?TS » SCIENTISTS - e > W}‘
Reference: FHWA-RD-86-168 PLANNERS ¢ SURVEYORS SUB}}J‘AECT < COMP. BY S N : DATE =
Wick Drain Spacing 9.0  feet Use ) = 10 CHECKED BY___L2/4 DATE 3/ -0
t (days) Ty Ty Uy Uy Ue o (inches) d, cy H, O max
0 0.0000 0.0000 0.00 0.00 0.0 0.0 945 0.30 8.25 39 e
5 0.0168 0.0384 0.10 0.20 28.2 11.0 s
10 0.0336 0.0768 0.17 0.30 42.4 16.5
15 0.0504 0.1152 0.24 0.39 53.5 20.9
20 0.0672 0.1536 0.30 0.46 62.2 24.3
25 0.0840 0.1920 0.36 0.52 69.1 27.0
30 0.1008 0.2304 0.41 0.57 74.5 29.1 Ji o BLG
35 0.1176  0.2688 0.46 0.61 78.8 30.7 e e , 1 o I 5 I T T s ! i T
40 0.1344 0.3072 0.51 0.64 823 321 T N 4 "2 A 3 : fiso NHVFRL |
45 0.1512  0.3456 0.55 0.67 85.0 33.2 L R i ‘ P | v e
50 0.1680 0.3840 0.59 0.69 87.3 34.1 B
55 0.1848 0.4224 0.62 0.72 89.2 34.8
65 0.2184 0.4992 0.68 0.75 92.1 35.9
70 0.2352 0.5376 0.71 0.77 93.3 36.4
75 0.2520 0.5760 0.73 0.79 94.3 36.8
80 0.2687 0.6144 . 0.76 0.80 95.2 37.1
85 0.2855 0.6528 0.78 0.82 96.0 37.4
90 0.3023 0.6912 0.79 0.84 96.7 37.7
95 0.3191 0.7296 0.81 0.86 97.3 37.9
100 0.3359 0.7680 0.83 0.87 97.7 38.1
105 0.3527 0.8064 0.84 0.89 98.1 38.3
110 0.3695 0.8448 0.85 0.90 98.5 38.4
115 0.3863 0.8832 0.86 0.91 98.7 385
120 0.4031 0.9216 0.87 0.91 98.8 38.5
125 0.4199 0.9600 0.88 0.91 98.9 38.6
130 0.4367  0.9984 0.89 0.90 98.9 38.6
135 0.4535 1.0368 0.89 0.88 98.8 38.5 3
140 04703  1.0752 0.90 0.85 98.6 38.4 !

‘\l\”}‘%fi%w”%wi ( | i E 1
Ll e e P&‘mr '{"c» .)(;—r(jqﬁ/f""

3 . E C e R "% _3/ o %
SN < ¢ g i S 0 e SN R
Yol wa L LE LT Y £ Ay

Forfee oWt é’ww?f & badar ™ 4 & ﬂa L8 S j Pg i

e 17 |
= 0004 T oY% Aol

RIANE

¥ 2.2 D




. .

0/21- B070.0F

PROJECT NO.
SHEET NO.

/ opor D9
Pof?zsmo;c +4

{/xn'ff.&razi{»a, nﬁ_? o
apf Walls _af

Sl 82%

CLIENT

DATE 326 0¥

S K

JA 4

oy

COMP. BY
Farrarsunds Ko CHECKED BY

7

E:.f Oa.ge

s - 23

PROJECT
SUBJECT

ENGINEERS « ARCHITECTS = SCIENTISTS
PLANNERS » SURVEYORS

26-07

T

DATE ..

£

‘52.7{1’1}-/«' L oy 'T!

Setbh et

m/ﬁx“f»::‘as fon .

_balls

A

'

N R

. fram L Copsalide

. /?'fémf wrd

dex. .z

f:‘g,ééfa?z in

+
i

i

]

|

i

1

i

1

i

1

T
A

|
g _ b B
H i H i
; i i : i
SUSUIUR SIS SV Sy § .. H Y
I B T

; : ; : 1 i ;

FRUTRE-SUOE N N _— P S i

H h ! : H F
! ! i ! fw ; u
SN NN NN SN WO N - i i
. ‘ i : : ; ¢
R bl ;

0 O SO

i 1 1 T i
[ S N u
i : i i i
oIt . g
| i

{

Lo e e s e e

H

:
i
k]

1

)

13

T

H

i
old

S5

¥

&
e

/ éL., ,;z_-»,,sgf &

¥

1

!

1

1
SRR

0102

b

'?é-t.

i
i
'

2 —
:

A

]
i

i
i i

1
+
L
i
[
1
¢
F
t
2
¥

'
!
¥
i
i
|
|
1
'
I
1}
]
I
i

A

“

N1

'
]

i
¢

g
!

TR -_q'fif

£

[

] )]
eviee 1

g

1
i
3
3
i
I
H
1
k.
]
1

AT

5a;m ple i

(s

' G.?ﬁé}?‘iﬁs

c.;:t» Combfa— Fod

e b
1 : g

I

*

| o
) L
! ; T
w m

: B D




s R s O s S s B

{

T

CONSOLIDATION TEST REPORT

Dial Reading vs. Time

Project No.: 0121-3070.03
Project: SCI-823-0.00

Source: B-1108A

Sample No.: pI

Elev./Depth: 10.0
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\\
636 \\
660 \ .
2 \
o
\\ \
634 \
It
\
\\\ \\
608 ‘('1‘ X
A
N \
g \\\
T
el
b=t .5az2 '\:\\
S
5— .556 N\
4 a0 \
504 O'Ig:s;..__o_.“
T
--...____:
o
478 o \
\\
45275 ) 5 & 3 Z 5 10 20
55 Applied Pressure - tsf '
Natural Dry Dens Initial Void
: ' LL Pl Sp. Gr. Uscs AASHT! .
Saturation | Moisture (pet) P SHTO Ratio
955 % 23.0% i01.0 .36 15 2.65 CL A-6(15) 0.639
MATERIAL DESCRIPTION
Lean clay, St gnd Llay (A-ta)
Specific Gravity= 2.65
Project No. 0121- Client: TranSystems, Inc. Hemarks: NE
Project: SCI-823-0.00 = =
— ¢ = 0.7
Source: B-1108A Sample Né.: Pl /" Elev./Depth: 10.0 Cer= @ 0%
AR w %= 8,00
e Cy 099
. Figure

t 41
0027 9 g 00238
o024 00314 \\
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0021 00389 ey
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i \ * TN
sl L (L]
0018 - 00484
N AN
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~ 0018 -~ .00539 L\
£ N £
= = o \
£ E
F 0012 g B .00614 <
{ o
14 o
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a 0009 \ = 00688 X
0008 00764 1N
b
0003 < ;— 00839 k
Load #1 \N- f Load #2 AN
0800 0.32 ¢sf Ay 00914 0.65 tsf
C, @ 3.07 min.= N C, @ 0.83 min=
noa L 0:0002 inMsec. N 00989 0.0006 in.2fsec.
~0003 5 65 1 2 b5 1 2 5 20 50 200 1000 . 01 o5 1 2 6 F 20 200 1000
Elapsed Time {min.} Elapsed Time (min.}
o 02194
N \
PIFAN NEEI \ 02319 A < =N
N LN AN N
"N 0 \“%\ N
It N
fk] { ] 02434 \“ﬁ
\\ \ N -\
014 CH— 02569
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Dial Reading vs. Time

Project No.: 0121-3070.03
Project: SCI-823-0.00

Source: B-1108A

3 Sample.No.: PL Elev./Depth: 10.0

T

Project No.: 0121-3070.03
Project: SCI-823-0.00

Source: B-1108A

Dial Reading vs. Time

Sample No.: p1

- Elev./Depth:'10.0
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L - R S B 516 20 50 200 500 2000 080478 91 2 5 z 5 30 50 200 1000
. Efapsed Time {(min.) Elapsed Time (min.)
4t
074742 9 0707
07459 o702
O7444 osa7k
L ]
Y
o4t -06g2 'Y
3 [~ NN
\ ™ \5'\
- 07414 N —~ D687 ——]
Ef * g N N
g g ke
§ 07389 § 0682 \\
% : g \"!t‘\
B orags N 8 perr e
L N \\
. .. N ™
07369 ] g 0672 S
‘de ' \\\‘\4@
07354 e 1667
- \ ST o eger N
T.oad #7 = Load #9 ™
07339 5.17 tst <o) 0862 129 sf H
C, @ 0.96 min.= N C, @0.35 min= \
o1 0.0004 in2lsec, " g7 00007 in.2hee. .
e M 5 16 20 50 200 500 2000 SRITTTE 5 1 2 5 10 20 50 200 S00 2000
Elapsed Time {min.) Efapsed Time {min.}
Figure

Dial Reading {in.)

06685
06700
Q6715
06730
L6745
[~
-.,_\\ l\
06760 h
~L N
NN
Q6775
\"irk\ .
06790 L STk
v
06805 R :
Load #£Q ™
06820 2,58 tsf
Cy @ 0.11 min=
0.0036 in2/sec,
06835 a1 £05 4 2 5 2 20 g0 200 000
Elapsed Thne {min.)

Figure

P




N

CONSOLIDATION TEST REPORT

Project No.:

0121-3070.03

Project: SCI<823-0.00

Source: B-1108A

Sampie No.: p3

Dial Reading vs. Time

Elev./Depth: 18.0
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Dial Reading vs. Time

Project No.. 0121-3070.03
Project: SCI-823-0.00

Source: B-1108A

Sample No.: p3 Elev./Depth: 180

Project No.:

Dial Reading vs. Time

0121-3070.03

Project; SCI-823-0.00

Source: B-1108A

Sample No.: P3 Elev./Depth: 18.0
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UNCONFINED COMPRESSION TEST

1.8

6
PARN
.
4.5 - / \\

@ / \

-

4 /

o / \

=

g)_,

o / N

: / \

Q

O \

1.5 // \\
i » 1
0
0 5 10 15 20
Axial Strain, %

Sample No. 1
Unconfined strength, ksf .24
Undrained shear strength, ksf 2.62
Failure strain, 6.8
Strain rate, in./min. 0.06
Water content, % 224
Wet density, pcf 126.5
Dry density, pcf 103.4
Saturation, % 93.1
Void ratio 0.6602
Specimen diameter, in. 2.83
Specimen height, in. 5.55
Height/diameter ratio 1.96
Description: Moisture Content = 22.4%
LL =36 | PL=21 Pl= 15 | Assumed GS=2.75 | Type: 3" Press Tubes

Project No.: 0121-3070.03
Date: 08/16/06
Remarks:

Figure

Client: TranSystems, Inc.

Project: SCI-823-0.00

Source of Sample: B-1108A
Sample Number: Pl

Depth: 10.0

/BB

Results
C, ksf 0.90
¢, deg 0
Tan(d) 0
- 1.2
g2
o
[77] e i
2 . <L
e . :
C;'E) £ e <l REA \\ - ‘\"\
0.6 ~ — P N I,
y y;
pd X Y
I 7
i)
i
1 | Y
0 i | |
0 0.6 1.2 1.8 2.4 3 36
Normal Stress, ksf
3
Sample No. 1 2
Water Content, 30.2 32.6
25 __ | Dry Density, pcf 952 89.5
, | & | Saturation, 103.3 97.8
— T £ | Void Ratio 0.8041 0.9172
“_@ 2 e Diameter, in. 2.83 2.84
& il Height, in. 356  5.54
8 =12 water Content, 270 318
» 15 = T + | Dry Density, pof 952  89.5
g /’ =] 2 | Saturation, 92.2 95.2
= z Void Ratio 0.8041 0.9172
a 1 AR, Diameter, in. 2.83 2.84
117 _ Height, in. 5.56 5.54
7 Strain rate, in./min. 0.06 0.06
0.5 ff/
A Back Pressure, ksf 0,00 - 0.00
o Cell Pressure, ksf [ R4 2.02
0 5 10 15 20 | Fail. Stress, ksf 2.03 1.55
Axial Strain, % Ult. Stress, ksf 203 155
o, Failure, kst 3.04 3.57
Type of Test: .
Unconselidated Undrained o;_Fallurs, kst Lol 2.02
Sample Type: 3" Press Tube Client: TranSystems, Inc.
Description: Lean clay with sand ‘
Project: SCI-823-0.00
LL=38 Pl=19 Pi= 19

Assumed Specific Gravity=2.75
Remarks:

Figure

Source of Sample: B-1108A
Sample Number: P2

Proj. do.: H11-3070.03

Depth: 14.0

Date: 08/16/06

SDLZ




{

.r___| 1

1

i .

il -

]

s [ s Y s R

28] 25[5
/’—/
2 oo 2
@ / ? : ‘ |
w . w
£ s , g 15 ]
n D
58 58
[ R
6 / o /
a a}
0.5 0.5 /
0 0 -
0% 10% 20% 0% 10% 20%
2.5 25
3 4
2 2
%] n
ul 703
& qgps £ 18
0 - 0.,
58 58
&8 ‘ x :
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a 1 o
0.5 0.5
ol 0 .
0% . 10% 20% 0% 10% 20%
1.8 Peak Strength
Total
a= 0.90 ksf
o= 0.0deg
tan o= 0.00
1.2 8/"
Z pd
. / / ﬁ/+
0.6 P /
v
0 / /
0 0.5 1 1.5 2 25
p, ksf
Stress Paths: o indicates peak + indicates end
Client: TranSystems, Inc.
Project: SCI-823-0.00
Source of Sample: B-1108A Depth: 14.0 Sample Number: P2
Project No.: 0121-3070.03 Figure DLZ, INC.

4.8 Total Effective N
C, kst 0 0 1
9, deg 22.2 37.4 A
Tan(o 0.41 0.77 o -
rd ‘ = ot
w32 < -
g L L] n Lt
2 ey =
E - ™ o T
3 = Pz T
g . S ™
= . L et pd N
[ o ] yd N N
74 1 A hY
f, /
A1) L~ 4
L /
Pl O 7 ™ A \
v o - . y ’ \
i Y NA f h A
L7 4 i 1 ]
A AT ) h {
0 L T I
0 18 32 48 6.4 0.8
Total Normal Stress, ksf
Effective Normal Stress, ksf — — —
© 1 | Sample No. 1 2
» Water Content, 284 20.1
5 ~ PC - | Dry Density, pef 95.8 95.6
/ \\ 8 | Saturation, 98.7 1004
N £ | Void Ratio 0.7914 0.7964
B 4 / A, Diameter, in. 284 283
y 21 |Height, in. 556 556
14 ] Water Content, 263 257
08— + | Dry Density, pof 99.7 100.6
£ / 2 | Saturation, 100.0 1000
= % | Void Ratio 0.7223 0.7068
3 2H — T| ™ | piameter, in. 279 276
r| Height, in. 5.56 3.56
1
r' [ Strain rate, in./min. 0.06 0.06
1 // Back Pressure, ksf 8.06  8.06
Cell Pressure, ksf 10.08 12.10
0 Fall. Stress, ksf 1.66 5.25
0 5 10 18 20 Total Pore Pr., ksf 042 1045
Axial Strain, % Ult. Stress, ksf 1.66 525
Total Pore Pr., ksf 942 1045
G, Failure, ksf 232 6.90
Type of Test: e
CU with Pore Pressures Gy Fallure, ksf 066 163
Sample Type: 3" Press TUbe Client: TranSystems, Inc.
Description: Lean clay
Project: SCI-823-0.00
EL= 38 PL= 19 Pi= |9
Assumed Specific Gravity= 2.75 Source of Sample: B-1108A Depth: 18.0
Remarks: Sample Number: P3
Proj. No.: 0124-3070.03 Date: 08/16/06
Figure D L Z
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APPENDIX B




Alternative 1 Wall Unit Cost . Stachler

CrH2MIHILL : March 26, 2007

Portsmouth By-Pass

MSE Wall with Soil Surcharging & Temporary Fabric Faced Wall

)
_— Work Approach:
Calculate the unit cost ($/ft*) of permanent MSE Wall for Walls 1 & 2 using the construction method of soil
s surcharging with temporary fabric faced MSE Walls built in phases. Because the wall heights are approximately
| ’ equal assume unit cost of building Walil 1 s the same as the unit cost for building Wall 2. See attached typical
S wall sections for geometry. Assume sections are 1' long {into the page) in order to calculate exposed surface
area of wall and associated quantities.
il
‘{ ltem Unit Costs:
Termporary MSE Wall = $30 At “unit cost includes cost of select granular within strap length area
F Select Granular Embankment = $30 /oy
Item 203 Embankment = 12 /ey
o
} . Wick Drains = $1 /ft
|
Excavation =" $10 /oy
{ ) Permanent MSE Wall = &85 A2 “unit cost includes Item 203, select granular, wall panels & straps, and
] wall excavation below grade per Figure 330 in ODOT BDM
Exposed Surface Area of Permanent MSE Wall (final condition):
[ From Step 6 Height =~ 19.67 ft
Length=  1.00 ft
Area=_ 197 ff
Cost of Temporary MSE Wall:
‘ From Step 3 Height= 30.00 ft Volume Of Select Granular {included with this cost)
- length= 1.00 ft Height = 30.00 ft
’ Width = 30,00 ft
m Area of Wall Face = 30.0 ff? Length = 1.00 ft
| Volume = 333 ey
- UnitCost = $30 A
~ Cost of Temporary MSE Wall = $900
— Cost of Additional Select Granular Embankment:
— From Step 3 - Select Granular that is not included with cost of Temporary Fabric Faced Wall (any select granular outside of
strap length required for wall height)
Height= 30,00 ft
Width = 30.00 it
Length= 1,00 ft

Volume= 187 ¢y (triangular wedge of select granular backfill)

Unit Cost= 330 /oy

Cost of Additional Select Granular Embankment = $500

Walls 1 & 2

o .= o o

Alternative 1 Wall Unit Cost D. Stachler
. March 26, 2007

Portsmouth By-Pass

CHIZMIHILL

Cost of lter 203 Embankment:
From Step 3
Height=30.00 ft
Width=30.00 ft
Length=  1.00 ft
Velume = 16.7 ¢y (triangular wadge of ltem 203 Embankment)
Unit Cost = $12 /ey
Cost of ltem 203 Embankment = $200
Cost of Wick Drains:
Assume wick drains are spaced at 7' c/c in order to get 90% consolidation @ 45 days. Account for wick drains that are
located within the boundaries of the embankment being paid for with the MSE Wall. Assume that wick drains are located 10"
past the face of the MSE Wall,
Depth of Wick Drains = 13.5 ft (approximate distance from existing ground to bedrack at Wall 1)
No. Wick Drains / 1' Wall Length = [(60'+10") /7' Spa.] * (1'/ 7' Spa.) = 1.429

length= 9.3 ft

Unit Cost = $1 /it
Cost of Wick Drains = 320
Cost of Excavating Temporary MSE Wall:
Volume o excavate equals total volurne of select granular in place at Step 3.
Volume of Excavation = 50.0 ¢y
Unit Cost = $10 /oy
Cost of Excavating Temporary MSE Wall = $500

Walls1&2




Aliernative 1 Wall Unit Cost D. Stachler

CH22RAHILL March 26, 2007

Portsmouth By-Pass

Cost of Building Permanent MSE Wall:

Wall Face Area= 197 2
UnitCost=  $85 /it
Conventional MSE Wall Cost = $1,672

Volume Of Select Granular nesded for Permanent MSE Wall {See Wall Section Step 6):

{18.867'+3) * (21059 " 1'= 44417 1t
(213.5-6)* 3 * {'= 345 1t
(3/2) * (18.667'+3+312 * 1'= 304,23 ft*

Total= 78260 ff
Say 28.0 cy of Select Granular

Subtract aut the cost associated with the select granular needed for the Permanent MSE Wall since the select
granular will be purchased during construction of the Temporary MSE Wall.

Select Granutar Volume = 29,0 ¢y
Unit Cost = $30 Joy

Cost of Select Granutar = $870

1T - 70 z po %
Permanent MSE Wall Cost = Conventional MSE Wall Cost - Cost of Select Granular
Cost of Permanent MSE Wall = $802
Total Cost to Construct 19.7 fi? of Permanent MSE Wall = $2,922

Wall Unit Cost for Alternative 1 = $150 #f
Exposed Area of Wall 1 = 5200 ff

Estimated Wall 1 Cost for Alternative 1 = $780,000
Exposed Area of Wall 2 = 6150

Estimated Wall 2 Cost for Alternative 1 = $923,000

Walls 1 &2
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Alternative 2 Wall Unit Cost D. Stachler

CH2REHILL March 26, 2007

Portsmouth By-Pass

MSE Wall with Deep Soil Mixing
Wall 1

Work Approach:

Calculate the unit cost ($/ft%) of permanent MSE Wall for Walls 1 & 2 using the construction methed of deep soil
mixing ground remediation followed by construction of conventional MSE Walls. Cost of deep soil mixing will be
dependent on depth of bedrock so must calculate independent unit costs for Wall 1 and Wall 2. See attached
typical wall sections for geometry. Assume sections are 1' long (into the page) in order to calculate exposed
surface area of wall and associated quantities.

Item Unit Costs:
Deep Soll Mixing = 380 /oy

Permanent MSE Wall = 385 fitt *unit cost includes Item 203, select granular, wall panels & straps, and
wall excavation below grade per Figure 330 in ODOT BDM

Exposed Surface Area of Permanent MSE Wall 1:

Height = 19,67 ft
Length = 1.00 ft

Area= 197 ¢

Approximate Bedrock Elevation:

Average Top of Rock Elevation for three borings taken in proximity of Wall 1 (TR-58, TR-56, & TR-54)

Boring No. | Top of Rock Elev.
TR-58 (Ramp B) 552.1
TR-56 (SR 823) 555.0
TR-54 {(Ramp C} 551.9
Average Top of Rock at Wall 1 = 553.0

Cost of Deep Soil Mixing:

See Alternative 2 Wall 1 Section for limits of deep soil mixing - begin soil mixing 5' below existing ground and
continue 1o depth of bedrock. Assume soil mixing extends 10" beyond face of MSE Wall and 10' beyond end of
wall straps.,
Volume of Soil within Soil Mixing Limits:
Height= 8751t
Width = 41.0 ft
Length = 1.0 it
Volume=  13.3 cy
Assume 80% of volume is soil-mixed
Volume of Soil Mixing=  10.6 ¢y
Unit Cost = $80 /oy

Cost of Soil Mixing = $850

Wall 1

Alternative 2 Wall Unit Cost

CH2MHILL

S

Cost of Building Conventional MSE Wall:

Wall Face Area=  19.7 ft?
Unit Cost=  $85 /ft?

Cost of Conventional MSE Wall =

Total Cost to Construct 19.7 #t* of Permanent MSE Wall =

Wall Unit Cost for Alternative 2 (Wall 1) =

Exposed Area of Wall 1 =
Estimated Wall 1 Cost for Alternative 2 =

Wall 1

D. Stachler
March 26, 2007
Portsmouth By-Pass

$1,672

$2,502
$130 At?

5200 ft2
$676,000
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‘Alternative 2 Wall Unit Cost D. Stachier

GHZMH !LL T March 28, 2007

Portsmolith By-Pass

MSE Wail with Deep Scil Mixing
Wail 2

Work Appreach:

Calculate the unit cost ($/ft%) of permanent MSE Wall for Walls 1 & 2 using the construction method of deep soil
mixing ground remediation followed by constiuction of conventional MSE Walls. Cost of deep soil mixing will be
dependent on depth of bedrock so must caiculate independent unit costs for Wall 1 and Wall 2, See attached
typlcal wall sections for geometry. Assumse sections are 1' long {into the page) in order to calculate exposed
surface area of wall and associated quantitiss.

ltem Unit Costs:
Deep Soil Mixing = 380 fey

Permanent MSE Wall = $86 /it *unit cost includes ltem 203, select granuiar, wall panels & straps, and
wall excavation below grade per Figure 330 in ODOT BDM

Exposed Surface Area of Permanent MSE Wall 2:

Height= . 18.13 ft
Length = 1.00 ft

Area=__ 181 ft*

Approximate Bedrock Elevation:

Average Top of Rock Elevation for inree borings taken in proximity of Wall 2 (TR-59A, TR-554, & TR-53A)

Boring No. | Top of Rock Elev.
TR-59A (Ramp B} 538.9
TR-55A (SH 823) 5454
TR-53A (Ramp C) 542.8
Average Top of Rock at Wall 2 = 542.4

Cost of Deep Soil Mixing:

See Alternative 2 Wall 2 Section for limits of deep soil mixing - begin soil mixing 5' below existing ground and
continue to depth of bedrock. Assume soil mixing extends 10' beyond face of MSE Wall and 10’ teyond end of
wall straps.
Volume of Soil within Soil Mixing Limits;
Height = 17.833 it
Width= 400 #t
Length = 1.0 1t
Volume=  26.4 cy
Assume 80% of volume is soil-mixed
Volume of Soit Mixing=  21.1 cy
Unit Cost = $80 foy

Cost of Soif Mixing = $1,691

Wall 2

Alternative 2 Wall Unit Cost
CH2RAHILL

Cost of Building Conventional MSE Wall:
Wall Face Area = 18.1 f
Unit Cost = $85 At

Cost of Conventional MSE Wall =

Total Gost to Construct 18.1 f of Perrnanent MSE Wall =

Wall Unit Cost for Alternative 2.(Wali 2) =

Exposed Area cf Wall 2 =
Estimated Wall 2 Cost for Alternative 2 =

Wall 2

D. Stachler
March 26, 2007
Portsmouth By-Pass

§1,541

$3,231
$180 At

5150 ft?

$1,107,000
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Alternative 5 Wall Unit Cost D. Stachler

CH2NIHEL L March 26, 2007

Portsmouth By-Pass

CIP Retaining Wall with Soil Surcharging & Temporary Fabric Faced Wall

Work Approach:

Calculate the unit cost ($/ft%) of permanent CIP Retaining Walls for Walls 1 & 2 using the construction methed of
soil surcharging with temporary fabric faced MSE Walls built in phages. Assume unit cost of building Wall 1 is the
same as the unit cost for building Wall 2. See attached typical wall sections for geometry. Assume sections are §'
long (into the page) in order to calculate exposed surface area of wall and asscciated quantities.

Itern Unit Costs:
Temporary MSE Wall = $30 AE *unit cost includes cost of select granular within strap length area
Select Granular Embankment = 330 /oy
ltemn 208 Embankment = $12 foy
Wick Drains = $1 At
Excavaiion = $10 /oy
CIP Retaining Wall Concrete =  $3386 /oy
Reinforcing Steel =  $0.81 /Ib
Steel H-Piles $36.-30 It
Exposed Surface Area of CIP Retaining Wall (final condition):

Height= 20.00 ft *Use an average wall height of 20'
Length= 1.00 ft

Area= 20,0 ft

Cost of Temporary MSE Wall:

From Step 2 Height = 20.00 ft Volume Of Select Granular (included with this cost)
l.ength = 1.00 ft Height= = 20.00 ft
Width = 20.00 ft
Area of Wall Face = 20.0 2 Length = 1.00 ft
Volume = 14.8 oy

Unit Cost= $30 /f*
Cost of Temporary MSE Walll = $600

Cost of Additional Select Granular Embankment:

From Step 2 - Select Granular that is not included with cost of Temporary Fabric Faced Wall (any select granular outside of
strap length required for wall height)

Height= 20.00 ft
Width= 20,00 ft
Length=  1.00 f
Volume = 7.4 cy (triangular wedge of select granular backfill)

Unit Cost = $30. /oy

Cost of Additional Seiect Granular Embankment = $230

Walls1 &2

Alternative 5 Wall Unit Cost D. Stachler

CH2ZMNMHILL March 26, 2007

Portsmouth By-Pass

Cost of ltem 203 Embankment:

From Step 2
Height =. 20.00 ft
Width= 20,00 ft
Length = 1.00 ft
Volume = 7.4 cy (triangular wedge of ltem 203 Embankment)
Unit Cost=  $12 joy
Cost of ltem 203 Embankment = $90
Cost of Wick Drains:
Assume wick drains are spaced at 7' ¢/c. Account for wick drains that are located within the boundaries of the embankment
being paid for with the CIP Wall. Assume that wick drains are located 10' past the face of the CIP Wall.
Depth of Wick Drains = .13:5 ft (approximate distance from existing ground to bedrock at Wall 1)
No. Wick Drains / 1' Wall Length = [{40'+10) /7' Spa.]* (1'/ 7 Spa.) = 1.020
length=  13.8ft
Unit Cost = $1 /it
Cost of Wick Drains = $20
Volume to excavate equals total volume of select granular in place at Step 2,
Volume of Excavation = 22.2 ¢y

Unit Cost = $10 /ey

Cost of Excavating Temporary MSE Wall = $230
Cost of Excavating for CIP Wall Footing:
Step 3
Height=  5.50 it
Width=26.00 §t .
Length = 1.00 it
Volume of Excavation = 53 ¢y
Unit Cost = $10 /oy
Cost of Excavating for CIP Wall Footing = $60
Walls 1 & 2
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Alternative 5 Wall Unit Cost D. Stachler

GCH2RAHILL March 26, 2007

Portsmouth By-Pass

Cost of CIP Retaining Wall Concrete:

Wall Section Geometry: Use a weighted average wall height for approximate wall section geometry

Stem: Height= 2250 ft Focting: Height= 3.00 #ft
Width= 2,00 it Width = 15.00 it
Length = 1.00 ft Length = 1.00 ft
Stem Volume = 1.7 cy Footing Volume = 1.7 cy
Total Volume of Wall Section = 33y

Unit Cost = $396 /oy
Cost of CIP Retaining Wall Concrele = $1,320

Cost of CIP Retaining Wall Reinforcing Steel:

Assume 125 Ibs of reinforcing stesl per cubic yard of concrete
Total Volurne of Wall Section = 33 cy
Reinforcing Steel Wt. = 416.7 |bs
Unit Cost= $0.81 /Ib
Cost of CIP Retaining Wall Reinforcing Stegl = $340

Cost of Steel H-Piles:

Assume = 20  f{oot pile length

Assume three rows of piles:
Frontrow of piles spaced @ 6 deetclc
Middle row of piles spaced @ 6 feetclc
Back row of piles spaced @ '8  feetc/c

Estimate Number of Piles Per foot of wall length:
(1'/6' Spa Front Row} + (1'/ &' Spa Middle Row) + (1'/ 8' Spa Back Row)
No. Piles = 0.458 piles / 1' of wall length
Length of Piles = §.2 feet of piles / 7' of wall length

Unit Cost = $36.30 /t

Cost of Steel H-Piles = $340

Total Cost to Construct 20 ft* of CIP Retaining Wall = $3,230
Wall Unit Cost for Alternative 5 = $165 /it
Exposed Area of Wall 1 = 3555 ft?

Estimated Wall 1 Cost for Alternative 5 = $587,000
Exposed Area of Wall 2 = 4485 ft2

Estimated Wall 2 Cost for Alternative 5 = $737,000

Walls1 &2
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EXPOSED SURFACE
AREA OF CIP WALL

EXPOSED SURFACE
AREA OF CIP WALL

RETAINING WALL SURFACE AREAS FOR ALTERNATIVE 5

- 653 sa. FT 1294 s0. FT.
RAMF C SR-823 RAMP B
REAR ABUT. REAR ABUT. ToP oF FWD. ABUT.
A Ji i A f CIP WALL T EXPOSED SURFACE

EXPOSED SURFACE
AREA OF CIP WALL
- 785 8Q. FT.

AREA OF CIP WALL
- 822 sq. rT.

S R s R .

GROUND LINE

PORTION OF CIP WALL
INCLUDED IN COST OF
RAMP C BRIDGE

PORTION OF CIP WALL
INCLUDED IN COST OF
SR-823 BRIDGE

PORTION OF CIP WALL
INCLUDED IN COST OF
RAMP B BRIDGE

TOTAL EXPOSED SURFACE AREA

OF CIP RETAINING WALL |

{NOT INCLUDED WITH BRIDGE COSTS)
= 3555 5Q. FT.

WALL |

EXPOSED SURFACE
AREA OF CIiP WALL
- 8969 5Q. FT.

EXPOSED SURFACE
AREA OF CIP WALL
= 1909 5Q. FT.

RAMP B
REAR ABUT.

SR-823
FWD. ABUT.

RAMF C
FWD. ABUT.

TOP OF

f ciP WALL”\

EXPOSED SURFACE
AREA OF CIP WALL
- 808 5Q. FT.

EXPOSED SURFACE
AREA OF CIP WALL
= 776 5Q. FT.

EXISTING _//r
GROUND LINE

TOTAL EXPOSED SURFACE AREA

OF CIP RETAINING WALL 2

(NOT INCLUDED WITH BRIDGE COSTS)
~ 4465 5Q. FT.

PORTION OF CIP WALL
INCLUDED [N COST OF
RAMP B BRIDGE

PORTION OF CIP WALL
INCLUDED IN COST OF
SR-823 BRIDGE

PORTION OF CIP WALL
INCLUDED IN COST OF
RAMFP C BRIDGE

WALL 2
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Work Approach:

Non-Retaining Wall Embankment Cost

D, Stachler
March 29, 2007
Portsmouth By-Pass

Calculate the cost of roadway embankment which is not already included in the cost of the retaining walls. Limits of Non-Retaining
Wall Embankment Cost are set by limits of the approach slab for the longest bridge alternative (3-span structure) and by the limits of
the embankment included with the cost of the retaining walls. For limits of embankment included with the retaining walls, see typical
wall sections used for generating the unit cost of each wall alternative. See attached section cuts for embankment volume

calcuiations.
Unit Cost:
Embankment = $12 fey
Embankment Volume;
East Side of Fairground Road | West Side of Fairground Road
Alternative (Wall 1) (Wall 2)
Number Description Volume {cy) Cost Volume {cy) Cost
Single Span Bridges behind MSE
1 Walls with Surcharging 7894 $95,000 11011 $133,000
Single Span Bridges behind MSE
2 Walls with Deep Soil Mixing 11988 $144,000 16153 $194,000
3 Three Span Bridges behind Spill- 12495 $150,000 15929 $192.000
Through Slopes
a Single Span Bridges behind Spill- 17065 $205.000 23801 $286,000
Through Slopes
Single Span Bridges with Pile 13253 160.000 17858 215 000
° Supported CIP Walls $160, $215,
Wall 2




DRAWN ON LEVEL 11

SECTION CUT LINES

EMBANKMENT QUANTITIES - ALTERNATIVE |
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EMBANKMENT QUANTITTITES FOR
FAIRGROUND RD. BRIDGES

60" FROM FACE OF MSE WALL TO PAY LIMIT

MSE-WALL 2 SIDE -
SR-823

END AREA STA.
3-SPAN APPR. SLAB LIMITS -+ i T IRKTN L , 882] SF 893+54.53

END MSE WALL LIMITS <= RS ey 878/ SF 893+20.75

MSE WALL | SIDE

BEGIN MSE WALL LIMITS S e N et 6654 SF 891+07.73

3-SPAN APPR. SLAB LIMITS fmm==m= e ey 596/ SF 890+73.94

ALTERNATITVE

VOLUME

11011 CY

7894 CY

18905 CY:GRAND TOT AL
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SCIB23_COL_darbycreek.plt

2:32:25 PM

EMBANKMENT QUANTITIES - ALTERNATIVE 2
SECTION CUT LINES
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EMBANKMENT QUANTITIES FOR
FAIRGROUND RD. BRIDGES

45" FROM FACE OF MSE WALL TO PAY LIMIT

MSE WALL 2 SIDE

SR-823
END AREA STA.
3-SPAN APPR. SLAB LIMITS trmmemommn ey 882/ SF 893+54.53
END MSE WALL LIMITS -+ ~= 2oy 8818 SF 893+05.08
MSE WALL | SIDE
BEGIN MSE WALL LIMITS  -dremmedoee =SSy 7130 SF 89/+23.39
3-SPAN APPR. SLAB LIMITS -pmme=== e ey 598/ SF 890+73.94

ALTERNATIVE 2

VOLUME

16153 CY

11988 CY

2814/ CY GRAND TOTAL




EMBANKMENT QUANTITIES - ALTERNATIVE 3
SECTION CKIT LINES
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